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tiving exactly the same features in departments of knowledge other than
ence) the ideas connected by means of the dictionary to the hypothetical
deas are always concepts in the sense of Chapter II, that is collections of funda-
nintal judgements related in laws by uniform _association; and the proposi-
fins involving these ideas, of which the truth or falsity is knowzl, are always
s, Accordingly those ideas invelved i 2 theory which are not hypotheﬁ_af
dens will be termed concepts; it must be remembered that this term is used
h'a very special sense; concepts depend for their validity on laws, and any,
Wﬂoﬂ«m mmglg;g_xlggpma:e.mlated to concepis 16 again 4 [aw. Whether
here is any necessary limitation on the nature of The ideas which can be
ilmitted as hypothetical ideas is a question which requires much considera-
iin; but one limijtation is obviously imposed at the outset by the proviso
Tt proposmons _concerning-them are arbitrary, namely that thex must not
i umcepts As a matter of fact the hypothetlcal ideas of most of the important
Theorics of physics, but not of other sciences, are mathematical constants
nd variables. (Except when the distinction is important, the term ““variable*
'ill he used in thls chapter to include constants.)
id to be true if propositi cerning the hypotheucal
dms ilens, deduced from the hyp_g’g_ggsi,_ are found, according fo the dictiomary,
4] Nglpligroposmons concermng the Concepts which are trie; that is'to iniply
[ﬂq for all true propositions concemmg concepts are laws. And the ihéoty
 suid to explain certain laws if it is these laws which are implied by the
ropositions concerning the hypothetical ideas. &

An illustration will make the matter clearer. To f_pMe feelings of the
ientific reader and to save myself from his@%nag@l will explain at
te outset that the example is wholly fantastic, arid that a theory of this nature
yould not be of the slightest importance in science. But when it has been
rnsidered we shall be in 2 better poszuon to understand why it is so utterly
nimportant, and in what respects it differs from valuable scientific theories.

‘The hypothesis consists of the following mathematical propositions:

(1) u, v, w, ... are independent variables.

(2) ais a constant for all values of these variables.

(3) & is a constant for all values of these variables.

{4) ¢ = d, where ¢ and d are dependent variables.

The dictionary consists of the following propositions:

(1) 'The assertion that (¢ + 4% a = R, where R is a positive and rational
hnder, implies the assertion that the resistance of some definite piece of
¢ metal is R.

(2) The assertion that ¢d/b = T implies the assertion that the tem-
kn owmo certain pr op 0 Ry et i daas. e reeature of the same piece of pure metal is T.
. rom the hypothesis we deduce

attain to the same certainty as laws, but this result must follow o
examination of the nature of the propositions; for since laws are also
wholly free from the possibility of error, the difference can never serv
distinguish them from laws. :
Closely connected with *‘ theory is another word, *“ hypothesis”. In fa
two terms are often regarded, especially in the older literature, as synonym
Laplace’s Nebular Theory and Nebular Hypothesis are used indiffere
An hypothesis is, strictly speakmg, a proposition which is put forward for
sideration, and concerning the truth or falsity of which nothing is asserted
the consideration is completed. It is thus necessarily associated with do
but with doubt of a negative rather than of a positive kind, with the dot
which consists of a suspense of judgement rather than with the doubt w
consists of an inclination to disbelieve. In current usage, however, the wi
especially in the adjectival form, almost always connotes doubt of the se
kind ; to term a view hypothetical is practically equivalent to expressing dis
from it. From this connotation I want also to be free. The word will be
a special sense which is justified by its origin to this extent than an hypothe
will always be a proposition which cannot be judged to be either true or fa
uniess there are added to it certain other propositions, although it has a
tinct significance apart from these other propositions. Hypothesis and hyp
thetical must be taken to imply doubt of the first kind and never doubt
the second.
What I domean by a theory. I have now stated what I do not me
by a theory and an hypothesis; it remains to state what I do mean.
A theory is a connected set of propositions which are divided into t
groups. One group consists of statemnents about some collection of i
which are characteristic of the.theory; the other.grolip consists of stateme
of the relation between these ideas and some-other.ideas of 3 different patu
The first group will be termed coIlectwcly the *“hypothesis” of the the ]
the second group the “ dictionary ™. The hypothesis is so called, in accorda',
with the sense that has just t been stated, because the propositions compos
it are incapable of proof or of disproof by themselves; they must be signi
but, taken apart from t the dictionary,they appear arb:trary assumptions. Thi
may be considered accordmgly as providing a “definition by postulate”
the ideas which are characteristic of the hypothesis. The ideas which
related by means of the dictionary to the ideas of the hypothesis are,
othmt something is known about them apart from the theo,
It must be possible to determine, apart from all knowledge of the theo
whether certain propositions mvolvmg these/1deas are true or false. T,

th1s relation may be exprcssed by the statemen
second

(et d¥a / %i= 2ab = constant.
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The ratio of the resistance of a piece of pure metal to its absoly

