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INTRODUCTORY NOTE 

This book consists of a series of addresses 
some of which have appeared before in the 
form of articles, but all of which represent dis- 
cussion of one aspect or another of the central 
theme chosen as the title of the book. Acknowl- 
edgments are due to The Atlantic Monthly, to 
The Forum, to Science, and to Scribner's Maga- 
zine for permission to reproduce in the present 
form discussions which have appeared in part 
in their pages. | 

Though the speaker is a scientist, he is ad- 
dressing herein a general rather than a scientific 
audience in the hope that the presentation in 
this form of his point of view may assist in the 
spread of a better understanding of the pur- 
poses and attitude of science, as well as of the 
role which it has played in the past, is playing 
now, and may yet play in the progress of the 
races
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I 

SCIENCE AND MODERN LIFE 

In the summer of 1927 it was my lot to be 
called out of my laboratory to attend in rapid 

succession (1) a meeting of the Committee on 

Intellectual Co-operation of the League of Na- 

tions at Geneva, a body called into being for the 

sake of assisting in laying better foundations for 

international good-will and understanding than 

have heretofore existed; (2) the annual meet- 

ing of the British Association for the Advance- 
ment of Science at Leeds, one of the most im- 

portant of the Old World’s scientific bodies, 

whose meetings have marked the milestones of 

scientific progress; and (3) the International 

Congress of Physics held at Como and at Rome 

in commemoration of the hundredth anniver- 
sary of the death of Alessandro Volta, the dis- 

coverer of current electricity, and thus, in a cer- 

tain sense, the initiator of this amazing electrical 

century—suitable errands to inspire reflections 

on the place of science in modern life. I should 

[1]
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like to present them in the form of a few pic- 
tures. 

As we sped, a thousand persons across the At- 

lantic in an oil-burning ship in which even the 

modern stoker—whose “hard fate” has often 
been held up as a symbol of the evils of our 

“mechanical age”—has now a comfortable and 

an interesting job, for he simply and quietly 

guides the expenditure of hundreds of thou- 
sands of man-power represented in the energy 

of separated hydrogen and oxygen and carbon 

atoms rushing eagerly together to fulfill their 

predetermined destiny, and merely incidentally 
in so doing sending the ship racing across the At- 

lantic—in the face of that situation, could I, or 

could any one not completely blind to the signifi- 

cance of modern life, fail to reflect somewhat as 
follows? If Cicero, or Pericles, or any man of 
any preceding civilization, had been sent on a 

similar errand, had he had any power at all ex- 

cept the winds, it would have been the man- 

power furnished to the triremes by the straining 

sinews of hundreds of human slaves chained to 

their oars, slaves to be simply cast aside into the 

sea, if they weakened or gave out, and then re- 

[2]
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placed by other slaves! Could any man fail to 

reflect that our scientific civilization is the first 

one in history which has not been built on just 

such human slavery, the first which offers the 

hope, at least, and a hope already partially real- 

ized, of relieving mankind forever from the 

worst of the physical bondage with which all civi- 

lizations have heretofore enchained him, wheth- 

er it be the slavery represented by Millet’s man 

with the hoe—a dumb beast-like broken-backed 

agricultural drudge—or the slavery at the gal- 

ley pictured in “Ben Hur,” or the slavery of the 

pyramid builders referred to in the books of 

Moses? 
Or again, could any one who stood with me at 

the base of the column of Trajan, matchless 

relic and symbol of the unequalled magnificence 

of Rome, fail to muse first that ancient man in 

the immensity and daring of his undertakings, 

in the grandeur of his conceptions, in the beauty 

and skill of his workmanship, in his whole in- 
tellectual equipment was fully our equal if not 

our superior?—for we shall leave no monu- 

ments like his. But could he also fail to reflect 

that ancient man built these monuments solely 

[3]
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through the unlimited control of enforced hu- 

man labor, while we have not only freed that 

slave but have made him the master and direc- 

tor of the giant but insensible Titans of the 

lower world? We call them now by the unro- 
mantic names Coal and Oil. It is our triumph 

over these that have given to him freedom and 

opportunity. This is one side of the picture of 

science and the modern world, a side that can be 

presented with a thousand variants but all hav- 

ing the same inspiring significance. 

Another picture. In a comfortable English 

home out in the country in north England a 

small group is seated, sipping after-dinner cof- 

fee, enjoying conversation, and interrupting 

it now and then to listen to something particu- 

larly fine that is coming in over the radio. The 

technic of the reproduction is superb, but no 

more so than that with which we are familiar in 

our American homes, for the whole broadcast- 

ing idea, as well as the main part of its technical 

development, is American in its origins. But the 

programme that is on the air in England is in- 

comparably superior to anything to be heard 

here, for the English government has taken 

[4] 
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over completely the control of the radio. It col- 

lects from each owner of a receiving set twelve 

shillings a year, and then, with the large funds 

thus obtained,—for there are as many radio 

fans in England as in America,—it provides the 

radioland-public of England with the largest 

return in education and in entertainment for 

eight mills a night ever provided, I suspect, 

anywhere in the history of the world. For it 

employs only high-class speakers, musicians, and 

entertainers of all sorts, so that the whole Brit- 

ish nation is now being given educational advan- 

tages of the finest possible sort through the ra- 
dio, at less than a cent a family a night, collected 

only from those who wish to take advantage of 
them. | 

Nor is it merely the subject matter of the ra- 

dio programmes that is commendable. The val- 

ue of giving the whole British public the oppor- 

tunity to hear the English language used, in in- 

tonations and otherwise, as cultured people are 
wont to use it, is altogether inestimable. And 

sitting there in the north of England we had but 

to turn the dial to the wavelength used by Ber- 

lin and we heard an equally authoritative use of 

[5]



SCIENCE AND THE NEW CIVILIZATION 
  

the German language, and I envisaged a whole 

population, or as many of them as wished, learn- 

ing a new language, easily and correctly, instead 

of through the stupidities of grammar, as we 

now go at it. What a stimulant to the imagina- 

tion! What possibilities are here, only just be- 

ginning to be realized, for public education, for 

the enrichment of the life of the country dwell- 

er, aS well as the city resident, solely because of 

such an influence as this of modern physics upon 

modern life. 

Now turn to another picture which presents 

the other side of the story. Sir Arthur Keith, the 

foremost British anthropologist, was then the 

president of the British Association. The Leeds 

meeting represented the fiftieth anniversary of 

the meeting at which Darwin’s then new theory 

of evolution had been first vigorously debated. 

Sir Arthur took at this session as the subject of 

his presidential address, ““Darwin’s Theory of 

Man’s Descent as It Stands To-day.” He 

showed that fifty years of fossil study had given 

extraordinary confirmation to the general out- 

line of the evolutionary conception, had placed 

it indeed upon well-nigh impregnable founda- 

tions. 

[6]
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The following Sunday the Bishop of Ripon 
preached upon science and modern tife. He 

thought we were gaining new scientific knowl- 

edge, and acquiring control of stupendous new 

forces, faster than we were developing our abili- 

ties to control ourselves, faster than we were ex- 

hibiting capacity to be intrusted with these new 

forces, and hence he suggested that science as 

a whole taxe a ten-year holiday. 

When, the next day, the newspaper men, who 

had had as good a story out of the whole inci- 

dent as our newspapers got out of the Scopes 

trial, pressed the Bishop to define more sharply 
just what he meant by a ten-year scientific holi- 

day, he said that he thought the workers in 

medicine and in public health ought not to stop, 

since then the germs of disease might steal a 

march on us, and avoidable suffering be thereby 

caused. He had had in mind, rather, a vacation 

for physics and chemistry and the parts of bi- 

ology not associated with the improvement of 

health and the alleviation of suffering. 

The Bishop’s explanation is of value as throw- 

ing an illuminating side light upon the sort of 

emotionalism and misunderstanding that is rep- 

[7]
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resented in much of the present public antago- 

nism to scientific progress. The question which 

the Bishop raises is proper enough, but the con- 

clusion is altogether incorrect. For, first, phys- 

ics and chemistry cannot take a holiday without 
turning off the power on all the other sciences 

that depend upon them; and, second, physics, 

chemistry, and genetics are, in fact, the great 

constructive sciences which alone stand between 

mankind and its dire fate foreseen by Malthus; 

while without these the palliative sciences, such 

as the Bishop mentioned, only hasten and make 

inevitable the horrors of that day. 

The incident is presented because it is illus- 
trative of a wide-spread attitude as to the dan- 

ger of flooding the world with too much knowl- 

edge. The fear of knowledge is quite as old as 

the Garden of Eden. Prometheus was chained 

to a rock and had his liver torn out by a vul- 

ture because he had dared to steal knowledge 

from the Gods and bring it down to men. The 

story of Faust, which permeates literature up 

to within a hundred years, is evidence of the - 

wide-spread, age-long belief in the liaison be- 

tween the man of knowledge and the powers of 

[8]
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darkness. It will persist so long as superstition, 
as distinct from reverence, lasts. 

But there is a real question, not to be thus 

easily disposed of, which the Bishop’s sermon 

puts before the man of science. It is this. Am 

I myself a broadly enough educated man to 

distinguish, when I am engaged in the work of 

reconstruction, between the truth of the past 

and the error of the past, and not to pull them 
both down together? Am'I sufficiently familiar 

with what the past has learned, and what it 

therefore actually has to teach, and am I enough 

of a statesman not to remove any brick from 

the structure of man’s progress until I see how 

to replace it by a better one? 1 am sorry to be 

obliged to admit that some of us scientists will 

have to answer that question in the negative. 

Such justification as there may be for the pub- 
lics distrust of science is due chiefly to the 

misrepresentation of science by some of its un- 

educated devotees. For men without any real 

understanding are of course to be found in all 

the walks of life. 
This problem, however, is not at all peculiar 

to science. In fact, the most wantonly destruc- 

[9]
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tive forces in modern life, and the most sordidly 

commercial, are not in general found in the 

field of science nor having anything to do with 

it. It is literature and art, much more than 

science, which have been the prey of those in- 
fluences through which the chief menace to our 

civilization comes. After the law of gravitation, 

or the principle of conservation of energy, have 

been once discovered and established, physics 
understands quite well that its future progress 

must be made in conformity with these laws, at 

least that Einstein must include Newton, and it 

succeeds fairly well in keeping its levitators and 
its inventors of devices for realizing perpetual 
motion under suitable detention, or restraint, 

somewhere. But society has as yet developed 

no protection against its perpetual motion 

cranks (the devotees of the new, regardless of 

the true) in the fields of literature and art, and 

that despite the fact that sculpture has had its 

Phidias and literature its Shakespeare just as 
truly as physics has had its Newton or biology 

its Pasteur. I grant that in literature and art, 

and in non-scientific fields generally, it is more 

difficult than in science to know what has been 

[10]
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found to be truth and what error, that in many 

cases we don’t yet know; yet there are even 

here certain broad lines of established truth rec- 

ognized by thoughtful people everywhere. For 

example, the race long ago learned that un- 

bridled license in the individual is incompatible 
with social progress, that civilization, which 1s 

orderly group life, will perish and the race go 
back to the jungle unless the sense of social re- 

sponsibility can be kept universally alive. And 

yet to-day literature is infested here and there 

with unbridled license, with emotional, destruc- 

tive, over-sexed, neurotic influences, the prod- 

uct of men who are either incompetent to think 

anything through to its consequences, or else 

who belong to that not inconsiderable- group 

who protest that they are not in the least in- 

terested in social consequences anyway, men 

who, in their own words, are merely desirous of 

“expressing themselves.” Such men are, in 

fact, nothing but the perpetual motion cranks of 

literature and of art. It is from this direction, 

not from the direction of science that the chief 

menaces to our civilization are now coming. 

But despite this situation I should hesitate to 

[11]
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suggest that all writers and all artists be given 

a holiday. This is an age of specialization, and 
properly so, and some evils from our specializa- 

tion are to be expected. Our job is to minimize 

them and to find counterirritants for them. I 
am not altogether discouraged even when I find 

a humanist of the better sort who is only half 

educated. Let this incident illustrate. Not long 

ago I heard a certain literary man of magnifi- 

cent craftsmanship and fine influence in his own 

field, declare that he saw no values in our mod- 

ern “mechanical age.” Further, this same man 

recently visited a plant where the very founda- 

tions of our modern civilization are being laid. 

A ton of earth lies underneath a mountain. 

Scattered through that ton in infinitesimal 

grains is just two dollars’ worth of copper. That 

ton of earth is being dug out of its resting place, 
transported to the mill miles away, the infini- 
tesimal particles of copper miraculously picked 

out by invisible chemical forces, then deposited 
in great sheets by the equally invisible physical 

forces of the electric current, then shipped three 

thousand miles and again refined, then drawn 

into wires to transport the formerly wasted en- 

[12]
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ergy of a waterfall, and all these operations 

from the buried ton of Arizona dirt to refined 

copper in New York done at a cost of less than 

two dollars, for there was no more value there. 

This amazing achievement not only did not 

interest the humanist, but he complained about 

disfiguring the desert by electrical transmission 

lines. Unbelievable blindness—a soul without 

a spark of imagination else it would have seen 
the hundred thousand powerful, prancing horses 

which are speeding along each of those wires, 

transforming the desert into a garden, making 

it possible for him and his kind to live and work 
without standing on the bowed backs of human 

slaves as his prototype has always done in ages 

past. Seen in this rdle, that humanist was nei- 

ther humanist nor philosopher, for he was not 

really interested in humanity. In this picture it 

is the scientist who is the real humanist. Nev- 

ertheless, the Bishop of Ripon was right enough 

in distrusting the wisdom, and sometimes even 

the morality, of individual scientists, and of in- 

dividual humanists, too. But the remedy is 

certainly not “to give science a holiday.” That 

is both impossible and foolish. It is rather to 

[13]
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reconstruct and extend our educational processes 

so as to make broader-gauge and better educated 

scientists and humanists alike. There is no other 

remedy. 

But, says some one, these pictures so far deal 
only with the superficial aspects of life. What 
has science to say to him whose soul is hungry, 

to him who cries “Man shall not live by bread 

alone”? Has it anything more than a dry crust 

to offer him? The response is instant and un- 

ambiguous. Within the past half century, as 
a direct result of the findings of modern science, 

there has developed an evolutionary philosophy 

—an evolutionary religion, too, if you will— 

which has given a new emotional basis to life, 

the most inspiring and the most forward-look- 
ing that the world has thus far seen. For, first, 

the findings of physics, chemistry, and astron- 

omy have within twenty-five years brought to 

light a universe of extraordinary and unex- 

pected orderliness, and of the wondrous beauty 

and harmony that go with order. It is the same 

story whether one looks out upon the island 

universes brought to light by modern astronomy, 

and located definitely, some of them, a million 

[14]
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light years away, or whether he looks down into 
the molecular world of chemistry, or through it 

to the electronic world of physics, or peers even 

inside the unbelievably small nucleus of the 

atom. Also, in the organic world, the sciences 

of geology, paleontology, and biology have re- 

vealed, still more wonderfully, an orderly de- 

velopment from lower up to higher forms, from 

smaller up to larger capacities—a development 

which can definitely be seen to have been going 

on for millions upon millions of years and 

which therefore gives promise of going on for 

ages yet to be. 

“A fire mist and a planet, 
A crystal and a cell, 
A jelly fish and a saurian, 
And caves where cavemen dwell. 
Then a sense of law and beauty, 
And a face turned from the ¢lod. 
Some call it evolution 
And others call it God.” 

That sort of sentiment is the gift of modern 
science to the world. 

And there is one further finding of modern 

science which has a tremendous inspirational ap- 

[15]
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peal. It is the discovery of the vital part which 
we ourselves are playing 1n this evolutionary 

process. For man himself has within two hun- 

dred years discovered new forces with the aid 
of which he is now consciously and very rapidly 
making over both his physical and his biological 

environment. The Volta Centenary, a symbol 

of our electrical age, was representative of the 

one, the stamping out of yellow fever is an 
illustration of the other. And if the biologist is 

right that the biological evolution of the human 

organism is going on so slowly that man him- 
self is not now endowed with capacities appre- 

ciably different from those which he brought 

with him into the period of recorded history, 

then, since, within this period the forward 

strides that he has made in his control over his 

environment, in the development of his civili- 

zation, have been stupendous and unquestion- 

able, it follows that this progress has been due, 

not to the betterment of his stock, but rather 

primarily to the passing on of the accumulated 

knowledge of the race to the generations fol- 

lowing after. The great instruments of progress 

for mankind are then research, the discovery of 

[16]
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new knowledge, and education, the passing on 

of the store of accumulated wisdom to our fol- 

lowers. This puts the immediate destinies of the 

race, or of our section of the race, or of our sec- 

tion of our country, largely in our own hands. 
This spirit and this conviction is the gift of 
modern science to the world. Is it then too 

much to say that modern science has remade 

philosophy and revivified religion? 
The next picture brings into the foreground 

what I regard as the most important contribu- 

tion of science to modern life. The scene 1s laid 

in Geneva, the occasion, a meeting of the Coun- 
cil of the League of Nations. The speaker 1s 
Nansen, the tall, white haired, rugged faced, | 

heavily mustached Norwegian explorer, now 

directing the tamed and controlled energies of 

his fierce, Viking blood to trying to find a solu- 

tion to the tragic situation of the Armenians, a 

situation to which heretofore there has been no 

solution except extermination. After four years 

of effort he brings in a discouraging report, and 

thinks the League of Nations must write down 
“the record of its first failure.’ He requests 

the Council to strike the Armenian matter from 

[17]
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its programme, promising, however, to keep at 

it himself and to try through other agencies to 

find a solution. Then Briand of France speaks. 

Quietly he begs Nansen not yet to despair of 

the League’s assistance. He is sure some solu- 

tion can be found, and promises that his coun- 

try, in financial straits though it be, will not 

be lacking in lending its assistance. The repre- 

sentatives of other nations follow in similar 
vein, the problem is retained on the Council’s 

programme, and the conviction is at least forti- 
fied that with the right kind of attack a solution 
may yet be found to an age-old difficulty—that 

extermination is not the only answer to race 

rivalry. 

With the right sort of attack! What is it that 

the League of Nations as a whole is trying to 
do? It is trying for the first time in human 
history to use the objective mode of approach 

to international difficulties in the conviction that 

there is some better solution than the arbitra- 

ment of war, But whence has come that con- 

viction? It is itself a contribution of modern 

science to modern life. In the days of the jun- 

gle war was the best solution,—at least it was 

[18]
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the only solution. It was Nature’s way of en- 
abling the fittest to survive, and we are not so 

far past the days of the jungle yet. Within fifty 

years as great an historian as Edward Meyer, 

and as great a humanist as John Ruskin, have 

lauded war as the finest developer of a people. 

But the growth of modern science has demon- 

strated that war is no longer, in general, the best 

way to enable the fittest to survive. The great 
war profited no one. It injured all the main 

participants. Modern science has created a new 

world in which the old rules no longer work. 

“New occasions teach new duties, 
Time makes ancient good uncouth, 
He must upward still and onward 
Who would keep abreast of truth.” 

Alfred Nobel was perhaps not far from right 

when he thought that he had taken the main 

step to the abolition of war by the invention of 

nitroglycerine. He has, I suspect, exerted a 

larger influence in that direction than have all 

the sentimental pacificist organizations that have 

ever existed. For sentimental pacificism is, af- 

ter all, but a return to the method of the jungle. 

[19]
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It is in the jungle that emotionalism alone de- 
termines conduct, and wherever that is true no 
other than the law of the jungle is possible. 
For the emotion of hate is sure sooner or later 
to follow the emotion of love, and then there 

is a spring for the throat. It is altogether ob- 

vious that the only quality which really dis- 
tinguishes man from the brutes is his reason. 
You may call that an unsafe guide, but he has 
absolutely no other unless he is to turn his face 

back toward the jungle. 

The reason that war must be largely, if not 
wholly, eliminated is that, because of the 
growth of modern science, it is no longer safe 

to allow a country to engage in aggressive war. 

The risks to its own life and to the life of the 

race are too great, as the last war showed. The 
nations of the world are forced by the advances 
in modern science to find some other way to 
solve their international difficulties. Sentimen- 
tal pacificism has nothing to do with it. It is a 
hindrance rather than a help. It acts rather as 
a stimulant than as a deterrent to war by ren- 
dering the dangers to the aggressor less real 
than they otherwise would be. There is no sort 

[20]
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of alternative except to set up in international 

matters precisely as we have already done in 

intercommunity and interstate affairs some sort 

of an organization for making studies by the 
objective method of international difficulties 
and finding other solutions. 

But what exactly do I mean by the objective 

method? Somebody has said that “What we 

call the process of reasoning is merely the proc- 

ess of rearranging one’s prejudices,” and we 

admit the truth of this assertion when we say, 

as we so often do, “Oh, yes, I understand that : 

is the excuse, but what is, after all, the reason?” 

Indeed, there is no question but that a large 

part of what we call reasoning is in fact simply 

the rearranging of prejudices. In so far, for ex- 

ample, as we are Republicans, or Democrats, or 

Presbyterians, or Catholics, or Mohammedans, 

or prohibitionists, because our fathers bore those 

brands, and many of us will be admitted dy our 
acquaintances, at least, to have no other real 

grounds for our labels, our so-called reasonings 

on these subjects certainly consist in nothing 

more than the rearrangement of our prejudices. 

The lawyer who takes a case first, and develops 

[27] 
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his argument later, is obviously only rearrang- 

ing his preconceptions. 

If, however, one wishes to obtain a clear idea 

of what the objective method is, he has only to 

become acquainted with the way in which all 
problems are attacked in the analytical sciences. 

In physics, for example, the procedure in prob- 

lem solving is always first to collect the facts, 

$. @., to make the observations with complete 
honesty and complete disregard of all theories 

and all presuppositions, and then to analyze the 

data to see what conclusions follow necessarily 
from them, or what interpretations are consist- 

ent with them. This method, while not confined 

at all to the physical sciences, is nevertheless 

commonly known as the scientific method in 
recognition of the fact that it has had its fullest 

development and its most conspicuous use in 

the sciences. Indeed, I regard the development 

and spread of this method as the most important 
contribution of science to life, for st represents 
the only hope of the race of ultimately getting 

out of the jungle. The method can in no way 

be acquired and understood so well as by the 

study of the analytical sciences, and hence an 

[22]
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education which has left out these sciences has, 
in my judgment, lost the most vital element in 

all education. Nor is that merely the individ- 

ual judgment of a prejudiced scientist, as the 

following quotation from William B. Munro, 
one of our most prominent humanists, a mem- 

ber of the faculty of the Harvard University, 

shows: 

“Tt is the glory of pure science and of 

mathematics that these subjects train men in 

orderly and objective thinking as no other sub- 

jects can. Here are fields of study in which 

loose or crooked thought leads inevitably to 

demonstrable error, to error which cannot be 

glossed over or concealed. Here are branches 

of knowledge in which there is no confusion 

between right and wrong, between post hocs and 

propter hocs, between the mere coincidences 

and the consequences of a cause. When you 

have finished with a problem in any of the ex- 

act sciences you are either right or wrong, and 

you know it. That is why we call them exact 

sciences, to distinguish them from philosophy, 
sociology, economics, and the other social sci- 

ences, in which the difference between truth and 

[23]
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error is still, in most cases, a matter of individ- 

ual opinion. Many years ago physics was known 

as ‘natural philosophy’; it was merely a body 

of speculative ideas concerning the mechanics of 

nature. It became an exact science by develop- 
ing an inductive methodology, which makes all 

the difference between science and guesswork. 

