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Technocracy 

TECHNOCRACY INC. is a non -profi t membership organization incorpo -

rated under the laws of the State of New York. It is a Continental Organi -

zation. It is not a financial racket or a polit ical party.  

Technocracy Inc. operates only on the North American Continent through 

the structure of its own Continental Headquarters, Area Controls, Regional 

Divisions, Sections, and Organizers as a self-disciplined, self-controlled orga-

nization. It has no affi l iations with any other organization, movement, or 

association, whether in North America or elsewhere.  

Technocracy points out that this Continent has the natural resources, the 

physical equipment, and the trained personnel to produce and distribute an 

abundance. 

Technocracy finds that the production and distribution of an abundance 

of physical wealth on a Continental scale for the use of all Continental cit -

izens can only be accomplished by a Continental techno logical control, a 

governance of function, a Technate. 

Technocracy declares that this Continent has a rendezvous with Destiny; 

that this Continent must decide between Abundance and Chaos within the 

next few years. Technocracy real izes that  this decision mu st be made by 

a mass movement of North Americans trained and sel f -disciplined, capable 

of operating a technological  mechanism of production and distribution on 

the Continent when the present Price System becomes impotent to operate. 

Technocracy Inc. is notifying every intelligent and courageous North Ameri -

can that his future tomorrow rests on what he does today. Technocracy offers 

the specifications and the blueprints of Continental physical operations for 

the production of abundance for every citizen. 
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Preface 

Numerous groups of people are requesting information about Technocracy, 

and in many places study groups have been formed for the purpose of study-

ing Technocracy and its underlying principles. The following outline lessons 

are designed to serve as a guide for study groups which are now organized 

and ready to proceed. 

Technocracy is dealing with social phenomena in the widest sense of the 

word; this includes not only actions of human beings, but also everything 

which directly or indirectly affects their actions. Consequently, the studies 

of Technocracy embrace practically the whole field of science and industry. 

Biology, climate, natural resources, and industrial equipment all enter into 

the social picture; and no one can expect to have any understanding of our 

present social problems without having at least a panoramic view of the basic 

relations of these essential elements of the picture. All things on the earth are 

composed of matter and therefore require a knowledge of chemistry. These 

things move, and in so doing involve energy. An understanding of these 

relationships requires a knowledge of physics. Industrial equipment, as well 

as the substances of which living organisms are composed, are derived from 

the earth. This requires a knowledge of geology and earth processes. Man 

is himself an organism, and derives his food from other organisms. Hence, a 

knowledge of biology is necessitated. 

The purpose of this Study Course is not to give any person a comprehen-

sive knowledge of science and technology, but rather to present an outline 

of the essential elements of these various fields, as they pertain to the social 

problem, in a uni fied picture. Neither are these lessons a textbook. They 

are, instead, a guide to study. The materials to be studied are to a great 

extent already very well written in various standard and authentic references 

and texts in the fields of science. 

At the end of each lesson there is ci ted a series of references. If one is  



 

 

sincerely interested in learning what Technocracy is about we do not know 

any other way that this can be achieved than by mastering the basic material 

contained in these references, or its equivalent from other sources.  

The scope of  materials in this course of  studies is so broad that  i t  i s 

very doubtful that any group will have among its members a single person 

competent to discuss al l  topics. It is qui te probable, however, that there 

may be individual members who are engineers, physicians, and people with 

training in other technical branches. The procedure therefore recommended  

for conducting the course is that of the seminar methodðeach member of  

the group is a student, and none is the teacher. Under this method there 

should be a permanent presiding officer, but discussion leaders should be 

chosen from among the group, with topics assigned on the basis of making 

the best uses of the talent afforded by the group. Thus, for the matter and 

energy discussions, use should be made of members with training in physics, 

chemistry, or engineering. For the biological discussions use should  be made 

of physicians or people having training in biology. For the mineral resources 

people with a knowledge of geology should be the preferred leaders.  

The above suggestions are offered only as guides. If special talent in the 

various fields should not be available, then any suitable leader can direct the 

discussion, using the outline and references as sources of information. The 

important thing is to get a comprehensive view of the problem as a whole, 

rather than of its parts as unrelated scraps of knowledge.  
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Lesson 1 

AN INTRODUCTION TO 

SCIENCE 

We wish i t were possible for us to have a fr iendly chat wi th each student 

at  the beginning of  th is Study Course, in order  that  we migh t impart  to  

him something of the ófeelingô of science before he receives portions of its 

substance. Since a conversation is out of the question, we are offering this 

informal discussion, addressed to the student, as the next best thing.  

Persons have previously come to Technocracy for one or more of many 

reasons, such as entertainment, instruction, etc. Some have come from a 

sense of duty which compels their to supporting that in which they honestly 

believe, and others have come out of sheer curiosity. We are well aware  that 

the type of material presented in the general lectures you have heard, or in 

our l iterature, has not been adequate, ei ther in form or substance, to afford 

a full  understanding of what our work is. For those interested in learning 

more, this course of study is necessary. It means just thatðstudy; and you 

should be warned that it will not be great deal of fun. Many of you will be 

entering the field of science for the first time.  

The immediate activity of Technocracy directs itself towards two general 

ends. There is the analytical purpose which inquires into fundamental rela -

tions among the various parts of a Price economy, and which discloses the 

reasons for the collapse of such a System in any civil ization that converts 

energy at a high rate. There is a lso the synthetic purpose that designs a 

control which will successfully operate just such a high energy civilization. 

Please do not think of the analytic aspect of Technocracy as the destructive 

aspect, for there is nothing destructive about it. It does not destroy the Price 
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 ' A small movable scale that s l ides along a main scale; the smal l scale is  cal ibrated to  

 indica te f ract ional div is ions of  the main scale.  

System. The Price System destroys itself. Nor do we particularly l ike the 

antonym of ódestructive.ô The word óconstructiveô has been bandied about 

so much by leaders of the present system that it begins to have an odor all 

its own. We shall not, however, study either of these sides of Technocracy; 

not at once, anyway. We shall study, not Technocracy,  as such,  but the soil 

in which its roots are spreadðscience i tself. It is appropriate for you to ask, 

at the outset of your course, what is this thing called science? How does it 

differ from something that is not science? 

1.1 A Fact  

Though there are a number of definitions current in dictionaries and writings 

of various kinds, we prefer to treat the matter at greater length. Perhaps 

there wi l l  be a defini t ion, o f  sor ts, later . We want you to have, at  the end 

of this discussion, a fairly clear answer to your questions; a fairly clear idea 

of what is meant by a scientific mind, a scientific viewpoint, and a scientific 

approach to a problem. We shal l  commence by investigating the meaning 

of a very common wordðthe word ófactô. That has a familiar sound. You 

have all been using it all your l ives, and yet if you were to ask two people 

picked at random for the meaning of the term, you would get rather dissim-

ilar explanations. To a scientist, ófactô has a very specific and a very rigid 

meaning. 

Please remember this definition, in essence if not in exact words. It is 

important serving as i t does as the starting point of your studies. A fa c t  i s  

a close agreement of a series of observations of the same phenomenon.  

Let us consider this for a whi le. We find a str ip of steel  and undertake 

a determination of itôs length. The investigator lays a scale parallel to the 

unknown length and measures it. He reads the scale at, say, 10.0 centimeters, 

but he does not accept as a fact the probability that the strip is 10 centimeters 

long. He repeats the measurement taking care that his work is well  done; 

that no errors that he might have formerly have overlooked affect the result. 

Possibly he uses a more accurate scale, one with a vernier1 , and let us say he 

reads the length to be 10.0 centimeters. In such a simple measurement as that 

of l inear distance to one or two decimal places, probably two observations 

would be an extensive enough series to establish the fact that the length is  
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so many centimeters, but if accuracy to the fifth or s ixth place were required 

our scientist would employ instruments more refined than the simple scale 

and undoubtedly he would make more than two determinations.  

The most probable value for the velocity of light is 2 . 99796 × 101 0  cen-

timeters per second, which is, as you know, something over 186,000 miles per 

second. I do not know, and could not possibly guess, of how many observa -

tions this fact is the result. Likely many hundred. Once an apparatus is set 

up, successive, determinations can be made rather quickly. 

In the definition just given, the word óobservationô is used in a broad sense. 

It means, of course, direct observation by our various sense organs, and it 

includes observations through an interpreter, as it were. In many cases the 

phenomena we are examining lie outside the field of our direct perception, 

and we then must devise ways of causing them to produce effects which 

lie within that field. For example: We are directly aware of electro -magnetic 

radiation having any wave length between approximatel y 0.4 and 0.8 micron. 

(A micron is one 10,000 of a centimeter.) We see this as light. We observe 

radiation shorter than 0.4 micron, that is, ultra violet l ight, or even X -rays, 

much shorter yet, by exposing to the radiation a special photographic plate 

protected against ordinary light. How do we observe radiation with the wave 

length of 3/4 mile, which is unrecordable by photographic processes? That 

particular wave length is in the range of marine signals, and we could detect 

it on a shipôs wireless. 

We have said a fact is a close agreement of a series of observations. Now, 

what about those ófactsô that cannot in any manner be observed by man; 

those that, because of their remote or occult character, not only l ie outside 

the field of his perception but refuse to exhibit themselves even through his 

most ingenious apparatus? It is implici t in our definition that there are no 

such facts. If and whatever such remote things are, they are not facts.  

One more point, and we shall be finished with our definition. It is  a sine 

qua non of scientific work that all observations must be susceptible to con -

fi rmation. They must be so carried out that they may be repeated at  wi l l , 

or, if they are not repeatable, must have such a nature that you and I can 

ourselves substantiate them i f we care to do the requisi te work. We make 

a careful distinction, you see, between verifiable and non-verifiable observa-

tions because from the former come facts, while from the latter comewell 

what? Many devious and wonderful  things we shal l  not sc rutinize in this 

Study Course. We assure you none of them is within the scope of science. 

Science is built upon facts as we now understand them. Science is, indeed,  
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nothing more than a system of facts and principles elaborated from facts. 

It is indispensable, therefore, that we check the verifiability of observations 

before we accept them as a valid basis for fact.  

Suppose we came upon a document signed by a dozen names and properly 

notarized. The document states that the undersigned have just returned from 

the planet Venus, where they erected a monument to Colonel Stoopnagle. We 

would have the perfect agreement of a series of observations of an event, and 

the statement cannot by any means be disproved. But even non-scientists 

would be apt to reject this as a fact.  

If you are now offended by such a puerile i l lustration, here is another 

nearer home. Sl ightly more than a hundred years ago there was published 

a book purporting to be a translation from engravings on a number of gold 

plates, or  tablets, dug out of a hi l l  near  Palmyra, New York. Af ter  the 

translation was made the plates were buried in another secret place. At the 

beginning of this book, preceding the translated text, appears the written 

testimony of  eight  men, saying that  each of them had seen and handled 

the plates, that the plates were heavy, had the appearance of gold, and were 

covered with a curious inscription. These men were all devout Christians, and 

they called upon their God to bear witness, so that, all in all, the testimony is 

a very impressive document indeed. Clearly, the existence of the gold tablets 

cannot be reestablished today, since they have disappeared. Therefore their 

existence is not a fact, even though more than a hundred thousand people 

believe that i t is. Only when, and i f, the plates reappear, as all  Mormons 

expect them to do some day, and are placed in a museum accessible to all of 

us, only then wil l their existence become a fact.  

Assuming you have never visited Sydney, Australia, how do you know that 

there is a city by that name? You may have heard people mention it, or seen 

the name on maps, but perhaps something is being put over on you; perhaps 

it is all a great hoax. When Napoleonôs chief spy, Karl Schulmeister, was 

working himself high in the ranks of the Austrian secret service, he received 

almost daily a copy of a Parisian newspaper. He said an agent of his smuggled 

it across the border. Naturally, the Austrians got a lot of information about 

conditions in France. The truth was that the newspaper was printed solely 

for Schulmeister and the Austrian generals, and each edition consisted of 

only one copy. It was all false, all exactly what Napoleon wanted his enemies 

to know. Might it not be the same with Sydney? The reason each of you 

believes in the existence of this place is because you know that knowledge is 

the kind that can be verified. You know many persons must have checked its  
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reality by going there. You know that if worst came to worst you could go 

there yourself. This, then, is a fact, one which like all facts of science, can 

be reestablished by anyone. 

The student of science in our schools has laboratory courses in which he 

actually does check the work of others in simple experiments. This is done 

partly to develop his manual dexteri ty in that sort of thing, but  mostly to 

drive into his head the knowledge that all observations may be so checked.  

1.2 Def ining W ords  

About all we have done so far in this discussion is to give you a definition, 

and to explain exactly what was meant by it. Why this insistence on exact 

meaning? We promised to tell you about science in general, and then proceed 

to split hairs about something so small as would surely make little difference 

in the composite whole. This brings us to another point. A scientist always 

knows exact ly what  he is ta lk ing about.  That sounds l i ke a boast,  but  i t  

is really quite the opposite. It is just that a scientist pays attention to the 

exact definition of terms; he should never use a term beyond itôs definition, 

and he should never use an undefined term at al l . Many, quarrel i ng with 

me on that last, will say one must somewhere use undefined terms. But we 

have a way out of that difficulty which will be indicated in a moment. Now, 

contrast a rigidly defined term with the expressions used in fields other than 

scienceïin finance, in politics, law, etc. 

Suppose you were reading an article on economics and came upon the 

word ópriceô, as you undoubtedly would do many times a page. Now every-

body is credited with knowing the meaning of ópriceô, but you, being a par-

t icularly inquiring individual, insist on exact definition. You would discover 

that almost every economist, when he bothers to elucidate his terms at all, 

attaching to the word ópriceô a different meaning. Some define it as the mea-

sure of the ratio of the scarcity of money to the scarcity of any commodity. 

Others make no mention of scarcity whatever. Stil l others introduce psy -

chological and social factors. Invariably you will find that a definition when 

given is followed by great amounts of explanatory and qualifying materia l. 

This means the definition represents what is in the authorôs mind, not what 

is in the minds of al l  users of the word. For example: The Encyclopedia 

Britannica starts off by regretting there is no exact meaning for the word, 

and presently works into the definition, óPrice is value expressed in terms 
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of money.ô Then comes the qualifying material which says, in effect, this 

does not mean values are determined independently of or prior to the deter -

mination of their prices, or that values of goods and money are determined 

separately. Some sort of an exchange is necessary, after which the values thus 

determined appear in the guise of money prices. 

We are also told that the abstract notion of exchange value is a gener -

alization of the simple idea of price. One who finds this less clear than he 

hoped would naturally try to discover what is meant by value, since price is 

expressed in terms of it. He would discover there are three conceptions of 

value: exchange value, subjective value, and imputed price. He would read 

the opinion that óvalue is the greatest philosophical achievement of the 19th 

centuryô but nowhere would he find a statement of what it is. He would be 

gratified to learn there exists, however, if not an exact meaning, at least a 

theory of values, a theory that requires consideration of the following points: 

What is the nature of value? What are the fundamental values, and how are 

they to be classified? How may we determine the relative values of things, 

and what is the ultimate standard of value? Are values subjective or objec -

tive? What is the relation of values to things or of value to ex istence and 

reality? 

Let  us go no fur ther  into the matter  of  price,  for  i t  does not appear 

necessary to labor the point that a term whose meaning has not been specified 

by general agreement among men is unsuited for the rigorous transmission of 

intelligence from man to man. In this connection, however, we shall take up 

another l ittle problem. A hunter is standing near a large tree, and a squirrel 

is hanging onto the opposite side of the tree. The hunter now moves in a 

circle completely around the tree until  he regains his starting position, but at 

the same time the squirrel also moves around the tree in the same direction 

and in such a manner as it always faces the man, and as the tree is always 

between i t and him. Now, the problem is this: Does the hunter g o around 

the squirrel? The correct answer is not óyes,ô and it is not óno.ô The correct 

reply requires an exact definition of the verb, ógo around.ô If we define ógo 

aroundô as meaning that the hunter is first south, then west, then north, then 

east, and finally south of the squirrel, he very obviously does go around it. 

But if we agree that ógo aroundô shall mean first opposite the squirrelôs belly, 

then itôs right side, then itôs back, then itôs left side, the answer is just as 

definitely óno.ô Here, again, we see the necessity for exact definition. It is 

inimical to the integrity of our thinking to use words loosely. Lack of careful 

definit ion sires more i l legi timate offspring, widely varying sports that take  
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the form of controversies, debates, arguments, than a whole countryside of 

rabbit farms. Many problems outside science would vanish into thin air if 

definition were exact. 

Before we leave the subject, let us ask if anyone can define a term used 

in connection with measuring the strip of steelïthe word ócentimeter.ô How 

long is a centimeter? It is useless to say it is the 100th part of a meter; that, 

in effect, is saying i t is twice one-half centimeter. One merely asks: óHow 

long is a meter? Is there possible an exact defini tion of length not in terms 

of other units of length?ô Yes. In the International Bureau of Standards near 

Paris is a certain bar of metalïone only. It is an alloy of, I think, platinum 

and ir idium. On th is bar  are two marks,  and a centimeter  is defined as 

one one-hundredth the distance between these two marks when the bar is 

at 00  Centigrade. This is an example of the prosaic, matter-of-course way 

scientists have of going about things. If they cannot define a term in terms 

of other terms, they define i t in terms of an object or system of objects in 

the external world. That is how we avoid using undefined terms. We trust 

the distinction between a definition and a fact is cle ar. You will  have many 

of both in your studies. 

A def init ion is an agreement,  wholly arbi trary in  character,  among men; 

while a fact is an agreement among investigations carried out by men.  

It is a defini t ion that a centimeter is one one -hundredth the distance 

between certain marks on a certain bar at a certain temperature. It is a fact 

that a particular strip of steel is 10 centimeters long.  

1 .3  The  Pos tu la tes  

So far we have been talking about fairly fundamental things. Just how fun-

damental, you may ask, and is there anything more fundamental? Let us see 

if we can go deeper yet. Let us try to strike the very foundations of science. 

Science is a fair  palace of  lofty dimensions.  Does i t r ise o ut of the mas-

sive earth rock itself, or is it erected upon sand and apt to crumble utterly 

should the unshored plain ever shi ft? You see, even i f we fai l  to take you 

to the heights of scienceðan excursion that would occupy several hundred 

lifetimesat least we start you at the bottom. So let us descend toward that 

bottom to see if we can at any depth discard the relatively fundamental and 

deal with the absolutely fundamental. We have used the quality of agreement 

to describe the intrinsic character of both facts and definitions. There are in  
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science agreements other than those of fact or definition. These are called 

postulates, and it is the postulates of science, three in number, that are the 

foundations of science. Now, a postulate is a curious mixture. It partakes 

of  the nature of  a fact in that  i t  i s a statement of fact , but  di f fers from a 

fact  in that  the observations supporting i t  are not  confi rmable.  A postu -

late partakes of the nature of a definition in that it is an agreement among 

men, but it differs from a definition in that it concerns no trivial matter of 

nomenclature, and in that i t is certainly not arbi trary. A  definit ion, as we 

know, is a mere shortcut in the language. Power is defined as the time rate 

of doing work. Obviously, we could go through all scientific literature, cross 

out the word ópower,ô substitute the phrase ótime rate of doing work,ô and 

entirely eliminate a defini t ion from the vast  amount of material  the mind 

must handle. Defini t ions which can be done away with thus easi ly cannot 

be per se the fundamental things we seek. But there is no more essential, 

however complex, manner of stating a postulate. And there are no already 

existing propositions from which i t may be deduced.  

The first postulate states that the external world actual ly is. In other 

words, a chair, a pencil, a ci ty, the mountains, rivers, oceans, continents 

real ly do exist .  W e can at  once go to work on them wi thout having to 

establish their existence. 

The second postulate states that nature is uniform. This means we do not 

have to flounder about in a world wherein a sack of flour suddenly transforms 

itself into a fish, and that into an automobile, and that into an oil well. The 

second postulate is our protection against chaos. 

The third postulate states that there are symbols in the ómindô which stand 

for events and things in the external world. The total sum of all such symbols 

in al l  minds,  after  el iminating dupl icates, would be the sum total  of  that 

kind of knowledge for us; and the sum total of all things and events meant 

by these symbols, provided the symbols should ever become complete in 

number, would consti tute the enti re physical  world. This means, in effect, 

that  the mind i tsel f  is  uni form. Mathemat icians wi l l  note that the third 

postulate establishes a one-to-one correspondence between all that is in our 

minds and al l  that is in the external world. A corollary of this is that there 

is nothing in al l  the world that has the priori  quali ty of being unknowable.  

(In this paragraph the word ómindô has been used in itôs conventional sense. 

Later in the course we shall consider ómindô from a somewhat different and 

highly interesting point of view.)  

We shall not discuss the postulates further for the reason that a scientist  
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has nothing whatever to say about them. Every scientist is agreed that so 

long as he shall live, he shall not ever question these postulates, nor require 

any proof thereof. They are the rules of his game, and he is no more concerned 

with rules of other games than a bridge player is about baseball rules. Is 

science built on a firm foundation? Yes. It stands, properly ordered and rock 

solid, upon the enduring base of i ts postulates. Take note too that science 

is forever impregnable against attack originating outside its postulates. The 

criticism of meta-physicians, of philosophers, of mystics, are categorically 

absurd;  are  inval idated at  thei r  very source by so  or ig inat ing.  And  bear  

in mind that it does not become you as scientists to discuss questions of 

ul timate truth, nor ul timate reali ty, nor anything else ul timate. as novelists 

or theologians if you like but not as scientists. 

1.4 Sc ience 

Now, in a paper that  purports to introduce you very informal ly to the field 

of science, why has no mention been made any of the sciences themselves, 

i f  only that you may know what they are about? We have not spoken of 

heat, sound, electricity, hydraulics, etc., which are branches of physics, nor 

of zoology, cytology, embryology, etc., branches of biology, nor chemistry 

and itôs branches. Why not? Simply because there are no sciences. There 

is only one science. It makes li ttle  difference what you cal l it. Call  i t the 

science of existence, or the science of the world, or just plain science. It is 

only very elementary phenomena we can identi fy as belonging exclusively 

to one or another of the name-labels that a hundred or so years ago were 

thought to distinguish one science from another. When we reach phenomena 

of any complexityðand you need not be told most of the world is very, very 

complexðwe find the facts of one name-label mixing with those of another 

to such an extent as i t is mere sophistry to think they should be treated 

separately. 

Suppose we bring together two substances, carbon dioxide and water. 

Nothing much happens, as you know from your experience with charged wa -

ter. Bring them together on the leaf of a plant in the presence of chlorophyll, 

and stil l nothing much happens. But allow sunlight to fall  on the leaf, and 

these two simple substances will be synthesized into additional plant tissue, 
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 2 The passage of  high- f requency electr i c cur rent,  used, for example, to stop bleeding  
 during surgery.  

cellulose. Here we have light, chemistry and botany all in one reaction.  

Consider deep ray therapy where advantage is taken of the fact that ma - 
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lignant tumor cells have three to four times the electrical condenser capacity 

of benign tumor cells. Here we have electricity, short -wave radiation, and 

human pathology becoming one problem. Diathermy 2  and radio surgery are 

other examples of the connection between medicine and what were once called 

extra-human phenomena. 

Consider photopheresis, where a particle of gold or selenium or sulphur 

suspended in a strong stream of light moving towards the source of the light, 

even though that be directly above the particle. Thus we establish a liaison 

between light and that elusive thing, gravi tation.  

Consider the photolytic cell where an electrode of lead and one of copper 

oxide are immersed in a solution of lead ni trate.  No current f lows in the 

dark, but i f l ight  i s al lowed to str ike the inner face of the copper oxide 

electrode a strong although not a steady current is produced. Here we have 

chemistry, electricity, and light functioning together. The wedding of biology 

and chemistry is expressed in the word biochemistry. If you undertake the 

study of chemistry you will reach something called physical chemistry, which 

might just as wel l  be called chemical physics. The chlorophyll  of plants 

mentioned a moment ago and the hemoglobin of your blood have very similar 

chemical structures. Your blood contains the same salts as sea water and in 

virtually the same proportions, not so much the sea of today as that ancient 

Cambrian sea that existed before ever there were warm-blooded animals. Do 

you see that there can be no frontiers within science; that there is, indeed, 

only one science? 

1 . 4 . 1  Sc i e n t i f i c  P r e d ic t i o n  

The two aspects of Technocracy, analytic and synthetic, which have formed 

the subject matter of lectures you have heard in the past, have already been 

pointed out. This would not  be an effectual  preface i f we fai led to show 

that these two aspects are characteristic of the whole field of science. The 

collecting of facts of all available kinds, by carefully repeated observations in 

all parts of the world by all types of interpreting apparatus, is clearly of an 

analytical nature. What do we do with these facts as they are collected? Is 

our work finished when we make a report in the literature and neatly file it on 

a library shelf? The high-energy civilization about us should demonstrate to  
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anyone that this is not so. Facts are powerful tools in our hands, continually 

in use. They are good tools;  but  i f you wi l l  again consider  the defini t ion 

you will see that no fact is absolutely certain, having been established by 

inductive methods. Fifty observations may have agreed very closely, but we 

cannot say positively that therefore the next fifty will so agree. We can say 

only that i t is probable that they will. Thus does the great store of facts in 

the literature serve as a basis for what is most probable. 

The mechanism of scientific progress is this: We start with any phenom-

enon we care to, from a simple electrical effect in the laboratory to a high -

speed Diesel engine. We say, óOn the basis of what we have observed, such 

and such a modification will probably produce such and such a result.ô Then 

i t is tried if the probability is great enough. Sometimes it works and some -

times not. But out of the times it does work comes our intricate civil ization 

with all itôs marvelous technical accomplishments. 

Science is in a dynamic sense, essentially a method of prediction. It has 

been defined as being the method of the determination of the most probable.  

In tossing a coin, how does one know how many times heads will turn up? 

How does an insurance company know how many people will die next year? 

How does a geologist know where to dril l  for oil? How does the designer of 

a building determine how many elevators will be required? How does the 

weather bureau predict what the weather will be tomorro w? How can the 

astronomers predict to within a second an eclipse of the sun 150 years hence? 

These are all illustrations of scientific predictions. Some of these predic -

tions, as you well know, are more exact than others, but they are all based 

on the same fundamental principles of reasoning from the basic facts. When 

more facts are known, more accurate predictions can be made. That is what 

is meant by the most probable; not that by this method one knows exactly 

what will happen, but by itôs use he can determine more nearly what will 

happen than by any other method.  

But machines must be operated in accordance with their design. If you 

wish to speed up your automobi le, you must press the accelerator pedal. 

Into this problem enter no abstract considerations wh atever, such as, is it 

ethical to speed up an auto this way, or is this the best of all possible ways 

of doing i t? The machine is bui l t simply to accelerate in response to this 

one operat ion.  This is a useful  lesson to d igest .  No machine, no group 
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of machines may be properly operated except as specified by their design. 

Americaôs idle factories, her wanton destruction of food supplies while her 

citizens remain undernourished are results of trying to operate a system by  
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other criteria. 

1.5  Engineer ing  

Just a word or two about engineering. It is a frequently used term and some 

sl ight explanation of  i t should be of fered. In the l ight  of what has been 

said you can see that a scientific laboratory is not always a single building 

on a college campus. More often the dimensions of a laboratory coincide 

wi th the boundaries of  a ci ty or  a nation.  Suppose you have the proble m 

of transporting a l i ter of  sulphuric acid from one side of the room to the 

other. The best  solution would be pick the bottle up and carry i t across. It  

is very simple. Suppose, however you are confronted with the same problem 

on a somewhat larger scale. You receive a 10,000 gallon tank car of sulphuric 

acid on a rai lroad siding, and want to use the acid on the second floor of 

your  plant.  Now you must consider a number of  things that  did not enter 

into the smaller problem. What material will you install to convey the acid? 

What motive power will you use to propel it? Where will your storage tanks 

be located? Finally, do you buy in large enough quantities to warrant the 

erection of a sulphuric acid manufacturing plant on your own premises? 

This is the engineering side of chemistry. On the basis of establ ished 

facts, the solution that is probably the best must be found for each question. 

Simi larly with other scienti fic work. Laboratory electrici ty is the production 

of electrical energy in a voltaic cell. Electrical engineering is the production 

of electrical  energy by a waterfall , and the transportation of i t a hundred 

miles at a hundred thousand volts.  

Please recognize that we are still within the field of science, and remember 

no frontiers are set up anywhere in this field. There is only one science, and 

there is no essential difference between science and engineering. The stoking 

of a Bunsen burner, the stoking of a boiler, the óstokingô of the people of a 

nation, are all one problem. 

1 .6  Summar y  

Since we are now actually to begin studies in this field, let us recapitulate 

the several pieces of equipment we have for the job.  
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First of all, there are five senses through which the external world is 

perceptible to us. 

Next, we have a mind to reflect upon what is perceived. But it is now a 

critical mind, unwill ing to accept knowledge until inquiry is made into the 

sources thereof. Let us indicate here, and let us emphasize the incompara ble 

quality of that mind which is able to entertain something that it neither 

bel ieves nor disbelieves, something upon which i t wi thholds judgment un til 

the source-observations have been verified, or their verifiability affirmed. This 

critical mind is aware of the uselessness of thought unless thought be clothed 

in exact terms. With this mind a simple experiment performed with the 

hands and viewed wi th the eyes weighs heavi ly, whi le the testament of 

however many men concerning nonconfirmable observations, even though that 

testimony be preserved between the finely tooled covers of a rare book, weighs 

much, much more l ightly than a feather. We are continually aware that 

science is more than a dry catalog of facts; it is a dynamic and powerful tool 

before which all problems shall someday yield.  

This, then, is the equipage we carry as we approach the physical world, 

that actual , uni form world our postulates give us. I think we should not find 

it burdensome. 



 

 

Lesson 2 

MATTER 

The ear th and everyth ing upon i t  i s  composed of  matter .  Matter  occurs  

in three principle physical statesïsolids, l iquids, and gases. Examples of 

solids are rocks, wood, ice. Examples of liquids are water, gasoline, alcohol. 

Examples of gases are air, i l luminating gas, water vapor or steam.  

Molecules The smal lest  par ticle of any pure substance, such as water, 

iron or salt, which can exist without that substance changing its physical 

properties, is called a molecule. Thus, water is made up of millions of water 

molecules, each of which is, so far as we know, exactly like every other water 

molecule. These molecules are much too small to be seen by even the most 

powerful microscope. There are ways of measuring them quite accurately, 

however, as to weight and size. 

Change of  Phys ical  State Mat ter  can  be changed f rom one physical  

state to another. Thus, by the application of heat, water can be changed 

from i ts solid state, ice, to its l iquid state, water; and by further heating, to 

its gaseous state, water vapor. In a similar manner air, which is normally 

gaseous, by cooling and compression, can be converted into liqui d air, and 

this by sti l l further cooling, can be frozen solid.  

2.1  E lements  

There are compound substances and simple substances, or elements. Com- 

mon salt, a compound substance, for instance, can be separated by electrical  
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means into two substancesðthe metal element, sodium; and the poisonous 

gas element, chlorine. Water, in like manner, can be resolved into two con -

stituent gases, the elements oxygen and hydrogen. Marble, similarly, can be 

divided into the elements carbon, calcium, and oxygen.  

Al l of those last named substances are characterized by the fact they 

cannot be further  subdivided. They are cal led chemical elements.  Chemi-

cal elements are the building materials of which everything else on earth is 

composed. 

There are only 92 chemical elements. Several of these are relatively com-

mon in everyday life. Among the better known elements are iron, aluminum, 

copper, tin, lead, zinc, silver, gold, platinum, oxygen, carbon, sulphur, hy -

drogen, nitrogen, chlorine, iodine and nickel.  

Some of the elements are exceedingly rare, and have been obtained only 

in extremely minute traces. Other elements are very common.  

Estimates based upon the averaging of thousands of chemical analysis 

show the upper 10 miles of the earthôs crust to be composed of the following 

elements in approximately the percentages given. 

The striking thing about this table is that by far the greater  part of the 

materials comprising the surface of the earth is composed of only five or six 

chemical  elements.  Most of  the famil iar  metals that  are used dai ly occur 

in amounts of less than one-tenth of one percent of the surface rocks of the 

earth. 

Atoms The smal lest particle of a chemical element is cal led an atom.  

Chemical Compounds A chemical compound is a substance of  defini te 

chemical composition, which is composed of two or more elements. Over 

750,000 different chemical compounds are known.  

Examples of chemical compounds are water (oxygen and hydrogen, ab-

breviated H2O), salt (sodium and chlorine, abbreviated NaCl), and sugar 

(carbon, hydrogen and oxygen, abbreviated C1 2H2 2O1 1 ). 

Mixtures Most substances are not  simple chemical compounds, but  are 

rather mixtures or aggregates of various compounds. Wood, for instance, 

is composed of carbon, hydrogen, oxygen, and a small amount of mineral 

matter. Wood, however, has not a definite chemical composition, and is not  
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Table 2.1: Chemical Composition of the Outer 10 miles of the Earth:  

Element Amounts in Percent by Weight 

Oxygen 46.59 

Silicon 27.72 

Aluminum 8.13 

Iron 5.01 

Calcium 3.63 

Sodium 2.85 

Potassium 2.28 

Magnesium 2.09 

Titanium 0.63 

Phosphorus 0.13 

Hydrogen 0.13 

Manganese 0.10 

Subtotal 99.29 

All remaining 80 elements 0.71 

Total, 92 elements 100.00 

Table Data: Clarke, The Data of Geochemistry 

a single chemical compound. Likewise the air is a mixture chiefly of two 

gases, oxygen and nitrogen. 

2.2  Chemica l  Changes  

A chemical change involves a change of chemical composition. The grind-

ing of wood into sawdust is a mechanical change which does not affect the 

chemical composition of the wood; burning of wood, however, is a chemical 

change. 

The burning of wood consists in combining the oxygen from the air with 

substances composing the wood. Without the added oxygen, wood will not 

burn. After the wood is burned, if all the gases given off are collected and 

analyzed, it is found that they consist of carbon dioxide and water vapor. A 

slight residue of mineral matter in the form of ash remains. Hence,  
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wood+oxygen == water+carbon dioxide+ash  

In a similar manner the burning of gasoline in an automobile results in water 

vapor and carbon dioxide. This can be seen by watching the steam issue 

from the exhaust pipes on a cold day. 

gasol ine+oxygen == water  vapor+carbon dioxide  

When chemical elements combine in such a manner as to form more complex 

substances from simple ones the process is called combination. The reverse 

process of breaking more complex substances down to form simpler ones is 

called decomposition. 

Example of Combination: 

4Fe + 3O2  == 2Fe2 O2  

i r o n  o x y g e n  i r o n  o x i d e  

Example of Decomposition: 

2H2 O == 2H2  + O2  

w a t e r  h y d r o g e n  o x y g e n  

Indestructibility of Matter In  a l l  chemi ca l  ch ang es  o f  what ever  sor t  i t  

has been found that i f all  the materials are carefully weighed both before 

and after the change, while allowing nothing to escape in the meantime, the 

weight of the materials taking part in the change before the reaction will be 

exactly equal to the weight of the products resulting from the reaction. This 

is true not only for the whole, but is also true for each individual element.  

2 .3  Summar y  

All events on the face of the earth involve in one way or another the movement 

or change in the relative configuration of matter. The rains and the flow of 

water, the winds, the growth of plants and animals, as well as the operation 

of automobiles and factories are part of the movement of matter. Matter 

moves from one place to another, from one physical state to another, or from 

one chemical combination to another, but in all these processes the individual  
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atoms are not destroyed; they are merely being continuously reshuffled.  

References:  
An Introduction to Chemistry , Timm. 

The Spir i t  of Chemistry, Findlay. 

Matter and Motion , Maxwell.  
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Theoretical Chemistry, Nernst. 



 

 

Lesson 3 

UNITS OF MEASUREMENT 

In the preceding lesson we have discussed some of the properties of matter. 

We have noted that all the materials on the surface of the earth are composed 

of various combinations of the 92 chemical elements. We have observed 

that matter can be transformed from one physical state to another or from 

one chemical combination to another, and that such processes are occurring 

continuously on the earth, but that in none of them is the matter destroyed; 

it is merely reshuffled. 

Our next problem is to investigate the circumstances under which matter 

moves, or undergoes physical and chemical transformations. Before we can 

do this, however, it is necessary that we become familiar with our systems of 

measurement. 

3 .1  Mass ,  Le ng th  and  T ime  

The three quantities that we deal with most frequently and hence are obliged 

to measure most often are mass, length and time . 

The mass of a body is that  property which gives i t weight , or,  more 

generally, causes it to have inertia or a resistance to any change of motion. 

A body has weight because of the at t raction of gravi ty upon i ts mass. If  

gravity were reduced by one-half, the weight of a body, as measured by a 

spring balance, would also be reduced by one-half. For example, the weight 

of a given body on the earth is less by about one part in 200 at the equator 

than at the poles. Its mass, however, remains the same.  

If gravi ty were zero, bodies would weigh nothing at al l . Suppose under  
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this condition that we had two hollow spheres identical in outward appear -

ance, one filled with air and the other with lead. Neither would have any 

weight. How could we tell them apart? All we would need to do would be 

to shake them. The lead ball would feel óheavyô and the one filled with air 

ólightô. If we kicked the lead ball it would break our foot just as readily as if 

it had weight because it would still have the same inertia and resistance to 

change of motion, and hence the same mass. 

Length is an already familiar concept which needs no explanation.  

Time is measured in terms of the motion of some material system which 

is changing at a uniform speed. Mechanically oscillating systems like pendu-

lums and tuning forks are the basis for most of our  time measurements and 

form the control mechanisms of our clocks. Our master clock is the rotating 

earth whose hands are the stars which appear to go around the earth with 

uniform angular velocity once per sidereal or stellar day.  

3 .2  Un i t s  o f  Measu remen t  

The way we measure a quantity of any kind is to compare it with another 

quantity of the same kind which we employ as a unit of measurement. Thus 

we measure a mass by determining how many times greater it is than some 

standard mass; we measure a length by the number of multiples it contains 

of a standard length; and an interval of time by the multiples of some stan-

dard time interval. The choice of these standards is entirely arbitrary but if 

confusion is to be avoided two conditions must be rigidly observed: 

1. Different people performing a measurement of the same thing must use 

standards which either are the same or else the two standards must 

have a known ratio to each other. 

2. The other condition necessary is that the standard of measurement 

must not change. 

Unintelligibility results when either of these conditions is violated. The first 

type of unintelligibility would result if one man measured all of his lengths 

with a measuring stick of one length and another man used a measuring 

stick of a different length without the two ever having been compared. The 

second type of confusion would result if we attempted to measure lengths 

with a rubber band without specifying the tautness with which it is to be 

stretched. 
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In the early days almost endless confusion in the units of measurement 

existed due to the fai lure to observe one or both  of these conditions. Al l  

sorts of units of measurement sprang up spontaneously and were in general 

use. Such units of length as that of a barley corn, the breadth of a hand, and 

the length of King Johnôs foot were not uncommon. Thus, it was customary 

to employ as uni ts things like a barley corn which bear a single name but 

may vary considerably in size. The type of confusion that this could cause 

is illustrated by an apple dealer who advertised his apples at 25 cents per 

bucketful. He had on display several large size buckets filled with apples but 

when filling the customerôs order he used a bucket much smaller in size; yet 

no one could say that he had not received a óbucketfulô of apples. The trick 

of course lies in the fact that there is no standard size of óbucketô. The same 

l iberties with a bushel measure would have landed our merchant in jail.  

To eliminate this kind of confusion governments have had to establish 

standards of measurement so that today in the whole world  only two systems 

of units are extensively used. These are the Metric system and the English 

system. It is to be hoped that soon there will be one only.  

3 .2 . 1  Th e  Met r i c  Sys tem  

The Metric system was established by the French government immediately 

following the French Revolution. For the standard of length a bar composed 

of  an al loy of  platinum and ir idium was constructed and is preserved at 

the Bureau of Weights and Measures near Paris. Near each end of this bar 

there are engraved transversely three fine parallel lines. The distance from 

the middle l ine at  one end of  the bar to the middle l ine at  the other end 

when the bar is at the temperature of melting ice is defined to be 1 meter . 

This is the prototype of al l  the other meters in the world. Exact  copies of  

this bar made by direct comparison have been constructed and distr ibuted 

to the governments of  the various countries of the world.  In the United 

States this dupl icate is kept at the Bureau of Standards in Washington. 

From this, additional copies are made and are obtained by manufacturers of 

tapes, meter sticks and other measuring scales from which these latter are 

graduated. Hence the meter stick that one uses in his laboratory is probably 

not more than three or four times removed from the original bar in Paris.  

For units smaller and larger than a meter a decimal system of graduation 

is employed. Thus the centimeter is a hundredth part of a meter; a millimeter 

is a thousandth part of a meter; and a micron is a mill ionth part of a meter.  
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Going up the scale a kilometer is 1,000 meters. There are other multiples 

and submultiples but the above are the ones most extensively used.  

Similarly, the unit of mass is that of a platinum weight kept at the Bureau 

of Weights and Measures and defined to have a mass of 1 kilogram. The gram 

is accordingly a thousandth part of the mass of this standard kilogram. Just 

as in the case of the meter, duplicates of the standard kilogram in Paris have 

been constructed and distributed to the various countries.  

While both the meter and the k ilogram are ent irely arbitrary, when 

they were constructed an effort was made to satisfy two useful conditions. 

The original meter was constructed as accurately as possible to be one ten-

millionth part of the distance along the earthôs surface from the equator to 

the pole. This result of course was not achieved exactly so that by later 

measurements the earthôs quadrant is found to be 10,000,856 meters. Still, 

however, we can say with considerable exactness that the circumference of 

the earth is 40,000 kilometers. 

In a similar manner an attempt was made to have the mass of 1 gram 

be that of a cubic centimeter of water at 40 Centigrade (the temperature at 

which water has its greatest density). Hence the kilogram is very nearly the 

mass of 1,000 cubic centimeters of water and for most purposes the mass of 

water can be taken to be 1 gram per cubic centimeter.  

The unit of t ime is the second which is defined to be 1/86,400th part of 

a mean solar day or 1/86,164.09th of a stellar day. In addition to the second 

we have the familiar multiples, minutes and hours. 

3.2.2 The Engl ish System 

The unit of length in the English system of measurement is the distance 

between the centers of two transverse lines in two gold plugs in a bronze bar 

deposited at the Office of the Exchequer, when the bar is at a temperature 

of of 62 degrees Fahrenheit. This distance is the standard yard. A foot is 

defined to be one-third of a yard, and an inch one thirty-sixth of a yard. 

The unit of mass in the English system is that of a certain piece of plat -

inum marked óP. S., 1844, 1 lb.ô, which is deposited at the same place as the 

standard yard. This is known as the standard pound avoirdupois. 

The unit of time in the English system is the same as in the Metric.  
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3 . 2 . 3  Co nv e r s i o n  B e t we e n  M e t r i c  A n d  E n g l i s h  Un i t s  

These two systems of measurement are inter-convertible when we know the 

magnitude of a standard in one system as measured in terms of the corre -

sponding standard uni t of the other system. By very exact measurement it 

has been established that 

1 meter = 1.093614 yards 

= 3.28084 feet 

= 39.37011 inches 

1 yard = 0.914399 meter 

1 foot = 30.4800 centimeters 

1 inch = 2.5400 centimeters 

1 ki logram = 2.20462 pounds 

1 pound = 453.592 grams 

Except for purposes of exact measurement one will rarely need to employ 

more than the first three or four of the figures of the above conversion factors. 

Hence, approximately, 

1 meter = 39.37 inches 

1  k i l og ra m =  2 .20  po und s  

3 .3  De r i ved  Un i t s  

The foregoing units of mass, length, and time are said to be fundamental . 

By means of these we can also measure a large number of other secondary 

quantities which are accordingly said to be derived quantities. For example, 

area is a derived quantity depending upon length, and a rational unit of area 

is a square whose length of side is the unit of length. Similarly, the unit of 

volume is a cube whose length of side is equal to the unit of length.  

Less obvious derived units are speed and velocity, and acceleration which 

are terms used in describing the motion of a body. When a body moves its 

speed is the ratio of the distance it travels in a small  interval  of time to the 

time required. It is thus measurable in terms of a length divided by a time, 

and so requires no other units than those of length and time already defined. 

We may express a speed in meters per second, kilometers per hour, yards per 

minute, or any other convenient length and time units.  
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The velocity of a moving body at a given instant is its speed in a particular 

direction. For example, two bodies having the same speeds, but one moving 

eastward and the other northward are said to have di fferent veloci ties. A 

point on the rim of a flywheel rotating uni formly describes a circular path 

at uniform speed, but since its direction of motion is changing continuously, 

its velocity is also changing continuously.  

Quantities like velocity which have both magnitudes and directions are 

called vector quantities. 

The acceleration of a body is i ts rate of change of veloci ty. When the 

body is moving in a straight line this becomes equal to its rate of change of 

speed. For example, when an automobile is moving along a straight road, i f 

it increases its speed it is said to be positively accelerated; if it decreases its 

speed the acceleration is negative. We commonly speak of the foot pedal for 

the gasoline feed as the óacceleratorô. The brake, however, is just as truly an 

accelerator. If an automobile is increasing i ts speed uniformly at the rate of 

a mile per hour each second, we say that the acceleration is 1 mile per hour 

per second. This is clearly equal to 1.47 feet per second for each second, 

or to 47.7 centimeters per second for each second. From this we see that 

an acceleration involves the measurement of a distance, and the division of 

this by two measured time intervals. If we make these two time intervals the 

same, then acceleration becomes: (distance/time)/time, or distance/(time) 2 . 

Thus an acceleration of one cm/sec2  means that the body is changing its 

velocity by an amount of 1 centimeter per second during each second.  

Acceleration, like velocity, is also a vector quantity. Its direction is that of 

the change of veloci ty . What we mean by this can be shown by representing 

the velocity by an arrow whose length is proportional to the speed, and whose 

direction is that of the motion. Suppose the motion is curvil inear with the 

speed continuously varying. The velocity vectors represented by arrows for 

successive times wi l l  have di fferent directions and lengths. If we take two 

of these arrows representing the motion at two successive times only a short 

interval  apart and place them with their feathered ends at the same point, 

their tips will not coincide. Now i f we place a small arrow with its tail at the 

tip of the first arrow, and its tip at the tip of the second, this small arrow will 

represent, both in magnitude and direction, the change of velocity  during the 

time interval  considered. The average acceleration during that time is the 

ratio of the change of velocity to the time required to affect the change, and 

has the same direction as the change of the velocity.  

If this type of construction is tr ied with respect to uni form ci rcular mo-  
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t ion, i t wi l l  be seen immediately that the veloci ty is continuously changing 

in a direction toward the center of the circle. Consequently the acceleration 

is also toward the center of the circle. If the motion is not at constant speed 

this will  not be true. 

3.3.1 Force 

We come now to the concept of fo rce . Our primitive experience with force 

is by means of our muscular  sense of pushing and pulling. We can render 

this measurable by means of the stretch of springs, or the pull of gravity on 

bodies of known mass. A dynamic method of measuring force is by means 

of the acceleration of a body of known mass. For example, suppo se we 

construct a small car with as nearly as possible frictionless bearings, and run 

i t  on a straight  horizontal  t rack.  Suppose that  we pul l  the car  by means 

of a stretched spring or rubber band kept at constant tension. The car will 

accelerate uniformly in the direction of the pull. Now, if we load the car with 

different masses and repeat the experiment, for the same tension of the spring 

the acceleration will be greater when the load is decreased, and less when it 

is increased. If we keep the load constant and employ different tensions on 

the spring, the acceleration will increase as the tension is increased.  

Quantitatively, after correcting for any residual friction, what we learn in 

this manner is that the acceleration of the car is directly proportiona l to the 

tension of the spring, or to the applied force, and inversely proportional to 

the total mass of the car and its contents.  