. temperature is constant. :
“This proposition is a true law (or for our purpose may be taken as suc
The theory is therefore true and explains the law. :
This example, absurd though it may seem, will serve to illustrate some.
the features which are of importance in actual theories. In the first place, 3
may observe the nature of the propositions, involving respectively.the. hyp
thetical ideas”and the €oficepts, which are stated by the dictionary to. 11;‘1
each other. When the hypothetical ideas are mathematical variables, theico
cepts are measurable concepts {an idea of which much will b said here,a.fte
and the propositions related by mutusl implication connect the vanayles,
some function of them, to the same number as these measurable c?ncep
When such a relation is stated by the dlctlonary it will be said for brevity th
the function of the hypothetical ideas ““is " the measurable concept Lthus

shall say that (¢ + 4%) a and od/b © are” respectively the r geland tey
perature. But it must be insisted that thi encla is adopted only f

TisT (24 d% a is the he resistance; for there are some senses of that word’
which a function of variables can no more “be” a measurable concept, th
2 railway engine can “be’ the year represented by the same number.
If an hypothetical idea is directly stated by the dictionary to be so
measurable concept, that idea is completely determined and every propositi
about its value can be tested by experiment. But in the example which h
been taken this condition is not fulfifled. It tis only functions of the hypothe
cal ideas which are measurable concepts. Moreover since only two functio
w four mathematical vanables and between whxch one. reIatzo'
is stated by the hypothesis, are stated to “be mea 3
possiblé_by a defermination of those concepts £o as en definitely numerd
values to them. If some third function of them had been stated 0 be sof
third Toeasurable concept, then it would have been possible to assign to al
of them numerical values in an umque manner. If further some fourt
function has been similarly involved in the dictionary, the question wou
have arisen whether the values determined from one set of three functions
consistent with those determined from another set of three.
These distinctions are important. There is obviously a great difference
between a theory in which some proposition based on experiment can
asserted about each of the hypothetical ideas, and one in which nothing ¢
be said about these ideas separately, but oniy about combinations of them
There is also a difference between those in which several statements abou
those ideas can be definitely shown to be consistent and those in which such
statements are merely known not to be inconsistent. In these respects Ln these respects actual
theories differ in almost all possible degrees; it ver often happens that som
of the hypotfetical dess can be dizety detocm etctmined. by epiaient oL
OtheErs cannot; and in such cases ases there is an important difference between ths
two classes of ideas. Those which can be directly deteumned are often con
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L.lﬂnot are recogmsed as dzstmctly theoretical. meﬁmati
a1 distinction of this nature has no foundation. The ideas of the hypothesis
are

the dictionary. WWE of the dictionary, all theories have this

concepls; they are related to concepts only by means of

in_common that no proposition based on experimental evidence can be as-
serted concerning the hypothencal ideas except on the .assumption that the

[FOpOSIEGTS Of the t theory are trﬂge ""THi§is a most important matter which
st be-carefilly borne in mind in alt our discussions.

Tt will be observed that in our example there are no propositiens in
the dictionary relating any of the independent variables of the hypothesis
o measurable concepts. This feature is characteristic of such theories. The
nature of the connection between the independent variables and the concepts
is clear from the use made, in the deduction of the laws, of the fact thatgand b
are constants, not varying with the independent variables. The conclusion

that the electrical res:stance is proportlonal to the absolute te temperature would

would not follow_if Q_and b were_not the same constants in all’ the "pro-
positions of the. dictionary. Accordingly the assertion that & or b is a constant
must ‘;g_;ply that it is the same so long as the state of the system to which the
concepts refer is the same; the mdependent variables on the contrary may
vhange Wwithout a ‘corresponding change in the state of the system. If therefore
there is to be in the dictionary a propoesition introducing the independent
fables, it must state that a change in the independent variables does not
v a change in the state of the system; the omission of these variables
from the dictionary must be taken to mean a definite negative statement.
On the other hand, the independent variables may bear some relation to
measurable concepts, so long as these concepts are not properties of the systerr_x.