“Some years ago, in the Harvard Law School, 

we thought it worth while to inquire into the 
educational antecedents of the student body, 

with a view to ascertaining whether there was 

any relation between success in the study of law 

and the previous collegiate training of these 

young men. In the Harvard Law School there 
are more than a thousand students, all of them 

college graduates, drawn from every section of 

the country. Nearly all of them have special- 
ized, during their undergraduate years, in some 

single subject or group of subjects—languages, 

history, science, philosophy, economics, mathe- 

matics, and soon. Offhand one would probably 

say that the young man who had devoted most 

of his attention to the study of history, govern- 

ment, and economics while in college would be 

gaining the best preparation for the study of 
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law—for these are the subjects which in their 
content come nearest to the law; but that is not 

what we found. On the contrary the results of 

this inquiry showed that the young men who 

had specialized in ancient languages, in the ex- 

act sciences, and especially in mathematics, were 
on the whole better equipped for the study of 

law, and were making higher rank in it, than 

were those who had devoted their energies to 
subjects more closely akin.” 

But can education, even in the sciences, do the 

work fast enough to prevent the catastrophe 

feared by the Bishop of Ripon? Can we learn 

to control our emotions and impulses and our 

new-found powers, to take the long view, and 

to do the rational thing instead of the emotional, 

or the vicious, thing with the enormous forces 

given to us by science? Can we alter human 
nature? 

Perhaps the following is a partial answer: 
Twenty-five years ago if any one had asked you 

or me or any body of men however intelligent 

whether human nature could be so altered in 

a reasonable time as to make it safe to intrust 

practically every grown man in California and 
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part of the women and children with a thirty 

horse-power locomotive which he might drive 

at will through the crowded cities, and race at 

express train speed over the country roads of 

the state, the answer would certainly have 
been a decided negative. Nobody on earth, I 

suspect, would have thought such a result pos- 

sible. And yet that és precisely what has hap- 

pened. 1 marvel at the success of it every time 
I drive in city streets. I glory in it when I see 

the new race of men the taxi business has cre- 

ated in a city like London. Contrast the clear- 

eyed, sober, skilful, intelligent looking London 
taxi-driver of to-day with the red-nosed wreck 

of a human being who used to be the London 

cabby of a quarter century ago, ond see what 

responsibility and power do in altering human 

nature. 
Also the picture which modern science has 

unfolded of the age-long history of the bio- 

logical organism is one in which it is seen adapt- 

sng itself with marvellous success to changes in 

external conditions. That we, too, at our end 

of this evolutionary scale, have inherited this 

adaptability was one of the most striking les- 
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sons of the late war in which we settled down 

to the endurance of what we thought intolera- 

ble conditions with amazing rapidity, 

If, then, there be any notes of optimism in 

modern life, one of them is certainly the note 

played by modern science. If there be any es- 

cape from Malthusianism—the world’s greatest 
problem—science alone can provide it. It is 

clearly the development of science and its ap- 

plication to modern life, that has made possible 

the support in Great Britain to-day of forty 

million people, when a hundred and fifty years 

ago Benjamin Franklin called England over- 
populated with eight millions, and when Rob- 

ert Fulton a little later in a prophetic mood saw 

England holding some time “a population of 
ten million souls.” Perhaps this population has 

to-day gone too far, but the check is being ap- 

plied. In both England and Sweden to-day the 

birth-rate is less than it is in France. With the 

creatsve power of physical science, and the ap- 

plication of intelligence to the findings of bio- 

logical science, even this problem of population 

can be faced with a good measure of hope. An 

international union for its continuous study was 
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formed this summer at Geneva. That is the ob- 

jective way to begin to attack it. 

Finally, can science save our civilization from 

the fate that has befallen its predecessors, the 

Sumerian, the Egyptian, the Greek, the Roman, 

and the others that have risen and then de- 
clined? Are the Kaiserlings, the Spenglers, and 

the other prophets of decay and death to be 

regarded as real prophets? 
The answer is, of course, a secret of the Gods, 

but that these “prophets” are “multiplying 

words without knowledge” it is easy to show. 

For our modern civilization rests upon an alto- 

gether new sort of foundation. These older 

civilizations have rested upon the discovery of 

new fields of knowledge or of art—fields which 

the discoverers have indeed cultivated with such 
extraordinary skill that they have been able to 

reach a state of perfection in them that suc- 
ceeding generations have often been unable to 

excel. Witness the sepulchral art of the Egyp- 

tians, and the perfection of such principles of 

architecture as they knew how to use; witness 

the sculpture, the painting, the esthetic, and the 

purely intellectual life, of the Greeks—an ac- 
complishment so great as to inspire an out- 
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standing modern artist to say that there has 

been no advance in either sculpture or painting 

since the age of Pericles; witness the principles 

of government and of social order discovered 

by the Romans, or the arch in architecture, 

largely Roman, but reaching perhaps its perfec- 
tion in the Romanesque and the Gothic of a few 

centuries later; witness the discovery of the 

principles of music in central and southern Eu- 
rope in the middle ages, and the perfection that 
art attained within two or three centuries. And 

let us remember, too, that humanity for all time 

1s the inheritor of these achievements. This és 

the truth of the past which it is our opportunity 

and our duty to pass on to our children. 

But our modern world is distinctive, not for 

the discovery of new modes of expression or 
new fields of knowledge, though it has opened 
up enough of these, but for the discovery of the 
very idea of progress, for the discovery of the 
method by which progress comes about, and for 
inspiring the world with confidence in the 
values of that method. So long as the world 
can be kept thus inspired it is difficult to see how 
a relapse to another dark age can take place. 

Even if the biological evolution of the hu- 
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man race should not continue—though why 

should what has been going on for millions of 

years have come to an end just now?—yet the 
process by which progress has been made within 

historic times can scarcely fail to be continu- 

ously operative. This process is the discovery of 

new knowledge by each generation and the 

transmission to the following generation of the 

accumulated accomplishment of the past—the 
discovery of new truth and the passing on of old 

truth. 
The importance of both elements in this proc- 

ess has not been realized in the past and dark 
ages have come. But the means for the spread 

of knowledge, for its preservation and trans- 

mission, the facilities for universal education 

and inspiration, the time for leisure, and the op- 
portunity for thought for everybody, all these 

have been so extended by modern science, and 

are capable of such further extension, that no 

prophecy of decline can possibly have any sci- 
entific foundation. Even arguing solely by the 
method of extrapolation from the past, modern 

science has shown that the ups and downs on 

the curve of history are superposed upon a curve 
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whose general trend is upward, and it has there- 

fore brought forth a certain amount of justifica- 
tion for the fait/ that it will continue to be up- 

ward. In the last analysis humanity has but one 

supreme problem, the problem of kindling the 

torch of enlightened creative effort, here and 
there and everywhere, and passing on for the 

enrichment of the lives of future generations of 

the truth already discovered; in a single word, 

the problem of education. 
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II 

THE RELATION OF SCIENCE TO 
: INDUSTRY! 

Berne, and having been all my life, an edu- 

cator, I have just listened with great interest 
and attention to President Lowell’s definition 
of what constitutes an education. He has 
phrased it a little differently, but it is almost 
the same definition that I heard William Allen 

White give in our little institution in Pasadena 
last year. 

He was talking to our boys and he said: “You 
are here for an education, but you are not going 
to get it; you do not get any education in col- 
lege, you get that afterward; all you get here is 
a trained mind, and if you want to know what 
the definition of a trained mind is, it is this: It 
is a mind that can listen to me for four minutes 
without yawning.” We public speakers would 
like to believe that that was a correct definition. 

A well-known public speaker of fifty years 
1An address delivered at the annual dinner of the New York 

Chamber of Commerce in November, 1928. 
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once remarked ruefully after disastrous conse- 

quences had followed misplaced humor, as they 

often do, “I rose by my gravity and fell by my 

levity.” 
I use this incident as an introduction to my 

speech on Science and Industry for the sake of 

calling attention to the fact that what 1s absurd 

or ridiculous to-day was perfectly good science, 
or at least perfectly good philosophy, not more 
than 350 years ago—that the very existence of 

a “law of gravity” was discovered as late as 

1650 A. D., and that “levity” and “levitation” 

have through all recorded history up to New- 
ton been just as acceptable scientific ideas as 

gravity and gravitation—so recently have we 

begun to understand just a little bit about the 
nature of the world in which we live. 

Nor do I need to go back 300 years to make 

my point as to the newness of our knowledge. 

It is within the memory of every man of sixty 
in this audience that in the great Empire State 

of New York the question could be seriously 

debated, and in the most intelligent of her com- 

munities, too, as to whether Archbishop Usher’s 

chronology computed by adding Adam’s 930 
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years to Enoch’s 365 years to Methuselah’s 969 

years, etc., gave the correct date of the creation. 

Recent election returns from Arkansas indicate 
that the same debate 1s at this very moment go- 

ing on there. 

But what has this to do with “Science and In- 

dustry”? Everything! For mankind’s funda- 

mental beliefs about the nature of the world 

and his place in it are in the last analysis the 
great moving forces behind all his activities. 

Hence the enormous practical importance of 

correct understandings. It is his beliefs about 
the nature of his world that determine whether 
man in Africa spends his time and his energies 

in beating tomtoms to drive away the evil spir- 

its, or in Phoenicia in building a great “burning 

fiery furnace” to Moloch into which to throw 

his children as sacrifices to his God, or in Attica 

in making war on his fellow Greeks because the 

Delphic Oracle, or the flight of birds, or the 
appearance of an animal’s entrails bids him to 
do so, or in medizvel Europe in preparing for 

the millennium to the neglect of all his normal 

activities and duties as he did to the extent of 

bringing on a world disaster in the year 1000, 
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or whether he spends his energies in burning 

_ heretics in Flanders or drowning witches in Sa- 

Jem, or in making perpetual motion machines in 
Philadelphia or magnetic belts in Los Angeles, 

or soothing syrups in New England. 

The invention of the airplane and the radio 
are looked upon by every one as wonderful and 
pre-eminently useful achievements, and so they 

are—perhaps one-tenth as useful as some of the 

discoveries in pure science about which I wish 

to speak to-night, and hence worthy of at most 

one or two minutes of a thirty minute speech on 

the relations of science to industry. 

As I listened in Pasadena to the presidential 

candidates presenting in their own easily recog- 
nizable voices from the platform in Madison 

Square Garden to the people of the United 

States their claims and the issues of the election, 

or at least its shibboleths, I found myself aglow 

with enthusiasm for the future of representa- 

tive government. The few thousand citizens of 

Athens gathered about the Acropolis to hear the 
problems of the city discussed and then to cast 
their ballots. The 120 million citizens of the 

United States all had in this recent election pre- 
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cisely the same opportunity and in my judgment 

they used it judiciously. These public discus- 

sions addressed to the ears of the nation con- 

stitute, I think, a stupendous advance. No such 

step forward in public education has been taken 
in my judgment since the invention of printing. 

But this new achievement of the race, this 

new capacity for education was after all only an 

inevitable incident in the forward sweep of pure 
science, which means simply knowledge, knowl- 
edge of the nature and capacities of the physical 

world, of the ethereal world (to which the radio 

belongs), of the biological world and of the in- 

tellectual world; for this knowledge, as man 
acquires it, necessarily carries applied science in 

its wake. 

Look for a moment at the historic background 

out of which these modern marvels, as you call 
them, the airplane and the radio, have sprung. 
Neither of them would have been at all possible 

without 200 years of work in pure science be- 

fore any bread and butter applications were 

dreamed of—work beginning in the sixteenth 
century with Copernicus and Kepler and Gal- 

ileo, whose discoveries for the first time began 
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to cause mankind to glimpse a nature, or a God, 
whichever term you prefer, not of caprice and 

whim as had been all the Gods of the ancient 

world, but instead a God who rules through 

law, a nature which can be counted upon and 

hence is worth knowing and worth carefully 

studying. This discovery which began to be 

made about 1600 A. D. I call the supreme dis- 

covery of all the ages, for before any applica- 
tion was ever dreamed of, it began to change the 
whole philosophical and religious outlook of the 

race, it began to effect a spiritual and an intel- 

lectual, not a material revolution—the material 

revolution came later. This new knowledge was 

what began at that time to banish the monastic 

ideal which had led thousands, perhaps millions 
of men, to withdraw themselves from useful 
lives. It was this new knowledge that began to 
inspire man to know his universe so as to be able 
to live in it more rationally. 

As a result of that inspiration there followed 
200 years of the pure science involved in the 
development of the mathematics and of the ce- 
lestial mechanics necessary merely to under- 
stand the movements of the heavenly bodies— 
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useless knowledge to the unthinking, but all 
constituting an indispensable foundation for the 

development of the terrestrial mechanics and 

the industrial civilization which actually fol- 
lowed in the nineteenth century; for the very 
laws of force and motion essential to the design 

of all power machines of every sort were com- 

pletely unknown to the ancient world, com- 
pletely unknown up to Galileo’s time. 

Do you practical men fully realize that the 
airplane was only made possible by the devel- 

opment of the internal combustion engine, and 
that this in its turn was only made possible by 
the development of the laws governing all heat 
engines, the laws of thermo-dynamics, through 

the use for the hundred preceding years of the 

steam engine, and that this was only made pos- 

sible by the preceding 200 years of work in 

celestial mechanics, that this was only made pos- 

sible by the discovery by Galileo and by New- 

ton of the laws of force and motion which had 

to be utilized in every one of the subsequent 
developments. That states the relationship of 

pure science to industry. The one is the child 

of the other. You may apply any blood test you 
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wish and you will at once establish the relation- 

ship. Pure science begat modern industry. 

In the case of the radio art, the commercial 

values of which now mount up to the billions of 

dollars, the parentage is still easier to trace. 

For if one’s vision does not enable him to look 

back 300 years, even the shortest-sighted of 

men can scarcely fail to see back as much as 
eighteen years. For the whole structure of the 

radio art has been built since 1910 definitely and 

unquestionably upon researches carried on in 

the pure science laboratories for 20 years before 

any one dreamed that there were immediate 
commercial applications of these electronic dis- 
charges in high vacuum. 

It is precisely the same story everywhere in 

all branches of human progress. I suspect it 

would be difficult to find one single exception. 
Here is the latest illustration that came to my 

attention less than a week ago, in fact just as I 

was getting aboard the train, in a letter from the 

Air Reduction Sales Company. It reads as fol- 

lows: “We take pleasure in handing you here- 

with a complete set of luminescent tubes, each 

containing in the pure state one of the elements 
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of the air, namely, nitrogen, oxygen, argon, hy- 

drogen, neon, helium, krypton and xenon. It 

seems to us worthy of note that at the beginning 
of this century these gaseous elements as such 

had practically no commercial value or signifi- 
cance. To-day the estimated value of the plants 

and equipment that have been created either to 

manufacture or to use and handle these gases in 
industry amounts to three hundred million dol- 

lars.” 

The writer of this letter might have added 

that the chain of discovery which led up to this 
result started in the most “useless” of all sci- 

ences, astronomy; for helium, as its name 1m- 

plies, and as everybody knows, was first discov- 

ered in the sun with the aid of the spectroscope, 

and thirty years later it was its discovery in 

minute amounts in our atmosphere, also with 

the aid of the spectroscope, that set us looking 

for the other inert gases of which the letter 
speaks and which have recently found such 

enormous application in neon tubes and the like. 

But why continue this recital, for no intelli- 

gent man to-day needs to be convinced that our 

material prosperity rests wholly upon the de- 
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velopment of our science. It is as to the broader 

values, intellectual and spiritual, that even in- 

telligent men sometimes express doubt. Let me 

then start with the foundations that I have al- 

ready laid and try to show to what these begin- 

nings are leading, whither we are going, not 

materially, but as feeling, thinking and willing 

beings. 

Was Pasteur only a scientific enthusiast when 

he wrote “in our century science is the soul of 

the prosperity of nations and the living source 

of all progress. Undoubtedly the tiring discus- 

sions of politics seem to be our guide—empty 
appearances! What really leads us forward is a 
few scientific discoveries and their application.” 

Or was H. G. Wells, himself not a scientist 

at all, merely talking nonsense when he wrote 

quite recently (and note that he is not talking 

about a material thing either): 

“‘When the intellectual history of this time 

comes to be written, nothing, I think, will stand 

out more strikingly than the empty gulf in qual- 
ity between the superb and richly fruitful sc- 

entific investigations that are going on, and the 

general thought of other educated sections of 
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the community. I do not mean that scientific 

men are, as a whole, a class of supermen, deal- 

ing and thinking about everything in a way al- 

together better than the common run of hu- 

manity, but in their field they think and work 
with an intensity, integrity, breadth, a boldness, 

patience, thoroughness, fruitfulness, excepting 

only a few artists, which puts their work out of 

all comparison with any other human activity. 

In these particular directions the human mind 

has achieved a new and higher quality of atti- 

tude and gesture, a veracity, a self-detachment, 
and self-abrogating vigor of criticism that tends 
to spread out and must ultimately spread to 
every other human affair.” 

These may be extravagant statements, most 

of us scientists are sure they are, but I should 

like to attempt to picture a little of what I think 

was in the back of the minds of their authors 

when they made those statements. I shall do it 

by drawing an analogy between the life of man- 

kind as a whole and the life of man as an in- 

dividual. But first let me answer the question 

as to what we know about the duration of the 

life of mankind. A hundred years ago we knew 
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practically nothing about it, as my opening 

remarks on Archbishop Usher’s chronology 

showed. But since then we have made some 

scientific discoveries—discoveries that are not 

usually listed as of industrial importance at all, 
but which in my opinion outweigh by far, in 

practical value to the race, either the invention 

of the airplane or of the radio, and that simply 

because they change fundamentally our ideas 
about the nature of the outside world, and hence 

change also the nature of our acting in relation 

to it. 

We have learned within the past half dozen 

years through studies in radioactivity that this 

world of ours has in all probability been a go- 

ing concern, in something like its present geo- 

logical aspects as to crustal constituents, tem- 

peratures, etc., for more than a billion years, 

and hence that the human race can probably 

count on occupying it for a very long time to 

come, say another billion years; and further, 

that mankind has been doing business on it in 

something like his present shape for something 

like 20,000 years, or possibly 50,000, but in any 

case a time that is negligibly small in compari- 
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son with the time that is behind and the time 

that is presumably ahead of him—in other 

words, we have learned that mankind, speaking 

of him as an individual human being, is now 

just an infant a few months old at the most, an 
infant that up to about one minute ago, for the 

300 years since Galileo is but a minute in the 

geological time-scale, has been lying in his crib 

spending his waking hours playing with his fin- 

gers, wiggling his toes, shaking his rattle, in a 

word, in simply becoming conscious of his own 

sensations and his functions, waking up, as he 

did amazingly in Greece, to his own mental and 

emotional insides. Just one minute ago he be- 

gan for the first time to peer out through the 

slats in his crib, to wonder and to begin to try 

to find out what kind of an external world it is 
that lies around him, what kind of a world it 

is in which he has got to live for the next billion 

years. The answers to that question, even 

though never completely given, are henceforth 
his one supreme concern. In this minute of ex- 

perience that he has already had he has tumbled 

down in his crib, bumped his head against the 

slats, and seen stars—real ones and unreal ones, 
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and he hasn’t yet learned to distinguish with 
certainty between those that actually exist and 

those that only seem to exist because his eye- 

balls have been subjected to the pressure that 
comes from a blow, and so he is reaching out his 
hands part of the time trying to grasp illusions, 
and yet slowly, painfully learning, bit by bit, 

that there is an external world, physical and 

biological, that can be known, that can be 

counted upon, when it has once become known, 

to act consistently, not capriciously, that there 

is a Jew of gravity and that it isn’t necessary to 

be covered with bruises all the time because he 
forgets that it exists, that there is a principle of 

conservation of energy, and that all constructive 

and worth while effort everywhere must hence- 

forth take it into account and be consonant with 

it, that it 1s not worth while to spend much time 

hereafter with sentimentalists who wish that 

that law did not exist and sometimes try to leg- 

islate it out of existence, that again there are 

facts of heredity that it is utterly futile to in- 

veigh against, that our whole duty is rather to 

bend every energy to know what they are and 
then to find how best to live in conformity with 
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them, that in a single sentence there is the pos- 

sibility ahead of mankind of learning, in the 

next billion years of its existence, to live at least 

a million times more wisely than we now live. 

This is what Pasteur meant when he said, 

“What really leads us forward is a few scien- 

tific discoveries and their applications.” This is 

what Wells meant when he contrasted the re- 

sult of the objective method of learning used 
in the pursuit of science with what he calls “the 

general thought of other educated sections of 

the community.” The one guesses and acts upon 

its hunches or its prejudices, the other tries at 
least to know, and succeeds in knowing part of 
the time. 

We need science 1n education, and much more 

of it than we now have, not primarily to train 

technicians for the industries which demand 

them, though that may be important, but much 

more to give everybody a little glimpse of the 

scientific mode of approach to life’s problems, 

to give every one some familiarity with at least 

one field in which the distinction between cor- 

rect and incorrect or right or wrong is not al- 

ways blurred and uncertain, to let him see that 
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it is not true that “one opinion is as good as 
another,” to let every one understand that up 
to Galileo’s time it was reputable science to 

talk about gravity and levity, but that after 

Galileo’s time the use of levity became limited 

to the ridiculous, that “the town that voted the 

earth was flat, flat as my hat, flatter than that,” 

had a perfect right to exist before 1400 A. D., 

but not after that date, that we are learning 

slowly, through the accumulated experience and 

experimenting of the centuries, especially since 
1600 A. D., more about the eternal laws that 

do govern in the world in which we live. And 

for my own part I do not believe for 2 moment 

that these eternal laws are limited to the physi- 

cal world either. Less than sixty years ago, to 

take one single illustration, there existed a rela- 

tively large political party in the United States 

called the Greenback Party which jumped at 

conclusions and which conducted campaigns to 
induce our government to go over to a fiat 

money basis. I do not suppose such a party 

could exist to-day unless it be in states that pass 

anti-evolution laws, for there are some laws 

that have become established, even in the field 

of finance. 
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This brings me. to a brief discussion of the 

current opposition to the advance of science— 
an opposition participated in even by some in- 

telligent people, on the ground that mankind 

cannot be trusted with too much knowledge, by 
others on the ground that beauty and art and 

high emotion are incompatible with science. 

Now, fear of knowledge is as old as the Garden 

of Eden and as recent as Dr. Faust, and there 

is no new answer to be made to it. The old an- 
swer is merely to point to what the increase in 

knowledge has done to the lot of mankind in 

the past, and I think that answer is sufficient, 
for it has certainly enfranchised the slave, and 
given every man, even the poorest, such op- 

portunities as not even the prince of old en- 

joyed. Who would go back to the stone age 

because stone age man had no explosives? Of 

course every new capacity for beauty and joy 

brings with it the possibility of misuse and hence 

a new capacity for sorrow. But it is our knowl- 

edge alone that makes us men instead of lizards, 

and thank God, we cannot go back whether we 

would or no. Our supreme, our Godlike task, 

is to create greater beauty and fuller joy with 
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every increased power rather than to turn our 

weeping eyes toward the past and fling our- 

selves madly, unreasoningly athwart the path 

of progress. Beauty in the amoeba’s house dis- 

appeared when man cleaned up the miasmic 

swamp, but it was only because the amoeba had 

not the capacity to adapt itself to modern sani- 

tation. 

No, the only real question in a nation like 

ours is not whether science is good for us ma- 

terially, intellectually, zesthetically, artistically. 

Of course it is, for science is simply knowledge 

and all knowledge helps. The only real ques- 

tion is how the forward march of pure science, 

and of applied science which necessarily follows 

upon its heels, can best be maintained and 

stimulated, for, as Pasteur said, “It is this alone 

that really leads us forward.” 

