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PIERRE DUHEM 

Physical Theory and Experiment 

The physicist who carries out an experiment, or 
gives a report of one, implicitly recognizes the accu
racy of a whole group of theories. Let us accept this 
principle and see what consequences we may de
duce from it when we seek to estimate the role and 
logical import of a physical experiment. 

In order to avoid any confusion we shall distin
guish two sorts of experiments: experiments of ap
plication, which we shall first just mention, and 
experiments of testing, which will be our chief con
cern. 

The Aim and Structure of Phydcai Theory, Philip P. Wiener) 
trans, (Princeton, NJ: Princeton University Press, 1954), pp. 
183-190. © 1954, renewed 1982 Princeton University Press. 
Reprinted by pennission of the publisher. 

You are confronted with a problem in physics to 
be solved practically; in order to produce a certain 
effect you wish to make use of knowledge acquired 
by physicists; you wish to light an incandescent 
bulb; accepted theories indicate to you the means 
for solving the problem; but to make use of these 
means you have to secure certain information; you 
ought, I suppose, to determine the electromotive 
force of the battery of generators at your disposal; 
you measure this electromotive force: that is what I 
call an experiment of application. This experiment 
does not aim at discovering whether accepted theo
ries are accurate or not; it merely intends to draw on 
these theories. In order to carry it out, you make use 
of instruments that these same theories legitimize; 
there is nothing to shock logic in this procedure. 
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But experiments of application are not the only 
ones the physicist has to perform; only with their aid 
can science aid practice, but it is not through them 
that science creates and develops itself; besides exper
iments of application, we have experiments of testing. 

A physicist disputes a certain law; he calls into 
doubt a certain theoretical point. How will he justifY 
these doubts? How will he demonstrate the inaccuracy 
of the law? From the proposition under indictment he 
will derive the prediction of an experimental fact; he 
will bring into existence the conditions under which 
this fact should be produced; if the predicted fact is not 
produced, the proposition which served as the basis of 
the prediction will be irremediably condemned. 

E E. Neumann assumed that in a ray of polarized 
light the vibration is parallel to the plane of polariza
tion, and many physicists have doubted this proposi
tion. How did O. Wiener undertake to transform this 
doubt into a certainty in order to condemn Neu
mann's proposition? He deduced from this proposi
tion the following consequence: If we cause a light 
beam reflected at 45° from a plate of glass to inter
fere with the incident beam polarized perpendicu
larly to the plane of incidence, there ought to appear 
alternately dark and light interference bands parallel 
to the reflecting surface; he brought about the condi
tions under which these bands should have been 
produced and showed that the predicted phenome
non did not appear, from which he concluded that 
Neumann's proposition is false, viz., that in a polar
ized ray of light the vibration is not parallel to the 
plane of polarization. 

Such a mode of demonstration seems as convinc
ing and as irrefutable as the proof by reduction to ab
surdity customary among mathematicians; moreover, 
this demonstration is copied from the reduction to ab
surdity, experimental contradiction playing the same 
role in one as logical contradiction plays in the other. 

Indeed, the demonstrative value of experimental 
method is far from being so rigorous or absolute: the 
conditions under which it functions are much more 
complicated than is supposed in what we have just 
said; the evaluation of results is much more delicate 
and subject to caution. 

A physicist decides to demonstrate the inaccu
racy of a proposition; in order to deduce from this 
proposition the prediction of a phenomenon and in
stitute the experiment which is to show whether this 

phenomenon is or is not produced, in order to in
terpret the results of this experiment and establish 
that the predicted phenomenon is not produced, he 
does not confine himself to making use of the phe
nomenon, whose nonproduction is to cut off debate, 
does not derive from the proposition challenged if 
taken by itself, but from the proposition at issue 
joined to that whole group of theories; if the pre
dicted phenomenon is not produced, not only is the 
proposition questioned at fault, but so is the whole 
theoretical scaffolding used by the physicist. The 
only thing the experiment teaches us is that among 
the propositions used to predict the phenomenon 
and to establish whether it would be produced, there 
is at least one error; but where this error lies is just 
what it does not tell us. The physicist may declare 
that this error is contained in exactly the proposition 
he wishes to refute, but is he sure it is not in another 
proposition? If he is, he accepts implicitly the accu
racy of all the other propositions he has used, and 
the validity of his conclusion is as great as the valid
ity of his confidence. 