S

18
gg_‘glmag.;_m; What
L\.actly is this relation we shall have to mqmre in the ihu‘d part of this
volume, but it is to be noted that g relation between one of the independent
variables and Mmca!ly njaeasu.red time is not inconsistent with the state-
ment that a change in this variable does not imply any change in the state
of the systemi: for it is one of the essential properties of a system that its
state should be, in a certain degree and within certain limits, independent of
the time.

In some theories again, there are dependent variables which are not
mentioned in the dictionary. But in such cases the absence of mention is not
to be taken as involving the definite assertion that there is no relation between
these varidbles and the concepts. It must always be regarded as possible that
i further development of the theory may lead to their introduction into the

dictionary.
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An example of physical theories. The fantastic example on which th
discussion has been based was introduced in order that, in defining a the
and examining some features of its formal constitution, we might be free fr
associated ideas which would be sure to arise if the example were taken fror
any actual theory. Itis easier thus to realise the difference between the hypo:
thesis Met—y and the d:cnog@ and between the natire of the idea

Oﬁl}{.mm;ttuc.of .th&proposluonﬁ_qf,tthgﬂpy But now we have to consxd:
whether there are any actual scientific propositions which have this form‘

these questxons in the affirmative, ‘what it is that gwes them a value $0 ver
much greater than that of the absurd example which has been used so far
For this purpose an actual scientific proposition will be taken which is generall
considered to have considerable value and is always called a theory; and
will be shown that it has the formal constitution which has just been explaine
It will thus appear that in one instance at least our definition accords witl
ordinary usage.
The theory which will be selected is the dynamical theory of gase
We shall start with it in its very simplest form, in which it explains only th
laws of Boyle and Gay-Lussac. For such explanation no account need b
taken of collisions between the molecules, which may therefore be suppose
to be of infinitely small size. Though the theory in this form is known no
not, to be true, it will be admitted that it is as much 2 theory in this form ag
in its more complex modern form. By starting with the simplest form we shal
abbreviate our original discussion and at the same time permit the interestin
process of the development of a theory to be traced. And when the develop
ment of the theory is mentioned, it should be explained that the developmen
traced will not be that which has actually occurred but that which might hav
oceurred ; no attention is paid to merely historical considerations. One furthe;
word of warning should be given at the outset, Objections have at time
been raised to this theory, and to all of similar type, by those who would adrm
theories of 2 somewhat different nature. By taking the dynamical theory 0
Gases as an example I am not over]ookmg these objections or assuming in
any way that all scientific theories are essentially the same in nature as th
example; we shall discuss these matters later.
Let us then attempt to express the theory in the form which has been
explained. The hypothesis of the theory may be stated as follows:
(1) There is a single independent variable 2.
{2) There are three constants, m, , and /, independent of #.
(3) There are 3z dependent variables (x,, ¥,, z,) (s= 1 to n) which
are continuous functions of z. They form a continuous three-dimensional
series and are such that (x,? + ».2 + =.%) is invariant for afl inear transforma-
tions of the type &’ = ax + by -+ cz. (This last sentence is merely a way of
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saying that (x, ¥, &) are related like rectangular coordinates; but since any

definitely spatial notions might give the idea that the properties of the
(%, ¥, #) were somehow determined by experiment, they have been avoided.)

(4) g-i (x5, ¥, 2,) is constant, except when (x,, ¥,, 2.} is ¢ or [; when it

attains either of these values it changes sign.
(o 1E(%&)
The dictmnar_v containg the following propositions:
(1) [is the length of the side of a cubical vessel in which a “perfect”
gas is contained.
{z) mm is the mass of the gas, M.

= 2, and similar propositions for v, and s,.