The answer to that question will depend upon 

the nature of one’s whole social philosophy. If 

you think that social progress is best brought 

about by a paternalistic régime of some kind, by 

throwing upon a few elected or hereditary of- 

ficials the whole responsibility for social initia- 

tive of all sorts, then you will say, “Let the 
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government do it all; let it establish state uni- 

versities and state research laboratories and 

state experimental projects of all kinds as it has 

done in most European countries and let the 

whole responsibility for our scientific progress 
lie in these institutions.” But if you believe 

with the early makers of our nation in the wid- 

est possible distribution of social responsibility, 

in the wide-spread stimulation of constructive 
effort, in the nearest possible approach to equal- 

ity of opportunity, not only for rising to wealth 

and position, but for sharing in community ser- 

vice, if you believe with the President-Elect 

that government should only step in where pri- 

vate enterprise fails, that it should act only as 

a stimulant to private initiative and a check to 

private greed, then your industries in the New 
York Chamber of Commerce, your industries 

which are themselves the off-spring of pure sci- 

ence, will join in the great nation-wide move- 
ment to keep alive the spirit of science all over 
this land of ours through keeping pure science 

going strong in the universities, its logical home, 

and applied science going strong in the private 

industrial laboratories where it thrives best. No 
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country ever had such an opportunity as ours, 

no country ever had such a wide-spread stimu- 

lation of individual initiative, such a large num- 

ber of citizens who had learned to treat financial 
power as a public trust, such resources to com- 
mand, such results to anticipate. With our 

American ideals American industry cannot fail, 

I think, to realize this opportunity, and to sup- 

port and keep in the finest possible condition, 

“the hen that lays her golden eggs.” That, Mr. 

President, is my conception of the relation of 

science to industry in the United States. 
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ALLEGED SINS OF SCIENCE 

Te cardinal doctrine in the creed of every 
man of science is stated in the motto of the Uni- 

versity of Chicago, namely, “Crescat Scientia 

Vita Excolatur” (let knowledge grow, let life 

be enriched); or equally well in the motto of 
the California Institute, “The Truth shall make 

you free.” And any effort to suppress or im- 

pede the growth of science, which means to the 
scientist merely the growth of man’s under- 
standing of his world, and hence of his ability 

to live wisely in it, is to him an unpardonable 

sin, or at least not the work of an understanding 
mind. 

If we are to be asked deliberately to shut our 

minds to the truth, or to be deterred by fear 

from searching for it, we might as well, so says 

the scientist, give up the effort at intelligent 
living altogether and go back to savagery. Fur- 
thermore, the whole history of man’s age-long 
rise from superstition and ignorance up to his 
present estate seems to the scientist to be a prac- 
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tical demonstration of the essential soundness 
of this view. 

So when a couple of years ago the Bishop of 

Ripon suggested to the meeting of the British 

Association for the Advancement of Science that 

it would be well for the world if science could 

take a ten-year holiday his words did not meet 

with a chorus of applause from scientists. 

But the Bishop’s views are not so uncom- 

mon, and we scientists have to some extent been 

responsible for them. The following quotation 

from a book written by one of the best in- 

formed and most intelligent of living Ameri- 

cans states the case against science thus. I quote 

from Mr. Raymond Fosdick’s recent book en- 

titled, “The Old Savage in the New Civiliza- 
tion.” 

“Humanity stands to-day in a position of 

unique peril. An unanswered question is writ- 

ten across the future: Is man to be the master 

of the civilization he has created, or is he to be 
its victim? Can he control the forces which he 
has himself let loose? Will this intricate ma- 
chinery which he has built up and this vast body 
of knowledge which he has appropriated be the 
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servant of the race, or will it be a Frankenstein 

monster that will slay its own maker? In 

brief, has man the capacity to keep up with his 

own machines? 
“This is the supreme question before us, All 

other problems that confront us are merely its 
corollaries. And the necessity of a right an- 

swer is perhaps more immediate than we re- 

alize. For science is not standing still, In 

speaking of the scientific revolution I have not 
been speaking of a phenomenon that was con- 

fined to the Nineteenth Century. Rather we 
are just at the beginning of the revolution. We 
could not stop it if we would. It is advancing 

by leaps and bounds, gaining in impetus with 

each year. It is giving us more machines, 

faster machines, machines increasingly more in- 

tricate and complex... . 

“Life in the future will be speeded up in- 

finitely beyond the present. Sources of energy 

will be tapped and harnessed far outrivalling 

what we have to-day. There lies in full view 

before us a realm of discovery in physical sci- 

ence till now untrodden by mortals even in their 

dreams. The pioneers are already upon the road 
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to this promised land. . . . We now know that 

in atoms of matter there exists a store of en- 

ergy incomparably more abundant and power- 

ful than any other of which we have thus far 
obtained control. If once we can liberate this 
force, what machines we can build! Steam and 

electricity will be an anachronism at which our 

children will laugh as we laugh at the hand 

loom and the spinning wheel. With a pound 

weight of this radioactive substance we will get 

as much energy as we now obtain from 150 tons 

of coal. Or another pound weight can be made 
to do the work of 150 tons of dynamite. 

“One hundred and fifty tons of dynamite— 
enough to blow a modern city into oblivion— 

compressed to a pound weight which might be 

held in the hand! No wonder that a sober- 

thinking scientist like Professor Frederick Soddy 

of Oxford University should write: ‘I trust this 

discovery will not be made until it is clearly 

understood what is involved.’ ‘And yet,’ he goes 

on to say, ‘it 1s a discovery that is sooner or later 

bound to come. Conceivably it might be made 

to-morrow.’ 

“One has only to turn the pages back to 1914 
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to find the grounds for Professor Soddy’s un- 

easiness. All the machines that ingenuity could 

invent were directed to the single purpose of 

human destruction. In a hundred laboratories, 

in a thousand arsenals, factories, and bureaus, 
physics and chemistry were harnessed to the 

task of mass death. The gigantic success of the 

enterprise 1s shown in the statistics: 10,000,000 

known dead soldiers; 3,000,000 presumed dead 

soldiers; 13,000,000 dead civilians; 20,000,000 

wounded; 3,000,000 prisoners; 9,000,000 war 

orphans; 5,000,000 war widows; 10,000,000 
refugees. 

“This was the tabulation that our mechani- 

cal civilization made possible. This is the result 

of creating machinery for which we have no 

method of control. This is the consequence of 

giving children matches to play with. . . . 

“This, then, is the problem: science will not 

wait for men to catch up. It does not hold itself 
responsible for the morals or capacities of its 
human employers. It gives usa fire engine with 

which to throw water to extinguish fire; if we 

want to use the engine to throw kerosene on the 

fire, that is our lookout. The engine is adapted to 
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both purposes. With the same hand, science gives 
us X-rays and machine-guns, modern surgery 

and high explosives, anzsthetics and poison gas. 

In brief, science has multiplied man’s physical 

powers ten thousand fold and in like ratio has in- 

creased his capacity both for construction and 

destruction. How is that capacity to be used in 

the future? How can we hold in check the in- 

creasing physical power of disruptive influences? 
Have we spiritual assets enough to counter- 

balance the new forces? How can we breed a 

greater average intelligence? Can education 

run fast enough, not only to overcome the lead 

which science has obtained, but to keep abreast 

in the race? Can the old savage be trusted with 

the new civilization which he has created? 
“These are ugly questions. They are hurled 

as a challenge at our generation, and upon their 

answers the future depends.” 
Now perhaps the alleged sins of science have 

never been stated more tellingly than in the fore- 

going, and I would like to ask you to allow me 

to bring Science herself to the witness stand and 

ask her what she has to say for herself. 
She replies very quietly that there are both 
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statements and implications in the foregoing 

that need further consideration. First, that fol- 

lowing her conviction that the only matter of 

supreme importance is to find out the facts, 
since we have to live with them anyway, she 

has kept steadily at work since Mr. Soddy raised 

the hobgoblin of dangerous quantities of avail- 

able subatomic energies, and has brought to light 
good evidence that this particular hobgoblin— 

like most of the bugaboos that crowd in on the 

mind of ignorance—was a myth, that it was 

exceedingly fortunate that Mr. Soddy’s fears 
did not at the time he uttered them induce a 

terrified humanity, like a frightened child para- 

lyzed by its fear in the dark, to stop its efforts 

to get more light, for the worst disasters have 

always come from panic born of ignorance; that 

she (Science) regards it as her chief function to 

deter men from over-hasty conclusions though 

she does not always succeed, even with her 

devotees; that her influence nevertheless, is al- 

ways to constrain men to replace panicky, emo- 

tional acting by reflective, informed, rational 

acting. The great world explosions, including 

the World War, have been mental, not physi- 
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cal. She wouid ask you then to withhold your 

judgment until all the available evidence is in. 

Now the new evidence born of further scien- 

tific study is to the effect that it is highly im- 

probable that there is any appreciable amount 

of available subatomic energy for man to tap; 

in other words, that henceforth men like the 

Bishop of Ripon who are living in fear lest some 

bad boy among the scientists may some day 

touch off the fuse and blow this comfortable 

earth of ours to star dust may go home and 

henceforth sleep in peace with the consciousness 

that the creator has put some fool-proof ele- 

ments into his handiwork and that man is pow- 

erless to do it any titanic physical damage, any- 

way. 

This may relieve the Bishop of Ripon, but it 

will disappoint men like Lord Birkenhead, who 

have been hypnotized rather than scared by the 

prospect of tapping enormous new sources of 

subatomic energy and who have been revelling 

in the prospect of some day lying in bed, press- 

ing a button, and calling for two atoms’ worth 

of massage. These men will be obliged to give 

up their idle Utopian dream and console them- 
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selves with the reflection that the chief joy of 

life after all comes from the striving and the 

overcoming, that there is much more satisfac- 

tion in smashing a resistant atom, as man will 

doubtless do, than in lying on one’s back and 

watching it explode. 

One may become blue or happy then, accord- 

ing to his temperament, over the fact that it is 

now highly improbable that we on the earth 
shall ever get any appreciable amounts of en- 

ergy from any other source than the sun, whence 

we have always obtained our energy, directly or 

indirectly, in the past, but at any rate that is the 
indication to which we must adjust ourselves, 

and it serves at least to remove from the ac- 

count of Science one sin with which she had been 
charged. 

But that is but the first of the sins charged 
against her. What about the horrible indict- 

ment as to the twenty-six million people actually 

killed in the world war? The answer is two- 
fold. First, the implication was that Science had: 

a good deal of responsibility for that war,—an 

erroneous implication I think, since war has 

been the chief business of all the glorious civi- 
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lizations of the past when there was no science, 

and with every advance in science I think it be- 

comes less and less so. Indeed, primitive man’s 

chief tools were probably arrowheads and tom- 

ahawk and his chief industry making and using 
them. When the age of bronze replaced the 
age of stone a multitude of new peaceful arts 

were born. Coppersmiths, silversmiths, gold- 

smiths appeared who developed a wonderful 

decorative art for use on urns, on vases, on table 

ware, on personal ornaments, on sarcophagi, on 

friezes, on monuments,—witness the amazing 

perfection of these arts revealed in Tutanka~- 
men’s tomb,—and these arts reduced the rela- 

tave smportance of the successor of the arrow- 

head and tomahawk maker, for these peaceful 

arts turned men’s minds and energies and in- 
terests away from war, toward peace. 

And this has been the consequence I think of 

practically every advance in science and its ap- 

plications since that time. Let him whose eyes 

have recently been focussed on the increased ef- 

fectiveness of tools of destruction and whose 
fears have been aroused lest the savage in man 
may use these tools to destroy the race lift up 
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his head and look all around him on all sides. 
I think that such a survey will show conclusively 

that every scientific advance finds ten times as 

many new, peaceful, constructive uses as it finds 

destructive ones. Explosives and fertilizers are 
basically the same, and even explosives as such 

meet a dozen peaceful needs to one warlike one. 

The duPont Company is known as a powder 

concern, but that is a well-nigh negligible part 

of its business. Public thinking is misled merely 

by the fact that a horror makes better news than 

a wheat crop. One man blown painlessly to 

atoms gets more news space than a thousand 
men in the agonies of starvation or dying by 

inches from disease. Steel does indeed make 

bayonets, but it also makes plowshares, and rail- 

roads, and automobiles, and sewing machines, 

and threshers, and a thousand other things, 
whose uses constitute the strongest existing di- 

verter of human energies from the destructive 

to the peaceful arts. 

In my judgment war is now in process of be- 

ing abolished chiefly by this relentless advance 

of science, its most powerful enemy. It has 

existed in spite of religion, and in spite of phi- 
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losophy, and in spite of social ethics, and in 

spite of humanitarianism and the golden rule, 

since the days of the cave-man because, in ac- 

cordance with the evolutionary philosophy of 
modern science, and simply because, z has had 

survival value. It will disappear like the dino- 

saur when, and only when, the conditions which 

have given it its survival value have disap- 

peared, and those conditions are disappearing 

now primarily because of the changes in world 

conditions being brought about by the growth 

of modern science. 

I am with Mr. Fosdick in every effort to 

arouse more fully the social sense, the con- 

science, and the morals of mankind, in every 

effort to develop a new machinery like a world 

court and a League of Nations to assist in bring- 

ing about better international and social rela- 

tions. If I differ with him at all, and I am not 

sure that I do, it is only in my estimate of the 

relative effectiveness of the different available 
agencies. He seems to fear too active experi- 

menting in physics and its applications, but not 

in sociology, for when he is dealing with the 

latter field he says, “We need not fear that we 
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shall progress too fast. The overwhelming dan- 

ger is that we shall not be able to progress fast 
enough.” 

My own reason for exactly reversing this 

emphasis is very precisely stated by him in the 
following words: “But social science to-day is 

still lacking in the fundamental groundwork of 

knowledge. It is still too largely based upon 

inspiration rather than upon facts.” My own 

position stated in one sentence is that all prog- 

ress comes from knowledge, and I am enthusi- 

astically for everything that increases knowl- 

edge, whatever be the field, sociology or 
physics, and for acting upon that knowledge 

when found. But it is as unsound to talk about 
the danger of too much knowledge in physics 
as in sociology. 

For look further at what is actually happen- 

ing, at what kind of effort is to-day yielding the 

largest social returns. Without aiming directly 

at doing so, modern science and its applications 

have within the past fifty years actually pro- 

duced the most profound and beneficial social 

changes that the world has ever seen. They 

have raised the average working man’s wage in 
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terms of actual buying power about fifty per 

cent in forty years, and that along with a twenty 

per cent decrease in his working hours. That is 

not everything, but ét és the necessary first step, 

the indispensable foundation upon which all 

other kinds of building must rest. Also, accord- 

ing to recent “Carnegie” studies modern science 

and its applications have actually resulted in 

increasing the amount of reading done by the 

average man in Middletown more than three 

hundred per cent, and this applies, too, to mag- 

azines like the Atlantic Monthly as well as to 

other grades of reading matter. Also, they have 

given the average man through the radio and 

the “movie” the opportunity for education and 

entertainment (partly abused, no doubt, but 

partly utilized; and in any case opportunity is 

a sine qua non to progress )—opportunity such 

as the common man never had before. | 

One continually hears complaints that our 

machine age, with its mass production, has 

ruined the life of the common man, that it has 

deadened and routinized labor and taken away 

the joy of craftsmanship. These protests are 

natural, because the man who is taken through 
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a modern factory and does not look beneath the 
surface of things will easily gain such an im- 

pression. A very superficial glance at the Ford 

factory, for example, would seem to justify the 

worst charges that are made against our ma- 

chine age, but to the man who is capable of 

seeing beyond his nose it is a very different pic- 

ture that unfolds itself. This man sees not 

merely the 8,000 cars turned out each day by 
routine labor in the summer of 1929 by the 

Ford plant, but he looks beyond to see what 

these cars are doing to the life of the common 

man. He sees, in the first place, these eight 
thousand cars driven by roughly as many per- 

sons, and he realizes that driving a car in 

crowded streets, which is in itself a highly 

skilled occupation, develops in large measure 

the qualities of sobriety, alertness, and intelli- 

gence. He contrasts the bleary-eyed, ruby- 

nosed old soak who thirty years ago sat on the 

driver’s seat of the average cab in London or 
New York with the highly skilled chauffeur of 

to-day, alert, self-respecting, sober, intelligent, 

and well dressed. The change is striking and 

the improvement enormous. 
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Secondly, he sees that every one of those 

8,000 cars turned out in one day has to be taken 

care of and repaired by an intelligent garage 

mechanic and “trouble man,” a man who must 

understand the intricate mechanism of an auto- 
mobile from top to bottom and from one end 

to the other, who must be able to find the dif- 

ficulty no matter where it appears, and, more 

than that, who must know how to right it. No 

such requirement of expert knowledge, no such 

variety of stimulating activity, was ever the lot 

of any middle-age artisan, and no such demand 

for intelligence was ever made before upon so 
large a fraction of the population as 1s now 

made by our mechanical age. 

Thirdly, he sees that all these 8,000 cars, 
and literally millions more, must be serviced by 

thousands of wide-awake, courteous, attractive 

service-station men—men who have taught the 

world as it has never been taught beforc that 

the maximum of success is definitely related to 

the maximum of cheerfully rendered service to 
one’s fellows. He sees that back of these ser- 

vice-station men are the refineries, with their 

expert staffs of chemists and physicists, and that 
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back of these are the geologists and the seis- 

mologists and the radio engineers of the pro- 

ducing company, and so on without end. 

As I read history, the machine age has actu- 

ally freed, educated, and inspired mankind, not 
enslaved it! Routine labor plays a part in all 

our lives, and an attractive part too, if it is not 

overdone, and if there is leisure for something 
else. Witness the endless repetition involved 

in knitting, in engraving, in practically all so- 

called skilled occupations. Even the few rou- 

tine men who feed the machines in Mr. Ford’s 
factory are less routinized and have shorter 

hours than the dumb agricultural drudge who 

hoed potatoes for twelve hours a day through 

all the history of the world before the machine 
age appeared. 

But the far-seeing man will see even deeper 

than that. It is science and its applications that, 

through the Ford car and its like, have given 

to the average man and his family the oppor- 

tunity for the broadening influences of travel, 

an opportunity that he is utilizing amazingly, 

too. It is science and its applications that, 

through the wonderful development of the art 
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of communications, and through incredible stim- 

ulation and acceleration of trade and commerce, 

have knit the whole world together into a unity 

that makes war an anachronism. Much more 

important than treaties, I think, in abolishing 

war as an instrument of national policy is the 
growing recognition of the fact, taught in no 

uncertain language from 1914 to 1918, that in 

our modern scientific civilization war is no 

longer well adapted to the attainment of na- 

tional ends. Let no man henceforth ever make 

the error of assuming that modern science made 

the last war. Rather was that war, let us hope, 

the last titanic struggle of militarism to escape 

the extinction foredoomed for it in a world 

motivated by modern science. The world war 

was surely not a sin of science. 

But, yet, can science escape the responsi- 

bility for those twenty-six million lives lost dur- 

ing that war? That is a matter of opinion. 

Granted only that these people could all have 

got to the fighting line, which, mind you, was 

of wholly unprecedented length, I am not sure 

that, with only ancient man’s weapons, the 

sword, the shield, and the spear, given the 
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world’s war issues to fight about, the thirteen 

million who died in battle might not have been 

even more; and without modern medical sci- 

ence the thirteen million civilian deaths would 

almost certainly have been augmented. 
But that is after all not particularly impor- 

tant. The significant fact is one brought out by 

Mr. Fosdick himself when he says, “Stop the 

machines and half the people in the world 

would perish in a month.” That is not an over- 

estimate. Modern science undoubtedly made it 

possible for more than twice as many people to 

live comfortably in Europe before the war as 

could otherwise have done so. Robert Fulton 

predicted in about the year 1800 A. D. that the 

time would “come when England, then thought 

densely populated, would hold 10,000,000 

souls.” To-day she has five times that number. 

It was but a small fraction of these people, peo- 
ple who owed their very existence to science, 

who had been created by science, that lost their 

lives in the war. Had preceding generations 
abolished or slowed up science, more than this 
number would have died more miserably, i. e., 
with greater suffering, for disease with science 
is bad enough while without science it is hell. 
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Now the balance of this whole account 
scarcely shows a sin to be credited to science. 

Looked at in the large, I do not think there can 

be the slightest question that the only hope that 

this world has of maintaining in the future a 
suitable balance between population and the 
food supply is found in science. That, in the 

last analysis, is mankind’s greatest problem. Its 

solution alone, and there are the best of rea- 

sons for believing that in the long run it can be 

solved, is sufficient to warrant the fullest stimu- 

lation of both the biological and physical sci- 

ence that can in any way be brought about. 

So far in my search for the sins of. science I 
have failed to find her guilty of the charges 

brought against her, but there is one to me very 

regrettable tendency in modern life for which 

science is probably to some extent at least re- 

sponsible. I refer to the craze for the new re- 

gardless of the true, to the demand for change 

for the sake of change, without reference to the 

consequences, to the present-day wide-spread 

worship of the bizarre, to the cheap extrava- 

gance and sensationalism that surround us on 

every side, as evidenced by our newspapers, our 

magazines, our novels, our drama, our art in 
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many of its forms, our advertising, even our 

education. 

These are, I suppose, inevitable, though I 

hope transient, accompaniments of the stupen- 

dous rate of change that modern science and its 
applications have forced on modern life. The 

spirit of change has been caught where its basis 

has been wanting. In this particular our gen- 
eration stands unique in all history, and it 1s 

difficult to see how the future can have any other 

period of so rapid change in store. 

In the way he conducted his daily life, and 

also in his prejudices and superstitions, my 
grandfather is undoubtedly more remote from 
me than was he from the earliest man men- 

tioned in recorded history. About 1830 he took 

his Lares and Penates, his flocks and his herds, 

and moved west from Massachusetts to IIli- 

nois by foot and by horse in precisely the way 

in which four thousand years earlier Abraham 

had moved westward from Ur of the Chaldees. 

When I myself went to New York to study in 

1895, no ship ever sailed on Friday, for the 

actions of men were still governed, as they had 

been for a thousand years and more, by that par- 
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ticular superstition. To-day all that is changed! 
In the last analysis this change is primarily due 

to the introduction of the power machine as a sub- 

stitute for animal muscle, for this includes every- 

thing that has come to this generation through 

the steam engine, the dynamo, the automobile, 

the airplane, the telephone, and the radio. Add 

to this the change in mode of thought due to the 

new host of discoveries, primarily in physics and 

biology, and it is no wonder that our age has 

become infected, or better drunk, with the spirit 
of change. In many fields no past time has 

known and no future time can know so sudden 

and so complete a transformation, for the whole 

gamut of possibilities has been run through by 

our single generation. In woman’s dress, for 

example, the limits are obviously zero and in- 

finity, and whatever there is in between, that 

has not been tried since 1900, isn’t likely to be 

tried very soon, nor would it represent a very 

large change if it were, so that whatever zest 
and joy there be in something brand new and 

radically different in this domain has been tasted 

to the full by this generation, and will never be 

tasted in such completeness again. 
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In physics and its applications these changes 

have been made by men who were fully con- 

versant with the past, men who knew the dif- 

ference between perpetual-motion cranks and 
real discoverers, men who knew that the fully 

verified laws of the past must remain the laws 

of the future for the whole range of phenomena 

for which their correctness has been tested; in 

a word, men who knew that Einstein would 

have to contain the whole of Newton, 4. @., be 

merely a refinement of, and supplement to, 

Newton, or else that his work would be wrong. 
But unfortunately many of the other fields in 
which the spirit of change is rife have no such 
criteria for past or present truth as physics pos- 

sesses and no such group of well-trained, ca- 

pable, and historically informed minds working 

in them, so that in these fields we cannot be cer- 

tain whether the changes represent progress or 

retrogression. In such cases, however, the coun- 

sel of the wisest heads of the past is the only 

possible guide for the present. 

