
SCIENCE 

VOL. LXX FRIDAY, 25, 1929OCTOBER No. 1817 

Modern C q t s  in Physics and Their Relation to 
Chemistry: DR. IRVING ......................................
LANQMUIR 385 

The American Association for the Advcvnoement of 
Science : 

The Michael P. Rich Bequest for the Advancement 
of Soiieltoe: PROFESSOR E. LIVINGSTON; BURTON 
Applicatiolzs for Grants for 19.30; The S e c t h  of 
Geology m d  Geography at Des Moines: PRorEs-
SOR KIRTLEYF. MATHER; Psychology ................................. 396 

Scientific Events: 
The 0bseritatm-g of the Unwersity of London; The 
Medical Center in Boston; Medical Bellowships of 
the National Research Coundl; Address to  Presi- 
d m t  Campbell by the Academic Senate of the Un& 
versity of California ........................................ ............................. 398 

Scientific Notes ctnd News .......................................................... 401 


Unwersity and Educational Notes ....................................... . 404 


DiSwussMn: 
Lunar Eclipses in General and in the Philipphe 
Islands: DR. WILLARD J.  FISHER. A Gene for 
S u p e r ~ e r a r y  Mitoses during Spore Development 
in Zea mays: GEORGEW. BEADLE. Appeal for 
Samples of Tree See&: HENRYI.  BALDWIN. 
Newspaper ddence: DR. MEL T .  COOK .............................404 


Sdentifio Apparatus and Laboratory Methods: 
~ l ~ ~ undesirableh ~ ~ ~ ~ t ~ 7 Q g ~ ~ ~ d ~k c photo-

graphs: DR. ALBERTMANN. M O Z M ~ . ~ ~ ~ 
Serial Sec- 

tions: JUSTUS .....-.... 408
F. MUELLER "........................................... 


Special ArDidles: 
The Laws of DGtvributh 'of Particles in. Swpen-
s h :  DR. P. G. NUTTING.The Occu~~ence  of 
Viable Cotton Root-rot Sclerotia in. Natzlrs: D. C. 
NEAL ........................... ..........-....~u....~-.-...--.w..-.-....~......-..........-.. 409 

#&me News -..... ...................................................................... x 


SCIENCE: A Weekly Journal devoted to the Ad~ance-  
ment of Science, edited by J. MCEEENC A ~ Land pub- 
lished every Friday by 

THE SCIENCE PRESS 

New Pork City: Grand Central Terminal 


Laneaster, Pa. Garrison, N. Y. 


Annual Subscription, $6.00 Single Copies, 15 Cts. 
SCIENCE is the official organ of the American Associa- 

tion for the Advancement of Science. Information regard- 
ing n~embershlp in the Association may be secured from 
the ofice of the pern~anent secretary, in the Smithsonian 
Institution Building, Washington, D. C. 

MODERN CONCEPTS IN PHYSICS AND THEIR RELATION 

TO CHEMISTRY 


By Dr. IRVING LANGMUIR 
QENEZAL ELECTRIC COMPANY, SCHENECTADY, N. Y. 

ONLY about thirty-five years ago, during the nine- 
ties of the last century, knowledge of the physical 
sciences had advanced to such a point that many of 
the foremost physicists and chemists began to believe 
that the rate of progress of fundamental knowledge 
must be slowing up. The concepts of length, mass, 
time, energy, temperature, electric and gravitational 
fields, etc., had been given precise meanings and were 
regarded as having an absolute existence quite as cer- 
tain as that of matter itself. The phenomena of 
nature were explainable in terms of natural laws ex- 
pressing relations between these absolute quantities. 
It seemed that the most important of these laws of 
physics and chemistry had already been discovered 
and that the work that remained to do was largely a 
matter of filling in the &tails and applying these 
great principles for practical purposes. 

The laws of mechanics had been verified experi- 
mentally with a high degree of precision so no one 
doubted that they %ere rigorous laws of nature. Back 
in about 1830 Hamilton had succeeded in generalizing 
these laws in a few simple equations which seemed to 
contain all the essential truths of mechanics. It was 
only necessary to know how the kinetic and potential 
energy of any given system varied with the momen- 
tum and the coordinates of its parts in order to have 
a t  least a formal solution of the way in which the sys- 
tem would behave a t  all times. Thus all future work 
in mechanics need only be considered an application 
of Hamilton's equations. 

Complete knowledge of the nature of light pre-
sented more difllculties. Hamilton about 1820 showed 
that all the known laws of geometrical optics could 
be explained quantitatively in terms of either a cor-
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puscular theory of light or a wave theory. The ex- 
periments of Fresnel on the interference of light 
which were made about this time seemed to disprove 
Newton's corpuscular theory so that Hamilton's proof 
of the complete analogy between waves and corpuscles 
in the case of geometrical optics became only of aca- 
demic interest. Through the study of the phenomena 
of interference, diffraction, polarization and absorp- 
tion of light, the wave theory of light became firmly 
established. Light was supposed to consist of waves 
in some sort of an elastic m e d i p  which was called 
the ether. 

About 1830 Faraday developed clear conceptions 
regarding the electric and magnetic fields, and Max- 
well about 1860, by applying exact mathematical 
methods, evolved the electromagnetic theory of light 
according to which light waves consisted of fluctu- 
ating electric and magnetic fields which are propa- 
gated through space a t  a speed which could be-calcu- 
lated from electric and from magnetic measurements 
in a laboratory. 

Although the acceptance of Maxwell's views came 
slowly, one could not long remain skeptical after the 
production of electromagnetic waves of relatively 
great wave-length by Hertz in 1884. It may almost 
be said that Maxwell's theory was essentially an ap- 
plication of the mathematical methods which Ham- 
ilton had originated in his treatment of the laws of 
mechanics to Faraday's concepts of electricity and 
magnetism. 

Thus in 1895 the physicists seemed to have some 
justification for the attitude that the most important 
laws had been discovered. The laws of mechanics had 
not been improved upon in sixty-five years. Faraday 
and Maxwell had brought in precise conceptions of 
electric and magnetic phenomena and had shown 
that, by classical methods like those which had been 
so successful in mechanics, all the laws of optics could 
be derived from those of electromagnetism. -

In  chemistry a somewhat similar state had been 
reached. After the evolution of the conception of the 
elements and of combining proportions based upon an 
atomic theory, rapid progress was made in accumu- 
lating data regarding the elements and their com-
pounds. Faraday's laws of electrolysis and new meth- 
ods for the accurate determination of atomic weights 
began to provide the chemist with quantitative laws 
almost as precise as those of the physicists. The work 
of J. Willard Gibbs had brought into chemistry rigor- 
ous laws 4s fundamental in their field of application 
as were those of Hamilton and Maxwell in physics. 