By experiments similar to this it has been shown quite generally and very 

exactly that this is true for any kind of a body undergoing any kind of an 

acceleration: The acceleration is proportional to the applied force (or resul -

tant of the applied forces where several act simultaneously), and inversely 

proportional to the mass. The direction of the acceleration is the same as 

that of the applied force. Conversely, the applied force has the direction of 

the acceleration and its magnitude is proportional to the acceleration and to 

the mass of the body accelerated. 

Since we already know how to measure acceleration in terms of length 

and time, and how to measure mass, this last fact enables us to measure 

forces in terms of masses and accelerations. 

In this manner we define a unit of force to be that force which causes a 

uni t of mass to move with a unit of acceleration.  

In the Metric system, using the gram, the centimeter ,  and the second  
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as our units of mass, length and time, respectively, the unit of force is that 

amount of force which will cause 1 gram of mass to move with an acceleration 

of 1 centimeter per second for each second the force is applied. This amount 

of force we call a dyne. 

At  the lat i tude of  New York the pul l  of  gravi ty on a mass is such that  

i f  i t i s free to move wi th no other  forces acting upon i t, starting f rom rest 

it will move in the direction of the force exerted by gravity with a uniform 

acceleration of 980 cm/sec,  or 32.2 f t/sec 2 .  Since this is true for a mass 

of any size, then for a 1-gram mass the force must be 980 dynes, since the 

acceleration in this case is 980 times as great as that produced by a force of 

1 dyne. For a mass of m grams the total force would have to he m times as 

great as for one gram in order to have the same acceleration. 

We can obtain an approximate idea of the size of a dyne i f we consider 

that a nickel  coin (5 cents) has a mass of 5 grams. The force exerted by 

gravity upon this is therefore 5 x 980, or 4,900 dynes. Thus, approximately, 

a dyne is one five-thousandths part of the force exerted by gravity upon a 

nickel. 

Engineers frequently use another method of measuring force. They take 

as their unit of force the pull of gravity on a unit of mass, or its weight . The 

di ff icul ty with this is  that  gravi ty is not the same at di fferent  parts of  the 

earth. It varies with elevation above sea level, wi th the latitude, and with 

certain other random disturbing factors. Hence, to be exact we must define 

what the value of gravity is to be. This is commonly taken to be 980.665 

cm/sec2  which is approximately the mean value of gravity at sea level and 

latitude 450 . The pull of this standard gravity on a 1-pound mass is a pound 

weight . The corresponding pull of gravity on a kilogram of mass is a kilogram 

weight . Since a pound is 453.592 grams, and the attraction of this standard 

gravi ty on a gram mass is 980.665 dynes, i t follows that a pound weight is 

the product of these two figures, or 444,820 dynes.  

3.3.2  W ork 

When a force acts upon a body and causes i t to move, work is said to be 

done. A unit of work is defined to be that which is done when a unit of force 

causes its point of application to move a unit of distance in the direction in 

which the force acts. In the English system when the unit of length is the foot 

and the uni t of force the pound, the uni t of work is the foot -pound. Hence 

the total number of foot-pounds of work done by a given force is the product 
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of the force in pounds by the distance its point of application is moved in 

the direction of action of the force, in feet. The simplest example is afforded 

by the lifting of a weight. It requires 1 foot-pound of work to lift a 1-pound 

mass a height of 1 foot. 

In the Metric system when a force of 1 dyne causes its point of applicat ion 

to move in the direction of the force a distance of 1 centimeter, the work 

performed is defined to be 1 erg . Like the dyne, the erg is a very small 

quantity so that a larger unit of work is useful. We obtain such a larger unit 

if we arbitrarily define 10,000,000 ergs to be one joule . 

The conversion factors between the English and the Metric units of work 

are easily obtained by computing in both systems of units the work done 

in lifting a pound mass a height of 1 foot against standard gravity. In the 

English units this is simply 1 foot-pound. In Metric units the force, as we 

have already noted, is 444,820 dynes, and the distance 30.4800 centimeters. 

The work is therefore the product of these quantities, or 13,558,200 ergs or 

1.35582 joules. Inversely, a joule is 0.73756 foot-pounds, or the amount of 

work required to lift a pound mass a height of 8.84 inches, and an erg is one 

ten-millionth of this amount of work. 

3.3.3 Power  

Power is the time rate of doing work. In the Metric system, when work is 

performed at the rate of 1 joule per second, the power is defined to be 1 watt . 

Work at the rate of 1,000 joules per second is a thousand watts or a kilowatt . 

In the English system, the unit of work is the horsepower. This unit was 

defined by James Watt, who attempted to determine the rate at which a 

draft horse could do work so that he could use this for rating the power of 

his steam engines. The result he achieved was that 1 horsepower is a rate of 

doing work of 33,000 foot-pounds per minute, or 550 foot-pounds per second. 

Since a kilowatt is 1,000 joules per second, or 737.56 foot-pounds per second, 

it follows that this is equal to 1.3410 horsepower, or that a horsepower is 

equal to 745.70 watts, or 0.74570 kilowatts. 

A k i lowat t - h ou r  is the amount of work done by a kilowatt of power in 

1 hour; a horsepower-hour is the amount of work done by a horsepower in 

1 hour. These are accordingly units of work, the kilowatt -hour being 1,000 

joules per second for 3,600 seconds, or 3,600,000 joules, and the horsepower-
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 continued on the next page 

hour 33,000 foot-pounds per minute for 60 minutes or 1,980,000 foot-pounds. 

Also 1 kilowatt-hour bears to a horsepower-hour the same ratio as the kilo- 
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watt to the horsepower. 

3.3.4 Convers ion Factors  

While all of the conversions between the foregoing units of measurement are 

easily derived in the manner we have just seen, it is convenient to have at hand 

a table of conversion factors for ready reference. Such a table containing the 

factors that are most often used is given below. In this let us introduce for the 

first time here a system of notation for writing numbers that is widely used 

by scientists and engineers but may not be familiar to some of the readers. 

When dealing with very large numbers or very small decimal fractions it is 

bothersome and confusing to have to write out numbers like 2,684,500; which 

is the number of joules in a horsepower-hour, or 0.000,000,737,56 which is 

the number of foot-pounds in an erg. We may note that 

2,684,500 = 2.6845x1,000,000 = 2.6845x106, 

and similarly, that 

0.00000073756 = 7.3756x1/10,000,000 = 7.3756x10ī7 . 

Any number, large or small, can be written in this manner which has 

many advantages over the longhand method. In the following table this 

system will be used for the very large and very small numbers. 

In this table the factors are expressed to five or six significant figures. For 

all ordinary calculations only the first three or four figures are needed and 

all the rest can be dropped or set equal to zero. They are only needed when 

very exact measurements have been made and hence very exact calculations 

required. Most measurements are not more accurate than 1 part in 1,000, 

and calculation more exact than this is meaningless for such measurements.  

Table of  Convers ion Factors  

Imperial Metric 

Standard Gravity: 

gravity = 980.665 cm./sec2
 

= 32.174 ft./sec2
 

Force:  
1 dyne = 1 gm. cm/sec2
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Table of  Convers ion Factors (con t inued ) 

Imperial Metric 

= 2.2481x10- 6  pound weight 

1 pound weight = 4.4482x105  dynes 

Work:  

1 erg = 1 dyne-centimeter 

= 1 x 10-7 joules 

1 joule = 1 x 107  ergs 

= 0.73756 foot-pound 

1 foot-pound = 1.35582 joules 

= 1.35582 x 107 ergs 

1 kilowatt-hour = 3.6000 x 106 joules 

= 2.6552 x 106 foot-pounds 

= 1.3410 horsepower-hours 

1 horsepower-hour = 1. 9800 x 106  foot-pounds 

= 2.6845 x 106 joules 

= 0.7457 kilowatt-hour 

= 745.7 watt-hours 

Power:  

1 watt = 1 joule per second 

= 0.001 kilowatt 
= 1 x 107 ergs per second 

= 0.73756 foot-pound per second 

= 1.3410 x 103 horsepower 

1 kilowatt = 1 x 1010 ergs per second 

= 1,000 joules per second 

= 737.56 foot-pounds per second 

= 1.3410 horsepower 

1 horsepower = 550 foot-pounds per second 

= 33,000 foot-pounds per minute 

= 0.7456 kilowatt 

= 745.7 watts 
1 foot-pound/sec. = 1.35582 watts  

= 1.8182 x 103 horsepower 
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3 .4  Examp les  o f  W ork  and  Power  

Lest we lose sight of the fundamental simplicity of the concepts of work and 

power and become confused by the array of conversion factors, let us consider 

a few simple examples. 

(1) THE POWER IN CLIMBING STAIRS. How much power does a man 

generate in climbing stairs, for example? At an average rate of walking a man 

will climb a height of about 36 feet per minute. In so doing he is lifting his 

own weight. Suppose he weighs 150 pounds. Then his rate of doing work is 

5,400 foot-pounds per minute, or 90 foot-pounds per second. Since a horse-

power is 550 foot-pounds per second, and a watt is 0.73756 foot-pounds per 

second, it follows that he generates 0.164 horsepower, or 122 watts. This is 

in round numbers one-sixth of a horsepower. If he ran up the stairs six times 

as fast he would generate 1 horsepower. Running at such a rate, however , 

could only be maintained for a few seconds. Even walking at the above rate 

can be continued by few people for more than a few minutes. For example, 

few people can walk steadily, without stopping for rest, from the ground to 

the top of the Washington Monument which is over 500 feet high. Climbing 

for 8 hours would give an average rate much smaller than that of walking 

up a few flights of stairs, and so would reduce correspondingly the average 

power generated. 

(2) LIFTING PACKAGES. Suppose a workman lifts  packages from the 

ground to trucks 4 feet above the ground. In 6 hours he lifts 65 tons. How 

much work does he do, and what is the average power? The work done 

is 520,000 foot-pounds. This is 0.26 horsepower-hour, or 0.20 kilowatt-hour. 

The power averaged is 24 foot-pounds per second which is 3.3 watts, or 0.044 

horsepower. 

(3) PUMPING WATER. A man pumps water for 10 hours with a hand-

pump. In that time he raises 14,000 gallons a height of 10 feet. What is his 

work and his average power? A gallon of water weighs 8.337 pounds. The 

work done is therefore 1,170,000 foot-pounds, or 0.44 kilowatt-hour. The 

average power is 44 watts. 

(4) SHOVELING LOOSE DIRT. In 10 hours a man shovels 25 tons of loose 

dirt over a wall 5 feet 3 inches high. What is the work and average power? 
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The work done is 262,500 foot-pounds, or 0.10 kilowatt-hour. The power is 

7.28 foot-pounds per second, or 10 watts. 

(5) CARRYING A HOD1 . In 6 hours a man carrying a hod raises 17 tons 

of plaster 12 feet. The work is 408,000 foot-pounds, or 0.154 kilowatt-hour. 

The average power is 18.8 foot-pounds per second, or 25 watts. 

(6) PUSHING A WHEELBARROW. A man with a wheelbarrow raises 51 

tons of concrete a height of 3 feet in 10 hours. The work done is 306,000 

foot-pounds, or 0.115 kilowatt-hour. The average power is 8.5 foot-pounds 

per second, or 11.5 watts. 

These examples give one a very good idea of how much useful work a 

man can do in a day. In work of these kinds we have counted only the 

useful work accomplished. In each case the work actually done was greater 

than that computed. In the wheelbarrow problem the total work performed 

should include the repeated lifting of both the wheelbarrow and the man 

himself. If the wheelbarrow load was 200 pounds and the man and empty 

wheelbarrow weighed another 200 pounds, then it is clear that  the actual 

work performed would be twice that computed, not allowing for the friction 

of the wheelbarrow. 

A kilowatt-hour of work will lift a ton weight a quarter of a mile high; a 

kilowatt of power will do this in one hour of time. Working under the most 

efficient conditions, it would take at least 13 men to do the same amount of 

work in the same time. Under less efficient conditions the number of men 

would be correspondingly greater. 

This same kilowatt-hour is the unit for which we pay our monthly electr ic 

light bill at a domestic rate of 5ð7 cents each. Commercial rates on electric 

power range from a few mills to a cent or so per kilowatt -hour. A workman 

whose pay is less than 25 cents per hour is working at practically starvation 

wages. The conjunction of these two facts is of rather obvious social signifi-

cance. 
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Lesson 4 

ENERGY 

Now that we have become familiar with what is meant by work, let us consider 

a related but more general physical quantity, namely, energy. If anything has 

the capacity to perform work, it is said to possess energy. The amount of its 

energy is measurable in terms of the amount of work it can perform. Hence, 

energy is measurable in units of workðergs, joules, or foot-pounds. 

4 .1  Po ten t ia l  Ene rgy  

A stretched spring does work when i t  contracts.  A weight upon a table 

does work in being lowered to the f loor .  W ork is done when a  piece of  

iron is drawn to a magnet. Hence, each of those systems possesses energy 

which is manifested by the amount of work that it can do in changing from 

one position or configuration to another. Energy of this kind obviously is 

associated with the posi tion or configuration of a material  system and is 

known as potent ia l energy . 

Chemical systems, such as gunpowder, gasoline, coal, dry cells, storage 

batteries and the like, have the capacity of performing work when they un -

dergo chemical changes. This too is potential energy and is dependent upon 

the internal configuration of the atoms with respect to each other.  

4 . 2  K in e t i c  E ne r g y  

Imagine a flywheel mounted upon a horizontal axle with as nearly as possible  

frictionless bearings, and a cord with a suspended weight attached so as to  
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wind around the axle.  Fi rst ,  wind the system up and then release i t .  As 

the weight falls, the flywheel will continuously increase its angular velocity. 

When the weight reaches i ts lowest posi tion, the cord will  begin to wind 

around the axle in the opposite direction, and the weight will  be raised. At 

the same time the flywheel will be slowed down, coming finally to rest when 

the weight has regained i ts original  elevation. Then, i f not arrested, the 

process will repeat itself in the opposite direction. 

In the initial and the final stages of this experiment the system possesses 

potential energyðthat of the raised weight. In the middle stage, when the 

weight has reached i ts lowest posi tion, i ts potential energy is a minimum. 

Stil l, however, the system has a capacity to do work as demonstrated by its 

l ifting the weight back to its original elevation. This energy obviously resides 

in the motion of the flywheel. In fact, if we set a flywheel in motion by any 

method and then bring it to rest by having it l ift a weight, we find that the 

number of joules of work it can do is proportional to the square of its angular 

veloci ty (number of revolutions per uni t t ime).  

In the same manner we can bring an automobile coasting on a level road to 

rest by making it l ift a weight. The work it can do is found to be proportional 

to its mass and the square of its speed. In fact, the work it could do in this 

manner is: 

mass × speed2
 

work =  2 

Bodies, therefore, possess energy in virtue of their state of motion. Work 

must be performed upon them to set them moving, and must be done by 

them in coming to rest again. This energy, due to motion, is called k inet ic 

energy. 

4 . 3  H e a t  

When work is performed on a system, it may not increase either the potential 

or  the kinetic energy of  the system. I t may be completely dissipated by 

fr iction. An automobi le or a flywheel can be brought to rest by means of 

brakes. A weight can be lowered at constant speed if properly braked. In all 

such cases heat is produced where the friction occurs. On a long grade the 

brakes of an automobile may become so hot as to burn out. Dril ls become 

heated when boring. Tools are heated by grinding.  

The conclusion is that when a body loses kinetic or potential energy due  
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to friction heat is always produced. Hence, heat must be a form of energy. 

Does a given amount of work always produce the same amount of heat? To 

answer this question we must devise a way to measure heat.  

4 .3.1 Measurement  o f  Heat  

To measure heat we must f i rst distinguish between the temperature of a 

body and the quanti ty of  heat  i t  contains.  Our primi ti ve recogni tion of 

temperature is by means of our sense of feel. The quantity of heat a body 

contains is related both to its temperature and to the size of the body. Thus, 

a gallon of water contains four times as much heat as a quar t of water at the 

same temperature. How the quantity of heat is related to the temperature 

can only be determined after we have found how to measure temperature.  

4 .4  Measu remen t  o f  Tempera tu re  

Our sense of feel is not very reliable for determining temperatures, so we 

must devise a temperature measuring instrument.  This we do by noting 

that gases, l iquids, and solids all  change volume as their temperature is 

changed. Usually, but not in all  cases, the volume increases with increase 

of temperature. In addition to this we have certain invariant points of fixed 

temperature like that of melting ice, and boiling water at constant pressure.  

By means of the expansion of a given material between these fixed tem-

peratures we can measure intermediate temperatures.  

We may define the temperatures of mel ting ice and of boi l ing water  at 

a pressure of one standard atmosphere (one standard atmosphere is defined 

to be the pressure exerted by a column of mercury 76.0 centimeters high 

due to the attraction of standard gravity, or 1.01325×106  dynes per square 

centimeter) to be anything we like, but the choice of these temperatures 

determines the thermometric scale. 

If we let 0 °  be the temperature of melting ice and 100 °  that of boil ing 

water, we have the Centigrade scale. If we le t 32 °  be the temperature of 

melting ice and 212 °  that of boil ing water, we have the Fahrenheit scale.  

For the intermediate temperatures our best thermometric substance is 

hydrogen gas. If we let V0  be the volume of a given quantity of hydrogen gas 

at the temperature of melting ice and at a pressure of 1 atmosphere, and V1 0 0  

that of the same gas at the temperature of boil ing water and a pressure of  
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1 atmosphere, then by dividing the difference between these two values into 

100 equal parts we have a volume scale for the gas to which we relate the 

corresponding temperatures. For example, at some unknown temperature 

the gas has a measured volume V. The temperature in °C. then is: 

t= V - V0 

 V100ðV0  

  100   

If V should be one-fourth the difference between V0 and V100, the tem-

perature would be 25°  C.; if one-half, the temperature would be 50 °  C., etc. 

The same procedure is used for the Fahrenheit scale except in this case 

the interval between freezing and boiling is taken to be 180° instead of 100°, 

and freezing is defined to be 32°. 

The familiar mercury thermometers are handier to use. They are cali -

brated, however, by temperatures originally established by a hydrogen ther-

mometer. 

4 .4.1 Abso lu te Sca le of  Temperature  

There is one more scale of great scientific importance that should be men-

tioned now because we shall need to make use of it in our next lesson. This 

is the absolute scale. 

It is found by experiment that for each degree Centigrade between 0°C. 

and 100°C., the volume of hydrogen gas increases by a constant amount of 

1/273.2 of its volume at 0°C., V 0. At this same rate of volume change, the 

volume would decrease to zero at a temperature of -273.2°C., which suggests 

that this may be the lowest possible temperature obtainable. Elaborate 

experimentation has demonstrated that this is the case, and temperatures 

within a fraction of a degree of this amount have been obtained.  

It seems reasonable, therefore, to call the lowest possible temperature, the 

absolute zero of temperature. If we call this 0° absolute, and otherwise use 

the Centigrade scale, then the melting point of ice becomes 273.2 ° absolute 

and the boiling point of water 373.2°  absolute. 

Conversion factors between the thermometric scales are as follows:  

1.8°F = 1.0°C 

5 ° 
C 
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 We are now in a posi tion to answer the question propounded earl ier: How  
 
 much heat is produced by friction from a given amount of work? To determine  

1.0°F = 
9 
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9 

xǓF = 
5 

TǓC + 32 
 

5 

xǓC = 9 (TǓF _ 32) 

xǓabs = TǓC + 273.2 

4 .5  Qua n t i t y  o f  H ea t  

To measure the amount of heat, we require a unit of measurement, whose 

choice, like that of all other units of measurement, is arbitrary. In the Metric 

system we take this to be the amount of heat required to raise the tempera -

ture of 1 gram of water 1ǓC. We call this the gram calorie. A kilogram-calorie 

is 1,000 gram calories, or the heat required to raise the temperature of a kilo -

gram of water 1ǓC. 

In the English system the corresponding unit is the Brit ish thermal unit , 

or therm , defined as the amount of heat required to raise the temperature of 

1 pound of water 1ǓF. 

Since the heat required per degree varies slightly with temperature, for 

very exact measurements we must specify also the temperature at which the 

measurement is to be made. The most common procedure is to take the 

mean, or average, values over the range from 0ǓC. to 100ǓC. These will be 

understood to be the values employed here. 

By converting ǓF. to ǓC. and pounds to grams we can easily determine 

the conversion factors between the English and Metric units:  

1 ki logram calorie = 3.9685 Bri t ish thermal  uni ts 

1 Bri t i sh thermal  uni t  = 251.98 gram calories  

= 0.25198 ki logram-calories 

4 . 6  W ork  an d  H ea t  
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this all we need is a heat insulated vessel filled with water, into which a shaft 

from the outside extends and terminates in some kind of a brake mechanism. 

On the external end of the shaft is a pulley around which a cord supporting a 

weight is wound. The weight falls slowly and heat is generated by the brake 

inside the vessel. By noting the temperature rise and the quantity of water 

heated, the number of calories of heat can be computed; by knowing the 

weight and the distance it descends the amount of work can be computed. 

Then we know the quantity of heat generated by a known amount of work.  

The first experiment of this kind was performed by Joule in England 

about 1845. Subsequently, numerous such experiments have been performed 

with great precision. As a result it has been found that a given amount of 

work always produces the same amount of heat: 4.186 joules of work produce 

1 gram calorie of heat; 777.97 foot-pounds of work produce 1 B.T.U. of heat. 

Thus, since 4.186 joules are equal approximately to 3.1 foot-pounds, it 

is clear that a 1-pound weight falling 3.1 feet will produce 1 gram-calorie of 

heat; if a 1-pound weight falls 778 feet and its energy is converted into heat, 

the amount of heat will be 1 British thermal unit. Hence, the heat generated 

by a waterfall 778 feet high would be sufficient to raise the temperature of 

the water at the foot of the fall 1 degree Fahrenheit. Actually, unless the 

quantity of water is large, a considerable fraction of this heat will be lost 

to the surrounding air and by evaporation of the falling water, but the heat 

generated, counting the above losses, is still 1 British thermal unit per pound 

of water. 

Since friction is never completely eliminated, we see that in all processes 

involving work, energy in the form of work is continuously dissipated and an 

equivalent amount of energy in the form of heat is produced.  

References:  

This Mechanical World, Mott-Smith. 

Heat and Its Workings , Mott-Smith. 

The Story of Energy, Mott-Smith. 
A Textbook of Physics, (Vol. I , Mechanics; Vol. I I , Heat and Sound) , 

Grimsehl. 



 

 38 

Lesson 5 

THE LAWS OF 

THERMODYNAMICS 

In the preceding lessons we have already learned that matter on the earth is 

not destroyed, and that movements and changes of matter involve work or 

energy. We further learned that there is an exact relation between work and 

heat; namely, that when a given quantity of work is converted into heat the 

same amount of heat is always produced.  

It was also pointed out in discussing the weight -and-flywheel experiment 

that if no friction were involved, and hence no heat produced, the loss of po -

tential energy by the falling weight would be completely compensated by the 

gain in kinetic energy of the  flywheel. After the fall ing weight had reached 

i ts lowest point i t would be relifted by the flywheel which would slow down 

and lose kinetic energy as the lifted weight gained potential energy. Fur -

thermore, the gain in potential energy would be exactly equal to the loss in 

kinetic energy and vice versa. 

Hence we arrive at the conclusion that, in any purely mechanical system 

involving no friction and hence no heat loss, the sum obtained by adding all 

the potential energies and all the kinetic energies exist ing simultaneously is 

a constant. 
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 2. Part of it is required to perform the work of vaporization against the  
 atmospheric pressure when 1 gram of liquid water expands into 1 gram 

5 .1  The  Conse rva t ion  o f  Ene rgy  

5 .1.1 Fr i c t i on  

When there is friction (which in reality involves all cases) heat is produced, 

and the amount of heat produced is proportional to the loss of kinetic and 

potential energy by the system. Since heat is a form of energy and 1 gram 

calorie of heat is equivalent to 4.18 joules of work, if the heat loss be stated in 

terms of joules instead of calories, it will be found that the energy appearing 

as heat is exactly equal to the loss of mechanical  energyðpotential and 

kineticðby the system. 

5 .1.2 Energy  of  Evaporat ion  

When water boils at a pressure of 1 atmosphere the temperature remains 

constant at 100 ° C. If heat is added at a faster rate the water boils more 

vigorously but the temperature sti l l remains constant. If this be continued 

long enough all the water will finally disappear as steam or water vapor. Here 

we have a case where energy in the form of heat is being added to a system 

wi thout any increase in temperature of  ei ther  the water  or  the vapor,  but 

in which there is a progressive change of water from its liquid to its gaseous 

state. It follows, therefore, that the energy must be required to effect this 

change. By careful measurement of the amount of heat required to  vaporize 

a known quantity of water it has been determined that 539.1 gram calories of 

heat are required to vaporize 1 gram of water at a pressure of 1 atmosphere 

and 100°C. 

At f i rst  thought i t might appear that  this energy has been lost.  If  the 

steam is made to condense back to water again, however, while at 1 at -

mosphere pressure and 100°C., it has been found that 539.1 gram calories of 

heat must be extracted. Thus the heat of evaporation has not been lost but 

stored in the vapor. 

This energy required to produce evaporation serves two purposes: 

1. Part  of i t is required to pul l  the water molecules apart  against their  

own mutual attractive forces and hence becomes stored as potential 

energy. 
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of steam. 

Thus we may say that the heat of vaporization is employed to perform two 

kinds of work, an internal work against cohesive forces, and an external work 

against atmospheric pressure. When the reverse process occurs this energy 

is again released in the form of heat.  

5 .1.3 Chemica l  Energy  

If 2 grams of the gas hydrogen are mixed with 16 grams of the gas oxygen 

and the mixture igni ted by an electric spark while being maintained at a 

constant pressure of 1 atmosphere, there will be a mild explosion and 18 

grams of water vapor at a greatly elevated temperature wil l  resul t. If this 

water vapor be cooled down to the temperature of the original mixture (room 

temperature) i t will  become 18 grams of l iquid water, but to produce this 

result it will be necessary to subtract 68,300 gram calories of heat. Thus we 

may write: 

2H2  + O2  = 2H2 O + 2  ×  68 ,  300ca ls 

4 grams + 32 grams = 36 grams 

Hydrogen + Oxygen = Liquid Water  

It is also possible by means of an electric current to separate liquid water 

back into i ts components, hydrogen and oxygen, at  room temperature and 

1 atmosphere pressure. When this is done we find that the electrical energy 

required plus the heat that must be added to decompose 18 grams of water 

is equivalent to 68,300 calories. 

While this is only an isolated instance, the same kind of thing is true f or 

all chemical reactions. Some release energy; others require the addition of 

energy. In all cases, however, if a chemical change when proceeding in one 

direction releases energy, then an exactly equal amount of energy would have 

to be supplied if the constituents of the system are ever to be restored to 

their ini tial  state. 

Thus a storage battery releases energy upon being discharged, but the 

same amount of energy must be supplied if the battery is to be recharged. 

Coal and wood release energy in the form of heat upon being burned (reacting 

with oxygen) but this energy was originally supplied by the sun when the 

components of these fuels were originally combined.  
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Stil l other forms of energy are those of light, electricity, magnetism, and 

sound. Space here does not permit a detailed discussion of all these forms. 

Enough has already been said to lead one to suspect that energy is inter -

changeable among all of these and various forms. This is indeed the case. 

5 . 1 . 4  T h e  F i r s t  L a w o f  T h e r m o d y n a m i c s  

If we generalize the facts already noted we arrive at one of the most important 

conclusions of all science. Let us take any system of matter, and let us cause 

this to change from some initial state, A, to some final state, B. In this process 

a definite amount, E, of energy will be released in the process of transition. 

(If energy is absorbed E will be negative.) Now by any method whatsoever, 

let us restore the system to its initial state, A. In this case the same amount, 

E, of energy will have to be restored to the system as was originally released 

by it. Were this not so it would be possible to obtain more energy, E1, in 

changing the system f rom state A to state B than the amount E2 required 

to restore the system from state B to state A. In this manner a complete 

cycle would leave us with a surplus of energy which could be used in lifting a 

weight or in otherwise performing work. This would enable us to build a self-

contained, self-acting machine that would operate continuously and perform 

work, a form of perpetual motion.  

On the basis of our experience, however, we have never found it possible 

to build such a machine, and so we conclude that to do so is impossible. If 

this be so, then we must also conclude that it is impossible to obtain more 

energy when any system goes from an ini tial  state, A, to a final  state, B,  

than must be restored to the system in order to change it back from state B 

to state A. 

Consequently, if this be true, it follows that either to create or to destroy 

energy is impossible. Thus in processes occurring on the earth when a given 

amount of energy in one form disappears an equal amount always appears 

in some other form. Energy may change successively from radiant energy to 

chemical energy to electrical energy to mechanical work and finally to heat, 

but in none of these processes is any of it lost or destroyed.  

It is this indestructibil i ty and non-creatabli ty of energy that consti tutes 

the First Law of Thermodynamics. 
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5 .2  Reve rs ib le  and  I r reve rs ib le  P rocesses  

5 . 2 . 1  D i r ec t i o n  o f  En e r g y  T ra n s f o rm at i on s  

It is not enough, however, to know that in processes occurring on the earth, 

energy is neither created nor destroyed, or that when an engine performs 

external work such as lifting a weight, an equivalent amount of energy must 

have disappeared somewhere else. We must inquire whether energy transfor -

mations occur with equal facil i ty in opposite directions, or whether there is 

a favored direction in which energy transformations tend to occur.  

To do this we may begin with simple instances of our everyday experience. 

If we could build a flywheel that was perfectly frictionless, once started i t 

would turn indefinitely at constant angular velocity. Similarly a frictionless 

pendulum would swing with undiminished amplitude. In each of these in -

stances the mechanical energy originally supplied would be retained in undi -

minished amount. In actual practice, however, we have never been able to 

completely eliminate friction; so the flywheel gradually slows down, and the 

pendulum swings with steadily diminishing amplitude of swing, both coming 

finally to rest. In each case the initial energy has been gradually dissipated 

by the friction into waste low-temperature heat. 

Had we tried the reverse process, however, of supplying energy in the form 

of heat to the bearings of the wheel or pendulum while initially at rest, this 

energy would never have resulted in the wheels turning or the pendulums 

beginning to swing. Thus we observe that whi le there is a spontaneous 

tendency for mechanical energy to be converted into low-temperature heat,  

the process does not appear to be reversible. 

In a more complicated case we might consider a waterfall such as Niagara.  

Here the water falls from a height of 167 feet. In fall ing, the potential energy  

due to height is converted into heat, and the water  at  the foot  of Niagara  

is about one-eighth of a degree Centigrade warmer than i t was at the top.  

Thus, the energy of Niagara is being continuously converted into waste heat.  

Suppose, however, that a part of this water is made to go through a hydro 

turbine.  Then over  90 percent of this energy is captured by the turbine,  

which, in turn, converts i t into electrical  energy. This electrical  energy is  

then used to drive electric motors and drive machinery, to pr oduce l ight,  

to heat electric furnaces, or to produce chemical reactions such as charging  
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 ȹS = 0 

storage batteries or producing calcium carbide. If it drives an electric motor,  

f r i ction exists in the motor  and in the machines which i t drives,  and the  
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energy is lost as waste heat of the bearings and the air, plus the heat losses 

in the windings of the motors due to electrical resistance. If it is used for 

l ighting or for an electric furnace, again it produces heat. Light is absorbed 

and becomes heat. If the energy is used to produce a chemical reaction, 

such as making calcium carbide, this, when placed in water, reacts to release 

acetylene gas, which when burned in air, produces heat. 

Now i f we add to this apparently exceptionless tendency for all other 

forms of energy to be transformed spontaneously into heat, the further fact 

that heat always tends spontaneously to flow from regions of higher to those of 

lower temperature, we obtain the remarkable result that all other forms of 

available energy tend finally to be degraded into heat at the lowest temperature of 

the surroundings. 

5 . 2 . 2  E n t r o p y  

Now we can introduce another type of quantity we have not dealt wi th hereto-

fore. When a quantity of heat, Q, flows into a body at the absolute temper-

ature T,  let  us agree to cal l  the quanti ty Q/T the increase in the entropy 

of the body. If the heat f lows out of the body the entropy of the body wi l l , 

of course, decrease. If a body were heated from a lower temperature, T2, to 

a higher temperature T1, its entropy would increase, but to obtain the 

amount we would have to add up all  the separate entropies step by step 

from the lower to the higher temperatu re. Thus for water, since 1 calorie 

raises the temperature of 1 gram approximately 1 °C. or 1°A., the entropy-

increases would be, when the temperature is raised from 273 °  A. to 278°  A., 

approximately: 

1 
ȹS = 274  + 

where ȹS (read delta S) is the increase in the entropy of 1 gram of water. 

Now let us consider the entropy changes that occur in various energy 

transformations of the kind we have already considered. If we take any 

frictionless mechanical system such as a pendulum or flywheel at constant 

temperature no heat will be produced and no heat conduction will occur, 

consequently the entropy change will be zero for all such systems,  

1 
1

+ 

1

+ 

1

+ 

275 277 276 278 
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and they are said to be isentropic or constant entropy systems. 
If, however, friction exists, heat is produced and the entropy increases by 

an amount 

ȹS  =  Q 

where ȹS is the increase of the entropy of the system, Q the amount of 

heat generated and T the absolute temperature. 

Now let us consider two adjacent bodies, one at an absolute temperature 

T 1,  and  the  o ther  a t  T 2,  T 1 being  h i gher  than  T 2.  The  hea t  wi l l  f l ow 

by conduction from the hotter of the two bodies to the colder. Let a small 

quanti ty of heat, dQ, flow in this manner from the body at temperature T1 

to that at temperature T2. 

The entropy lost by the hotter body is dQ/T1; that gained by the colder 

body is dQ/T2. The total entropy increase of both bodies together will be 

the difference between these two entropies, 

dQ 
ȹS  = 

Now dQ is the same in both 

cases, but T2 is less than T1. Therefore dQ/T2 is greater than dQ/T1. 

Hence the total entropy change, ȹS, consists in an increase in the entropy of 

the two bodies taken together. 

Thus we see that an idealized frictionless mechanical system involves a 

zero change of entropy, while any process involving friction, or heat conduc -

tion, results in an increase of entropy. 

Now let us see if we can find a process that results in a decrease of entropy. A 

direct conversion of heat into work would be such a process. Suppose we 

could construct an engine which is self -contained and operated cyclically, 

that is, one that repeats the same cyclical operation over and over and which 

does nothing but take heat from a heat reservoir and lift a weight. This is 

manifestly no contradiction to the First Law of Thermodynamics, because we 

are not proposing to create energy, but merely to transform already existing 

energy from heat to work. 

If T be the temperature of the engine and the heat reservoir, and if Q be 

the heat taken in at each complete cycle, then, since the engine returns at 

the end of each cycle to its initial state, its entropy remains unchanged. The 

T 

dQ 

T1 T2 
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l i fting of a weight is an isentropic process. Consequently the only entropy 

change of the system is manifested by the disappearance of an amount of 
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heat Q at temperature T per cycle. This would correspond to a decrease in 

the entropy per each cycle by the amount 

ȹS = Q 

T 

But no such engine has ever been built. If one could be built it could 

be made to run on the heat from the ocean or from the ground or the air. 

It would act both as a refrigerator and as an engine for doing work. Such 

a machine would not violate the principle of the conservation of energy, but 

it would still constitute a sort of perpetual motion machine in that it could 

operate from the heat of, say, the ocean and perform work, which could be 

transformed by friction back to heat, thereby maintaining the initial supply. 

This has been called perpetual motion of the second kind. 

Our failure to build such an engine leads to the conclusion that to do so 

is impossible. This conclusion is based entirely upon negative experience and 

can be upset only by actually producing this kind of perpetual motion.  

Another instance of a decrease of entropy would be given if heat flowed 

from a colder to a hotter body. By reasoning analogous to that employed 

for heat conduction from a hotter to a colder body, we arrive at the fact 

that if heat ever flowed from a colder to a hotter body the entropy of the 

system would decrease, or, the entropy change would be negative. But such 

a heat flow is contrary to all of our experience. All of our experiences thus 

far may be summed up by saying that in all processes of whatever kind so far 

observed, the changes in the entropy involved are such that the total entropy 

of the whole system either remains constant or increases.  

5 . 2 . 3  Co nv e r s i o n  o f  He a t  i n t o  W o r k  

Now if we have a difference of temperature between two heat reservoirs, the 

higher temperature being T1 and the lower T2, the entropy would increase 

if heat were allowed to flow directly from the one to the other by conduction. 

On the other hand, we know it is possible to operate a steam engine between 

these two different temperatures, using one for the boiler temperature and 

the other for the condenser. 

In this case if an amount of heat Q1 be taken by the engine per cycle from 

the temperature T1, and Q2 be the heat discharged into the condenser at 

T2, then Q1- Q2 is equal to the work, W, done by the engine per complete 

cycle. The maximum possible value of the work, W, is obtained when we 
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consider  that  the l imiting case of  the operationð the l imit  that  the engine 

can approach but never exceedðis given for the case when the entropy change 

is zero. 

For each cycle the entropy lost by the heat reservoir at temperature T1 

is Q1/T1, while that gained by the condenser is Q2/T2, the entropy of the 

engine itself being the same at the completion of each cycle. Then if the total 

entropy change is to be zero, 

Q 1  Q2  
= 

T 1  T 2  

or 
Q2  = Q1 T1 

Now, since the work, W, done by the engine is equal to the loss of heat, Q1  - 

Q2 , 
T2  

W = Q1 ð Q2 = Q1 ð Q1 T1 

or 
T1 ð T2 

W  =  Q 1  T 1  

Thus the maximum possible fraction of the heat, Q1, taken from the 

higher temperature reservoir that can be converted into work is given by the 

fraction T1-T2/T1 ,  which is the highest possible efficiency of the engine. 

The nearer the two temperatures are together, the smaller the value of 

this fraction, becoming zero when the two temperatures become the same. 

Hence it is impossible to operate any heat engine except when a difference of 

temperature exists. Under no circumstances can the work produced from a 

given amount of heat or the efficiency be greater than that given above.  

5.2.4 Revers ib le and I r reversib le  Processes  

Now we come to the concepts of reversible and irreversible processes. A 

reversible process is in reality an idealization and occurs only in those cases 

for which the entropy change is zero. All actual cases involve friction or its 

equivalent and therefore result in an increase of the entropy of the system. 

Such systems are said to be irreversible and the entropy increase is a measure of 

their degree of irreversibility. 

T2 
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An irreversible process is characterized by the fact that when once it has 

occurred, by no process whatsoever can it be undone. For example, if a book 

is pushed off the desk and falls to the floor its potential energy is changed 

into heat and the entropy increases. It is physically impossible ever to put 

the book back on the desk and at the same time to restore everything else to 

the state it was in before the book originally fell . The book could be lifted 

back by hand but that would degrade chemically the energy inside the body. 

It could be hoisted by an electric motor, but that would discharge a battery. 

So with every other process of replacing the book. It is impossible to put 

everything involved back to its initial state. In consequence of this fact the 

universe has experienced a new event and has made a stride forward.  

5 .2 . 5  Tr ans fo rmat io ns  in  an  I so l a ted  S ys tem  

Now let us imagine a system completely isolated from all  outside energy 

transfers, that is to say, that no matter or energy is allowed to enter or escape. 

For such a system we may imagine a large heat-proof, light-proof, sound-proof 

room. Let i t be stocked with al l  sorts of physical  and chemical apparatus 

and supplies such as storage batteries, gasoline, oxygen, food supplies, water, 

electric and gasol ine motors, electric or fuel l ights, etc. Into this room we 

will also place a physicist and then seal the door to isolate the system.  

Now this isolated universe, as it were, is all equipped to run. Our physicist 

can have light and food, oxygen to breathe and water to drink. In addition 

to this he has engines and motors and an energy supply to drive them. To 

make the problem even more interesting we might even allow him soil and 

plant seeds so he could grow his own food supply.  

What would be the future of  this isolated universe? Merely from our 

everyday experience we would know that the food supply, the free oxygen, 

and the fuel  would al l  diminish wi th t ime. The storage batteries would 

become discharged; the water would become contaminated; our minia ture 

universe would run down so to speak; and, ultimately, if not rescued, our 

physicist would die from lack of food, oxygen, or water, and then disintegrate 

chemically. 

Now i t  i s  instructive to analyze the problem thermodynamical ly.  The 

room, by hypothesis, consists of an isolated system. The matter in the system 

is constant; the energy is constant; but both the matter and the energy are 

undergoing continuous transformations. I f the matter is ini t ial ly at state A 

i t successively occupies states B, C, D, etc. at successive intervals of time.  
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Since, from what we have seen, al l  actual  transformations of matter from 

any given state to the next successive state involve an increase of entropy, we 

may say that the entropy of the system is continuously increasing. Thus the 

entropy of state B is greater than that of state A; that of state C is greater 

than that of state B, etc. This being so, if the room were ever to regain any 

earlier state such as going from state D to state B, a decrease in entropy 

would occur. But this, we have seen, is impossible. Consequently we may 

say that when any isolated system has once occupied and passed through any 

given state it is physically impossible, by any method whatsoever, for it ever 

to regain that state . 

Consequently the history of any isolated system may be regarded as the 

record of the changes of the material configurations and states of that system. 

These changes are however unidirectional and irreversible. Consequently it 

is a physical impossibility for the history of the system ever to repeat itself.  

5 . 2 . 6  Un i d i r e c t i o n a l  Na t u r e  o f  Te r r e s t r i a l  H i s t o r y  

Now what we have said with regard to the room is equally valid with respect 

to the earth if we recognize that although it is not an isolated system the 

changes in the configuration of matter on the earth, such as the erosion of 

soi l , the making of mountains, the burning of coal and oi l , and the mining 

of metals are all typical and characteristic examples of irreversible processes, 

involving in each case an increase of entropy. Consequently terrestrial history 

is also unidirectional and irreversible. 

In order to repeat the history since the year 1900, for example, we would 

have to restore to the earth the configuration that i t had in the year 1900. 

We would have to put  the organisms back to their 1900 state; we would 

have to put the coal, the oil, and the metals back into the ground; we would 

have to restore the eroded soil. But these are things which by no method 

whatsoever can be done. 

5 . 2 . 7  Th e  S ec o nd  La w o f  The r mo d yn am ics  

It is this unidirectional tendency of energy transformations; this fact that all 

actual physical processes, at least on a macroscopic scale, are irreversible; this 

fact that  no engine operating cycl ically can convert  heat into work without 

a di f ference in temperature existing and then only incompletely; the fact 

that heat flows only from regions of higher to those of lower temperature;  
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the tendency for the entropy of a system only to increase with time, that 

comprises the Second Law of Thermodynamics. 
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Lesson 6 

ENGINES 

In the previous lessons we have found that while energy may be converted 

from one to another of its forms it is never destroyed. We also found that 

there is a fundamental tendency for all other forms of energy to change into 

heat, and for all heat to come to the same temperature. When a difference of 

temperature exists it is possible to convert heat into work, but if no temper -

ature difference exists no heat can be converted into work even if, literally, 

oceans of heat exist. 

6 .1  De f i n i t i on  o f  an  Eng ine  

An engine may be defined as any type of machine which takes energy in any 

form and converts i t into work.  

The ini t ial  form of the energy converted may be mechanical , as in the 

case of wind and falling water; it may be chemical, as in the case of coal, oil 

and wood; it may be electrical, as in driving an electric motor from a power 

line; or it may be radiant energy, as in the case of using the sunôs heat to 

drive an engine. 

An engine which makes the initial conversion of energy into work is called 

a prime mo ver. In electric power systems mechanical or heat energy is con -

verted first into work which is used to drive the electric generators. These 

convert work into electrical energy. The engine which drives the generator in 

this case is the prime mover. Electric motors converting this electrical energy 

back into work are not prime movers, but ósecondary movers,ô instead. 
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Table 6.1: Engines 

Examples of Engines Converting Mechanical Energy into Work:  

Engine  Energy Used  

Windmill ................................ .....................   Kinetic energy of  the wind 

Sailing vessel  .................................................  Kinetic energy of  the wind 

Water wheel  ......................................................  Potential  energy of water 

Engines Converting Chemical Energy into Work:  

Engine  Energy Used  

Steam Engine  .......................................................  FuelðCoal, oil  or wood 

( a )  Re c i p r o ca t i n g  t yp e  (p i s t o n )  

( b )  S t e a m t u r b i n e s  

Internal combustion engines: 

( a )  Na t u r a l  G a s  ( Me t h a n e )  e n g i n e   . . . . . . . . . . . . . . . . . . . . . . . . . . . .   Gas 

( b )  G a so l i ne  e n g i ne   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   Gasoline 

( c )  D i e s e l   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   Fuel oil 

Examples of Engines Converting Electrical  Energy into Work:  

Engine  Energy Used  

Various forms of electric motors  .....  Electrical energy from power lines 

or from electric batteries 

6.2 Ef f ic iency of  

Engines  

Ef f i c ien cy  = energy input 

The eff ic iency of an engine is defined as the ratio of energy converted into 

work, to the total energy initially supplied.  

work output 
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Therefore, in order to measure the efficiency of an engine it is necessary to 

know both the total energy taken during a given time and the work done in 

that time by the engine. 
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In the case of a waterfall, the available energy per unit of time is deter -

mined by the amount of water passing through the water wheel in that time, 

and by the height of the fall. Suppose the fall is 100 feet high, and that 990 

pounds of water per minute fall through the water wheel. In this case the 

energy input would be 990 x 100, or 99,000 foot-pounds per minute. Since 

33,000 foot-pounds per minute is 1 horsepower, then the input into this wheel 

would be 3 horsepower. 

Suppose the output of the wheel were only 2 horsepower due to frictional 

losses or to poor design of the wheel. Then the efficiency of this wheel would  

be: 
2 h.p. 

Efficiency = ________ = 66.7 percent 
3 h.p. 

The maximum efficiency possible in this case would be 100 percent, with 

an output of 3 horsepower. 

Modern hydro-turbine installations such as the 70,000 horsepower units 

at Niagara Falls have an efficiency of approximately 92 percent. That is, 

they convert into electrical energy 92 percent of the energy supplied by the 

water. 

6 .2 . 1  E f f i c ienc y  o f  Hea t  Eng i nes  

In order to measure the efficiency of a heat engine we have to measure the 

heat supplied to the engine as well as the engineôs output of work. We cannot 

measure the heat directly, but we can measure the fuel that is used; then we 

can determine the heat input if we know the amount of heat that is produced 

by a given amount of fuel. 

6 .3  Hea t  Va lue  o f  Fue l  

It was pointed out in section 4  that when certain chemical reactions take 

place heat is evolved. Also, for the same amount of substances taking part 

in a given reaction, the same amount of heat is always produced.  

Now, the production of heat by the burning of a fuel results from the 

chemical reaction due to the chemical combination of that fuel with oxygen. 

Fuel plus oxygen equals waste products plus heat. If the fuel be of a particular 

grade, then the number of calories of heat produced by burning 1 gram is the 

same for all the fuel of that grade. The number of gram calories produced by 
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burning 1 gram of the fuel, or the number of British thermal units produced 

per pound, is called the heat value of that substance. 

Heat values are obtained by placing a measured amount of fuel surrounded 

by compressed oxygen in a gas-tight container. This is placed in a heat 

insulated vessel of water and the fuel ignited by an electric spark. When 

the spark occurs the fuel burns and the heat which is released is taken up 

by the water. The amount of water is known, and the rise of temperature 

is measured. From this the number of calories or British thermal units is 

obtained. 

Table 6.2: Heat value of Fuels 
Fuel Gram Calories 

per Gram 

British Thermal 

Units per lb. 