But be that as it may, I suppose that the pres- 

ent spirit of revolt, of change for the sake of 
change, the present effort for the new at all 
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costs, the bizarre, the extravagant, the sensa- 

tional, is in part an inevitable reflex of the rapid 

changes taking place in our times because of the 

rapid growth of science. When I go into an ex- 

hibition of the so-called secessionists in art in 

Germany I feel certain that I am in a madhouse, 

or when I read the literature poured forth by 
what Mr. Stuart Sherman called the emetic 

school of modern American writers, I dislike to 

admit that these modern excrescences of our civ- 

ilization are a part of the sins of science, but I 

suspect the spirit of change which we have 

started has been partially responsible for them. 

But I am not greatly disturbed even by these. 

The world will become sick of the emetic school 

in time. The actual method by which science 

makes its changes is becoming better understood. 

The demand for the saner popular books upon 

it 1s continually increasing. The remedy is in 

part at least in understanding it better. 

As soon as the public learns, as it is slowly 

learning, that science, universally recognized as 

the basis of our civilization, knows no such thing 

as change for the sake of change, as soon as the 
public learns that the method of science is not 
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to discard the past, but always to build upon it, 

to incorporate the great bulk of it into the 

framework of the present, as soon as it learns 
that in science truth once discovered always re- 

mains truth, in a word that evolution, growth, 

not revolution, is its method, it will I hope be- 
gin to banish its present craze for the sensa- 

tional, for the new regardless of the true, and 

thereby atone for one of the sins into which the 

very rapid growth of science may have tempted 

it. 
But there is another side even to this ad- 

mitted sin which will appeal to those of us who 

want to speed up social change, to those who 

feel that many of our laws and customs have 

actually become outgrown, that they were de- 
veloped for, and were adapted to, the old civi- 

lization, not to the new. In many, many in- 

stances this view is undoubtedly correct. But 
here the sin just now admitted becomes a vir- 

tue. That the spirit of change is in the air ob- 
viously helps rather than hinders in the case of 

these needed social readjustments. The whole 

question however is, “do we know enough yet 

to make any particular change?” The answer is 

sometimes yes and sometimes no. 
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But in the latter case the new knowledge that 

is still needed is just as likely to come from fur- 

ther physical experimenting as from further so- 

cial studies. The whole history of science shows 
that it is impossible to predict beforehand where 
a new bit of knowledge is going to fit in. The 

amazing thing about that history 1s the extraor- 

dinary rapidity with which each new advance in 

one domain actually finds its application in an- 

other. Physical knowledge és social knowledge! 
Let us not then hold back anywhere in the 

search for knowledge. Crescat Scientia, Vita 

Excolatur. 
There is one other sin that is charged against 

science concerning which I wish to say a word, 

namely the alleged sin of exalting the material 

at the expense of the spiritual. 

If this means providing food and clothing 

and wholesome living conditions for millions 

upon millions of people who would otherwise 

die of starvation or otherwise drag out so miser- 

able lives that their only recourse would be to 
dream of another life free from the miseries of 
this, then science must plead guilty. 

The rise of science has undoubtedly filled 

mankind with a new vision of, a new hope for, 
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and a new effort toward a better human ex- 
istence than the world has known in the past. 

If this is exalting the material over the spiritual 

then she must again plead guilty. 

The rise of science has undoubtedly shifted 

somewhat the relative emphasis of our think- 

ing from individual-soul-salvation to race sal- 

vation. If this is exalting the material, then 
she is again “guilty.” 

But as I myself use words the foregoing 

facts do not mean the subordination of the spir- 

itual to the material. I myself think that the 
aforesaid changes represent an increase rather 

than a decrease in what I call “spiritual values,” 

$. @.. an increase in the essential spirit of the 

great teacher which was epitomized in the 
Golden Rule. The essence of Christianity is to 
be found, I think, in the altruistic teaching and 

living which Jesus felt it to be his chief mission 

to spread on earth. I have no reason to think 

that this spirit is on the wane. Even the mem- 
bership in the christian churches, which are the 

chief stimulants of it, is increasing, and a civili- 

zation built upon modern science unquestionably 

demands its further increase. For as society be- 
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comes more and more complex civilization can- 

not endure at all save as the individual learns in 

ever-increasing measure to subordinate his own 

appetites and impulses to the common good, to 

the group life wherever the two come into con- 
flict. In other words, the development of the . 

sense of social responsibility which, broadly 

speaking, is merely the spirit of the Golden 

Rule, or slightly differently stated, the stimu- 
lation of the “consciences, the ideals and the 
aspirations of mankind,” must be done in ever- 

increasing measure in a civilization which 1s 

growing more and more complex and interre- 

lated under the influence of modern science. 

So much for the practical side of the question. 

But there is also a philosophic side. Science is 

sometimes charged with inducing a materialistic 
philosophy. But if there is anything which the 

growth of modern physics should have taught 

it is that such dogmatic assertiveness about the 

whole of what there is or is not in the universe 

as was represented by nineteenth-century ma- 

terialism is unscientific and unsound. The physi- 

cist has had the bottom knocked out of his gen- 

eralizations so completely that he has learned 
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with Job the folly of “multiplying words with- 

out knowledge” as did all those who once as- 

serted that the universe was to be interpreted in 

terms of hard, round, soulless atoms and their 
motions. Says the Oxford biologist, John Scott 

Haldane, “Materialism, once a scientific theory, 

is now the fatalistic creed of thousands, but ma- 

terialism is nothing better than a superstition on 

the same level as a belief in witches and devils. 
The mechanistic theory ‘is bankrupt.’ ” 

The best possible cure for materialism is the 

following chapter from the recent history of 

physics. A hundred years ago, physics consisted 
of six distinct, sharply separated departments, 
Mechanics, Molecular Physics, Heat, Sound, 

Light, Electricity. The first partition between 

these compartments to be broken completely 

down was that between heat and molecular 

physics, when about 1850 heat was found to be 

not a substance, as had been supposed, but sim- 

ply molecular motion. The next discovery was 
that radiant heat and light were not different 

categories of phenomena but essentially the 

same phenomenon, that they were both ether 

waves identical save for wave length. The next 
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great discovery, made by Maxwell and Hertz, 

was that electric-wave phenomena are indistin- 

guishable from light and heat save for wave 

length. All these phenomena of radiant heat, 

light and electric waves then became fused 
under the general heading “ether-physics,” still 
sharply separated from matter-physics and also 
from current electricity. 

The next partition to go was that between 

current electricity and matter-physics, when 

electric currents were found to be the motions 

of electrons. But one partition then remained, 

that between ether-physics and matter-physics. 

Quite recently this too is gone, and matter and 
ether waves are fused together in Euinstein’s 

Equation and ether and matter become indis- 

tinguishable terms. Electrons are now both 

particles and waves, and light waves are also 

corpuscles. What does it all mean? Simply 

that there is an interrelatedness, a unity, a one- 

ness about the whole of nature, and yet still an 

amazing mystery. Is it at all likely in the light 

of that history that we can long maintain air- 
tight compartments separating ether (or matter, 

whichever you will) from life and mind? 
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Now another finding of modern physics! 
With astonishing rapidity within the past twenty 

years man has extended his vision. He has 

looked inside the atom, a body one millionth the 

diameter of a pin head, and found an infinitely 
small nucleus one ten-thousandth the diameter 

of the atom and arranged about it as many as 

92 electrons (in uranium) each playing its ap- 

propriate réle in a symmetrical, co-ordinated 

atomic system. He has then looked inside that 

nucleus and counted in uranium exactly 238 

positives and 146 negatives, and he has found 

that the atom changes to something else if any 

one of these positsves or negatives drops out. 

He has watched the interplay of radiation upon 

these electrons, both within the nucleus and out 

of it, and found everywhere amazing orderli- 

ness and system. He has learned the rules of 

nature’s game in producing the extraordinarily 

complicated spectrum of a substance like iron, 

for example, and it is, in Sommerfeld’s phrase, 

unbelievable zauberei (magic) that these com- 

plicated rules never fail to predict exactly the 

observed results. Again, man has turned his 

microscope upon the living cell and found it 
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even more complex than the atom, with many 
parts each performing its function necessary to 

the life of the whole, and again he has turned 

his great telescopes upon the spiral nebule a 

million light years away and there also found 

system and order. 
After all that is there any one who still talks 

about the materialism of science? Rather does 
the scientist join with the psalmist of thousands 
of years ago in reverently proclaiming “the 
Heavens declare the glory of God and the 

Firmament sheweth his handiwork.” The God 

of Science is the spirit of rational order and of 

orderly development, the integrating factor in 

the world of atoms and of ether and of ideas 

and of duties and of intelligence. Materialism 

is surely not a sin of modern science. 

I have thus found science “not guilty” of 

most of the specific counts raised against her. 

But after this defense I am ready to go back to 

the quotation from Mr. Fosdick and join him 

in raising precisely the question he there asks. 

For in the last analysis that question is merely 

whether for any reason whatever, scientific or 

non-scientific, mankind, or more specifically this 
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particular generation of Americans, has the 
moral qualities that make it safe to trust it with 
the immensely increased knowledge and the 

correspondingly increased power which has 

come into its possession. I join him in throw- 
ing out that question as a challenge to our gen- 

eration, for there can be no doubt that our gen- 

eration has been getting hold of the sources of 

knowledge and of power at a rate such as no 
generation of the past has ever known, and so 

far at least as mechanical power is concerned 

such as no generation of the future is likely to 
know. 

I am not in general disturbed by expanding 

knowledge or increasing power, but I begin to 

be disturbed when this comes coincidently with 

a decrease in the sense of moral values. If 

these two occur together, whether they bear any 

relationship or not, there is real cause for alarm. 

Now there are certain disturbing indications 

in America just now of such a coincidence. I 
will mention but two of them: the one is the 

obvious effort at the deflation of idealism, the 

ridiculing of the existence of such a thing as @ 

sense of duty or of social responsibility, not, 
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thank God, by scientists; but rather by a group 

of American writers which is apparently trying 

to create something brand new in morals; and 

the second is the apparently increasing lawless- 

ness just now characteristic of American life. 
When we have now, and have had for twenty 

years, #. ¢., for a time long antedating the ad- 

vent of prohibition, sixteen times the number of 

homicides per thousand of population that are 

found in England there is some reason for 

alarm. Where individuals in sufficiently large 

numbers are willing to destroy the basis of con- 

fidence in themselves by refusing to be gov- 
erned by the rules which they themselves, with 

the aid of their recognized and duly established 

and agreed upon machinery, have set up, then 

obviously the foundations of civilization are be- 

ing completely undermined. If that spirit co- 

exists with the destructive possibilities brought 

forth by modern science the danger is very 

great. The remedy, however, is obviously not 

to try to hold back the wheels of scientific prog- 

ress, but rather to use every available agency, 
religious, social, educational, as individuals, as 

groups, and as a nation, to stay the spread of the 
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spirit of selfishness, lawlessness and disintegra- 

tion. That, I take it, is essentially the challenge 

of Mr. Fosdick’s book, and in that challenge I 

am quite ready to join with him. 
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AVAILABLE ENERGY’ 

Astronomy is often called the most useless 

of the sciences, and so it is from the standpoint 
of the man whose time-horizon extends ten 

years forward and ten years backward; and that 

man, too, probably represents ninety per cent of 

all mankind. But for the smaller fraction of 
men who have been able to rise above the mole’s 

outlook, who have studied enough of the past 

and understood enough of the present to have 

acquired a three hundred year time-horizon, for 

all such the foregoing statement is grotesquely 

incorrect. | 

If utility consists in nothing more than feed- 

ing and clothing the generation now living, then 

there are indeed useless sciences, and astronomy 

is perhaps one of them. But again, if utility 

consists in nothing more than feeding and cloth- 

ing ten successive generations, then, even by 

that narrow standard, the verdict of history has 

1Address made in September, 1928, in response to the presen- 
tation of the gold medal of the British Society of Chemical In- 
dustry. 
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definitely been that astronomy is one of the 

most useful of all the sciences, more useful 

probably than physics, chemistry, geology or 

engineering, and that for the simple reason that 

without it there would presumably never have 

been any modern physics, chemistry, geology or 

engineering. Eliminate it and you probably 

eliminate with it the development of the whole 

of Galilean and Newtonian mechanics: you cer- 

tainly eliminate the discovery of the law of 
gravity, and of all the principles of celestal 

mechanics, and you probably eliminate even the 

discovery of the laws of force and motion. All 

these discoveries which came out of the labor 
and travail of two long centuries, the seven- 

teenth and the eighteenth, which had to create 

even a new mathematics in order to be able to 

handle the new group of physical ideas, con- 

stituted an indispensable foundation for the 

crowning achievement of the nineteenth cen- 

tury, namely, the application of these same laws 
to the development of terrestrial mechanics, an 

achievement out of which has grown most, if 

not all, of the distinctive features of modern 

civilization. 
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Utility can only be properly defined as all 

that contributes to the finer, fuller, richer, wiser, 

more satisfying living of the race as a whole, 

and there is scarcely a bit of knowledge of the 

external world, or of man himself, that does not 

definitely help toward that end. Some of the 

most useful discoveries have exerted their chief 

influence, not through showing how the yield 

of beans or of cabbages per acre could be dou- 

bled, but rather through preventing mankind 
from wasting its precious energies on useless 

undertakings, such for example as building a 

tower of Babel. All knowledge that helps to- 

ward an understanding of the nature of the uni- 

verse of which we are a part is useful, for we 

need very much more of it than we now have, 

or shall have for centuries to come, to enable us 
to direct our energies toward wise, effective liv- 

ing instead of wasting them on beating tom- 

toms, inventing perpetual-motion machines, or 

chasing either physical or social rainbows. “A 

penny saved is a penny earned,” and this is quite 

as true of human energies as of household eco- 
nomics. 

The disasters that can befall mankind merely 
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because of erroneous conceptions of the nature 

of the world in which we live are well illus- 

trated by the historic record of the miseries that 

came upon the earth in the year 1000 A. D. be- 
cause of the wide-spread belief that the world 
was coming to an end at that time. The recent 

exact measurement of the amount of lead in 

Black Hills uraninite, and of the exact atomic 

weight of that lead, is not usually regarded as 
a great engineering undertaking, nor as an ac- 

complishment fraught with important useful 

consequences; but I venture the estimate that 
the knowledge that has come from that and 
similar experiments to the effect that this world 

has already had a lifetime of at least a billion 

years, and that man has in all probability an- 

other billion years ahead of him, in which there 

is the possibility of his learning to live at least 
“4 million times more wisely” than he now 

lives, is likely to have in the long run a much 

larger influence upon human conduct than the 
invention either of the airplane or of the radio, 
important and pre-eminently useful though 

these be. Similarly, the discovery of the second 

law of thermodynamics has been perhaps more 
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useful in preventing useless effort, in spite of 

the legions of perpetual motion cranks who still 

infest all physical laboratories, than in improv- 

ing the efficiency of the heat engine. 

The foregoing considerations constitute my 

argument for the appropriateness of presenting 

before the Society of Chemical Industry some 
discoveries that have not heretofore been la- 

belled “useful” but which, when put together 

and correctly interpreted, as I hope they are 

herewith, may constitute an important and per- 

petually burning beacon to point out to man- 

kind the way of progress, even of industrial 

progress. 
The four recent developments in the field of 

pure science that I am herewith endeavoring to 
fuse together into a result of industrial impor- 

tance are: (1) the discovery of the relation be- 

tween mass and energy; (2) the development 

of methods of making very exact atomic-weight 

determinations; (3) the discovery of the cosmic 

rays; (4) the development of relativity-quan- 

tum mechanics. It may appear at first sight to 

the average supporter of Al Smith that I have 

taken a large order, but pray withhold your 
judgment. 
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The first of these four very recent develop- 
ments was stated in its general equational form, 

namely, mc’ = E, in which m represents mass 
in grams, c the velocity of light, and E energy 

in ergs, by Einstein as one of the most impor- 
tant consequences of the special theory of rela- 

tivity (1905); but it had been experimentally 

established for special cases before Einstein’s 

day, namely, in 1901 and 1902 by Kaufmann’s 
measurements on the variation of the mass of 

the electron with its kinetic energy, and it had 

also been made by Lorentz a theoretical con- 

sequence of the electro-magnetic theory of the 

origin of mass. This equation may therefore, I 

think, be taken as a safe practical guide even by 

those who hope that the special theory of rela- 

tivity may ultimately be found to involve some 

second-order error. The Michelson-Morley ex- 

periment has surely been sufficiently checked to 
establish the fact that it involves no first-order 
uncertainty. 

The second of the foregoing developments is 

due primarily to Aston, of Cambridge Univer- 

sity, England, who last summer, 1927, estab- 
lished experimentally a definite relation repre- 
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sented by a smooth curve, between the atomic 
weights of the elements and the mass of the 

positive electron as it appears in the constitution 

of the nucleus of each particular atom. This 
relation is a purely empirical one, the bearing 

of which upon the argument herewith presented 

has never, so far as I know, been pointed out 

before, at least in a quantitative way, save in 

very recent papers by Dr. Cameron and myself, 

the most complete and important of which is to 

appear in the October number of The Physical 
Review (1928). 

The point upon which we lay emphasis is that 
if this srnooth experimental curve may be taken 

as a safe guide, then by combining it with Ein- 

stein’s equation we can at once draw very im- 

portant conclusions about the possible sources of 
available energy. 

The first conclusion that we draw is that the 

process of radioactive disintegration with the 

ejection of an alpha particle is @ process that can 

take place only in the case of a very few of the 

very heavy and very rare elements, For radio- 

activity is a heat-evolving, # e., an exothermic 
process, otherwise it could of course not take 
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place of its own accord, and Einstein’s equation 

tells us that no energy-evolving or exothermic 

process can take place unless the total mass of 

all the constituents after the change is less than 
the total mass before the change—that an equiv- 

alent mass must always disappear if other forms 

of energy are to appear. But the relation of 

these masses before and after any hypothetical 

change is just what is given by Aston’s curve, 

which shows that no element of atomic weight 
under say about 100 can disintegrate with the 

ejection of an alpha particle and the evolution 

of energy. And yet more than ninety-nine per 
cent of all matter consists of these atoms of 

atomic weight less than 100. Therefore radio- 

activity with the ejection of alpha particles, even 

of a very feeble energy, is not a general prop- 

erty of matter, as many of us have in the past 

thought it might be. Under the stimulus of the 

discovery of the enormous quantities of energy 

evolved in the disintegration of uranium and 

thorium we have often imagined, and some- 

times incautiously stated, that there might be 

similar amounts of available energy locked up 

in the common elements, releasable, perchance, 
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by getting them to disintegrate, as uranium and 

thorium spontaneously are doing. And engi- 

neers, physicists and laymen alike have talked 

glibly about “utilizing this source of energy 

when the coal is gone.” So-called humanists, 

on the other hand, advocates of a return to the 

“slories” of a pre-scientific age, have pictured 

the diabolical scientist tinkering heedlessly, like 

the bad small boy, with these enormous stores 

of sub-atomic energy, and some sad day touch- 

ing off the fuse and blowing our comfortable 

little globe to smithereens. 

But Nature, or God, whichever term you pre- 

fer, was not unconscious of the wisdom of in- 

troducing a few fool-proof features into the 

machine. If Einstein’s equation and Aston’s 

curve are even roughly correct, as I am sure 

they are, for Dr. Cameron and I have computed 

with their aid the maximum energy evolved in 

radioactive change and found it to check well 

with observation, then this supposition of an en- 

ergy evolution through the disintegration of the 

common elements is from the one point of view 

a childish Utopian dream, and from the other 

a foolish bugaboo. For the great majority of 
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the elements, such as constitute the bulk of our 

world, are in their state of maximum stability 
already. ‘They have no energy to give up in the 

disintegrating process. They can only be broken 

apart by working upon them, or by supplying 
energy to them. Man can probably learn to 

disintegrate them, but he will always do it “by 

the sweat of his brow.” 

But having thus disposed of the process of 
atomic disintegration, and found it completely 
wanting as a source of available energy, since 

the radioactive elements are necessarily negli- 

gible in quantity, let us next see what there is to 

be learned about the process of atom-building 

as a source of energy. Here Einstein’s equa- 

tion, Aston’s curve, and the third of the fore- 

going developments in pure science, namely, the 

recent experimental work on cosmic rays, have 

just thrown a flood of light on the processes 

going on in this universe in which we live. For, 

first, Dr. Cameron and I have recently found 
three definite cosmic ray bands, or frequencies, 

of penetrating powers, or ray-energies, respec- 

tively, about twelve, fifty and one hundred times 

the maximum possible energies that are, or can 
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be, obtained from any radioactive, that is, any 

disintegrating, process. The highest frequency 

band has so enormous a penetrating power that 

it passes through more than 200 feet of water 
or eighteen feet of lead before becoming com- 
pletely absorbed, while two or three inches of 

lead absorbs the hardest gamma rays. This dis- 

covery of a banded structure in cosmic rays 

shows that these rays are not produced, as are 
X-rays, by the impact upon the atoms of mat- 

ter of electrons that have acquired large veloci- 
ties by falling through powerful electrical fields, 

as we earlier suggested—the fields needed to 
produce frequencies as high as those of the high- 

est observed cosmic rays are equivalent to 216,- 
000,000 volts—but that they are rather pro- 

duced by definite and continually recurring 
atomic transformations involving very much 

greater energy-changes than any occurring in 

vadsoactive processes. 

Taking Einstein’s equation and Aston’s curve 

as a guide there are no possible atomic trans- 

formations capable of yielding rays of the enor- 

mous penetrating power observed by us, except 

those corresponding to the building up or crea- 
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tion of the abundant elements like helium, oxy- 

gen, silicon, and tron out of hydrogen, or pos- 

sibly in the case of the last two elements out of 

helium. The entire annihilation of hydrogen by 

the falling completely together of its positive 
and negative electrons has been suggested as an 

additional possibility, but it can be eliminated 

in this case for two excellent reasons. The first 

is that there is no place for such a radiation to 

occupy in the observed cosmic-ray curve; tested 

by any formula that has ever been suggested by 

any one to relate energy to absorption coefh- 

cient (the so-called Klein-Nishina or the Di- 
rac), this annihilation act should produce one 

single big radiation band just where there is 

none; and the second is that this radiation, if it 

were present, would necessarily be homogeneous 

and could not by any possibility exhibit the type 

of multiple bands definitely shown by the ob- 

served cosmic rays. So that here alone, by a 

process of exclusion, we have arrived at pretty 

definite evidence that the observed cosmic rays 
are the signals broadcast throughout the heavens 

of the births of the common elements out of 

positive and negative electrons. 
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But right here is where the fourth of the 

aforementioned recent developments in the 

purest of pure science dovetails into the prac- 

tical picture. Dirac is a young Englishman, 

Klein a young German, and Nishina a young 
Japanese, all deeply versed in what the engineer 

of to-day—and even the experimental physicist 

too—is rather proud to say “is altogether be- 

yond him,” meaning thereby that he considers 
that there are more important things for him to 
put his energies upon. Such highbrow subjects 

as relativity-quantum mechanics, and the new 

wave-mechanics, to which these men have made 

outstanding contributions—where do they touch 

life anyway? Very quickly has come the an- 

swer. Dr. Cameron and I had measured approx- 

imately the penetrating powers, or absorption 

coefficients, of our three prominent cosmic-ray 

bands. Without being guided by any theory at 

all we first found them at #=0.35, #= 0.08, 

= 0.04 where » means absorption coefficient 

per meter of water. The foregoing gentlemen’s 

formule, giving the quantitative relation be- 

tween absorption coefficient and frequency, or 

energy, these formulz all being extensions of 
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and corrections to one originally worked out 

with consummate skill by Arthur H. Compton, 
of Chicago, last year’s Nobel Prize winner in 
physics, enable us to compute from Einstein’s 

equation and Aston’s curve what should be the 

absorption coefficients, or the penetrating pow- 

ers, of ether-waves produced by the act of crea- 

tion of the common elements out of the primor- 

dial positive and negative electrons. 
Before presenting these computations, how- 

ever, let me build a little more background. It 

is an interesting and a very important fact from 
the practical view-point, too, that more than 
ninety-five per cent of this universe, so far as 

we can now see, is made up of a very few ele- 

ments. 