(3 I me? is T, the absolute temperature of the gas, where « is some
a«

number which will vary with the arbitrary choice of the degree of tem-
perature’.

dx, . dx,
(4) Let Am a7 be the change in m 5

the value [; let X, Am dv" be the sum of all values of Am%?c— for which ¢

which occurs when x, attaing

lies between z and £ -+ v; Iet

St I

& (PMPE"P ) = Ltu—:-w,y-zp-m Z

then p,, P, p. are the pressures P, Pb, .P on three mutuaily perpendicular

walls of the cubical containing vessel.
From the propositions of the hypothesis it is possible to prove that

ﬂ?"_sﬁﬂ?zﬁsl
d H

I
Pe=Pp=p.= gz:amm’z'
But 2 is ¥, the volume of the gas. If we interpret this propesition according

to the dictionary we find
T o

vy

. . . . an .
which is the expression of Boyle’s and Gay-Lussac's Laws, since 3 1s constant,

P Pb—P_

! The oceurrence of 2 needs some remark, ¥s it a hypothetical idea or 2 measurable con-
cept? Itis neither. We shall consider its nature when we deal with temperature, but it may
be stated here briefly why a number of this kind cccars in this entry in the dictionary and
not in the others. The reason is this. Experiment shows that pv is proportional to T. For
various reasons, which we shalt discuss, we desize that the factor of propertionality shall
not change if the unit of mass or the unit of pressure is changed; but we do not object to its
changing when the degree of temperature changes. If we gave the factor a definite value
once and for all, the degree of temperature would have to change when the units of mass and
pressure changed; we wish to avoid this necessity and do so by changing the value of «
when we change the degree. The value of & is therefore as purely arbitrary as the choice of
a unit in any system of measurement.
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the establishment of the relation betwee s of
and between  and its volume. The bg ' ishe byeen,
I and gmo® is rather more complex, ar full consideration must be left

il'e deal'in detall with the theory as a part of actual physics; but again it.

lies in an analogy. Speaking roughly, we may say that the relation is made

The theory is here expressed in a form exactly similar to that of o
original example, and it will now be seen that this form is not wholly artifici
but has a real significance. In explaining the laws by the theory, we do actua
deduce propositions from the hypothesis and interpret them in experimen
terms by means of the dictionary. Moreover the distinction between

various kinds of variable in respect of their connection with measurable o hecause, In the law of the elastic particles, me® would be a magnitmm . 0
cepts is apparent. [is directly connected by the dictionary to a measurab would be found to remain constant so long as the box containing the particles ’c?f

concept, and the attribution to it of a numerical value requires nothing bu
knowledge of the dictionary; the hypothesis is not involved. At the othi
extreme, the variables or constants n, m, x,, y,, 2, cannot be given numeric
values by experiment even with help of the hypothesis ; only functions of the
variables and not the variables separately can be determined. Between the
two extremes les the constant w. We have deduced from the hypothesis th

was isolated from all exterior interference, while in the case of e g he

the gas the.

temperature is found so to remain constant during complete solation.. 4
The importance of the analogy. We see then that the class of physical
theories of which the theory of gases is a type has two characteristics. First

they are of the form which has been deseribed, consisting.of.an-hypothesis...
and a dictionary; if they are to be true, they must be such that laws which
are actually found to be true by observation can be deduced from the
hypothesis by means of logical reasoning combined with_translation through

2t = %ﬁf - The right-hand side of this equation can be given by expe:

. 3VP, . . ; the dictionary. But in_order that a theory may be ifxglualﬂm&h&z&
ment a numerical value, namely s by means of the dictionary 1 second characteristic; 1t must diml@mTh?f’PEQRQ;?{}ER{I_S‘_"Qﬁ_}E&_

hypothesis must be analogous to some known. laws.

This manner of expressing the formal constitution of a theory is probably
not familiar to most readers, but there is nothing new in the suggestion that
analogy with laws plays an imaportant part in the development of theories,
No systematic writer on the principles of science is in the least inclined to ./
overlook the intimate connection between analogy and theories or hypotheses. N
Newertheless it seems to me that most of them haveseriously misynderstoad. . v
thezposition. They speak of analogies as “aids” to the formations ofhypas
theses (by which they usually mean what I have termed theories) and to the
general PIOEEess of science. But in the view which,is urged here analogies
are not “aids” 19 the establishment of 1 ; they are an utterly essential .
part of theories, without which theories would be completely valueless and

that v can also be evaluated. But this evaluation depends wholly on t
acceptance of the propositions of the hypothesis; apart from those propositio
a statement that o has a certain numerical value does not assert anything whi
can be proved by experiment. '