These remarkable advances on the quantitative side 
seemed to overshadow in importance the more qualita- 
tive results that had previously been obtained through 
the stimulus of the atomic theory. Under the leader- 

ship of Ostwald, chemists began to adopt a much 
more critical attitude and to distinguish carefully be- 
tween what they considered experimental facts and 
hypotheses based upon these facts. Ostwald, although 
he recognized the convenience of the atomic theory, 
believed that it must always remain impossible. to 
prove the existence of atoms or molecules. He there- 
fore urged that chemists avoid as far  as possible the 
use of such hypotheses. Perhaps the chief result of 
this attitude was to lead physical chemists to neglect 
those parts of chemistry where the atomic theory 
would have been most helpful and to devote them- 
selves more specially to the fields in which energy 
relationships and thermodynamics were directly ap- 
plicable. 

Physicists in general did not doubt the existence of 
atoms and molecules, but had by means of this theory 
developed the kinetic theory of gases which had led 
to many new quantitative laws, verified by experi- 
ment. However, the physicists in general had little 
to do with atoms and molecules but were more con- 
cerned with the ether, in which they believed unre- 
servedly, although direct knowledge of the ether was 
far harder to obtain than knowledge of atoms and 
molecules. 

Perhaps one of the main reasons why the physicists 
were so sure of the ether and the chemists so doubtful 
of the atoms and molecules was an unconscious belief 
in the respectable old adage "Natura non facit sal- 
tum," Nature makes no jumps. Certainly in those 
fields of physics and chemistry in which rigorous 
quantitative laws had been found applicable no dis-
continuities or jumps such as those implied by the 
atomic theory had been found. 

The discovery of X-rays by Roentgen in 1905 
marked the beginning of an extraordinary revolution 
which is to-day still in progress. This sensational 
event revealed to the physicist that great and funda- 
mental discoveries were still possible even in the field 
of radiation where physics had had such complete 
success. I t  immediately caused great numbers of 
physicists to study the phenomena of electric dis- 
charges and to look for other sources of radiation. 
The discovery of radium and radioactivity by Bec- 
querel and the Curies soon showed the importance of 
these new forms of radiation to the chemist as well as  
to the physicist. 

Although Stoney in 1874 had seen that Faraday's 
laws of electrolysis together with the atomic theory 
required that electricity should also have an atomic 
structure, and although in 1891 he proposed the name 
electron for these atoms of electricity, J. J. Thomson 
should be regarded as the discoverer of the electron. 
He was able to show that electrons were contained 
in all forms of matter and found that the electron 
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must weigh only about 1/1800 as much as a hydrogen 
atom. 

The studies of radioactivity, largely by Rutherford 
and his students, showed that radium spontaneously 
disintegrated to form helium and proved to the chem- 
ist that atoms were not indestructible and even that 
transmutation of elements was possible. 

By the application of thermodynamics to radiation 
processes Boltzmann proved that the total radiation, 
of all wave-lengths, within a cavity in a heated body 
must increase in ,proportion to the fourth power of 
the absolute temperature; this law had already been 
found empirically by Stefan. By a further develop- 
ment of thermodynamic methods, Wien in 1896 de- 
rived an important law, known as Wien's law, by 
which the intensity of radiation of any particular 
wave-length could be calculated in terms of the wave 
length and temperature. This law was found to agree 
with experiment in the case of visible radiation from 
incandescent solids, but serious discrepancies were ob- 
served when an attempt was made to calculate the 
intensity of infra-red radiation or heat waves. Lord 
Rayleigh and Jeans in 1900, using what seemed to be 
unimpeachable methods based on the electromagnetic 
theory of light, arrived a t  an entirely different rela- 
tion between the intensity of radiation and the tem- 
perature and wave-length. This equation agreed ex- 
cellently with experiments on the radiation of heat 
where Wien's law had failed but led to absurd results 
when applied to the shorter wave-lengths of the visible 
spectrum. I n  fact, if the total radiation including all 
wave-lengths was calculated from the Rayleigh-Jeans 
equations an infinite radiation density was obtained 
even a t  low temperatures. Thus by means of the 
classical theories of radiation it was found on the one 
hand by Boltzmann that the radiation increased with 
the fourth power of the temperature, and on the other 
by Rayleigh-Jeans that the radiation was infinite a t  
all temperatures. 

It was shown in 1905 by Planck that this paradox 
could be solved only by assuming an essential discon- 
tinuity in the energies or motions of electrons whose 
vibrations caused the radiation. This gave birth to 
the quantum theory which within recent years has 
grown to be one of the most important theories of 
physics and chemistry. I n  1906 Einstein showed that 
the photoelectric effect and many photochemical reac- 
tions could be explained in terms of the quantum 
theory if light itself consisted of discrete particles of 
energy, or quanta, now usually called photons. Al-
though such a corpuscular theory of light seemed ut- 
terly incompatible with the accepted wave theory, an  
increasing number of phenomena were discovered in 
which it seemed necessary to resort to this corpuscular 
theory. The really rapid development of the quantum 

theory, however, dates from 1913 when Bohr began 
to develop his theory of atomic structure by applying 
the quantum theory to Rutherford's more or less qual- 
itative theory of the nuclear atom. 

Relativity theory.-Among all the changes in the 
ways of thinking which were being forced upon physi- 
cists at this time, the most important by far  was that 
which resulted from Einstein's relativity theory, first 
stated in 1905. I n  1895, as we have seen, electro- 
magnetic waves and matter were thought to  be mani- 
festations of the properties of an all-pervading ether, 

As an example of the way that the physicists 
thought of the ether I will quote from the preface t o  
Lord Kelvin's "Baltimore Lectures." This preface 
was written in 1904, but the lectures were those that 
were delivered a t  the Johns Hopkins University in 
1884: 

I chose as subject the wave theory of light with the 
intention of accentuating ita failures, rather than of 
setting forth the admirable success with wfiich this beauti- 
ful theory had explained all .that was known of light 
before the time of Fresnel and Thomas Young, and had 
produced flooda ,of new knowledge splendidly enriching 
the whole domain of physical science. My audience was 
to consist of professional fellow-students in physical 
sciences. . . . I spoke' with absolute freedom and had 
never the slighteat fear of undermining their perfect 
faith in ether and its light-giving waves; by anything I 
could tell them of the imperfection of our mathematics; 
of the insufficiency or faultiness of our views regarding 
the dynamical qualities of ether; and of the overwhelm-. 
ingly great dBculty of finding a field of action for ether. 
among the atoms of ponderable matter. We all felt the 
difficulties were t o  be faced and not to be 'evaded; were 
to be taken to heart with the hope of solving them if pos-
sible. . . . I t  is in some measure satisfactory to me and 
I hope it will be satisfactory to all my Baltimore co- 
efficients still alive in our world of sciences, when this 
volume reachea their handa to  find in it dynamical ex- 
planations of every one of the diELiculties with which 
we were concerned from the first to the last of our twenty 
lectures of 1884. All of us will, I am sure, feel sym- 
pathetically intereated in knowing that two of ourselves, 
Michelson and Morley have by their great experimental 
work on the motion of ether relatively to the earth, raised 
the one and only serious objection against our dynamical 
explanations. 