First. The spectroscopy of the heavens 

shows the enormous prevalence everywhere of 

hydrogen, but hydrogen is merely the primor- 

dial positive and negative electrons tied to- 

gether, or in process of being so tied. 

Second. The spectroscopy of the heavens also 
shows that helium is an exceptionally abundant, 

and a very widely distributed, element, even 

though, because of its lightness and inability to 

[ 100 ]



AVAILABLE ENERGY 
  

combine with anything, even with itself, the 
earth has not retained much of it. Significant is 

it, however, that the alpha particle given off by 

all the heavy radioactive elements is nothing but 

helium, so that it must have a certain preva- 

lence even on earth in the structure of the 
heavier elements. 

Third. Dr. I. S. Bowen, at the California 

Institute, solved, with consummate skill, the 

half-century-old riddle of “nebulium,” and has 

shown that the substance, abundant throughout 

the heavens, giving rise to these mysterious 

spectral lines, is mainly oxygen and nitrogen. 

But oxygen alone constitutes 55 per cent of the 
earth’s crust, and about the same proportion of 

meteorites. Oxygen and nitrogen, then, which 

for our present purpose will be treated as one 

element, since they have nearly the same atomic 

weight and will be henceforth listed under the 

name of the stronger brother, constitute the 

third extraordinarily abundant element, and it 

is to be noted that there are no abundant ele- 

ments at all between helium and oxygen. Car- 

bon has a certain minor prevalence, but because 

of its nearness in atomic weight to nitrogen and 
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oxygen it may here be treated as merely a feeble 

satellite to oxygen. 

Fourth. Ninety-five per cent of the weight 

of all meteorites consists of oxygen (54 per 

cent}, magnesium (13 per cent), silicon (15 

per cent) and iron (13 per cent), while 76 per 

cent of the earth’s crust is composed of the three 

elements, oxygen (55 per cent), silicon (16 per 

cent) and aluminum (5 per cent), no other ele- 
ment rising over 2 per cent. Iron constitutes 

1.5 per cent of the crust, but it is supposed to 

be very largely represented in the interior. Be- 

cause of the closeness in their atomic weights 
magnesium, aluminum and silicon (24, 27, 28) 

may, for our present purpose, be regarded as 

a single element and given the name of the 

strongest brother, silicon. There are then no 
abundant elements whatever between oxygen 

and silicon, nor between silicon and iron (atomic 

weight 56), and from an engineering stand- 

point the universe may be said to be made up of 

the primordial positive and negative electrons, 

and of four elements built out of them, namely, 

helium, oxygen, silicon and iron. 

Let me now digress from my subject, “Avail- 
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able Energy,” just long enough to point out the 
practical significance of the foregoing facts. 
Mankind, if he is here a billion years hence, 

will be satisfying his main needs, as he satisfies 

them now, with the four elements, hydrogen, 

oxygen, silicon and iron, 4 e., with water, air, 

earth and Fe, where the last symbol stands for 

iron rather than for fire, which was the fourth 

constituent of the world of the ancients. These 

fundamental facts may some time help to sta- 

bilize the stock market. Aluminum might some 

day compete with iron in usefulness if lightness 
were a desideratum, but for the great bulk of 

structural purposes it is not. The progress of 

science and invention is not likely to put out of 

business for a billion years to come the con- 
cerns engaged in the iron and steel industry. 

But my subject to-day is not available ma- 

terials but rather available energy. Einstein’s 

equation and Aston’s curve, then, enabled Dr. 

Cameron and myself to compute the energies 

sent out in the ether signals arising from the 

creation in single isolated acts of helium, oxy- 

gen, silicon and iron, and then Dirac’s formula 

enabled us to compute the absorption coefficients 
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of the corresponding cosmic rays. The theoret- 
ical values of the absorption coefficients corre- 

sponding to the first three of these creative acts 

came out # = 0.30, Fk = 0.08, #= 0.04, as com- 

pared with the previously obtained and already 
reported observed-values #=0.35, #= 0.08, 

#=0.04. The agreement is much better than 

our observational uncertainty,’ and leaves lit- 

tle doubt in our own minds that the observed 

cosmic rays are in fact the birth-cries of the in- 

fant atoms of helium, oxygen and silicon. We 

have some little indications that we can also hear 

the shriller birth squeaks of infant iron, though 
this is a little more uncertain. 

But the question that is already being asked 

on all hands is “Where are these atom-building 

think we have the answer. It is “not at all in 

the stars,” for high temperatures and densities 

1Indeed this quantitative fit is significant only as to order of 
magnitude. The fact that the computed value for helium- 
building came out lower than the observed value, #. ¢., % = 0.30 
instead of u = 0.35, at first introduced a difficulty, since for 
theoretical reasons our observed value ought to have been lower 
rather than higher than the theoretical. This difficulty has now 
been rectified by Klein and Nishina’s correction of Dirac’s for- 
mula which a little more than doubles the theoretical value, and 
really makes a better fit with our recently repeated observations 
than we had before. 
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seem to be inimical at least to the process of the 
creation of the foregoing abundant elements out 

of the primordial positive and negative elec- 

trons. The building of the radioactive elements, 

which is an endothermic, or energy absorbing, 
process, may possibly be taking place in the 

‘stars where surplus energy is available for it. 

We have no experimental evidence whatever on 
this point. But we have what we consider ex- 

cellent experimental proof that the foregoing 

endothermic processes that produce the cosmic 

rays do not take place in the stars at all. The 
full argument is given in the October issue of 

The Physical Review, 1928, and in another 

article to appear in 1930 in the same journal, 

but the fact that the sun, the great hot mass 
just “off our bows,” has no influence whatever 

upon the intensity of the observed cosmic rays, 

for these come in just as strong at midnight as 

at noon, is enough to show that this particular 

star is not a source of cosmic rays. Since, how- 

ever, these rays do come in to us all the time, 

and practically uniformly from all directions, 

Dr. Cameron and I can find no escape from the 

conclusion that these atom-building processes 
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which give rise to the observed cosmic rays are 

favored by, and actually have their source in, 

the places in the universe where the tempera- 

tures and pressures are extreme in the opposite 
sense, #. €., where they are close to absolute zero. 
In other words, we think that the atom-building 

processes that give rise to the observed cosmic 

rays can take place only under the extreme con- 

ditions of temperature and pressure extsting in 

interstellar, or intergalactic, space. 

- Now combine this conclusion with that al- 

ready arrived at by astronomers like Eddington 

and Jeans, who can find no way of accounting 
for the immense quantities of energy which for 

billions of years have been poured out by the 

sun and other stars, save in the assumption that 

under the conditions of stupendous temperatures 
and pressures existing at or near their centres 

mass is being wholly converted into radiant en- 

ergy by the complete falling together of posi- 

tive and negative electrons. If this is a correct 

conception, and it has become orthodox astron- 

omy, then the combination of it with the cosmic- 

ray evidence herewith presented leads to the 

picture of a continuous atom-destroying process 
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taking place under the extreme conditions exist- 

ing in the intertor of stars, and an atom-creating 

process continually taking place under the 

equally extreme conditions of just the opposite 

sort existing in interstellar space. Let us ana- 

lyze a little further these two processes. 

The process in which positive and negative 

electrons under the influence of the stupendous 

temperatures and pressures existing in the in- 

teriors of stars completely fall together—this 

need happen only occasionally in the interior of 

very heavy atoms, heavier, Jeans thinks, than 

any existing on the earth—must in any case, as 

we find from Einstein’s equation, be one that 

gives rise to an ether-wave about four times as 

energetic as the cosmic ray due to the formation 

of silicon out of hydrogen. We have looked 

diligently for a cosmic ray of this sort, but it 

definitely does not appear in our cosmic-ray 

curves. This is, however, to be expected, since, 

according to its sponsors, it is formed only in the 
interior of stars, and hence is hidden away be- 
hind an impenetrable screen of matter that com- 

pletely transforms it into heat before it gets out. 

Indeed, in accordance with the Jeans-Eddington 
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theory this is merely the way the furnaces of 

the stars are continually being stoked and all 

that we ought to observe is the heat and light 

that they radiate in consequence. 

-The continuous formation, however, of the 
common elements in interstellar space newly 

and directly observed, as we think, through the 

cosmic rays thereby sent forth raises imperiously 

the question as to why the primordial positive 

_ and negative electrons, which are the building 

stones of these common atoms, have not long 

ago been used up, since the process has undoubt- 

edly been going on for eons upon eons. And 
the answer that Dr. MacMillan, of the Univer- 

sity of Chicago, would like to have us make is 

that out in the depths of space, where we actu- 

ally observe, through the cosmic rays, helium, 

oxygen and silicon being continually formed out 

of positive and negative electrons, there too 

these positive and negative electrons are also be- 
ing continually replenished through the conver- 

sion back into them, under the conditions of zero 

temperatures and densities existing there, of the 

radiation continually pouring out into space 

from the stars. With the aid of this assumption 
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one would be able to regard the universe as in 

a steady state now, and also to banish forever the 

nihilistic doctrine of its ultimate “heat-death.” 

We ourselves regard this assumption as the 

least radical and the most satisfactory of any of 
the three between which, in any case, a choice 

must be made. 

1. The first of these is that of Jeans,’ that 
mass, #. é., the electron (positive and negative 
alike), is convertible into radiant energy, dut that 

the process is nowhere reversible. Matter will 

thus ultimately be all converted into radiation, 

$. €., it will simply disappear. A recent state- 

ment of Jeans’ reads: “Thus observation and 

theory agree in indicating that the universe is 

melting away into radiation. Our position is 

that of polar bears on an iceberg that has broken 

loose from its ice pack surrounding the pole, 
and is inexorably melting away as the iceberg 

_ drifts to warmer latitudes and ultimate extinc- 

tion.” 

This is the old hypothesis of the “heat- 

death.” It conflicts with no observed facts, and 

before the advent of Einstein it was a necessary 

J. H. Jeans, Nature, r27, 467, 1928. 

[ 109]



SCIENCE AND THE NEW CIVILIZATION 
  

consequence of the Second Law provided the 
universe were treated as a closed system. Scien- 

tists, however, have always objected that such 

treatment represents an extravagant and ille- 

gitimate extrapolation from our very limited 
mundane experience and modern philosophers 

and theologians have also objected on the 

ground that it overthrows the doctrine of Im- 

manence and requires a return to the middle- 

age assumption of a Deus ex machina. Since the 

advent of Einstein it meets the further difficulty 

that it injects into modern thermodynamics one 
single process—the convertibility of mass into 
radiant energy—which violates the principle of 

“microscopic reversibility” required by the mod- 

ern statement of the Second Law. 

2. The second possible hypothesis is that of 

Stern, Tolman? and Zwicky,* that the forego- 

ing processes are all everywhere reversible. 

This hypothesis keeps the second law intact, in- 

cluding microscopic reversibility denied by 

Jeans’ assumption, but so far as we can now see 

1D, Stern, Zeit. f. Elektrochemie, 31, 448, 1925. 
*Richard C. Tolman, Proc. Nat. Acad. Sci., 12, 67, 1926; 14, 

268, 348, 353, 1928. 
3K. Zwicky, Proc. Nat. Acad. Sci., 74, §92-597, 1928. 
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it does not avoid the “heat-death,” and it is not 

favored by the evidence herewith presented that 

the atom-building processes that give rise to the 

cosmic rays do not seem to be taking place 
everywhere, é. g., in the stars, but do seem to 

be taking place solely in the depths of space. 
3. The third hypothesis—that herewith pre- 

sented—is just as radical as 1, but no more so, 

in denying microscopic reversibility, but it pro- 

vides an escape sought in vain by both 1 and 2 

from the “heat-death.” Also it is just as radical 

as 2, but no more so, in assuming that radiant 

energy can condense into atoms somewhere, but 

it is in better accord with the cosmic-ray evi- 

dence that the atom-creating processes seem to 

take place only in interstellar space. 

But if the point of view developed in the 

foregoing is correct what sources of energy are 

there, then, for man to draw upon during the 

next billion years of his existence? The answer 

has already been given but it may be restated 
thus: 

(1) The energy available to him through 

the disintegration of radioactive, or any other, 

atoms may perhaps be sufficient to keep the 

[111]



SCIENCE AND THE NEW CIVILIZATION 
  

corner peanut and popcorn man going, on a few 

street corners in our larger towns, for a long 

time yet to come, but that is all. 

(2) The energy available to him through 

the Suilding-up of the common elements out of 
the enormous quantities of hydrogen existing 

in the waters of the earth would be practically 

unlimited provided such atom-building proc- 

esses could be made to take place on the earth. 

But the indications of the cosmic rays are that 

these atom-building processes can take place 

only under the conditions of temperature and 
pressure existing in interstellar space. Hence 
there is not even a remote likelihood that man 

can ever tap this source of energy at all. The 

hydrogen of the oceans is not likely to ever be 

converted by man into helium, oxygen, silicon 
or iron. 

(3) The energy supplied to man in the past 

has been obtained wholly from the sun, and a 

billion years hence he will still, I think, be sup- 

plying all his needs for light, and warmth, and 

power entirely from the sun. How best to util- 

ize solar energy it is not the purpose of this 

paper to reveal. That subject is treated in mas- 
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terly fashion in a paper by Edwin E. Slosson 

entitled “The Coming of the New Age of 

Coal,” printed in the Proceedings of the Inter- 

national Conference on Bituminous Coal held 

from November 15 to 18, 1926—a paper to 

which I refer the reader for the next chapter on 

“Available Energy.”? The present paper serves 

merely as an introduction to Dr. Slosson’s. - 
(4) When the matter of the sun has all been 

stoked into his furnaces and they are gone alto- 

gether out another sun will probably have been 

formed, so that on this earth or on some other 

earth—it matters not which some billion of 

years hence—the development of man may still 

be going on.e 
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THE LAST FIFTEEN YEARS OF PHYSICS! 

Wirn full recognition of the tendency of 

each generation to consider itself important and 
its contributions to progress unique, I feel alto- 

gether confident that the historian of the future 

will estimate the past thirty years as the most 

extraordinary in the history of the world up to 
the present in the number and the fundamental 

character of the discoveries in physics to which 

it has given birth, and in the changes brought 

about by these discoveries in man’s conception 

as to the nature of the physical world in which 

he lives. : 
There has been no period at all comparable 

with it unless it be the period about .300 years 

ago, which saw the development of Galilean 

and Newtonian mechanics. This was indeed of 
incalculable importance for the destinies of the 

race. The conceptions then introduced are not 

only the basis of modern material civilization, 

but they were the cause of a very complete 

1A paper read before the American Philosophical Society in the 
spring of 1926. 
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change in man’s whole intellectual and spiritual 

outlook—in his philosophy, his religion, and his 

morals. But the discoveries in physics of the 

past thirty years justify the expectation, at least, 

of as great if not greater consequences, though 
of a somewhat different sort,—consequences, 

too, which are already beginning to be realized. 

To appreciate how stupendous a change these 

discoveries have already wrought in human 

thought, it is only necessary to reflect that of 

the six basic principles which at the end of the 

nineteenth century acted as the police officers to 

keep the physical world running in orderly 

fashion, namely: 

1. The principle of the conservation of the 

chemical elements, 
2. The principle of the conservation of mass, 

3. The principle of the conservation of en- 

ergy) 
4. The principle of the conservation of mo- 

mentum, 

5. The principle underlying Maxwell’s elec- 

trodynamics, 

6. The prinaple of entrophy or the second 

law of thermodynamics, 
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there is not one the universal validity of which 

has not been questioned recently by competent 

physicists, while most of them have been defi- 
nitely proved to be. subject to exceptions. 

The principle of the conservation of the 

chemical elements went with the discovery of 
radioactivity. The principle of the conservation 

of mass vanished with the experimental dis- 

covery of the increase in the mass of the elec- 

tron as its speed approaches the velocity of 

light. The principle of the conservation of 

energy suffered at least a change in aspect when 
both experimental and theoretical evidence 

came forward that energy and mass are inter- 

convertible terms related by the Einstein equa- 

tion MC? = E, for in that equation the ideas of 
energy and mass become completely scrambled. 

The principle of the conservation of momen- 

tum is denied universality by the quantum the- 

ory. The Maxwell equations are violated in 

atomic mechanics. The principle of entrophy 

was admitted to have exceptions as soon as en- 

trophy was interpreted in terms of probability. 

Further, the speed with which new discov- 

eries and new points of view are coming into 
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modern physics shows as yet no abatement. 

Fifteen years ago it was thought that the revo- 

lution had pretty well spent its force, that the 

main group of new ideas had already been in- 

troduced. But a listing of the most outstanding 

discoveries of the past thirty years shows that 
the great majority of them belong exclusively 
to the period here in review—namely, the last 
fifteen years—and all of them belong at least 

in part to this period. The immensity of the 

progress made within it will be best appreciated 

through a rapid review of this whole list and 

brief comments upon the origin and the par- 

ticular significance of each discovery. 

(1) The discovery of the Electron. This 

was a very gradual process covering about 150 

years and participated in by many workers, 

Franklin, Faraday, Weber, Helmholtz, Stoney, 

Lorentz, Zeeman, J. J. Thomson, Lenard, 

Townsend, Wilson and others,’ but the actual 

isolation and the exact measurement of the elec- 

tron occupied the first seven years of the period 

in review, 1910-25. 

For the historical review see “The Electron,” Univ. of Chicago 
Press, chapters I-V, 1924. 
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(2) The discovery of X-rays. This falls 

clearly outside the present fifteen-year period, 

but practically the whole of the quantitative 

working out of the properties of X-rays and the 

great discovery in 1912 of their wave nature’ 
lies wholly within it. 

(3) The discovery of Quantum Mechanics. 

This began at about the year 1900 with the 

work of Planck, but the last fifteen years have 
contributed enormously to it, as will appear as 

the enumeration of discoveries proceeds. 

(4) The discovery of the Principle of Rela- 

tevity. Though the special principle dates from 

about 1905 and therefore lies within the first 

half of the last thirty-year period, the formu- 

lation by Einstein of the general principle be- 
longs wholly to the period in review. Its 

birthday was in 1915, and its most precise and 
significant experimental verification through the 

measurement of the bending of starlight in go- 

ing past the rim of the sun, the discovery of the 

enormous spectral shift of lines coming from 

1Von Lane, Friedrich, and Knipping Sitz, “Ber. der Miinchen 
Akad.,”” 1912; also Fahrbuch fiir Radtoaktivitat u. Elektronik, V1, 
303, 1914. 
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the companion of Sirius,” and the beautifully 

consistent measurements of the displacements 

of solar spectral lines,” has all been the work of 

the past few years. 
(5) The discovery of Radioactivity. This 

belongs indeed wholly to the first half of the 

thirty-year period, but the definite proof that 

lead is a product of the radioactive disintegra- 

tion of both uranium and thorium, and the ap- 

plication of this fact to the fixing of the mini- 

mum age of certain uraninites from the Black 

Hills in Dakota as 1,677,000 years,” to take but 

a single concrete case, is very new and marks an 
important advance in the process of elaborating 

a very much more definite geologic time scale 

than has heretofore been available. 

(6) The discovery of the Nuclear Atom 

through the experiments on a-ray scattering, be- 

gun about 1912 and carried on for ten years, 

mostly at Manchester and at Cambridge, Eng- 

land,* falls wholly within the last fifteen-year 
1Walter A. Adams, Mt. Wilson Observatory Contributions, 

"Charles E. St. John, Mt. Wilson Observatory Contributions, 

ol W. Davis, Amer. Fr. Science, March, 1925. 
‘Rutherford, Geiger, Marsden, and Chadwick, Phil. Mag., 22, 

699, 1911; 25, 604, 19133 40, 724, 19205 42, 933, 1922. 
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period and has been epoch-making in its con- 
sequences. 

(7) The discovery of Crystal Structures | 
through the aid of X-ray spectroscopy’ dates 
from only 1913. It has completely revolution- 
ized crystallography and opened up a new 
world of definite knowledge about molecular 

and atomic arrangements in solids. 
(8) The discovery of Atomic Numbers 

(1913-1924) and the definite fixing of the total 
number of possible elements between hydrogen 
and uranium as 92,” both being included, is per- 
haps the most beautiful and the most simplify- 
ing discovery ever made. Nature never came 
so near surrendering herself to her lover with- 
out reserve and revealing herself in beautiful 
and simple grandeur as when Moseley found 
that all the elements fitted into a single arith- 
metical progression—a progression, too, which 
could mean nothing except that the positive 
charge on the nucleus of each atom moved up 
by unit steps from 1 to 92 in going from hy- 

"Bragg, “X-rays and Crystal Structure,” Bell, London, 1916; 
see also Ewald, “‘Kristalle u. Rontgenstrahlen,” Springer, Berlin, 

"Moseley, Phil. Mag., 26, 1024, 1913; 27, 703, 1914. 
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drogen to uranium—a progression which at 

once robbed atomic weights of their long- 

usurped right to act as arbiters of the chemical 

destinies of atoms, and restored this place to its 

legitimate possessor, the electrical charge of the 

nucleus. Some day a poet will arise who will 

make an epic for the ages out of young Mose- 

ley’s discovery. The X-ray spectroscopists* and 

those who have recently extended the X-ray 

laws into the field of optics,” have contributed 

to the establishment of the complete generality 

of the Moseley progression, but they have but 
finished the structure which he designed. 

(9) The discovery that the Energy com- 

municated to electrons by ether waves is pro- 
portional to the frequency of the absorbed 

waves. This was vaguely suggested by Planck 

in 1900, more specifically by Einstein in 1905, 

but the experimental proof of its correctness is 

perhaps the most momentous achievement of 

modern physics, and it has all come about since 

1912. The achievement is momentous not 

merely because the equation 4% mv? =hvV—P 

5 ISiegbahn, “Spektroskopic der Rontgenstrahlen,” Soringer, Ber- 
n, 1923. 
*Millikan and Bowen, Physical Review, 1926. 
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ranks with the equations of Maxwell in its con- 

sequences, but because the relation itself is new, 
undreamed of in 1895, and altogether revolu- 

tionary, demanding a return to some elements 

of the corpuscular theory of ether waves. It 
was proved first very exactly in photoelectric 

experiments with light waves,’ then during 

and after the war with X-rays,” and then with 

y-rays. Most of the preceding discoveries were 
wonderful additions to knowledge, explora- 
tions in heretofore unknown fields but not 

subversive of established conceptions. This one, 

however, wrought havoc with existing theories 

and demanded a new formulation of ideas about 

the relations of ether physics and matter phys- 

ics. Its significance for the future can scarcely 
be overstated. 

(10) The discovery of the meaning of Spec- 

tral Lines. Bohr’* in setting up his theory of 
atomic structure merely generalized the preced- 

ing relation. With unusual insight into the 

method of constructive science, he incorporated 

pete Electron, chapter X. 6 6 6 
uane, Physical Review, 7, 599, 1916; 9, 568, 1916; 70, 93 and 

624, 1917; de Broglie, Third Solvey Congress, "1921; Ellis, Proc. 
Roy. Soc., 99, 261, 1921; also same, Jan., 1924. 

