Taylor & Francis
Taylor & Francis Group

Philosophical Magazine Series 6

Series 6
(1901-1925)

ISSN: 1941-5982 (Print) 1941-5990 (Online) Journal homepage: http://www.tandfonline.com/loi/tphm17

XXXII. On a new principle of relativity in
electromagnetism

A.H. Bucherer D.Sc.

To cite this article: A.H. Bucherer D.Sc. (1907) XXXII. On a new principle of relativity
in electromagnetism , Philosophical Magazine Series 6, 13:76, 413-420, DOI:
10.1080/14786440709463617

To link to this article: http://dx.doi.org/10.1080/14786440709463617

@ Published online: 16 Apr 2009.

N
CJ/ Submit your article to this journal &

||I| Article views: 4

A
& View related articles '

@ Citing articles: 1 View citing articles &

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=tphm17

(Download by: [Radcliffe Infirmary] Date: 15 December 2015, At: 21 :37)



http://www.tandfonline.com/action/journalInformation?journalCode=tphm17
http://www.tandfonline.com/loi/tphm17
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/14786440709463617
http://dx.doi.org/10.1080/14786440709463617
http://www.tandfonline.com/action/authorSubmission?journalCode=tphm17&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tphm17&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/14786440709463617
http://www.tandfonline.com/doi/mlt/10.1080/14786440709463617
http://www.tandfonline.com/doi/citedby/10.1080/14786440709463617#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/14786440709463617#tabModule

Downloaded by [Radcliffe Infirmary] at 21:37 15 December 2015

A New Principle of Relativity in Electromagnetism. 413

homeeoid by adding to the interior until % is changed from 1
to H,

1 ®©
W=— 27r2p2a21)2025‘ E(1=1) clhf du
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If H=0, this becomes the result for a solid ellipsoid.
For this case

® du
W=_572 2a2b2c2y . (b3
GrEee), Veroerawers - Y
In the particular case of a uniform sphere this becomes
5 M2
W=% .
if the unit of mass is grvavitational (see § 6, footnote), or
2
W= ?,"K 1!';
@

if the ordinary unit of mass is used and « is the proper value

of the gravitational constant. This is the result given by

Helmholtz, from which the rate of shrinking of the sun

necessary to supply the energy radiated may be calculated.
If the density vary from shell to shell (53) becomes

'L dh du
=omtatpel o 4
W= 05 P /\f y (@ +u)(b* +u)( —|—u)( )

as the reader may verify by finding the work done in building
up a thick homeeoid by adding shells of varying density p,
and then varying the constant & of this homeeoid from
0to 1,

XXXIL. On a New Principle of Relativity in Electro-
magnetism. By A. H. BucHERER, D.Sc., Privatdocent
in the Bonn University ™,

§ 1. IT is needless to dwell on the serious difficulties which

the Maxwellian theory has encountered by the
well established experimental fact that terrestrial optics is
not influenced by the earth’s motion. The endeavours of
some distinguished physicists, notably of H. A. Lorentz, to

* (ommunicated by the Author. A short note on the same subject
was published in the Physik. Zeitschr. vii. p. 556 (1906).
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modify the Maxwellian theory in such a manner as to elimi-
nate the effects of translatory motion have admittedly failed.
Now the author, guided by the feeling that the form of the
Maxwellian equations must correspond somehow to the true
laws of electromagnetism, has attempted a new interpretation
of these equations that should harmonize with facts.

In the following the author will show how this task can
be accomplished. We consider two electromagnetic systems
A and B in uniform rectilinear motion relatively to each
other. Then, whenever we speak of the dynamical inter-
action of the systems we stipulate that the system acted upon
—we will call this henceforth the passive system, and ac-
cordingly the other system the active one—experiences the
same foree as it would in the Maxwellian theory on the
assumption that it were at rest in the wther and the other
system moving relatively to it. As will be shown later on,
the stipulation that the passive system is invariably the-
system * at rest ” implies the principle of relativity.