This Michelson and Morley experiment of 1887, 
through the theoretical investigations of Lorentz and 
others, kept growing in importance until it finally 
stimulated Einstein to evolve his relativity theory. 

According to this theory space and time can not be  
considered as existing independently of one another, 
They can not in any sense be regarded as absolute bu8 
are both dependent upon the point of view of the ob- 
server. Fo r  example, Einstein showed that it has no, 
meaning to say that two events which took place a t  s 
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p e a t  distance apart occurred simultaneously. Some 
.observers knowing of both events would have to say 
that  event A occurred before B, while other observers 
moving at  a different velocity from the &st observers 
would conclude that B occurred before A. 

It is not my plan to try to explain the relativity 
theory to you even if I knew how to do so, but it is 
rather to discuss the way in which this theory and 
cothers of a somewhat similar nature have gradually 
brought about profound changes in the view-point of 
the  physicists and how similar changes are beginning 
t o  occur in the attitude of the chemists. The impor- 
tance of Einstein's work thus lies not so much in the 
facts or phenomena that can be explained by the rela- 
tivity theory as in the discovery of a new way of 
thinking as applied to physics. Somewhat similar 
methods of thought had, it is true, been used in some 
branches of mathematics and sometimes in philoso- 
phy, but Einstein subjected our elementary concep- 
tions of space, time, mass, energy, etc., to a searching 
analysis quite new in the history of physics. 

Concepts involve operations.-Professor I?. W. 
Bridgman, of Harvard University, has recently writ- 
ten a popular book entitled "The Logic of Modern 
Physics" in which he analyzes the changes in our 
concepts that have resulted primarily from Einstein's 
work. Bridgman's thesis is that physical concepts 
have meaning only in so far  as they can be defined in 
terms of operations. He  shows that this new attitude 
towards our fundamental conceptions is perhaps one 
of the greatest changes that have been brought about 
by Einstein's work. There is no question in my mind 
but that the recent remarkable advances in quantum 
mechanics that have been made by such men as Bohr, 
Heisenberg, Schroedinger and Dirac have been stimu- 
lated by the desire to formulate all concepts in terms 
of operations. Bridgman has not originated this 
method, but he, more than any one else, qerhaps, has 
been conscious of its wide-spread application in mod- 
ern physics. 

I should like to outline to you the way in which 
Bridgman develops this thesis and to consider how 
well it applies to the most recent changes that have 
taken place in physics and in chemistry. I believe 
the chemist can derive great benefit from the con-
scious application of a similar critical attitude in his 
own science. 

Bridgman points out that "hitherto many of the 
concepts of physics have been defined in terms of their 
properties." An excellent example is Newton's con-
cept of absolute time. The following quotation from 
Newton's "Principia" is illuminating : 

I do not deftne Time, Space, Place or Motion, as being 
well known to all. Only I must observe that the vulgar 
conceive those quantities under no other notions but from 

the relation they bear to sensible objects. And thence 
arise certain prejudices, for the removing of which, it will 
be convenient to distinguish them into Absolute and 
Relative, True and Apparent, Mathematical and Common. 

(1) Absolute, True and Mathematical Time, of itself, 
and from its own nature flows equably without regard to 
anything external, and by another name is called Dura- 
tion. 

Thus, according to Newton, time and space have 
properties of a very abstract kind and are looked 
upon as "things" which exist independently of all 
other things. There is, however, as Bridgman says, 
('no assurance whatever that there exists in nature 
anything with properties like those assumed in the 
definition, and physics, when reduced to concepts of 
this character, becomes as purely an abstract science 
and as far  removed from reality as the abstract geom- 
etry of the mathematicians." Nevertlaeless, these con- 
ceptions of space and time prevailed until the rela- 
tivity theory was proposed. 

I n  the development of his theory Einstein, in ana- 
lyzing the concepts of space and time, considered 
what means are available by which an  observer can 
measure distances between two points on a rapidly 
moving object. For example, imagine two planets 
moving past one another at  high velocity, and two ob- 
servers, one on each planet, provided with means for 
observing each other and communicating with each 
other; such means, for example, as light signals. Ein-
stein asks, what are the operations by which the two 
observers could compare their units of length and 
time. He finds that each observer would logically 
conclude that the other observer's unit of length is 
shorter than his own, and that the other's unit of time 
is longer than his own. Einstein thus proved that 
there can be no such thing as absolute length or time, 
or rather proved that the concept of absolute time has 
no meaning, for we have not been able to conceive of 
any method for determining the absolute time of any 
event. 

I n  order to illustrate his thesis Bridgman considers 
in detail the concept of length. Probably one of the 
earliest concepts of length was obtained by counting 
the number of unit lengths that can be placed end to 
end between two given objects. For example, the 
number of paces are counted in walbing from one ob- 
ject to another. An extension and refinement of this 
method is employed to-day when the standard meter 
at  the Bureau of Standards is compared with a steel 
tape and this is then used to lay off a base line for a 
survey by triangulation. 

As Bridgman suggests, it was one of the greatest 
discoveries of the human race to find that these opera- 
tions performed with a measuring-rod afford a useful 
and convenient means of describing natural phe-
nomena. 
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During the transition from the earliest pacing of 
distances to our modern refined measurements with 
the meter stick the concept of length itself must have 
undergone radical modifications, since the operations 
involved had been modified. For example, if dis-
tances are to be paced, it has no meaning to consider 
distances of 1/1000 of a pace unless the concept is 
modified to include arbitrarily chosen methods by 
which a length equal to 1/1000 of a pace may be de- 
termined. I n  our modern measurements with a steel 
tape we must measure the temperature of the tape 
and the force used in holding the tape taut, and then, 
by means of the coefficient of expansion and the co- 
efficient of elasticity, apply corrections to the observed 
length. It is hard to see what methods primitive 
man could have used in applying such corrections to 
his distances measured by pacing. 

Why do we now apply such corrections? Merely 
because it has been found by experiment that the re- 
sult that we get by applying such corrections is a 
quantity which proves to be more useful in describing 
natural phenomena than the results we get without 
these corrections. We must not think that we do it in 
order to obtain the "true" or "absolute" length. 

To-day we have many other methods of measuring 
length than by use of measuring-rods or steel tape. 
For example, we use optical instruments and measure 
distances by triangulation; we measure heights in the 
atmosphere by means of a barometer; we measure the 
distances of spiral nebulae by measuring the bright- 
ness of the Cepheid variables observed in them by our 
most powerful telescopes; we measure the lengths of 
molecules by finding the area of a water surface over 
which a given amount of oil will spread; we calculate 
the diameters of molecules by measurements of the 
viscosity of gases by means of the kinetic theory or 
we use X-ray diffraction patterns or, finally, we cal- 
culate the diameter of an electron from its mass and 
charge by means of the electromagnetic theory, as-
suming that all the energ.y of the electron lies in the 
electric field outside of its surface. 