Bituminous, low grade 6,000 11,000 

Bituminous, high grade 8,000 14,000 

Anthracite, low grade 7,000 12,500 

Anthracite, high grade 7,500 13,500 

Liquid fuel   
Gasoline 11,000 20,000 

Fuel oils 10,500 18,500 

Wood   
Oak 4,500 8,500 

Pine 5,000 9,000  

The average consumption of coal by central power stations in the United 

States in 1938 was at a rate of 1.41 pounds of coal per kilowatt -hour. This 

was a drop from a rate of 3.39 pounds in 1920. These figures are based upon 

a heat value of 13,100 British thermal units per pound of coal. At this value 

1.41 pounds of coal contain 18,470 British thermal units. Since a kilowatt -

hour represents 3,411 British thermal units, the average efficiency for the 

year 1938 is given by 

 
The corresponding figure for 1920 is 7.7 percent. 

work done 3,411 B.t.u. 

E f f i c i en cy  =  
= 18.5 percent 

heat used 18,470 B.t.u. 
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Table 6.3: Engine efficiencies 

Engine Efficiency 

Water wheels 70 to 92% 

Steam engines  

( a)  Loc omot ives  

( b)  Stationary reciprocating engines  

(c )  Steam turbines  

( d)  Hart ford mercury vapor stat ion  

( e)  Average of all central 

power stations in U.S. in 1932 

5 to 10% 

10 to 17% 

15 to 30% 

33.1% 

17.3% 

Internal combustion engines  
(a) Gasoline engine (automobile type) 

(b) Gas eng ines 

(c) Diesel engines 

15 to 28% 

25% 

29 to 35% 
 

The above discussion of engines has been presented in some detail not 

because we are interested in having the reader become an engineer, but be-

cause this, it is hoped, will help to clarify the relationship between matter 

and energy. It was stated at the outset that all the matter on the earth is 

composed of 92 chemical elements, and that, whether this matter is in the 

form of living organisms or rocks, its movement involves a degradation of 

energy. 

Engines do not create work or energy; they are instead converters of 

energyðthey convert energy from one form to another.  

In our next lesson we shall show that the human body is itself an engine 

that converts energy into heat and work in strict and exact accordance with 

the laws of thermodynamics. 
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Lesson 7 

THE HUMAN ENGINE 

In Lesson 6  we discussed various types of engines, and it was learned that 

engines do not create energy, but instead merely take energy in a form avail -

able for doing work, and convert a part of this into useful work. All of this 

energy is finally degraded into the unavailable form as waste heat. In the 

present lesson we wish to focus attention on a very  remarkable engine that 

has not been previously discussed, namely, the human body.  

7.1 Calo r ies  

A steam engine, as we saw, takes in coal and oxygen, and gives out, as 

products of combustion, water vapor, carbon dioxide, and cinders. Besides 

this it produces heat and work in driving the steam engine. In an analogous 

manner, the human body takes in food and oxygen, and gives out carbon 

dioxide, water vapor, and waste products. Besides this, heat is produced 

inside the body, and the body is enabled to do work.  Human food is just as 

much a fuel as is coal or gasoline, or wood. The same kind of tests have been 

made to determine the heat value of food as were described in Lesson  6 ,  to 

determine the heat value of coal, gasoline, etc. The apparatus that is used 

to determine the heat value of fuels is called a calorimeter. 

The ócaloriesô contained in various kinds of food have become a household 

expression, but few people realize what is meant; what is actually meant is 

that food of a certain kind has been burned in a  calorimeter and the heat 

produced by one gram of food has been carefully measured and stated in 

terms of kilogram-calories produced by one gram of food. Hence, the ócalorieô 
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that one commonly hears spoken of in regard to food is a kilogram-calorie. 

7.2 Heat  Value of Foods 

There are three fundamental kinds of food substances: proteins, carbohy-

drates, and fats. Chemically, a protein consists of carbon, hydrogen, oxygen, 

and nitrogen plus a small amount of sulphur and mineral matter. Both carbo-

hydrates and fats are composed of carbon, hydrogen, and oxygen. Examples 

Table 7.1: Chemical content of food 

Food Carbon Hydrogen Oxygen Nitrogen 

Proteins 52% 7% 23% 16% 

Carbohydrates 44.4% 6.2% 49.4% 0% 

Fats 76.6% 11.9% 11.5% 0% 

(Percentages in the above table are by weight.)  

of proteins: White of eggs, curd of milk, and lean meat. 

Examples of carbohydrates: Sugar and starch. 

Examples of fats: Fat of meats, butter, lard, and olive oil. 

Most foods are a mixture of proteins, carbohydrates, and fats. 

Table 7.2: Fuel Values of food 

Food Kilogram Calories per gram 

Protein 4.1 

Carbohydrates 4.1 

Fats 9.3 
 

On the average, in temperate climates, out of each 100 grams of food 

eaten, approximately 16 grams are proteins, 75 grams are carbohydrates, 

and 9 grams are fat. This food is taken into the body, oxygen in the air  

is taken in by breathing, and combines chemically inside the body with the 

food. Energy in the form of heat and work is released. 



 LESSON 7. THE HUMAN ENGINE
 57 

 

Food + oxygen == carbon dioxide + water + waste products 

+ energy (heat and work) 

The heat produced by 100 grams of this average diet would be about 457 

kilogram calories, provided all of this were digested. 

This provides us with a scientif ic way of rating human beings; we can 

rate them by the amount of energy they consume or degrade per day. Men, 

on the average, consume about 2,800 kilogram-calories per day and women 

about 2,000. 

The average energy consumed per capita per day by all the people in the 

United States, young and old alike, is about 2,300 kilogram calories.  

The significant thing about all this for our purpose is that it is possible 

to determine exactly how much energy is contained in various kinds of foods, 

and then after they are eaten to determine how much heat and work they 

can produce. This latter is accomplished by placing a man in a large heat -

tight calorimeter, and measuring very accurately over a given time period 

the amount of heat given off by his body. At the same time the amount of 

oxygen he breathes, and the amount of carbon dioxide that he gives off, are 

also accurately measured. If the person is lying quietly and doing no work, 

it has been found that the heat given off in a given time is exactly equal to 

that contained in the food óburnedô or oxidized in that time. 

By this manner it is also possible to determine how much work a given 

amount of food can be made to produce, or the efficiency of the human engine. 

This is accomplished by having the man turn a crank or pedal a bicycle 

attached to an instrument called an ergometer . The ergometer measures 

how much work has been done by the man; the calorimeter at the same time 

measures the heat given off. In this case it has been found that the energy 

represented by the heat given off and the work done by the man are exactly 

equal to the energy contained in the food óburnedô during that time. 

7 .3  E f f i c iency  o f  t he  Human  Eng ine  

Remembering that the efficiency of any eng ine is determined by the ratio of 

the work done by that engine to the total energy degraded in a given time 

period, it is now possible to determine the efficiency of the human engine. 

The maximum efficiency of the human engine has been found to be only 

about 25 percent. Due to the fact that the human engine, while still alive, 

never completely shuts down, and therefore never ceases to degrade energy,  



 LESSON 7. THE HUMAN ENGINE
 58 

 

the effi ciency is zero when no outside work is being done; that i s to say,  

when the body is at rest. This basic rate of consuming energy while at rest  

amounts on the average to 1700 kilogram calories per adult person per day.  

When physical work is done the rate of energy consumption very rapidly 

increases. A strong man doing heavy physical labor can perform approxi -

mately 2,000,000 foot-pounds of work in a ten-hour day, or one-tenth of 1 

horsepower for a 10-hour day. In order to do this he will require approxi-

mately 5,000 kilogram calories per 24 hours. 

By way of contrast, work involving little physical activity, such as writing, 

or  various kinds of  desk work,  involve very l i tt le  energy expenditure.  It 

has been found that the additional energy required for intense mental work 

amounts only to about 4 kilogram-calories per hour. In other words the most 

di fficult thinking requires additional energy per hour equal approximately to 

1 gram of sugar or to one-half a peanut. Indeed, so small is the amount of 

energy required to óthinkô that a housemaid engaged in sweeping and dusting 

the study of a college professor would expend as much energy in 3 minutes 

as the professor would expend in an hour of intensive study.  

One frequently hears careless talk about ónervousô energy, ómentalô energy, 

ócreativeô energy and other such expressions, which imply not only that there 

are numerous unrelated kinds of energy, but that energy associated with 

the human body is different from energy as manifested in calorimeters and 

steam engines. It is also implied that human beings are somehow or other 

spontaneous sources of work or energy. From what has been shown in this 

lesson it becomes evident that all such expressions have no basis in fact, and 

are therefore sheer nonsense. There is only one fundamental energy which, 

as we defined above, is the capacity to perform physical work.  

Engines of any kind are not creators of energy; they are, instead, con -

verters of energy from one form to another in exact accordance with the first 

and second laws of thermodynamics. The laws of thermodynamics are no 

respecters of persons, and they hold as fast and rigorously in the case of the 

human body as they do in man-made engines. 

A human body takes the chemical energy from food and converts it int o 

heat and work on a 24-hour basis. Rarely as much as 10 percent of this 

energy taken in is converted into work. Consequently, in spite of anything 

we can do, man is a dissipater of energy and it is not possible for him by 

any amount of work he may do ever  to repay the amount of energy that he 

required in doing that work.  
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Lesson 8 

THE FLOW OF ENERGY ON 

THE EARTH 

In the previous lesson we have seen that all movement of matter on the face 

of the earth involves a corresponding change of energy. We have also seen 

that while energy may be manifested in various forms, such as heat, chemical 

energy, potential energy, kinetic energy, etc., and may be changed from one 

of its various forms to another, none of i t is ever lost, but that all of it tends 

to be dissipated into waste heat. Engines, as we have seen, whether animate 

or man-made, do not create energy, but merely utilize a supply of available 

energy for doing work. The available energy used by various engines usually 

occurs in two formsðmechanical energy as in the case of waterfalls or the 

wind, and chemical energy, as in the case of fuels and food.  

8 .1  Ene rg y  o f  Runn i ng  W ate r  

The end product of all  of this energy is waste heat, but until  now we have 

not inquired as to where i t came from in the first place. Take the waterfall 

for example, which is continually dissipating energy. The water in the river 

was originally derived from rain, and this was in turn evaporated principally 

from the ocean. Now we have already seen that to evaporate water requires 

energy. At ordinary temperatures 585 gram calories of heat are required to 

evaporate 1 gram of water. Since ocean water does evaporate, this heat must 

be supplied, but where does it come from? Obviously the only source of heat 

in the open ocean is the sunshine; the sun shines upon the ocean and other 
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bodies of water , and i ts energy is used to produce evaporation. Another 

part of the sunôs energy heats the earthôs atmosphere, and, by causing it to 

expand, produces winds. In this manner the evaporated water is carried over 

the land. Then, upon cooling, the water vapor in the atmosphere condenses 

and fal ls as rain and snow, and this in turn produces rivers.  Hence, the 

energy of a waterfall is originally derived from the energy of sunshine.  

8 . 2  E n e r g y  o f  P l a n t s  a n d  A n i m a l s  

Where does the energy contained in food and fuels come from? We have 

already seen that when foods and fuels are combined chemically with oxygen 

the combustion produces chiefly carbon dioxide (CO2) and water vapor, while 

in the process heat is released. Since heat is not spontaneously created, a 

similar heat supply had to be provided when water vapor and carbon dioxide 

were originally united to produce the food and fuel products.  

A large class of foods, such as grains, vegetables, etc., are derived directly 

from plants. A large amount of fuels such as wood and coal are likewise plant 

products. Coal is simply the consolidated remains of forests which grew in 

past geological ages, and have been preserved from decay by being buried 

under great thicknesses of rock. Hence, most of the energy contained in our 

food and fuel is derived directly from plants.  

Some foods, and to a slight extent some fuels (whale oil, for example,) 

are derived not from plants, but from animals. In all  cases, however, the 

energy contained in the animal tissues was derived from the animalsô diet of 

plants or other herbivorous animals. Thus we see that all energy contained 

in animal tissue, and used to operate the animal bodies, is derived directly 

or indirectly from the chemical energy of plants.  

The energy contained in petroleum has not yet been discussed. It has 

now been established beyond a doubt that petroleum has been derived from 

plants and animals of the geologic past which have been preserved from decay 

by burial under great thicknesses of rock. Hence, this energy is also derived 

from plants. 

8.2.1  Ch lorophyl  

I t  remains to be seen where and how the plants get  their  energy.  I t  i s  a  

matter of common observation on farms that a weed such as a cockleburr, if  
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growing alone on an open piece of ground, will reach only a moderate height 

of about 3 feet and will spread laterally until its lateral diameter is also about 

3 feet. If the cockleburr, however, is only one of a thick patch of cockleburr 

plants growing about 6 inches apart, then it will develop a long, slender stalk 

reaching a height of 5 or 6 feet, with almost no leaves except a small tuft 

directly on top. This same type of thing is true for all kinds of plants. Oak 

trees in an oak thicket have long slender trunks, whereas the same kind of 

oak trees when alone will form the familiar widely-branching tree. 

When plants are placed in a house or cellar where little sunlight is avail -

able, the leaves usually lose the familiar green color and turn white or yellow, 

the plant loses its vigor of growth, and eventually dies. Grass on a shady 

lawn frequently dies out, and has to be reset. Among plants the struggle for 

existence is, among other things, largely a struggle for sunshine. Raw materi-

als from which plants are composed are chiefly carbon, hydrogen, and oxygen 

plus a small amount of nitrogen and mineral matter. Water is required by 

plants, and this water is derived from the moisture of the soil. The mineral 

matter, likewise, is the ordinary salts which are contained in solution by the 

water of the soil. The carbon is derived from the carbon dioxide which is 

contained in the air. The nitrogen is likewise derived from the air. We can 

represent this as follows: 

6CO2  + 5H2O = C6 H1 0O5  + 6O2  

carbon dioxide water  cellulose oxygen  

Cellulose plus lignin, a similar material, compose the woody material of 

plants. We have already seen that the chemical combination of wood with 

oxygen releases heat, as follows: 

C6 H1 0 O5  + 6O2  = 6CO2  + 5H2O + heat 

cellulose oxygen  carbon dioxide water  

It will be noticed that the production of plant substance is chemically 

exactly the opposite from the burning of wood. Since energy is released 

when wood is burned, then an exact equal amount of energy must have been 

required when the wood was formed in the first place. Accordingly, the 

formation of wood may be represented: 

6CO2  + 5H2O + energy = C6 H1 0O5  + 6O2  

carbon dioxide water  cellulose oxygen  



 LESSON 8. FLOW OF ENERGY
 63 

 

Where does the energy come from? It has been found that, in this case, 

the energy is derived from the sunshine or other sources of light. This ac -

counts for the fact  that  the plants seem to compete with each other for  

sunlight. The green substance in the leaves of plants is called chlorophyll. In 

the presence of chlorophyll solar energy is converted into chemical energy, as 

water and carbon dioxide combine to form plant substance. 

8 .3  So la r  Rad ia t i on  

Almost all of the energy used by man, whether derived from wind or water 

power, from coal or oil, or from other animals or plants, is derived ultimately 

from the sunshine. Exceptions to this are energy derived from tides, or from 

volcanic heat from the earthôs interior. These exceptions are at present of 

l i t tle importance, and wi ll  probably continue to be so in the future.  

From the foregoing i t is evident that most of the activityðmost of the 

movements of matterðon the face of the earth are directly or indirectly the 

result of sunshine. The energy contained in the solar radiation as it impinges 

on the earth has been measured. It has been found that the solar radiation 

upon a square centimeter of surface taken at right angles to the sunôs rays will, 

if converted into heat, produce 1.94 gram calories of heat per minute of time. 

This relationship is strictly true only just outside the earthôs atmosphere; on 

the earthôs surface, the heat per minute is somewhat less than this due to 

the fact that some of the heat is absorbed by the earthôs atmosphere. 

It may give one a better idea of the enormous quantity of energy contained 

in sunshine if he consider that the average sunshine per day on one square 

mi le at Washington, D.C., would, i f converted into mechanical work, equal 

20 million horse-power hours. It is easy to see what an enormous amount of 

energy per day the total  solar radiation on the entire earth must be.  

8 .3.1 F low o f  So la r  Energy  

As energy is not destroyed, we must now determine how, with such an enor -

mous amount of heat arriving dai ly from the sun the earth does not get  

continually hotter and hotter. We have geological evidence that the inten -

sity of sunshine on the earth has been practically the same for many millions 

of years. We also know that the earth has had about the same temperature 

during that t ime. Therefore, the earth must be losing energy at about the  
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same rate it is receiving it.  

Let us trace the energy received from the sun. Of the total energy con -

tained in the solar radiation which impinges upon the earth, approximately 

37 percent is reflected back into space. Another part of the energy of the 

sunshine is directly absorbed by objects upon which it falls and is converted 

into heat; sti l l another part produces the evaporation of water; another part 

is consumed in expanding the gases of the atmosphere and the ocean wa-

ters, producing winds and ocean currents. Finally a part is converted by the 

chlorophyll of the plants into the chemical energy required by plant -eating 

animals and these latter finally become the food for carni vorous animals. As 

we have already shown, a part of the plant energy may be converted into me-

chanical work by means of man-made engines; in a similar manner the energy 

of waterfalls which ordinarily is dissipated as waste heat, may be made to 

drive machinery before finally being reduced to waste heat. The end product 

of all these processes is, however, low-temperature waste heat. 

Due to the fact that the ear th is not getting hotter , the ear th must be 

losing heat at the same rate i t is  receiving  heat from the sunshine.  This 

loss of heat is accomplished by means of long wavelength, invisible heat 

radiation which the earth radiates out into space. This type of thing is well 

i l lustrated in the case of a closed automobile, parked in the hot sunshine.  

The temperature in the car stays several degrees higher than the temperature 

outside the car, which is due to the fact that sunshine, which is short wave 

radiation, passes readily through the glass windows. When it strikes the 

cushions of the car it is absorbed, and produces heat. These cushions then 

emit a long wave-length radiation, which can pass only with difficulty through 

the glass windows; consequently, the temperature of the interior of the car 

rises until enough heat can be radiated to allow the escaping energy to be 

equal to that coming in. Thereafter the temperature does not change. Clouds 

in the earthôs atmosphere act in a similar mannerðthey tend to block the 

escaping long wave-length radiation. That is the reason it rarely frosts on a 

cloudy night. 

8 .4  Summar y  

Solar radiation impinges upon the earth as a short wave -length radiation,  

and thereafter undergoes a series of energy changes, each one of which, in  

accordance with the Second Law of Thermodynamics, is at a lower scale of  
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degradation than that preceding it. Finally, it is re-radiated back into space 

as spent long wave radiation. During, and as a consequence of this process, 

the wind blows, rivers flow, and plants and animals grow and propagate their 

kind, and most of the other events on the face of the earth take place.  

Since the total flow of energy on the earth is practically a constant, it fol-

lows that there is not likely to be any cessation or diminution of this process 

for a long time to come. While the total flow of energy on the earthôs surface 

is essentially constant, the resulting picture, in terms of the configuration of 

the earthôs surface and of plant and animal life, is continuously changing. 

This change is itself unidirectional and irreversible; that is to say, it never 

repeats itself. 
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Lesson 9 

DYNAMIC EQUILIBRIUM 

AMONG 

ENERGY-CONSUMING 

DEVICES 

We have already seen that every sort of mechanism, both inanimate and 

organicðplant, animal and steam engineðis an energy dissipating device. 

Plants require solar energy; animals require chemical energy in the form of 

food derived either from plants or other animals; steam engines require the 

chemical  energy of fuel .  I t i s important  to note here that par ticular kinds 

of energy-consuming devices can, in general,  make use of energy only when 

it occurs in certain forms. Thus, a steam engine cannot util ize the energy 

contained in a waterfall, neither can a horse operate on the energy contained 

in coal or gasoline. Certain animals, the herbivores, can util ize only th e 

energy contained in a limited variety of plants; other animals, the carnivores, 

can utilize only energy occurring in the form of meat. Most plants can utilize 

only the energy of l ight radiation. All of the energy used by every kind of 

energy-consuming device on the earth is, as we have pointed out, derived 

almost without exception, initially from the energy of sunshine. The energy 

of sunshine is a vast flow of energy. The existence of plants and animals is 

dependent upon a successful competition by each of the different species for 

a share of this total flow. A simple illustration will perhaps make this more 

clear. 
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9 . 1  D yn a m i c  Eq u i l i b r i um  o f  P l a n t s  an d  A n i -

mals 

Imagine an area of land in a temperate region having the usual array of 

vegetation peculiar to that area. Suppose that a block of this land of several 

square miles in area be completely fenced off in such a manner that no animals 

at all are allowed within this area. Under these conditions the grass, in the 

absence of animals, would become tall and of luxuriant growth.  

Now, into this pasture with its luxuriant growth of grass, suppose that 

we introduce a pair of rabbits, one male and one female, without allowing 

any other animals within the region. Suppose, further, that we take a census 

at regular intervals of the rabbit population within this area. As we know, 

rabbits breed rapidly, and in a yearôs time one pair of rabbits produce about 

12 offspring. Assuming no rabbits to die in the meantime, and this same 

rate of multiplication to continue, at the end of the first year the total rabbit 

population would be 14; at the end of the second year the population would 

have reached 98; at the end of the third year it would have reached 686. 

One might object to this on the ground that some of the rabbits would have 

died in the meantime, and this objection is well founded. Given a situation 

such as we have assumed here where the food supply is abundant and other 

conditions are favorable, it is a well established fact that animals multiply in 

such a manner that their birth rate exceeds their death rate, and as long as  

these conditions maintain, the population tends to increase at a compound 

interest rate. In the case of the rabbits we are considering, if the births per 

year were 600 percent and the deaths per year were 200 percent, there would 

be an expansion of 400 percent. This, while slightly less spectacular than 

the case where no deaths occurred, would still result in a very rapid increase 

in the rabbit population of the area. Under these conditions, if at the end of 

a certain time the rabbit population were 100, there would be by the end of 

the following year 500 rabbits in the area, and by the end of the year after, 

2,500 rabbits, etc. 

At this rate it is very obvious that it would not take many years for the 

rabbit population to reach an overwhelming figure. How long could this rate 

of growth continue? Is there any upper limit to the number of rabbits that 

can live in a given pasture area? There very obviously is. The rabbits eat 

principally grass and certain other small plants. For the sake of simpli city, 

we shall assume that the rabbits eat only grass. Grass, therefore, being the  
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food, constitutes the energy supply for the rabbit population. Each rabbit in 

order to subsist must have a certain number of calories per day, and therefore, 

must eat a certain minimum amount of grass per day. In the initial conditions 

that we have specified, the grass supply far exceeded the needs of the rabbit 

population. Under these conditions there were no limitations on the rate 

of growth of the population. Finally, however, there would come a time 

when the number of rabbits would be such that the amount of grass per year 

required to feed them would just equal the rate at which grass grows. Under 

these conditions it is easy to see that if the rabbit population were to get any 

larger than this, the surplus would starve to death. 

Our curve of the growth of the rabbit population, therefore, if plotted as 

a graph, would at f irst rise more and more rapidly with time. After that, 

the curve would begin to level off, signifying that the food requirements of 

the rabbit population was approaching the rate of growth of the grass of the 

region. 

When these two things become equal, that is to say, when the rate at 

which rabbits eat grass is equal to the rate at which grass grows in the 

region, there will have been reached a state of dynamic equilibrium between 

rabbits and grass. If there should be a particularly good growing season, the 

grass would grow more rapidly, and the rabbit population would increase as 

a consequence; if this were followed by a drought, the grass would decrease 

and the surplus rabbit population would consequently die off.  

Now suppose that in this pasture where a state of dynamic equilibrium 

between rabbits and grass has already been achieved, we introduce a disturb-

ing factor in the form of a pair of coyotes. Coyotes l ive on meat, and since 

we have postulated that rabbits are the only other animals in the area, the 

coyotes will live upon the rabbits. 

Now, what will happen? Since there is an abundance of rabbits the coy-

otes will have plenty to eat, and while this condit ion lasts they will multiply 

at their most rapid rate. At the same time, however, because of this, the 

death rate among the rabbits increases, and the rabbit population declines. 

Finally, there comes a time when the rate at which the coyotes require rabbits 

for food is equal to the rate at which the rabbits grow. Under this condi -

tion the rabbit population will stabilize at a lower figure than formerly, and 

the coyote population will also stabilize at a different figure. When this is 

attained there will then be a state of dynamic equilibrium between coyotes, 

rabbits and grass. 

We could complicate the picture still further by introducing foxes, owls,  
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field mice and the whole complex array of animals that one normally finds 

in such localit ies. With this more complex picture we would find exactly 

the same thing; that is, if left alone, each of these different species would 

tend to come to a stable population. In the case of each species a stationary 

population involves an equality between its birth rate and death rate. Its 

birth rate is dependent upon its available energy supply; and its death rate 

is determined in part by age and in part by the rate at which it becomes and 

energy supply in the form of food for other species.  

A disturbance on either side of this equation, a change in the food supply, 

or a change in the rate at which it is eaten or dies, will disturb this dynamic 

equilibrium one way or the other. 

9 . 2  T h e  D y n a m i c  E q u i l i b r i u m  o f  M a n  

The principles discussed above are just as valid for the human species as for 

coyotes or rabbits. 

Suppose we consider man in his most primitive state, before he had in-

vented tools and clothing, learned to use fire, or had domesticated plants 

and animals. What was his food supply? He must have lived on fruits, grass 

seeds, nuts, and other such plant products as were available and suitable 

for human food. He probably caught and ate small animals such as rabbits, 

rats, frogs, fish and perhaps insects. His population in a given area was 

therefore limited on the upper boundary by the rate at which he could catch 

these small animals, or could gather the plant foods. On the other side, such 

large predatory animals as bears, panthers, lions and saber-toothed tigers 

were lurking about, and it is entirely probable that our primitive ancestors 

formed a part of the natural food supply of these animals. This, as in the case 

of the coyote-rabbit equilibrium mentioned above, tended to further restrict 

the human population within a given area. 

Now, suppose that this primitive species, man, learned to use such a 

weapon as a club, what effect would this have toward changing the state 

of the dynamic equilibrium? In the first place, with a club, a man could 

probably kill more animals for food than he could have caught using only 

his hands. This would tend to increase his food supply, and in so doing, 

would to that extent curtail the food supply of his predatory competitors. 

For example, suppose that with a club a man could kill more rabbits than he 

could catch with his bare hands; this would increase the human food supply  
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and consequently tend to increase the human population in the given area. 

At  the same time there would be a decrease in the rabbit  population, and 

a corresponding decrease in the population of other animals depen ding on 

rabbits for food. 

A club is a weapon of defense as wel l  as a weapon of offense. With a 

club, a man would be able to defend himself from beasts of prey, and would 

accordingly decrease the rate at which he became the prey of other predatory 

animals. 

The result of both of these, the increase of human food supply, and the in -

crease in the expectancy of life of the human being, act in the same direction, 

namely, to disturb the balance in favor of an increase of human population 

in the given area. 

Now, let  our primi tive man discover the use of  f i re.  Fire,  by i ts warm ing 

effect, would protect man from the winter cold, and doubtless decrease the 

number of deaths from freezing and exposure. This would prolong the 

average length of l ife, and consequent ly increase the population. Fire also is 

a powerful medium of defense in that it effectively prevents the depredation 

by predatory animals. This also tends to increase the expectancy of l i fe. 

The use of fire also would permit man to invade new and colder  territories. 

Thus, not only would learning to use fire tend to increase the population in 

areas inhabited by man, but it would enable him to reach a food supply in 

areas not previously accessible, and, consequently, to sti l l further multiply 

by inhabiting a larger and larger portion of the earth.  

The discovery of the use of fire is of even greater significance in another 

way. In this hypothetical  development that we have outl ined, prior to the 

use of  f i re the only part of  the total  f low of  solar energy tha t had been 

diverted into the uses of man, prior to the use of fire, was that of the food he 

ate. The energy requirements of our primitive ancestors in the form of food 

was probably not greatly different from that of today, namely, about 2,300 to 

2,600 kilogram calories per capita per day. No other energy was utilized than 

that of food eaten. With the discovery of f ire, a totally new source of energy 

was tapped, and use for the first time was made of extraneous energy ðenergy 

other than food eaten.  

This consti tuted one of the fi rst  steps in a long and tortuous evolution 

in the learning to convert an ever larger fraction of the total flow of solar 

energy into uses favorable to the human species. The results of this learning 

to direct the flow of solar energy, as we shall see in succeeding lessons, are 

among the most momentous of the events in the history of life on this planet.  
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Lesson 10 

ENERGY IN HUMAN 

HISTORY 

In Lesson 9  we learned that all plant and animal species are in a perpetual 

state of competition for larger and larger shares of the total flow of energy 

from sunshine. The number of individuals of a particular animal species that 

can live in a given area is dependent in part upon the rate at which energy 

occurs in that area in a form sui table for use by that species; in part upon 

the number of competing species for energy in the same form; and in part 

upon the rate at which this same species becomes food, and therefore serves 

as the energy supply for still other species.  

Under the strenuous competition for existence there develops in a given 

area between the various plant and animal species a state of balance, or, of 

dynamic equilibrium. This state of balance is precarious, and is subject to 

disturbances by a change of weather conditions and hence of food supply, or 

it can be disturbed by numerous other factors. 

The human species, as we have seen, exists as a part of this dynamic óweb 

of lifeô. 

The history of the human species since prehistoric times is distinguished 

chiefly from that of other animal species in that during this period man has 

been learning progressively how to deprive a larger and larger share of the 

sunôs energy from the other animals and direct it into his own uses. This has 

resulted in the ascendancy of man, and has wrought unprecedented havoc 

among the other animals of the earth.  

In our last lesson we saw that the use of a simple tool like a club gave man 

a decided advantage in the struggle for existence, and by increasing his food  
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supply, made available for manôs use a larger supply of the total flow of the 

sunôs energy. We saw that the discovery of the use of fire, probably his first 

use of energy other than food eaten, gave him another decided advantage 

tending both to increase his length of life and to enlarge the area he could 

inhabit. The use, both of the club and of fire, tended to increase the human 

population of the earth. 

10 .1  Domes t i ca t ion  o f  P lan ts  

Let us review a few more of the high points of manôs conquest of energy. 

Consider the domestication of plants. The fi rst stage in the domestication 

of plants consists of taking those plants in a wi ld form which are sui table 

for food for man or his animals (or otherwise useful, as for clothing) and 

cultivating them for the purpose of increasing their yield. This cultivation 

consists chiefly of two things: (1) the removal of competing plants from the 

area under cultivation; (2) the loosening of the soil to increase the yield of 

the plants cultivated. 

The net effect of this is that a very much greater portion of the solar 

radiation incident upon the area under cul tivation is converted into forms 

suitable for food for man and his animals, or into other useful products, than 

was the case prior to such cultivation. The domestication of plants, therefore, 

is simply an artificial means of diverting a larger and larger p roportion of the 

sunôs energy (which formerly was, as far as man is concerned, wasted) into 

human usage. 

10 .2  Domes t i ca t ion  o f  An ima l s  

Consider the domestication of animals. Out of all the array of the animal 

species in regions inhabited by man only certain ones, such as sheep, goats, 

cattle and swine, were especially suitable for human food and at the same 

time amenable to domestication. Others, such as the horse, the camel, the 

ox, and the dog, were suitable for other uses than food, such as carrying 

burdens or otherwise performing work.  

Here, as in the case of the domestication of plants, we are dealing pri -

mar i l y wi th a d iversion of  energy.  Pr ior  to the domest icat ion of  animals  

a given pasture area would have been roamed by the miscellaneous grass - 
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eating herds, along with wolves, l ions and other predatory animals preying 

upon these. In such an area man would have taken his chances in competi -

tion with the rest. Suppose, however, he domesticated one species of these 

animals, sheep, shall we say, and protected it from its natural enemies. Under 

these circumstances the biological equilibrium would be disturbed, and the 

protected species would multiply out of all proportion to the numbers it would 

have if not so protected. Because of their great number these domestic herds 

also would eat a far larger proportion of the grass in the area than they would 

have been able to do otherwise. 

Thus the domestication of animals is a device whereby man has been able 

to convert solar energy represented in such vegetation as pasture grass, which 

is not in that form suitable for human uses directly, into forms such as meat, 

wool and skins, which are suitable for human use.  

We see, therefore, that the domestication of plants and animals, by be -

ginning with a disturbance of the biological equilibrium between plant and 

animal species, results in an increased food and clothing supply for man, 

himself, from a given area. Since, under primitive conditions, the human 

species tends always to expand faster than these devices tend to increase the 

food supply, it follows that the astounding result of each of these achieve-

ments must have been to increase the number of people who could exist in 

a given area, and, therefore, to increase the human population of the earth. 

The population of the Nile Delta during the time of the Egyptians, with their 

cultivation of plants, must have been vastly greater than the number which 

could have subsisted in the same area in its wild and undeveloped state.  

The North American Continent affords a very interesting contrast of a 

similar kind. The Indians had few domestic plants, and almost no domestic 

animals. Their principal tools were fire, the bow and arrow, and the canoe. 

While the size of the Indian population prior to the European invasion can 

only be estimated, available figures indicate that the total population north 

of Mexico at the time of the discovery of America was less than 2,000,000 

people. With the methods of energy conversion known to the Indians it is 

doubtful if the area in which they lived could have supported very many more 

than actual ly existed at  that  t ime. In other  words,  there was pretty nearly 

a state of dynamic equilibrium between the Indians and their food supply. 

The population of the United States alone is at the present time 131,000,000 

people (1940). This has been made possible only by a far greater utilization 

or conversion of energy, than was possible by the Indians in their state of 

knowledge. 
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10 .3  D iscovery  o f  Me ta ls  

Succeeding stages in the conquest of energy by the human species are rep -

resented by the discovery of metals and their uses. Metals provided better 

tools and weapons, both of offense and defense, than man had known pr ior 

to that time. This sti l l further, in the manner we have indicated, disturbed 

the biologic balance in manôs favor, and again he extended his conquest and 

increased his numbers. 

Greater mobility also was achieved by the use of the camel and the horse 

as beasts of burden. Wheeled vehicles were devised, and boats of increasing 

sizes and improved modes of propulsion were developed. The combination 

of the use of metals, and the increased mobility brought the human species 

face to face with some of the hard facts of geology, namely, that metals in 

concentration suitable for human exploitation occur but rarely and only in 

certain localities of the earthôs surface. Moreover, the ores of these metals 

occur at various depths beneath the earthôs surface, and can only be mined 

with difficulty. 

The ancients obtained important copper ores from the mines of the Isle of 

Cyprus. The Greeks obtained silver from the silver mines of Laurium. The 

ancient tin mines of Cornwall were exploited by the Romans, and probably 

even by the Phoenicians. 

The methods of mining used were of the crudest. Only the simplest of 

hand tools were available, and with these a single miner working in solid 

rock could generally not mine much more than a basket of ore per day. The 

labor employed in the mine was primarily that of slaves, frequently working 

in chain gangs. In passages too small for adults, children were employed.  

Few written records of the earlier mining practices have been preserved 

to the present time, due largely to the fact tha t the writing of the time was 

done primarily by the philosophers and others who felt it distinctly beneath 

their digni ty to dirty their hands with the work -a-day labor of the world 

sufficiently to inform themselves on such processes. This much is known, 

however, that the mining methods of the ancients were sufficiently thorough 

in the localities worked by them that little has been left to be done by more 

modern methods except at depths greater than the ancients were able to 

penetrate. 

This increase in the use of metals had the social effect not only of increasing 

the prowess of man but also of increasing the technical problems presented by 

the mining methods themselves that he was cal led upon to solve. The  
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ancients found their operations curtailed and finally balked at depth by the 

inflow of ground water into the workings of the mines. If greater depths were 

to be obtained suitable pumps must be devised, and since the water flowed 

in continuously, pumping operations had to be maintained.  

This required power. The solution of the problem, together with that of 

hoisting ores and rock from the mines, may very well  be said to have laid the 

foundation stones for the future mechanical development.  

Various kinds of windlasses and pumps were developed; at first only the 

muscle power of human beings was employed, then oxen working on tread -

mills were used, and later in a similar manner horses were employed. Where 

suitable waterfalls occurred, water wheels were developed, employing the en -

ergy contained in the waterfal l  for pumping and hoisting. In other cases 

windmil ls were developed employing the energy of the wind for a  simi lar 

purpose. Had only these sources of energy been available, the mining and 

consequently the industrial development of the future would have been se -

riously handicapped. The crying need was for newer and larger sources of 

energy. 

10 .4  Summary  

We have thus traced the high points of the development of manôs conquest 

of energy through its initial stages.  

We have found that every new technical  deviceðthe domestication of 

plants and animals, the use of tools, such as the club, the boat, wheeled ve -

hicles, and finally the use of metalsðhas each played its part in contributing 

to a diversion of an ever-increasing part of the sunôs energy into uses of the 

human species. 

The extensive use of metals was among the most signi ficant and far -

reaching in i ts effect of the events in human history. It not only disturbed 

the biological equilibrium resulting in an increase in human population at the 

expense of the other species, but it also, in a similar manner, gave certain 

peoples an advantage, due to their greater command of energy, over other 

peoples not so favorably equipped. This resulted in a disturbance of the equi -

librium within the human species in favor of those with the greater command 

of energy. 
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Lesson 11 

EARLY STAGES IN THE USE 

OF EXTRANEOUS ENERGY 

In previous lessons we have seen how the degradation of solar radiation in 

processes occurring on the earthôs surface has resulted in the various forms 

of movement that matter on the earthôs surface is continually undergoing. 

We have pointed out that the various life forms are in competition with one 

another for shares of the solar energy. We have seen, furthermore, how the 

human species, by learning to use fire, to domesticate plants and animals, 

and by developing various tools and weapons, first of stone, wood and bone, 

and later of metals, has been able to disturb the biologic equilibrium and 

gain for itself a disproportionate share of this solar energy as compared with 

other species. At first thought one might conclude that this would result in an 

improved human standard of living and general well -being, and in some cases 

this was true, but by and large the improvement as regards the individual 

does not seem to have been great. 

1 1 . 1  F o o d ,  F i r e ,  A n i m a l s ,  W i n d ,  a n d  W a t e r  

Consider the energy available per person during all this time. Before man 

learned to use fire, his sole available source of energy was that contained in 

the food he ate. This, as we have seen already, for an average population 

of young and old, amounts to about 2,300 kilogram calories per person per 

day. Since available evidence indicates that our ancestors at that time were 

approximately the same size we are now, they must have consumed energy  
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in the form of food at about the same rate we consume i t now.  
Extraneous energyðenergy other than food eatenðwas, as we have just 

seen, introduced but very gradually. First, there was fire. This was the uti -

l ization of the heat contained in wood. Then there was the work of animals, 

the horse,  the ox,  the dog. At  no time throughout early history was the 

number of domestic animals per capita very large on an average. Then came 

the use of the energy of the wind and running water, but these were only 

used local ly, and were never (during this period) of great importance.  

The tendency of the human species to multiply at a compound interest 

rate tended always during this early history to keep the population at ap -

proximately the maximum number that the means available were able to 

support. Estimating on the average the use of fuel to provide approximately 

400 kilogram-calories per capita per day (average for all climates), and one 

domestic animal for every five people, providing an additional 1,600 kilogram 

calories per person per day, we would arrive at a total of extraneous energy of 

only about 2,000 kilogram-calories per capita per day prior to the extensive 

use of fossil fuels. 

Thus we see that, great as were the str ides made by the human race 

through the preceding history, the increase of the average standard of living, 

stated in the physical terms of energy consumption, was almost negligible. 

This can be seen in another way when one considers the abject poverty and 

squalor under which the great bulk of the people during all preceding history 

apparently lived. 

During the ógolden ageô of Athens only a relatively small part of the 

population was free. The preponderance of the people were slaves or serfs 

of some degree or other. History, as it has been handed down, has focused 

attention upon a few of the more illustrious of these free citizens; the others 

whose toil made this freedom of the few possible have been more or less 

tactfully omitted. 

Under the glory that was Rome, one finds a simi lar or worse condition. 

At the height of the power of the Roman Empire most of the necessary work 

that was required, such as building, agriculture , and mining, was done by 

slaves. The campaigns of the Roman armies of this time, so the records of 

the Roman senate show, were largely directed for the acquisition of spoils, 

such as mines and the products thereof, and slaves. These slaves were worked 

to the limit of human endurance, and were, after a few short years of service, 

broken, discarded, and replaced by others obtained by new conquests.  
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11.2 The Use of  Foss i l  Fue l  

A totally new era in this unidirectional progression was entered when man 

began to tap a hitherto unused energy resource, that of fossil fuelðcoal, and 

more recently, oil. 

Coal and petroleum in smal l  amounts, and largely as curiosi ties, have 

been known, according to available records, since the time of the ancients. 

Coal, however, as an energy resource first began to be  exploited extensively 

in England in about the twelfth century. First, chunks of coal found along 

the seashore, came to be burned for domestic fuel; later, in the vicinity of 

Newcastle, coal was dug from the ground out of open pi ts. The fact that 

this coal could be more easily acquired, and, if purchased, was less expensive 

than wood, caused i t to be adopted as fuel by the poorer classes. Shortly 

after, coal was shipped from Newcastle to London, where it came to be used 

as fuel, much to the annoyance of the royalty and nobility of the time; and, 

because of its smoke and sulphurous odor, laws were passed prohibiting its 

use. Somewhat later, coal from Newcastle found its way to Paris in exchange 

for boat loads of grain. 

By the year 1600 the use of coal for domestic purposes in England had 

become a custom permanently established. Chimneys had been built, much 

to the disgust of the older generation, who considered that the young folks 

were becoming effeminate by not being able to endure the smoky atmosphere 

after the stalwart manner of their elders.  

Coal found i ts way, also, into industrial  uses. First the blacksmith, and 

then the glassmaker, found its use more and more indispensable. The iron 

mines of England, which, simultaneously with coal, were being developed, 

had up to this time depended upon a supply of charcoal for smelting purposes. 

The demand for wood for the making of charcoal, as well as for the building of 

English shipsðmen-of-war and merchantmenðwas placing a heavy burden 

on English timber. Comments and complaints began to increase after the 

year 1600 about the exhaustion of timber. This placed a premium upon a 

method whereby iron might be smelted by the use of coal. In about the ye ar 

1745 such a process was discovered. Coal could be roasted into coke, and this 

latter used for the smelting of iron. Iron ores, l ike coal, were abundant in 

England. The union of these two components, coal and iron, was among the 

most signi ficant events o f human history. The more iron that was smelted 

the more coal was required. Also, the more iron that was made available, the 

more equipment requiring iron was devised. Thus we have a process which  
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of itself appears to have no ending. 

11 .3  The  Use  o f  Gunpowder  

Another important contribution to the use of extraneous energy that occurred 

during this period was the invention of gunpowder. While its exact date is 

obscured, gunpowder came into use in the Western World about the end 

of the thirteenth century. Gunpowder was composed of charcoal, saltpeter 

and sulphur. These, when ignited, react  together with explosive violence, 

releasing energy as follows: 

2 KNO3  +  S  +  3 C  -Ÿ  K2 S  +  3 C O2  +  N2  +  h e a t  

Saltpetre Sulphur Charcoal Potassium Sulphide Carbon Dioxide Nitrogen  

Of course, the first and most obvious use of this new form of energy, as 

with most others that can be so applied, was for weapons of warfare. Guns 

were developed, and those people using firearms exercised a very decisive 

advantage over those not so equipped, as well as over other animals. This 

sti ll further disturbed the biologic equilibrium in favor of the human species 

over other animal species, as well as in favor of those groups of people having 

this energy resource over other peoples of the earth not so equipped. The 

conquest of the New World by the Europeans is due almost entirely to the 

superior energy technique of the Europeans as compared with that of the 

Indians. Bows and arrows were no match for firearms; wood and stone tools 

could not compete with tools of metal ; l i tt le or no domestication of plants 

and animals rendered the Indian far inferior to the European in regard to 

the production of food. 

So decisive is the matter of energy control that one may fairly state that  

other things being equal, that people which has a superior energy control tech - 

nique will always tend to supplant or control the one with a lesser technique.  

Another use to which gunpowder was appl ied which may have been of  

greater significance than its use in warfare, even though not so much noted  

in textbooks of  h istory,  was i ts appl i cat ion to mining,  and later  to other  

industrial purposes requiring blasting. Gunpowder as an industrial explosive  

came to be used in the mines of Germany in the late sixteenth century. It  

was employed in the mines of Cornwall in 1680. Before this time the tools 

of  mining had been largely the pick and hammer and simple wedges and  

chisels. By employing gunpowder, holes could be dril led and blasts set off,  
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thereby breaking out a very much larger quantity of ore with a given number 

of workmen than had ever been done previously. This acceleration in mining 

practice went hand in hand with the same acceleration in the use of coal that 

we have just described. 

11.4  A  New Prob lem  

In both of these cases, as is always true of the introduction of a new technique, 

new and unsolved problems were created. The first coal mines, as pointe d 

out, were shallow, open pits. The increased use of coal required the mining 

at continual ly greater  depths.  Ground water is usual ly encountered within 

a few tens of feet of the top of the ground. The deeper the mines and the 

larger the workings, the faster the rate of infi ltration of water. This is true, 

both in metal  mines and in coal mines, but due to the greater number and 

size of the coal mines it there presented a more serious difficulty.  

In the earl ier and smal ler workings the water  was bai led out by hand 

labor. Finally the problem became too large to be solved by this method, 

and pumps operated by t readmil ls driven by horses were introduced. At 

f irst treadmills, wi th a single horse, then with five, twenty, and a hundred 

were used. By this time the problem had obviously reached very serious 

proportions, because, if the mines were to be kept open, the pumps had to 

be operated continuously day and night, and the food required to keep two 

shifts of a hundred horses working on treadmills was a very serious problem 

in early eighteenth century England. A new solution had to be found.  
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Lesson 12 

MODERN INDUSTRIAL 

GROWTH 

We have traced the rather slow and tortuous evolution of the human species in 

the struggle for energy. We noticed in the last lesson that, with the learning to 

use the energy contained in coal, there seemed to be a quickening of the tempo 

of human affairs. Coal provided heat for domestic purposes, and for glass 

making. After 1745 coal was made into coke for the smelting of iron. The 

increasing uses for coal created a greater and greater demand for more coal. 

The increased rate of mining operations caused mining to be carried on at 

greater depths, with consequent pumping problems of continuously increasing 

magnitude. As we have pointed out, the use of as many as 100 horses, working 

on treadmills, created costs of upkeep for the horses which threatened to 

overbalance the proceeds from sel l ing the coal. It was imperative that a 

better and cheaper method of pumping be devised. One of the first of these 

was that of Thomas Savery. 

1 2 . 1  D e ve lo pm e n t  o f  t he  S t e am  E n g i n e  

Savery, in 1698, devised an engine consisting of a boiler and two steam ex-

pansion chambers, equipped with suitable valves operated by hand. These 

chambers were fi l led with water, and when the steam was turned into each 

of them alternately, water was forced upward; then, with the bottom valve 

open, and the steam inlet turned off, the condensation of the steam in the 

chamber produced a vacuum which sucked more water from the mine.  
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This engine was not very satisfactory, and was followed shortly after by 

the óatmospheric engineô of Newcomen and Cawley in the year 1705. This 

engine consisted of a rocking beam, to one end of which was attached a pump 

rod and to the other a piston in a vertical cylinder. When steam was admitted 

to the cylinder the piston was lifted, and the pump rod lowered; next, water 

was injected into the cylinder to condense the steam, thus creating a vacuum 

below the piston, so that the atmospheric pressure on the top side of the 

piston forced it back down, lifting the pump rod, and thereby pumping water. 

Thus, the work stroke was done, not by the steam, but by the pressure of 

the atmosphere, hence the name óatmospheric engineô. 

At first the valves of this engine were operated by hand, but this became 

tedious; and later, so the story goes, the boy who operated the valves became 

tired, and devised a system of strings attached to the rocking beam in such 

a manner that they opened and closed the valves automatically.  

Such was the rate of progress at this time that it was not until 1769 

that any material improvement was made on this engine. In that year James 

Watt invented a condenser so that the hot steam could be exhausted from the 

cylinder and condensed in a chamber outside, instead of cooling the cylinder 

down each time, as had been done previously. In 1782, Watt still further 

improved the steam engine by making it double acting, that is, steam was 

admitted alternately, first at one end of the cylinder, and then at the other, 

thus driving the piston in both its up and down strokes. At about this time 

the flywheel was added to the simple rocking beam. 