- Having thus shown that the dynarnical theory of gases is a theory in o
sense, we must now ask what is the difference between this valuable theo
and the trivial example with which we began? It lies, of course, in the ig'*
t@%ﬁ@%ﬁ@%&m&@i&&i the dynaniical theory of gases displ
an ; anzlogy which.the corresponding.propaositions of the other theory do ni
dtj,,@ﬁg_g. The propositions of the hypothesis are very similar in form to th
laws which would describe the motion of 2 large number of infinitely sma
and highly elastic bodies contained in a cubical box. If we had such a numb
of particles, each of mass 7, occupying points in a box of side I represente
by the coordinates (x,, y,, 2,), and initially in motion, then their momentu
would change sign at each impact on the walls of the box. 2 (p,, py, p.) woul
be the rate of change of momentum at the walls of the box and woul
accordingly, be the average force exerted upon those walls, And so on; it ]
unnecessary to state the analogy down to its smallest details, All thes

symbaols, 7, L. £ty ) 5, conWould-denote the numerical values of actually
measurable physical concepts, and it would be a law that they were related
in_the “way described; TF they were actually measured and the resultin

s R b 5
@,@ﬁgég_gg values inserted in the equations stated .thogg_‘cgygtxons would b
satisiied.

Mﬁfﬁﬁier the propositions of the dictionary are. suggested by the analogy
ﬁispWo ogitions of the b othesis. p is called the™ pressure”
and the préssure of the gas P'is specially related to the variable p, because
in the law to which the hypothesis is analogous, would be the average pressurs

on the walls of the box actually observed. Similar considerations suggeste

- unworthy of the pame, . It is often suggested that the analogy. leads. to the
. lormulation of the theory, but that once the theory _11&!’01‘11}9!3?9:1;5%}9 analogy
- Ims Sef¥ed its Plirpose and may be removed and forgotten. Such a suggestion

is_absolutely false and perniciously misleading. If phvsical science were g

_ purely logical science, if its object were to establish 2 set of propositions all

true 2nd all logically connected but characterised by no other feature, tﬁ. 1en
_possibly this view might be COTEect. Once the theory was. established and
shown to lead by purely logical deduction to the laws to be explained, then
certainly the analogy might be abandoned as having no further significance.
i3, if this were true, there would never have been any need for the analogy
to be introduced. Any fool can invent a logically satisfactoz theo% to explain
any law, There is as a matter of fact no satisfactory ph stcal theory which
explains the variation of the resistance of a meta% with the temperature,
Tet6ok me about a quarter of an hour fo elaborate the theory given on p. 123 ;
and yet it is, I maintain, formally s satisfactory as any theory in physics. If
nothing but this were required we should never lack theories to explain our

—
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laws; a schoolboy in a day’s work could solve the problems at which gen
tions have laboured in vain by the most trivial process of trial and error.
is wrong with the theory of p. 123, what i th

vt A THEORY IS5 NOT A LAW 43
ance of any additional i all; so far as it is based on experiments,

_ those experiments are often made and known before the theory is suggested.
Boyle’s Law and Gay-Lussac’s Law. were known before the dynamical theory
of gases was framed ; and the theory was accepted, or partizlly accepted, before
any other experimental laws which can be deduced from it were known., The
theory was an addition to scientific knowledge which followed on no increase

of experimental knowledge and on the establishment of no new laws; it
~ cannot therefore have required for its proof new experimental knowledge.

~ it

just becatise an giig
completely valueless,

Analogy, €6 Tar from being a help to the establishment of theories, ist
greatest hindrance. It is never difficult to find a theor _which will exp]

the laws logically; what is difficalt 35 to find one which will explain the

n used in its development that it i

ogically and at the same time

not contained in Boyle’s and Gay-Lussac’s Lawsiwere/ not experimental, The

"The reasons why it was accepted as providing something valuable which was“w .

that, once the theory is developed, the analogy becomes unimportant.
it were found that the analogy was false it would at once lose its yalue
it were presented to._someone unable to appreciate it, for.him the theol
would have little value. To regard analogy as an aid to the invention of theori
is as absurd as to regard melody as an aid to the composition of sonaty
If the satisfaction of the laws of harmony and the formal principles

development were all that were required of music, we could all be gre

weason for which it was accepted was based directly on the analogy by which

it was_suggested; with.a failure of the analogy, all reason for accepting it
—yould Ea\a&disagggarﬂdy et