Now each of these measurements of length involves 
an entirely different set of operations and therefore, 
fundamentally, according to Bridgman, we should re- 
gard them as different concepts; logically, in fact, 
they should all have different names. It has, how- 
ever, been found as a matter of experiment that two 
or more of these methods when applied to the measure- 
ment of the same distance give results which agree 
more or less with one another. This, then, is our 
justification for calling all these concepts by the same 
name, length. 

We may, if we wish, extrapolate and predict that 
by applying suitable corrections to each of these 
methods of measuring lengths we may be able to get 

better and better agreement between them. Such 
methods of extrapolation may be useful and stimulat- 
ing, but we must always expect that sooner or later we 
will be unable to obtain agreement between these 
methods with more than a limited degree of accuracy. 
This may not be due merely to experimental d81- 
culties but may often result from unavoidable fuzzi- 
ness in the concept itself. Such concepts as the 
diameter of a complicated molecule or the mean free 
path of a molecule in a gas are inherently f u z q  con- 
ceptions and can mean not much more than when we 
speak of the diameter of a tree or of the length of the 
waves during a storm at  sea. 

Perhaps the strongest reason for the general belief 
in the existence of an absolute space lay in the ap- 
parently perfect agreement between our measure-
ments of length and the theorems of Euclidean 
geometry. During the last century, however, mathe- 
maticians began more and more to realize that 
Euclidean geometry was only one out of many pos- 
sible logical geometries, and since all these were based 
solely on certain axioms or postulates none of them 
had any real or necessary connection with physics. 
The apparent agreement between our physical ob-
servations and Euclidean geometry, therefore, does 
not prove that space must have the properties postu- 
lated in Euclid's axioms. 

Models.-As chemists, we are all more or less 
familiar with various models of atoms and molecules 
that have been proposed within recent years. The 
structural formulas which the organic chemists have 
used for a good part of a century are another exam- 
ple of an extremely useful type of model. I want to 
discuss later some of the models which the physicists 
have used in giving more concrete forms to their 
theories. Logically, I believe, we should regard 
Euclidean geometry as a model devised primarily to 
help us "explain" natural phenomena. 

Observation of nature reveals great complexity. 
We receive enormous numbers of impressions simul- 
taneously, and if we are to make progress in under- 
standing phenomena we must concentrate on certain 
aspects of the things we see about us and thus discard 
the less important features. This involves a process 
of replacing the natural world by a set of abstractions 
which we have become very skilful in choosing in such 
a way as to aid us in classifying and understanding 
phenomena. Thus it was found useful to develop 
concepts or abstractions such as shape, position, dis- 
tance, etc., and to separate these characteristics of the 
phenomena from others such as color, hardness, etc. 
Euclidean geometry was found useful in correlating 
these concepts of shape, position, etc. 

Physicists and chemists have usually felt that they 
understood a phenomenon best when they could ex- 



plain it in terms of a model or concrete picture. The 
chemist explained the law of multiple combining pro- 
portions in terms of atoms which combine together to 
form molecules. The heat conductivity, viscosity, etc., 
of gases were explained by the kinetic theory, with 
molecules making elastic collisions with one another 
according to the laws of probability. 

When we use the atomic or molecular theories to 
explain phenomena in this way we assign to the atoms 
and molecules only those properties which seem 
needed to accomplish the desired result; we do not 
consider what the atom is made of or what is its 
structure, but usually feel justified in assuming 
properties which are as simple as possible. For ex- 
ample, in the elementary kinetic theory it is assumed 
that the molecules are hard elastic spheres, not be-
cause any one really believes that molecules have 
these properties, but merely because these are the 
simplest properties we can think of which are con- 
sistent with the known facts. 

What we really do, therefore, is to replace in our 
minds the actual gases which we observe and which 
have many properties which we do not fully under- 
stand, by a simplified model, a human abstraction, 
which is so designed by us that i t  has some of the 
properties of the thing we wish to displace. 

There is thus a dif£erence of degree rather than of 
kind between the adoption of a mechanical model and 
the development of a mathematical theory such as 
Euclidean geometry. When the mathematical physi- 
cist develops an abstract theory of actual phenomena, 
for example, Hamilton's equations to summarize the 
laws of mechanics, he is in reality constructing a 
mathematical model. Mathematical' equations have 
certain definite properties or rather they express cer- 
tain relationships between the symbols which enter 
them. I n  a mathematical theory of physical phe- 
nomena the equations are so chosen that the relation 
between the symbols corresponds in some simple way 
to that which is observed between measurable physical 
quantities which are the bases of our concepts of 
physics. 

Within recent years, especially in the development 
of the relativity and quantum theories, physicists have 
been making increasing use of mathematical forms of 
expression, and have been giving less attention to the 
development of mechanical models. The older gen- 
eration of physicists and chemists and those among 
the younger men who are less skilled in the use of 
mathematics are inclined to believe that this is only 
a temporary stage and that ultimately we must be able 
to form a concrete picture or model of the atom, that 
is, to get a picture of what the atom is really like. It 
seems to be felt that a mechanical model whose func- 
tioning can be understood without the aid of mathe- 
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matics, even if it only gives the qualitative representa- 
tion of the phenomena in question, can represent the 
truth in some higher sense than a mathematical theory 
whose symbols perhips can be understood only by a 
mathematician. 

There is, I believe, no adequate justification for 
this attitude. Mechanical models are necessarily very 
much restricted in scope. The relationships of their 
parts are limited to those that are already knownin 
mechanics (or in electricity or magnetism). Mathe-
matical relationships are far  more flexible; practically 
any conceivable -quantitative or qualitative relation- 
ship can be expressed if desired in mathematical 
form. We have no guarantee whatever that nature 
is so constructed that it can be adequately described 
in terms of mechanical or electrical models; it is much 
more probable that our most fundamental relation- 
ships can only be expressed mathematically, if at  all. 

I n  analyzing our attempts .to describe nature, we 
have discussed concepts, models and mathematical 
theories. We find that they are all alike in that they 
represent human abstractions which are found con-
venient in describing nature. Going back a step 
further we must recognize that words themselves con- 
stitute elementary concepts. They are, it is true, 
much more vaguely defined than our concepts of 
physics and chemistry, but qualitatively they are very 
much like the latter, in fact, most of our misunder- 
standings in science arise from assigning reality to 
concepts whose main reason for existence is the fact 
that they are represented by a word. Logically we 
should aim to define our words in terms of operations. 
We should have in mind specifications by which we 
can test whether or not the word is properly appli- 
cable. 

The progress of science depends largely upon: (1) 
giving to words meanings as precise as possible; (2) 
definitions of concepts in terms of operations; (3)  
development of models (mechanical or mathematical) 
which have properties analogous to those of phe-
nomena which we have observed. 

A great deal of time and effort is wasted in scien- 
tific circles as well as in the world at  large through 
failure to give sufficiently definite or useful definition 
of words and concepts. Bridgman emphasizes this 
in connection with his discussion of "Meaningless 
questions." 

I n  some cases questions fail to have meaning be- 
cause of the more or less inherent fuzziness of the con- 
cepts involved. For example, if we compare two 
trees of about the same size it may have no meaning 
to ask which tree has the larger diameter, for no one 
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has defined the diameter of a tree with the necessary 
precision. 