By this time the age of power was well begun, and more and more uses 

were found to which the steam engine could be applied, as will be pointed 

out presently. Individual engines were made continuously larger. First there 

was only the single cylinder, then there developed successively the double-, 

triple-, and quadruple- expansion types of engines. The reciprocating engine 

reached its climax toward the end of the nineteenth century in the Corliss 

type. Of these the largest stationary units reached upwards of 10,000 kw., 

and stood with their cylinder heads approximately 30 feet above the axis of 

their cranks. 

In 1889, De Laval, of Sweden, devised a steam turbine to operate his  

cream separator. In 1884 Sir Charles Parsons built a steam turbine which  

delivered 10 h.p. at 18,000 revolutions per minute. In 1897 steam turbines  

were installed in a small steamship named the Turbinia. In 1903 a 5,000 kw. 

turbine was installed in one of the central electric power stations of Chicago. 

From that time on this form of steam engine has increased rapidly in size  
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and usefulness. By 1915 a 35,000 kw. unit was installed in Philadelphia. In 

1929, in the Hell Gate Station, New York City, units of 160,000 kw. each 

were installed. These represent the largest single engines ever built.  

If 1 horsepower for 8 hours represents the work of 10 strong men, then for 

24 hours 1 horsepower would represent the work of 30 men working 8 hours 

each. One kilowatt is one and one-third horsepower, and hence represents 

the work of 40 men for 1 day. Thus,  one of these engines does the work in 

one dayôs time of 6,400,000 strong men. There are 5 of these engines in New 

York City at the present time. These 5 engines when running to capacity, do 

work equivalent to 32,000,000 strong men working at hard labor for 8 hours 

a day each. 

12.2 The Rai l road 

Not only did coal mining create a problem of pumping water, but the coal had 

to be hauled varying distances over bad ground, either to the market or else 

to the seashore to be loaded in ships and transported by water . This created 

a serious problem in transportation, and early in the sixteenth century rails 

of timber were laid at the coal mines of Newcastle-on-Tyne. Carts carrying 

4 to 5 tons of coal each were drawn by horses on these rails. These first rails 

were secured to cross timbers. In 1735 it was found that the rails could be 

made stronger and to wear longer if iron bars were fastened to their tops. In 

1767 cast iron rails, 4 to 5 feet long, were substituted for the entire wooden 

rail. These cast iron rails were brittle and troublesome because of their short 

length and numerous joints. In 1820 these were replaced by wrought iron 

rails, 15 feet in length. Such were the first railroads.  

The development of the steam engine and the rapid rate of increase in the 

use of coal led naturally to the casting about for a new kind of motive power. 

In 1804 Richard Trevithick built a steam locomotive which hauled 10 tons 

of coal at 5 miles per hour. In 1814 George Stevenson built an important 

locomotive that hauled 35 tons of coal four miles per hour up a 1 to 450 

grade. 

By 1825 there were all together 28 railroads in Great Britain, mostly 

mine roads, with a total mileage of 450 miles. In that year the Stockton 
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 The more modern forms of transportation are the automobi le and the air - 
 
 plane. The beginnings of efforts to construct a sel f -propelled road vehicle 

& Darlington Railway, 25 miles long, was put into operation. This may be 

considered the first modern steam operated railway.  

At the opening of this road, a Stevenson engine hauled a train consisting of  
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22 wagons of passengers and 12 wagons of coal, totaling 90 tons, at an average 

speed of 5 miles per hour. Later this road reverted largely to horses for motive 

power, reserving the steam locomotives for hauling freight, chiefly coal. By 

1830 the Liverpool & Manchester Railroad, 35 miles long, was operating with 

an improved type of locomotive, and from that time on mechanical motive 

power has been indisputably established.  

In the United States, as in England, railroads were first built for horse -

drawn vehicles. In 1829 a 16-mile road from Honesdale to Carbondale, 

Pennsylvania, was buil t, and a steam locomotive of English manufacture 

introduced. The following year a 13-mile road from Baltimore to Prescott, 

Maryland, was opened. 

12 .3  The  Steamboa t  

Similar  advances were made in water transportation.  In 1785 John Fi tch 

ran the first successful steamboat in America. After this followed, in rapid 

succession, numerous other small steamers in inland and coastwise waters, 

both in Europe and the United States. In 1819 the S.S.  Savannah was the 

first steam-propelled ship to cross the Atlantic Ocean. By 1838, two ships, 

the S.S. Great  Eastern and S.S. Sir ius, were in regular service. In 1837 and 

1838 John Ericson introduced in England the screw propeller. This gradually 

replaced the paddle wheels, so that by 1870 all ocean-going steam-driven 

vessels were propelled by screws. 

While the advances made in both railroads and in steamships since 1900 

have been great, the trend has been one more of orderly evolutionary devel -

opment, rather than of radical departures. Electrification of steam railroads 

was under way prior to 1910. This has been followed by Diesel -electric en-

gines, and by steam locomotives of continually greater size, and of greater 

thermal efficiency. At the present time we seem to be on the threshold of a 

major departure in railroad equipment in the form of high speed, lightweight, 

streamlined trains propelled by Diesel engines. 

12 .4  The  Au t omob i l e  
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were practically coincident with the locomotive. In the  period from 1827 to 

1836 Walter Hancock, in England, constructed several steam wagons that 

carried passengers over carriage roads. One of these is reported to have run 

20 weeks, traveling a distance of 4,200 miles, and carrying 12,000 passengers. 

With the rise of railroads, motor vehicles for road use were virtually aban -

doned until about 1885, when the development of the gas engine by Daimler 

and others led to the motorization of the bicycle and then of the carriage. 

About 1895 the development of motor vehicles propelled by internal combus-

tion engines or by electric motors began in earnest, leading to the modern 

automotive transportation. 

1 2 . 5  T r a n sp o r ta t i on  b y  A i r  

The first abortive attempts at transportation by air date back to the early 

balloons, about the year 1783. Finally, in 1896, Langleyôs heavier-than-air 

machine made the fi rst successful  f l ight of i ts kind. In 1903 the Wright 

Brothers were the first to take off in a heavier -than-air machine propelled by 

its own power. Since that time aviation has developed by leaps and bounds, 

gaining particular impetus during the World War. Planes have become bigger 

and faster, and the cruising radius has progressively increased.  

12 .6  Summary  

In the space here it is manifestly impossible to more than scratch the surface 

of the vast field of technological developments that have taken place since 

the first feeble beginnings. 

Among the fi rst industrial  equipment to use power from steam engines 

was that of the texti le industry. The changes wrought here were so g reat 

as to be characterized in history as the Industrial  Revolution of the latter 

part of the eighteenth century. Corresponding developments beginning at 

various times can be traced in communicationsðtelegraph, telephone, radio 

and television. 

It becomes evident that our Industrial Revolution of the last two hundred 

years is a development radically different from that of any preceding period 

of the earthôs history, and compared with which all earlier developments 

are insignificant in magnitude. Each development has come, not as a thing 
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of itself, but only as a part of the picture as a whole. Steam or water 

turbines could not effectively be utilized until electrical equipment had been 

developed. This latter, in turn, had to wait until Faraday, Maxwell and 

others had discovered the fundamental principles of electricity.  

Viewed with regard to the multiplicity of its details it would appear to be 

an endless and hopeless task for a single individual to obtain even approxi-

mately a comprehensive grasp of our modern industrial evolution. When one 

considers, however, that all of the equipment is composed almost entirely of 

a small number of the chemical elementsðiron, copper, lead, zinc, etc., and 

that furthermore, the manufacture and operation of the equipment requires 

energy in strict accordance with the laws of thermodynamics, the problem is 

evidently greatly simplified. In other words, if it be known at what rate the 

industrial system has required the basic materials such as iron, copper, tin, 

lead, zinc, and if it be known at what rate it diss ipates energy from the en-

ergy sources of coal, oil, gas, water power and plants, all of the innumerable 

details are automatically included. 

T ime l ine of  I ndus t r ia l  T ec hno log y  

Prime Movers 

1698-Savery steam engine 

1705-Newcomen and Cawley, steam engine 

1769-Watt, steam engine condenser 

1782-Watt, double acting piston engine 

1820 W. Cecil, engine, 60 r.p.m. 

1823 Brown, gas vacuum engine 

1849-Francis, water turbine (size 6 in. to 18 ft. diameter) 

1876-Otto cycle internal combustion engine 

1882-Pearl Street, New York, generating station 

1883-De Laval, steam turbine 

1884-Parsons, steam turbine 

1895ïDiesel, internal combustion engine 

1903-First 5,000 kw. central station steam turbine, Chicago, Ill. 

1929-160,000 kw. turbines installed. Mercury turbine 

Transportat ionWater 

1885-Hertz, Hertzôs oscillator; the real beginning of radio-telegraphy 

1785-First successful steamship, John Fitch 
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1819-First steam-driven ship crossed Atlantic 

1837-Screw propeller introduced (Ericson) 

1897-Turbine engine used in steamships 

TransportationðLand 

Railroads 

1750-Cast iron rails, 4 to 5 ft. long, first used (1767) 

1800-Trevithickôs steam locomotive (1804) 

George Stevenson built improved locomotive (1814) 

Wrought iron rails, 15 ft. long, first used (1820) 

First modern railroad, Stockton to Darlington, England (1825) 

First railroad in U.S., Honesdale to Carbondale, Penna. (1829)  

George Stevenson introduced the óRocket,ô improved locomotive (1829) 

1850-First transcontinental railroad system in U.S. (1869)  

First working electric railroad, Germany (1879) 

1900-Electrification of steam railroads Diesel-electric locomotives 

Other Vehicles 

1800-Steam wagons, Walter Hancock, England (1827-1836) 

1850-Gottlieb Daimler high-speed gas engine, Germany (1884) 

Motorized bicycle (1885) 

Benz, three-wheeled gas carriage (1886) 

Geo. B. Seldon, patent on clutch and transmission system (1895)  

TransportationðAir 

1783-Montgoflier, first balloon, using heated air 

1852-Gifford, first successful spindle-shaped gas bags, driven by steam en-

gines 

1884-M. M. Renard and Keebs, gas bag driven by electric motors, fed by 

electric batteries 

1896-Prof. Langley, model aeroplane, driven by steam. Flight of three-

quarters mile. First time in history that a motor -driven, heavier-than-air 

machine accomplished a successful flight 

1900-Count Zeppelin, rigid form; capacity 399,000 cubic feet gas; driven by 

two Daimler benzene engines, 16 h.p. each. First means of passenger service 

in the air 

1903-Orville and Wilbur Wright, glider fitted with a 16 h.p., four -cylinder 

motor. This machine made the first successful Right in which the machine  
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carrying a man had ever risen of its own power from the ground 

1908-Louis Bleriot, the Bleriot monoplane. This was the first successful 

mono- plane. It was also the first machine to cross the English Channel 

from Bragues to Dover 

1910ïFabre, first practical hydroplane By the time of the World War it was 

recognized that aviation was strictly an engineering science. Since then some 

of the most remarkable advances in the field of engineering have been made 

in this branch 

Communication 

1820-Oerstedt, made the discovery that an electric current flowing through 

a wire built up a magnetic field around the wire  

1831-Faraday and Henry, discovered the converse of Oerstedt, i.e., that a 

magnetic field can be cut by a wire, and cause current to flow in the wire 

1837-Morse invented telegraph system. This was the basis of most modern 

land systems 

1876-Bell, telephone 

1882-Dolbear developed wireless telegraph system, using electric static in-

duction 

1888ïLodge, developed a method of synchronizing two circuits, i.e.,  placing 

them in resonance 

1896-Marconi developed a system, using the Hertzian oscillator, of radio-

telegraphy for sending and receiving messages 

1898-Braun developed the coupled circuit 

1902-Poulsen and Tessenden, radio-telephone 

1903-First trans-Atlantic wireless transmission 

1907-DeForrest invented the three-element tube, permitting tubes to detect 

as well as amplify 

1921-Broadcasting 

1922-Freeman and Dimmel, A.C. tube, radio 

1926-J. L. Baird, television 

Textile Inventions 

1733ïJohn Key, flying shuttle 

1770-James Hargraves, spinning jenny 

1775-Richard Arkwright, roller spinning frame, using water power 

1779-Samuel Crompton, spinning 
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1785-Edward Cartwright, power looms, using Watt engine, first for spinning 

and then for weaving 

1793ïEli Whitney, cotton gin 

NOTE: No attempt has been made here to include the numerous inventions 

that have revolutionized the textile industry in the last century. The above 

merely indicates the initial steps that were responsible for the Industrial 

Revolution. 

References:  
History of Mechanical Inventions, Usher. 

Behemoth, The Story of Power, Hodgins and Magoun. 



 

 

Lesson 13 

INDUSTRIAL GROWTH 

CURVES 

If one attempts to follow the industrial  development that has taken place in 

the Western World since the year 1700 by attempting to take into account 

all of the separate inventions and technical developments that have occurred 

in the various fields of industry, he soon finds himself hopelessly involved. 

Order, however, readily emerges from this chaos when one considers that all 

of this industrial activity has been based in the main upon the use of a few 

relatively simple substances, chiefly, the few industrial metalsðiron, copper, 

tin, lead, zinc, etc.ðas the essential materials for machinery, and the use of 

a few basic sources of energy, chiefly, the mineral fuels, coal,  oil and natural 

gas, and, of lesser importance, water power. 

The most accurate quant i tat ive pictu re of  the rate and magni tude of  

our industrial growth, however, could be obtained by plotting g rowth  cu rves 

of the production of  these prima ry metals and of  energy.  In this lesson 

we are presenting, therefore, the growth curves of a number of our basic 

industriesðthe production of pig iron, coal, energy, railroads, and automo-

biles. These curves are plotted with the vertical dimension represen ting the 

quantity produced per annum, the horizontal  dimension measured from left 

to right representing time in years.1  

' The da ta  fo r  these curves  were ob ta ined f rom the M ineral  Resources of  the  U.S.A .,  

U.S. Stat is t ical  Abst racts and Minera l Industry,  Vol.  41. For 1933 f igures the Survey of  

Current Bus iness was used. These volumes conta in the mos t autho r i ta t ive f igures tha t 

can be obtained. 
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13 .1  P ig  I r on  

There are a number of highly instructive details to be observed about each of 

these curves. In the first case, they are not smooth, but are, instead, jagged 

or zig-zag. This is due to the fact that the production fluctuated from one 

year to the next. This is particularly noticeable in the case of pig iron.  

 

Figure 13.1: Pig Iron Production 

In Figure 13.1  notice the drop in the production of pig iron during the 

depression of 1893 and 1894 and, after that depression, notice that the pig 

iron industry expanded for a number of years, and enjoyed uninterrupted 

prosperity. 

Then came the depression of 1908, which shows up as a severe shutdown 

in the pig iron industry. This shutdown lasted one year, followed by a still 

further expansion and growth culminating in the large peak of production 

from 1916 to 1918, showing the effect of large war orders for steel.  

Note next the depression of 1921. After this the pig iron industry recov-

ered somewhat, but did not expand as rapidly. The highest peak of produc- 
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tion in pig iron was reached in 1929. This was followed immediately by the 

enormous drop due to the present depression. [1932-33] 

What were the actual magnitudes of these depressions? If we measure 

the graph, we find that the drop in production from peak to trough in 1893 

and 1894 was 27 percent; in 1908 the corresponding drop was 38 percent; 

in the depression of 1921, the shutdown in pig iron was 57 percent from the 

previous peak of production; the drop since 1929 has been 79 percent. [to 

1933] 

 

Figure 13.2: Energy Production 

What does this mean? Simply this: that, stated in terms of physical mea-

surements, each depression since 1894 has been progressively bigger than the 

previous. These up and down movements of the production curve are spoken 

of as swings or oscillations. The biggest oscillations since 1893-94 coincide 

with the financial depressions. Each one of these depression oscillations has 

had an amplitude or depth of swing approximately 30 percent greater than 

the one preceding. If one examines the other curves, that of coal, for instance, 
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or of automobiles, he finds a similar situation. The larger the production be -

comes the larger become the oscillations; the largest being in each case that 

since 1929, both in absolute magnitude and also in percentage of the total 

production. (The smooth part of the total energy graph [Figure  13.2]  for the 

time preceding 1918 does not indicate that there were no oscillations in this 

period in energy production because in this part of the graph the figures are 

all averaged for ten-year periods. This method of plotting smoothes out the 

oscillations.) 

 

Figure 13.3: Railway Data 

13 .1.1 Growth  o f  ra i l roads  

Figure 13.3 shows no oscillations because it represents the number of miles of 

railroad track in operation and this, of course, increases, but rarely decreases, 

from year to year. The oscillations of exactly the same kind as those exhibited 
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by pig-iron, however, are found in the second railroad graph, that of ton-miles 

of revenue freight hauled. (One ton-mile is equal to one ton hauled one mile.) 

13.2 Point  of  Inf lect ion  

Another feature to be observed about each of these growth curves is that  

represented by the smooth dotted-line curve. This dotted-line curve has in 

each case been drawn to represent the mean rate of growth. Notice in each 

case the S-shape of this curve. In the beginning it starts up very gradually, 

but each year the increase in production is greater than that for the year 

preceding and during this time period the curve is concave upward. Finally, 

in each case there comes a time when the growth begins to slacken, and 

the curve becomes convex upward and begins to level off rapidl y. The point 

at which this smooth mean curve changes from concave upward to convex 

upward is called the point of inflection . 

This point of inflection occurred in pig iron about the year 1905; in rail -

road trackage about 1885; in railroad freight haulage about 1910; in automo-

bile production about 1921, and in óall energyô about 1912. 

Calculation shows that the state of growth before the point of inflection 

is reached has been a compound interest rate of growth; that is to say, that 

the production each year during that period was on the average a certain 

fixed percentage greater than that of  the year before. In the case of  coal 

and energy production this rate of increase was approximately 7 percent per 

annum during that same period.  The same is t rue for pig i ron. In other 

words, with the rate of growth that prevailed during that period the annual 

production was increased tenfold in 32 1/2 years.  

All of the graphs mentioned thus far have been those of basic industries, 

extending back approximately a hundred yea rs or more. Since not infre-

quently our economic soothsayers assure us that as older industries reach 

their saturation, or decline, newer and bigger industries always rise to take 

their places, it becomes a matter of some particular importance to examine 

the rise in growth of one of these newer industries. Of such industries, au -

tomobiles are by far the most striking example. The automobile industry 

practically began in the year 1900. Since that time it has risen into one of 

the greatest of our present industries, and has practically revolutionized our 

social life in the process. 
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1 3 . 2 . 1  P r o d u c t i o n  o f  A u t o mo b i l e s  

In what manner did the production of automobiles grow? A glance at the 

growth of automobile production in Figure 13.4 will indicate that the pro-

duction of automobiles grew in a manner essentially similar to those older 

industries we have just discussed. In this curve, just as in those previous, 

there are zig-zag oscillations, by far the greatest being that since 1929.  

 

Figure 13.4: Automobile Data 

The production of automobiles reached an all-time peak in the year 1929, 

with an annual production of 5,600,000 automobiles. From that time until 

1932 the production dropped to 1,400,000 cars per annum, a shut -down of 

75 percent. A mean curve of this growth of automobile production shows a 

distinct leveling-off since the year 1923. The point of inflection of the mean 

growth curve occurs about the year 1921-22. The broken line curve on the 

Automobile chart represents the number of registered motor vehicles in the 

United States. It will be noted that this number in 1929 was something over 
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26,000,000. Also notice that this curve has been leveling off since 1926.  

13.2.2 Radio  

Or, to select another new industry, radio is an excellent example. Unfor -

tunately, reliable data are not available for plotting a growth curve of the 

number of radio sets. This much, however, we do know, that radio broad-

casting began on a commercial scale about the year 1921. From that time 

it grew with amazing rapidity until by 1929 by far the greater number of 

people in this country had radio sets. Since that time the number of radio 

sets in operation appears, from such data as are available, to be increasing 

but slightly. 

13 .3  B io l og ica l  Growth  Cu rves  

From the study of the foregoing graphs of the growths of various of our basic 

industries the persistent S-shape of each of the growth curves examined is a 

striking and singular phenomenon, and merits further investigation. 

Dr.  Raymond Pear l, in his book, Biology of Populat ion Growth, has 

made an extensive study of types of growth, and has found that almost 

every growth phenomenon exhibits this same S-shape characteristic. One of 

his experiments consisted in placing a pair of fruit flies in a bottle, and letting 

them multiply while he kept a record of the increase of the fly population 

on successive days. When plotted as a growth curve after the manner of 

the charts above, the curve of the growth of the fly population would be 

indistinguishable from our mean curve of coal or pig iron production.  

Bacteriologists have found that yeast cells or bacteria when placed in 

a test tube under conditions favorable for their multiplication incr ease in 

numbers in a manner identical to that discussed above. Dr. Pearl has found 

ample evidence that human populations obey the same laws of growth.  

13.4 Fal lacy of  Economists  

It is a simple matter to see why in the initial stages organisms and new 

industries should, under favorable conditions, expand at approximately a 

compound interest rate of growth. Since, until recently, most of the industrial 

development of this country has still remained in the compound interest  
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stage, it has come to be naively expected by our business men and their 

apologists, the economists, that such a rate of growth was somehow inherent 

in the industrial processes. This naive assumption was embodied in the 

graphs and charts made by these gentlemen, in which ónormalô conditions 

were taken to be a steady industrial growth at the rate of 5 percent or more 

per annum. Such conditions being ónormal,ô it was further assumed, without 

question, that such normal growth would continue indefini tely. We have 

already seen that the actual facts warrant no such assumption.  

The question remains, however, as to why these growth processes have 

abandoned the original upward trend and tend to level off or reach a stage of 

saturation. The simplest case, perhaps, with which to answer this question 

would be that of the growth of fruit fl ies inside their bottle universe. Should 

the f rui t  f l ies continue to mul t ip ly at their  ini t ial  compound interest  rate, 

it can be shown by computation that in a relatively few weeks the number 

would be considerably greater than the capacity of the bottle. This being so, 

i t is a very simple matter to see why there is a d efinite l imit to the number 

of frui t f l ies that  can l ive in the bottle. Once this number is reached, the 

death rate is equal to the birth rate, and population growth ceases.  

Very little thought and examination of the facts should suffice to convince 

one that in the case of the production of coal, pig iron or automobiles, the 

circumstances are not essentially different. 

13.4.1 Coal  

As we have pointed out already, during the period from 1860 to 1910 coal 

production increased at the rate of 7 percent per annum. According to the 

report of the International Geological Congress in 1912, the coal reserves of 

the United States are about 3.8 mi ll ion tons (3.8×10 1 2  tons). Had our rate 

of coal consumption continued to grow at 7 percent per annum, all the coal 

reserves of the United States would be exhausted by the year 2033, almost 

exactly 100 years hence. 

13 .5  Theo re t i ca l  Growth  Cu rves  

The exhaustion of coal or of any other mineral  resource is, however, not  

something that happens suddenly, but occurs very gradually instead, by a  

process which is somewhat analogous to the dipping of water from a pai l ,  
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when one is allowed to take only one-tenth of what remains each time. 

 

Figure 13.5: Coal Production 

To show the various types of growth a chart of four theoretical growth 

curves has been inserted. 

In Figure 13.6,  Curve I represents pure compound interest at 5 percent 

per annum. It wi ll  be noticed that many physical  types of growth approx -

imate this curve in i ts lower parts, but ult imately, due to the fact that no 

physical quantity can increase indefinitely, all cases of physical growth must 

depart from this initial compound interest curve. The later stages in various 

types of physical growth are shown in Curves II, III and IV . 

Curve II represents a type of growth which reaches a maximum, and 

thereafter  remains constant.  A fami l iar  i l lustration of  this type of  growth 

is represented by water power. Power produced from waterfalls in a given 

area can increase until all the falls are harnessed. Thereafter, provided the 

installations are maintained, the production of such power remains constant.  
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Curve III represents a type of growth which reaches a maximum, then 

declines somewhat, and finally tends to level off at some intermediate level. 

In the United States the production of lumber follows such a curve as III. In 

the initial conditions virgin timber was slashed off, and the lumber industry 

grew until it reached a production peak. Then, as the forests diminished, the 

production of lumber tended to decline. The final leveling-off process will be 

reached when the production of lumber shall be maintained equal to the rate 

of growth of forests and reforestation.  

 

Figure 13.6: Theoretical Growth Curves 

Curve IV is the type of growth curve characteristic of the exploitation 

of any non-recurrent material, such as all mineral resources. Coal, oil and 

the metals all exist in minable deposits in definitely limited quanti ties. One 

of the simplest illustrations of a curve such as type IV is illustrated in the 

life history of a single oil pool. In an oil pool the production rises as more 

and more wells are drilled, until it reaches a peak. From that time on the  
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production declines year by year, until finally i t becomes so small that the 

pool i s abandoned. In most Amer ican oi l  pools the greate r par t of  this 

history takes place within 5 to 8 years after the discovery, though the pool 

may continue to be operated for the small remaining amount of oil for 10 or 

15 years longer. 

In the case of mineral fuel, such as coal and oil, it is the energy con tent 

that is of importance in use. This energy is degraded in accordance with the 

second law of thermodynamics. Thus, coal and oil can only be used once. The 

case of the metals is somewhat different. Iron, copper, tin, lead, zinc, etc., 

can be used over and over again, and are never in a physical sense destroyed. 

In the process of using metals, however, there is a continuous wastage through 

oxidation and other chemical reactions, through the discarding of iron and 

tin in the form of t in cans, razor blades, etc. While this does not destroy 

the metal it disseminates it in such a manner as to render it unavailable for 

future use. 

Primary metals are derived from naturally occurring ore deposits contain ing 

the metallic salts and other compounds at relatively high concentrations. Thus, 

there is a flow of metals from the limited deposits at high concentra tions into 

industrial uses, and finally, by wastage and dissemination, back to earth again 

in widely scattered and hence unavailable forms. Thi s process, l ike that of 

the degradation of energy, is unidirectional and irreversible. It follows, 

therefore, that the production of the rarer metals, such as are now most 

commonly used in industrial processes, must ultimately reach its peak and 

decline after the manner illustrated by Curve IV. 

It is not intended to convey by the above calculations the impression 

that the leveling-off of our present growth curves is due as yet in any large 

measure to exhaustion or scarcity of resources. The resource limitat ions are 

cited only as an il lustration of one of the many things that must eventually 

aid in producing this result.  

1 3 . 6  S oc ia l  an d  In d us t r i a l  R es u l t s  

The leveling-off of the production curves thus far has been due largely to a 

saturation in the ability to consume under our existing Price System limi -

tations of the abili ty of the individual to purchase. There is a defini te l imit 

as to how much food an individual can consume in a given time; how many 

clothes he can wear out; and, in general, how much energy degradation he  
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can account for. There is no question but that in many respects the people 

of the United States prior to 1929 were approaching some of these l imits, 

and that accounts in some degree for the slowing down of the growth of pro -

duction in many fields. There was an average at that time of one automobile 

per family. This fact, together with the consequent congestion of traffic, was 

sufficient to depress the rate of growth of automobile production.  

Another important factor that is rarely taken into account in this connec -

tion is that, due to the change of rate in the operation of physical equipment, 

at the present time almost every new piece of machinery runs faster than the 

obsolete one which it displaces. There is a physical relationship in all physical 

equipment to the effect that for a given rate of output the faster machinery 

is made to operate, the smaller i t needs to be. Compare, for example, the 

size of a 1 h.p. high-speed electric motor with a slow-acting gasoline engine 

of the same power. This relationship is true, whether the equipment be in-

dividual machines, whether it be a whole factory, or whether it be a whole 

industry. Since the production of consumable goods is leveling off, and the 

machinery is being continuously sped up, it follows that our indust rial plants 

and equipment, instead of getting larger, may actually diminish in size . 

The impl ication of this fact  with regard to the demand for  such raw 

materials as i ron, copper, etc., is far -reaching. In our pioneer days, and 

during the period of most rapid growth, railroads, telegraph and telephone 

systems, power systems, and factories, had to be buil t, each requiring its 

quota of  primary metals. Now that these things have already been bui l t, 

the materials for the construction of new equipment are largel y obtained by 

junking the equipment now obsolete. To appreciate the importance of this 

rise in the use of secondary metals, consider the fact that in the year 1933 the 

production of secondary copper was over 90 percent of that of the primary 

copper in the United States for that year. 

13 .7  Summary  

In this lesson we have tried to show in quantitative terms what the leading 

facts of our industrial expansion have been. Manôs learning to convert to 

his own uses the vast supply of energy contained in fossil fuels coal and 

oilðhas opened up a totally new and unparalleled phase of human history. 

It has been estimated that the effect of this upon the biological  equilibrium 

of the human species has been such that the human population on the globe  
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has approximately tripled since the year 1800. Areas like the British Isles, 

which, under a pre-technological state of the industrial arts, were able to 

support only from 5,000,000 to 8,000,000 people, now have populations of 

approximately 46,000,000, or a population density of 490 persons per square 

mile. 

It has been shown that this industrial growth has been characterized in 

the initial stages by a compound interest rate of expansion of about 7 percent 

per annum in the United States. It has also been shown that not only is it 

impossible to maintain for more than a few decades such a rate of expansion, 

but that in the United States that period of most rapi d growth has passed, 

and that already more or less unconsciously we have entered well into the 

second period of growth, that of leveling off and maturation.  

Due to the physical limitations it seems at present that the days of great 

industrial expansion in America are over unless new and as yet untapped 

sources of energy become available. We have been told repeatedly that new 

industries have been and will continue to be sufficient to maintain the in -

dustrial  growth as older industries slacken. Consideration of the graph of 

total energy which represents the motive power of all  industries, new and 

old, indicates that, until the present, such has not been the case, and there 

are no prospects that i t will  be so in the future. 

Foreign trade has been frequently invoked as a means of maintaining our 

industrial growth. Invariably in such cases, however, foreign trade has been 

discussed implicitly as a ófavorable balance of trade,ô which implied that the 

amount exported wi ll  be in excess of the amount imported. Physically a 

ófavorable balance of tradeô consists in shipping out more goods than we 

receive. Following this logic a óperfect trade balanceô should consist in a 

state of commerce wherein everything was shipped out and nothing received 

in return. 

Under our present Price System, or monetary economy, an unbalanced 

foreign trade can only be maintained, as we are learning to our sorrow, for 

a comparatively short length of time. With a balance of trade there is  no 

reason to expect any essential increase in the domestic production of this 

country by means of foreign markets for such a condition necessitates that 

approximately equal quanti ties of goods be obtained from abroad, and the 

net effect is zero. 
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Lesson 14 

MINERAL RESOURCES 

In the United States in 1929, 55 percent of al l  revenue freight hauled by 

Class I railroads consisted of óproducts of the minesô. This classification in-

cluded only mineral products before manufacture. If the same products after 

manufacture had been included, the total  would have been approximately 

75 percent. Thus, modern high-energy civilizations, as contrasted with all 

previous ones of a low-energy character, may truly be called mineral civiliza-

tions. 

In all earlier civil izations the rate of energy consumption per capita per 

day has been low, the order at most of 2,000 or 3,000 kilogram calories of 

extraneous energy. In the United States, in 1929, this figure had reached 

the unprecedented total of 153,000 kilogram calories per capita per day. The 

significance of this can best be appreciated if we consider that this figure is 

responsible for the railroads, the automobiles, the airplanes, the telephone, 

telegraph and radio, the electric l ight and power; in  short, for everything 

that distinguishes fundamentally our present state of civi l ization from all 

those of the past, and from those of such countries as India and China at the 

present time. Stated conversely, if we did not consume energyðcoal,  oi l, gas 

and water powerðat this or a similar rate, our present industrial civi lization 

would not exist.  Ours is a civi l ization of energy and metals.  

Inspection of the growth curves in Lesson  13  shows us something that is 

rather startl ing, namely, that most of this i ndustrial growth in the United 

States has occurred since the year 1900. Stated in another way, if from those 

curves we compute the amount of coal or iron that has been produced and 

used since 1900, we would find this to be greatly in excess of all the coal  and 

i ron produced prior to that time.  
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14 .1  D iscovery  o f  Minera ls  

It frequently is assumed by people interested in world social problems that 

such industrial growth as has taken place in North America and Western 

Europe is a mere accident of circumstances, and that it might equally well 

have occurred in India or China instead. A corollary to this assumption is 

that it is possible for these areas to develop high-energy industrial civiliza-

tions and that the only reason they have not done so thus far is due to the 

backwardness of the people. 

Since we have found that high-energy civilizations depend upon the ex-

istence of abundant resourcesðenergy and industrial metalsði t is a very 

simple matter to determine the validity of such assumptions by considering 

the world distribution of these essential minerals.  

Until 30 or 40 years ago, the knowledge of the world distribution of min -

erals was more or less in the category of the knowledge of the geographical 

distribution of land shortly after the discovery of the Americas. Maps of the 

known world in the sixteenth century showed cert ain land areas that were 

wel l  known, such as parts of Europe, Africa and Asia; other areas which 

were but partially known, such as the eastern boundary of the only partially 

explored New World; and other parts of the world which were totally blank, 

due to the fact that no knowledge of these parts whatsoever was available.  

In the mineral map of the world prior to 1900, there were still large blank 

places representing areas as yet unknown. Since that time these blank spaces 

have become almost non-existent. Quietly and unheralded, the prospector, 

followed by the geologist and the mining engineer, has penetrated to the 

utmost corners of the earth. 

It is a well known geological fact that certain mineral resources only occur 

in large amounts in certain geological environments.  

Oil, for instance, only occurs in sedimentary rocks which have not been 

too greatly folded or otherwise disturbed since their original deposition. In 

igneous rocks or in pre-Cambrian basement complexes, such as the region 

between the Great Lakes and Hudson Bay, or of the Scandinavian Peninsula, 

oil in large quantities cannot exist.  

Iron ores, likewise, as Leith pointed out, have shown a remarkable ten -

dency to occur in these very pre -Cambrian terrains of the United States, 

Brazi l , India and South Africa, from which oi l  is absent. Other mineral  

resources have their own more probable environments. Since these various 

major types of areas are known, i t follows that the geography of the future  
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mineral discoveries for the entire world may now be fairly well predicted.  

14 .1.1 Methods of  D iscovery  

The intensity of prospecting and the number of people engaged in the search 

for new mineral  deposits have in the last few decades increased tremen -

dously. The old-fashioned prospector,  with burro, pick and hammer, has 

been replaced by the modern highly trained geologist and mining engineer, 

traveling by automobile and by airplane. Areas are now mapped by aerial 

photography. Geophysical instruments are now available which enable the oil 

geologist to discover salt-dome oil pools that are completely hidden beneath 

the surface of the ground. He has seismographs that enable him to make 

maps of geological structures at depths of 5,000 feet, and more, beneath the 

surface of the ground. For the use of the mining engineer there are electri cal 

instruments capable of detecting metall ic minerals buried several  hundred 

feet under earth. By means of these methods the mineral geography of the 

earth is at present rather well known.  

It is significant to note, as Leith has pointed out, that except f or oil (and 

recently potash in the United States1 ), a major source of minerals has not 

been discovered in Europe since 1850, and in the United States since 1910. 

This seems to indicate that most of the discovering in these areas may have 

been done already. 

14.1.2 Coal  

What is the mineral  geography of the world as i t is now known? Consider 

coal, which is probably the best known of the major mineral resources.  

It is interesting to note that the United States alone, according to the 

estimate of the International Geological Congress of 1913, possesses approx-

imately 51 percent of the coal reserves of the enti re world. Canada has 

about 16 percent of the world total . Of the remaining 33 percent, Europe 

has approximately a third, or 10 percent of the worldôs total. Asia, Africa, 

South America and Australia, all together, have only about 23 percent of the 

worldôs total coal reserves. 

'Within the last few years there has been discovered and New Mexico and Texas what 

promises to be the worldôs largest supply of  potash.  
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14.1.3 Oi l  

In the case of oil, the United States in 1929 was producing 69 percent of the 

worldôs total production. 

The proven oil reserves of the world in 1933 were, according to the esti-

mate of Garfias, in a report read before the Society of Mining and Metallur -

gical Engineers, approximately 25 billion barrels. Of these, 48 percent, or 12 

billion barrels, were in the United States. This estimate of reserves repre-

sents only the differential between discovery and consumption of oil. Should 

discovery cease a reserve of 12 billion barrels would last the United States 

only about 12 years at the 1929 rate of consumption. 

14.1.4 I ron  

The iron reserves of the world are localized chiefly in a few areas. In the 

United States most of the iron produced comes from the region around Lake 

Superior, and the Birmingham district in Alabama. Foreign iron ores, in 

greatest abundance, are to be found in such regions as England, Alsace-

Lorraine, Spain, Sweden and Russia. In South America the largest reserves 

are found in Brazil. Other large supplies are found in India, South Africa 

and Australia. 

The United States in 1929 produced slightly less than 48 percent of the 

worldôs total production of pig iron. 

14.1.5 Copper  

Next to iron, the most important industrial metal is probably copper. In 

1929 the total world production of copper was 2,100,000 short tons, of which 

the United States in that year produced 1,000,000 short tons, or slightly less 

than 50 percent. Of our major metallic resources, copper is probably the 

nearest to a forced decline resulting from a gradual exhaustion of high grade 

ores. Within the last few years large supplies of African copper have rapidly 

come into a prominent place in world production. It is quite possible that 

Africa may become the leading producer of copper in the future.  

From what has been said with regard to the production and reserves 

of coal, oil, iron and copper, it becomes evident that the United States is 

singularly well supplied with the worldôs essential industrial minerals. In 

fact, it would not be overstating the case to say that the United States has  
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the lionôs share of the worldôs mineral resources. She is by far the best 

supplied of all the nations of the world, and the North American Contine nt 

surpasses in a similar manner all the other continents.  

14.1.6 The Ferro-a l loys 

The United States, however, is largely devoid of certain highly essential in -

dustrial minerals, the group known as the ferro-alloysðmanganese, chromite, 

nickel, and vanadium. While these minerals are required only in small quan -

tities, they are essential for most alloy steels which are used in industrial 

processes, and but for them, modern high-speed machinery would be impos-

sible. So essential are these alloys that in war time they have come to be 

known as ókeyô minerals. 

It is interesting to note in passing that for the period from 1910 to 1914, 

Germanyôs importations of ferro-alloys were considerably in excess of her 

industrial  requirements for that peri od. It is equally signi ficant to note that 

at the present time the French importations are in excess of Franceôs present 

industrial requirements. Fortunately, Canada is the worldôs leading producer 

of nickel. 

14 .2  Movement  o f  Supp l ies  

A review of the world  mineral  geography shows that by far the greater part 

of the worldôs industrial minerals are located in the land areas bordering the 

North Atlantic, Western Europe, the United States and Canada. Supplies of 

individual minerals occur in other parts of the world in quanti ties sufficient 

to be important  in the world production. Examples of this are to be found 

in the case of oil in Venezuela and Colombia, copper and nitrates in Chile, 

tungsten in China, t in in Bol ivia and the Dutch East Indies, and i ron ores 

in Brazil. 

It has long since become axiomatic in the iron and steel industry that iron 

ore moves to coal for smelting, and not the reverse. Iron ore, for instance, 

moves from the Great Lakes region to the blast furnaces of Gary, Cleveland 

and Pittsburgh. In Europe, the i ron ores of Sweden and of Spain move to 

the coal fields of England, France and Germany.  

A simi lar  type of  thing is true in the case of  any essential  industrial  

mineral  when i t occurs in a region devoid of suf fi cient  other mi nerals to 
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support a high-energy industrial system. Consider Colombia and Venezuela 

in the case of oil. Venezuela is third in the order of the oil p roducing countries 

of the world, and Colombia is sixth. Both countries have ample oil production 

to support an automobile traffic comparable to that of any other area. If one, 

however, should visit Bogota, the capital  of Colombia, he would find only a 

few automobiles owned by government officials and the wealthier citizens. 

These can be driven around the town and for just a few miles out into the 

country, beyond which all automobile roads end. The cars have to be brought 

in by boat and by rail road. The country as a whole is almost totally devoid 

of automobiles, or of passable roads. Colombian oil, therefore, instead of 

supporting a domestic automobile traffic, flows to the industrialized areas of 

North America and Europe. 

In a similar manner tungsten moves from China to the United States and 

to Europe, tin moves from Bolivia and from the Malay Peninsula, vanadium 

moves from Peru, copper and ni trates from Chile, and copper from South 

Africa. 

1 4 . 3  U ne q u a l  D i s t r i bu t i o n  o f  R es ou r c es  

The significant thing about the worldôs mineral geography is that industrial 

minerals in quantities large enough to play significant roles in modern indus -

try are very unequally distributed about the face of the earth, and  moreover, 

tend to occur in a comparatively small number of point sources. Most of the 

worldôs iron, as we have pointed out, is derived from only about half a dozen 

regions. Most of the worldôs oil comes from a similar number of localities. 

The worldôs potash comes chiefly from the Strassfurt deposits in Germany. 

Most of the worldôs nickel comes from two sources, the Sudbury district of 

Canada, and from New Caledonia.  

The social significance of this unequal distribution of the worldôs minerals 

is that industrial equality of the various areas of the earthôs surface is a 

physical impossibility. 

So long as the worldôs industrial motive power necessary to maintain high-

energy civilizations is derived chiefly from the fossil fuelsðcoal and oilðthe 

North American Continent and Western Europe will continue to dominate 

industrially the rest of the world.  

The social idealistôs dream of a world state and world equality is based on 

an utter failure to consider the physical factors upon which the realization  
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of such a dream depends. Unless some new and as yet untapped source of 

energy becomes available, the 475,000,000 of people in China are likely to 

continue at approximately their present standard of living.  

The problem of maintaining an industrial civilizat ion is a problem which 

is peculiar separately to each major industrial area. The laws of thermody-

namics are universal. They are exactly the same in China, India or Soviet 

Russia, as they are in the United States. The distribution of coal and oil in 

each of these areas, however, is radically different. 

1 4 . 4  T h e  N o r t h  A m e r i c a n  C o n t i n e n t  

Industrially, and from the point of view of resources, the North American 

Continent comprises the most nearly self-sufficient high-energy industrial 

area on the earthôs surface. When the tropical vegetation of Mexico, Cen-

tral America, and the West Indies is combined with the temperate products 

of the United States and Canada, very little in the way of vegetable prod-

ucts need be obtained from the outside world. Likewise, when the mineral 

products of this area, chiefly the United States and Canada, be pooled for 

a common industrial operation, an almost complete mineral independence 

is achieved. Geographically and industrially, therefore, the North American 

Continent comprises a natural unit.  
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Lesson 15 

MORE ABOUT GROWTH 

CURVES 

In the lessons preceding, we have seen that the industrial growth of Western 

Europe and North America has, within the last 150 years, undergone a phase 

of development totally unlike that of any previous period in the worldôs history. 

Industrial  growth, we have seen, has followed the now familiar S-shape 

curve, beginning with the period of most rapid growth, and gradually reaching 

maturity and leveling-off. 

We have seen further that it was by no means accidental that this spec -

tacular industrial growth should have occurred in Western Europe and North 

America rather than in Asia or South America, for the simple reason that 

large scale industrial growth requires that there be readily available a suit -

able ensemble of mineral resources, principally coal and iron, together with 

the accessory minerals yielding copper, lead, zinc, and the ferro -alloys. This 

required assemblage of mineral resources in amounts essential to large-scale 

industrial growth has thus far only been discovered in the countries border ing 

the North Atlantic Ocean, and, according to present available evidence, is 

lacking in such amounts in other parts of the earth.  

A large class of phenomena grows according to this same S-shape growth 

curveðbacteria, yeast, biological populations of all kinds, including human 

beings, as well as all kinds of industry. 
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15.1 The óDeclineô Cu rve  

There is another type of ógrowthô curve, however, that behaves in a manner 

quite differently from these that we have discussed thus far. This is a type 

which decreases as those above increase. Perhaps this latter should more 

correctly be called a ódeclineô curve instead of a ógrowthô curve. We can 

speak of them as growth curves, however, provided we understand the word 

growth to mean a change of magnitude, whether smaller or larger.  

As an example of this latter type of growth phenomenon, consider the 

amount of human time required to produce a single thing, for instance, to 

mine a ton of coal. This brings us face to face with the problem of how we 

shall measure the amount of human time  required to do a particular thing. 

One of the measures of human time commonly employed is that of the óman-

day.ô A man-day would represent one man working one day. Thus, five men 

working 3 days each would be employed for 15 man-days. 

1 5 . 2  Th e  Ma n - h o u r  

The objection to the man-day as a uni t of human employment rests upon 

the fact that different man-days are not ordinarily of the same length. There 

have been times, both in this country and in England, when men worked 16 

hours per day. At that time a man-day would have been one man working 

sixteen hours. At the present time a man-day consists ordinarily of one man 

working 8 hours.  Thus, a man -day wi th a man working 8 hours is only 

one-half as long as when the man works 16 hours. 

It is this inconstancy of the man-day that makes it unsuitable as a mea-

sure of human employment. In order to accurately measure anything, one 

requires a unit of measurement which remains essentially the same. A far 

more suitable unit of measurement of human employment, therefore, is  the 

man-hour. 

A man-hour of human employment represents one man working one hour.  

Now consider how many man-hours of human employment i t must have  

taken, say 100 years ago, to mine a ton of coal. By considering the methods  

of  coal  mining then in use, we can ar r ive at  some est imate  of  what th is  

must have been. At that t ime practical ly al l  the coal mining in the United  

States was done entirely by hand methodsðthe digging with pick and shovel, 

and the hoisting with a rope and pulley or windlass. Coal mining was in i ts  
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infancy, and only the most shallow seams were worked. If it had been possible 

by these methods to have worked the deeper seams such as are now worked 

with power machinery in the Pennsylvania anthracite fields, as well as the 

bituminous fields of the Middle West, the number of man-hours required per 

ton would have been enormously greater.  

The best available data indicate that 100 years ago, one man could not 

mine on the average more than a ton of coal in one day of 12 hours; in other 

words, i t took 12 man-hours to mine one ton. 

In the industrial  growth that followed, the coal mining industry, as we 

have already seen, increased enormously until by 1918 we produced 670 mil -

l ion tons of  coal in one year.  During al l  this period, slowly at f i rst ,  and 

then more rapidly as the production grew in si ze, we improved our coal mining 

technique. First, steam pumps and power hoists were introduced; then 

blowing engines for the ventilation of the mines; explosives were used for 

breaking the coal and rendering more easy its extraction. Later, coal cutting 

machines and automatic loaders were introduced. More recently, large scale 

strip mining methods have been employed where giant electric shovels of 30 

and 40 tons per bucketful  strip off the overlying rock to depths of 50 or 60 

feet. These are followed by smaller shovels which scoop up the coal seam 

thus uncovered and dump i t directly into waiting rail road cars.  

Figured on the basis of coal mined, the average rate of production of all 

the coal mined in the United States is approximately six tons per man per 

eight-hour day. Stated in terms of man-hours, this means that i t now takes 

8 man-hours on the average to mine 6 tons of coal, whereas, 100 years ago it 

required 12 man-hours to mine one ton of coal. Thus, the man-hours required 

per ton of coal mined has declined since 1830 from 12 to 1.33 man-hours per 

ton of coal. 

If we had considered only the best modern practice, such as is represented 

in completely mechanized underground mines, or in the strip mines, a much 

greater drop would have been found. The strip mines average about 15 tons 

per man per eight hours. This represents approximately one -half man-hour 

per ton. 

If complete data were available to plot a graph of the number of man-hours 

required to mine 1 ton of coal from the year 1830 to the present, one wo uld 

find that the number, instead of getting larger with time, grows continuously 

smal ler .  In order  to reduce the number of  man -hours required to mine 1 

ton of coal below the figures that have been reached already, it is not even 

necessary to invent any new machinery. One needs only to install modern  
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labor-saving equipment in those mines which have not been so equipped ; and 

by so doing, it will be possible to reduce the number of man-hours required 

to mine a ton of coal much below the figure that we now have reached.  