~ The conclusion that a theory is not a law is most obvious when it is such

that there are hypothetical ideas. contained in it which are not completely
determined by experiment, such ideas for example as the m, , %, , 2 in the
cal theory of gases in its simple form. For in this case the theory

composers; it is the absence of the melodic sense which prevents us all att . Hates something, namely propositions about these. ideas. separately, which
ing rnusical eminence by the sunp%e process of pLErchasmg a text-b?ok.. cannet be either proved or disproved by experiment; it states something, that
"The reason why the perverse view that analogies are merely an inciden is, which cannot possibly be a Jaw, for all laws, though they may not always

help T the discovery of theories has ever gained credence lies, 1 believe, i
e-nature of theories, Isaid just now that it was a common
place that analogies were important in the framing of hypotheses, and th
the name “ hypotheses ™ was usually given in this connection to the propos
tions (or sets of propositions) which are here termed theories. This statemer
is perfectly true, but it is not generally recognised by such writers that th
L bypotheses”.of which-they.speak are a distinct class of propositions, an
especially that they are wholly different from the class of laws; there is

tendency to regard an “‘hypothesis’ merely as a law of which full proof is

not yet forthcoming,
If this view were correct, it might be true that the analogy was a mer

auxiliary to the discovery of laws and of little further use when the law wa
discovered. For once the law had been proposed the method of ascertainin
whether or no it were true would depend in no way on the analogy; if th
“hypothesis™ were a law, its truth would he tested like that of any other la;
by examining whether the observations asserted to be connected by the rela
tion of uniformity were or were not so connected. According.as. the_ te
succeeded or failed, the law would be judged true or false; the analogy woul
ha hing to do with the matter. If the test succeeded, the law woul,
ug, even 1t subsequently appeared that the analogy which suggestec

be capable of being proved by experiment, are always capable of being dis-
proved by it. It may be suggested that it is only because the theory which has

been taken as an example is of this type that it has been possible to maintain
that it is not a law. In the other extreme, when all the hypothetical ideas are
directly stated by the dictionary to *'be’’ measurable concepts, the conclusion
is much less obvious; for then a statement can be made about each of the
hypothetical ideas which, if it is not actually a law, can be proved and dis-
proved by experiment. This condition is attained only in theories of a special,
though a very important type, which will receive attention presently.

The case which demands further consideration immediately is that in which
the dictionary relates functions of some, but not ali, of the hypothetical ideas
to measurable concepts, and yet_these functions are sufficiently numerous to...
determine all the hypothetical ideas. In this case it is true that propositic
an be stated about each of the hypothefical ideas which can be proved or.
disproved by experiment. Thus, in our example, if one litre of gas has a
volume mass of 0-0g gm. when the pressure is 2 million dynes per cm.? then,
in virtue of this experimental knowledge, it can be stated that ¢ is 1-§ x 105
cm.fsec. A definite statement can be made-about-the-hypathetical idea v on
purely experimental grounds. If the dictionary mentioned sufficient functions
of the other ideas, similar definite experimental statements might be made
about them. If the theory can thus be reduced to a series of definite state-
Jnents on experimental grounds, ought it-nat.to be regarded as a law, or af

least as 2 proposition as definitely experimental as a law?
I maintain not. A proposition.or.set.of propesition is not the same thing,

it was false; and if the test failed, it would remain untrue, however complet
and ‘Satisfactory the amalogy Appeared to be. :
A theoryisnotalaw. But a theory is not a law; it cannot be proved
as a law can, by direct experiment; and the method by which it was suggeste:

is not unimportant. W may often be accepted without the perform

I B




132 THEORIES

by them. { They may differ in meaning. | By the meaning of a propositio
mean (the repetition of the word 1§

re| 1§ Usefal) the ideas which are called to m
wlieh it is asserted, A thesry may be logically equivalent to a set of exp
mental statements, but it means something perfectly different; and it