A more important class of meaningless questions 
arises when there are no conceivable operations that 
could be performed to arrive at  a decision. For ex- 
ample, what is the meaning of the question, "Would 
the United States have entered the World War if the 
Lusitalzia had not been sunk?" Such a question may 
be a good subject for a school debating society, but 
no one is apt to think that the question has thereby 
been answered. 

A study of meaningless questions may serve a very 
useful purpose in science. A statement that a certain 
question has no meaning may be equivalent to stat- 
ing a fundamental law of nature, for example, to say 
that the question "What is the true velocity of the 
North Star through space?" has no meaning is a fairly 
good statement of at  least a part of the relativity 
theory. 

I n  some cases it may have no meaning to ask 
whether or not there is a magnetic field in a certain 
portion of space. For example, suppose an observer, 
stationary on the earth, studies an electron in motion. 
The motion of an electron constitutes an electric cur- 
rent and experimentally he will observe the character- 
istic magnetic field surrounding this electron corre-
sponding to this current. I f  another observer moves 
along with the electron, it will appear to him to be 
at rest, and of course he can observe no magnetic 
field. Otherwise, the presence or absence of a mag- 
netic field around an electron or group of electrons 
could be used to determine absolute motion through 
space, which would be contrary to the relativity 
theory. The relativity theory thus requires that a 
magnetic field can have no real existence in any ab- 
solute sense. 

We have seen that there are fundamentally as many 
different concepts of length as there are different ways 
in which length may be measured, but nevertheless we 
find approximate agreement between different ways of 
measuring the diameter of molecules and therefore 
are justified in assigning some reality to the concept 
diameter of molecule. When, however, we ask what 
is the diameter of an electron, we find that the ques- 
tion is practically without meaning. I t  is true that 
we can calculate a diameter by assuming that the 
electron behaves like a charged sphere and that the 
classical laws of electrodynamics can be applied in 
this case. However, since we have no independent 
way of measuring this diameter, the process is one 
which involves reasoning in a circle. 

There are many meaningless questions which afflict 
the chemist. I t  clearly has no meaning to ask what 
is the molecular weight of sodium chloride in a crystal. 
It is very doubtful whether it has any meaning to ask 

what is the molecular weight of water in liquid water. 
There are many cases where the concept of tempera- 
ture has no definite meaning. Strictly speaking, 
temperature acquires meaning in terms of operations 
only in so far  as an approach is made to equilibrium 
conditions. When the motion of molecules or atoms 
follows Maxwell's distribution laws, that is, a ran-
dom or probability distribution of velocity among the 
molecules, the concept of temperature becomes very 
definite. If, however, we deal with mercury vapor 
streaming into a high vacuum, or the conditions near 
a hot tungsten filament in a gas of low pressure, 
temperature has very little meaning. The same is 
true of the conditions frequently existing in an elec- 
tric discharge tube such as a mercury arc where the 
electrons act as though they had a temperature of 
perhaps 50,000°, whereas the atoms have motions cor- 
responding to far  lower temperatures. Strictly 
speaking, neither the electrons nor atoms have well- 
defined temperatures, for the conditions are far  re- 
moved from equilibrium. 

I n  much of the recent discussion of the radiation 
hypothesis of chemical reactions, chemists have been 
discussing meaningless questions usually without 
realizing it. At first it was proposed that the radia- 
tion is absorbed by the reacting gas to form excited 
molecules in accordance with Einstein's photochemical 
law. When this is found not to be in accord with 
experiment, the concept of radiation is altered re-
peatedly as new experimental facts are found so as 
to make the modified theory continue to fit the facts. 
After this process has been carried on sufficiently it 
no longer has any meaning to ask whether the reac- 
tion is caused by radiation or whether the radiation 
hypothesis is true. 

I n  the studies of the properties of liquids, questions 
of the degree of ionization and of association and in 
some cases of internal pressures have been discussions 
of questions without meaning. A great deal of such 
discussions might be simplified or even avoided en- 
tirely if chemists would agree in defining these con- 
cepts in terms of operations. 

Theories of valence within recent years have been 
afflicted with the same difficulties. As long as chem- 
ists deal with the ordinary valence rules of organic 
chemistry, they are dealing with concepts of valence 
which are actually defined in terms of operations; 
that is, the organic chemists know how to conduct 
experiments to prove that the valence of nitrogen in 
dimethyl aniline is 3. The types of operations needed 
to establish the valence of magnesium in magnesium 
chloride are in many ways quite different,. and they 
are still different if we consider the case of so-called 
quinquevalent nitrogen in ammonium chloride or 
heptavalent chlorine in perchloric acid. I believe 
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that the chemist has much to learn from the physicist 
in regard to the proper method of attacking such 
problems a s  these. 

The electrochemist has been troubled in locating 
the source of electromotive force in cells. The 
physicist has similar d%culty in &ding the origin of 

. 

the contact potential between metals. Fundamentally 
it must be recognized that unless or until there are 
methods by which these quantities can be measured, 
questions involving them have no meaning. 

A practical example of the meaninglessness of some 
questions involving electric potential has recently 
arisen in the numerous proposals that have been made 
to construct a speed indicator for aeroplanes which 
will give the speed with respect to the earth's surface 
independently of that of the wind surrounding the 
plane. It is reasoned that since the plane is moving . 

through the earth's magnetic field a potential will be 
set up  between the ends of a wire stretched between 
the wing's tips. It is only necessary to measure this 
potential difference in order to calculate the speed of 
the plane with respect to the earth. Careful analysis 
shows that the concept of the potential difference un- 
der these conditions is meaningless except with refer- 
ence to a particular reference system. I f  this sys- 
tem is referred to the plane itself, this potential dif- 
ference is zero, quite regardless of what the speed of 
the plane may be with reference to the earth. A con-
trary result would conflict with the relativity theory. 

Meaningless questions will assume far greater im- 
portance in future years. We shall see that the latest 
forms of the quantum theory now give us the best of 
reasons for believing that the identity of separate 
electrons within atoms or molecules may be partly 
or wholly lost so that it may have no meaning to ask 
whether a particular electron we find as a result of 
experiment is the same electron which has previously 
produced an observed phenomenon. Even more far  
reaching in its consequences is the Bohr-Heisenberg 
uncertainty principle -according to which it has no 
meaning to ask what is the precise position and 
velocity of an electron or atom. An electron may 
have a definite position or a definite velocity, but it 
can not in any exact sense have both. This doesn't 
mean merely that there are experimental difficulties 
in measuring them; it means that the concepts them- 
selves (position and velocity) are relative to one an- 
other in a sense somewhat analogous to that of time 
and space in the relativity theory. 