*N. Bohr, Phil. Mag., 26, 1, 476, 857, 1913; see also “The Elec- 
tron,” chapter IX. . 
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all the past and merely superposed upon ce- 

lestial mechanics the assumption, almost inevi- 

table (if Einstein’s equation is correct), that 
when an ether wave is emitted as well as when 

it is being absorbed, the foregoing relation be- 

tween energy and frequency still holds, 7. e., 

that the emitted wave frequency is given by 
EF2—E1 = hv, the Ee and Ei being the elec- 

tronic energy before and after emission. Com- 

bining this with the experimentally established 

Ritz-Balmer equation, he brought out sharply 

the unitary or atomic character of angular mo- 

mentum, clearly one of the two or three most 

fundamental discoveries of all time, for it will 

presumably always be the basis of all atomic 

mechanics. It had been dimly glimpsed before 

in the work of Planck and Einstein, definitely 

stated by Nicholson and Ehrenfest, but from 

Bohr’s time on quantum theory took on a defi- 

niteness, almost a visualizability before un- 

known. 

(11) The discovery of isotopes. This dis- 

covery did not begin to be made until 1913, 

when chemists and physicists approached it from 

two different angles; first, the chemistry of the 
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radioactive elements, and, second, positive ray 

analysis.’ It was completed only aften ten years 

of work by physicists in analyzing by positive 

ray methods forty-six of the first fifty-five ele- 
ments of the periodic table. Its significance lies 

in the four following facts: first, that it has 
resurrected completely the discredited and 

amazingly simple Prout hypothesis that the 
masses of all atoms are exact multiples of the 

‘mass of a primordial atom; second, that it has 

enabled us to count with certainty the exact 

number of positive and negative electrons in- 
side every nucleus—positives being equal in 

number to the atomic weight, negatives to the 

atomic weight minus the atomic number; third, 
that the failure of hydrogen to fit exactly into 

the above scheme constitutes excellent evidence 

for the Einstein conclusion as to the intercon- 

vertibility of mass and energy; and fourth, that 

the difference in stability (decay-time) of radio- 

active isotopes suggests new possibilities in the 

reading of the structure of the nucleus, 4 ¢., it 

gives us new eyes for peering inside the tiniest 

"organism yet found—the nucleus of the atom. 

1See Aston’s “Isotopes,” London, 1922. 
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(12) The discovery of “the excited atom.” 
The purely theoretical reflections in 1921 of 

two mere youths in Denmark, Klein and Rosse- 

land, resulting in the proof that if atoms can be 

thrown by impact, as experiment shows that 

they can, into a quantum state of higher energy 
than the normal,—appropriately called an ex- 

cited state—then unless the second law of ther- 

modynamics is to be violated, there must be a 
heretofore unrecognized mechanism by which 

an excited atom can return to its normal state 

without radiating at all, but rather by throwing 

back all the potential energy of its excited con- 

dition through a so-called “collision of the 

second kind?’ into an electron or an atom pro- 

jected from the collision with a kinetic energy 

that may be 100 times the average energy of 

molecular agitation. This is a very recent dis- 

covery of the first magnitude and of possibly 
immeasurable significance. It has already made 

it possible through the work of the experimental 

physicist’ to see a collision-mechanism by which 
a negligible number of mercury atoms can ab- 

See Loria, Phys. Reo.. Nov., 1925, and Proc. Nat. Acad., 
Dec., 1925, for review of experimental work of Franck, Caria, 
Donat, and Loria. See also Franck’s recent book. 
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sorb ether-wave radiations and transfer that 

energy to the act of exciting thallium atoms to 

radiate their characteristic frequencies. It for 

the first time reveals a definite mechanism, 

sought in vain by the best thinkers of the nine- 
teenth century, by which the energy of ether 

waves may be absorbed by matter and trans- 

formed into heat. It takes in one case, at least, 

the mystery out of the words “catalytic agent.” 

It suggests why very minute quantities of vita- 

mines, etc., may be the intermediaries through 

which very vital processes are brought about. 

It makes the future bright with promise for the 
better understanding of explosive processes, 

Indeed, the properties of excited atoms may be 

the foundations of a new era in both industrial 

and biological sciences. 

(13) The discovery of the artificial disin- 

tegrability of atoms. This was glimpsed about 

1912 through the appearance of hydrogen lines 

where hydrogen, unless artificially produced 
from other elements, should not have been pres- 
ent, and new claims of spectroscopic evidence of 

a similar sort are now being advanced; but the 

unambiguous proof is contained in Ruther- 
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ford’s' direct experiments showing that hydro- 
gen atoms can be knocked out of other atoms by 

alpha-ray bombardment. The method shares 

with that which will introduce new resolution 

into the study of the masses of isotopes, the 

promise for the future reading of the conditions 

of the electrons within the nucleus. 
(14) The discovery of the meaning of spec- 

troscopic fine structure. It was as late as 1917 

before Sommerfeld? began his wonderful work 

on the interpretation of the fine structure of 

spectral lines—work which began for the first 

time to reveal the correct principles underlying 

quantization, finally so penetratingly formu- 

lated by Epstein. Seldom in the history of 

physics have purely theoretical formule had 

such amazing successes in the field of precise 
prediction as have Sommerfeld’s relativity- 

doublet formule and Epstein’s extension of the 

same sort of orbit considerations to the predic- 

tion of the number and character of the multi- 

plicity of lines found in the Stark effect. The 

whole interpretation of spectroscopic fine struc- 

1Rutherford and pupils, Phil. Mag., 1920-1925. __ 
"Sommerfeld, “Atombau u. Spectrallinien,” Viewegn Sohn, 

Braunschweig, 1924, chapter VI. 
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ture through changes in so-called azimuthal and 
inner quantum numbers is one of the great 
achievements of all time resulting from the in- 

terplay between penetrating theoretical analysis 
and skilful and refined experimental technic. 

(15) The discovery of New Experimental 

Technics for seeing Invisible Ether Waves. 

Such long-wave technic’ has completely bridged 
within the past two years the gap between ar- 

tificial electromagnetic waves and heat waves, 
and in the short-wave region hot-spark vacuum 

spectrometry” and beta ray methods of analysis 
have practically filled in completely the gap 
between the optical and the X-ray fields, while 

far above even the gamma rays of radium a 

new group of rays of well-nigh infinitely high 

frequency has been found. (See below.) This 
continuous passage of frequencies from a thou- 
sand billion billion per second, over into the 
zero frequency, # ¢., over into static electrical 
fields, all these waves possessing identical char- 

acteristics as to speed of propagation, as to po- 

larization, and as to relations of electric and 

INichols and Tear, Phys. Rev., 1926. 
*Millikan, Astro. Phy. Fr. for 1920, and Millikan and Bowen, 

Phys. Reo., 1923 and 1925. 
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magnetic vectors, demands one and the same 

sort of transmitting mechanism or medium to 
take care of them all, by whatever name it may 

be called, whether a “world-ether” or “space,” 

this last term meaning no longer emptiness, but 

emptiness endowed with definite properties, if 

such a Hibernianism suits one’s taste. 

(16) The discovery of new properties in 
Conduction Electrons. The direct measure- 

ment’ of the mass of conduction electrons, the 

discovery of a general increase in conductivity 

with the application of enormous pressures,” of 

superconductivities,® and the very recent proof 

that, when intense electric fields pull conduction 

electrons out of metals, the energy of ther- 

mal-agitation assists not at all at ordinary tem- 

peratures, but does assist at very high tempera- 

tures, all these recent discoveries begin to clear 

up the contradictions in the electron theory of 

metallic conduction, and to enable the quantum 

theory of specific heats to be applied in a new 
and illuminating way to the condition of the 

1Tolman, R. C., Phys. Rev., 1920-1929. 
IBridgman, Phys. Reo., 1925. 
2Kammerlingh Onnes, Contributions from the Univ. of Leiden, 

1910-1925; Millikan and Eyring, Phys. Rev., Jan., 1926. 
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electrons in metals.” The new results are full 

of promise for the better understanding in the 

near future of the moot subject of metallic con- 
duction. 

(17) The discovery of Quantum Jumps in- 
side the Nucleus. The very recent proof? that 
gamma radiations obey the same quantum jump 

laws obeyed by X-rays and light rays and the 

still more recent proof that the initial act in a 
radioactive change is the ejection of an alpha 

or beta ray—possibly by virtue of the actual 

loss of mass of the nucleus through electronic 

settling and the transformation of this mass into 

the energy of the ray, following the Einstein 
relation governing the interconvertibility of 
mass and energy—this is a discovery of impor- 

tance for the future understanding of one of 

the most fundamental processes in nature, the 

growth and transmutation of the elements. 

(18) The discovery that the law of the 

Conservation of Momentum is applicable to the 

encounter between a light quant and a free elec- 

tron. This very recent and very amazing dis- 
‘Sommerfeld’s and Houston’s recent papers, 1928 and 1929, on 

metallic conduction seem to mark important advances. 
*Ellis and Rutherford, Proc. Roy. Soc., 1925 and 1926; Meit- 

ner, Zest. f. PAys., 1925. 
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covery’ seems to put the final nail into the Ein- 
stein conception of radiant energy travelling 

through space in the form of vibratory light- 

darts of some sort but at the same time it em- 

phasizes the apparent impossibility of the physi- 

cist’s finding in his present stage of development 

any one consistent and universally applicable 

scheme of interpretation. It is a discovery of 

the very first magnitude, one of whose chief 
values may be to keep the physicist modest and 
undogmatic, still willing, unlike some scientists 

and many philosophers, not to take himself too 

seriously and to recognize that he does not yet 

know much about ultimate realities. 

(19) The discovery of the Summation of 

two or more Quantum Jumps into a single 

monochromatic ether wave. The very recent 

proof brought forth first by the properties of 

band spectra” and second by the discovery of 

two electron jumps through study of pp’ groups 

in line spectra, that an atom can integrate the 
combined energy of two distinct and simultane- 

14, N. Compton, Phys. Rev., 1923, 1924, and 1925. 
2Sommerfeld, ““Atombau u. Spectrallinien,” chapter IX. 
*Russel and Saunders, Astro. Phys. of 1925; Wentzel, Zest. f. 

Phys., 1925; Bowen and Millikan, Phys. Rev., 1925. 
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ous quantum jumps into a single emitted mono- 

chromatic wave is of fundamental importance, 

because of the new light which it throws upon 

the nature of the act in which a ray of light is 

born and projected on its way through space. 
The discovery of two electron jumps uniting | 

into a single monochromatic ether wave seems 

to preclude the possibility that there is any vi- 

brating mechanism in the atom executing vibra- 

tions synchronously with the period of the 
emitted monochromatic wave. That the atom 

has this power of transforming, in some as yet 

mysterious way, the energy of every atomic 
shudder into a monochromatic ether wave 1s 

amazing. Whether we shall ever be able to 

visualize the process more definitely than we 

can now no one knows. 

(20) The discovery of the failure of the 

Relativity Explanation of all Relativity-doub- 

lets. The impasse pointed out within a year’ 

between the heretofore recognized causes of 
doublets in optics and in X-rays, an impasse 

- which necessitated the finding of a new cause 
which would yield exactly the same formula as 

IMillikan and Bowen, P&il. Mag., 1925. Also Landé, Zest. der 
Phy5.; 1925. 
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the relativity cause—a really terrible necessity 
in view of the extraordinary quantitative suc- 

cess of the purely theoretical formula following 

from the mere postulation of the change of the 

mass of the electron with speed—this impasse 
has apparently just been resolved within two 
months by two young Dutchmen, Oulenbech 

and Goudsmit, who find, “mirabile dictu,” that 

the assumption that every electron in the uni- | 

verse spins with one unit of angular momentum ~ 

either right-handedly or left-handedly yields a “ 

formula of exactly the same form as does the 

relativity cause. This assumption not only saves 

the relativity explanation but combined with it 

furnishes a much better correlation of all pres- 

ent spectroscopic facts than we have heretofore 

had. It represents probably a fundamental ad- 

vance in our understanding of the nature of the 

most nearly ultimate thing with which physics 

deals, namely, the electron. The physics of the 

future bids fair to hear much of the spinning 
electron. 

(21) The discovery of Cosmic rays.’ That 

1For a review of the literature see “High Frequency Cosmic 
Rays,” Phys. Rev., May, June, and July, 1926. See also Smith- 
sonian Reports for 1929. 
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something very fundamental is going on all 

through space, that nuclear transformations, 

each of enormous energy value, corresponding 

to the fall of an electron through as much as 

200,000,000 volts, are actually taking place in 

all directions about us in the outer stretches of 

the universe and that the signals of these cosmic 

changes can be detected here has recently been 

proved. It is a discovery most stimulating to 
the imagination. Call it the music of the spheres 
if you wish! Anyway man can hear it now and 

may some time know more about it. 

Of these twenty-one fundamental discoveries 

at least sixteen fall wholly within the past fif- 

teen-year period, and all of them have belonged 

in no small degree to it. Physics as yet seems 

to show no signs of approaching senility. What 

the future has in store, no man knows, but at 

present there seem to be well-nigh limitless 

possibilities ahead for application even if the 

pace of discovery should some time slacken. - 
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VI 

THE FUTURE OF STEEL’ 

Firry thousand years ago, or perhaps five 

hundred thousand, when the progenitor of 

modern man first got through his thickened 

skull the idea that he could more safely van- 

quish his antagonist or strike down his quarry 

by hurling something at his head than by sink- 

ing his teeth into his throat, that emerging man 

of course picked up the most abundant material 

about him for his weapon and the “stone age” 

was born. 

How long did it last? For scores if not for 

hundreds of millenniums, so slowly does man’s 

knowledge of what is about him in his physical 

world advance. It had not entirely disappeared 

when David with his sling sank a smooth stone 

from the brook into the forehead of Goliath. 

But despite their abundance, stones make 

poor tools. They are too brittle. A blow shat- 

ters them. They are too difficult to shape and 

above all to sharpen. One day, perhaps ten 

1An address delivered before the American Iron and Steel In- 
stitute in New-York in May, 1929. 
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thousand years ago, some stone-age man picked 

up, or dug up, a piece of native copper. It was 

four times as heavy as his stone and therefore 

better adapted to break an opponent’s head. It 
could not possibly be splintered, but could be 

pounded into new and convenient shapes, espe- 

cially when it had been heated very hot in the 

fire, the use of which from the remotest times 

and among all peoples of whatever stage of de- 
velopment has distinguished mankind from all 
the rest of creation. 

With this discovery the maker of flint arrow- 

heads and stone axes lost his job. A new in- 
dustry was born immensely more varied and 

more satisfying than that which it replaced. 

And let it be noted here incidentally that this 

is always what happens with every advance in 

man’s knowledge of his world. Let him whose 

eyes have recently been focussed on the in- 

creased effectiveness of tools of destruction, and 

whose fears have been aroused lest the savage 

in man may use these tools to destroy the race, 

take off his blinders and look around him on all 

sides. I think such a survey will show him con- 

clusively that every scientific advance finds ten 
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times as many new peaceful, constructive uses as 

it finds destructive ones. 

Let him who would slow down the march of 

science, which is simply the march of knowl- 

edge, of understanding of our world, reflect on 

this. When the age of metals replaced the age 

of stone the arrowhead and the tomahawk 

maker did indeed lose their jobs, but new and 
altogether wonderful peaceful arts were born. 

The metal workers of the bronze age with all 

the decorative art that they developed for use 

on urns and vases and household wares, and 

sarcophagi and friezes—an art which excites our 

deepest wonder and admiration to this day— 

these men developed new capacities of expres- 

sion and of appreciation in the race. Civiliza- 

tion shot forward through their work. 

But the bronze age too was doomed, though 

not the art that developed with it, nor even the 

use of bronze itself. And note again that this 

is what usually happens, though not always, 

with the advance of knowledge. Every new 

creation in art or science is from the day of its 

birth the heritage of all succeeding ages, and if 

it disappears it will usually be because it doesn’t 
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represent a real advance, i. e., because it is 

pseudoscience or pseudoart. Let me hasten to 

admit, however, that this is not always true. 

The breeding of draft horses as an industry has 

undoubtedly been ruined by the advent of the 
automobile. Whether this represents a gain or 

a loss to horse-civilization is a debatable ques- 

tion. It may be that horse-well-being and the 

mean of horse-happiness has been increased 
thereby. One’s judgment on this point will de- 

pend upon the particular kind of horse-sense 

that one uses in the analysis. 

But be that as it may the passing of the 

bronze age certainly did not represent the loss 

of the metal arts. The mining and working of 

other metals had followed or accompanied that 

of copper. Artificers in gold and silver and zinc 
and lead had appeared and new uses for all 

these metals had been found. The age of metals 

had forever replaced the age of stone. 
But one of these new metals which came late 

into the field usurped the throne completely and 

ushered in the age of iron, the age in which we 

live. It has been with us for perhaps three or 

four thousand years, a minute fraction of the 
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age of stone, shorter than the age of bronze; 

but it 1s only within the past hundred years, or 

since the advent of the industrial revolution, 

that iron and steel have assumed so altogether 

outstanding, so supreme a place in human life. 

And we are gathered here to-night at the meet- 

ing of the American Iron and Steel Institute in 

1929 to ask when it, in its turn, must pass, and 

give place to something as much more potent 
than it as it was more potent than bronze, or 

bronze more potent than stone. 

I think the answer can be given, but let me 

ask, first, how much is it worth, to an industry 

that presumably has an annual payroll of as 

much as a billion dollars, to know it, and let me 

ask, second, whence has come this knowledge 

that should be so vital to this industry? 

The first question I leave you to answer, but 

I suspect that, in this rapidly changing world, 
this world in which new methods make expen- 

sive equipment archaic over night, this world in 

which with the rapid extension of mass produc- 

tion every change becomes more and more dif- 

ficult and more and more costly, I suspect that 

any assurance of stability, or even any fore- 
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knowledge as to the direction in which changes 

are likely to be demanded, is worth in stock 
market quotations alone, millions upon millions 

of dollars, to an industry like that of iron and 

steel. I leave you to estimate how many mil- 
lions. 

But as to the second question, whence is that 

knowledge to come which makes any sort of 
prediction possible? The answer to that is cer- 

tain. Itis not from anything whatever that you 

have done or are doing in your plants and fac- 

tories, not in the main from any work to which 
you have directly or indirectly contributed as 

a steel industry, but rather from fundamental 

_ work in the field of pure science, work on the 

- constitution of matter that has been going on 

chiefly in university laboratories supported in 

the main merely by funds contributed by far- 

seeing philanthropists, and by the devotion of 

men who have asked practically nothing for 

themselves except the chance to help to further 
the progress of humanity, the chance to add 

something to our knowledge of what nature’s 

laws are, and hence of how we can learn to live 

more wisely in a world governed by them. 
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The knowledge already acquired about the 

constitution of matter, and which I estimate is 

already worth millions upon millions to your 

industry is very new. Eighteen years ago we 

did not know how many elements there were on 

our earth, nor when some one might discover a 

new one that might do to iron just what iron 

had done to copper and copper to silicon. 

To-day we know, thanks to developments in 

pure science just how many elements there are 
on earth, and approximately what the properties 

of all of them are, and in view of that knowl- 

edge we cannot see any metal that is likely ever 
to compete with iron, for structural purposes, 

for meeting the big demands of transporta- 

tion, or for satisfying the chief requirements of 

power machines. 

But cheapness, availability, abundance is no 

less important than physical properties. Where 

must you go to get a reliable estimate as to the 

abundance of the various elements? Again not 

to the steel industry but to the pure research 
laboratory. Oliver C. Farrington of the Field 

Columbian Museum has spent the greater part 

of his life on determining the constitution of 
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meteorites, a problem that no industrial labora- 

tory would ever dream of tackling. The results 

are interesting and important. By weight 95 

per cent of all meteorites consist of the four ele- 
ments, oxygen (54 per cent), magnesium (13 
per cent), silicon (15 per cent) and iron (13 

per cent). This is perhaps as near as we can 

come to estimates of the relative abundance of 

the solid elements in creation. 

To get checks upon these estimates, however, 

we can turn to two other sources; first to the 

spectroscopy of the heavens, carried on wholly 

by astronomers, the group whose field is usu- 

ally regarded as the most useless of all the fields 

of science; and second to surveys of the consti- 

tution of the earth’s crust. The best of these 

surveys has also been compiled by an astrono- 

mer, using data I think wholly obtained from 

pure research laboratories. These three meth- 

ods of approach lead to the same general con- 

clusion. 

Thus 76 per cent of the earth’s crust is com- 

posed of the three elements, oxygen (55 per 

cent), silicon (16 per cent), aluminum (5 per 

cent), no other element rising over 2 per cent. 

[142]



THE FUTURE OF STEEL 
  

Iron constitutes 1.5 per cent of the crust but is 
supposed to be very largely represented in the 

interior. | 

The evidence from the spectroscopy of the 

stars is less definite but it too assigns a very 

great abundance to the foregoing elements and 

gives no others a prominent place unless they be 

calcium and sodium. Calcium constitutes 1.5 

per cent of the earth’s crust, while sodium 1s 

2 per cent of the earth’s crust and is negligible 

in meteorites. 

Silicon then appears to be the next most abun- 
dant element to oxygen, the only others that 

need be considered at all in a survey of all the 

elements being magnesium, aluminum and iron. 

Silicon has already had its contest with iron, 

and there is no danger now that we shall ever 

return to the stone age, though stone will doubt- 

less always retain something like the place that 
it holds now. 

Among the metals there is no even remote 

competitor with iron from the standpoint of 

abundance except magnesium and aluminum. 

If lightness were a desideratum these two might 

possibly compete for the throne of iron. But 
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for the great bulk of the purposes for which 

iron is used, for all kinds of structural purposes, 

for rails, for stationary power machines, even 

for automobiles, lightness is not desirable; so 

that while our greatest industry of to-day, agri- 
culture, may conceivably some day shrink to 

small proportions because of the development 

of synthetic foods, while another great indus- 

try, textiles, may lose half of its present market 

because the female half of the population pre- 
fers to go unclad—the curve of female apparel 

is just now moving very rapidly toward that 
asymptote—yet the iron and steel industry can 

sit and watch the passing show with entire com- 

placence and assurance that millions of years 

hence as now the world will give it what it 

wants—its trade. The future of steel is as- 
sured! 

But the future of the industries that constitute 

the American Iron and Steel Institute is not as- 

sured, unless we in America do our full share 

in developing the foundations on which those 
industries rest. 

What are those foundations? The answer has 

already been given, but a brief review of the 
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history of steel will make the road so clear that 

the wayfaring man cannot miss It. 

Iron gained its first pre-eminence over the 

other metals through the discovery of the ex- 

traordinary qualities that a small admixture of 

carbon imparted to it, and most, if not all of 

succeeding advances in the discovery of new 

qualities and new uses have been due to the 

finding of new alloys. What alloys? Their 

names tell the story, nickel-steel, chrome-steel, 

vanadium-steel, uranium-steel, etc. But what 

made these alloys possible? The prior dtscov- 

ery in the pure science laboratory of the new 

element used in each alloy, in other words fun- 

damental pure-science-studies on the constitu- 

tion of matter have underlain all your advances. 

But the study of alloys themselves has up 

to just this moment been a hit-or-miss affair. 

Through fundamental studies in the field of 

X-rays, pure science is just now in possession of 

a rational and systematic mode of approach to 

the problem of alloys, and in the course of time 

results of the greatest importance such as 

cheaper, stronger, more durable materials for 

all purposes, are almost sure to come. 
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Where are these fundamental advances most 

likely to be made? Obviously in the future as 

in the past in the pure science laboratory. Your 

industrial laboratories must be awake to them, 

ready to make the applications as they appear, 
but underneath it all, as a basis for it all, un- 

questionably lies the field of pure science. 