§ 2. The Maxwellian equations as adapted to the electron
theory have this form for empty space :

dH
(1) ey =curl E,
(IL) i—gg =v? curl H—4mv?pu,
(IT1.) vH=0,
(1v.) vE=0, or =d=n’p.

As in the Maxwellian theory, H and E are the field inten-
sities measured in the system ‘““at rest.”” The forces exerted
by the active system are purely electrical or magnetic.
There are no electrodynamic forces on a passive system.
We will limit our investigation for simplicity to rigid systems.
The total force exerted on the passive system takes the form

(V) F= ﬁ Ho, dg+ SW Epdr.

Here o, means the surface-density of magnetism; dg is
an element of surface, and drt an element of volume. While
H and E are due to the active system, o, and p belong to
the passive system.

We will now proceed to apply our equations to the rela-
tive motion of electrons and fictitious magnetic poles. Wo
thus obtain so-called point laws which by suitable integra-
tions can be employed to find the ponderomotive forces for
any distribution of electrical and magnetic masses of systems
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in relative motion. The following point laws are partly
known from the Maxwellian theory. They can be easily
verified and found in agreement with they differential
equations,

When two electrons move relatively to each other the
passive one iz acted upon by the force

F=

207 s
- 3 . - - . » (1)

2 kS
9 Lout . 9 2
7 (l«-;;sm ry)

Here 1, signifies a unit radius vector drawn from the active
to the passive electron; ¢ is the charge of the electron, ¢ is
the angle which the direction of motion makes with r, u is
the velocity of motion, and s=1— %'

v

Of two moving fictitious magnet-poles of unit strength the

passive one is acted upon by the force

S

F=r1

3 3.0, . . . (2)
7“2<1—%sin2q/>?Z

Further, when an electron and a unit magnet-pole are
moving relatively to each other, the force on the passive
electron is

—— 3
TG .o
72 (1 ~ % sin? ry)‘ ’

whereas the force on the passive magnet-pole is

sq

2 ne . . - (4:)
72 (1—% sin? ry)'

Here as elsewhere the radius vector is always drawn to
the passive system. Now an inspection of these four funda-
mental equations shows that the choice of the passive one of the
two systems in relative motion is arbitrary; i. e., a moving
magnetic pole exerts exactly the same force on a “ resting”
electron as a moving electron on a “ resting ” pole, and we
can at once conclude that with any distribution of magnetic
and electric masses in the two systems, the force exerted by
A on B is the same as that exerted by B on A. This proves
the validity of the third law of Newton and impliss the
principle of relativity.

F=Vur,

F=V 1'1 u
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Suppose a system A contains only magnets and B only
electric charges; then the observer, whom we imagine always
to be on the passive system, will interpret the action exerted
on his system as_electric or magnetic according as he stays
on B or on A. Evidently the electric action must equal the
magnetic action, and we have the relation

(VEpndr=—{{Ho, dg. . . . . (5

Of rparticular interest are the forces which uniform mag-
netic and electric field exert on moving clectrons. They are
different from those of the Maxwellian theory. Suppose an
electron moves between the poles of an electfomagnet, then,
according to equation (3), the force on the passive electron

is
f" Vaur, sqgo,dg
oo [V anends
ot (1-" .in“"y)z
Tk

daonqg

Vgu . . . . (6

2 “ ’

= — —
1— 3 (glul)‘

Here g is the outward normal erected on the positive
surface of the pole. For 4mo, we can put Hy, the field
intensity as measured by an observer at rest with the electro-
magnet. We then can write for the force exerted on the
electron :

F=VEu—=~——,. . . . . (D)
L= (gw)?
whereas the Maxwellian theory furnishes
l] V Hou.

Equation (7) can be {ested by the deviation of Becquerel
rays in a magnetic field.

