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Electrical Theories qf d]iatter. 481 

three respects; this involves trigunometric computation. 
Most important of all is the question how best to utilise the 
above methods in order to make a much better attempt for 
the next trigonometric computation, insgead of striking out 
blindly. 

Two other similarly computed objectives are :-- 
(1) For ut=--0"5 (object equal to image): c~=0"8351, 

c:-----4"0075, ca=--3"9539, Q------1"5224. 
(2) For ul------I'0 (object, at focus): el --- 0"0414, c:---- 

--4"8012, c~= -4"7498, c4=--2"3183 : this may be regarded 
as corrected for infinity, but with flint leading. 

LVI. Electrical Theories of 3fatter and their Astronomical 
Consequences with special reference to t]~e Principle oj' 
Relativitg. By A S. EDmNGTO~, JI.A., _F.R.S., Plumian 
Professor of Astronomy in the University of Cambridge*. 

M R. WALKER'S  paper in the Philosophical Magazine 
. .  for April has given a new turn to the discussion 

amsmg out of the motions of the perihelia of the planets, 
an(i perhaps some remarks on the points raised may be 
useful. I think that he greatly overestimates the differences 
~)f opinion between us ; our views seem to coincide on what 
he calls " the  main point at issue," and itis difficult to believe 
that relativists in general hold any other view. 

Walker describes my method of dealing with the problem 
as depending on an unsatisfactory assumption, and concludes 
therefure that my treatment is invalid ; but I am afraid be 
gives a wrong impression by not mentioning that my argn- 
nlent tended tu disprove tile assumption in question. I did 
nut advoeat, e the assmnption leading to the equations of 
n)otion used in my paper; on the contrary I showed that, 
the results disagreed with observation. The suggestion had 
been made that the famous discordance of Mercury could 
be accounted for by tire variation of mass ~ith velocity, 
according to the well-known hypothesis m = m0(1-- w=/c=) -'~, 
if account be taken of its interaction with the sun's motion 
through the a?ther. This hypothesis was examined, and the 
conclusion was unfavourable, the detailed results being irre- 
concilable with astronomical observation. That is to say, 
I attempted to disprove the hypothesis m=mo(1--w2/c=)-~ 
which Walker rejects more summarily. Sir Oliver Lodge 
also concludes that " I f  therefore the theory fails ~o give all 
the known perturbations correctly, something nmst be wrong; 

* Communicated by Sir Oliver Lodge. 
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4~2 Prof. A. S. Eddington on ~lectrical Theories 

and by finding out what is wrong, we may perhaps discover 
something instructive "* We may therefore start from this 
point of general agreement. 

The foregoing law of inertia corresponds to the Lorentz 
electron in stead)" motion, but the method applies equally 
to any other law of variation of inertia with velocity; tlie 
only difference is a numerical factor which is of no con- 
sequence to the argument. A fundamental revision of the 
theory is therelbre necessary. ~'alker has stepped in with 
the suggestion that a trial should he made with tile more 
general (and, I consider, more plausible) assumption tLat 
the inertia involves the acceleration as well as the ~elocity. 
I cannot predict whether his mode of developing this view 
will lead to an accordance with observation ; but I certainly 
do not undertake to prove a general negative. 

Walker's thesis that the Lagrangian function depends on 
the acceleration as well as on the velocity cannot be a point 
of cleavage between relativity dynamics and non-relativity 
dynamics--if I have rightly grasped the meaning of tile 
statement. In :Newtonian particle dynamics, and also in the 
quasi-stationary treatment of these problems, the Lagrangi:m 
function is supposed to consist of two parts, (1) the kinetic 
energy, involving the velocity only, and (2) the force- 
function involving position in the field of force. The con- 
tention is that this separation is inadmissible, and that there 
is a cross-te, m involving both the velocity and the fbrce (or 
acceleration). Walker's standpoint tends to associate this 
cross-term with the kinetic energy, so that the kinetic 
energy differs from the value calculated without regard to 
the acceleration. Sir Oliver Lodger and the writer find it 
more natural to group the term with the force-function, and 
say that the force of gravitation involves a term depending 
on the velocity. The distinction appears to be purely verbal. 