meaning which js important rather than.its logical equivalence. If log
~equivalence were all that mattered, th rd_theory of p. 123 would
as important as any other; it is absurd because it means nothing, evok
ideas, apart From the Taws which it explains, A theory is valuable. and
7 theory in any sense important for science, only if it evokes ideas which’
not i in the laws which it explains. The evocation of these idea
eyen more valuable than the logical equivalence to the laws. Theories'
often accepted and valuéd greatly, by_part of the scientific world at ez
Mﬁ)wn that they are not quite true and are not strictly equival
to any experimental laws, simply because the ideas which-dhey bring to
Wmlt is because men differ about intrinsic values ¢
it'has been necessary to insert the proviso, “by part of the scientific wo
at least ”; for ideas which may be intrinsically valuable to some people m
not be so to others. It is here that theories s differ fundamentally from Ia
Lazws mean nothing but what they assert. They assert that certain Judgeme
of the external world are related by uniformity, and they mean nothing mao
if it is shown that there may be a case in which these judgements are 1
so related, then what the law asserts is false, and, since ing remaing
the.law but this false assertion; the-law-has-no further value:~We cap
dgreement concerning this relation and we can therefore get agreement
1o the value of laws, :
 The development of theories. 'The distinction between what theo
means and what it asserts is of the utmost importance for the comprehensi
of 2ll physical science. And it is in order to insist on this distinction that ¢
case has been considered when all the hypothetical ideas can be determin
by experiment, although not all of them are stated by the dictionary to *“ be
concepts. As a matter of fact I do not think this case ever oceurs, though
cannot be certain of that conclusion until all physics has been examined:
detail. There is always, or almost always, some hypothetical idea propositio
concerning which cannot be proved or disproved by experiment; and a theo
always asserts, as well as means, something which cannot be interpreted in
terms of experiment. Nevertheless it is true that a theory is the more sati
factory the more completely the hypothetical ideas in it can be experimental
determined; those ideas may be valuable even if nothing can be stated
definitely about them, but they are still more valuable, if something can
stated definitely. Thus, in our example, the theory is valuable even though
we cannot determine m or z; but it will be more valuable if they can
determined. Accordingly when a theory containing such undetermined ideas
is presented and appears to be true, efforts are always directed to determi
as many as possible of the undetermined ideas still remaining in it,
The determination of the hypothetical ideas is effected, as we have notice
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‘helore, by the addition of new propositions to the hypathesis or to the dic-

pniry, stating new relations of the hypothetical ideas to each other or to the
toncepts. The process demands some attention because it is intimately con-

Aected with a very important property of theories, namely their power to predict
“Jaws in much the same way as laws predict events. In passing it may be noted

st a failure to distinguish a law from an event and a consequent confusion
if two perfectly distinet kinds of prediction has also tended to obscure the

ilifference between a theory and a law.

'There is an important difference between the addition of new propositions

to the hypothesis and to the dictionary. The hypothesis gives the real meaniflg
ol the theory and involves the analogy which confers on it its v‘alue; the dic-
‘tionary uses the analogy, and the propositions contained in it are usual‘iy
-suggested by the analogy, but it adds nothing to it. Accordingly a change in
-the hypothesis involves to some extent a change in the essence of 2 Fheory
ind makes it in some degree a2 new theory; an addition to the dictionary
ines not involve such a change. If, then, a new law can be deduced by the
theory by a simple addition to the dictionary, that law has been in the fullest

and most complete sense predicted by the theory; for it is a result obtained

by no alteration of the essence of the theory whatever. On the other hand if,

in order to explain some new law or in erder to predict 2 new one, a change
in the hypothesis is necessary, it is shown that the original theory was not
quite complete and satisfactory. The explanation of a new law and the de-
termination of ane more hypothetical idea by addition to the dictionary is thus
# very powerful and convincing confirmation of the theory; a simiia:: resglt
by an addition to the hypothesis is, in general, rather evidence against its
original form. )
But the degree in which the necessity for an alteration in the hypothesis
militates against the acceptance of the theory depends largely on the nature
of the alteration. If it arises directly and immediately out of the analogy on
which the hypothesis is based, it scarcely is an alteration. Thus, in the theory
ol gases in the form in which it has been stated so far, the only dynamical

proposition {or more accurately the only proposition analogous to a dynamical

law) which has been introduced is that the momentum is reversed in sign at
an impact with the wall, while its magnitude is unchanged. But in dynan}ic:i\i
systems this condition is fulfilled only if the systems are conservative; it is
natural therefore to extend the hypothesis and to include in it any other
propositions concerning the hypothetical ideas which are analogous to other
luws? of a conservative system. Such an extension involves no essential
alicration of the theory, but it permits the explanation of additional laws
and thus provides arguments for rather than against the theory. For example,
if the extension is made (the new propositions are so complex if they are
stated in a full analytical form that space need not be wasted in stating them)
the effect on the behaviour of the gas of the motion of the walls of the vessel

! The “laws" of a conservative system are not really laws, but for the present they may
pass as such.