One's instinctive reaction when first questioned as 
to the objective reality of space, time, position, 
velocity, etc., is to object to such consideration on the 
grounds that they are too metaphysical. The recent 
advances in physics demonstrate that these methods 
of thinking are eminently practical; they represent, 

in fact, an attempt to get away from the metaphysical 
character of much of our thinking in the past. In-
stead of taking for granted objective realities corre-
sponding to our concepts we now deal with things 
which can be measured in the laboratory, the concrete 
data that we have to start from. 

I t  is, however, very useful to retain the concept of 
reality. Bridgman suggests that -reality should be 
measured by the number of and the accuracy of the 
independent ways in which we arrive at similar 
measures of the concept in question. For example, 
owing to the fact that we have so many concordant 
methods of measuring the distance between the ends 
of a base line used for triangulation we attribute great 
reality to the concept of length, or rather, to those 
concepts of length which are applicable in cases of 
this kind. We thus have some justification for  saying 
that two points are really one kilometer apart. We 
do not attribute, however, much reality to the concept 
of the diameter of an electron. 

Thirty years ago the physical chemist doubted the 
existence of atoms or believed the concept was useless 
if not pernicious. A few years later the leader of this 
movement, Ostwald, in the preface of one of his books 
stated that he believed that the existence of atoms had 
been proved experimentally beyond question, although 
in previous books he had stated that there is always 
an infinite number of hypotheses that could be ad- 
vanced to explain any given set of experimental facts. 

To-day, what can we say in answer to the question 
"Does matter really consist of atoms?" Must we say 
that this is one of those meaningless questions? .Of 
course, the amount of meaning that can be attached 
to any such question depends upon the definitions of 
the words and concepts which it contains. I f  we 
mean by atoms indivisible and indestructible, infinitely 
hard, elastic spheres, we are compelled to answer the 
question in the negative. I n  accordance with modern 
usage, however, we do not attribute any such proper- 
ties to the atom. If, by the use of the word atom, we 
mean to imply principally the concept that matter 
consists of discrete particles which can be counted by 
the various methods which are now known for this 
purpose, we have the very best of reasons for answer- 
ing the question in the affirmative. I f  in our studies 
of nature we discover evidences of discontinuities or 
of the presence of discrete natural units which can 
be correlated in a definite way with the numerical 
integers, we have come, it would seem, about as close 
to something absolute in nature as we can hope to get. 
Einstein in the relativity theory has taught us to look 
upon the intersection of world lines as the data upon 
which, our observations of nature rest. Such points 
of introductions, which can be called events, are 
essentially discontinuities. I n  general, they are all 
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unlike one another. When we find in nature discrete 
units which in many respects appear to be identical 
with one another, and we can count these units, it 
would seem that the number of these units which we 
obtain as a result is apt  to be independent of our 
system of reference, therefore they have in general 
a certain kind of absolute significance. 

I n  this respect, therefore, it seems that the atomic 
theory and the quantum theory in which integers play 
such a fundamental r81e may be considered as repre- 
senting reality to a higher degree than almost any 
other of our physical and chemical theories. 

Skepticism in regard to an absolute meaning of 
words, concepts, models or mathematical theories 
should not prevent us from using all these abstractions 
in describing natural phenomena. The progress of 
physical chemistry was probably set back many years 
by the failure of the chemists to take full advantage 
of the atomic theory in describing the phenomena 
that they observed. The rejection of the atomic 
theory for this purpose was, I believe, based primarily 
upon a mistaken attempt to describe nature in some 
absolute manner. That is, it was thought that such 
concepts as energy, entropy, temperature, chemical 
potential, etc., represented something far  more nearly 
absolute'in character than the concept of atoms and 
molecules, so that nature should preferably be de- 
scribed in terms of the former rather than the latter. 
We must now recognize, however, that all these con- 
cepts are human inventions and have no absolute in- 
dependent existence in nature. Our choice, therefore, 
can not lie between fact and hypothesis, but only be- 
tween two concepts (or between two models) which 
enable us to give a better or worse description of 
natural phenomena. By better or worse we mean 
approximately: simpler or more complicated, more or 
less convenient, more or less general. If we compare 
Ostwald's attempts to teach chemistry without the use 
of the atomic theory with a good modern course based 
upon the atomic theory, we get an understanding of 
what should be meant by better or worse. 

The more recent advances in atomic theory which 
have resulted from the development of the quantum 
theory and which have given us our present knowledge 
of atomic structure afford us interesting applications 
of the new methods of thought, first introduced into 
physics and chemistry by the relativity theory. 

The older atomic and molecular theories of the 
chemists took on more definite form through the de- 
velopment of the kinetic theory of gases, and through 
the electron theory and the study of radioactivity 
developed to a point where the atom is conceived of 
as a nucleus consisting of a definite number of elec- 
trons revolving around the nucleus. The atom ceased 
to be indestructible and was no longer the smallest 

particle of matter which could take part i n  a chemical 
reaction. The nucleus, rather than the atom, became 
characteristic of the chemical elements. The chemical 
properties of the atom, however, depended upon the 
number and arrangement of electrons. 

Bohr in 1913 developed a marvelous new theory of 
the atom by combining Planck's quantum theory with 
a relativity theory of the nuclear atom. He evolved 
several new quantitative mathematical relationships 
with new concepts such as energy levels, quantum 
states, etc., and showed how the spectra of elements 
could be explained in terms of these new concepts. 
He also gave a mechanical model consisting of elec- 
trons revolving in orbits about the nucleus according 
to laws which were partly classical and partly incon- 
sistent with classical laws. This model enabled him to 
derive certain mathematical equations from which he 
was able to calculate the frequencies corresponding 
to the different lines in the spectra of hydrogen and 
other elements, these frequencies being obtained from 
fundamental quantities such as the charge and mass of 
the electron and the quantum constant h, and did not 
involve any quantities dependent on the properties 
of the elements in question. The agreement between 
the theory and experiment was practically perfect, 
often enabling the frequency to be calculated with an  
accuracy of one part in two hundred thousand. 

Such remarkable success made most physicists and 
chemists believe that Bohr's model, for the hydrogen 
atom at  least, was substantially correct. That is, 
they believed that Bohr's work proved that in a 
normal hydrogen atom the electron really described a 
circular orbit around a nucleus having a diameter and 
a frequency given by Bohr's model. Bohr himself 
never attached any such importance to the mechanical 
model, realizing that the important steps that he had 
taken consisted mainly in the introduction of new 
concepts and more particularly in the mathematical 
equations by which the observed frequencies in the 
spectral lines could be calculated. 

Within recent years, largely through the work of 
Bohr himself and his students and Sommerfeld, 
Schroedinger and others, this theory of the hydrogen 
atom has undergone changes. According to Bohr's 
original model the radiation of energy corresponding 
to a spectral line resulted from a transition in which 
the electron passed from one stationary orbit to an- 
other. No physical picture of this transition seemed 
possible. To account for the known phenomena it 
seemed necessary that the transition should occur so 
rapidly that the electron would have to move from 
one orbit to another with a velocity greater than that 
of light, and yet the train of waves in the resulting 
radiation lasted for relatively long periods of time, 
about lo-* second. Radiant energy could be  ob-
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sorbed by the atom only if the frequency was just 
that which was capable of transferring an  electron 
from one orbit to another definite orbit. Thus, only 
one frequency could be obsorbed a t  a time by an 
atom. It was found, however, that the frequencies 
corresponding to many lines could be scattered by a 
single atom. This seemed to require the presence 
within any given atom of a number of oscillators as 
great as the number of lines in the spectrum. One 
of the greatest arguments in favor of the original 
Bohr theory was that it avoided just this sort of com- 
plication in the atom. 