Equation (4) furnishes the force which an electron ex-
periences in a uniform electric field, for instance in that of a
condenser. Let the surface-density of electricity on the
condenser-plate be o, then evidently

2
F= ﬂ TG QSO‘ dg i
o w .,
? [1—— 5 S 'y:l

dmoo?q (
1— % (gwy)? 1

ul X
U ‘1;7(8'1“1) —g;}. . (b)
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g1 i3 the unit normal erected on the positive plate of the
condenser; (g; ;) is the cosine of the angle which u makes
“'ith g1

In case the electrons move parallel to the plates the force
takes the same form as in the Maxwellian theory.

§ 3. We will now proceed to consider the energy relations
that follow from our principle of relativity. Suppose we
have two systems A and B in relative motion. External
forces are required to keep the motion steady. We denote
the field intensities due to the active system A by E, and Ha,
and those due to the active system B by Ep and Hg, where
it is understood that E; and H, are measured on B and
E; and Hp on A.  Further, the volume-density of electricity
of A is ps, and that of Bis ps. As to the electromagnetic
nature of the two systems, we will assume for simplicity that
the system A contains only electrical masses, while B contains
electrical and magnetic masses. Now remembering that the
relative motion of electric and magnetic masses produces
forces that are perpendicular to the direction of motion, and
hence do not perform work, we find for the energy change
in the element of time :

AW =dt f g pp uE, dr=dt _g)‘ pauE; dr.

By the aid of the equations I. to IV. and by the general

rule
Ecurl H = div VHE + Hcurl E,

we can easily transform this expression and obtain:

dW 1 d 1(
20— =1 /E )
dit 87 dtﬂ (VE, B, + VE, H,}dg

—g;%yj‘HAHBdT_lez%‘{yEAEBdT' . (9)

In this equation dg denotes a vectorial element of surface
which has the direction of the outward normal. The surface
integral vanishes by removing the surface to infinity since
radiation is excluded. Thus:

dW 1 d " M 1 d ‘1 .
dr - Sm &EuyjHAHBdT T Sadt UJEAEB(ZT. (10)

We examine now what happens when the external forces
which kept the motion steady are removed. Acceleration
will set in, and if the inertia of the system B is infinitely
larger than than that of A, the latter system alone will be

Phil. Mag. S. 6. Vol. 13. No. 76. April 1907, 2 G
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accelerated. The form of equation (10) suggests putting for
the increase of the electromagnetic energy of A in virtue of
its acceleration :

AW L (. Lo f
dt —S_W;l_t ‘ HA d7+%2-d—tyj: EAz(l'T. (ll)

LY

This equation, which holds for quasistationary motions,
is compatible with our principle of relativity but does not
follow from it.

§ 4. We consider an electron in motion, and we inquire
after its electromagnetic masses. Let u; denote its longitu-
dinal and g, its transversal mass. External forces acting in
the direction of motion wiil increase its electromagnetic
energy W. Proceeding exactly as in mechanics we can put

I19W_ 1 9 1 9
w= B = )] Bt ] B a2

Now the right member of this equation has been evaluated
by G. F. C. Searle for the case of a charged sphere. Sup-
posing an electron to be a rigid charged sphere, we find by
an easy calculation the same expression as Abraham derived
for the longitudinal mass.

‘We can connect the electromagnetic masses of the electron
with the quantity of motion M

dM dM dM,
%‘“Ml dt + M dt

The first term of the right member represents the longi-
tudinal force, while the second member represents the
transverse force.

From mechanics we know

M= s‘u}—aw du = “u#ldu
V0 u U 0

(13)

0

But the general expression for the transverse force is

a,_

dt R Mo

where R denotes the radius of curvature.

And oM, gt

d — 'R’
Therefore

L e
p=—| mdu. (14)

1}
Substituting the value of u, we find the same value for
#, as was obtained by Abraham.
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It is worthy of nots that whereas in general the forces
acting on the electron in a uniform magnetic or electric field
are different from those of the Maxwellian theory, yet the
masses acted upon are identical. Becquerel rays moving
.obliquely to the field should therefore exhibit a different law
of deviation from that expected on the basis of the Maxwellian
theory. Here there is the possibility for carrying out an
experimentum crucis to decide for or against the principle of
relativity as here introduced.