I t  is essential to an out-and-out relativity theory that this 
cross-term should exist, and it is surprising to find relativists 
represented as opposed to it. 

Nor can the quasi-stationary assumption be regarded as a 
fundamental point of difference. I t  would, I think, he 
absurd either to affirm or deny the quasi-stationary principle 
irrespective of the particular application proposed. The 
question is whether it is a legitimate approximation in a 
definite problem. I sympathize with Walker in demanding 
a justification of this approximation in the cases where it has 
been used--whether by relativists or others. The problem of 

Phil. 51ag. February 1918, p. 143. 
t Zoc. cit. pp. 155-156. 
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oj Jlatter and their Astronomical ConseQuences. 483 

the motion of the planets seems to afford a good illustration 
of its fallibility. But  it seems rather unfair  to blame 
relativists for a method which was introduced by Abraham 
in a non-relativity theory. I am not sumciently versed in 
the history of the subject to know how extensively relativists 
have followed his example ; but I should have regarded it as 
one of the sins of our you th - -due  to the influence of evil 
associates--and long since repented. 

I understand that the true relativity theory of Kaufmann 's  
experiment (which seems to be the point in dispute) runs 
something like this:--Consider an electron momentarily at 
rest~ but continually accelerated, in an electric field of force 
E and a magnetic field H ; then the acceleration a is given 
by the equation 

E e  ~ mo~, 

where e/m is a certain universal constant for the negative 
electron ; we need not inquire into its nature.  This equation 
expresses the ordinary definition of E .  Now choose new 
axes of coordinates with respect to which the electron has 
an instantaneous velocity w. Referred to these axes the 
e]ectl'ic and magnetic forces take known values E' ,  H ~, and 
the new value of the acceleration d is obtained by making 
Lorentz's transformation of the coordinates and the time. 
Accordingly the relativity-theory predicts that an electron 
moving With velocity w in an electromagnetic field E/, H '  
will experience this acceleration d .  Keeping E ~ and I t '  
constant, we find how a' depends on w. Kaufmann's  expe- 
r i m e n t - o r  rather the recent repetitions of i t - -conf i rm the 
predicted relation with considerable accuracy. Not only 
does this give the prestige of successful prediction to the 
relativity theory, but it  confirms that part of the hypothesis 
nmst in doubt. I t  is generally admitted that the Lorentz 
transformation holds for the differential equations of the 
field; the question is, Does it hold for the boundary con- 
ditions (whatever they may be) at the surface of an electron ? 
The Kaufmann experiment, dealing with a single isolated 
electron, answers this in the affirmative. I f  then the  
differential equations and the boundary conditions satisfy 
the transformation, nothing more is needed to establish its 
validity*. I t  should be noted that the experiment does not 

* Experiments are, however, still needed to test whether the Lorentz 
transform,~tion covers the phenomena of quanta, which appear to involve 
something outside the ordinary electromagnetic theory. The exception 
is of specie, importance because it includes the vibration of an atom, which 
is the simplest form of a natural clock that could be used for measuring 
the time in the two systems. 
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484 Prof.  A. S. Eddington on ]{leetrical Theories 

tell us what are the boundary conditions at the electron, but  
only how they are transformed by uniform motion. 

There is no reference to the quasi-stationary principle in 
this theory. I t  is true also that there is no reference to the 
mass, energy or momentum of the electron ; the motion is 
treated geometrically. I t  is, I think, inappropriate to speak 
of the energy or momentum of  an electron in accelerated 
mot ion:  these quantities are being radiated, and it is im- 
possible to define the precise moment at which an element 
of energy or momentum ceases to be attached to the electron 
and passes into the general field. For  uniform motion, 
however, the wdues can be clearly defined. We do not 
determine them directly from Kaufmann's  experiment ; but 
we arrive at them indirectly because the relativity trans- 
formation is verified. These expressions for the momentum 
and energy of a uniformly moving electron are of limited 
uti l i ty;  as Walker  r ight ly  points out, it is not permissible to 
differentiate them. 