In order  to obtain an idea of  the rate at  which th is mechanizat ion of  

the coal mines is taking place, i t  i s  interesting to note that  in the year 

1923, 1,880,000 tons of bituminous coal were produced by mechanized mines; 

by 1931, the bituminous coal produced by mechanized mining had reached 

47,562,000 tons, a growth of 25 fold in 8 years. This latter figure represents 

somewhat less than 10 percent of the total coal mined, so that there remains 

still to be mechanized approximately 90 percent of our bituminous coal mines. 

The process of mechanization in this field is continuing almost unabated right 

through the present depression. This wi ll resul t in a continuous decline of 

the man hours required to mine 1 ton of coal.  

A trend simi lar to that in coal mining has been taking place in every 

industrial field. The number of man-hours required to produce a bushel of 

wheat, a pair of shoes, a yard of cloth, a ton of iron, or to transport a ton -

mi le of freight, was greater 100 years ago than i t has been any time since. 

A curve plotted in any one of these fields would show that the man -hours 

required to produce one unit of product has been, and still are, getting fewer.  

15 .3  Me chan i za t i on  o f  I nd us t r y  

Technocracy has previously called attention to some of the more spectacular 

instances of mechanization of industry, such as the A. O. Smith Companyôs 

plant in Milwaukee which produced, while running, 10,000 automobile chassis 

frames per day with a crew of 208 men, and simi lar instances. Whi le i t is 

true that industry as a whole has not attained the level reached in i ts own 

best practices, the trend in every field is in that  di rection.  Every time a 

new plant is built, or a new piece of equipment designed that replaces older 

equipment which has become obsolete, this new equipment runs faster and 

requires fewer man-hours of human attention per unit of production than its  

predecessor. 

Another example of such a decline curve which has already been men -

tioned briefly in a previous lesson is that of the size of the equipment required 

for a given rate of production. The faster equipment is made to operate, the 

smal ler i t wi l l  be in proportion to i ts output.  A simi lar relation holds good 

in office floor space. With the old-fashioned method of having bookkeepers  
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work over hand-written ledgers, a much greater amount of office floor space 

was required to keep the books of a given volume of business than is now 

required with modern high-speed bookkeeping machinery.  

That this process is going on unabated is shown by computations made 

from the Federal Reserve Board indices of production and employment in the 

manufacturing industries. Computation from these indices based on some 

69,000 industrial  establishments show that the productivity per man -hour 

during the period from 1920 until June 1933, almost exactly doubled. One -

half of this increase occurred since 1930. In  other words, mechanization 

proceeds more rapidly during depressions than otherwise.  

On the whole, mechanization of industry in this country, far from being 

near completion, has just begun. We are now in the transi tion from the 

period characterized by the hand-operated machine into that characterized 

by the almost completely automatic technological mechanism. Instances such 

as the A. 0. Smith plant and the Owens bottle machine are but forerunners 

of the general industrial development of the near future.  

15 .4  Dec l ine  o f  Man -Hou rs  

Figure 15.1  represents schematically these two types of growth curve over 

the same time period but plotted to different scales vertically. The curve of 

production used here is essentially that of the growth of total energy. The 

declining curve is a composite curve based upon such fragmentary data as are 

available. The man-hours per unit in the early stages declined but slowly, 

and then more and more rapidly as industry expanded and became more 

mechanized. 

A third curve is also shown which is derived by computation f rom the 

first two. It is a matter of simple arithmetic to compute the number of man -

hours required to produce a given number of uni ts i f we know the number 

of man-hours required to produce one unit. Thus, the total man-hours of 

employment in productive industry for any given time is equal to the product 

of the number of  uni ts produced in that t ime, multipl ied by the average 

number of man-hours required to produce one unit.  

Curve III was obtained by multiplying at successive times the production 

by the man-hours per  uni t .  Assuming that  Curves I and II are a correct 

picture, then Curve III would represent the industrial  employment for this 

period stated in total man-hours. 
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Figure 15.1: Three Curve Chart  

In the early stages of industrial growth, the man -hours per uni t were 

decreasing but slowly, consequently the employment grew at approximately 

the same rate as the industrial production. Then during the period of most 

rapid industrial growth, the increased use of labor-saving machinery with the 

consequent decline in the number of man-hours per unit produced tended to 

retard the rate of growth of industrial employment. During this period, new  

jobs were stil l  being created due to the expansion of industry, faster than 

the old ones were being eliminated due to its mechanization. Finally, as 

industrial production began to level off with no corresponding slackening in 

the increase of mechanization, there came a time when jobs were eliminated 

by labor-saving machinery faster than they were created by expansion of old, 

or the creation of new industries.  

This peak of employment has occurred at different times in different in -

dividual industries. In agriculture, the peak of employment as shown by the 

United States census, taken at intervals of ten years, was reached in 1910 

with over 12,000,000 gainfully employed workers; by 1930 this number had  



 L ESSO N 15 .  MO RE ABO UT GROW TH CURVES  119 

 

declined to less than 10,500,000 persons. 

The peak of employment in mining industries was reached in 1920. In 

the production of pig-iron the peak of employment, according to the United 

States Labor Bureau statistics, occurred in 1919. In the production of auto-

mobiles, the peak occurred in 1923. According to the Federal Reserve Board, 

the peak of industrial employment for all industries in the United States was 

about January 1920. 

Much has been said by the apologists for the present system about new 

industries creating new jobs. Only recently, President Karl T. Compton, of 

Massachusetts Institute of Technology, and Professor R. A. Millikan, Pres -

ident of California Institute of Technology, broadcasted speeches by radio 

which have since been published in the Scientific Monthly on the thesis that 

science creates employment. 

The essential burden of these gentlemanôs remarks consisted in such ar-

guments as: The automobile industry employed more men than the wagon 

industry had previously been able to do. Therefore, new industries always 

will employ more men than the industries which they displace. Only a ca-

sual inspection of figure 15.1 would demonstrate the utter fallacy of any such 

careless type of reasoning. The automobile industry grew up during the pe-

riod of most rapid industrial expansion when jobs were being created faster 

than they were being eliminated. The peak of automobile production was 

not reached until 1929, but that of automobile employment occurred in 1923. 

If production continues to level off no matter how slowly, and if the man-

hour-per-unit production curve continues headed downhill, it follows that 

the total industrial employment stated in man-hours, which reached its peak 

about 1920, must continue to decline.  

It is to be emphasized that these three curves as illustrated in figure 15.1 

are all long-time trends, and do not include the effect of this or any previous 

period of depression. Note that there are no cycles in these curves. They 

have never repeated themselves, and there is never any going back. 

Every new industry creates new jobs and eliminates old ones. Whether 

the number of man-hours per year of new jobs created by the composite 

of all new industries and expansion of old ones is greater or less than the 

number of man-hours per year of the old jobs eliminated depends entirely 

upon what stage in the growth of total industry is being considered. At all 

times prior to the occurrence of the peak in the curve of total man-hours per 

year the birth rate of new jobs exceeds the death rate of old ones and the 

hours of employment continuously increase. At all times subsequent to the 
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occurrence of that peak (neglecting minor oscil lations) the death ra te of old 

jobs exceeds the birth rate of new ones and the man-hours of employment 

continuous decrease. Since, for American industry, this peak occurred about 

the year 1920, it is fallacious to employ events prior to that date as a basis 

upon which to draw conclusions which are supposed to be valid after that 

date. For the period of American industrial growth prior to 1920 it is entirely 

correct to state that the creation of new industries and the expansion of old 

ones increased the annual hours of employment; for the period subsequent to 

that date it is entirely incorrect to make the same statement. 

It might be remarked in passing that total man-hours in industrial em-

ployment does not necessarily bear any relation to unemployment. If a to tal 

number of man-hours are required annually in industry, and if a total number 

of human beings are available as industrial workers, it is only necessary to 

properly adjust the length of the working day in order to accommodate any 

number of available workers. The trends depicted in figure  15.1  point inex-

orably to an ever-increasing unemployment or else to an indefinite shortening 

of the length of the working day. 
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Lesson 16 

THE PRICE SYSTEM 

In the foregoing lessons we have discussed at some length the basic matter 

and energy relationships to which all  events upon the earth, both organic 

and inorganic ,  must con form.  W e have learned in th is manner tha t  ou t  

of all conceivable things we might imagine to happen upon the earth, only 

those are possible for which the total matter involved is neither increased nor 

decreased, and for which the energy transformations are of such a nature that 

the occurrence does not amount to one kind or another of a perpetual -motion 

mechanism. 

While this kind of analysis has long been fundamental  in engineering 

when dealing with simple, small-scale problems, it has not been extensively 

recognized that the same technique is applicable and of fundamental impor -

tance to the far more intricate problems of the operation of a human social 

complex. In engineering, for example, it has long been known that if a steam 

engine be operated between a boi ler  at  the absolute temperature T1  and 

a condenser at the temperature T2 , the maximum possible fraction of the 

heat Q1  taken from the boiler that can be converted into work is given by 

[(T1  -T2 )/T 1 ]Q1 . This fact establishes an objective standard of performance. 

If the performance of the engine is much poorer than this, then i t is known 

that a better engine can be buil t, and how much better.  

A similar analysis may be made with regard to a human society operating 

within a given geographical area. When the material and energy resources 

available to that society are known the maximum rate of operation of a social 

mechanism in that area can be established to a reasonable approximation. 

If the observed operation be at a greatly inferior level to that which in this 

manner is known to be possible, then we know that there is room for sub - 
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stantial improvement. Furthermore, as in the case of the steam engine, faulty 

operation implies faulty design of the operating mechanism which can be cor -

rected only by an improved design in which the faulty characteristics have 

been omitted. 

In our brief review of world resources it appeared that many areas of the 

globe are so deficient in material and energy resources essential to a large -

scale industry that their populations are effectually doomed to a low-energy 

standard of livingðat least so unless and until technological advances render 

presently unknown resources available. We learned, however, that the Conti-

nent of North America is not so handicapped but with regard to climate, soil, 

biological, mineralogical, and energy resources is the most richly endowed 

continent on earth. In fact it has the resources and the man-power and the 

technological knowledge necessary to provide every human inhabitant with an 

optimum physical standard of living at a small and continuously decreasing 

labor requirement per individual. Yet if we consider the widespread poverty 

and squalor that is allowed to exist, the wastage and destruction of resources, 

the destruction of products and maintenance of enforced scarcity both by 

government and by private industry, and the wholesale unemployment we 

are obliged to conclude that the actual operation of our social mechanism is 

vastly inferior to i ts presently known potentialities.  

Hence, we have a clear case of a mechanism whose actual operation is 

so far below that which is possible as to constitute both a social and tech -

nological scandal. That this should be so need not be surprising when it is 

considered that the fundamental elements of design and operation of our so -

cial structure grew up thousands of years ago to meet the needs of an agrarian 

economy, whereas the transition from such an economy to our present state 

of technological advance has occurred principally within the last century, and 

predominantly, so far as growth is concerned, since the year 1900. It is incon-

ceivable that the institutions and customs which evolved to me et the needs 

of a society composed of hunters, peasants, sheep-herders, warriors, priests, 

petty merchants, and usurers should be adequate for the needs of a society 

operating a billion horsepower of prime movers with its consequent array of 

high-speed transportation, communication, and productive equipment.  

A high energy civil ization has needs peculiar to itself which must be ex -

plicitly recognized in any adequate design. Before we consider that problem, 

however, let us first examine critically some of the  existing customs and folk-

ways handed down to us from an agrarian antiquity, since it is in these that 

the principal faults of our present mechanism may be expected to lie.  
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16 .1  The  Conc ep t  o f  P rop e r t y  

One of the most deeply rooted of all these ancient concepts is that of property . 

So fi rmly fi xed is this concept that ordinari ly i t is taken to be axiomatic; 

rarely does it ever occur to one to examine critically into its meaning. One 

speaks of ómy horse,ô ómy dog,ô ómy house,ô ómy automobile,ô with never a 

thought of just what constitutes the difference between a house that belongs, 

say, to Jones, and the same house if it belonged to Smith.  

To make this even more clear, let us suppose that the house formerly 

belonged to Jones, and that he afterward sold it to Smith. Should a stranger, 

knowing neither Jones nor Smith, have observed the house from day to day, 

before and after the transaction, he would probably have been unaware that 

any such change had occurred. He might have noted that up until a certain 

date, Jones lived in the house, and that after that date Jones moved out and 

Smith moved in. The stranger would have observed only that there had been 

a change of occupancy of the house. Such change of occupancy, however, 

might have occurred with no change of ownership at all, as in the case of the 

change of tenants in a house that is rented. 

What then consti tutes property in a house? A l i tt le reflection wi ll  show 

that ownership of, or property in, a house consists enti rely in what society 

will allow an individual to do with regard to the house. If the property in th e 

house is Jonesô, that merely means that Jones is allowed by society to live 

in the house, to rent the house to someone else, to leave it vacant, or to tear 

it down. Jones may transfer parts of these privileges to other people for a 

consideration, as in the case of rental, or he may dispense with the privileges 

altogether, by sale, by gift or by forfeiture. In these latter cases, though the 

house remains, the right of property in the house is transferred to some other 

person. 

The same line of reasoning applies to any other property. Thus, it be-

comes evident, as Lawrence T. Frank, of the Rockefeller Institute, has aptly 

remarked, that property consists not in a physical object, but is a mode of  

behav ior with respect to a physical object. 

The significance of this will be, perhaps, even more clearly understood if 

one should consider the di fference between the ownership of an automobile 

in the middle of a 10-acre field and the ownership of the same automobi le 

in the middle of Fi fth Avenue at 2 oôclock on a busy afternoon. It would be 

the same automobile in either case with the same owner, but what society 

would allow the owner to do with his automobile in the middle of a ten -acre 
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f ield is vastly different from what i t would allow the same owner to do with 

the same automobile on Fifth Avenue. 

A very simi lar  type of thing occurs in the ownership of land. Suppose 

one owned a tract  of land in  the middle of an uninhabited wi lderness. In 

such a case, the rights of property with regard to this land would be ab -

solute, since, by hypothesis, there would be no society in such an instance to 

limit or curtail oneôs freedom of action; it follows that such freedom of action 

would be limited only by oneôs physical ability. He could cut or burn off the 

t imber, cult ivate or not as he saw fi t, and build wherever i t should please 

him. Suppose that some generations later a  thriving ci ty should spring up 

on this same tract of land. Then, if the original tract were large, it would 

doubtless be subdivided among many owners and into small tracts. Under 

these circumstances it becomes immediately obvious that the right of prop -

erty in the same land would be totally di fferent from the right of property 

when the area was a wilderness. Even though it were his own land, society 

would permit the owner only a very limited range of operations in this latter 

case; it would dictate to him that he could only build residence, industrial or 

business structures on his land, according to the city zone in which the land 

happened to be located. What is more, society would tell him within what 

specifications the wiring, the fire prevention equipment, the water supply and 

sanitation equipment must be buil t.  

Property then, or more strictly, the rights of property, are qui te relative, 

and are by no means the fi xed and rigid privi leges that in a more agrar ian 

society they have been, or that is sti l l unthinkingly implied when one 

occasionally becomes concerned over the possible discontinuance of private 

property. 

In spite of this relative nature it sti l l remains that almost every item of 

physical equipment that can be monopolized is at the present time considered 

to be the private property of individuals or groups of individuals. The land 

is owned, mineral resources are owned, in short, everything that is necessary 

for human existence and that can be so monopolized, has been taken over 

and monopolized by individuals or groups. The only reason that one does 

not pay a public util ity charge on the air one breathes is that, as yet, there 

has not been found a way of enforcing such a monopoly.  
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16.2 Trade 

As a corollary to the concept of ownership, and to the fact that every mo -

nopolizable thing is owned by some person or other, come concept s of t rade 

and of value. 

The simplest form of trade is that wherein one exchanges, say, ten sheep 

for one cow, a pound of butter for one dozen eggs, or in general, one kind 

of commodity or goods for another kind of commodity or goods. Such an 

exchange is called barter , and represents one of the most primitive forms of 

trade. 

While,  casual ly,  bar ter  would be thought of  purely and simply as an 

exchange of goods, a li ttle consideration will  show that what actually is 

exchanged is the property rights in these goods. If Jones trades Smith ten 

sheep for one cow, the property rights that society allows Jones with respect 

to the sheep are transferred to Smith, and vice versa with respect to the cow. 

Since there are numerous kinds of transfer of physical  goods which are not 

t rade , it is important that one keep this distinction in mind. For example, if 

one goes into a restaurant and orders himself a meal which he pays for with 

money, he is engaging in trade. If he has ample money he may seek a very 

expensive restaurant and dine in style. If he has very li ttle money he may 

seek a lunch wagon and content himself with a ham sandwich and a cup of 

coffee. A simi lar circumstance holds with regard to clothing. His choice of 

an expensive or a cheap suit of clothing may likewise be determined by his 

supply of ready cash. Both of these instances are examples of trade.  

In an army, however, one is clothed and one is fed. In this case clothing 

passes from the quartermaster corps to the individual. Whi le there is a 

transfer of custody of the clothing from the hands of the quartermaster corps 

to the hands of the soldier who is to use it, this clothing in both cases, before 

and after, is the property of the United States Army, and no trade is involved. 

What the soldier  actually does is to sign an equipment sheet showing that 

he has received such and such equipmentðthis for the purpose of record. 

Here we have a transfer of goods from the custody of one person to the use 

of another without a trade having taken place in an y sense of the word. A 

similar relation is true as regards a soldierôs rations and housing. 

Trade, then, consists in those exchanges, and those only, in which there is 

an exchange of property rights. In the case of the army when the quartermas-

ter corps obtains its supplies from the manufacturer, this is accomplished by 

means of trade; when the quartermaster corps distributes these same goods  
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to the soldiers for use or consumption, this latter distribution can in no sense 

of the word be construed as trade. 

16 .3  The  Concept  o f  Va lue  

Intimately associated with the concept of trade is that of value. To consider 

the simple cases of trade represented by barter, as mentioned previously, it 

is evident that the number of sheep that would be traded for one cow would 

depend, among other things, upon the relative abundance in the particular 

locality wherein the trade was effected of cows and sheep. If sheep were very 

abundant and cows relatively rare, this ratio might be as high as 50 sheep for 

one cow; if the inverse relation were true this exchange might be effected for 

as few as one sheep for one cow. A similar relation holds between butter and 

eggs, between cotton and wheat, or between any other pair of exchangeable 

commodities. 

It is this variable relationship between the amounts of one commodity that 

is exchangeable for another that is the basis of the concept of value. Value 

is fundamentally subjective, but is always expressed in the market place by 

the relative amount of one commodity that is exchangeable for another. The 

amount of one commodity that is exchangeable for another in different times, 

and in different places, varies widely. In ge neral, the value of a product, that 

is to say, the amount of other products which is exchangeable for it, increases 

as that product becomes scarcer. 

Thus, the value of diamonds at the present time is high only because 

diamonds occur but rarely, and are monopolized by the diamond syndicate, 

which al lows them on the market at a very l imited rate. Should a process 

be developed whereby diamonds could be manufactured for a cent or less 

per carat, their value would rapidly decline. In other words, i t is only when  

a product is scarce that large amounts of other products need be offered in 

exchange for it. 

The value of a thing has no relation to its social importance, for example, 

both air and water are completely indispensable for the maintenance of l ife. 

Air is so abundant that one need not exchange any commodity for i ts use. 

It is accordingly without value. Since the relative abundance of water varies 

from place to place, its value varies also. In a region of heavy rainfall and 

abundant water supply, both for the purpose of drinking and of i rrigation, 

water has no value; it cannot be bought or sold. In arid regions, however,  
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water both for drinking purposes and for irrigation, due to i ts scarci ty, is 

bought and sold or traded in, and accordingly has value.  

16.4 The Concept  of  Debt  

Suppose that in an agrarian system of barter a horse is exchangeable for 

eight pairs of shoes. Suppose that the shoemaker wishes to buy a horse, and 

that a farmer who has a horse to sell needs a pair of shoes; then if the farmer 

should trade the shoemaker his horse and accept only one pair of shoes, the 

shoemaker would still owe the farmer seven pairs of shoes. These seven pairs 

of shoes which the shoemaker owes to the farme r are said to be the debt  

of the shoemaker to the farmer; the farmer is called the creditor , and the 

shoemaker the debtor . 

In such a situation as this, there are two alternatives. The debt may be 

discharged gradually by (a) the farmer taking the seven remaining pairs of 

shoes one at a time in succession over an extended period of time, or (b) 

the shoemaker may give to the farmer at the time of the trade a wri tten 

statement to the effect that he owes, and will pay, seven pairs of shoes. Such 

a statement constitutes a certificate of debt . The farmer may then take this 

certi ficate of debt to a merchant and trade i t in exchange for other goods 

which he now needs. In this latter case, the shoemakerôs debt of seven pairs 

of shoes will be transferred from the farmer to the merchant.  

Suppose that instead of the shoemaker having given the farmer a debt cer -

tificate, stated in terms of shoes, it had been in the form of tokens, which, by 

common agreement of the community were acceptable, not only in p ayment 

for shoes, but also in exchange for all other goods of the community; then 

this latter  token would consti tute money. Money then const i tutes a form 

of generalized debt certificate which is exchangeable not merely for a specific 

product, but for any purchasable product, which the community affords. It is 

expressed in denominations of value. 

Assuming monetary tokens to be already in existence in a given commu -

nity, one acquires them in exchange for goods or for services rendered. They 

therefore represent a deferred payment. The holder thereof may exchange 

them with other members of the community at some future time and receive 

goods or services in return. Money is, therefore, stated in denominations of 

value, and is exchangeable for goods or services of an equivalent value. Thus 

if two different commodities are exchangeable on a barter basis for each other,  

the two are said to be of equivalent value, and each is exchangeable for the 
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same amount of money. 

It cannot be too strongly emphasized that money, as such, is not a com-

modity, but is instead mere tokens which by common social agreement rep -

resent debt owed by the community at large to their holders.  

The substances used for money have varied widely from time to time, and 

from place to place. The North American Indians used wampum; some of the 

ancients used coins of copper, bronze, tin and iron. Some of the South Sea 

Islanders have used dogôs teeth. Modern countries employ as their monetary 

standard chiefly the metals silver and gold. 

It is true that in the early stages of the evolution of money a particular 

commodity was frequently chosen as a medium of exchange for other com-

modities. In these early stages this commodity fulfilled a dual purpose of a 

usable commodity and a certificate of debt payable in terms of other com-

modities on demand. In more modern times, this duality has been eliminated 

by the process of coinage. In the United States of America, copper is both 

a coin commodity and the material for a certain coin. In the for m of a coin, 

copper represents merely a certificate of debt, and is usable accordingly. The 

value of a copper coin as a certificate of debt is very much greater than the 

value of the equivalent copper as a commodity.  

It is customary among modern nations to adopt a particular metal , usu -

ally gold, as the base of the monetary system, in which case the value of 

gold as coin is taken to be equal to the value of an equivalent amount of gold 

as a commodity. That this relationship is purely arbi trary may be seen by 

the fact  that  nations have of late gone on or  off  the gold standard at  wi l l , 

and may by edict define the unit of value to be equivalent to any arbitrary 

amount of gold. 

In a monetary economy, the amount of money exchangeable for a given 

unit commodity is said to be its price. The person who exchanges the com-

modity for money is said to sell the commodity; the person paying the money 

is said to buy the commodity. 

1 6 . 5  D e f i n i t i on  o f  a  P r i c e  S ys t em  

The foregoing discussion forms the basis for a definition of what is meant by  

a Price System.  The fundamentals of any Price System are the mechanics  

of exchange and distribution effected by the creation of debt claims or the  
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exchange of property rights on the basis of commodity valuation irrespective 

of whether property in that system is individua lly or collectively owned. 

Hence any social system whatsoever that effects its distribution of goods and 

services by means of a system of trade or commerce based on commodity 

valuation and employing any form of debt tokens, or money, constitutes a 

P r ice System. It may be added in passing that unless it be in some very 

remote and primitive community, none other than Price Systems exist at the 

present time. 
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Lesson 17 

RULES OF THE GAME OF 

THE PRICE SYSTEM 

The foregoing discussion of the concepts of ownership, of trade, of value and  

of money, has enabled us to define what is meant by the term Pr ice System. 

I t has already been shown that  money had i ts origin as an expression 

of debt or of deferred payment, and since by common social agreement it is 

universally acceptable, a given amount of money represents a general debt of 

society to the holder, with neither  the particular debtor nor the commodity 

which is owed being specified. That is to say, that money constitutes a debt 

claim of a certain value against any individual, and for any commodity having 

an equivalent value. 

17.1 Negot iab i l i t y o f  Debt  

Other forms of certificates of debt of a less general nature are likewise in 

common usage. If one person sells another his property rights in some object, 

say an automobile, he may not receive goods in exchange, or even money. He 

may, instead, receive an I.O.U., stating that there is owing to him a given 

sum of money which will be paid at the expiration of a given period of time. 

Such an I.O.U. constitutes another form of debt certificate. In this case, the 

certificate is more specific than in the case of money, in that it states that a 

particular person is the debtor. The holder of the debt certificate, however, 

may trade it to a third party in exchange ei ther for goods or for money, in 

which case the debt is now owed to the third party.  
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Thus, certificates of debt, whether in the form of money, of promissory 

notes, or personal I.O.U.ôs, are negotiable, and can be bought and sold or 

traded in, in exactly the same manner as property rights in physical equip -

ment. 

Other forms of debt certificates are bonds, mortgages, bank deposits, 

insurance policies, and bank notes. 

17 .2  Ce r t i f i ca tes  o f  Ownersh ip  

Besides certificates of debt, another of the more common types of certification 

employed in the more advanced stages of Price Systems, are certificates of 

ownership. In a more primitive society, ownership of physical  property is 

maintained largely by unwritten social agreement or by the physical prowess 

of the owner. In the more advanced stages, however, ownership in larger 

i tems of property is at tested by some form of legal document stating that 

a par ticular  person or  corporation has the r ights of  property wi th regard 

to some particular thing. This may be an area of  land, an automobi le, a 

building, a book, an invention, a franchise, etc.  

Certificates of ownership are of different kinds, depending upon the type 

of thing owned. Ownership in real  estate is certi f ied by ti t le deed, in an 

automobi le by bi l l  of  sale, in a consignment of goods by bi l l  of  lading, in 

the right to publish a book by copyright, and in the right t o manufacture an 

invention by patent. 

With the increase in size, complexity and rate of operation of the physical 

equipment of the Western World in consequence of the transition from a low-

energy to a high-energy state of industrial development, there has occurred 

a corresponding change in the form in which ownership has been exercised. 

It has already been remarked that  in an agrarian society ownership was 

largely individualistic; that is to say, that a particular individual possessed 

complete property r igh ts in a part icular  thing.  In the eighteenth century 

and earl ier, wi th the growth of commerce and of industry, groups of men 

found it convenient to form partnerships, as for example, the partnership of 

Bolten and Watt. At the same time, trading companies we re organized for  

the purpose of conducting large scale commerce.  

These partnerships and trading companies, especially in the United States, 

have, chiefly in the period since the Civil War, been largely metamorphosed 

over  into a form known as a corporation .  A corporation is defined legal ly  
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as a fictitious individual; that is, it can conduct business and own property 

exactly as an individual while at the same time being owned by individuals 

without these owners being in any manner liable for the corporation. An 

exception to this statement occurs in the case of certain double liability cor-

porations such as national banks. In these the owner is l iable for the debts 

of the corporation to an amount equal to his nominal monetary ownership 

in the corporation. 

Ownership, in the case of corporations, is expressed in two stages. In the 

first place, the corporation owns title deeds, patents, copyrights, franchises, 

etc., in exactly the same manner as an individual; in the second place, the 

corporation i tself is owned by individuals who are known as stock holders, 

the certi ficate of ownership in the latter case being the corporation stock. 

The ownership of a corporation stock conveys to the holder the right to 

participate in the corporation profi ts when these are distributed in the form 

of dividends. 

17.3 Wealth  

Another Price System term that needs to be considered here is that of wealth. 

The term, wealth, is taken to signi fy the monetary value of physical  assets 

of all sorts and kinds, including land, mineral resources, live stock, as well as 

man-made equipment. The total  wealth of the United States, according to 

the Statistical Abstract of the U.S., was, in the year 1922, 321 billion dollars. 

By 1929 this reached a peak of 385 billion dollars, and then declined by 1933 

to approximately 300 bil l ion. 

This does not necessarily mean that there was more physical equipment 

in 1929 than in 1922 or 1933, because wealth is not a measure of physical 

equipment. It is, instead, a statement of the contemporary monetary value 

of that physical  equipment, and,  as we have pointed out previously, there 

is no fixed relationship between any physical object and its value. In other 

words, value does not, and cannot, constitute a measure of anything.  

Wealth in the foregoing sense may more properly be considered to be 

national wealth, as contrasted with indiv idual wealth. Individual wealth 

consists in actual certificates of ownership of physical wealth in the sense 

defined above, or else in certificates of debt stating that the individual has a 

claim upon a certain value equivalent. Thus, it is immaterial to the individual 

whether his wealth be in the form of certificates of ownership in, say, land,  
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General Motors stocks, A.T. & T. bonds, or U.S. currency, so long as that 

wealth is readily convertible in equivalent value from one of these forms to 

the other. Hence, from the point of view of the actual mechanism of the Price 

System, there is no important distinction in an individualôs wealth between 

ownership of debt-claims and the ownership of physical equipment.  

Since the debt-claims are, in general, the more readily negotiable, it is 

simple to see how our present money-mindedness has arisen. It has become 

customary, not only for the layman, but for the business man, the financier 

and the professional economist, to think almost exclusively in terms of money 

or debt while taking only vaguely into account the fact that somewhere in 

the background, physical equipment exists and operates; that upon this op-

eration the entire social structure depends; and that but for this, the entire 

debt and financial structure would fall l ike a house of cards.  

17 .4  Crea t i on  o f  Deb t  

Individual wealth, as we have seen, consists largely in debt-claimsðmoney, 

bank deposits, bonds, etc.ðand when not in these forms, is expressed in 

equivalent units of value, which now have come to mean the amount of debt -

claims that could be acquired or exchanged for rights in physical property.  

Since debt-claims constitute a claim for property rights in physical equip -

ment, and have the same validity as actual ownership, it becomes manifestly 

of some importance to inquire into the mode of origin of these claims.  

Debt always signi fies a promise to pay at some future date. Thus any 

incomplete barterðthat is, a case where goods are delivered with the under-

standing that the goods in exchange will be received at some future dateð 

constitutes a creation of debt. Similarly, if a corporation issues bonds, these 

bonds are purchased for money, and since money already constitutes a debt 

claim, and the bonds represent a new creation of debt, it follows that debt, 

unlike physical  substance, can be created out of nothing. In ot her words, 

the process of floating a bond issue does not of itself involve any change in 

the amount of physical equipment, either before or after. A similar l ine of 

reasoning applies to mortgages on real estate, promissory notes and I.O.U.ôs. 
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17.5 Bank ing and Cred i t  

By far the largest single type of debt in the United States is bank debt, and 

banks are, accordingly, the largest creators of debt. Since this is true, and 

since banking forms the central nervous system of our entire debt structure, 

which, in turn, controls the operation of the physical  equipment, i t becomes 

a matter of some importance that the mechanism of banking be examined 

critically. There are many misapprehensions of the mechanism of banking, 

ranging from the popular misconception of a bank as merely a repository for 

the safe keeping of money, to the conception of a bank as an institution that 

takes in money from depositors, lends i t to other people, and acquires i ts 

profi ts by receiving a higher rate of interest on the money i t lends than i t 

pays on that which i t borrows. Al l  of this, as H. D. McLeod, in Theory of  

Banking and Credit makes abundantly clear, is totally erroneous.  

The essential mechanism of banking is as follows: a banker is a human 

being or corporation with a ledger and a vault for the safe -keeping of money 

and other debt certi ficates. A depositor brings money to the banker. The 

banker accepts the money, and records in his ledger a bank credit or deposit in 

favor of the customer equal in amount to the money brought by the customer. 

This credit or deposit entered in the bankerôs books is a statement of the debt 

of the banker to the customer. It is a statement, in effect, that the banker is 

obl igated to pay the customer on demand or at the end of a certain period 

of time, depending upon whether the deposit is a demand or a time deposit, 

an  amount  o f  money up  to  the  fu l l  amount  o f  the  depos i t .  Contra ry  to 

the commonly accepted notion, a bank deposit does not signify money, but 

signifies, instead, a debt due by the banker to the customer.  

Now suppose that another customer calls on the banker and brings, in -

stead of money, a promissory note from a reliable fi rm, payable 6 months 

from date. Suppose the amount of the promissory note was $1,000, and the 

prevailing rate of interest on paper of this sort was 5 percent per annum. In 

this case the banker would buy the promissory note from the customer after 

deducting or discounting the interest due 6 months hence at 5 percent per 

annum, amounting in this case to $25. He would not, however, pay money 

for this debt.  He would,  instead, enter  upon his books a credi t  or  d eposit 

for the amount of $975, in favor of the customer, with no money whatsoever 

being involved. 

This bank deposit of the second customer would be in no respect different 

f rom that of the fi rst customer who brought money to the bank. Each de - 



 LESSON 17. RULES OF THE GAME
 135 

 

posit merely represents the legal right of the respective customers to demand 

money from the bank up to the amounts of their respective deposits.  

The money in the bank does not belong to the depositors, but is the 

property of the bank, to do with as the banker sees fit, within his legal 

limitations. Thus, in bank records, the cash on hand represents always a 

part of the bankerôs assets because it is his property. The deposits, on the 

other hand, are among the bankerôs liabilities, representing his debt to others. 

The banker knows from experience that under ordinary circumstances 

only a few of the depositors demand cash payment over a short time period, 

and that this is approximately balanced by other customers who deposit 

cash. By far the greater part of the payments made by the customers of 

the bank are made by check. If this check is written to another customer of 

the same bank it ordinarily is returned for deposit to the latter customerôs 

account. This still involves no money but only the bookkeeping procedure 

of transferring a credit from the account of the first customer to that of the 

latter. 

In case the receiver of the check is a customer of a second bank the 

procedure is only slightly more complicated, in that it involves a transfer of 

credit through the medium of a clearing house from the first bank to the 

second. 

Thus, bankers have found that if customers have delivered to the bank 

$100,000 in cash the bank can then enter upon its books not only the deposits 

of these customers to the amount of $100,000, but it can also enter upon its 

books other credits, or deposits, to the amount of approximately $1,000,000, 

or ten times the amount of cash on hand to the credit of other customers in 

exchange for the debt certificates the bank has purchased from these latter.  

Thus, we see that the real business of banking is that of the buying and 

selling of debts. The banker buys a debt from his customer, and out of thin 

air, so to speak, creates for this customer a bank deposit which is another 

debt, or as McLeod has stated it in Theory of Banking and Credit:  

At the present time credit is the most gigantic species of property 

in this country,1 and the trade in debts is beyond all comparison 

the most colossal branch of commerce. The subject of credit is 

one of the most extensive and intricate branches of mercantile law. 

The merchants who trade in debtsnamely,  the bankersare  

' While this appl ies to England a similar  si tuation holds in United States 
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now the rulers and regulators of commerce; they almost control 

the fortunes of states. As there are shops for deal ing in bread, 

in furniture, in clothes and other species of property, so there are 

shopsðsome of the most palatial  structures of modern timesð 

for the express purpose of dealing in debts; and these shops are 

called banks. 

And, as there are corn markets and fish markets, and many other 

sorts of markets, so there is a market for buying and selling for -

eign debts, which is called the Royal Exchange. Thus, banks are 

nothing but debt shops, and the Royal Exchange is the great debt 

market of Europe. 

Consequently, when the deposits of a given bank are many times greater 

than the cash on hand, that bank is doing a thriving business,  but when 

the deposits are equal to the cash on hand, the bank is doing no business at 

all, and has become merely a repository for money with a state of complete 

l iquidi tyða state that many of  our  larger banks at  the present t ime are 

approaching. 

17.6 The Compound Interest  Property of  Debt  

Not only is debt, as we have seen, created out of thin air, but it has another 

property, according to the present rules of the game of the Price System, 

which is described by the term interest . According to this latter property, 

debt is expected to generate more debt, or to increase at a certain increment 

of itself per annum. This annual amount of increment expressed as a percent 

of the original amount, or principal, is called the interest rate . A conserva-

tive interest rate on investments has been considered of late to be around 5 

percent per annum. 

17.7 Growth of  Debt  

It is to be expected as a consequence of this property of spontaneous gener -

ation of debt out of nothing, that the total debt structure of a Price System 

would tend to increase indefini tely. This we find to be, indeed, the case. In 

a study, The Internal Debts of the United States (1933), edi ted by Evans  
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Clark, it is shown that in 1933 the long-term, or funded debts of the United 

States, amounted to 134 billion dollars. The short-term debts at the same 

time were 104 billions, giving a total internal debt of 238 billion dollars. This 

total of 134 billion dollars of long-term debts, as Clark points out, represents 

an increase of 96 billion dollars from the pre-war figure, which was only 38 

billion dollars: óOf this increase, 37 billion dollars came before the post-war 

depression (1921-22), 51 billion more came between 1921-22 and 1929, and 8 

billion dollars developed during the current depression. In other words, long-

term debts about doubled between 1913-14 and 1921-22; increased about 68 

percent more between 1921-22 and 1929; and expanded a further 6 percent 

in the past four years, so that for every $1.00 of debts we carried before the 

war, we carry $3.53 today.ô 

It becomes especially significant now to consider what was pointed out in 

a previous lesson: that the physical expansion of industry was, in a period 

from the Civil War to the World War, a straight compound interest rate of 

growth at about 7 percent per annum. During that period, the debt structure 

was also extending at a similar rate of increment. Since the World War, as 

we have already seen, the rate of physical expansion has been declining, and 

physical production has been progressively leveling off. Thus, for the period 

prior to the World War there was a close correspondence between the rate 

of growth of the debt structure, and of the physical industrial structure. 

Since the World War, while the physical structure has been leveling off in 

its growth, the debt structure, not being subject to the laws of physics and 

chemistry, has continued to expand until now the total long and short -term 

debts are only slightly less than the entire wealth, or monetary value of all 

the physical equipment. As time progresses this discrepancy between the rate 

of growth of the physical equipment and that of debt must become greater, 

instead of less. The implications of this will be interesting to consider.  
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Lesson 18 

THE FLOW OF MONEY 

We have already shown that money, bank deposits, bonds, and various other 

forms of negotiable paper are all generically the same, namely, debt. While 

in 1933 the total long and short-term debts of the United States were esti -

mated to have been 238 bil l ion dollars, only about 9 bil l ion dollars of this 

was represented by actual money in the form of gold, coins of various met-

als, U.S. currency, and various kinds of bank notes. Consequently in what 

follows we shall use the term ómoneyô merely to signify a circulating medium 

indiscriminately as to whether this medium be coin, currency, bank checks, 

or any other form of negotiable paper.  

For our purposes the significant thing about money in this broader sense 

is that while it has the property of being created out of nothing or contracted 

into nothing in a manner quite unlike the physical operation of our industrial 

apparatus, it constitutes the mechanism of control  over the latter. The first 

aspect of money, or debt, we have already discussed; it remains now to 

consider the manner in which it operates as an industrial control device.  

18.1 The F low of  Goods  

This latter aspect can be seen very simply when one considers the manner in 

which goods are made to move from the productive processes into consump-

tion. All consumable goods have their original source in the earth. From the 

earth matter is moved by mining, by agricul ture, or by some other process 

into some form of manufacture. From the factory the finished product moves 

to the wholesaler, thence to the retailer, and finally to the consumer.  
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After consumption the matter of which the óconsumedô goods are com-

posed is returned in part to the earth in the form of garbage, ash, and ot her 

waste products; and, in some cases it is salvaged and returned to the factory 

as scrap metal, rags, and waste paper, to be used over again.  

18.1.1 The Mechanism 

Consider how these finished products move from the retailer to the consumer. 

This is where money enters the picture. The consumer hands the retailer, 

say, a five-dollar bil l, and receives from the retailer a pair of shoes. This 

illustrates the process. In every form of consumable goods and services the 

consumer hands money to the retailer, and goods and services, dollar for 

dollar, move to or are placed at the service of the consumer.  

If the consumers spend in this manner 1 bil l ion dollars per day, then 1 

bil l ion dollars worth of goods and services are moved to the consumers, and 

if this rate be maintained the factories must produce goods at this rate, and 

industry booms. If, on the other hand, the consumers only spend 100 million 

dollars per week, or one-tenth of the previous amount, assuming prices to be 

the same in both cases, industrial  production will be only one-tenth of what 

it was before, or by comparison, almost a complete shut -down. 

This simple mechanism under a Price System method of industrial con -

trol, determines completely what industry shall do. If the money flows freel y 

from the hands of the consumer to the hands of the retailer, goods flow freely 

in the opposite direction, and industry operates; if the money merely trickles 

f rom the hands of the consumer to the hands of the retai ler,  goods move 

in the opposite direction at a correspondingly small rate and industry shuts 

down. It remains to be seen what, determines this rate of monetary flow.  

18.1.2 The Process 

First, let us consider what happens to the money after the retai ler gets i t. 

The retailer must pay his help and a part of the money is used for this. He 

must also pay his rent, and a part goes for this. He has, besides, his l ight 

bill, telephone bill, and various other miscellaneous charges. He may have 

borrowed money from the bank or sold some bonds to obtain the capital with 

which to conduct his business, in which case a part of what he receives would 

have to be used to pay the interest. Finally, he must buy goods from the 

wholesaler to replace those he sold, and a greater part of the money which he  
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receives goes for this. If, after these bills are paid, any money is left over this 

consti tutes profit, and goes to augment his personal income, if the retailer 

be an individual; or, if the retailer be a corporation, these profits may be 

disbursed as dividends to the stockholders.  

Exactly the same relationship that we have described between the con-

sumer and the retailer exists between the retailer and the wholesaler, and 

between the wholesaler and the manufacturer. In each of these cases goods 

move from the wholesaler to the retailer when, and only when, money in the 

broader sense that we have defined, moves from the retailer to the whole -

saler, and from the wholesaler to the manufacturer. Like the retailer, the 

wholesaler must pay his help, his landlord, his interest, light, telephone, and 

miscellaneous bills. Any surplus above these can be disbursed as profits. The 

manufacturer does an exactly similar thing, for he must pay all  these bil ls, 

as well as purchase his raw materials. The raw materials, as we have pointed 

out, are derived originally from the earth, so that the last payment made  in 

this series is that which goes to the farmer for his produce, or, as royalties, 

to the owners of mineral resources. 

Now, let us review this whole process. Goods move in one direction, from 

the earth to the consumer, and back to the earth again; money moves from 

the consumer to the retailer, the wholesaler, the manufacturer, and finally 

the landowner. But this monetary stream is being tapped at each section 

of its length, and being fed back as wages, rent, interest, profits, etc., and 

becomes the income of various individuals, who are themselves consumers.  

By the time this monetary stream reaches the ultimate landowner, who is 

the last person in the physical flow line, every cent that was originall y paid to 

the retailer has been in this manner accounted for. Thus, if a million dollars 

passes from the consumer to the retailer, a mi ll ion dollars worth of goods 

will be produced and consumed, and this same million dollars in the form of 

wages and salaries, rent, interest, profits, royalties, etc., will be paid out to 

individuals who are consumers, and will accordingly augment their incomes 

by the amount of one mi l l ion dollars. Thus the sale of one mi ll ion dollars 

worth of goods in this manner ultimately provides consumers with one million 

dollars, with which to buy another million dollars worth of goods. That is, 

provided that none of the mill ion dollars originally spent is retained in any 

manner. 
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18.2 Saving  

Let us suppose, however, that somewhere along the route a part of this money 

passes into the hands of corporations, and that these corporations are making 

a profit, only part of which they pay out as dividends, the remainder being 

held as corporation surplus. If, in this manner, out of each mil l ion dol lars 

paid in by the consumer, 100,000 dol lars was held out by the corporation 

as surplus, then only 900,000 dollars would be returned to the consumer. 

Consequently, the second time around the consumer would only be able to 

buy nine tenths as much goods as he bought the first time. Industrial oper -

ations would, accordingly, only be nine-tenths as great. This process would 

continue with industry shutting down one-tenth of i ts previous production 

for each time the money made its complete circuit until ultimately complete 

industrial paralysis would result. This, of course, assumes that the money 

which was saved by corporations was locked up in a vault or hoarded.  

The same result would occur if individuals, thinking that they might need 

some money for illness or old age, instead of spending all they received, should 

decide to lock a part of it up and keep i t. To the ex tent that this was done 

goods would not be bought, and industry would not operate. Thus we come 

to the conclusion that if prices remain the same, and if either corporations or 

individuals save by withholding from circulation a part of the money which 

they receive, the ultimate result will be industrial paralysis.  

We must consider, however, the fact that there are various ways other 

than hoarding by which corporations and individuals can save. If a corpora -

tion wishes to manufacture and sell more goods than the current purchasing 

power is able to buy, they may do so by extending credit to their purchasers, 

or selling on the installment plan. In this manner they may pay out all the 

money in the form of cash which they receive and stil l show a book profit in 

the form of accounts receivable. 

18.2.1 Investment  

Another way a corporation can save without hoarding is to take the profits 

which are not disbursed as dividends and build a new plant. In this manner 

all the money otherwise withheld is fed back through the various channels of 

wages, salaries, etc., and the corporation is the possessor of a new plant.  

In an exactly similar manner individuals may invest their savings in cor -

porate stock, and thus help build new plants, or they may put them in savings  
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banks or take out l ife insurance, in which case these latter agencies invest 

the funds in new productive equipment. Thus we see that if savings, whether 

corporate or individual, are reinvested in physical equipment they ultimately 

return to become the purchasing power of individuals, but in the process the 

countryôs capacity to produce has been increased. 

That this is an endless process can be seen when i t is considered that 

in the fol lowing year the new equipment wi l l  begin to produce, and then 

the purchasing power which heretofore has been sufficient to buy only the 

products of the existing plant will be inadequate to purchase the combined 

output of the old plus the new plant if prices remain the same. This difficulty 

can only be met (provided prices are not lowered) if the savings continue to 

be reinvested in the new equipmentðso that  at al l  t imes the money which 

is being paid out to consumers through the construction of new plants is 

sufficient to make up the deficit in consumer purchasing power caused by 

money being held out by individual and corporate savings.  

18 .2.2 Resu l t s  o f  t he  Process  

This, it will readily be seen, is a compound interest type of thing. Under the 

hazards that exist in a Price System it is imperative that both individuals and 

corporations save. If they save by hoarding they shut the existing p lant down; 

if they save by building new plants they have a process which can only work 

provided the plant be continuously expanded and at an accelerating rate. 

That the latter policy is impossible to continue indefinitely simple physical 

considerations wil l show. As we have pointed out previously, no physical 

process can continue to grow at a compound interest rate for more than a 

limited period of time. The limitations of our natural resources on one hand 

and of our physical ability to consume on the other both require that this be 

so. 
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Lesson 19 

WHY THE PURCHASING 

POWER IS NOT 

MAINTAINED 

We have seen how, under a Price System, the rate of flow of money from the 

consumer to the retailer of goods and services acts as an industrial control 

mechanism. We have found that i f individuals and corporations be al lowed 

to save, the requisite purchasing power to buy the existing products of in -

dustry can only be maintained provided money is being paid back to the 

consumer through the construction of new plant or other capital goods, at a 

rate equal to that at which money is being lifted from the purchasing power 

for consumersô goods through individual and corporate savings. 

1 9 . 1  T h e  I n e v i t a b l e  I n f l e c t i o n  P o i n t  

At fi rst thought, from this simple consideration, i t would appear that our 

physical production should expand indefinitely  until blocked either by a phys-

ical  l imitation of the abili ty to produce or by a saturation of our abili ty to 

consume. The fact remains, however, that the inflection point of our indus -

trial growth curve occurred some time around 1915, and since that time , as 

we have pointed out elsewhere, industrial production has been leveling off. 