Let us take as an example the experiment imag
ined by Zenker and carried out by O. Wiener. In 
order to predict the fonnation of bands in certain 
circumstances and to show that these did not appear, 
Wiener did not make use merely of the famous 
proposition ofE E. Neumann, the proposition which 
he wished to refute; he did not merely admit that in 
a polarized ray vibrations are parallel to the plane of 
polarization; but he used, besides this, propositions, 
laws, and hypotheses constituting the optics com
monly accepted: he admitted that light consists in 
simple periodic vibrations, that these vibrations are 
normal to the light ray, that at each point the mean 
kinetic energy of the vibratory motion is a measure 
of the intensity of light, that the more or less com
plete attack of the gelatine coating on a photographic 
plate indicates the various degrees of this intensity. 
By joining these propositions, and many others that 
would take too long to enumerate, to Neumann's 
proposition, Wiener was able to formulate a forecast 
and establish that the experiment belied it. If he at
tributed this solely to Neumann's proposition, if it 
alone bears the responsibility for the error this nega
tive result has put in evidence, then Wiener was tak~ 
iug all the other propositions he invoked as beyond 
doubL But this assurance is not imposed as a matter 



of logical necessity; nothing stops us from taking 
Neumann's proposition as accurate and shifting the 
weight of the experimental contradiction to some 
other proposition of the commonly accepted optics; 
as H. Poincare has shown, we can very easily rescue 
Neumann's hypothesis from the grip of Wiener's ex
periment on the condition that we abandon in ex
change the hypothesis which takes the mean kinetic 
energy as the measure of the light intensity; we may, 
without being contradicted by the experiment, let the 
vibration be parallel to the plane of polarization, pro
vided that we measure the light intensity by the mean 
potential energy of the medium deforming the vibra
tory motion. 

These principles are so important that it will be 
useful to apply them to another example;' again we 
choose an experiment regarded as one of the most 
decisive ones in optics. 

We know that Newton conceived the emission 
theory for optical phenomena. The emission theory 
supposes light.to be formed of extremely thin pro
jectiles, thrown out with very great speed by the sun 
and other sources of light; these projectiles penetrate 
all transparent bodies; on account of the various 
parts of the media through which they move, they 
undergo attractions and repulsions; when the dis
tance separating the acting particles is very small 
these actions are very powerful, and they vanish 
when the masses between which they act are appre
ciably far from each other. These essential hypothe
ses joined to several others, which we pass over 
without mention, lead to the fonnulation of a com
plete theory ofreflection and refraction of light; in 
particular, they imply the following proposition: 
The index of refraction of light passing from one 
medium into another is equal to the velocity of the 
light projectile within the medium it penetrates, di
vided by the velocity of the same projectile in the 
medium it leaves behind. 

nus is the proposition that Arago chose in order 
to show that the theory of emission is in contradic
tion with the facts. From this proposition a second 
follows: Light travels faster in water than in air. Now 
Arago had indicated an appropriate procedure for 
comparing the velocity of light in air with the veloc
ity of light in water; the procedure, it is true, was in
applicable, but Foucault modified the experiment in 
such a way that it could be carried out; he found that 
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the light was propagated less rapidly in water than in 
air. We may conclude from this, with Foucault, that 
the system of emission is incompatible with the facts. 

I say the system of entission and not the hypotm
s£s of emission; in fact, what the experiment declares 
stained with error is the whole group of propositions 
accepted by Newton, and afrer him by Laplace and 
Biot, that is, the whole theory from which we deduce 
the relation between the index of refraction and the 
velocity of light in various media. But in condemn
ing this system as a whole by declaring it stained 
with error, the experiment does not tell us where the 
error lies. Is it in the fundamental hypothesis that 
light consists in projectiles thrown out with great 
speed by lwninous bodies? Is it in some other as
sumption concerning the actions experienced by 
light corpuscles due to the media through which 
they move? We know nothing about that. It would be 
rash to believe, as Arago seems to have thought, that 
Foucault's experiment condemns once and for all 
the very hypothesis of emission, i.e., the assimilation 
of a ray of light to a swarm of projectiles. If physi
cists had attached some value to this task, they 
would undoubtedly have succeeded in founding on 
this assumption a system of optics that would agree 
with Foucault's experiment. 

In sum, the physicist can never subject an iso
lated hypothesis to experimental test, but only a 
whole group of hypotheses; when the experiment is 
in disagreement with his predictions, what he learns 
is that at least one of the hypotheses constituting this 
group is unacceptable and ought to be modified; but 
the experiment does not designate which one should 
be changed. 

We have gone a long way from the conception of 
the experimental method arbitrarily held by persons 
unfamiliar with its actual functioning. People gener
ally think that each one of the hypotheses employed 
in physics can be taken in isolation, checked by ex
periment, and then, when many varied tests have es
tablished its validity, given a definitive place in the 
system of physics. In reality, this is not the case. 
Physics is not a machine which lets itself be taken 
apart; we cannot try each piece in isolation and, in 
order to adjust it, wait until its solidity has been 
carefully checked. Physical science is a system that 
must be taken as a whole; it is an organism in which 
one part cannot be made to function except when 
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the parts that are most remote from it are called into 
play, some more so than others, but all to some de
gree. If something goes wrong, if some discomfort is 
felt in the functioning of the organism, the physicist 
will have to ferret out through its effect on the entire 
system which organ needs to be remedied or modi
fied without the possibility of isolating this organ 
and examining it apart. The watchmaker to whom 
you give a watch that has stopped separates all the 
wheelworks and examines them One by One until he 
finds the part that is defective or broken. The doctor 
to whom a patient appears cannot dissect him in 
order to establish his diagnosis; he has to guess the 
seat and cause of the ailment solely by inspecting 
disorders affecting the whole body. Now, the physi
cist concerned with remedying a limping theory re
sembles the doctor and not the watchmaker. 