But, I hear some one inquire, why cannot our 

industrial laboratories in the United States keep 

watch over the developments in pure science all 

over the world and make the applications as 

soon as they appear? What especial need is 

there for supporting pure science in this coun- 

try? The answer is “Jf we are not developing 

in this country the brains that can make the ad- 

vances, neither shall we have the brains that can 

make the applications.’ Our industries are re- 

cruited in their more technical branches from 

our universities. As industry becomes more and 

more complex, such recruiting must take place 
in ever-increasing amount. Keep the pure sci- 

ence keenly alive in the universities and the ap- 

plied science laboratories of the industries will 
draw from them, catch of their spirit and par- 

ticipate in their activity. But once let the foun- 
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tain dry up at the source and the whole valley 
through which it ought to flow will become a 

desert. Take it as certain that if America can- 

not lead in science neither in the long run can 

she lead in industry. The two call for precisely 
the same sort of brains and the same sort of en- 

ergies. 

No country has ever had such an opportunity 

as ours, such a wide-spread stimulation of in- 
dividual initiative, such a large number of men 

and of groups who have learned to treat finan- 

cial and business power as a public trust, such 

a widely diffused attitude of co-operative social 

effort, such ability to utilize it, all because of 
our individualistic system and our centuries of 

training in depending upon ourselves instead of 

upon government, such resources to command, 

such results to anticipate. The steel industry is 
now one of the most influential in the country. 

Its leadership in this matter will be no less in- 

fluential than it is in other matters. To it I 

would say as Mordecai said to Esther, “It may 

be that thou art come to the kingdom for such 

a time as this.” | 
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MICHELSON’S ECONOMIC VALUE! 

In the year 1896 Albert A. Michelson took 

a new egg into the nest over which he brooded 

—or the department on which he sat—at the 

University of Chicago, and after an incubation 
period of twenty-five years—so long a time did 
it take to prove that the egg had ever been fer- 

tilized at all—he at last had it hatched and suf- 

ficiently feathered to justify pushing it out of 

the nest and bidding it go scratch up its own 
worms. 

To-night, Mr. Chairman, you, representing 

the public which is obliged to supply the corn- 

meal required to keep both Michelson and 
Millikan scratching, have brought us here to ex- 

hibit our worms and to let you see whether they 

are worth the price paid to get them. And as 

you will presently see that leaves me no choice 
but to take for the subject of my speech the 

length of Mr. Michelson’s worm, or the eco- 
1An address delivered in New York on the occasion of the pres- 

entation to Michelson and Millikan of the gold medal of the So- 
ciety of Arts and Sciences. 
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nomic value of Michelson. For if you ask him 
to explain, in terms that you can understand, 

the value of his work, I think that you will be 

told to go to the interior of a star where the 
temperature is estimated to be 50,000,000° C., 

or even to a hotter place, if such there be, de- 

scribed by a familiar monosyllable especially 

beloved by men like Michelson trained for the 

sea. For Mr. Michelson is wont to say that 
the sole reason, and the good and sufficient rea- 

son, why he spends so much time trying to 

measure the velocity of light to one part in 
three hundred thousand is simply that he likes 
to do it. 

But I am going to make bold, now that I 

have left the nest and am where he can no 

longer reduce my rations, to contradict him and 

to tell you, and to tell him, that that is not the 

sole reason, nor is it the good and sufficient rea- 

son. (You see, Mr. Michelson, the young 

rooster, after the immemorial manner of young 
roosters, is questioning the old cock’s right to 
do just exactly as he “damn-pleases” in the hen- 

yard.) To prove my point I have only to call 

your attention to the fact that if Mr. Michelson 
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had “chosen” to spend his days and his nights 

sitting on a log pounding it with the butt end 

of a hatchet he would soon have found himself 

in a straight-jacket in the nearest institution 

especially provided by the state for the care of 
the deranged. 

In a word, the reason you, the public, support 

Michelson’s work on ether drift and the speed 
of light, and the reason he sticks at those mea- 
surements like. a burr to a collie-dog, is that 

both you and he have faith in the worth-while- 

ness of those measurements. And the real rea- 
son that he tells the reporters that he does it 
merely because he likes to is that he knows that 

if the reporter hasn’t already “got religion” it 

can’t be pumped into him in two minutes. There 
are some things that one cannot explain for the 
next edition of the tabloid newspaper. 

But the matter goes still deeper. It is rarely 

that a scientist himself knows just where his 

particular increment to the sum total of human 

knowledge is going to fit into “the whole,” or 

to find its relations to other increments. Galileo 

was not looking for useful applications when he 

was rolling his marbles down the inclined plane 
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to discover the laws of force and motion, nor 
Kepler when he tried to understand the orbits 
of the planets, nor Newton when he deduced 

the law of gravity: from observations on the 

moon, nor Volta when, merely toying with con- 

tact electrical effects, he laid the foundation for 
an understanding of electrical potentials; but 

all of them undoubtedly had confidence in the 

value of knowledge in enabling man to live 

more wisely in his world, not perhaps so much 
in enabling him to raise more cabbages to the 

acre, but, much more important than that, m 

preventing him from wasting his time and his 

energies in chasing illusions, in enabling him to 

direct his thinking and his acting toward reals- 
ties instead of toward will-o’-the-wisps. It is 

only in looking back from our vantage point of 

centuries that we see that these men by their re- 

searches were actually ushering in a new civilt- 

Zalton. 

Has the time yet come when we can look 

back upon the particular type of activities, ex- 

ceedingly precise physical measurements, which 

Mr. Michelson has followed, and say that from 

the standpoint of the hard-boiled business man 
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who has had to pay the bills they have justified 

themselves? It is much too early now to bal- 

ance the books, and will probably be too early 

for centuries to come, for the inspiring thing 

about work in the field of science is that every 
bit of new knowledge becomes from the mo- 

ment of tts discovery the heritage of all future 

ages, enabling coming man, as long as man- 

kind endures, to live just so much more wisely 

than past man has known how to live. But in 

the case of Michelson’s work I think we can 

even now get an inkling—a mere suggestion— 

of some of its economic values, or at least its 

economic possibilities. Of course these may be 
either positive or negative—there are always 

some entries on both sides of a ledger—and 

since Mr. Michelson always inspired me by ex- 

ample to be strictly honest whatever happens, 
I am going to begin by presenting one of the 

liabilities instead of the assets. This one has to 

do with that particular nearly-bad-egg that he 

had to incubate for twenty-five years before it 
hatched and matured sufficiently to justify him 

in pushing it out of the nest. 

When in 1917 I made the best determination 
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I could of the value of the electron I had to use 
in getting the final quantity the best value then 

available of the velocity of light. I therefore 

went to Mr. Michelson and asked him within 

what limits I might count upon his determina- 
tion of the velocity of light. He replied, “To 

one part in ten thousand.” So I chose for my 

computations the value c= 2.999 X 101° cm. 

per sec., the nearest value, to four places of ac- 

curacy, to his mean, and since my accuracy in 
the determination of e could not be more than 

one part in a thousand I thought I should never 

have to bother about changing e because of 

anything that might happen to the velocity of 
light. But last year, unfortunately for me, Mr. 

Michelson made a new and most accurate de- 

termination of c, the velocity of light, and found 

it one part in 3,000 instead of one part in 10,000 

lower than my chosen value. Also, because of 

two new determinations of the absolute value 

of the ohm—experiments of quite the Michel- 

sonian type though made by others—I find that 

my value of e is probably affected because of 

the change in this last constant by one part in 

two thousand, and these two changes being in 
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the same direction, I am obliged to change my 

value of e by about one part in a thousand 

so that it becomes 4.770 X 10719 instead of 

4.774 X 10-19,* This is such a wound to my 
pride that I am thinking of trying to obtain 

heart-balm by instituting a breach-of-promise 

The reason I have not heretofore made the foregoing readjust- 
ment in my value of e is, first, that it is of no particular significance 
anyway (see below); and, second, that I have until recently 
doubted its legitimacy. 

In the presentation of the best values of widely used physical 
constants I have heretofore questioned the wisdom, or even the 
correctness, of making a differentiation between so-called inter- 
national units and absolute units before a suitably authorized 
international commission had recognized that difference, since 
otherwise such differentiation would rest merely upon some in- 
dividual’s estimate of the superior reliability of some particular 
new determination or determinations over the weighted mean of 
the whole series of determinations used by the international 
commission which in 1908 and 1911 fixed upon the international 
units. However, Professor Raymond T. Birge has called my at- 
tention to the fact that in view primarily of ‘the close agreement 
between new determinations of the absolute value of the ohm by 
F. E. Smith (PAil. Trans., 1914) and Griineisen and Giebe (Annal. 
Physik., 1920), the compilers of tables have actually recently 
begun to make the foregoing differentiation. It is because of this 
fact and because of Michelson’s undoubted new precision in the 
measurement of the velocity of light that I have thought it worth 
while to begin herewith to recognize the effect of these changes 
upon the value of e. 

But this change is actually only of academic interest, since it. 
is in any case within the limits of my estimated uncertainty. 
The limit of accuracy of the oil-drop method is fixed by the un- 
certainty in the measurement of the viscosity of air, which enters 
into it in the % power. In my determination of e I estimated 
the viscosity of air to be known to % per cent. If this is an over- 
estimate e would be affected 134 times as much, so that if Ed- 
dington’s recent theoretical deduction of e, which is \% per cent 
higher than my value, is correct, the viscosity of air must be 
about .3 per cent higher than I have estimated it to be. I do 
not think this can be the case. 
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suit against Mr. Michelson. If I succeed, the 

economic value of Michelson will be about a 

hundred thousand dollars less than it is now. 

So much for the debit side of the account. . 
Let us now glance at an item or two on the 

other side of the ledger. The special theory of 

relativity may be regarded as merely a general- 

ization of the famous Michelson and Morley ex- 

periment, another typical Michelsonian attempt 

to measure with great precision a quantity of 

fundamental importance, namely, the speed of 

the earth through the ether. As everybody 
knows, it came out negative, that is, no such 

speed, nor any trace of it, could be found, and 

after forty years of most painstaking repetitions, 

capped by Michelson last year, it still seems to 

be impossible to find any speed whatever of the 
earth with respect to the ether. 

Einstein, in 1905, generalized the foregoing 

result by postulating that it is in the nature of 
the universe impossible to find the speed of the 
earth with respect to ether. This postulate rests 

most conspicuously upon, and historically grew 

chiefly out of, the negative result of the Michel- 

son-Morley experiment. Now, one of the most 
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important consequences that Einstein drew from 

the special theory of relativity is that mass and 

energy are interconvertible terms—that radiant 

energy, for example, cannot appear without 

the corresponding disappearance of mass. This 

startling conclusion, which amounts to the de- 

nial of the ancient doctrine of the conservation 

of mass as distinct from the conservation of en- 

ergy, has in recent years met with three new 

and powerful experimental supports. The first 

is that the assumption that the sun is stoking his 

own mass into his furnaces, and thereby reduc- 

ing his waist-band at a rate measured by the 

scales of 250,000,000 tons a minute, furnishes 

the only means the astronomer can now find of 

accounting for the enormous lifetime of the sun 
and the stars, as attested by both astronomical 

and geological evidence. The second is that the 

interconvertibility of mass and energy seems to 

be an established experimental fact in the spe- 
cial case of an electron moving with a speed 
close to that of light. The third is that the facts 

of radiation-pressure, discovered by Lebedew in 

Russia, and Nichols and Hull in America, about 
1901, mean that ethereal radiation has the only. 
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distinguishing property of mass, namely, in- 

ertia. Further, the quantitative equation of re- 

lationship, namely, mc? =E, in which m is 

mass in grams, c the velocity of light, and E 

energy in ergs, follows inevitably from the the- 

ory of relativity, and three different quantita- 

tive tests of this theory, all involving very 

painstaking and very precise measurements of 

the Michelsonian type, have all now yielded 

results in quantitative agreement with the pre- 

dictions, so that I think that all physicists and 

astronomers will now agree that the foregoing 

equation is a safe guide for the theorist of the 

present and the future.- Historically, it is hard 

to see how it could ever have been arrived at 

without both Michelson’s own very exact mea- 

surements, and others of the kind he has led 

the way in showing how to make. 

Now, whether that conception has any im- 

mediate commercial importance or not, 1f it 1s 

true, as we think it is, it is one of such stupen- 

dous significance for man’s understanding of the 

universe in which he lives that its importance 

transcends all assignable money value, and M1- 

chelson’s part in bringing it to light makes him 
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a bigger world-asset than any billion dollar 
corporation in the United States, or than all of 
them put together. 

But I am not through yet with the réle 

played recently in human progress by refined 
physical measurements of the Michelsonian 
type. While Michelson has been driving ether- 
drift and speed-of-light experiments to the limit 

of accuracy in America, Aston in England has 
been setting himself a precisely similar task in 

determining, by the so-called isotope technic, 

the atomic weights of the elements. 

The first result was the beautiful discovery 

that the weights of all the elements are exact 
multiples of a fundamental unit which is close 

to the weight of the hydrogen atom. I use the 

word beautiful in describing this discovery be- 

cause of the amazing simplicity and orderliness 
with which it endows nature, inevitably sug- 
gesting that all the elements have been built out 
of hydrogen.. 

But while we are admiring the beauty and 
simplicity of this generalization, let me call at- 
tention to the interesting circumstance that even 
some of us physicists overlooked for years the 
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result that everybody can now easily see, 
namely, that the foregoing exact-multiple law, 

first stated in 1913 and 1914, is in irreconala- 

ble conflict with the preceding generalization, 

the Einstein equation.. For if mass and energy 
are interconvertible, and if the masses of all 

atoms are exact multiples of a mass-unit, then 

there can be no emission or absorption of energy 
when these units go out of one atom, or into 
another. In other words, there can be no forces 
holding atoms together and preventing trans- 

mutations, and there can be no evolution of en- 

ergy when such transmutations spontaneously 

occur, as they do in radioactive processes. These 
conclusions are obviously contrary to all experi- 

ence so there must be something wrong with the 

isotope law unless we are willing to throw over- 

board Einstein’s equation. 

Just what was wrong was brought to light a 

year ago last summer, for the case of all ele- 

ments except hydrogen, solely because of As- 

ton’s skill in adding another decimal point to 
the accuracy with which he could measure the 

masses of the various atoms—a typical Michel- 

sonian accomplishment. . 
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And these new measurements, along with 
Einstein’s equation, enabled Dr. Cameron and 

myself to get, about a year ago, what seems to 

me to be the inevitable interpretation of the so- 

called “cosmic rays”—strange super-gamma 
rays which bombard the earth incessantly day 

and night, apparently without any measurable 

change in intensity with either direction or time. 

They are best observed and measured by sink- 

ing electroscopes in deep, high altitude, snow- 

fed lakes. Their easily observable ionizing ef- 

fects are found to decrease rapidly with depth 

but, according to our as yet unpublished mea- 

surements of last summer (1928), not to disap- 

pear entirely until depths of much more than 

three hundred feet have been reached. 

With the aid of Einstein’s equation and As- 

ton’s atomic weights Dr. Cameron and I have 

computed the energy that should be released 

in a radioactive change—a process which trans- 

forms one atom of accurately measured mass 
into another atom of accurately measured mass. 

The difference in the measured masses before 

and after the change should give, when multi- 

plied by c*, the energy evolved, also accurately 
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known, and the results are found to check with 

the computation, thus giving credentials to the 

method. - 

The interesting result of this mode of ap- 

proach is that it shows that no radioactive or dts- 

integrating process can occur which, according 

to Aston’s measurements, can possibly produce 

@ radiation more than one-fourth as energetic, 

i. €., as penetrating, as our softest observed cos- 

mic rays nor more than one-thirtieth as energetic 

as our most penetrating observed cosmic rays. 

On the other hand, the creation of the common 

elements out of hydrogen should, according to 

Aston’s atomic mass measurements and Ein- 

stein’s equation, release energies of just about 

the observed penetrating power—dquite accu- 

rately the observed penetrating power according 

to the best available formule. But the exactness 

of the fit is not at this stage very important. The 

illuminating facts are, first, that only the atom- 

building process can produce cosmic-ray bands 

of anything like high enough energies, and, 

second, that the sequence of observed cosmic 

ray frequencies fits quite nicely the sequence of 

the atomic weights of the abundant elements, 
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which are very few in number, for probably 
more than 95 per cent of all matter consists of 

oxygen, magnesium, silicon and iron. Our con- 

clusion is that the evidence is very strong that 

the cosmic rays are the subatomic radio signals 

broadcasting the continuous creation of these 

elements somewhere. , 

But where? Apparently not in the sun or in 

the stars, since all observers agree that the sun, 

the great hot mass just off our bows, affects by 

his presence not in the slightest the stream of 

cosmic rays flowing into the earth. Further, Dr. 

Cameron and I can find no effect of the Milky 
Way, nor of the nearest extragalactic system, 

the spiral nebula of Andromeda. We think, 

therefore, that the high temperatures of the 

stars are inimical to the clustering processes re- 
quired for the building of the common elements 

out of hydrogen, and we conclude that the in- 
tensely cold regions of interstellar space prob- 

ably furnish the essential conditions for such 

atom-building. 

Whether or not the foregoing conclusion is 

correct, Einstein’s equation and Aston’s curve 

alone, the former due partially to Mr. Michel- 
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son, the latter representing superrefinement in 
physical measurement of just the sort that Mr. 

Michelson is famous for, enable us to draw 

one definite and very important conclusion, 

namely, that there is.no energy available to 
man through the disintegration of any of the 

common elements. Man will presumably some 

day learn to disintegrate the elements, but he 

will have to expend energy upon them to do it. 

There is no appreciable energy available to man 
through atomic disintegration. Radium, it is 

true, releases about a million times as much en- 

ergy per gram in disintegrating as carbon does 
in burning, but there isn’t enough of it, nor of 
any radioactive substance, to more than keep a 

few corner pop-corn men continuously going. 

On the other hand, a practically unlimited 

supply of energy would be available to man if 

the hydrogen in water and elsewhere on the 

earth could unite, here on earth, to form helium, 

nitrogen, oxygen and the other common ele- 

ments. This, we think, is just what is happen- 

ing in interstellar space and thereby producing 
the observed cosmic rays, but the foregoing 

cosmic-ray facts seem to indicate that this proc- 
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ess cannot take place on earth, and if this is 

true, then man will, in the future as in the past, 

depend entirely upon the sun for his supply of 

available energy. To bring us up against such 

realities is the mission of men like Michelson. 
Inspiring realities they are, too, and their eco- 

nomic values are well-nigh unlimited, for we 

can direct our own efforts and our energies to 
better advantage with that knowledge. We have 
not yet begun to utilize the solar energy that is 

available to us, and we shall do it better with 

the knowledge that it is probably all we have. 

Michelson’s economic value! In the last 
analysis there is nothing that is practically im- 

portant at all except our ideas, our group of 

concepts about the nature of the world and our 

place in it, for out of these springs all our con- 
duct. There is not an idea that I have advanced 
to-night, a conclusion that I have drawn from 

Einstein’s equation, from Aston’s curve, from 

cosmic ray data, that would have been possible 

had not somebody driven to the limit the pre- 
cision of physical measurement, and much of it 

became possible because of Michelson’s own su- 

perrefined experiments—so true has it been 
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proven to be that human progress “grows out 

of measurements made in the sixth place of 

decimals.” Not he, nor anybody else, saw at 

the time what bearings the results would have. 

He merely felt in his bones, or knew in his soul, 

or had faith to believe that accurate knowledge 

was important. But some of the bearings have 

already appeared and others will continue to be 
found for ages yet to be. 

I personally owe everything to the fact that 
thirty-two years ago Mr. Michelson took me 

into his nest at the University of Chicago, and 
I personally believe that the United States has 

not had in this generation a greater economic 

asset than Albert A. Michelson. 
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VIII 

THREE GREAT ELEMENTS IN HUMAN 
PROGRESS 

THERE are three ideas which seem to me to 

stand out above all others in the influence they 

have exerted and are destined to exert upon the 

development of the human race. They have 

appeared at widely separated epochs because 

they correspond to different stages in the growth 

of man’s knowledge of himself and of his world. 
Each of these ideas can undoubtedly be traced 

back until its origins become lost in the dim 

mists of prehistoric times, for the sage and the 
prophet, the thinker and the dreamer, have 

probably existed since the days of the caveman, 

and the first has always seen, the second felt, 

truth to which his times were wholly unrespon- 
sive. But it is a general rule that when the 

times are ripe an idea that may have been ad- 

umbrated in individual minds millenniums ear- 

lier begins to work its way into the conscious- 

ness of the race as a whole, and from that time 
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on exerts a powerful influence upon the springs 
of human progress. In this sense, these three 

ideas may be called discoveries and times may 

be set at which they begin to appear. The first 

of these, and the most important of the three, 
is the gift of religion to the_race; the other two 

sprang from the ne womb of science. They are 

1. The idea of the Golden Rule; 

2. The idea of natural law; 

3. The idea of age-long growth, or evolu- 
tion. 

The first idea, namely, that one’s own happi- 

‘Ness, one’s own most permanent satisfactions are 

to be found through trying to forget oneself 
and seeking, instead, the common good, this 

altruistic ideal is so contrary to the immediate 

promptings of the animal within us that it is not 

strange that it found little place in the thinking 

or acting of the ancient world, nor for that mat- 

ter, in spite of the professions of Christianity, 

in the acting of the modern world either. There 

will be common consent, however, that the 

greatest, most consistent, most influential pro- 

ponent of this idea who has ever lived was 

Jesus of Nazareth. Buddha, Confucius, Soc- 
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rates, all had now and then given voice to it, 

but Jesus made it the sum and substance of his 

whole philosophy of life. When he said, “All 

things whatsoever ye would that men should do 

unto you even so do ye also unto them, for this 
is the law and the prophets,” I take it that he 
meant by that last phrase that this precept epit- 

omized in his mind all that had been com- 

manded and foretold—that it embodied the 
summation of duty and of aspiration. 

Now when the life and teachings of Jesus 

became the basis of the religion of the whole 

western world, an event of stupendous impor- 
tance for the destinies of mankind had certainly 

taken place, for a new set of ideals had been 

definitely and officially adopted by a very con- 

siderable fraction of the human race, a fraction 
which will be universally recognized to have 

held within it no small portion of the world’s 

human energies and progressive capacities, and 

which has actually been to no small degree de- 

terminative of the direction of human progress. 
The significance of this event is completely 

independent even of the historicity of Jesus. 

The service of the Christian religion, my own 
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faith in essential Christianity would not be di- 
minished one iota if it should in some way be 

discovered that no such individual as Jesus ever 

existed. If the ideas and ideals for which he 

stood sprang up spontaneously in the minds of 

men without the stimulus of a single great char- 

acter, the result would be even more wonderful 

and more inspiring than it is now, for it would 

mean that the spirit of Jesus actually is more 

widely spread throughout the world than we 
realize. In making this statement, I am en- 

deavoring to say just as positively and emphat- 

ically as I can, that the credentials of Jesus are 

found wholly in his teachings and in his char- 

acter as recorded by his teachings, and not at all 

in any real or alleged historical events. And in 

making that affirmation, let me also emphasize 

the fact that I am only paraphrasing Jesus’ own 

words when he refused to let his disciples rest 
his credentials upon a sign. 

My conception then of the essentials of re- 

ligion, at least of the Christian religion, and no ‘ 

other need here be considered, is that those es- 

sentials consist in just two things: first, in inspir- 

ing mankind with the Christlike, 4 ¢., the 

[ 169 ]



o
r
a
l
 

w
e
e
t
 

ve
 

* 

SCIENCE AND THE NEW CIVILIZATION 
  

altruistic ideal, and that means specifically, con- 

cern for the common good as contrasted with 

one’s own individual impulses and interests, 

wherever in one’s own judgment the two come 

into conflict; and second, inspiring mankind to 

do, rather than merely to think about, its duty, 

the definition of duty for each individual being 

what he himself conceives to be for the com- 

mon good. In three words, I conceive the es- 

sential task of religion to be “to develop the 

consciences, the ideals and the aspirations of 

mankind.” 