That this leveling off was not due to an inability to increase production is to 

be seen when one considers the fact that in 1929, the year of an all time peak 

of physical  production, l i tt le  i f any of  our  productive equipment operated  
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with a load factor of more than 33 1/3 percent. 

What we mean by load factor is the ratio of the actual production divided 

by productive capacity at continuous 24 -hour-per-day full load operation.  

Among the most continuously operated parts of our industrial equipment 

are the electric power system and the telephone system. The load factor on 

the power system in any but special branches rarely equals 40 percent of its 

productive capacity. The load factor on telephones is much lower than this. 

Most of  our other industrial  equipment in 1929 operated only one or two 

shifts per day for a limited number of days per year.  

It has become customary in discussing present rates of industrial oper -

ation to compare them with the 1929 rate, and refer to the latter as being 

our óindustrial capacityô. Consideration of load factors shows quite conclu-

sively that such was far from the case, the Brookings Institution and other 

professional apologists for our status quo notwithstanding.  

1 9 . 2  A t t e m p t s  t o  M a i n t a i n  P r o d u c t i o n  

The increasing deficiency of purchasing power for the purpose of buying our 

potential production is brought out by other corroborative facts. During the 

World War for the first time we found ourselves playing a significant role in 

world trade. This was affected through the mechanism of loans to foreign 

countries enabling them to buy our surplus products without our having to 

accept a corresponding amount of theirs in return. Due to the fact that our 

domestic purchasing power after the war was not sufficient to buy goods at 

the rate we were able to produce them, we tr ied to continue this method 

of get ting rid of  surplus goods by making sti l l  fur ther foreign loans, and 

by preventing our own people from buying from abroad by building a tariff 

barrier so high as to make importation of foreign goods practically impossible.  

The fact that these loans could never be repaid; the fact that a ófavorable 

trade balanceô and that this amounts to a net physical loss to the country 

is, of course, well known. Yet such practices are not only in accord with the 

canons of ógood businessô; they are dictated by the necessities of business 

expediency. 

The significant aspect of this is that Americaôs capacity to produce was 

during all this period in excess of the American publicôs capacity to buy, 

so that a surplus margin of production was maintained by promoting what 

amounted to installment selling abroad.  



 

 

LESSON 19. PURCHASING POWER 145 

According to Mr. George W. Peek, in his report of May 23, 1934, to the 

President, the net increase of this debt owed to us by foreign countries for the 

period July, 1914, to July, 1922, was $19,305,000,000. For the corresponding 

period from 1923 to 1929, this debt was further increased by an amount of 

$2,572,000,000. 

Since the American productive capacity was still in excess of the ability 

of the American public to buy, plus the installment selling abroad, a further 

increase of production was achieved through the mechanism of installment 

selling at home. In this process the debt built up by installment buying 

during the period from 1924 to 1929 amounted to $9,000,000,000, or approx-

imately $2,000,000,000 per annum net increase. 

The significance of this is that effective purchasing power, that is to say, 

purchasing power that was actually being used to purchase goods and ser-

vices, and hence to keep industry operating, was falling further and further 

behind the ability to produce. Therefore the rate of operation actually was 

maintained through the device of selling abroad some 22 billion dollars worth 

of goods more than could be paid for, while at home in the latter part of this 

period at least 9 billion dollars worth of goods in excess of current purchasing 

power were sold. Had this not been done our industrial production would, 

of course, have leveled off faster than it did. 

19 .3  The  F inanc ia l  S t ruc tu re  

The question that all this leads us to is why was not the effective purchasing 

power sufficient? Why did it not keep pace with productive capacity? If 

savings are used to build new plants, do they not then become wages and 

salaries of the workmen, and hence feed right back into the effective purchasing 

power? This would have been true a century ago in the days of hard 

money; today, however, money no longer conforms to this simple picture. 

The total amount of hard money in existence in the United States in 1931 

was only about 5 billion dollars. The amount of money represented by gold 

bullion, metallic coins, bank notes and United States currency totaled only 

a litt le over 9 billion dollars. When it is considered that in 1933 the total 

of all long and short-term debts, including money, amounted to 238 billion 

dollars, it becomes immediately evident how relatively insignificant the small 

amount of actual cash in existence is in such a picture.  
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19.4  The  Process  o f  Inves tment  

The simple fact is that, when individuals and corporations save through the 

process of reinvesting, these savings are not, as naively supposed above, spent 

except in a small part in further plant construction. The greater part of all 

investments in this country since the year 1900, have gone into pure paper, 

without there having been a plant expansion commensurate with the amount 

of money invested. 

The history of almost any great American corporation will bear this out. 

Most American industrial establishments which have since grown into posi -

tions of national consequence began in a  small way under individual or part-

nership ownership; or else, like some of the earlier railroads as joint stock 

companies, the shares of which were sold directly to the public without their 

having been even listed on the Stock Exchange. Profits were plowed back 

into the business, and the plant expanded under its own savings. Debts were 

contracted, if at all, usually by short -term loans from the banks. Except in 

the case of the joint stock companies, ownership was maintained by a single 

family or by a small number of partners. In these formative stages securities 

speculation was a practice li ttle indulged in, and the money obtained from 

the sale of securities was practically all used to expand the plant.  

It has been the usual history in such cases that after the industry in ques-

tion was well established, bankers and promoters became interested. Through 

their services reorganizations or mergers have been effected. Bonds and pre -

ferred stocks have been issued to the former owners and to banking groups 

interested in the reorganization, usually in amounts greatly in excess of the 

original capital investment. Over and above this, common stock has been is -

sued, usually in an amount similar to that of the bonds and preferred stocks. 

These common stocks, however, have not been in general marketed by the 

corporation for the purpose of raising additional capital funds. They have, 

instead, been given away in the form of bonuses to bankers, promoters, and 

other interested insiders, or else issued as stock dividends for no monetary 

consideration whatsoever, and hence no addition to the plant. These stocks 

are in turn fed into the Stock Exchange by these interested insiders, until 

they are finally bought up by the investing American public. It is to be em-

phasized that the proceeds of such sales of common stock go to the insiders, 

and not to the corporations or into new plant.  

A similar paper manipulation has been carried on in bonds and mortgages 

through the mechanism of the holding company. In this manne r the paper 
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of an operating company is used as security for issuing other paper of, say, a 

holding company, and this in turn re-hypothecated until several generations 

of stocks and bonds are issued and sold to an unsuspecting investing public, 

all  wi th no backing whatsoever other than that of the original  inadequate 

plant on which the first stocks and bonds were issued. In many cases such 

bonds are still in existence long after the equipment securing them has ceased 

to exist. 

When one considers that such manipulations as these are the accepted 

methods of sound finance it begins to be evident why the money reinvested 

in industry does not become available in a corresponding amount as further 

purchasing power. 

If it happens that new plant is built at a sufficient rate to supply the deficit 

in purchasing power all is well and good, but there is no necessary reason why 

this should be so. The great bulk of savings, both individual and corporate, 

are reinvested. Investment, we now see, consists in buying pieces of paper 

labeled usually as stocks or bonds. If the money spent for these pieces of 

paper were used to build a new plant this money would, in the manner we 

have already indicated, be largely paid out to workmen, and hence become 

effective purchasing power. If, however, the securities purchased represent, 

as is usually the case, merely paper floated by interested insiders upon a 

plant already in existence, this does not increase the productive plant, and 

thereby augment small incomes; it becomes, instead, the medium of debt 

creation held by the bankers and promoters, and i ts interest or div idends 

goes to further increase a small number of individual incomes which, in most 

cases, are already overwhelmingly large. 

19.5  Income 

The net result of this kind of procedure is to produce an ever -increasing 

dispari ty in the distribution of the national  income. This dispari ty is well 

brought out by the Brookings Institution Report on Americaôs Capacity to 

Consume, published in 1934. According to this report, in 1929 there were 

27,474,000 families in the United States receiving an aggregate income of 

$77,116,000,000. Of these, 24,000,000 families, or 87 percent of the total 

number of families received incomes of less than $4,000 per annum, consti -

tuting only 51 percent of the total  income. According to this report:  
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óNearly 6 million families, or more than 21 percent of the total, had incomes 

less than $1,000. 

óOnly a little over 12 million families, or 42 percent, had incomes less than 

$1,500. 

óNearly 20 million families, or 71 percent, had incomes less than $2,500. 

óOnly a little over 2 million families, or 8 percent, had in comes in excess of 

$5,000. 

óAbout 600,000 families, or 2.3 percent, had incomes in excess of $10,000.ô 

And further: 

óThe 11,653,000 families with incomes of less than $1,500 received a total 

of about 10 billion dollars. At the other extreme, the 36,000 families having 

incomes in excess of $75,000 possessed an aggregate income of 9.8 billion 

dollars. Thus, it appears that 0.1 percent of the families at the top received 

practically as much as 42 percent of the families at the bottom of the scale.ô 

These facts clearly show that the great bulk of the families receive incomes 

far below their physical capacity to consume, while a large part of the income 

goes to only a handful of people, and in an amount far in excess of their ability 

to consume. Bearing in mind that consumption is a physical operat ion, and 

that there are definite physical limits to how much food, clothing, etc., a 

single individual can consume, it follows that the great bulk of the consuming 

must, because of their preponderance in numbers, be done by those people 

with small incomes. The small number of people with the large incomes 

can account for only a small fraction of the total physical consumption. It 

is true that they build expensive houses in the suburbs, purchase rare and 

therefore expensive paintings, and indulge in various forms of conspicuous 

consumption. Still the fact remains that the amount of coal, gasoline, food, 

clothing, etc., that is actually consumed by a family with a million dollar per 

year income, is not at all commensurable with the magnitude of the income. 

While it is true that such families may employ a large coterie of servants, 

we must not lose sight of the fact that the money paid to these servants 

is their income, and that the consumption for which they are responsible 

cannot be credited to the millionaire family which employs them. Due to 

the impossibility of spending even in conspicuous consumption the total of 

such large incomes, it follows that it is these which are likely to be the source 

of the greatest savings. This presumption is verified again by the Brookings 
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Institution Report, according to which the aggregate saving of families of 

1929 amounted to $15,139,000,000. Of this, 34 percent was derived from 

the 24,000 incomes above $100,000; 67 percent of these aggregate savings 

was accounted for from the 631,000 families with incomes above $10,000 per 

year. 

In other words, the bulk of the consuming is done by people having less 

income than $10,000 per year; the bulk of the saving by those having incomes 

greater than $10,000 per year. 

What is significant about all this is that industry, as we have remarked 

before, is geared to the rate at which people spend money for consumable 

goods. Now, it becomes evident that almost all of this money that is spent 

for consumable goods is accounted for by those people whose incomes are far 

below their physical capacity to consume. These small incomes are in turn 

derived almost entirely from wages and salaries or from agriculture. The 

wages and salaries paid by industry are determined on a value basis in which 

human beings compete with machines. 

19.6 Prof i ts ,  Technology and Purchas ing Power  

An individual business man is in business for the purpose of making money. 

If his particular business happens to be the operation of, say, a factory, he 

finds that there are two principal ways by which his profits can be increased. 

Other things being considered for the moment constant, he finds that his 

total profits can be increased by increasing his sales and hence the production 

of his product. The other way in which profits can be increased is by the 

lowering of the internal cost of production. It is a simple physical fact that a 

human being at his best can only do work at the rate of about one-tenth of 

a horse power (1-10th h.p. equals 1-13th kw.). Human beings at the lowest 

sweatshop rates cannot be paid much less than 25 cents per hour. Mechanical 

power, on the other hand, is produced at the rate of one kilowatt-hour per 

pound and a half of coal, and can be retailed at an industrial rate of about 1 

cent per kw. hr. Thus it will readily be seen that when man-hours sell at 25 

cents or more each, while kilowatt-hours can be purchased at an industrial 

rate of 1 or a few cents each, and when it is further considered that the 

kilowatt-hour will do 13 to 100 times as much work as a man-hour, and do it 

faster and better without any attendant labor troubles, it becomes evident 



 

 Of the factors which are supposed to counteract the process we have just  
 
 described, one is the growth of new industry. Let us consider such a case.  
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ways of reducing internal costs is to substitute kilowatt -hours for man-hours. 

We now see that almost the complete controlling mechanism of industrial 

production is the rate of expenditure of small wages and salaries. If the sum 

of small wages and salaries in a given year is 50 billion dollars, then industrial 

production for that year is only slightly more than 50 billion dollars, because 

small wages and salaries are almost entirely spent for goods and services, and 

the large incomes accrue to such a small percent of the total population that 

they account for a relatively unimportant fraction of the total consumption.  

Since one of the fundamental  rules of the Price System is that only 

through the acquisi tion of purchasing power can the individual subsist, i t  

follows that as the only means of acquisition open to the majority is employ -

ment, then he who does not work does not eat. Collectively speaking, salaries 

and wages are directly proportional to the total man -hours required to oper ate 

the social system. Employment, as we have seen elsewhere, depends both upon 

the quantity of production and upon the man -hours required per unit 

produced. This process, we know already, is one in which total production is 

leveling and the man -hours per unit produced are continually fal l ing.  

In the earlier stages of such a process, production, while sti ll increasing, 

falls further and further behind the plantôs capacity to produce, because the 

wages and small salaries form a declining fraction of the reta il price of the 

goods produced. This curtailment of production below the capacity of the 

existing plant tends to discourage the building of new plant. If, for instance, 

the capacity of existing shoe factories were 900 mill ion pairs of shoes per 

year when the public was only buying shoes at the rate of 400 mill ion pairs 

per year, this would lead to a curtailment in the rate of building new shoe 

factories. This same sort of thing is true for any other branch of productive 

industry. Since a large part of the wages and small salaries are derived from 

the construction of new plant, this curtailment of the capital industry results 

in a further reduction of wages and salaries, and leads to a corresponding 

decline of purchasing, and hence of the production of consumersô goods. Once 

this decline sets in, it is self -accelerating downward unless counteracted by 

means more or less foreign to the industrial process itself.  

19.7  New Indus t ry  
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Specifically what we want to know is, if present industry is not providing  

enough purchasing power to enable the public to buy its products when  

running at capacity, will a new industry make the situation better or worse? 

Suppose that a plant manufacturing a completely new product is built. 

Suppose the plant cost $1,000,000. Most of this $1,000,000 goes to wages 

and salaries of the people who built it, and thus increases purchasing power 

with which to buy the products of the existing plant. Now let the new plant 

start operation, and let the retail value of its products be $10,000,000 per 

year. Suppose that only $4,000,000 per annum of this is spent for wages and 

small salaries. Then one would have a situation where $10,000,000 worth of 

new products are added to those which the public is expected to buy per 

year, but the consuming publicðthose receiving wages and small salariesð 

will only have been given $4,000,000 with which to buy the products. The 

other $6,000,000, if the product is so ld, will all accrue to a small number 

of people in the large income brackets. If production is to be balanced, this 

small number of people must consume the $6,000,000 worth of products. The 

observed fact is that in general they do not, and cannot. If, therefore, the 

whole production is to be disposed of, the money to buy it must be derived 

in part from the already deficient purchasing power accruing from the older 

branches of industry. 

This sort of relationship was not true in the earlier days of industry, be-

cause at that time employment was increasing as production increased, and 

small incomes comprised the greater part of the cost of production. This 

enabled the public to buy back the goods produced and yielded a purchas-

ing power which expanded as the productive capacity expanded. The same 

technological factors that have enabled us to produce more goods with fewer 

men, have at the same time, rendered it impossible to sell the goods after 

they are produced. In the earlier days, new industry provided the de ficit  

in purchasing power for current production, and at that time we could look 

forward to industrial growth with a corresponding prosperity; today we can 

look forward to neither. 

This trend is well exemplified in the following table taken from the Ab-

stract of the U.S. Census, 1932. 

In this table comparative figures are given on the whole manufacturing 

industry of the whole United States for the years 1914, 1919 and 1929. The 

year 1914 is a normal pre-war year, 1919 is the year of the peak of war-time 
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production, 1929 is the year of all-time peak production. It is interesting to 

note that the number of establishments rose from 177,000 in 1914 to a peak  
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Table 19.1: The manufacturing industry 
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1929 221,000 10,198,000 15,216 38,550 70,435 31,885 42,931,000 

1919 214,000 10,438,000 13,343 37,233 62,042 24,809 29,328,000 

1914 177,000 7,859,000 5,342 14,278 23,988 9,710 22,291,000  

of 214,000 in 1919, and then declined to 211,000 in 1929. The production for 

each one of those years was greater than the year preceding. 

In a similar manner the total number of salaried employees and wage earn-

ers in industry rose from 7,589,000 in 1914 to an all-time peak of 10,438,000 

in 1919, and then declined to 10,198,000 in 1929. The horsepower, however, 

rose continuously from over 22,000,000 in 1914 to more than 29,000,000 in 

1919, and nearly 43,000,000 in 1929. Thus from 1919 to 1929 production was 

increasing, horsepower was increasing, and man-hours were decreasing. 

For these same years the value of the products added by manufacture was 

approximately 10 billion dollars in 1914, 25 billion dollars in 1919, and 32 

billion dollars in 1929. The amount paid out in wages and salaries for the 

same respective years was approximately 5 billion dollars, 13 billion dollars, 

and 15 billion dollars. The difference between theseðthe value added by 

manufacture minus the amount paid out in wages and salariesðgives us the 

remaining amount which goes to pay rent, interest, fixed charges and profits. 

This remainder, therefore, goes largely to augment big incomes. It is 

significant that this latter amount rose from 4.4 billion dollars in 1914 to 

11.5 billion dollars in 1919, and 16.7 billion dollars in 1929. Thus from 1914 

to 1919, while the small income proceeds of industry were rising by an amount 
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of 8.0 bil lion dollars, the large income proceeds rose 6.1 bil l ion dollars; and  

from 1919 to 1929 the large income proceeds rose 5.2 bil l ion dollars, while  

the small income proceedsðwages and salariesðrose only 1.9 billion dollars. 

19 .8  Deb t  Cre a t i o n  

We have already mentioned that this growing disparity between effective 

purchasing power and plant capacity leads first to a decline in the rate of 

increase of production, and next to an absolute peak followed by a decline 

in product ion.  I t  fo l lows that  the onl y way th is t rend of  events can be  

temporarily retarded is through the process of debt  creat ion . When the public 

has not the requisi te purchasing power, we grant i t a fictitious purchasing 

power through the mechanism of  instal lment buying.  We find also that  by 

a similar device applied abroad we can promote foreign trade, and can ship 

away our goods and receive debts in exchange. Also, through the mechanism 

of securities speculation and other forms of paper manipulations, we have 

multiplied our mill ionaires. They, in turn, allow a small  part of their incomes 

to trickle back to the market place through the medium of servants, and other 

forms of ostentatious living. 

Simple considerations will show that the debt process of balancing o ur 

national economy cannot long endure, for the fundamental property of debt, 

upon the validi ty of which all  our financial  institutionsðbanks, insurance 

companies, endowed institutions, etcðrest, is that the debt structure is ex-

pected to expand at a compound rate of increment per annum. To maintain 

a 5 percent per annum rate of expansion on our debt structure, and have it 

bear any fixed relation to physical production, or, in other words, to maintain 

a constant price level  in the meantime, would require that industry expand 

at a corresponding rate. 

As we have seen, during the period from the Civil War till the World War, 

American industry did expand at such a rate as to double its production every 

12 yearsða rate of growth of 7 percent per annum. During tha t period the 

monetary interest rate remained approximately stationary at about 7 percent 

per annum and our financial institutions were ósound.ô Since the decade of the 

World War industrial production has been leveling off and its rate of growth 

declining. In this situation the debt structure can do either of two things (or a 

combination of the two): (1) The interest rate can be kept constant, in which 

case the debt structure will expand faster than the industrial production and  
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the ratio between debt and physical goods will continuously increase. This is 

pure paper inflation and leads to a corresponding increase in the price level or 

to a continuous decline in the amount of physical goods that can be purchased 

each year from the return of each dollar invested, which is, in effect, a decline 

in the interest rate. (2) The price level may remain stationary. In this case 

inflation is precluded so that the rate of increase of the debt structure must be 

held approximately equal to the mean secular rate of growth of production. 

This leads directly to a decline in the nominal rate of interest.  

These deductions concerning the decline of the interest rate that must ac-

company the decline in the rate of industrial expansion are amply confirmed 

by the events since the year 1920. During that time the mean secular rate in 

industrial growth has been steadily decreasing. Accompanying this interest 

rate throughout that period has also been declining continuously until today 

the interest rates are the lowest in the last hundred years. Since there is no 

reason to expect more than temporary periods of future industrial  expan -

sion, there is no reason to expect any other than temporary reversals of this 

downward trend of the interest rate. Yet an interest rate approaching zero 

undermines completely our complex of financial institutions, because these 

depend upon a finite interest rate for their existence.  

All of this series of events which we have been discussing more or less 

hypothetically is what has actually been happening in the United States since 

the World War. From the World War to the stock market crash in 1929, the 

defici t of purchasing power that had to be met to maintain an increasing 

industrial production was derived largely through the mechanism of private 

debt expansion at home and abroad. After the stock market crash, with the 

resulting standing army of 15 to 17 mill ion unemployed, and an indu strial 

production of approximately 50 percent of that of 1929, it became necessary 

in order to maintain the Price System, for the government to assume the debt 

creation function.  

This is being accomplished by the Federal Governmentôs borrowing about 

4 bil lion dollars per annum more than its current income, and donating this 

under one pretense or another to the public to make up, partially, the deficit 

resulting from so called normal business activity. A similar, though perhaps 

smaller, debt expansion is being carried on by state and local governments, 

many of which are dangerously near bankruptcy at the present time. In the 

meantime the banks belonging to the Federal  Reserve System are reported 

in the newspapers as holding the highest surplus in history, and  the United 

States Government itself has become the most profitable field for investment.  
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Thus, America finds herself today in the position where private corporate 

enterprise has practically ceased to exercise the prerogative of creating debt 

and has voluntarily surrendered this prerogative to the Federal Government 

of these United States; so much so that the Federal Government has at this 

time become practically the sole creator of debt claims in large volumes for 

the sole purpose of sustaining the debt structure of this Price System by 

further Federal, debt creation for the benefit of the majority holders of debt 

claims, chiefly of private enterprise. Or, as Howard Scott has aptly remarked, 

óWhen American business men find it no longer profitable to indulge in fur-

ther debt creation it is only just and meet that their government should do 

it for them.ô 

In spite of all this so-called ópriming of the pumpô by government ex-

penditures, industrial production is still only slightly above the lowest point 

reached since 1929, unemployment is still variously estimated at from 10 to 

12 million, relief figures are rapidly mounting to where, according to Relief 

Administrator Hopkins, there are now 19,500,000 people on Federal relief 

alone. Playing the game by the Price System rules, there is no prospect in 

the future for the situation to do anything but get  worse rather than better. 

And all this in the midst of potential plenty!  
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Appendix to Lesson 19 
POPULATION GROWTH IN 

THE U.S.A. 

Not only has industrial growth followed the now familiar S-shaped curve, 

with a rapid rate of growth at first followed by a leveling -off process, but 

population, we shall now see, is doing the same thing. 

The population in 1800 was a little over 5,000,000; by 1830 it had grown 

to nearly 13,000,000; by 1860 it was 31,000,000; by 1900 it was 76,000,000; 

by 1930 it had reached 123,000,000; and by 1938 it was 129,000,000 or 

130,000,000. If the population as taken from the United States Census be 

plotted as a growth curve, it will be found that the total growth is still in-

creasing, but that the ra te of  growth is decreasing. The annual increment 

to the total population in 1914 was approximately 1,800,000, while in 1934 

the annual increment had declined to approximately 800,000. If the total 

growth curve be analyzed mathematically, it will be found that from 1790 

until 1860 it was expanding at a compound rate of increment of about 3 

percent per annum, and that since 1860 this rate of increment per annum 

has been steadily decreasing, until for the decade 1920-1930 it was only 1.5 

percent. 

This still does not tell us anything about how long the population may 

continue to expand, but we have an independent method of approach to this 

latter question by means of the birth rate and the death rate. The birth rate 

and the death rate are ordinarily stated in terms of the number of people 

being born or dying each year per 1,000 of the population. Thus we find from 

the United States Census that the birth rate of the United States per 1,000 

of the total population was 25 in 1915; by 1920 this had declined to 23.7; by 

1930 to 18.9; and by 1936 to between 16 and 17 per 1,000. The death rate in 
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the meantime has been almost stationary since 1920, at about 12 per 1,000. 

Now the present expectancy of life at birth in the United States is about 

60 years. 

It is obvious that if the number of people per 1,000 born each year is 

greater than the number of people per 1,000 that die each year, the population 

each year will become larger. If the number of people per 1,000 who are born 

each year is equal to the number of people per 1,000 who die each year, 

the population will neither increase nor decrease, but will remain stationary. 

Finally, if the number of people per 1,000 who die each year is greater than 

the number per 1,000 that are born, the population will decline. 

It now remains to be seen what is the crit ical value of the birth rate 

above which the population will expand, and below which the population 

will decrease. In other words, if the average length of life is to be 60 years, 

how many people must be born each year to just maintain a stationary 

population? It would follow, of course, that once that state were attained 

the death rate would have to equal the birth rate. Under such a stationary 

state one-sixtieth of the population would die each year, and a like number 

would have to be born to make up this deficit. One-sixtieth of 1,000 is 16 

2/3; hence the crit ical value of the birth rate at which the population will 

cease to expand is 16 2/3 per 1,000. 

Referring to the figures given above, it will be noted that our birth rate 

has just now reached approximately that critical number and with the in-

crease of education and of birth control information as well as of economic 

insecurity, there is every reason to expect that the birth rate will continue to 

decline. The death rate in the meantime is still about 12, but as the present 

population gets older and begins to die off more rapidly, this rate should 

increase. It is expected, therefore, that the death rate will become equal to 

the birth rate not later than the decade 1950-1960, and possibly earlier. At 

this time the population will cease to expand, and it will have a maximum 

number of probably not more than 135,000,000 people. Due to the fact that 

the birth rate will then be less than the critical number of 16 2/3, the death 

rate will become greater than the birth rate, and the population will begin 

to decline until it reaches some intermediate level at which it can become 

stabilized. 

As the population approaches stabilization, the percentages of age divi -

sions will shift. During the years of population growth, the larger percentages 

occurred in the younger age division; 40 percent were under 20 years of age, 

and about 20 percent were over 45 years in the year 1920. Assuming stabi- 
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lization to be reached between 1950-60, it follows that the shift in population 

ages reached will be approximately 30 percent for those under 20 years of 

age, and those over 45 will be approximately 35 percent.  

The above discussion is only a technical statement of fact. In discussions 

of this sort it is not unusual for certain religious groups to become very de -

spondent over the prospects of a cessation of population growth. Militarists 

frequently try to offset such a tendency (witness Mussolini  and Hitler) be -

cause more population means more cannon-fodder. The people, however, in 

this country who are likely to be most concerned by a stationary population 

are our business men and our real  estate promoters. As we h ave pointed 

out, our past prosperi ty has been intimately l inked up with expansion of 

production, and the expansion of production has been aided in no small part 

by the growth of population. Every business was expected to expand, i f for 

no other reason than that the population was expanding. Every roadside 

vil lage, with few exceptions, could expect to be bigger ten years hence with 

a corresponding enhancement of real estate values and increase in the busi -

ness of pioneer merchants of the place. Did not Marshall Fieldôs, in Chicago, 

for instance, owe its growth as a department store to the fact that Marshall 

Field got in on the ground floor while Chicago was little more than a village? 

What inconsequential village with an up-and-coming Chamber of Commerce 

does not dream of becoming a metropolis of tomorrow? 

The leveling-off of the population growth curve merely means that this 

expectation wi l l  not  be t rue for  the future.  Af ter  the population stabi l i zes, 

a gain in population by one town or ci ty wi ll  only be at the expense of a 

corresponding loss of population by other areas. An increase in business by 

one organization will only be achieved by a corresponding loss of business to 

a competitor, or else by an absolute increase in the standard of l iving. 

Let it be emphasized that all those who demand an increasing population 

have special interests, and their own private axes to grind. From the point of 

view of social well-being it is perfectly obvious that if the population is not 

stabilized before that time it will continue to expand until finally checked by 

the lack of the means of sustenance, with a standard of l iving comparable 

to that of India or China. On the other hand i f the population is too smal l  

there will not be enough people to properly man and operate a high-energy 

civi l ization. Between these two extremes there is an optimum population,  

and that optimum is probably about the size of our present population.  
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Lesson 20 

OPERATING 

CHARACTERISTICS UNDER 

THE PRICE SYSTEM 

In previous lessons we have described industrial growth in the United States, 

and have pointed out that under Price System operation and control it is 

becoming increasingly difficult, in accordance with the accepted rules of the 

game, to maintain industrial  operation within the limits of social  tolerance. 

As yet, however, we have made no inquiries into the operating characteristics 

of industry when at its best under a Price System control .  

Attention has already been called to the fact that business is engag ed 

not pr imar i l y in the making of  goods,  but  in the making of  money. I f ,  in  

the course of making money, manufacture of goods happens to be indulged 

in,  to the business man that  i s a mere incident rather  than a matter  of  

primary importance. From a social  po int of  view, however,  the only matter  

of consequence is the fact that somehow or other in the process, goods are 

manufactured and distributed. 

2 0 . 1  I n f e r i o r  G o o d s  f o r  L a r g e  T u r n o v e r  

From the point  of  v iew of  making money by the manufacture and sale of  

a given commodity, it is in general  true that, other things being equal, the 

larger the number of uni ts of this commodity manufactured and sold per  

annum, the greater  the profi t . Suppose, for example,  that the commodi ty  
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considered be razor blades. Now, to begin with, the razors that are already 

in use are of  the o ld- fashioned pre-safety razor  type. They are made of 

high quality steel, and will last, say, on an average, twenty years each, or 

approximately two razors per l i fetime per each male inhabitant. It wi l l  be 

seen that, once the male population is supplied with razors of this type, there 

will be no further expansion of the razor business, except for replacement of 

the existing razors as they wear out, and to supply razors to the increasing 

population. 

Now, if a way can be found to make all of these men throw away their 

present razors, and buy some new ones, this would immediately produce 

a big increase in the razor  business. To accompl ish this lat ter ,  suppose 

that we introduce on the market, supported by high-pressure ballyhoo1  and 

salesmanship, a new type of razor, the safety razor. By this means, in about 

a generation, we succeed in coaxing the males of the population away from 

their old substantial razors and have them all using this new safety razor. 

Suppose that up until  this time the safety razor has removable blades that 

will last, say, a month each, and can be replaced by new blades at a nominal 

sum. This simple change alone would result in an enormous increase in the 

razor blade business, for each man who originally used a single razor for 

twenty years would now buy 240 blades in that same time. This would be 

good business as compared with that of the pre-safety razor days, but even 

this has its point of saturation. The trouble with the razor blade bus iness is 

that the blades last too long. This, of course, can be remedied by a slight 

change in the metallurgical content of each blade. The ideal blade for this 

purpose would be one which would shave fairly well for three or four times, 

and then be unalterably useless thereafter. The razor blade manufacturer 

has his own staff of metal lurgists, who determine how such a product may 

be produced. This simple device alone multiplies the razor blade business by 

about seven times, without there having been a change in the sales price per 

blade. 

By this time the razor blade business is becoming so remunerative (and 

besides, the original patents are expiring) that other companies are organized 

to cut in on the racket. These find that they can best get a foothold by t urning 

out a slightly better blade than that produced by the original  company. The 

public, discovering the greater merit of the new blade, promptly change their 

patronage from the old to the new. No sooner does this happen than it  

' Sensationa l o r clamorous adver t is ing o r pub l ic i ty 



 LESSON 20 .  OPERATING CHARACTERISTICS  162 

 

is observed that the quality of the new blades drops to about the standard 

of quality possessed by the old. This is easily understood when one, upon 

scrutinizing the package of the new blades, discovers that, without its name 

or trade mark having been changed, its company has now been bought by 

the original company (doubtless with a watered stock flotation on the side), 

and that now both the new and the old blades are the product of the same 

original company. 

By this time, however, other manufacturers have begun to cut in so 

rapidly that, if possible, a method must be found whereby the blades of 

these latter can be excluded, and only those of the original company used. 

This can be affected quite easily by making a new holder for the blade, and 

changing the shape of the blade in such a manner that it will f it both the 

old holder and the new, but so that the blades of the competitors will not fit 

the new holder. It is necessary, of course, that the purpose of this maneuver 

be concealed from the public. This is deftly accomplished by launching a 

nation-wide advertising campaign of ballyhoo about the years and years of 

research that have been devoted to the study of the improvement of razors. 

At last, it is announced, the great secret has been found;  the trouble with 

the old razors was the corners, and now, as a result of this research, a razor 

has been produced without corners. Of course, it is necessary to entice the 

public to throw away their old holders and get the new ones. This can be 

accomplished by the selling of the new razors at a very reduced price, or 

else giving them away with tubes of shaving cream. Also, it makes mat -

ters more convincing if the one or two blades included with the new razor 

be of considerably higher quality than those that can be bought in separate 

packages. 

In spite of all this, competitors still seem to get a foothold, so finally the 

directors of our original company are obliged to face the fact that perhaps 

the public is getting wise to their little game, and that what the public really 

wants is a better grade of steel in their razor blades. This demand on the 

part of the public is now met very nicely, and in true Barnum fashion, by an 

advertising campaign which confesses to the public that indeed the company 

has been lax, and that somehow or other without the officials ever having 

dreamed of such a thing, the research staff of chemists and metallurgists have 

allowed the quality of the steel to deteriorate. Now that the fault has been 

discovered, no such negligence on the part of the research staff would ever 

be countenanced again. As evidence of correction of this negligence, a new 

high quality blade would be issued, the Blue Blade. The public, of course,  
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swal lows the ballyhoo, and buys the Blue Blade, only to discover, after a 

short-time period, that its lasting qualities were no higher than those of its 

predecessors which were admittedly inferior. This is then followed by a Green 

Blade of the same quality. 

In the meantime, a safety razor is developed abroad, the óRolls Razor,ô 

which has the quality of steel and the durability of the old pre -safety razor 

product. Since the public wants a good razor , and its habits are adjusted to 

safety razors, it follows that, if this new razor were admitted at a price which 

allowed it to compete readily with the prevailing domestic razors, it would 

stand a good chance of wrecking the domestic safety razor business . This 

entry is prevented very effectively by erecting a tariff barrier so high against 

the foreign product as to render its importation, except in small quantities, 

almost prohibitive. 

It might be mentioned, in passing, that a safety razor, the óStarô was 

introduced to the American market in the 1890ôs. People who bought this 

razor over forty years ago are sti ll using it with the original blades. Business, 

of course, for this company could not have been very flourishing. It does not 

appear strange, therefore, that it should long since have ceased to exist.  

What we have been pointing out in the foregoing is simply the funda -

mental conflict between production for social welfare, on the one hand, as 

contrasted with what is good business,  on the other.  It  i s  not  our purpose 

to intimate that  the business men are at  faul t;  we only want to point  out 

that, under the rules of the game of the Price System, it is better business to 

maintain scarcity, and to turn out cheap and shoddy products which, like the 

Gillette razor blade, will be used a few times and then have to be discarded 

and replaced by another. It is also observed that i f, under the same rules 

of the game, one fails to conform and produces, as in the case of the ôStarô 

razor, a superior product, he does not long remain in business.  

20 .1.1 Fore ign Trade and  War  

It is a simple matter to follow the thread of this same type of reasoning into 

any domain that one wishes to investigate, and one will always come to the 

same inevitable conclusion that what is socially desirable becomes, from the 

point of view of business, objectionable. Foreign trade and what the business 

man chooses to call a ófavorable trade balanceô has already been mentioned. 

It is not  amiss in this connection to mention the relationshi p between war 

and the munitions racket. 
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As a result of the good services of the Nye Committee of the United States 

Senate, it has now become fairly common knowledge that modern wars are 

promoted for reasons of business almost entirely; because, from the point of 

view of the munitions makers, it is good business to have a war every so often. 

It might also be pointed out that one of the most l ikely ways of temporarily 

solving the depression would be to promote a nice friendly war with some -

body. This would solve the unemployment problem in two ways. Industry 

would boom, turning out war munitions and mi l i tary equipment gen eral ly. 

This would absorb a considerable fraction of the present unemployed. Debts 

could be created through Liberty Loan drives or their equivalent, and money 

would flow freely. The remainder of the unemployed could be put in the 

army, and, preferably, be shot. This would solve their difficulties, and there 

would be prosperity for all  while it lasted.  

It is now being generally recognized that the United States went into the 

late war for business reasons. Neither will anyone deny that participation in 

the war brought about one of the most prosperous periods of United States 

history. 

2 0 . 2  C u r t a i lm en t  a nd  De s t r uc t i o n  

We have mentioned previously that a Price System economy is of necessity 

an economy of  scarci ty.  This is due to the fact  that  values go to p ieces  

in the presence of abundance. No better i l lustration of this fact could be 

found than that of the present policy of government as exemplified in the 

Agricul tural  Adjustment Administration. Here the reasoning is, there was 

so much cotton, wheat, and so many hogs, that the farmer was not getting 

a sufficient price for his product. The Price System remedy, therefore, was 

to be found in a curtailment of production. If cotton, wheat and hogs were 

made scarce  enough, the price would go up. The fact that 20 or 30 million 

people didnôt have enough to eat was of no considerationðnot under the 

Price System. 

20.2.1 Low Load Facto rs  

Another characteristic of industrial operation under the Price System is that  

of industrial load factors. The l oad factor  of a given piece of equipment may 

be defined as i ts actual  output in a given period, say a day or a year,  as  
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compared with its output under continuous full load operation for the same 

period. Thus, a factory that  runs ful l -blast 24 hours for six months in the 

year, and is shut down for the remaining six months, would operate at a load 

factor on a yearôs basis of only 50 percent. Similarly, a plant that operated 

8 hours per day, 365 days per year, would have a load factor of only 33 1/3 

percent, because two-thirds of  the time i t  would be shut down. In other 

words, a load factor of 100 percent means a continuous full load operation 

24 hours per day, 365 days per year. 

It has been remarked previously that little of our present industrial equip -

ment operates at more than one 8-hour shift per day, except for brief rush 

periods, and that for only a limited number of days  per year. On the other 

hand, i f present productive equipment were operated at anywhere near a 

100 percent load factor, such a plethora of goods and services would be pro -

duced that the American public would be sorely embarrassed to find a way to 

consume them, assuming that we had a suitable mechanism of distribution.  

This prevailing low load factor is the result of two distinct causes: one is 

that the competi t ion in a profi table field of production leads to the building 

of more plant than is necessary for the amount of production allowable, the 

second is that the actual  production allowable must not be more than is 

necessary if scarcity is to be maintained, and prices kept up.  

A low load factor may signify equally well  ei ther of two things. It means 

that there is more than the needed amount of equipment to maintain the 

current  rate of production.  This involves a wastage of capital  equipment,  

not to mention the high physical cost involved in intermittent operation of 

such equipment. It means, l ikewise, that were the existing equipment oper-

ated to capacity, the resultant physical output would be very much greater 

than i t now is, or was in 1929. On ei ther of these counts a low load factor  

is objectionable. The average physical standard of l iving of our society is 

determined largely by the rate at which goods are produced and distributed. 

Hence it follows that any attempt at social betterment that does not take into 

account the operating of our industrial equipment at the highest possible load 

factor, and insists instead on dividing up the poverty while leaving the Price 

System enforcement of scarcity intact, is, no matter how well intentioned, 

sheer lunacy. 
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20 .3  Hous ing  

One of our biggest industries, and one which along with food and clothing 

most vitally affects us personally, is that of housing. There is probably no 

greater col lection of outworn junk in this country than the houses in which 

we live, and our buildings generally. From the point of view of the physical  

cost of operation alone, the inefficiency of our present structure is so great 

that ,  i f  we should tear them al l  down and rebui ld them on a technical ly 

efficient basis, it is estimated that the energy saving in the operation of the 

new structures would compensate in about twenty yearsô time for the entire 

cost of demolition and reconstruction.  

From the point of public health and sanitary conditions generally, it would 

be safe to say that about three-quarters of the abodes at present occupied by 

American families are unfit for human habitation in a civil ized community. 

Under our present Price System there does not exist a modus operandi for 

either the design, construction or operation of our housing industry, so as to 

allow the basic technical and social requirements to be complied with. 

The same scale factor that has already been mentioned with regard to 

operating equipment applies equally well with regard to industrial and office 

floor space. Our business and industrial structures have heretofore been built 

on the assumption of a continued rate of growth. If in the past a given city 

doubled in size every forty years, why should it not also double in size the 

next forty years, has been the type of reasoning applied in this field.  

Here, as elsewhere, the technological factor has upset the apple cart. 

Every time new industrial or business equipment, which has an efficiency 

greater than that which it replaces, is installed, it requires less floor space for 

the same output than the equipment which it renders obsolete an d replaces. 

This is no less true in business offices than in factories. Compare, for in -

stance, the amount of floor space occupied by the old-fashioned bookkeeping 

clerks working over hand ledgers, with that required by modern high -speed, 

semi-automatic bookkeeping machinery when both do the same amount of  

accounting. Now that the period of industrial  expansion under Price Sys -

tem dominance is vi r tual ly over ,  i t  fol lows that  in the future,  due to the 

more widespread use of such equipment, the required floor  space will decline, 

together with human employment.  If such bui ldings as the Empire State,  

Radio City, and simi lar bui ldings in other ci t ies are to be occupied in the 

future i t wi l l probably be by leaving vacant an equal or greater amount of  

floor space in other buildings. 
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20 .4  I n te r f e renc e  b y  Bus in ess  E xp ed ie nc y  

Perhaps the chief Price System method of control is interference. The very 

nature of property rights themselves is that other individuals than the owner 

of a given piece of equipment are enjoined by law to refrain from doing certain 

things with regard to that equipment. Note the fundamentally negative thou-

shalt-not aspect of this relationship. 

There is probably no branch of our social activity in which this sabotaging 

influence for reasons of business expediency is more keenly felt and more 

socially detrimental than in the domain of scientific research and technological 

development. While it is true that many of our industrial establishments and 

business organizations retain research staffs to carry on various investigations 

in fields that show promise of being commercially profitable, nobody knows 

better than members of these research staffs that, should a discovery or 

invention be made which would be, if it were put into effect, better for the 

public, but worse for the business of the company, such discovery or invention 

would either be kept secret or tied up in patents to interfere with anyone 

else making use of it, and then carefully and permanently shelved. It is true 

that technically trained men design our present equipment; it is equally 

true that, if the equipment be of the sort that is to be sold to the public, 

they are instructed to design it so that it will not last too long. It takes 

great metallurgical skill to produce a razor blade which will last only four 

days. 

An excellent example of this form of business sabotage of technological 

advance is to be found in the speech of Frederick E. Williamson, president 

of the New York Central lines, before the Central Railway Club of Buffalo, 

January 10, 1935. In discussing the St. Lawrence waterway project, Mr. 

Williamson remarked: óI do not intend to discuss this subject in more than 

a word or two, but I do wish to point out that, regardless of whether the 

emphasis be laid on the shipway or the power angle, the net results to the rail -

roads of the East and the Middle West, and to the railroad men employed on 

them, will be just as disastrous in either case. In the end, construction of the 

shipway, whether primarily for power or as a deepened waterway, would be 

a potent contribution toward breaking down the present rail transportation 

system.ô 

What Mr. Williamson has implicitly admitted here is that the St. Lawrence 

waterway is so far superior to the New York Central Railroad as a means 

of cheap transportation, that, should it be installed, the New York Cent ral 
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as a business organization would have a tough time making ends meet. In 

other words, were the power which is now going to waste in the St. Lawrence 

River to be util ized, and at the same t ime the river to be made navigable,  

the energy cost of freight transportation along this waterway would be more 

than offset by the power derived from the river itself. From the point of view 

of our national economy, this would be a net gain.  

I t is  a matter  of  common knowledge that  there have been few major 

technological advances in American railroad equipment for many years past 

until the advent of the recent streamlined trains. Speaking of these stream-

lined trains, Mr. Williamson remarks further: óAll this has captured the 

popular imagination, and rightly so. A renaissance of railroading seems in 

sight. At the same time, it appears to me desirable to sound a warning lest 

public expectations be aroused to such an extent that disappointment must 

inevi tably fol low. In a plant as huge as a rai l road, radical  changes cannot 

be made overnight. It must be a gradual process of evolution within the 

limitations fixed by existing investment and immediate financial  abil i ty, as 

well as a reasonable experience in operation of new type equipment.ô 

Par t icular  at tent ion is to be paid to what Mr.  W il l iamson apt ly cal ls 

the ól imitations fi xed by existing investment and immediate financial  abi l -

ityô. It is precisely these limitations so peculiar to the Price System which 

are rapidly precipitating a social crisis. Mr. Williamson is quite correct that 

certain things cannot be done under l imitations set by the Price System. 

Technologically, however, no corresponding l imitations exist. But for the 

Price System limitations, the entire roll ing stock of the American railroads 

would be scrapped and replaced by a modern technologically i ntegrated sys-

tem. 

Even where the technical work, such as geological work in the exploration 

for useful minerals, is socially desirable, its effects are commonly offset by 

business practices in connection therewith. It is socially useful, for instance, 

to delineate oil structures, but one frequently wonders to what end when he 

watches the mad business rush of big and little oil companies, like so many 

buzzards fighting over a carcass, each trying to get his share, while the pool, 

in the meantime, is being drilled as full of holes as a pin-cushion and the gas 

pressure blown off into the air. 

A simi lar paradoxical  si tuation exists with the production and util ization 

of other mineral resources. The fluorspar-bearing area of southern Illinois and 

northwestern Kentucky is practically our sole source of supply of this useful 

mineral. From the point of view of our national well -being, it would behoove 
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us to use this l imi ted supply sparingly and wisely.  It  i s  to the advantage 

of the business interests, on the other hand, to find bigger and better ways 

of get ting rid of  f luorspar.  Consequently i t is  interesting to note that the 

Illinois Geological Survey, capitulating to those interests, has had a research 

chemist trying to find a way to use fluorspar in concrete. Should this effort 

be successful, it is true that it would boom the fluorspar business, and, of 

course, it is not the concern of business men where we shall get our fluorspar 

in the future. 

An interesting relationship between low load factors and the wastage of 

natural resources is to be found in coal mining. In underground coal mining 

two principal alternative methods are employed, the room-and-pil lar method 

and the long-wall method. In the room-and-pillar method a part of the coal is 

mined and the remainder is left in the ground intact as pil lars to support the 

roof. With this method, only about 50 percent of the coal is recovered, and, 

once the mine is abandoned, it is virtually impossible to go back and mine the 

rest. In the long-wall method all of the coal is mined along a lengthy straight 

wall, and the roof is allowed to subside gradually in the rear as the mining 

along the wall  progresses. By this method approximately 90 percent of the 

coal is recovered from the ground. Since with the long-wall method the roof 

subsides slowly but continuously, the mining operations must be continued  

without cessation in order to keep ahead of the subsiding roof. The demand 

for coal, however, due to our low industrial load factor, is seasonal, and, since 

bi tuminous coal cannot be stored over long periods of time, the production 

at the mines has to be geared to coal consumption. Consequently the mines 

operate briskly for a season and then shut down. This shut -down period 

precludes an extensive use of the long-wall method, and consequently results 

in a wastage of not less than one-third of our coal resources. 

On the purely human side of the picture the same type of consequences 

prevail. The general maintenance of poverty in the midst of potential plenty 

is too prevalent to need further comment here. One factor that might be 

mentioned is the general debasement of human beings under the pressure of 

economic insecurity. So effective is this pressure in our present society that  

the enjoyment of personal integrity has become one of the most expensive of 

human luxuries, because, unless one be of that small fract ion of one percent 

in the higher income brackets, the price that he will pay for the privilege of 

indulging in personal honesty or integri ty wi l l  almost cer tainly be his job;  

in other words, a salesman is not a liar because of the personal delight he 

takes in fleecing the public, but because he knows full well that if he told the  
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public that the product he is asking them to buy is relatively worthless, if 

not actually harmful, he would soon be helping to increase the great army 

of the unemployed. 