A "CRUCIAL EXPERIMENT" IS 
IMPOSSIBLE IN PHYSICS 

Let us press this point further, for we are touching 
on one of the essential features of experimental 
method, as it is employed in physics. 

Reduction to absurdity seems to be merely a 
means of refutation, but it may become a method of 
demonstration: in order to demonstrate the truth of 
a proposition it suffices to corner anyone who would 
admit the contradictory of the given proposition 
into admitting an absurd consequence. We know to 
what extent the Greek geometers drew heavily On 
this mode of demonstration. 

Those who assimilate experimental contradiCtion 
to reduction to absurdity imagine that in physics we 
may use a line of argument similar to the one Euclid 
employed so frequently in geometry. Do you wish to 
obtain from a group of phenomena a theoretically 
certain and indisputable explanation? Enumerate all 
the hypotheses that can be made to account for this 
group of phenomena; then, by experimental contra
diction elizn1nate aU except one; the latter will no 
longer be a hypothesis, but will become a certainty. 

Suppose, for instance, we are confronted with only 
two hypotheses. Seek experimental conditions such 
that one of the hypotheses forecasts the production of 
one phenomenon and the other the production of 
quite a different effect; bring these conditions into ex-

istence and observe what happens; depending on 
whether you observe the first or the second of the 
predicted phenomena, you will condemn the second 
or the first hypothesis; the hypothesis not condemned 
will be henceforth indisputable; debate will be cut off, 
and a new truth will be acquired by science. Such is 
the experimental test that the author of the Novum 
Organum called the "fact of the cross, borrowing the 
expression from the crosses which at an intersection 
indicate the various roads." 

We are confronted with twO hypotheses COncern
ing the nature of light; for Newton, Laplace, or Biot 
light consisted of projectiles hurled with extreme 
speed, but for Huygens, Young, or Fresnel light con
sisted of vibrations whose waves are propagated 
within an ether. These are the only two possible hy
potheses as far as once can see: either the motion is 
carried away by the body it excites and remains at
tached to it, or else it passes from one body to an
other. Let us pursue the first hypothesis; it declares 
that light travels more quickly in water than in air; 
but if we follow the second, it declares that light 
travels more quickly in air than in water. Let us set 
up Foucault's apparatus; we set into motion the 
turning mirror; we see two luminous spots formed 
before us, one colorless, the other greenish. If the 
greenish band is to the left of the colorless one, it 
meanS that light travels faster in water than in air, 
and that the hypothesis of vibrating waves is false. If, 
on the contrary, the greenish band is to the right of 
the colorless one, that means that light travels faster 
in air than in water, and that the hypothesis of emis
sions is condemned. We look through the magnify
ing glass used to examine the two luminous spots, 
and we notice that the greenish spot is to the right of 
the colorless one; the debate is over; light is not a 
body, but a vibratory wave motion propagated by 
the ether; the emission hypothesis has had its day; 
the wave hypothesis has been pu t beyo nd doubt, 
and the crucial experiment has made it a new article 
of the scientific credo. 

What we have said in the foregoing paragraph 
shows how mistaken we should be to attribute to 
Foucaulfs experiment so simple a meaning and so 
decisive an importance; for it is not between two hy
potheses, the emission and wave hypotheses, that 
Foucault's experiment judges trenchantly; it decides 
rather between two sets of theories each of which 



has to be taken as a whole, i.e., between two entire 
systems, Newton's optics and Huygens' optics. 

But let us admit for a moment that in each of 
these systems everything is compelled to be neces
sary by strict logic, except a single hypothesis; con
sequently, let us admit that the facts, in condenming 
one of the twO systems, condenm once and for all 
the single doubtful assumption it contains. Does it 
follow that we can fmd in the "crucial experiment" 
and irrefutable procedure for transforming one of 
the twO hypotheses before us into a demonstrated 
truth? Between twO contradictory theorems of 
geometry there is no room for a third judgment; if 
one is false, the other is necessarily true. Do two hy
potheses in physics ever constitute such a strict 
dilelIUl1a? Shall we ever dare to assert that no other 
hypothesis is imaginable? Light may be a swarm of 
projectiles, or it may be a vibratory motion whose 
waves are propagated in a medium; is it forbidden to 
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be anything else at all? Arago undoubtedly thought 
so when he fonnulated this incisive alternative: Does 
light move more quickly in water than in air? "Light 
is a body. If the contrary is the case, then light is a 
wave." But it would be difficult for us to take such a 
decisive stand; Maxwell, in fact, showed that we 
ntight just as well attribute light to a periodical elec
trical disturbance that is propagated within a dielec
tric medium. 

Unlike the reduction to absurdity employed by 
geometers, experimental contradiction does not have 
the power to transform a physical hypothesis into an 
indisputable truth; in order to confer this power on 
it, it would be necessary to enumerate completely the 
various hypotheses which may cover a determinate 
group of phenomena; but the physicist is never sure 
he has exhausted all the imaginable assumptions. 
The truth of a physical theory is not decided by 
heads or tails. 