I gather from Walker 's  remarks on p. 329 that tie has 
doubts whether the Fitzgeruld-Lorentz contraction should 
theoretically take place under circumstances such "~s those of 
the Miche l son-Mor ley  experiment ; that  is to say, the cor- 
relation found by Lorentz and L'/rmor is a possible one, but 
it need not necessarily he the correlation occurring in Nature.  
But  a n r o o f  based on statistical mechanics has been put  
forward, which seems to be sound* The arrangement of 
the particles constituting a solid is one of an infinite number 
el  pessible states, and the form taken up by the solid is that 
which is statistically most probable ; since the possible states 
of the stationary and moving solid are correlated one to one, 
the most probable states (and therefore the actual states) 
satisfy the same correlation. In other words entropy is 
invariant  for the Lorentz transformation. 

The relativity principle has the great  advantage that it 
leads directly to the law m=mo(1- -w: /c2) - - t  " for uniform 
motion of matter  in bulk, and it is unnecessary to consider 
the behaviour of an electron, or indeed to adopt an electrical 
theory of matter. I see no way of deducing from the various 
electrons treated by Walker  the corresponding laws of mass 
for matter in bulk, so that the discussion of these does not 
seem to advance the astronomical problem except by sug- 
gesting possible analogies. 

E. Cunningham, 2he Principle of Relativity, p. 206. Elsewhere 
this book warns the reader against assuming that the correlation holds 
for a non-uniform translation ; and indeed those who accept Einstein's 
latest theory assert definitely that it does not hold. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
9:

09
 2

5 
Ju

ne
 2

01
6 



of Matter and their Astronomical Consequences. 485 

Turning now to Walkor 's astronomical calculations, it may 
be pointed out that his detailed calculations deal with a solar 
system at rest in the rather. Th~ discussion therefore does 
not relate to Sir Oliver Lodge's suggestion as to the effects 
of a solar motion, nor does it throw light on the point sub- 
sequently brought  ou t - - tha t  the motion of the solar system 
(if 'any) has 51o observable effect on the motions of Yenus 
and the Earth.  At  the end of his investigation Walker  hints 
that a satisfactory theory similar to Lodge's might be con- 
structed by using the more general type of Lagrangian 
function. He has, however, already three unknown con- 
stants, kl, k~, ks; the components of tim unknown solar 
motion will give him three more; with six constants at 
disposal, he can scarcely fail to secure a forced agreement 
of the perihelia and eccentricities of the four inner planets, 
mid it is difficult to find any observational test for such a 
theory. 

On p. 337 it is st,nted that the observed motion of peri- 
helion of Mercury is satisfied by supposing that the attraction 
depends on the velocity (i. e. relative velocity) according to 
the law 

= t ,0 (1  + wVcO, 
and that Einstein implMtly  introduces this comparatively 
large dependence on speed. Einstein 's  law may be trans- 
formed in a great many ways;  but ] do l~ot think any 
possible interpretation of it reduces to this. I f  it is desired 
to put the new wine into old bottles, I think we must say 
that the theory involves difierent effects of the radial and 
transverse components of velocity in modifying gravitation, or 
to quote Walker 's  earlier remark " the modified L:~grangian 
function depends on the acceleration as well as on the speed 
of the system and involves also the relative direction of these"*. 
The point is perhaps not of great importance; because in any 
case a theory which deduces the exact motion of Mercury 
froln a general principle stands on a different footing from 
theories which merely use the motion of Mercury to obtain 
an empirical determination of their arbi t rary constants. 

As a closely connected subject, the question of the alleged 
discordance of the node of Venus deserves some remarks. 
Dr. Jcffreys (Nature, April  11, p. 103) has commented on 

* Walker's method of takin~ this into account is to give kj and k.~ 
appropriate values, but in calculating the number ~ he has nsed the 
quasi-stationary values, presumably as a concession 1o relativists. I am 
afraid I must reject the concession, and insist on agreeing with his true 
opinion on this point. 
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486 Electrical Theories of Matter. 