2 0 . 4 . 1  I n s t i t u t i o na l  a n d  T r ad i t i on a l  I n t e r f e r e nc e  

A similar thing is true in the field of public health. About 1928 the Billings 

Hospital was opened in South Side Chicago as a part of the Rush Medical 

School of the University of Chicago. This was the best hospital in that part 

of the city, and, if operated at all, would be a very important contribution to 

the public health service provided for the people in that part of Chicago. The 

technical staff of this hospital was amongst the best that could be obtained. 

Operating as a part of a medical school, it would also maintain free or low 

priced clinical service to the students of the University of Chicago, and to 

the local community. 

It is interesting to observe that the most violent objectors to this hos -

pital were the local members of the American Medical Association, who 

took such strenuous action that they finally succeeded in having the entire 

staff disbarred from membership in the American Medical Association on the 

grounds of unethical practice. In other words, an adequate health service ad-

ministered to the South Side of Chicago was óbusting up their racket.ô 

Again, let it not be misunderstood what the essential elements of this 

picture are. Under the Price System a medical doctor is not only a pub lic 

servant looking after the health of the community; he is also a business man 

with services to sell. Approximately one-half of his life and an enormous 

amount of money besides has been spent in acquiring his professional training. 

If this is to be compensated for, it means that the remainder of his life 

must be devoted to those activities for which a handsome fee can be collected. 

If his professional services are to be sold at the necessary price, these 

services must be kept scarce. A doctor has to make a living. The net result is 

the inadequate and incompetent public health service with which the 

American public is all too familiar.  

In other words, the óload factorô of our doctors and our hospitals is as far 

below capacity at the present time as that of our power plants. Stated con-

versely, if the public health personnel and equipment were allowed to operate 

at full load in the most efficient manner, according to present technical stan-

dards, it would be possible virtually to eliminate most contagious diseases 

within 10 years. 
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As this is being written (February, 1935), the American Medical Associa -

tion, at its meeting in Chicago, is making its perennial attack upon socialized 

medicine. 

A similar situation prevails in the field of education. Less than 15 percent 

of the youth of the nation is allowed the questionable privilege of a college 

and higher professional education. There is hardly a classroom in a modern 

university that is filled to capacity, for the simple reason that enough students 

are not able to pay the tuition fees to take the courses.  

The quality of instruction suffers correspondingly because of economic 

controls which are exercised over those doing the instructing. The modern 

college instructor, with few exceptions, either conforms or gets out, volun -

tarily, or by invi tation. No more striking il lustration of this could be offered 

than the career  of Thorstein Veblen, who was one of  the few truly great 

men America has ever produced, and who was virtually ókicked outô of every 

university in which he ever taught.  

Within the curriculum of our insti tutions of higher learning the same 

sabotaging influences prevail. The Schools of Education, for instance, have, 

by playing politics with state legis latures, so completely tied up the public 

school system that i t  is now practical ly impossible for  one to get a job in 

any public school in the country on the basis of technical training and com-

petency. One may not, and frequently does not, know anything about the 

particular subject he is supposed to teach, but he must have the requisite 

number of courses in education as to how it is to be taught.  

And then there is the slavery to the Ph.D. degree. If a graduate student 

in one of our insti tutions of higher learning wishes to pursue his studies, i t 

is expected that he will  do so with the intention of becoming a Doctor of 

Philosophy. It may, and commonly does, happen that the acquirement of 

technical  competency in a particu lar f ield requires that the student pursue 

a course of studies enti rely at variance with those prescribed in fulf i l lment 

of the more or less inane requirements for the Ph.D. Here, as elsewhere, 

economic pressure is brought to bear, and those who do not con form are 

rather effectively excluded from getting jobs they might otherwise acquire.  

I t  i s  needless to remark that  the major i ty of  the students of our  higher 

institutions of learning are, accordingly, degree seekers rather than persons 

interested primarily  in the acquisi tion of an adequate technical training.  

The most tragic aspect of all exhibited by our present educational system, 

however, is to be found in the problems which the students themselves face. 

It is a commonplace fact of human biology that, wh en only a small  percent 
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of the population is financial ly well  to do, talented youth is by no means 

confined to that segment of the population in the higher income brackets.  

An average figure of the cost per nine-month term of attending our present 

colleges and universities is around $800 to $1,000 per annum per student. 

When i t is considered that this sum is only slightly less than the average 

annual income of the great major i ty of  the famil ies in our population, i t is  

a simple matter to see, in the l ight of this, that the selection of those who 

shall and those who shall not receive training in our insti tutions of higher 

learning is determined almost entirely on the basis of pecuniary standing of 

the parents of the prospective students.  

It is true that we have all been fed on the Horatio Alger myth of the poor 

boy working his way through col lege, but the fact remains that those who 

do this successfully are few, and many are the unchronicled, bright -eyed lads 

who ócrack upô in the attempt. 

The final blow, of course, is dealt when the students have completed their 

formal education, only to find that in their  field, too, there is over-production, 

and few people are willing to engage their services.  

In our educational system, as elsewhere, the faul t is not to be found in 

the individual members of the personnel. This state of affairs is the logical 

product of social administration under Price System rules. If the university 

president allowed his faculty too free a rein, it is quite l ikely that somebody 

might offend the bankers, and this would result in a corresponding diminution 

of endowment funds. If tuition fees were decreased sufficiently to fi ll  up the 

class rooms the resulting decline in revenues might be serious.  

20.4.2 Legal Inter ference  

Just a word may be said about criminal activi ty and the pol ice force. The 

term ócrimeô is itself completely ambiguous, and there is no important dis-

tinction between social ly objectionable activi t ies that are legal and those 

that are i l legal. One of the fundamental  properties of money, however, is 

that  i t consti tutes a standing social  reward to any individual who, legal ly 

or otherwise, ógypsô the public successfully. The tie-up of local political ma-

chines with such predatory activities, ranging from banking on the one hand 

to racketeering, gambling dives, and prostitution on the other, is too well 

known to need amplification. The police force in such a situation are merely 

óthe hired boysô, having their orders whom to molest and whom to let alone. 

Poli tically, objectionable conscientious performance of duty on the part of  
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the policeman can be very effectively handled through the mechanism of 

suspension, demotion, or transfer to an undesirable beat.  

As a consequence of this tie-up between the political structure, with its 

pol ice power, and the favored interests (whether these latter be Capones 

or Morgans, there is no particular distinction), i t is relatively unimportant 

which par ticular  things are legal  and which are i l legal.  The l ine between 

the two is extremely di ff icul t to discern. Both types of activi ty, whether 

legitimate business or avowed racketeering, are socially objectionable, though 

both are the direct consequence of playing the game accordi ng to the rules. 

The role played in this by the legal profession is principally that of finding 

ways and means within the existing statutes whereby any particular kind of 

activi ty, provided i t pays wel l  enough, can be shown to be legal. It is, of 

course, commonplace to anyone who has had any experience with courts of 

law, that to a very considerable extent the best lawyer wins, regardless of 

the merits of the case. And, of course, the most money hires the best lawyer.  

In this connection it has been interest ing to observe the activities of the 

major oi l  companies over the last ten or fi fteen years with regard to uni t 

operat ion of  o i l  pools.  Pr ior  to about  1927 the  rate of  product ion of  o i l  

was suf ficiently slow that  a good price was maintained, and during tha t 

period the more oil produced the greater the profit. Now, there are many 

technical reasons why a single oil pool should be produced as a unit. Unit 

operation allows the most strategic location of producing wells and permits 

the maintenance of the gas pressure in the pool with which to force the oil 

out. If this gas pressure is blown off in non-unit operation, the gas is wasted, 

and the remaining oil has to be pumped, allowing a much lower recovery of 

oil than is possible under unit operation.  

During the period mentioned above it was to the business interests of the 

large companies to get oil out of a given pool as rapidly as possible, because if 

they pumped fast enough they could produce not only the oil under their own 

land, but could also óstealô a large part of the oil from the little fellows who 

happened to own adjoining tracts, but lacked capital enough to produce their 

own lands at the same rate. This practice was called the ólaw of capture.ô 

The legal staffs of the big companies at this time could demonstrate by any 

amount of legal briefs that such practices were enti rely legal, just, and as 

they should be. 

After 1927 one large oil pool after another was óbrought inô in rapid 

succession, pouring so great a flood of oil on the market that ruino us prices 

resulted, and, as a consequence, it became the interest of the big companies  
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to curtail production in order to enforce scarcity and thus keep the prices up. 

The little fellows were also in a disadvantageous position, as even at ruinous 

prices, they had to produce or else go broke. Hence, should big companies 

curtail  production while the li ttle fellows continued to produce, the law of 

capture would for the first time have worked to the advantage of these latter, 

and to the disadvantage of the former. In the meantime, it has been highly 

i l luminating to watch the same legal staffs render equal ly numerous briefs 

on the legal i ty of uni t operation and of curtai lment and proration of oi l  

production, enforced by the police power of the states.  

óA criminal is a human being with predatory instincts but without suffi-

cient capital to start a corporatio n.ô 

2 0 . 4 . 3  P o l i t i c a l  I n t e r f e r en ce  

Intimately linked with the activities of the legal profession and with business 

enterprise is our political government, the general incompetence of which, 

from the local  wards and precincts to the national gover nment, is a matter  

of such commonplace knowledge as to require little comment here. Notable 

exceptions to this general statement are to be found in the purely technical 

bureaus, such as the United States Bureau of Standards, Geological Survey, 

Department of Agricul ture, etc. It is signi ficant that the technical staffs of 

these bureaus are not elected by popular vote, nor are they appointed by the 

political chieftains of the present or past administrations, and hence are not 

subject to pol i t ical  contamination. It need hardly be added that, were this 

not so, i t is extremely doubtful  that the work turned out by these bureaus 

would be of sufficiently high quality to meri t scientific respect.  

A system whereby governmental officers are chosen by popular ballot is 

immediately open to all the poli tical chicanery that we are already familiar 

with, ranging all the way from the small town glad-handing and baby-kissing 

pol i tician to the Tammany machines with their racketeering and patronage 

in our large cities, and final ly to our national political government, with its 

deference to, and solici tation for, the interests of big business. When it is 

borne in mind that the public is, and of necessity must be, almost completely 

ignorant of problems, either of personnel or of policy, which they are regularly 

called upon at election time to solve, i t becomes a very simple matter, by 

means of a sui table expenditure of money, using the mediums afforded by 

the press, the radio and public speakers, to play upon public prejudice, and 

hence to swing the resul ts of  any election to the desi red end. Whi le i t  is  
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true that the illusion of alternatives is kept before the public through the 

device of opposing political parties, the fact remains that the similarity of the 

opponents in all fundamental particulars is so great that it makes virtually 

no difference at all, in the net effect to the country, who wins the election. In 

other words, no question of really fundamental importance is ever submitted 

to popular election. The real controls are exercised at all times behind closed 

doors and by a small minority of the population.  

20 .5  Propaganda  

Among the most powerful devices in social control at the present time are 

the radio and the press. Just how powerful the press has been in the past 

can be seen when we review the propaganda which we were fed during the 

late World War. At the beginning of the World War we were a nation at 

peace with the world, and the great majority of the American people, were 

almost oblivious of the fact that Europe existed. Finally, the House or Mor -

gan became dangerously overloaded with debts of the allies, and succeeded 

in involving, in some measure, a large number of American business men 

besides. Then, only a few weeks before our declaration of war, our Ambas-

sador, Page, to England, cabled President Wilson that in order to maintain 

our preeminence in world trade, and to save Morgan, it would be necessary 

for the United States to enter the war on the side of the Allies. We entered, 

and, in the light of this, our entry into the World War óto make the world 

safe for democracyô and the events that followed are extremely interesting. 

The American public as a whole had little knowledge of, and little interest 

in European affairs, and, least of all, had they a hatred of the Germans or a 

love for the French. Consequently, to make it a successful war such a love and 

a hate had to be created synthetically. To this end the best liars and ballyhoo 

artists that could be obtained were set to work grinding out lies about the 

atrocities of the Huns and disseminating them from the lecture platform and 

the press to the American public. The results were those desired: America 

entered the war, large profits were made, and the gullible public swallowed 

it, hook, line and sinker. 

The same devices that were used then with regard to the war have subse-

quently been used with regard to polit ical and economic matters. Most of the 

major newspapers and magazines of wide circulation, such as the Saturday 

Evening Post, are chiefly organs of propaganda for favored business inter- 
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ests. While the control may be quite impersonal, it is none the less positive, 

because all of these papers depend very largely upon the goodwill of busi -

ness interests for their advertising, which is a highly essential part of their 

financing program. If they print the right stuff, advertising and prosperity is 

theirs; if they donôt, they stand a good chance of going out of business. 

A very interesting example of such control of a journal was manifested 

in the case of The American Mercury. The Mercury had adopted a militant 

editorial policy and had opened fire with a very significant article upon the 

activities of the American Red Cross, showing conclusively that the latter 

had become almost entirely a tool of financial interests, and was engaged in 

enterprises of highly questionable merit. Other articles from a like point of 

view were to follow. Almost immediately the bankers of Alfred A. Knopf, 

the publisher, brought pressure to bear, and The American Mercury was 

promptly sold, to proceed henceforth under a new and doubtlessly less bel-

ligerent editorship. 

Examples such as the foregoing, in every sphere of operation under a 

Price System, could be cited almost indefinitely. Under the Price S ystem 

at its best there is not a single field of endeavor where the best technical 

standards are allowed to prevail. In other words, poverty, waste, crime, poor 

public health, bad living conditions, enforced scarcity, and low load-factors, 

are every one the direct and necessary consequences of the Price System. Let 

it be emphasized, however, that while certain individuals may be somewhat 

worse offenders than others, individuals are not to be blamed. The system 

being what it is, if one is to hold polit ical o ffice he will almost without 

exception find it necessary to indulge in the usual political practices. If one 

is to become a successful business man, he will only do so by engaging in 

those practices which characterize the activities of other successful bus iness 

men. The fundamental law of survival under the Price System is that one 

must create debt claims against others faster than debt claims are created 

against him, or else he does not remain in business. 

20 .6  Summa r y  

What we have tried to make clear is that it is the Price System itself, and 

not the individual human being, which is at fault. Granted the system, the 

human beings are obliged to act in accordance with its dictates, with the 

rather sorry results we have enumerated above. Consequently, no amount of 
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doctoring of symptoms while leaving the fundamental causes of the disease 

intact will be of any appreciable avail. One does not eliminate bootlegging 

while prohibition in conjunction with a thirsty public exists; bootleggers are 

created thereby. Abolish prohibition and bootleggers largely disappear. One 

does not abolish or prevent war by pacifistic speeches, or by other means 

either, so long as foreign trade and the manufacture of munitions of war re -

main profitable. Neither does one abolish disease while poverty, malnutrition 

and other disease-breeding conditions continue unaltered, nor so long as the 

economic well-being of the medical profession depends upon the prevalence 

of disease in profitable amounts. Nor is crime ever abolished, either by c o-

ercive measures administered by officials whose activi ties are only slightly, 

if any, less socially objectionable than those which it is sought to suppress, 

or by any amount of moralistic railing or inculcation of doctrines of óbroth-

erly love,ô so long as there continues to be offered a standing reward to all 

those who will ógypô society successfully. Granted the offer of the reward, 

socially objectionable activities follow as consequence; withdraw the reward 

and these activi ties automatically disappear.  It is the Price System i tsel fð 

the rules whereby the game is playedðand not the individual human being 

which is at faul t. 

References:  
The Engineers and the Price System, Veblen. 

Arms and the Man (Reprint  from Fortune).  



 

 

Lesson 21 

THE NATURE OF THE 

HUMAN ANIMAL 

In lessons 2  through 15  it was our endeavor to present the fundamentals of the 

scientific basis of the phenomena that make up our complex social activities. 

In Lessons 16  through 20  we analyzed the existing social habits comprising 

our present Price System mode of control. We have shown on the one hand 

that there are no physical barriers, aside from human beings themselves, to 

the attainment on this Continent of an average physical  standard of l iving 

which would be the highest we have ever  known, and very much higher 

than that of 1929. We have shown l ikewise that our social  activi t ies as 

controlled by existing social habits, which we have termed óthe rules of the 

game of the Price System,ô are rapidly forcing us to an impasse, due to 

the fact that these habits were largely acquired during a stage of relatively 

primitive technological development which was characterized by low-energy 

rates of operation, and scarcity in general. In the presence of a technological 

mechanism which has evolved to a high-energy operation withðfor the first 

t ime in human historyðthe potential i t ies of plenty, the Price System rules 

of enforced scarcity are found to be no longer adequate.  

Since it is human beings and their habits with which we are now obliged 

to deal, it is well that before proceeding further we inquire somewhat more 

deeply than heretofore into the nature of this human animal.  

There is probably no field of scientific invest igation in which more resis-

tance has been encountered than in those domains which have affected the 

superstitions men have entertained about themselves. The history of science 

is l i ttered with burnings at the stake, heresy trials, imprisonment of scien - 
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tists whose works have contradicted, or otherwise cast doubt upon, popular 

superstitions. 

21 .1  The  So la r  Sys tem 

Before the time of Copernicus the universe was regarded by the inhabitants 

of Western Europe as consisting of  the earth at  the center , with the sun, 

the moon and the stars revolving around i t . A terri f i c furor was created 

when Copernicus had the audacity to suggest that it would greatly simplify 

matters if the sun were regarded as fixed at the center of the solar system, 

whi le the earth and the other planets revolved around i t in circular orbi ts. 

The former system of thought, having the earth as the fixed center, has come 

to be known as the geo-centric system; the latter, propounded by Copernicus, 

is known as the helio-centric system. 

Al l  this seems rational enough to us now, and one may be incl ined to 

ask what all the shooting was about. What earthly difference does it make 

whether one regards the earth as revolving around the sun, or the sun as 

revolving around the earth? That it evidently did make some difference is 

attested by the fact that, whi le Copernicus avoided the t rouble by dying 

before his famous paper was published, his illustrious successor, Galileo, was 

imprisoned for defending it, and his health broken so badly that he died in 

consequence. 

When one goes a li ttle deeper into the matter, the reason for al l this 

becomes evident. According to the prevalent superstit ions, or folk -ways, 

backed up by all  the authori ty of the Church, God had created man in his 

own image, and had created the earth as manôs place of abode. Such being 

the case, God could not have done less than to place man, his most perfect 

and important creation, in the center of his universe, with all  the parts of 

lesser importance revolving around. Now, if the sun were to be regarded as 

the center of the solar system, with the planets revolving around, the earth 

would be relegated to a position merely of one of the planets, and a lesser 

one at that. Consequently such a heretical doctrine constituted, should it be 

allowed to prevail , an undermining of the fai th, not to mention an insul t to 

God himself, and hence was under no circumstances to be tolerated.  

In spi te of al l  this the heretical  doctrine did prevai l  and, whi le i t may 

have been a blow to manôs egotism to be removed from the center of the 

universe and to be condemned to an abode on a lesser planet, human beings 
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seem to have been able to adjust themselves to this change, and to have got 

along for better or for worse subsequently.  

21.1.1 The Age of  the Ear th  

The next great blow to human egotism and supersti t ion came when the 

geologists and biologists began to make certain significant observations about 

the rocks of the earthôs surface. Late in the 18th century a Scotsman by 

the name of John Hutton made extensive studies of the stream valleys and 

canyons in the Scottish Highlands. Hutton, after long and careful  study , 

arrived at the then astounding conclusion that the canyons in which the 

streams flow were cut into solid rock by the streams themselves. Again the 

fight was on. The whole thing was ridiculous and preposterous, men said, for 

was i t not known already from the scriptures that the earth was created in 

the year 4004 B.C.? Since the canyons had not been visibly deepened during 

historic t ime, and since the ear th was only a l i tt le  less than 6,000 years 

old, was it not obvious that such canyons could not have been  produced by 

running water in so short a time, and hence must have been present when 

the earth was created? 

In this case, as before, scientific observation and induction had produced 

results squarely in contradiction to the inheri ted folkways. Hutton was a t-

tacked, not on the basis of the facts themselves, but on the basis of what men 

thought they knew already . It had not occurred to these critics that possibly 

their own source of information, having been handed down from a primitive 

and ignorant people of the remote past, may have itself been erroneous. In so 

square a contradiction as this somebody had to be wrong, and the more the 

evidence was examined, the more firmly was the Hutton theory established, 

and it gradually dawned upon the learned world that the earth was ancient 

beyond all comprehension, contrary to biblical tradition.  

The implication of the studies of Hutton and his followers to subsequent 

human thought have been very great, indeed, for i f the history of the earth 

was not in accordance with biblical tradition, was there not a suspicion that 

possibly the remote history of the human species might be somewhat at  

variance with the same account? 

The next great step in this progression came from the biologists. Even 

before the time of Galileo, Leonardo da Vinci had observed the presence of 

sea shells in the rocks of Italy, in high mountains at great distances from the 

sea. To da Vinci this seemed to indicate that these rocks had once formed a  
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part of the sea bottom or sea shore, and that when the shell -fish had died, 

their shells had been buried in the sands and muds which were subsequently 

l ifted up into dry land and consolidated into solid ro cks. 

By his contemporaries these ideas of da Vinciôs were accounted as being 

l i t t le less than insane, and were paid no particular at tention.  By the late 

18th and early 19th centuries, however, other men began the study of the 

sea shells contained in rocks, and found themselves obliged to come to es-

sentially the same conclusion reached previously by da Vinci. It was then 

discovered that the same strata or layers of rock over extensive areas always 

contained the same shells, but that the shells contained in di fferent strata 

were different. Finally, it was reasoned that if these rocks were sediments 

deposited in a sea, the older rocks should be those at the bottom of a series, 

and the successively younger rocks should be successively higher, one above 

the other like the layers in a layer cake. Then it was observed that in certain 

regions of England and France, the nearer one got to the present sea shore, 

the successively higher and therefore younger beds contained shells that more 

and more closely resembled those contained in the present ocean.  

Besides sea shells there were now beginning to be dug up here and there 

whole skeletons of large animals, the like of which do not exist on the earth 

today. 

This was, indeed, a puzzle. Men were obliged to come to the conclusion 

that the earth was extremely ancient, and that regions which are now dry 

land had been repeatedly under the ocean in times past. Not only this, but 

the animals in times past had been different ki nds of animals from those living 

at the present time. Stil l clinging as best they could to their folklore and 

theological doctrines, the men in the early 19th century had to revamp their 

ideas to include these new facts. This they did by deciding that inst ead of 

one divine creation there must have been several. God had evidently created 

the heavens and earth at some time in the extremely remote past, and, being 

an amateur at the art of creating, he had peopled it wi th some low forms of 

life. These, evidently, did not turn out to his liking, and in the meantime he 

developed some new ideas, so in order to try out his new ideas, he produced a 

great cataclysm, and wiped out all the forms he had previously created, and 

then repopulated the earth with a new set of creatures of somewhat improved 

design.  Thi s  process  was repeatedso  men a t  tha t  t ime thoughtunt i l  a t  

last perfection was reached when God created man in his own image, together 

with the lowly beasts of the fields to do him service.  

This beautiful picture was soon upset when the English geologist, Charles 
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Lyel l , issued in 1831 his famous textbook, Principles of Geology, wherein i t 

was shown that no evidence of a great worldwide cataclysm or catastrophe 

existed, and that the making of the mightiest mountains was probably ac -

companied by no more drastic phenomena than occasional earthquakes and 

volcanoes such as occur today. 

21 .2  Supe rna tu r a l i sm  o f  Man  

At about this same time new seeds of heresy were being sown by investiga -

tions in the fields of chemistry and medicine. The chemists were discovering 

that all matter on the face of the earth is composed of a small  number of 

elementary substances which they called the chemical elements. With this 

knowledge came the ability to chemically analyze various substances and to 

determine of what elements they were composed. As a consequence it was 

soon discovered that the human body, instead of being something mysterious 

or supernatural, was composed of identically the same chemical elements as 

are found in air, water, rocks and other common substances. In addition to 

all this, the German physician, Robert Mayer, discovered that the energy  

released inside the body by food eaten is identically the same amount as 

would be obtained were the same amount of food burned outside the body.  

The picture of the supernaturalism of man and the special creations re -

ceived a final  thrust when, in 1859, Charles Darwin issued his book Origin 

of Species. In this book Darwin showed that instead of species being sepa -

rately created, animal and plant life undergoes gradual and very slow change, 

and by this evolutionary process, given a sufficient amount of time,  entirely 

new l i fe forms develop from primi tive stock. Thus, l i fe on earth according 

to this new notion of Darwin, must have begun at some time so remote that 

no record of it is available, and from these simple primitive forms all of the 

diverse species of  plant and animal l ife, including man, himself, must have 

arisen. 

This was too much, and the theologians were up in arms again. Dogs, 

horses, cows and monkeys may have evolved from lower life forms, but manð 

never! Man, after all, had a soul and a conscience. He could reason and could 

discern the difference between right and wrong. He was something above and 

apart from the brute beasts of  the field. Whi le this f ight lasted for a period 

of 30 to 40 years, as usual the facts won out against tradition, and human 

beings, much as it hurt their egotism to have to do so, were so far removed  
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from the pedestal upon which they had originally imagined themselves to be, 

that at last they were obliged to admit blood kinship with the other members 

of the animal kingdom. 

But tradi tional ways of thinking are persistent and not easily outl ived, 

and, even though i t was granted that the human species is merely one out 

of many species of animals which had had a common evolutionary origin, 

sti l l the notion prevailed that there was somehow or other an aura of the 

supernatural  that di fferentiated man from the rest of the animal kingdom. 

Man, so it was thought, had a ómindô and a óconscience,ô and even the vestige 

of a ósoulô. Also there were óspiritual valuesô which still kept the human 

species in a slightly elevated position. Then, too, men had ówillsô whereby 

they could decide what to do and what not to do.  

The developments in the fields of physiology, biochemistry and biophysics, 

chiefly since 1900, are at last bringing us down to earth. Attention has al -

ready been called to the fact that the human body is composed chemically 

of the ordinary substances of which rocks are made. So are dogs, horses and 

pigs. In an earlier lesson, while discussing the óhuman engine,ô we pointed 

out that the human body obeys identically the same laws of energy transfor -

mation as a steam engine. This also is true of dogs, horses and pigs. These 

facts might lead one to suspect that human beings are very far removed from 

the semi-supernatural creatures they have heretofore supposed themselves to 

be. 

21.2.1 Object ive V iewpo in t  

There was stil l, however, the age-old puzzle of human behavior and of what 

we called óthinking.ô It might be remarked that the most minute anatomical 

dissection had never revealed anything that corresponded to a ómindô or a 

óconscienceô or a ówill.ô The reason for this is not difficult to find when one 

considers that all of these terms were inherited from an ignorant, barbarian 

past, and had never been subjected to scientific scrutiny. Let us remember 

that real  scienti fic progress is at all  t imes based upon  the correlation of 

objectively observable (see, feel, hear, taste, smell, etc.) phenomena. When 

we subject such concepts as the human ómindô to this sort of test they rapidly 

fade out of existence. When we observe  a human being we merely perceive 

an object  which makes a cer tain variety of  motions and noises.  The same 

is true, however, when we observe a dog or a Ford car. Only the form is 

di fferent in each case, and the particular pattern of motions and noises is  
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different. We observe, likewise, certain cause and effect relationships. If, for 

instance, we press the horn button on the Ford car, the Ford gives vent to a 

honk; likewise, if we step on the dogôs tail the dog lets out a yelp. Thus, we 

can say in the case of these two mechanisms, the dog and the Ford car, that:  

Pressing horn button produces honk. 

Stepping on tail produces yelp. 

We see, therefore, that when we begin to correlate what we actually  

observe, without introducing any of our inherited preconceptions, we can 

treat a dog with the same dispassionate objectivity which we are accustomed 

to use when dealing with Ford cars or radio sets.  

21.3  St imulus  and  Response  

It was with exactly this point of view that the famous Russian scientist, 

Pavlov, began a series of experiments which have already resulted in some of 

the most profound changes in human knowledge, and in what human beings 

think about themselves. Early in the present century Pavlov began the study 

of dogs in the manner we have described. He observed, for instance, that 

when beefsteak was shown to a dog, the dogôs mouth began to water and to 

drop saliva. This, mind you is just the kind of observation that one makes 

with a Ford. 

With the carðone pushes the button; horn sounds. 

In the case of the dogðone shows beefsteak; saliva flows. 

In the case of the car we know that the horn is connected to the push 

button by an electric circuit, and that if this circuit is broken the pressing 

of the button will no longer cause the horn to sound. Likewise, in the case 

of the dog, Pavlov knew that there are nerves leading from the eyes and the 

nose of the dog through the brain to the glands which secrete saliva. Thus, 

the sight and smell of a beefsteak in the case of the dog is just as mechanistic 

a process as the pressing of the button is in the case of the Ford car. Should 

these nerves be severed by operation, as has been done in Pavlovôs laboratory, 

the saliva is no longer secreted in the presence of the beefsteak. 

This cause and effect relationship between the beefsteak and saliva flow, 

and other similar reactions occurring in animals, are called reflexes. If one 

should use the same terminology in the case of the automobile, he would say 
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that the sounding of the horn is a reflex action occurring in consequence of 

the button having been pressed. The pressing of the button is called the 

stimulus; the sounding of the horn is called the response. In the case of the 

dog the stimulus is the sight and smell of the beef steak, the response is the 

flow of saliva. 

Now, in order to observe and measure this flow of saliva more accurately, 

Pavlov performed a slight operation on the dogôs face, and brought the sali-

vary duct out and grafted it to the outside of the dogôs face, so that the saliva 

flowed outside where it could be caught in a measuring device and accurately 

measured. 

The dog was then put into a careful ly shielded room, from which he 

could not see the outside, and into which no sounds from the outside could 

penetrate. A mechanical  device was instal led whereby the dog could be  

shown beefsteak without his seeing or hearing the operator. A metronome 

was also instal led. The operator sounded the metronome, and no sal iva 

flowed. Hence the stimulus, or the sound of the metronome, produced no 

response in the flow of saliva. Now the dog was shown beefsteak and the 

metronome sounded simultaneously. This was repeated 30 to 40 times, then 

the metronome was sounded alone. This ti me the saliva flowed upon the 

sounding of the metronome. That is, the stimulus, sound of the metronome , 

then produced the response, f low of saliva . In other words, the repetition of 

the sound of the metronome, together with the showing of beefsteak, some -

how produced in the dogôs brain a nervous connection between the nerves of 

the ear and the salivary glands, which did not previously exist. That this is 

so Pavlov demonstrated by removing the part of the dogôs brain containing 

that particular connection, and, just as when one cuts the wire between the 

button and the horn on a car no honk can be induced, saliva no longer flowed 

at the sound of the metronome. 

No w,  l e t  u s  see  wh at  th i s  mean s.  I f  the  dog  were  ab le  to  ta l k  and  

to describe his experience, he would doubtless say that he had heard the 

metronome so often, together with seeing and smelling beefsteak that finally 

every time he heard the metronome it made him óthinkô of beefsteak. But we 

have been able to observe that what actually happened inside the dog was a 

series of very slight nervous and muscular reactions, including the secretion 

of saliva. Stated conversely then, this series of slight nervous and muscular 

reactions, including the secretion of saliva, is what óthinking of beefsteakô 

consists of . I t should have been stated that the amount of sal iva flowing 

at the sound of the metronome was somewhat less than the amount flowing  
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when beefsteak itself was present. Thus the reactions which take place in the  

dog when he óthinksô of beefsteak are the same to those that occur when he 

actually sees and smells beefsteak, except for somewhat diminished intensity.  

This new connection where a response is made to follow a stimulus for 

which no reflex previously existed Pavlov called a conditioned response. The 

new reflex set up in this manner he called a condit ioned reflex.  

An almost endless variety of experiments of the same sort have since been 

performed on dogs, monkeys, human beings, and all sorts of lower animals, 

even to snails. It has been found that conditioned reflexes of second and 

higher orders can be set up. For instance, if a black square is shown the dog, 

no saliva flows, but if the black square is shown 30 or 40 times, 15 seconds 

before the metronome is sounded, and then the black square is shown alone, 

saliva flows. This latter is called a conditioned reflex of  the second order. In 

certain cases third order reflexes, but no higher orders, were established in 

dogs. 

21 .3 .1  T h ink ing ,  Speak ing ,  W r i t i ng  

Experiments with human beings have given identically the same kinds of 

resul ts, with the exception that the human being requires a smaller number 

of repetitions to establish a conditioned reflex than a dog, and he can sustain 

a higher number of orders of conditioned reflexes than a dog can. It is of this 

that a superior intellect consists.  

We have already remarked that the series of nervous and muscular twitch-

ing involving the secretion of saliva, which takes place at the sound of a bell  

or other conditioned stimuli in the absence of beefsteak, is of what óthinking 

of beefsteakô consists. It is now incontrovertibly demonstrated that all 

thinking is of this sort. If a certain object is placed in front of a human being 

and at the same time a certain sound is uttered, and this process is repeated 

a number of  t imes, then i f the sound is uttered without the object  being 

present, the human being óthinksô of the object, which means that inside him 

the same muscular and nervous twitching occur which were originally evoked 

only by the object i tsel f. This is the basis of all language. 

Suppose the object be a familiar tool used for digging soil, and that the 

sound emitted in connection with it is the word óspade.ô If these two are 

repeated together to a human being who never before saw such an object, or 

heard such a word, he is soon conditioned to a stage where the sound of the  

word óspadeô evokes in him a conditioned response essentially similar to that 
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produced originally only by the object itsel f.  

Now carrying this to the second order, suppose that the word óspadeô is 

spoken, and simultaneously the individual is shown a certain configuration of 

black marks on paper. After a few repetitions this particular configuration of 

marks will evoke the same response, only to a slightly lesser intensity, than 

was formerly evoked only by the word óspade,ô or by the spade itself. This is 

the physiological basis of writing.  

Conversely, no conditioned response to a given stimulus can ever occur 

unless the subject has previously been through the conditioning experience 

involving this stimulus and the corresponding response. Thus, suppose that 

you are asked to think of órideck,ô and you think just as hard as you can. 

Nothing happens. The reason nothing happens is that no conditioned reflex 

has ever been set up in your experience between the word órideckô and some 

unconditioned response due to some other cause. If, however, you hear the 

word órideckô tomorrow, in all probability you will have a response similar 

to, only somewhat less distinct than the one you are having now. Tomorrow 

the sound of the word órideckô will make you óthinkô of this lesson. 

Suppose, likewise, that the word óLondonô is sounded. If you have never 

been to London this stimulus will evoke in you responses from a multitude of 

your past experiences with regard to the word. These responses will be those 

evoked originally by certain motion pictures that you have seen, geography 

textbooks, newspaper pictures and articles, and probably certain books that  

you have read. What is more, the responses probably will be more or less 

vague and indistinct and certainly different from those that would be evoked 

had you ever been to London yourself. Likewise the following black marks on 

paper, óFranklin Delano Roosevelt,ô will cause you to utter certain sounds, 

and will evoke within you responses reminiscent of certain pictures you have 

seen in the newspapers and the newsreels and a certain voice you have heard 

on the radio.  The effect  would be just the same to you, a ssuming that  to 

be the limit of your experience, if the whole business were a hoax, and the 

pictures and the voice were of somebody else entirely, and merely put out for 

your illusion. 

This latter type of thing, as a matter of fact, is exactly what was don e 

during the World War, when we were told in the magazines and the news -

papers about the Germans cutting off the hands of Belgian children. All we 

saw were certain black marks on paper, and we saw and heard certain people 

talking. Then we went out and acted as if Belgian children had actually had 

their hands cut  off;  which was exactly what was intended that  we should  
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do. However, no one has ever seen, then or subsequently, any of the Belgian 

children who were supposed to have suffered this misfortune. In other words, 

i t was a pack of deliberate lies, and we, the uninformed public, were the 

unsuspecting and helpless victims thereof. 

21.4 Suppression of  Responses  

Another thing that Pavlov discovered in his experiments on dogs was that, 

not only could responses be produced by conditioned stimuli, but they could 

also be suppressed or inhibited. In one case the dogôs foot was given an 

electric shock. This produced a defense reaction. When, however, the shock 

was applied, together with giving the dog food for a number of times, the 

defense reaction was inhibited, and thereafter the electric shock caused a flow 

of saliva. 

It was found that temporary inhibitions to the conditioned responses were 

always set up when stimuli foreign to the experiment were allowed to act upon 

the dog. Thus an unusual noise or the sight of a cat would completely inhibit 

the conditioned responses such as the flow of saliva. In general, strange stimuli 

always produced strong inhibitions of the ordinary conditioned responses, 

though they might or might not produce positive responses of other sorts.  

In the case of human beings, striking examples of this type of temporary 

inhibition are to be found in such instances as stage fright (partial paralysis 

in the presence of an audience), microphone fright, the inability of one not 

accustomed to doing so to dictate to a stenographer, and the inabi li ty to 

move freely while at great heights. 

In the case of the dog, a particular disturbing factor, if repeated often 

enough, loses i ts power to inhibi t. Likewise with human beings, all  of the 

above forms of temporary inhibi t ion diminish rapidly with frequent repeti -

tion. The way to overcome stage fright is to appear before an audience fre -

quently. The disappearance of the inhibition of movement at great heights is 

evidenced by the indifferent manner and freedom with which structural steel 

workers move about in skyscraper frameworks.  

Another type of inhibition was produced in the dog by repeatedly sound ing 

the metronome without presenting any food. On successive repetitions the 

conditioned response gradually diminished until i t finally disappeared 

entirely. This is a fact that is well appreciated by farmers and ranchers. The 

farmer sets up a conditioned reflex in his hogs by sounding a certain call at  
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feeding time. By daily repetition of this, within a few weeks the hogs become 

so conditioned that the sound of this call  alone will cause them to come in 

from distances as great as the sound can be heard. If, howe ver, the hogs 

are called repeatedly without being fed, the conditioned response will soon 

become inhibited and disappear, and the hogs will no longer respond to the 

call . A human example of this same type of inhibi tion is contained in the 

famil iar story of  The Boy Who Cried Wolf. 

Likewise a farm boy, when brought to the city for the first time, is confused 

by literally thousands of simultaneous stimuli which are impinging upon him. 

He allows li ttle to go unnoticed. He sees the flashing of the electric sign 

boards, the automobiles, the people, the street cars, and the elevated trains, 

all simultaneously, and so strong and uninhibited are his responses to these 

various stimuli that his motions are likely to be irregular in consequence. It is 

only after weeks of city experiences that he can walk along a busy street and 

pay no particular attention to anything. In other words, i t takes some weeks 

to inhibit his responses to irrelevant stimuli such as electric signboards.  

21.4.1 Involuntary Process  

To summarize, Pavlov, by working experimentally with dogs, was able to 

demonstrate that there are certain inborn reflexes which are just as mechan -

ical in their performance as is the relation between the pushing of the horn 

button and the sounding of the horn in an automobi le. In addition to this,  

he demonstrated that there is some nervous mechanism in the dog, whereby, 

through a process of repeti t ion or conditioning, formerly i rrelevant stimul i  

can be made to set off any of these inborn reflexes. He also found that it is 

possible to remove, by operation, the upper part of the dogôs brain, the cere-

bral  cortex,  wi thout ki l l ing the dog or impairing the inborn reflexes. After 

this operation the dog could sti l l  walk, and i f food were put into his mouth 

he would eat it, but the sight or the smell of food would have no effect upon 

him whatever. Consequently, after this operation, if not cared for, the dog 

would soon die, because he was completely unable to take care of himself. 

The reason that the sight and smell of food no longer affected him was that 

the nervous connection for the conditioned reflex between the sight and smell 

of food and eating was situated, at least in part, in the cerebral cortex which 

had been removed. 

Thus a dog is a mechanism with cer tain inborn responses and an abi l i ty 

to set up, depending purely upon his individual experiences, an almost  
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infinite variety of responses to new stimuli. This process is automatic and 

mechanical . The dog has no power, whatever, when being subjected to a 

given experience, to refrain from having the conditioned reflex established 

which occurs as a consequence of that experience. 

We have dwelled at length upon Pavlovôs experiment on dogs, merely 

because it is simpler to follow Pavlov in his classical  experiments without 

danger of losing our objective point of view. We have digressed from time to 

time to point out equivalent cases in the behavior of human beings. Other 

workers both here and abroad have found that everything which Pavlov found 

to be true in the dog is true also in human beings. All habit formation, all 

language, all óthinkingô is nothing more nor less than the human beingôs 

response to miscellaneous stimuli, internal and external, in accordance with 

his existing conditioned reflexes. The human being di ffers from the dog 

principal ly in this respectð in the fact  that he can acquire a conditioned 

reflex after fewer repetitions than the dog, and that he can sustain a higher 

number of orders of conditioned reflexes than can the dog.  

21 .5  Con t ro l  o f  Behav io r  

Practically all social control is effected through the mechanism of the con -

di tioned reflex. The driver of an automobile, for instance, sees a red light 

ahead and immediately throws in the clutch and the brake, and stops. This 

behavior is no whit di fferent from that  of a dog which hears a metronome 

and secrets saliva. 

Of no less importance in social control are the conditioned inhibitions. If 

they are taken young enough, human beings can be conditioned not  to do 

almost anything under the sun. They can be conditioned not to use certain 

language, not to eat certain foods on certain days, not to work on certain 

days, not to mate in the absence of certain ceremonial words spoken over 

them, not to break into a grocery store for food even though they may not 

have eaten for days. Of course, the human being rational izes all  this  by 

saying that it is ówrong,ô or that his óconscienceô would bother him, but the 

interesting thing about ówrong doingô and óguilty consciencesô is that they are 

only involved in those cases where oneôs past training has rigorously inhibited 

him from performing the actions in question. 

It is interesting to observe a man with a óconscience.ô Suppose that he 

is put into circumstances where he is forced to do the things which he has  
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been taught not to do. Suppose, further, that these forbidden actions are 

themselves pleasurable, that is to say, of themselves they set off no reactive 

or defense reflexes. The first few times the person is obliged to do the forbid-

den thing he does so with great hesitancy, and shows considerable signs of 

uneasiness. If, in that stage, he discusses the matter, he is likely to protest 

that óit just isnôt right.ô If the action is repeated a number of times, however, 

and no ill consequences occur, the signs of uneasiness begin to disappear, and 

finally the action is taken with no hesitancy whatsoever. If, at this stage, the 

person comments upon his action, he is likely to remark upon how silly he 

must have been formerly to have been so diffident with regard to so harmless 

a matter. 

If one observes a dog he will find an exactly equivalent mode of behavior. 

Suppose the dog is a farm dog which has been taught since he was a puppy 

that he may stay on the porch, but must never come into the house. Suppose 

further, that on a cold winter day someone takes compassion on the dog, and 

decides to invite him in to warm before a big log fire in the fire place. The 

door is opened and the dog is invited in, but he does not come; he takes 

a step or two in the doorway, looks uneasy as if he expects someone to hit 

him with a broom, and backs out. Finally lie is taken by the collar, and 

persuaded somewhat more forcibly to come in by the fire. While the fire is 

a delightful contrast to the cold out of doors, the dog still sits uneasily and 

appears ready to run at the slightest false gesture. After warming a while 

the dog is sent back to the porch. The second time he is asked in he comes, 

but still with considerable diffidence. After that he is likely to hang around 

the door in the expectation of a third invitation. Soon he sneaks in without 

being invited, and thereafter it becomes almost impossible to keep him away 

from the fire on a cold day. 

These two cases, the man with a óconscienceô and the dog which has been 

taught to stay out of the house, are identical in all essential particulars. Both 

are conditioned inhibitions, and only signify that the animal in question (man 

or dog) has been subjected to an inhibiting influence in his earlier training.  

One sees the same type of thing among farm animals. Most farm fences 

are of the nature of the red light in traffic, in that the farm animals, but for  

an inhibition to the contrary, would be physically able to jump them or tear 

them down if they tried. Wild horses, cattle or hogs, for instance, will jump 

over or tear down fences which hold the more domesticated members of the  

same species quite effectively. What is the reason for this? Can it be that the 

domesticated individuals are not as physically strong as their wild relatives?  
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This is usually answered to the contrary among farm animals by the familiar 

barnyard rebelðhorse, cow or hogðwhich discovers how to jump or climb 

over fences and how to open gates and barn doors. The author knows of  

one hog which, when it was young, was given a slight encouragement in 

learning how to climb into a grain crib. This early experience seems to have 

removed the pigôs inhibitions concerning fences and barns, for thereafter with 

no further encouragement or training this pig learned how to open barn doors 

and how to climb over every field fence on the farm. Finally when he had 

grown and was placed in the pen with the fattening hogs, he climbed right out 

again. This was repeated until a pen was finally built of bridge timbers nearly 

f ive feet high, and tapered inward, so that i t became physically impossible 

for him to climb out. The interesting thing about this is that ev ery other hog 

on the farm could have done the same thing but for their carefully cultivated 

inhibi tions to the contrary. 

In this connection it is extremely instructive to observe a miscellaneous 

cross section of the human beings in any community. A certain  small number 

of individuals always enjoy a greater freedom of action than the great major ity 

of their fellows. These few are forever doing a great variety of things that the 

others dare  not do.  This difference is largely a difference in inhibitions .  To 

carry the contrast to an extreme, consider a person raised entirely on a farm 

to be placed for the first time in a large ci ty. While this person will not in 

general be without a quiet self-confidence, he will be extremely shy and 

loath to ask questions of s trangers about means of getting about. If placed 

in social circles of unfamiliar dress and customs, his actions will be almost 

completely inhibi ted. By way of contrast the ci ty -bred person, when placed 

in rural surroundings, is l ikely to be quite at ease w ith people, but almost 

helpless in case he is completely alone and there is no one to ask what to do.  

A question frequently arises regarding the extremes toward which human 

beings can be driven in their conditioned actions.  No better  test  in answer 

to this question is to be found than that provided by military service. In this 

case millions of adult men can be regimented and put through a conditioning 

process consisting of the familiar ósquads right, squads leftô of the military 

drill, practice in handling firearms, and conditioning in assuming the proper 

attitude or deference toward the insignia of higher rank than those on the 

uniform of the particular soldier in question. Let it be emphasized that the 

atti tude of deference and obedience on the part of a s oldier to a superior 

officer is a case of pure conditioning with regard to the uniform the officer 

wears, and not with regard to the man himself. Place a man in the uni form 
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of a buck private and he will evoke the response on the part of his fellows 

which they have been conditioned to give in the presence of the uni form of  

a buck private. Place identically the same man in the uniform of a general, 

and he will be accorded all the respect and deference to which a general is 

accustomed. 

So strong are these conditioned responses on the part of the soldier to 

such stimuli as spoken commands, bugle calls, sleeve stripes, flags, etc., that 

when these stimuli are manipulated, the soldiers can be made to face even 

machine-gun fire and shrapnel. 

21 .6  G l andu l a r  Types  

So far we have been talking about the reaction of a given organism to i ts 

external environment, and we have found that there is a great similarity in 

response, not only of human beings among themselves, but of other animals 

as well, to external stimuli. It has long been recognized, however, that there is 

a very fundamental difference in patterns of behavior in response to similar 

external circumstances by various human beings of the same sex, and an 

even more marked difference of response between members of opposite sexes. 