It 1s very important to notice that in the 
definitions I have given duty has nothing to do 

with what somebody else conceives to be for 

the common good, #. e., with morality in the 

derivative sense of the mores of a people. End- 

less confusion and an appalling amount of futil- 

ity gets into popular discussion merely because 
of a failure to differentiate between these two 

conceptions. As IJ shall use the words, then, 

moral and immoral, or moral right and wrong, 

are purely subjective terms. The question of 

what actually is for the common good is the 

whole stupendous problem of science in the 
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broad sense of that term, 4. ¢., of knowledge, 

and has nothing to do with religion or with 

morals as I am using these words. There are 

anly two kinds of immoral conduct. The first 
is due to indifference, thoughtlessness, failure 

to reflect upon what is for the common good, in 

other words, careless, impulsive, unreflective 

living on the part of people who know that they 

ought at least to try to think things through. 
I suspect that ninety-nine per cent of all immo- 

rality is of this type and that this furnishes the 

chief reason for religious effort and the chief 

field for religious activity. For both example 

and precept unquestionably have the power to 

increase the relatively small fraction of the pop- 

ulation that attempts to be reflectively moral. 

The second type of immorality is represented 

by “the unpardonable sin” of which Jesus spoke, 

viz., deliberate refusal, after reflection, to fol- 

low the light when seen. 
Thus far, I have been dealing only with what 

seem to me to be obvious facts, mere platitudes, 
if you will, for the sake of not being misunder- 

stood when I speak about the essentials of re- 

ligion. I am not at this moment concerned with 
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how far the practice of religion has at times 

fallen short of the ideals stated in the foregoing 

essentials.; I am now merely reaffirming the 
belief with which I began, and which I suspect 

that, after the foregoing explanations, not many 
will question, though I know there are some 

who will, that the discovery of the foregoing 
ideals, and their official adoption as the basis of 

the religion of the Western World has within 

the past two thousand years exercised a stupen- 

dous influence upon the destinies of the race. 

But I am going to go farther and to express 

some convictions about the relation of those 
ideals not only to the past but, also, to the pres- 

ent and to the future. I am going to affirm 

that those ideals are the most potent and sig- — 
nificant element in the religion of the Western 

World to-day. It is true that many individual 

western religions contain some elements in ad- 

dition to these, some of them good, some harm- 

less, some bad, and that the good and the bad 
are so mixed in some of them that it is not 

always easy, even from my own point of view, 

to determine whether a given branch of religion 

is worthwhile or not. Nevertheless, looking at 

[172]



THREE GREAT ELEMENTS 
  

western religion as a whole, the following facts 

seem to me obvious and very significant. 

First, that if the basis of western religion is 

to be found in the element that is common to 
all its branches, then the one indispensable ele- 

ment in it now is just that element that formed 

the centre of Jesus’ teaching, and that I have 

called above the essence of religion; second, 
that no man who believes in the fundamental 

value for the modern world of the essentials of 

religion as defined above, and in the necessity 
for the definite organization of religion for the 

sake of making it socially effective, needs to 

withdraw himself from the religious groups, 

and thereby to exert his personal influence 

against the spread of the essential religious 
ideals, since in America, at least, he will have 

no difficulty in finding religious groups who de- 
mand nothing of their adherents more than the 
belief in the foregoing ideals, coupled with an 
honest effort to live in conformity with them; 
third, that a very large fraction of the altru- 
istic and humanitarian and forward-looking 
work of the world, in all its forms, has to-day 
its mainsprings in the Christian churches. My 
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own judgment is that about ninety-five per cent 
of it has come, and is coming, directly or indi- 

rectly, from the influence of organized religion 

in the United States. My own judgment is 

that, if the influence of American churches in 
the furtherance of socially wholesome and for- 

ward-looking movements, in the spread of con- 

scientious and unselfish living of all sorts, were 

to be eliminated, our democracy would in a 

few years become so corrupt that it could not 
endure. These last two are, however, merely 

individual judgments, the correctness of which 

I cannot prove. Some will, no doubt, differ 
with me in them. 

Now looking to the influence of religion in 

the future, I have in the preceding found the 
essence of the gospel of Jesus in the Golden 

Rule, which, broadly interpreted, means the de- 

velopment in the individual of a sense of social 

responsibility. Civilization itself is dependent 
in the last analysis primarily upon just this 

thing. The change from the individual life of 

the animal to the group life of civilized man, 

especially in a world of science, a life of ever- 

expanding complexity as our scientific civiliza- 
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tion advances, is obviously impossible unless, in 
general, the individual learns, in ever-increasing 

measure, to subordinate his impulses and inter- 

ests to the furtherance of the group life. The 

reason that the western world, which has led, 
as we westerners think, in the development of 

civilization, adopted Christianity as its religion 

is to be found in the last analysis, I suspect, in 

the fact that western civilization with its highly 

organized group life found that it could not 

possibly develop without it; and if this is so, 

the future is certainly going to need the essen- 

tials of Christianity even more than the past has 

needed them. In other words, the job that the 
churches in the past have been in the main try- 

ing to do, and the job that, I think, in spite of 

their weaknesses and follies, they have in the 

main succeeded fairly well in doing; namely, 

the job of developing the consciences, the ideals, 

and the aspirations of mankind, must be done 

by some agency in the future even more effec- 

tively than it has been done in the past. 

There are just two ways in which this can be 

done; namely, first, by destroying organized 

religion as Russia has recently been attempting 
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to do, and building upon its ruins some other 

organization which will carry on the work that 
the church has in the main done in the past, 

some other organization which will embody the 

essentials of religion, but be free from its 
faults. The second way is to assist organized 

religion as it now exists to eliminate its faults 

and to be more effective in emphasizing and in 

spreading, with ever-increasing vigor, its essen- 

tials). The second method may perhaps be im- 

possible in some countries. I should need to 

know those countries better than I do now be- 

fore I could express an opinion. But, for our 
own country, I feel altogether sure of my 

ground, and I take it that most thinking men 

will agree with me that the second way is the 

only feasible way. 

In the United States organized religion has 

already undergone an amazing evolution and 

has thus shown its capacity to evolve. It first 

sloughed off, or had cut away from it, the awful 

incubus of political power when the complete 

separation of church and state was decreed by 

the far-visioned men who made our Constitu- 

tion. Second, it has to a considerable degree— 
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much more than in many countries—freed it- 

self from the shackles that are imposed by cen- 

tral authority and vested rights and has thus 

left itself free to evolve, Third, it has within 

recent years been rapidly freeing itself, despite 
some sporadic indications to the contrary, from 

the curse of superstition, and getting nearer and 

nearer to the essentials of religion. Finally, if 

the growth of modern science has taught any- 
thing to religion and to the modern world, it | 
is that the method of progress is the method of | 

evolution, not the method of revolution. Let 

every man reflect on these things well before he 

assists by his influence in stabbing to death or 

in allowing to starve to death, organized re- 

ligion in the United States. 

Thus far I have presented the most outstand- 
ing and conspicuous contribution of religion to 

the development of the race. The two discover- 
ies listed with that of the Golden Rule in my 

opening sentence introduce us to the very main- 

springs of the contribution of science to human 

progress. The idea that God, or Nature, or the 

Universe, whatever term you prefer, i is not a 

being of caprice and whim as had been the case 
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, in all the main body of thinking of the ancient 

~ world, but is, instead, a God who rules through 
law, or a Nature capable of being depended 

upon, or a universe of consistency, of orderliness 

- and of the beauty that goes with order—that 

idea has made modern science, and it is unques- 

tionably the foundation of modern civilization. 

It is because of this discovery, or because of 

the introduction of this idea into human think- 
ing, and because of the faith of the scientist in 

it, that he has been able to harness the forces 

of nature and to make them do the work that 
enslaved human beings were forced to do in all 

preceding civilizations. 

Yes, and much more than this, for it is not 

merely the material side of life that this idea 

has changed. It has also revolutionized the 
whole mode of thought of the race. It has 
changed the philosophic and religious concep- 

tions of mankind. It has laid the foundations 

for a new and a stupendous advance in man’s 
conception of God, for a sublimer view of the 
world and of man’s place and destiny in it. The 

anthropomorphic God of the ancient world, the 

God of human passions, frailties, caprices, and 
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whims is gone, and obviously with it the old 
duty, namely, merely or chiefly the duty to pro- 

pitiate him, so that he may be induced to treat 

you, either in this world or the next, or in both, 

better than he treats your neighbor. Can any 

one question the advance that has been made in 

the diminishing prevalence of these medieval, 

essentially childish, and essentially selfish ideas? 
The new God is the God of law and order, the 

new duty to know that order and to get into 

harmony with it, to learn how to make the 

world a better place for mankind to live in, not 
merely how to save your individual soul.’ How- 

1 Concerning what ultimately becomes of the individual in the 
process, science has added nothing and it has subtracted nothing. 

far as science is concerned religion can treat that problem 
precisely as it has in the past, or it can treat it in some entirely 
new way if it wishes. For that problem is entirely outside the 
field of science now, though it need not necessarily always remain 
so. Science has undoubtedly been responsible for a certain change 
in religious thinking as to the relative values of individual and 
race salvation. For obviously by definitely introducing the most 
stimulating and inspiring motive for altruistic effort which has 
ever been introduced, namely, the motive arising from the con- 
viction that we ourselves may be vital agents in the march of 
things, science has provided a reason for ‘al 
is quite independent of the ultimate destination of the individual 
and is also much more alluring to some sorts of minds than that 
of singing hosannas forever around the throne. To that extent 
science is undoubtedly influencing and changing religion quite 
profoundly now. The emphasis upon making this world better 
is certainly the dominant and characteristic element in the re- 
ligion of to-day.” —RoBert A. MILiiKan, “Evolution in Science 
and Religion” (pp. 83 and 84), Yale University Press, 1927. - 
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ever, once destroy our confidence in the prin- 

ciple of uniformity, our belief in the rule of 

law, and our effectiveness immediately disap- 

pears, our method ceases to be dependable, and 

our laboratories become deserted. 
I am not worrying here over the recent in- 

troduction of the so-called “principle of uncer- 

tainty” in microscopic processes, an event that 

is causing so much excitement among physicists 

just now. This may indeed be consoling or, at 

least, illuminating to those non-physicists who 

have been worrying their heads over their 1n- 

ability to reconcile the principle of law with the 
facts of free-will and of responsibility. We 

physicists have had much worse contradictions 

than these to put up with in the subject of phys- 
ics alone, as for example, the reconciliation of 
the wave theory of light with the essentially 

corpuscular light-quant theory. Experiment has 

told us that both theories are right, and we 

have had the limitations of our knowledge 

jolted into us enough times lately in physics to 

believe it, in spite of our inability to see as yet 

just how the reconciliation is to be made. 

This fact worries Mr. Mencken, as it does all 
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essentially assertive (4. e., dogmatic), minds, so 
that in a recent review of Eddington’s extraor- 
dinarily profound book, “The Nature of the } 

Physical Universe,” he calls for another Huxley — 

to tell us just exactly what is what in physics. 

But physicists have never been strong on dog- 

matism, not even in Huxley’s day, and they are 

much less so now than then. We admit, to the 

complete bewilderment of minds like Mr. 

Mencken’s, that we do not know everything 

yet. 

In this book, Eddington points out that it 
may be illuminating to those who worry about 

free-will and determinism to know that in the 

subject of modern statistics, the behavior of a 

very large number of human beings such, for 

example, as the percentage of them that will 

get married per year is accurately predicted, 

though the behavior of a particular individual 

in the group is completely unpredictable and his 

choice unhampered. Here is certainly a specific 
illustration of the co-existence of the reign of 

law with the practical freedom of choice which 

each individual knows he has. But I don’t 

think this particular problem ever worried the 
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physicist, for he has always known shat his igno- 

rance was as yet quite ample enough to cover 
the links in the reconciliation that must exist. 

Eighteenth-and-nineteenth century materialism 

never had any lure for him, for it always rep- 
resented quite as pure dogmatism—assertiveness 
without knowledge—as did medieval theology, 

and modern developments have pushed it com- 

pletely out of sight. For matter is no longer 

An atom is now an amazingly complicated or- 

ganism, possessing many interrelated parts and 

exhibiting many functions and properties— 
energy properties, radiating properties, wave 
properties, and other properties quite as mys- 

terious as any that used to masquerade under 

the name of “mind,” so that the phrases, “all 
is matter” and “all is mind” have now become 
merely shibboleths completely devoid of mean- 
ing.. 

However, whether the principle of deter- 
minism applies to infinitely minute, practically 
unattainable processes or not is not here im- 
portant. For it is the existence of the ideg of 
natural law or orderliness, with which we are 

[182]



  

THREE GREAT ELEMENTS 
  

concerned rather than with the proof of its uni- 
versality, and no one who has any conception of 

what science has done since about 1600 A. D., 

the date at which this idea first began to spread 

throughout the consciousness of mankind, will 

be likely to question my initial statement that 
it is one of the three ideas which, whether true 

or false as a universal generalization, has at 
least exerted, and is undoubtedly still destined 
to exert, a stupendous influence upon the des- 
tinies of mankind. «: 

The third, or evolutionary idea, is the young- 

est of the two great ideas born of modern sci- 

ence. It is not yet one hundred years old. In- 
troduced by Darwin solely in its application to 

biological evolution, as discovery after discov- 

ery in modern science has pushed back farther 

and farther the age of the stars, the age of the 

solar system, the age of the earth, the age of 

the rocks, of fossil life, of prehistoric man, of 

recorded history, of social institutions, the evo- 
lutionary theory has come to dominate in a very 
broad way almost every aspect of - human 

thought.. We have come to the realization, not 

only that if biological forms, but also if social 
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institutions like the family, the state, religion, 

or even war, have survived, it is because, after 

ages of trial in which many other institutions 

have competed with them and disappeared, they 

have had survival value. We have come to study 
institutions to see why they have survived. We 

have come to realize that if we wish to elimi- 

nate an old institution, like war, for example, 

we are not likely to succeed simply by wishing 

it gone, nor indeed simply by pacifistic propa- . 

ganda of any sort. We are only likely to suc- 

ceed if the conditions which gave it its sur- | 

vival value have been, or can be, eliminated. 

Hence, the establishment of a League of Na- 

tions, of a World Court, and the like, aimed pre- 

cisely at eliminating some, at least, of these con- 

ditions. In my judgment, however, war is now 

in process of being abolished, chiefly by the re- 

lentless advance of modern science, the princi- 
ple diverter of man’s energies and interests 

from the warlike to the peaceful arts. War will 

disappear, like the dinosaur, when changes in 

world conditions, such as are now being brought 

about primarily by the growth of modern sci- 

ence and its applications—changes due to the 
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advent of world-wide, nearly instantaneous in- 

tercommunication, and to the enormous modern 

stimulation of international trade and com- 

merce, bringing with it a sense of interde- 

pendence and of the necessity of international 
understandings—when these changes have de- 

stroyed its survival value.» 

Again, because of the growth of this evolu- 

‘tionary idea in human thinking, we have come 
to see that an institution like religion, in so far 
as it deals with conceptions of God, the inte- 

grating factor in this Universe of atoms and 
of ether, and of mind, and of ideas, and of du- 

ties, and of intelligence, has not been and can- 

not be a fixed thing, that it has been continually - 

changing with the growth of human knowledge, 

and that it will continue to expand as knowledge 

continues to grow. 

I have thus presented the most outstanding 

and conspicuous contribution of religion to hu- 

man progress, and the two most representative 

and significant contributions of science to hu- 

man progress, and we are now ready to ask how 
these contributions are interrelated. The an- 

swer is altogether obvious. The world of sci- 
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ence dominated by the reign of law has necessi- 

tated the increasing association of men into 

co-operating groups, but the effectiveness of 

those groups, indeed the whole group life, be- 

comes at once impossible unless the altruistic 
ideals of religion, the sense of social responsi- 

bility, permeates the whole, while the evolu- 

tionary concept, the last contribution of science, 

is absolutely essential to an understanding of 

the development both of religion and of science. 

In a word, these three ideas and ideals interlock 

everywhere in a mutually helpful way. Not. 

one of them can have a normal and effective ex- 

istence without the others. . 

Whence, then, arises this strange idea, so 

often heard in popular discussions, of an incom- 
patibility between science and religion? Here, 

again, I think the answer is clear. There is ob- 

viously no incompatibility between science and 

the essentials of religion as I have defined them. 

But individual religions, or branches of a re- 

ligion often contain more than these essentials. 

Every movement which becomes popular and 

gains large numbers of adherents inevitably 

draws into itself men who are not actuated 
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solely, nor even at all, by its ideals, but who are 

using it to further their own ends. Those ends 

may be very worthy ones, arising from the best 

of motives in minds of restricted understanding 

or limited intelligence, or they may be very un- 

worthy ones, such as the desire for personal ag- 

grandizement or political power. Every one 

knows that the history of Christianity is not at 

all free even from influences of the latter sort. 

The so-called War of the Reformation is usu- 

ally described as a religious war, and the hor- 

rors of it are sometimes attributed to the influ- 

ence of Christianity; but I think that most his- 

torians will agree with the statement that it was 

not primarily a religious war at all, although 

both sides undoubtedly worked overtime, as 

they always do, to try to prove that God was 

on their side. In other words, religion was its 

shibboleth, not its cause. It represented in the 
first instance simply the terrific struggle of a 

group of northern princes to free themselves 
from the yoke of a southern power which had 

used the machinery of a religious organization 

for cementing and perpetuating its control. 

Again, the anticlerical parties to-day in 
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many countries that possess them represent in 

part, at least, the efforts of reformers to break 
the political power of groups that have seized it 

and hold it in the mame of religion, when the 
real issues obviously have nothing whatever to 

do with religion. Still again, Voltaire in his 

attack on the church was not attacking religious 

ideals in the least. He did not even call himself 

an atheist. He was far too intelligent a man 
for that. Such presumptuous assumption of 

complete knowledge of the whole of what there 

is, or is not, in the universe I have never heard 

made by any men of real knowledge and under- 

standing, for such men are always both humble 

and reverent. Fulness of knowledge always 

and necessarily means some understanding of 

the depths of our ignorance, and that always is 

conducive to both humility and reverence. 

If you and I lived in some countries to-day 

I have no doubt that we should be in the anti- 

clerical groups, but it would not be because 
we had lost confidence in the essentials of re- 

ligion, but rather because we thought that these 

essentials had become so buried under excres- 

cences of the kind I have been describing, in- 
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troduced into the organization of religion by 
well-meaning but unintelligent men, or by de- 

signing men, that the net result was harmful 

rather than socially helpful. 

But I have here been talking, not about re- 
ligion and science, but rather about organized 
religion and politics—a pair that all of us will 

agree ought never to have been mated, and 

where they have been so mated ought to be di- 

vorced with the same celerity that characterizes 

proceedings at Reno. Fortunately, this problem 

does not exist for us in the United States. I 

have introduced the subject merely to show how 

the essentials of religion may, and sometimes 
do, become lost in the organization of religion. 
Present-day Buddhism is, I suppose, 2 more 

striking illustration of this than is anything that 

can be found among the many ramifications of 
Christianity. 

But by the very same method described above 

in the discussion of politics and religion there 
has grown up another excrescence upon the es- 
sentials of religion which introduces us at once 
into the very heart of the alleged conflict be- 
tween science and religion. This has come about 
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not so much, like the marriage of politics with 
religion, because of the selfishness and ambition 

of men (real motives though often masking 

even in the minds of their possessors under 

softer names) as through the ignorance of men. 

The amazing insight of Jesus is revealed by 

the fact that he kept himself so free from 

creedal statements, particularly statements that 

reflected the state of man’s knowledge or igno- 
rance of the universe that was characteristic of 

his times. A large part of his sayings seem to 

us now, in spite of the enormous increase in our 

knowledge of the universe that has taken place 
since his time, to be just as true to-day as they 

seemed to be then. The things that a man does 

not say often reveal the understanding and 

penetration of his mind even more than the 
things that he says. The fact that Jesus con- 
fined himself so largely to the statement of 

truths that still seem to us to have eternal value 

is what has made him a leader and teacher of 

such supreme influence throughout the cen- 

turies, But his followers, unlike him, have 
throughout the past two thousand years in 

many instances /oaded their various branches of 
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his religion with creedal statements which are 
full of their own wofully human frailties. The 

difference is so enormous as to justify calling his 

statements, as the world has been wont to do, 

Godlike in comparison. . 

What are, in contrast, these man-made 

creeds? Admittedly they have been written by 

men, groups of men called together for the 
purpose, men so uninspired that very few of 
them have ever left any lasting memory of them- 

selves behind. How many people now know of 

any name that was ever associated with any one 

of them? These men have often reflected in 

detail in their creeds the state of knowledge, or 

the state of ignorance, of the universe, or of 

God, whichever term you prefer, characteris- 

tic of their times. If some one wishes me to | 

change that last implied definition of Deity so 

as to make it read, the unifying principle in the 

universe, I shall not object, for that. there is a 

unity, an interrelatedness, a wholeness to it all, 

we ourselves being but parts of that whole, is 

attested by all experience, including, I should 

like to add, the amazing new scientific develop- 

ments in the fields of ether physics, relativity, 

[191]



SCIENCE AND THE NEW CIVILIZATION 
  

and wave-mechanics. That is only my prosaic 

paraphrase of the lines of Tennyson, the poet 

of science, when he says: 

_ “The sun, the moon, the stars, the hills and the 
plains, 

Are not these, O Soul, the vision of Him who 
reigns ? 

The ear of man cannot hear, and the eye of man 
cannot see; oo 

But if we could see and hear this vision—were it 
not He? a , 

Speak to Him, thou, for He hears and spirit with 
spirit shall meet. 

Closer is He than breathing, and nearer than hands 
and feet.” 

Now with the conception of God changing 
continuously as man has grown in knowledge 

from the time when he pictured his God in the 
form of a calf, or a crocodile, or a monstrous 

man, to the time when the poet described God, 

as above, as the soul of the universe, what must 

be the relation between science, or the ever-ex- 

panding knowledge of man, and the long since 

vanished conceptions of the universe, or of God, 
frozen in ancient man-made creeds? Obviously 

one of inescapable conflict. And in so far as 

these creedal excrescences have covered up, or 

displaced, the essentials of religion, there are 
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obviously no alternatives except (1) to remove 

that sort of a deadening growth from the heart 

of religion, or (2) failing that possibility to 

desert a hopeless religion, or (3) to give up 

science. - 

A choice between the last two alternatives 

might in some countries be a necessity. But for- 

tunately in the United States, which, being the 
widest flung democracy in the world, needs, and 

indeed must have, if it is to endure, the essen- 

tials of religion more than any other country, 

there is no such choice necessary. For in this 

country religion has been able to develop wholly 

untrammelled by political interference, and it 

has in many of its branches been absolutely free 

to develop without the restraining influence of 
central authority. I have myself belonged to 
two churches, one a Union church and one a 

Congregational church, both of which were un- 

hampered by a creed of any sort. Other churches 

are continually revising or modifying their 

creeds with our growing knowledge. 

Within the United States there 1s then not 

the slightest reason why religion cannot keep 

completely in step with the demands of our con- 
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tinuously growing understanding of the world. 

Here religious groups are to be found which 
correspond to practically every stage of the de- 
velopment of our knowledge and understand- 

ing. Here there is no need, in the case of any 
individual, of a clash ever arising between sci- 

ence and religion. Personally I believe that es- 

sential religion is one of the world’s supremest 

needs, and I believe that one of the greatest 

contributions that the United States ever can, or 

ever will, make to world progress—greater by 
far than any contribution which we ever have 

made or ever can make to the science of gov- 

ernment—will consist in furnishing an example 

to the world of how the religious life of a na- 

tion can evolve intelligently, wholesomely, in- 

spiringly, reverently, completely divorced from 

all unreason, all superstition, and all unwhole- 
some emotionalism. . 
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