To get rid of difficulties such as these, Heisenberg 
and Born realized that it was necessary to sweep out 
of the theories of atomic structure the many concepts 
which were characteristic of the mechanical models 
that had been proposed and to develop a mathematical 
theory of the atom which would involve only concepts 
that were definable in terms of operations. That is, 
the theory was one that dealt more directly with 
measurable quantities such as the frequencies of spec- 
tral lines. New methods of matrix calculus had to be 
evolved, a kind of calculus of discontinuities or dis- 
crete quantities instead of the calculus of oontinuous 
quantities which had characterized classical mechanics. 

Only a little later Schroedinger, by developing De 
Broglie7s wave theory of quantum phenomena, was 
able to build up a theory that we will now refer to as 
the wave mechanics, according to which the whole 
atom with all its electrons can be looked upon as a 
wave phenomenon. The electrons are no longer con- 
sidered to be moving in orbits. For example, the 
hydrogen atom is found to have spherical symmetry 
instead of the axial symmetry of the old Bohr model 
of the atom. Yet this theory leads to identically the 
same equations for the frequencies of the lines in the 
hydrogen spectrum. We must not say that Bohr's 
theory of the hydrogen atom has been overthrown. 
Bohr's mechanical model has been superseded, but 
the more important model which is represented by the 
equations and the concepts which he evolved is even 
better to-day than it was when it was first proposed. 

The wave mechanics which involves the calculus of 
continuous variables is not now in conflict with the 
Born matrix calculus of discrete quantities. The two 
theories are essentially merely different mathematical 
methods applied to a single fundamental problem. 
The resulting mathematical equations always agree 
with one another. One begins to believe that the 
mathematical theory is a far  better model* of the atom 
than any of the mechanical models which are possible. 

The long-standing conflict between the wave theory 
of light and the corpuscular quantum theory now dis- 
appears with the new wave mechanics, the two aspects 
of light being somewhat analogous to the two aspects 
of the quantum theory; the wave mechanics and the 

matrix mechanics. I n  fact, the quantum theory now 
indicates that the electron itself can be regarded as a 
particle or as a wave just as light can be thought of 
as a photon or a wave. Whatever remained of the 
conflict between the wave and corpuscular theory of 
light and the electron seems now to be fundamentally 
removed by the Bohr-Heisenberg uncertainty princi- 
ple. To ask whether an  electron is a particle or a 
wave is a meaningless question; the same is true of 
the question whether light consists of corpuscles or 
waves. One must answer that both of these are 
particles or waves according to the kind of operations 
that we may perform in observing them. If we make 
an experiment which proves that an electron has a 
very deflnite position then it would seem to prove that 
it is a particle. In  that case, however, according to the 
uncertainty principle, we are not able to determine 
accurately the velocity and therefore can not predict 
where the particle will go. 

Bohr has emphasized that the essential reason that 
the classical theory falls down in any detailed de- 
scription of atomic phenomena is that our knowledge 
of such atomic systems can only be obtained through 
an act of observation which makes the observer in- 
herently a part of the system. On the classical theory 
we assume that we could have knowledge of a com- 
pletely closed system as though it were possible to 
know anything of what would go on in a strictly 
closed system. I n  order to make an observation some 
signal must be transmitted from the system to our- 
selves, and if we take this interaction completely into 
account we are forced to the quantum theory with its 
uncertainty principle. 

An interesting feature of this new quantum me-
chanics is that the original conception of the relation 
between cause and effect which was universally ac-
cepted in science has lost its meaning. Atomic proc- 
esses seem to be governed fundamentally by the 
,	law of probability. It has no meaning to ask when 

will a particular radium atom disintegrate, for no 
operation is conceivable by which such an event could 
be predicted. The same is true of every individual 
quantum process. We have no guarantee whatever 
that the expulsion of an a-particle from an atom of 
radium has any immediate cause. I n  chemistry the 
formation of nuclei in supercooled liquids, etc., must 
be essentially quantum phenomena in which no cause 
can be assigned for the formation of the individual 
nucleus. By varying the conditions we may alter the 
probability that a nucleus will appear at  a given 
point, but in no absolute sense can we ever make a 
nucleus form through a direct cause. 

By a deeper analysis of this question of causality 
Bohr concludes that we have an option of two alter- 
native descriptions of natural phenomena. I f  we 
choose to describe phenomena in terms of ordinary 
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space and time then we must abandon causality. We 
may, however, retain the conception of causality if 
we are willing to describe atomic phenomena in terms 
of what the mathematician calls configuration space. 
Consider, for example, a helium atom with its two 
electrons. If  we attempt to give the position of both 
of these electrons in space we would need a set of 
three coordinates, x) 21) #) for each of the electrons; 
that is, six coordinates in all, three of which belong 
to one and three to the other electron. The mathe- 
matician, however, finds that the two electrons in 
general could also be described by one point in six- 
dimensional space, for such a point has six co-
ordinates. This is a representation of two electrons 
as a single point in a configuration space of six 
dimensions. Now it turns out from Schroedinger's 
theory that the motion of electrons, or rather of the 
waves corresponding to them, can be completely de- 
scribed in the case of the helium atom by a quantity 
which has a particular value at each point in this six- 
dimensional space or configuration space. The helium 
atom, however, can be described in terms of the 
motion of two electrons in three-dimensional space if 
we are content merely to know the probabilities that 
the electrons may be found at  any point in this space. 

These matters undoubtedly seem very abstract to 
those of you who have not previously become familiar 
with them. I give them here mainly in order to 
illustrate how far the modern concepts of physics 
differ from those of twenty years ago. 

I f  we must thus abandon our ordinary ideas of 
cause and effect, it may be asked why have the physi- 
cist and chemist so long believed that the whole teach- 
ing of science gave proof that every phenomenon 
resulted inevitably from the causes that led to it. I 
think the answer is that in the past scientists chose 
as the subjects for their investigations almost wholly 
those phenomena in which such definite relations as 
cause and effect could be found. These phenomena 
are those in which such enormous numbers of 
individual quantum phenomena are grouped together 
that the result is determined only by their averages. 
For example, when we study the variation of the 
pressure with the volume of a gas, the forces that we 
measure result from the impacts of great numbers 
of molecules, the average force remaining steady and 
definite. If, however, we had only one molecule in 
a small volume the pressure exerted on the walls 
would be zero except for those instants at  which the 
molecule struck the wall. I t  would then be impossi- 
ble to predict in advance what the pressure would be 
at  a particular time. 