Even Shakespeare recognized this difference as shown by the remark of Julius 

Caesar: 

óLet me have men about me that are fat, 

Sleek-headed men and such as sleep of oônights: 

Yond Cassius has a lean and hungry look 

He thinks too much: such men are dangerous.ô 

It is a matter of commonplace observation that fat men are likely to be 

jolly and good-natured, whereas the lean and hungry type are more likely to 

be caustic, nervous, jittery, and, as Shakespeare expressed it, dangerous. It 

is only recently, however, that physiological knowledge has advanced to the 

point where i t is now known that being fat and jol ly or lean and dangerous 

is almost exclusively a matter of di fference in internal  secretions of certain 

of the endocrine glands of the body. If a certain combination of secretions 

from these various glands takes place a person becomes fat and jolly; if a 

certain other combination of secretions occurs the person becomes lean and 

has a pattern of behavior of the type that is more commonly observed in lean 

people. 
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These fundamental differences of behavior are even more marked between 

the opposite sexes. In the mammals and many other animals the male is com-

monly larger than the female, and is inclined to be belligerent and stubborn. 

The male hog, for instance, not only is larger than the female, but also has 

long protruding tusks on each side of his mouth. The male deer has antlers. 

The male chicken has a large comb, long tail and neck feathers, and fighting 

spurs. The female not only is different in appearance from the male in most 

species, but also has a distinctly different mode of behavior. Besides, this 

mode of behavior varies widely from time to time, as in the case of the setting 

hen or a hen with chicks as contrasted with the same hen at other times; or 

as in the case of a mammalian mother with young, as contrasted with the 

mode of behavior of the same female at other times.  

21 .6.1 The Endoc r ine G lands  

In the past we have been content to obscure these distinct modes of behavior 

behind such expressions as ómotherly loveô and other terms equally mean-

ingless. What is now being learned is that these distinct modes of behavior, 

as well as bodily differences of form, are due very largely to a difference of 

internal secretions of the endocrine glands in the various cases.  

Farmers have long known that castration of male farm animals produces 

a marked physiological change, as well as a change in the mode of behavior. 

A bull, for instance, has a deep-throated bellow, is squarely built, is stubborn 

to the extreme, and is inclined to be qui te dangerous. Castration changes 

this almost immediately. The castrated animal becomes docile and easily 

manageable; he also loses all interest in the opposite sex. He loses his square -

built shape and tends to become taller and more rotund. Similar changes are 

noticed in the males of other species. It follows, therefore, that some very 

potent secretion must be present in the non-castrated male which is no longer 

present after castration. This secretion has been called the male hormone. 

There is a simi lar type of thing with regard to the female ovaries. Just  

as in the case of the male, where castration produces a metamorphosis to a 

form which is intermediate to that of the distinctly male and the distinctly 

female characteristics, so the removal of the ovaries of the female causes the 

disappearance of the distinctly female characteristics. If, for instance, the 

ovaries are removed from a chicken hen, she develops longer tail and neck 

feathers and other external features intermediate to those of a h en and a 

rooster, and resembling those of a capon.  
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There is a case on record where a prize laying hen, on which accurate 

records had been kept, finally quit laying and began to develop a large comb, 

long tail and neck feathers, and fighting spurs like a rooster. Not only did the 

hen begin to look like a rooster, but she also began to act like a rooster. She 

developed the male tendency to fight, and also developed the male sexual 

behavior. The result was that this former prize laying hen actually began to 

produce ferti l ization. Thus we have a case of a single chicken which during 

the course of its lifetime was successively both the mother and the father of 

offspring. 

Principally within the last decade or two, various ones of these internal 

secretions have been isolated chemically and, in some cases, produced syn -

thetical ly. It  is  found simply that very minute amounts of highly potent 

chemical substances, such as adrenaline, which is produced by the adrenal 

medulla, thyroxin by the thyroid gland, pituitary extract by one of the pitu -

itary glands, female hormone by the ovaries, male hormone by the testes, 

and various other internal secretions by the other endocrine glands, are in -

jected into the blood stream, and that  to a very great extent  the state of  

health, shape of the body, and fundamental modes of behavior are thereby 

profoundly affected.  I f these su bstances are in jected into the body from 

the outside they produce the same effect that would be produced were they 

secreted by the body itself. 

We have already mentioned the metamorphosis in the physiological processes, 

body shape, and modes of behavior of  animals which have been arti ficially 

deprived of cer tain of  these secretions,  the male or the female hormones. 

Both of these hormones are now being obtained in concentrated form, and 

experimental investigation of their effects upon animals is proceeding a pace. 

Some years back experiments, which have since become classical, were 

performed upon chickens. From a normal chicken hen, for instance, the 

ovaries were removed. This deprived the hen of the female hormone, and she 

developed the capon-like features already described. Then she was injected 

daily with a concentrated solution of male hormone, obtained in this case 

f rom bul l  testes. Under this treatment, the comb, neck wattles, neck and 

tail feathers began to grow, and within a few weeks the former hen bec ame 

metamorphosed in all outward appearance into a roosterða slightly squatty 

rooster  to be sure,  but  a rooster ,  nevertheless.  Now, when the in ject ion 

of male hormone was discontinued these features gradually subsided, and 

the squatty rooster became a capon again. Similar experiments have been 

performed with guinea pigs. A normal young male guinea pig was castrated  
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and allowed time enough to reach a stage of sexually neutral equilibrium in 

the absence of the male hormone. Ovaries were then transplanted into his 

body, which began the secretion of female hormone. Under this influence the 

guinea pig developed enlarged mammary glands and a general body contour 

resembling that of a female guinea pig. Finally, after this metamorphosis had 

taken place, the guinea pig was given injections of an extract obtained from 

the anterior  pi tui tary gland. It  might be remarked that  i t  i s  the secretion 

from the anterior pi tui tary gland which sets off the mi lk producing function 

of the mammary glands. After the injection of the pituitary extract lactation 

was produced, and this formerly male guinea pig actually nursed a litter of 

young when they were given to him.  The experiment ended there.  I t  i s 

entirely l ikely that there are sti l l other hormones, possibly those from the 

posterior pituitary, which, had the guinea pig been injected with them also, 

would have produced in him a full -fledged case of ómother love.ô 

While the foregoing experiments have regarded principally animal species 

other than the human, this is largely because these other animals are more 

amenable to experimentation than are human beings. Clinical data, however, 

indicate that essentially the same phenomena that have been observed with 

regard to dogs, cats, guinea pigs, and farm animals generally, are equally 

true for human beings. Over-secretion or under-secretion of any of these en-

docrine glands in the case of the human being produced pathological states 

that affect the whole body and mode of behavior in varying degrees. Dis -

eased ovaries, for instance, causing insufficient secretion of female hormone, 

frequently cause the development of a coarse, masculine voice and other 

masculine characteristics, including the growth of beard. These pathological 

conditions have been, in some cases, successfully treated by an operation 

involving the removal of the tumor or  other disturbing factor,  or else by 

continuous injections of the hormone in which the patient was otherwise 

deficient. 

21 .7  Resu l ts  on  Behavio r  

It is very important that one distinguish the di fference between modes of 

behavior resulting from external conditioning and those occurring as a result 

of glandular and similar differences which are frequently inherited. These 

differences are excellently shown in the case of farm animals. Different vari -

eties of farm animals of the same species are frequently quite different in their  
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fundamental modes of behavior, even though their external conditioning is 

practically identical.  

Hogs afford an excellent illustration. A razor -back pig can be raised along 

with a litter of Poland-China pigs of the same age. The whole litter can be 

subjected to practical ly the same sort of conditioning, but sti l l  when they 

are grown, the razor-back wi l l  be lean and wi ld, and wi l l  f ight furiously at 

very slight provocation to protect its young. The Poland -China pigs, i f well  

fed, will incline to fatness, and will be tame, stolid and unexcitable. Even if 

cross-bred with Poland-Chinas, the wild and excitable characteristics of the 

razor-back will persist for several generations. 

A similar thing is true of cattle. In the pioneer days the range cattle and 

the razor-back hogs, as well as the mustang pony, were breeds which evolved 

from ordinary domestic stock imported from Europe. Under wild environ -

mental conditions this formerly domestic stock underwent a rapid evolution, 

with the development of those characteristics best suited to survival under 

such conditions. Among the outstanding characteristics thus accentuated 

were wi ldness, tendency to fight for young, and abi l i ty to endure on l i ttle 

feed. It is precisely these characteristics which differentiate this stock from 

i ts domestic counterpart, which is biologically inferior. The old range cow, 

like the razor-back hog, was not only wild, she was also a fighter. If a range 

cow wi th a cal f  were corral led,  any person molesting the cal f  would do so 

at his own risk and there was a high probabili ty that he would be put up a 

tree or over the fence. The tendency of the range cattle to stampede when 

collected in herds is now famous in song and story. 

No amount of domestication of the range cattle ever more than slightly 

altered those inherent modes of behavior. During the transition period while 

the range cattle were being replaced with white -faced Herefords, it was not 

uncommon for a range calf to be raised among Herefords. This more genteel 

(i f one prefers) environment had li ttle effect on the fundamental tendencies 

of the range stock. The range cal f would grow up lean, wi ld, and with a 

propensity for fighting. 

A similar thing has been observed in turkeys. The present domestic breed 

of turkeys has been evolved since the settlement of America by Europeans, 

from the native wild stock indigenous to this Continent. The evolutionary 

process here is in the opposite direction from that of the razor-back hog and 

the range cow. In the case of turkeys, a part of the original  wild stock has 

been gradually domesticated, leaving another part of the original  wild stock 

as a biological control for comparison.  
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There have been cases where the eggs of wild turkeys have been found, and 

hatched by a domestic turkey along with a number of eggs laid by domestic 

turkeys. Here, again, is a case where the young wild and domestic turkeys 

are brought up under identical  environmental conditions from the date of 

hatching.  As this f lock of  young turkeys grew up the wi ld members were 

easily detected by the difference between their mode of behavior and that of 

domestic turkeys. At any sl ight barnyard commotion, such as the barking 

of dogs, for instance, the domestic turkeys would fly to the top of nearby 

fences, while the wild turkeys would fly to the top of the tallest pec an trees 

in the vicinity. 

What we are getting at here is that, granted all the similarity in the basic 

physiological structure of different individuals of the same species, there are 

also inherent individual di fferences which are probably in par t glandular , 

and which no amount of  condi tioning or  t raining can i ron out.  Certain 

individuals are exci table. They flare into a rage on short notice, and from 

slight provocation, and cool down equally quickly. Others are long -suffering, 

and are slow to anger, but having become angry, may require days or weeks 

to subside to normal. 

The basal metabolisms of some varieties of the human species have, 

through some evolutionary process, become peculiarly adapted to the trop -

ics. Others have in l ike manner become adjusted to temperate, and sti l l  

o thers to Arctic cl imates. Al l  this has nothing to do one way or the other 

with the superiority or inferiority of one variety of race of human beings with 

respect to another. It is  merely an observation t hat human beings di ffer,  

both individually and racially, and that such differences are fundamental.  

21.7.1 Peck-Rights 

Much light in recent years has been thrown on the problem of individual 

differences by observations made on various sorts of animals. It is a common 

observation, for instance, around any barnyard that certain individuals for 

no apparent reason, assume priority and take precedence over other members 

of the same species. In a dairy herd, for example, coming from the pasture to 

the barnyard, a certain cow always goes through the gate first, and the others 

follow after in their proper order. Or, between two cows, it is observed that 

one will hook the other without the second one fighting back. If a strange cow 

is introduced into the herd there may be a bit of fighting until she establishes 

her proper rank, but after that rank is once established i t remains fixed.  
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Within recent years a German biologist has made extensive studies of 

similar relations among chickens. He found that in a given flock of chickens 

there existed a fixed system of what he called ópeck-rightsôðwhich chicken 

pecked which. He found, for instance, that between A and B, say, A would 

peck B, but B would not peck A. Hence, A was said to have a ópeck-rightô 

over B. This man studied the peck-rights between every pair of chickens in 

a given group, and he found the system, though compl icated, to be qui t e 

r igid. Sometimes the peck-right system would form a closed chain. That is, 

A would peck B, B would peck C, C would peck D, and D would peck A.  

According to press reports a series of similar experiments has recently 

been made at the Universi ty of Wisconsin, using apes. According to this 

report, pairs of strange apes of like sexes were placed in a cage together and 

allowed to remain there until they established a state of mutual tolerance. It 

was found in each case that there was no such thing as equality between the 

two members of the pair. There might be quarrel ing in the earlier stages, 

but once equilibrium was established, one of them always assumed priority 

over the other  thereafter;  one was def ini tely No. 1, and t he other  was No.  

2. No. 2 in one pair might be No. 1 in another pair, but  in any given pair 

there was nothing that corresponded to the concept of equality.  

One sees identically this same type of thing among any group of children 

on a playground, or among any group of workmen of the same rank on a job. 

Certain individuals dominate, and the others take orders. These dominant 

ones need not be, and frequently are not, large in stature, but they dominate 

just as effectively as if they were. 

In the Declaration of Independence there occurs the familiar line: óWe 

hold these truths to be self-evident, that all men are created equal...ô This 

concept is philosophic in origin and, as we have seen, has no basis in biologic 

fact. Upon biologic fact, theories of democracy go to pieces.  

2 1 .7 .2  Func t ion a l  P r io r i t y  

The greatest stability in a social organization would be obtained where the 

individuals were placed as nearly as possible with respect to other individuals 

in accordance with ópeck-rights,ô or priority relationship which they would 

assume naturally. Conversely, the most unstable form of social organization 

would be one in which these ópeck-rightsô were most flagrantly violated. Ex-

amples of this latter type of instabi li ty are to be found in the c ase of the 

army during the late World War, and in many business organizations at the  
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present time. 

In the case of the army, several million men were hastily put under arms, 

so that there was li ttle opportunity in advance, had any provision to do so 

been made, to choose the officers on the basis of spontaneous natural priority. 

Instead, fol lowing the wel l  known West Point  tradi tion of catering to the 

óright people,ô and to what is ósocially correct,ô the officers were picked largely 

on the basis of the social  prestige of their famil ies, their col lege training, 

and other  superficial  considerations,  but  wit h l i tt le  or no regard for  their 

abi l i ty to command the respect of the men under them. Their  posi tions 

consequently were maintained largely by military police power, and many an 

officer fared badly once the protection of that police power was relinquished. 

This accounts for the reputed high fatality of officers at the front from bullets 

in the back, and for the scores of others who took a proper beating upon the 

discharge of the men serving under them.  

The same thing is true of business organizations. The weapon of control 

in this case is the police power of the state and the club of economic inse -

curity which is held suspended over the heads of the workmen. There are 

few business organizations today whose administrative staffs, selected largely 

upon the basis of favoritism to relatives, and upon pecuniary considerations, 

are not to a great extent inverted with regard to the question of natural pri -

ority. In such organizations this state of inversion is maintained under the 

protection of the police power of the state, and by means of the weapon of 

economic insecurity which the relatively incompetent staffs are enabled to 

wield over the heads of the workmen. Were these artificial controls removed, 

it need hardly be added, these functional incompeten ts would find their ex-

istences extremely unsafe until they gravitated back to the level where they 

properly belonged. 

A very great amount of confusion exists as a result of mistaking social 

position for ability. For example, there are few of the óPark Avenueô crowd, 

most of whom have inherited money but have never done anything in their 

l ives in evidence of superior intelligence or functional capacity, who do not 

adopt an attitude of extreme condescension towards such people as farmers, 

members of the ski l led trades, and other such people whose functions are 

the most vital (and require among the highest degrees of intelligence) of any 

that exist at the present time. Likewise, the professors of a university view 

with considerable condescension the activities of the skilled mechanics in the 

university machine shops, l ittle realizing that it takes a considerably higher 

order of intelligence, both as regards training and in every -day performance 
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thereafter, to be a master mechanic, than it does to become and remain the 

ólearnedô Professor So-and-So. 

No better example of this particular type of intellectual insolence need be 

sought than that afforded by Professor Ortega Y. Gasset in his book, Revolt  

o f  th e  M asses. In this book the wri ter is decrying the rise of the masses 

and uses the il lustration of an African savage who has learned to drive an 

automobile and to use aspirin. What the professor does not appear to realize 

is the irony of his own situation, namely, that in the world of action his own 

posi tion is practical ly identical to that of the savage he is describingðone 

of complete functional incompetence. Professor Ortega y Gasset is a Jesuit 

Professor of Philosophy at the University of Madrid, and, as such, so far as 

is publicly known, has never done anything of more importance in his entire 

l ife, than to read books, talk, and write more books.  

21.8  Soc ia l  Cus toms  

These facts lead us to the recognition of two things: first, that human beings, 

through the mechanism of conditioned reflexes, all react to their environment 

with a distinct cause and effect relationship; and second, that while human 

beings all react to their environment in this manner, there is considerable 

individual variation in the specific reactions of various individuals. In spi te 

of individual di fferences, however, the degree of uni formity of reactions in 

a large cross section of people to similar environmental conditions is truly 

remarkable. 

This fact is well  brought out in the social  customs of primitive peoples. 

In all primitive peoples the biological necessities of food, clothing and shelter 

to whatever extent is necessary, and reproduction, are a lways complied with, 

but the precise social customs and folk-ways such as marriage and other cer-

emonies, the ownership of property, etc., vary between extremely wide limits. 

Every conceivable marriage relationship such as polygamy, monogamy, and 

polyandry, together with all  sorts of minor variations between these is the 

fixed and rigid custom of some tribal people somewhere. Similarly this holds 

true with customs pertaining to rights of property. These customs vary from 

almost complete communal holdings of  all property by a tribe as a whole, to 

cul tures with highly individualistic customs of property rights.  

The point is that there is no such thing as a ócorrectô or órightô system of 

social  customs. Within each one of these tribes their own particular set o f 



 LESSON 21. THE HUMAN ANIMAL 202 

 

folkways is taken as the basis with respect to which the customs of all other 

t r ibes are judgedðand almost invariably condemned. In any given t r ibe 

there is the usual latitude of range in individual differences, but in spite of 

these differences the early conditioning of the youth of the tribe is such that 

upon growing up all the members of the tribe of like sex present a remarkable 

uni formity of customs and behavior . In other words, i t matters l i tt le what 

the particular set of customs or folkways happens to be, the conditioning of 

the youth of the tribe is in each case always such as to insure their carrying 

on in accordance with the best tribal  tradi tions.  

The same type of things occurs in the educational process in general. So 

similar, for instance, are the colleges and universities of this country that 

there is remarkable uni formi ty in the products turned out.  On the other  

hand, within a given university one sees excellent illustrations of the uniform 

reactions of an ordinary cross section of students to different environments 

in the cases o f di fferent professors. It very commonly occurs in col leges 

that there is a Professor  A,  who is completely uninteresting and succeeds 

in inhibiting or putting to sleep almost all the students who come under his 

tutelage. Under Professor B, on the other hand, practically all of the students 

who come into his classes become intensely interested in the subject matter 

at hand. Were these two professors each to give his private opinion of the 

intelligence of college students, Professor A would likely say that al l students 

are stupid and lazy; Professor B would say that, quite on the contrary, he 

had found college students in general to be alert and intell igent. Both would 

be correct, for under Professor A even the most bril liant of students would 

appear stupid, and under Professor B even the dull -witted ones would show 

at least a faint sparkle of intelligence. 

One sees the same type of thing among workmen on various jobs. It is  

a simple matter to stand on the sidel ines and cri t icize a gang of workmen 

for their lack of enthusiasm and apparent indolence, but if one places himself 

on the job as a member of the gang and under the same circumstances, i t  

is observed that he soon acts in essentially the same manner as the others 

do. An excellent i l lustration of this came to the authorôs observation in the 

case of what was known as an óextra gangô on the Union Pacific Railroad. 

This gang consisted of about 80 men, and was under the direction of a tough 

Swede by the name of John Swanson. Under Swansonôs leadership this was 

an efficient and well organized body of men with an excellent esprit de corps. 

After making a record in laying four complete railroad switches in one day, 

Swanson would take a look around at the men and remark, óWell, boys, we 
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didnôt do much today, but we sure will give it hell tomorrow, wonôt we?ô 

Finally Swanson left the gang for a two-week vacation. During his absence 

the acting boss was an old-time section foreman, who had not done anything 

in years more vigorous than to si t on the railroad embankment and watch 

the Mexicans dig weeds. The section foreman spent the two weeks sitting 

on a flat car smoking a pipe, and as long as the men made the slightest 

pretense at work he appeared to be quite contented. Within one week this 

highly efficient gang of workmen was almost completely demoralized. They 

were becoming disgruntled with the job, and were volubly wishing that John 

Swanson would hurry back. 

The significant thing here is that we are dealing with identically the same 

men in both cases. An outside observer, watching this gang perform under 

the leadership of John Swanson, would have described it as a fine gang of 

workmen. Another observer, describing the gang under the direction of the 

section foreman, would have described it as being composed of a completely 

shiftless lot, and here, again, both would have been correct. An ordinary cross 

section of workmen react to competent leadership by becoming a competent 

crew, while the same ordinary cross section of individuals under incompetent 

leadership tend towards a state of complete demoralization.  

In other words, when any large number of indiv idual human beings under 

the same set  of environmental ci rcumstances tend to behave in  a certain 

specific manner, it is safe to say that any other similar cross section of human 

beings under the same circumstances would respond in a l ike manner. 

This basic fact shows the futility of all moralistic approaches to the solu -

tion of social problems. Such an approach always consists of the pious hope 

that human beings can be instructed to do the órightô thing, regardless of how 

contrary this happens to be to what their environmental  controls dictate.  

It is the same moralistic approach that is back of the current stupidities 

of the liberals, the communists and others, whose chief form of activity con -

sists of signing protest listsðprotests against war, protests against fascism, 

protests against capitalism, etc.ðor else in the equally futile hope that they 

are going to educate the voting public to cast their ballots in the proper 

manner, while all the controls which produce the opposite effect are allowed 

to remain intact. 

What we are pointing out is simply this: regardless of what occupation 

a man may pursue, the chances are highly in favor of his being obliged to 

pursue that occupation in approximately the same manner as i t is pursued 

by others. One may not l ike bankers, lawyers, policemen, or politicians, but  
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i f he happens to follow any one of these professions he will soon find o ut that 

if he does not indulge in the same objectionable practices common to that 

profession, he will soon be seeking employment elsewhere. Thus, bankers, 

lawyers, policemen, and politicians, as well as the members of other profes -

sions, are merely ordinary human beings who are obliged to operate under 

a set of controls which are peculiar to the particular profession considered; 

any other human being under the same controls is l ikely to behave in a sim-

ilar manner. This being the ease, the only possible way  of eliminating those 

types of behavior which are social ly objectionable, and of replacing them 

with types of behavior which are socially unobjectionable is to alter the con -

trols accordingly. No amount of social moralizing ever has, or ever will, effect 

this to any appreciable extent.  

21.8.1 Soc ia l  Change 

This, of course, raises the question as to just how social change comes about. 

The answer is that social change comes about spontaneously. Human beings, 

when fed, housed and clothed, in a manner which is not too uncomfortable, 

and when permitted normal social relationships among themselves, tend to 

crystallize their routine activities into non-varying social habits. These habits 

are but tressed by folklore and the sanction of  rel igion.  Any attempt made 

to change them wi ll  produce a reactionary response. If, however, for any 

reason whatsoever, these habits become incompatible with the same biolog -

ical necessities of food, clothing, etc., the social habits are  always observed 

to be readjusted in a form which is compatible with the fulfi l lment of those 

necessities. 

It has already been pointed out in earlier lessons that present day social 

complexes are evolving and undergoing change at a rate faster than at any 

previous period in history. That, moreover, this evolution is a unidirectional 

and nonreversible process. At no two succeeding times is our social mecha-

nism the same. Since human beings themselves are only one component of 

this evolving mechanism, they fi nd themselves inextricably bound up with 

its evolution, and since stationary habits are only possible under stationary 

environmental conditions, it follows that with an environment which is in a 

continual state of flux, social habits have to change accordi ngly. 

At the present time we find those of our social  habits, which we have 

termed the órules of the game of the Price System,ô becoming increasingly 

at variance with the biologic necessity that 150,000,000 people have to eat.  
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Under these circumstances it follows that social change will occur sponta -

neously until a new set of relatively stable habits are acquired which are 

compatible with an environment characterized by a high-energy social mech-

anism on the one hand, and, on the other hand, by the biological fact that 

150,000,000 people are going to be fed, clothed and housed. óSocial change,ô 

Howard Scott has succinctly remarked, ótends to occur at a rate directly as 

the approach of the front of the stomach to the spine.ô 

21 .9  Summa r y  

It was remarked at the beginning of this lesson that most of the fundamental 

advances in human knowledge have been opposed because these advances 

have contradicted what men have thought they knew about themselves. Lit tle 

by little, as scienti fic knowledge has advanced, human ignorance and 

superstitions have retreated, until now, for the first time, we are able to view 

fair ly objectively the fundamental  nature of this human animal which we 

may summarize as follows: 

1. The human animal is composed of chemical atoms which are derived 

f rom the ordinary inorganic materials of  the ear th,  and which ul t i -

mately return to the place from which they come. 

2. The human being is an engine taking potential energy in the form of  

chemical combinations contained in food, and converting this potential 

energy into heat, work and body tissue. The thermodynamic processes 

involved, while more complicated in detail, are in exact accordance with 

the laws of thermodynamics, and are in no essential particular different 

from the corresponding processes in man-made engines. 

3. The human animal responds to its external environment through the 

mechanism of the conditioned reflex, which is a purely automatic but 

tremendously complex, nervous control mechanism. These conditioned 

reflexes are, however, subject to control and manipulation through the 

device of manipulating an individualôs environment. An individualôs 

present conditioning is always the resultant of all of his own past expe-

riences. The more nearly the environment of a large number of people 

is kept identical , the more nearly are the human products identical . 

This is the reason for the great similarity among individuals of various 
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groups, for example, college students, policemen, politicians, Rotari -

ans, farmers, or soldiers. In other words, within the limits allowed by 

their physiological differences, all human beings respond alike to a like 

external environment. These conditioned reflexes are sufficiently strong 

that, so long as the human beings are  amply supplied with the basic 

biological necessities, food, necessary amounts of clothing and hous -

ing, and gregarious and sexual outlets, they will perform in a routine 

manner without upsetting either their conditioned responses or their 

conditioned inhibitions. They will li terally face bullets in preference to 

social disapprobation. 

4. There are basic physiological differences among individuals which are 

partly inherent and partly acquired through differences in diet, secre -

tions of the endocrine glands, etc. It is these basic physiological differ-

ences among various human beings that upset all philosophic theories 

of equality, and hence any governmental theory of democracy. In any 

group of human beings having practically the same external environ -

ment certain individuals always tend to be dominant, and others with 

regard to these are submissive and constitute the followers. If there 

were only two men on an island, one of these men would be No. 1 

and the other would be No. 2. If this spontaneous natural order of 

priority among men is inverted by an artificial means whereby the sub-

missive type is made superior to the dominant type, a socially unstable 

situation is thereby created. 

5. Human social habits and institutions tend to remain stable or else to 

undergo change extremely slowly, except in the case of a rapid change 

of the external environment, especially when this latter affects the basic 

biological necessities. When human beings are fed, cl othed, and 

housed in a manner compatible with good health, are not obliged to 

do an uncomfortable amount of work, and are permitted normal so -

cial intercourse with their fellows, social habits and customs tend to 

become crystall ize about this particular mode of procedure. Let any 

change of environment develop in such a manner that the biological ne-

cessities can no longer be met by activities according to the old habits, 

and these latter will be rapidly abandoned. For instance, just now the 

social habits and customs of some 20,000,000 people, most of whom 

until recently have been self-supporting, and many of them well -to-do 
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citizens, but who are now on relief, are undergoing rapid and profound 

change. Social stability, on the other hand, is restored when a new set 

of social habits and customs are formed that so conform to the dictates 

of the new environment as to satisfy the basic biological necessities.  
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Lesson 22 

TECHNOCRACY: THE 

DESIGN 

In the preceding lessons we learned that the events occurring the earth are 

events of matter and energy, and that they are limited by the fundamental  

properties of matter and energy. In addition to this we have noted s ome of 

the more important characteristics peculiar to organisms, and singling out 

one particular species, man, we have followed its rise to supremacy during 

the past several thousands of years. 

We have observed that this rise of the human species and corresponding 

adjustments, both up and down, of the other species or organisms, have been 

due almost enti rely to the fact that the human species has progressively 

accumulated new and superior techniques by which a progressively larger 

share of the available energy could be converted to its uses.  

We have seen that notwithstanding the fact that this progression has 

been slowly under way since times pr ior to the records of wri tten history,  

the greater part of this advance, in actual physical magnitude, has occurred 

since the year 1900, or within the lifetime of nearly one -half of our present 

population. 

It is due to the progress of these last few decades, that for the first time in 

human history, whole populations in certain geographical areas have changed 

over from a primary dependence upon agriculture for a livelihood to a pri -

mary dependence upon a technological mechanism, constructed principally 

from metals obtained from the minerals of the earth, and operated in the 

main from the energy contained in fossil fuels preserved within the earth.  

Hence, this technological development has come to be localized in those  
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geographical areas most abundantly supplied with the essential industrial 

minerals, such as the ores of iron, copper, tin, lead, zinc, etc., and the fossil 

fuels, coal and oil. We have observed further, that the Continent of North 

America ranks first among all the areas of the earth in its supply of these 

essential minerals, with western Europe second. Consequently, this techno -

logical development has reached its greatest heights in the areas bounding 

the North Atlantic with the production or rate of conversion of extraneous 

energy per capita having reached a far greater advancement in North America 

than in Europe. 

22 .1  The  A r r i va l  o f  Techno logy  

We have also reviewed some of the paradoxes and the problems that have 

arisen in North America due to the conflict between the physical realities of 

this technological mechanism, and the social customs and folkways handed 

down from countless ages of low-energy agrarian civilizations. 

I t is to the problem of the el imination of this confl ict  that we now turn 

our attention, but before proceeding further let us get it entirely clear as to 

just what the conflict is.  

In the past we operated more or less as independent productive units . The 

industry of the whole population was agriculture and small -scale, handicraft 

manufacturing. The interdependence among separate productive units was 

slight, or they were so loosely coupled that the opening up or shutting do wn 

of one unit was of slight consequence to the others. This was because any 

given essential product was not produced by one or two large establishments, 

but by innumerable small  ones. The total output of that product was the 

statistical result of all the operations of all the separate, small establishments. 

Consequently, the effect of the opening or closing of any single establishment 

was negligibly small as compared with the total output of all establishments. 

The probability that a large fraction of all establishments of the same kind 

would open and close in unison was also negligibly small.  

In the past, human labor, while not always the sole source of power, was 

so essential a part of the productive process that, in general, a decrease in 

the rate of production only took place when there was also an increase in 

the number of man-hours of human labor expended. During periods in which 

there was no technological improvement this relationship between production 

and man-hours was one of strict proportionality.  
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In the past there was individual ownership of smal l  uni ts, so that the 

exchange of goods on a barter or simple, hard -money basis resulted in a 

stable operation of the productive mechanism. Individual wealth could be, 

and was acquired, in recompense for diligence, thrift, and hard labor.  

Those were the days of the spade, the wooden plow, homemade clothing, 

the ox-cart, and more recently, the horse and buggy.  

Today, all that has changed. 

As time progressed, the population grew and the production increased. 

Productive units which began as small handicraft units were enlarged; new 

ones were established; some of the old ones dropped out. The average rate 

of output per establishment became so great that the total number of es -

tablishments of each given kind required for the total production, began to 

decrease, until today, for a large number of essential products, only a dozen 

or so establishments can produce at a rate equal to the consuming capacity 

of the enti re population. In some instances, one single plant at full  load 

operation can produce at such a rate. 

While this trend has advanced further in some industries than in others, 

it is present in all industries, including even the most backward of themð 

agriculture. Since the cause for this development, namely, technological im-

provements, sti l l  exists in  ful l  force, there can be no doubt that this trend 

wi ll  be continued into the future.  

When, however, all products of a given kind come to be produced, as is 

the case today, by only a small number of productive establishments, under 

the ownership and control of even a smaller number of corporate bodies, and 

when the financial  restrictions that bear upon the one bear also upon the 

others, the probability that all will increase or decrease production in unison 

with the ampli tude of the oscil lations approaching that from capacity output 

to complete shutdown, amounts almost to a certainty.  

Since the amount consumed over a period of a few years is, in general, 

equal to or less than the amount produced in that  t ime,  these osci l lations 

in the productive process, and the forced restrictions upon production, can 

only result in a restriction and curtailment of consumption on the part of the 

public. When this curtailment becomes so severe as to amount to privation 

on the par t  of  a large proportion of  the population,  the controls causing 

the restricted production will have long since passed their period of social 

usefulness and will be rapidly approaching the limits of social tolerance.  

In the present, as contrasted with th e past, the great majori ty of the 

population is in a posi tion of absolute dependence upon the uninterrupted  
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operation of a technological  mechanism. In the United States today, there 

are approximately 30 million people who live directly upon the soil, whereas 

almost 100 mill ion people live in towns and cities. These latter are strictly 

dependent for food, water, clothing, shelter, heat, transportation and com-

munications, upon the uninterrupted operation of the railways, the power 

plants, the telephone and telegraph systems, the mines, factories, farms, etc. 

Even the farmer of today would be in dire straits were h is gasoline supply, his 

coal, his factory-built tools, his store-bought clothing, and even his canned 

foods not forthcoming. 

In all preceding human history, until within the last two decades, an in -

crease in production was accompanied by an increase in the  man-hours of  

human labor; today, we have reached the stage where an increase of produc -

tion is accompanied by a decrease in man-hours. 

This is due to the facts that the motive power of present industrial equip -

ment has become almost exclusively kilowatt-hours of extraneous energy, and 

that we have learned that in repetitive processes it is always possible to build 

a machine that will perform the given function with greater speed and pre -

cision, and at lower uni t cost than i t is physically possible for any human 

being to do. 

Every time new equipment is devised, or old equipment redesigned, the 

newer operates in general, faster and more automatically than its predecessor, 

and since, as yet the accomplishments in this direction are small compared 

with the possibilities, it is certain that this trend will continue also into the 

future. 

In the remote past, the rates of increase of population and production 

were negligibly small; in the recent past the rates of growth of both popula -

tion and production have been the greatest the world has ever known; in the 

present and the future the rates of growth of both population and industrial 

production will approach zero as the leveling-off process continues. 

In the past, when man-hours of human labor formed an essential part of 

wealth production, i t was possible to effect a socially tolerable distribution 

of the product by means of a monetary payment on the basis of the hours of 

labor expended in the productive procedure.  

At the present and in the future, since the hours of  labor in the productive 

processes have already become unimportant, and shall become increasingly 

less important with time, any d istr ibut ion of  an abundance of product ion, 

based upon the man-hours of human part ic ipat ion can only lead to a fai lure 

of the d istr ibutive mechanism and industrial stagnation.  
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22.1.1 The Trends 

Now it is this complex of circumstances that forms the basis of our problem 

and also of i ts solution. We have the North American Continent with i ts 

unequaled natural resources. We have on this Continent a population that is 

more nearly homogeneous than that of any other Continent. This population 

has already designed, built and now operates the largest and most complex 

array of technological equipment the world has ever seen. Furthermore, this 

population has a higher percentage of technically trained personnel than any 

major population that has ever existed. It has the highest aver age consump-

tion of extraneous energy per capita the world has ever known. Its resources 

exist in such abundance, that there need be no insurmountable restriction on 

the standard of living due to resource exhaustion, at least into the somewhat 

distant future. 

Now the analysis that we have made shows that whi le both production 

and population are leveling off to a maximum, the physical  maximum of 

production wil l be set by the maximum physical  capacity of the public to 

consume, which contrary to the credo of the economists, is definitely limited 

and finite. 

We have also seen that it is only possible to approach that maximum by a 

continuation of the processes that now so markedly differentiate our present 

from the past, that is, by an increased substitution of kilowatt-hours for man-

hours; by a continuous technological improvement of our equipment towards 

greater efficiency and automaticity; by a continued integration of our pro -

ductive equipment from smaller into larger units and under unit control and 

operation; and by an improvement of the operating load factor, approaching 

the ul timate l imit of 100 percent.  

These are the trends and there is no possible way of reversing them. 

Since each has its own limitsðessentially those stated aboveði t follows that 

in t ime we shal l  approach those l imits. But as and when we do approach 

them, the very requirements of the operation of our industrial equipment will 

dictate a directional control and a social organization designed especially  to 

meet these particular needs. 

From such a state of operation the unavoidable by-products will be the 

smallest amount of human labor per capita, the highest physical standard of 

l iving, the highest standard of public health and social  security any of the  

worldôs populations have ever known. 



 LESSON 22. THE DESIGN 213 

 

22 .2  The  So lu t i on  

The above is our social progression and the goal is almost reached. Whether 

we as individuals, may prefer  that  goal or some other  is i rrelevant, since 

we are dealing with a progression that is beyond our individual or collective 

abilities to arrest. Since this progression unavoidably conflicts with our horse 

and buggy ideologies and folkways, i t is not to be found surprising that 

restrictive and impeding measures are attempted; but as to the final outcome 

one has only to recall the similar restrictive measures that were attempted 

with respect to the introduction of the use of the bathtub and of automobiles 

as well as with respect to most of the other major innovations of the past. 

Invariably the old ideologies of the past go, and new ones conforming more 

nearly to the new physical factors, take their places.  

The conflict that we are now in the midst of is precisely of this sortða 

conflict between physical reality and the antiquated ideology of a bygone age. 

In the case of the automobile, the ultimate solution came by abandoning the 

attempts at suppression and by devising control measures to fit the physical 

requirements of the thing being installed. Since the horse and buggy was 

physically different from the automobile, it is obvious that traffic measures 

and road design adequate for the former would be inadequate for the latter 

and no solution was possible which was not formulated in recognition of this 

fact. 

So today, with the operation of our technological mechanism, the control 

measures that must and wil l  be adopted are those that most nearly conform 

to the technological operating requirements of that mechanism.  

These requirements can only be known by those who are intimately fa -

miliar with the technical details of that mechanism our technically trained 

personnel; though prior to there being a general recognition of this fact, we 

may expect to witness performances on the part of our educators, econo -

mists, sociologists, lawyers, politicians and business men that will parallel 

the performances of all the witch doctors of preceding ages.  

It was a recognition of the fact that we are confronted with a technological 

problem which requires a technological solution, that prompted the scientists 

and technologists who later organized Technocracy Inc. to begin the study 

of the problem and its solution as early as the year 1919. 

Out of that study a technological design expressly for the purpose of 

meeting this technological problem has been produced. An outline of some 

of its principle features are presented in what follows.  
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22.3 Personne l  

First, required resources must be available; second, the industrial equipment 

must exist; and, third, the population must be so trained and organized as 

to maintain the continuance of the operation within the limits specified.  

This brings us to the question of the design of the social  organization. 

To begin with, let us recall that the population falls into three social classes 

as regards their abil ity to do service. The first is composed of those who, 

because of their youthfulness, have not yet begun their service. This includes 

the period from infancy up through all stages of formal education. After this 

period comes the second, during which the individua l performs a social ser-

vice at some function or other. Finally, the last period is that of retirement,  

which extends from the end of the period of service until the death of the 

individual. These three periods embrace the activities of all normal individ -

uals. There is always another smaller group which, because of i l l -health, or 

some other form of incapacitation, is not performing any useful social service 

at a time when i t normal ly would be.  

The social organization, therefore, must embrace all those of both sexes 

who are not exempt from the performance of some useful function because of 

belonging to one of the other groups. Let it be emphasized that these groups 

of a population are not something new, but are groups that  exist in any 

society. The chief difference is that in this case we have deliberately left out 

certain groups which ordinarily exist, namely those who perform no useful 

social service though able to do so, and those whose services are definitely 

socially objectionable. It is the group which is giving service at some socially 

useful function which constitutes the personnel of our operating organization.  

What must this organization do? 

It must operate the enti re physical  equipment o f the North American 

Continent. It must perform all service functions, such as public health ser -

vice, education, recreation, etc., for the population of this enti re area. In  

other words, it has to man every job that exists.  

What other properties must this  organization have? 

It must see to i t that the right man is in the right place. This depends 

both upon the technical qualification of the individual as compared with the 

corresponding requirements of the job, and also upon the biological factors 

of the human animal discussed previously. It  must see to i t that the man 

who is in the position to give orders to other men must be the type who, in 

an uncontrolled situation, would spontaneously assume that position among  
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his fel lows. There must be as far as possible no inversion of the natural  

ópeck-rightsô among the men. 

It must provide ample leeway for the expression of  individual ini tiative 

on the part of those gifted with such modes of behavior, so long as such 

expression of individual ini tiative does not occur in modes of action which 

are themselves socially objectionable. It must be dynamic rather than static. 

This is to say, the operations themselves must be allowed to undergo a normal 

progressive evolution, including an evolution in the industrial equipment, and 

the organization structure must likewise evolve to whatever extent becomes 

necessary. 

The general  form of the organization is dictated by the functions which 

must be performed. Thus, there is a direct functional relationship between 

the conductor and the engineer on a rai lway train,  whereas there is no 

functional relationship whatever between the members -at-large of a political 

or rel igious organization. The major divisions of this organization, there -

fore, would be automatically determined by the major divisions of the func -

tions that must be performed. The general function of communications, for 

instanceðmail, telegraph, telephone and radioðautomatically constitutes a 

functional unit. 

22 .3.1 Operat ing Example  

Lest the above speci fications of a functional organization tend to frighten 

one, let us look about at some of the functional organizations which exist 

already. One of the largest single functional organizations existing at the 

present time is that of the Bell  Telephone system. What we mean particu -

larly here is that branch of the Bell system personnel that designs, constructs, 

installs, maintains and operates the physical equipment of the system. The 

financial superstructureðthe stock and bond holders, the board of directors, 

the president of the company, and other similar officials whose duties are 

chiefly financial, are distinctly not a part of this functional organization, and 

technically their services could readily be dispensed with. This functional 

organization comprises upwards of 300,000 people. It is of interest to review 

what itôs performance is, and something of its internal structure, since rela-

tionships which obtain in organizations of this immensity will undoubtedly 

likewise obtain in the greater organization whose design we are anticipating.  

What are the characteristics of this telephone organization?  
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1. It maintains in continuous operation what is probably the most complex 

single sequence array of physical apparatus in existence.  

2. I t  is  dynamic in that i t  is  continual ly changing the apparatus wi th 

which it has to deal, and remolding the organization accordingly. Here 

we have a single organization which came into existence as a mere 

handful of men in the 1880ôs. Starting initially with no equipment, it 

has designed, buil t, and instal led equipment, and replaced thi s with 

sti l l  newer equipment, until now i t spans as a single network most of 

the North American Continent, and maintains inter -connecting long-

distance service to almost all parts of the world. All this has been done 

with rarely an interruption of 24 hours per day service to the individual 

subscriber. The organization i tsel f has grown in the meantime from 

zero to 300,000 people. 

3. That somehow or other the right man must have been placed in the 

right job is sufficiently attested by the fact that the system works. The 

fact that an individual on any one telephone in a given ci ty can cal l  

any other telephone in that city at any hour of the day or night, and in 

all kinds of weather, with only a few seconds of delay, or that a long-

distance call can be completed in a similar manner completely across 

the Continent in a mere matter of a minute or two, is ample evidence 

that the individuals in whatever capacity, in the functional operation 

of the telephone system must be competent to  handle their jobs. 

Thus we see that this functional organization, comprising 300,000 people, 

satisfies a number of the basic requirements of the organization whose de -

sign we contemplate. It is worthwhile, therefore, to examine somewhat the 

internal structure of this organization. 

What is the method whereby the right man is found for the right place?  

What is the basis on which it is decided that a telephone circuit will be 

according to one wiring diagram and not according to another?  

The f i t t ing of  the man to the job is not  done by elect ion or  by any of  

the familiar democratic or political procedures. The man gets his job by ap -

pointment, and he is promoted or demoted also by appointment. The people 

making the appointment are invariabl y those who are famil iar  both wi th 

the technical  requirements of the job and with the technical  qual i f ications 

of  the man. An error  of  appointment invar iably shows up in the  inabi l i ty 

of the appointee to hold the job, bu t such errors can promptly be corrected 
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by demotion or transfer unti l  the man finds a job which he can perform. 

This appointive system pyramids on up through the  ranks of all functional 

sub-divisions of the system, and even the chief engineers and the operating 

vice-presidents attain and hold their positions likewise by appointment. It is 

here that the functional organization comes to the apex of its pyramid and 

ends, and where the financial superstructure begins. At this point also the 

criteria of performance suddenly change. In the functional sequence the crite -

rion of performance is how well the telephone system works. In the financial 

superstructure the criterion of performance is the amount of dividends paid 

to the stockholders. Even the personnel of the latter are not the free agents 

they are commonly presumed to be, because if the dividend rate is not main -

tained there is a high probabili ty that even their jo bs wi ll  be vacated, and 

by appointment. 

The other question that remains to be considered is that of the method of 

arriving at technical decisions regarding matters pertaining to the physical 

equipment. If the telephone service is to be maintained there is  an infinitely 

wider variety of things which cannot be done than there are of things which 

can be done. Electrical circui ts are no respecter of persons, and if a circuit 

is dictated which is contrary to Ohmôs Law, or any of a dozen other fixed 

electrical relationships, it will not work even if the chief engineer himself 

requests it. It might with some justice be said that the greater part of oneôs 

technical  training in such posi tions consists in knowing what not to do, or, 

at least, what not to try. As long as telephone service is the final criterion, 

decisions as to which circuits shall be given preference are made, not by 

chief engineers, but by results of experiment . That circuit will be used which 

upon experiment gives the best results. A large part of technical knowledge 

consists in knowing on the basis of  experiments already performed which 

of two things will work the better. In case such knowledge does not exist 

already it is a problem for the research staff, and not for the chief executive. 

The research staff discovers which mode of procedure is best, tries it out on a 

small scale until it is perfected, and designs similar equipment for large scale 

use. The chief executive sees that these designs are executed.  

Such are some of the basic properties of any competent functional organi-

zation. It has no political precedents. It is neither democratic, autocratic, nor 

dictatorial. It is dictated by the requirements of the job that has to be done, 

and, judging from the number of human beings performing quietly within 

such organizations, i t must also be in accord with the biological  nature of 

the human animal. 
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22 .4  O rgan i za t i o n  Cha r t  

On the basis of the foregoing we are now prepared to design the social or -

ganization which is to accomplish the objectives enumerated above. This 

organization must embrace every socially useful function performed on the 

North Amer ican Cont inent,  and i ts act ive membership wi l l  be composed 

of all the people performing such functions in that area. Since, as we have 

pointed out before, there does not exist in this area any sequence of functions 

which is independent of, or can  be isolated from, the remaining functions, 

i t follows that in order to obtain the highly necessary synchronization and 

co-ordination between all the various functions they must all pyramid to a 

common head. 

The basic unit of this organization is the Functional Sequence. A Func-

tional Sequence is one of the larger industrial  or social  uni ts, the various 

parts of which are related one to the other in a direct functional sequence.  

Thus among the major Industrial Sequences we have transportation (rail -

roads, waterways, airways, highways and pipe lines); communication (mail, 

telephone, telegraph, radio and television); agriculture (farming, ranching, 

dairying, etc.); and the major industrial units such as textiles, iron and steel, 

etc. 

Among the Service Sequences are education (this would embrace the com-

plete training of the younger generation), and public health (medicine, den -

tistry, public hygiene, and all hospitals and pharmaceutical plants as well as 

institutions for defectives). 

Due to the fact that no Functional Sequence is independent of other Func-

tional Sequences, there is a considerable amount of arbitrariness in the loca -

tion of the boundaries between adjacent Functional Sequences. Consequently 

it is not possible to state a priori exactly what the number of Functional Se-

quences will be, because this number is itself arbitrary. It is possible to make 

each Sequence large, with a consequent decrease in the number required to 

embrace the whole social  mechanism. On the other hand, if the sequences 

are divided into smal ler uni ts, the number wi l l  be correspondingly greater .  

It appears likely that the total number actually used will l ie somewhere be -

tween 50 and 100. In an earlier layout the social mechanism was blocked into 

about 90 Functional Sequences, though future revision will probably change 

this number somewhat, plus or minus.  

The schematic relationship showing how these various Functional Se -

quences pyramid to a head and are there coordinated is i llustrated in Figure 
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Figure 22.1: Admin Chart 