§ 5. It is of especial interest to investigate the bearing of
our principle on the phenomena of radiation. It is evident
that relativity excludes any influence of the translatory motion
of the earth on terrestrial optics ; and it is likewise apparent
that for relative motions of a source of light and an observer
the principle of Doppler holds and that the phenomena of
aberration are easily accounted for.

The phenomena hitherto considered were governed by the
Maxwellian equations for wvacuous space; and the question
imposes itself whether the adopted principle of the relativity
of motion is capable of accounting for phenomena in which
the structure of ponderable matter plays an essential réle.

The electron theory, as is well known, interprets the pro-
perties of matter by assuming that it is made up of complex
assemblages of negative and positive charges.  Thus, while
our equations still hold in the interstices of matter for the
single electrons, the observable properties are due to the com-
bined effects of numerous assemblages of electrons. We
obtain these effects by a process of averaging, and as Lorentz
has shown the result is a set of equations for ponderable
matter which is identical in form with that of Maxwell,—
leaving out of regard phenomena of dispersion.

Now it is evident that with our principle of relativity we
arrive at the same results as Lorentz as long as we restrict our
investigation to bodies at rest. But there are two well-known
experiments which have always been adduced as proving the
existence of an wether at rest. These experiments are that of
Rontgen on the magnetic effect of the rotation of a dielectric
between charged condenser-plates, and that of Fizeau with
the propagation of radiation in streaming water. It will
suffice to show that the former experiment is in perfect accord
with our hypothesis. For let a liquid dielectric flow between
charged condenser-plates. At the boundary of the dielectric
free charges will form and will take part in the motion of
the liquid. This motion constitutes a convection current, and
as such will be proportional to the free charge; and the
magnetic field outside the condenser will therefore likewise
be proportionate to the free c}grge. The latter for a given

2G2
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condenser charge, as follows from Maxwell’s theory and from

Lorentz’s method, is proportionate to where K denotes

—1
K B
the dielectric constant. And this is in perfect accord with
the experimental result that the magnetic force is pro-
-1
K - »

Now any theory which yields this coefficient for the Rontgen
current, leads to the same coefficient called Fresnel’s coeflicient
for the Fizeau experiment. Evidently according to Maxwell

portionate to the fraction

where # is the refractive index, if we

K-1 1
ite equals 1—

n?
disregard dispersion eflects. ¥ intend working out a complete
theory of the Fizeau experiment on the basis of the principle
of relativity.

I hope to have .shown by this short survey that this
principle can account for all the known facts of electro-
magnetism.

Bonn University,

January 1907.

XXXHIL. The Magnetic Field and Inductance Coefficients
of Circular, Cylindvical, and Ielical Currents. By
Avexaxprr Russgrn, M. A, M.L.E.E*

TaBLE oF CONTENTS.
. Introduction.
Mathematical Formulee.
. Formule for the magnetic force at any point due to the current in a
circular filament in rectangular, polar, and bipolar coordinates.
. Applications of the Formule.
i, Force in the plane of a circular current.
ii. The mutual inductance of two coaxial circular currents.
iii. Approximate formula for the self-inductance of a circular
current.
. Applications to Hydrodynamics.
. The magnetic force due to a cylindrical current sheet.
. Formul® for the mutual inductance between two coaxial cylindrical
current sheets,
. Formulze for the mutual inductance between a helical current and =
coaxial cylindrical current sheet,
. Formul®e for the self-inductance of a helical curent, when the pitch
of the helix is small.

1. Introduction.
BRIES formule { are usually given for the components
b of the magnetic force at a point in the neighbourhood of
a current flowing in a circular filament. They are generally
* Communicated by the Physical Society : read February 8, 1907.
t K. Mascart and J. Joubert, Legons sur I Electricité et le Magnetisme,
vol. ii. § 566 (1897).
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