the scant attention paid to this as compared with the peri- 
helion of Mereurv.  I t  may he well to explain why the 
former discordance has been considered nnimportant.  If'he 
residual of the node of Venus is 4�89 times its probable error *, 
and the theoretical chances against such an error are about, 
400 to 1. But  it must not be forgotten th~,t this element has 
been deliberately selected out of 16 elements as showing the 
greatest discordance. To apply the test of probable error we 
must select fairly and not pick out the worst cases. Let  ~ be 
the probability of an error less than x, then the probability 
that all sixteen residuals are less than x is ~16. For  a limit 
of 4~ times the probable error this gives a probability 
('9976)~6='962, so that the chance of the largest residual 
being as much as 4} times the probable error is "038, or 
about 1 in 26- -an  adverse probability, but not very emphatic. 
To put  the matter another way, we find (by solving vtl~=}) 
tha~ the largest discordance of the 16 elements should jllS~ 
exceed 3 times the probable error.  We may therefore ask, 
What  is the probability that Newcomb underestimated his 
errors in the ratio ] owing to unsuspected sources of error ? 
The evidence for a genuine discordance seems very  flimsy. 
To the astronomer, no doubt, it is an indication well worth 
looking into; but  it  would be extremely rash to build a theory 
on so slight a foundation. 

The present state of the problem of the elements of the 
four inner planets appears to be as fol lows:--The theory 
given in Sir Oliver Lodge's and my own papers leads (a 
secular perturbations of the Ear th  and Venus, which ought 
to be perceptible to observation if the sun's motion is greater  
than about l0  kin. per sec. Since these are not observed, 
we conclude either tha~ the sun's motion happens to be very  
small, or that there must be compensating terms in the more 
complete theory. Following out the second alternative, there 
are again two possibilities. Ei ther  the compensation is au 
accident due to the particular elements of the orbits and their 
relation to the direction of the sun's motion, or it is a gener.d 
compensation. A theory can no doubt be constructed which 
gives an accidental cancelling for Venus and the Earth,  pro- 
vided it contains a sufficient number of disposable constants 
not otherwise determined;  but such a theory cannot carry 
much conviction. I f  we suppose that the compensation is 
general, then we are adopting effectively a relativity theory 
of gravi ta t ion-- that  uniform motion of a gravitat ing system 
produces no observable effects. This involves a dependence 

* The discordance of the perihelion of Mercury from tl:o Newtonian 
theory is 80 times its probable error. 
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Audibilit,y Factor o~ a Shunted TelcpIwne. 487 

of gravitation on the velocity of the planets; or, if preferred, 
the same thing may be expressed in Walker's phraseology. 

In this last case the motion of the sun can have no influence 
on the perihelion of Mercury, and the observed excess must 
be ascribed either to outside causes, such as the nmss or 
resistance* of the Zodiacal Light, or to the laws of relative 
motion. In my paper only ~ of the observed excesst is 
given by the relative motion; and the difficulty is to bring 
it up to the required amount without extravagant or ad hoc 
assumptions. Walker's investigation appears rather to em- 
phasize this difficulty. Nevertheless Einstein's generalized 
relativity theory gives the precise value required without 
any arbitrary constants. I t  may perhaps be said that the 
factor 6 (or 3) must be implicitly contained in the assumptions 
of his theory. I suppose that the results of any theory are 
implicitly contained in its postulates; so I cannot deny that 
the factor 6 is concealed in Einstein's Principle of Equi- 
va l ence - "  that it is impossible by any experiment to dis- 
criminate between a gravitational field and a field of force 
(such as the centrifugal force) arising from a transformation 
of the coordinates of reference." But at least, it is cleverly 
camouflaged! M;my pages of analysis are required (o 
obtain the result for Mercury, and ] do not think any simple 
interpretation of the occurrence of the factor can be givel~ 
at present. 

LVII.  On t]~e Relation of the Audibilitq Factor era S]~unted 
Telep]wne to the Ante~ma Current as vsed in the recepthn 
of Wireless Signals. 

~lb the Editors of the Philosophical Magazine. 
~EI~TLEMEN j - -  

I ~ your January number you published a paper with 
the above title in which I criticised a previons 

communication from Mr. van der Pol ;  my paper was 
followed by an explanatory note in which Mr. van der Pol 
attempted to justify his methods and conclusions. He 
suggests that 1 had rather lost sight of the motives of his 
paper and of certain experimental difficulties; I wish t(~ 
show, however, that, through depending too much o~ 
Prof. Love's account of Austin's work and apparently 

* Sir Oliver Lodge, ' Nature,'  March 21, p. 44. 
Or �89 if the added inertia is subject to gravitation. 
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