I think that in trying to estimate the reliability of 
any of our scientific knowledge we should keep in 
mind that the whole complexion of a science may be 
made to change by the psychology of the investi- 

gators which governs the choice of the subjects that 
are investigated. 

Our best knowledge of time and its relation to 
other concepts is that which we have obtained through 
Einstein. Yet in the whole relativity theory there is 
nothing to distinguish between positive and negative 
time, that is, between future and past, any more than 
there is between different directions in space, such 
as right and left. There thus appears to be some-
thing curiously incomplete in our knowledge of time, 
for every one of us knows the vast practical difference 
between past and future. Eddington in his recent 
book, "The Nature of the Physical World," discusses 
the "arrow of time: at  some length. He suggests 
that the second law of thermodynamics is the only 
fundamental law of nature which provides us with 
any distinction between future and past. One way 
of stating this law is that all spontaneous processes 
that occur in nature involve an increase in entropy. 
Eddington thus proposes that the positive direction 
of time can be defined as that direction in which the 
entropy increases. I f  we had a system in absolute 
equilibrium the entropy would be constant, and there 
would then be no arrow of time. This is in accord 
with the fact that in such a system there are no 
changes with time. 

I t  is improbable that there are two independent 
fundamental factors which provide an arrow for time, 
so that it would seem that Eddington in having found 
one such factor has found the only one. There are, 
however, grave difficulties with this view. An arrow 
is a vector quantity which should have magnitude as 
well as direction. Now the rate of change of entropy 
does not seem to give us any measure of time. For 
this purpose we use phenomena which are as nearly 
reversible as possible, such as the swinging of a 
pendulum in vacuum. 

Fundamentally, entropy is a measure of random- 
ness. A random distribution of molecules in space 
and velocity is a system having the maximum entropy. 
I f  we throw a pack of cards out of the window and 
collect them from the ground they have become effee- 
tively shuffled. We would not expect by this process 
starting with a shuffled pack of cards to find them at  
the end in the order in which they came from the 
manufacturer. The direction in which the random- 
ness increases thus provides an arrow for time. This 
arrow is, however, equivalent to that involving the 
increase of entropy. 

It is still an open question, however, whether pro* 
esses directed by intelligent beings may not involve 
a decrease in entropy. I n  fact, it seems conceivable 
that the evolution of organic life on the earth is in 
some measure fundamentally contrary to the second 
law of thermodynamics. The inherent tendency of 
evolution seems to be to bring about an ordered 
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rather than a random arrangement of parts, and in 
the future, perhaps, forms of life may evolve which 
cause a decrease of entropy on a large scale. Are 
we then to have some parts of the universe in which 
the all.ow of time points in the opposite direction 
from that in neighboring parts? 

Such s~e~u la t ions  It is, how- may seem fantastic. 
ever, I believe, of the utmost importance for the 
chemists and the physicists to evolve fundamentally 
sound conceptions of such things as time and entropy. 

The profound changes in physical thought, particu- 
larly those by the quantum t h ' o ~ ,  are 
rapidly bringing about a revolution in physical chem- 
istry' The third law of thermod~amics involving 
chemical constants has changed radically our methods 
of studying chemical eqailibria. The application of 
the quantum theory to band 'pectra promises be 
the utmost importance in chemistry. By enabling us 
to determine the moments of inertia of chemical mole- 
cules, the actual distances between the nuclei of the 
atoms in molecules can be found. Apparently our 
most accurate determinations of the heats of dissocia- 
tion of elementary gases can be obtained from the 
band spectra a. knowledge of the energy 
levels of the various possible states of the molecules. 
I n  recent numbers of the JozcrNal of the ~~~~i~~~ 

volved in chemical reactions far  better than they ever 
have before. 

Physics and chemistry are being inevitably d r a m  
closer together. I t  seems that there has never been 
a time when we can with such certainty rapid 
progress in fundamental chemistry, for the new 
theories of physics have as yet begun to be 
applied in the field of chemistry. The physicist, on 
the other hand, has much to learn from an inoreased 
howledge of chemical phenomena should pro-
~ d e  a richness data farhim with of 
greater than any he has yet had an opportunity to 
use. 

Unfortunately, although theoretical physics and 
are thus supplementing each other in many 

respects, are being merged into a new science, there 
are few men as yet that have received 
adequate training in both sciences. Before long, I 
hope, sharp distinctions between physics and chemis- 
try will no longer exist, but at  present there seems to 
be a very practical distinction. 

I n  order to find approximately how many chemists 
are also active as physicists, and vice versa, 1 have 

at loopages of the fourth edition of 
"American Men of Science" which 

Chemical Society, particularly in the paper of ~i~~~~~ the names of 13,500 American scientists. Of these, 

and Johnston, we see the beginnings of what prom- 
ises to be the most accurate and fertile source of 
knowledge of chemical equilibria. Froma detailed 
knowledge of the spectrum, for example of oxygen, 
and without recourse to any other experimental de- 
terminations, the specific heat at  all temperatures can 
be calculated, and the entropy of oxygen a t  all tern- 
peratures is thus found. This, together with the 
heats of reactions which may be found by a similar 
method, makes possible the calculation of the degree 
of dissociation of oxygen and will ultimately make 
possible the calculation of all chemical equilibria. 

The remarkable work of Dennison, Bonhoeffer and 
Eucken in predicting and isolating parahydrogen 
should prove to the chemist how many of his chemical 
discoveries will be obtained in the future by the ap- 
plication of these new theories of physics. 

Gurney and Condon have recently derived from the 
wave mechanics an explanation of the fundamental 
laws of radioactivity. Similar methods will probably 
before long en~b le  us to understand the processes in- 

approximately 2,700 are classed as chemists and 760 
as physicists. Of the chemists 87 per cent. are mem- 

bers of the American Chemical Society, while only 
2.5 per cent. belong also to the .American physical 
Society. Seventy-seven per cent. of the physicists are 
members of the American Physical Society, while 4-3 
per cent, are also members of the American chemical 

Society. Thus only about 3 per cent- of the physi- 
cists and chemists of the United States whose names 
are given in the ('American Men of science" belong 
both of the national societies. This leaves £ar 
small a number of men who are capable or are Prop- 
erly prepared to carry on the impohant work 
brin-hg these two sciences closer together. 

To pave the way for the coming revolutionary 
changes in chemistry we must be prepared to modify 
our methods of thinking, probably along lines now 
so prevalent in physics. But, above all, we must urge 
young chemists in the universities and after €Fadu- 
ation to become thoroughly well trained in mathe- 
matics and in modern physics. 

THE AMERICAN ASSOCIATION FOR THE ADVANCE- 

MENT OF SCIENCE 


THE MICHAEL P. RICH BEQUEST FOR THE creased by a bequest of $10,000 through the will of 
ADVANCEMENT OF SCIENCE the late Dr. Nichael P. Rich, of New Pork City, 

THE general endowment of the American Associa- who died on April 12, 1929. Dr. Rich had been a 
tion for the Advancement of Science has been in- member of the association since 1891, enrolledc in 


