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H.A. Lorentz: Electromagnetic
phenomena in a system moving with
any velocity smaller than that of light.
(Versl. K. Ak. van Wet. 12, p. 986-
1009. 1904)

The following is not explained by the original electron
theory of Lorentz: 1. That Farth's motion has no
influence on the interference of light (MicuELsoN and
MoRLEY). 2. That no angular momentum acts upon a
charged plate condenser (TrouToN and NOBLE).

T'he first fact was explained by the new hypothesis of
FrrzGeraLp and LorenTz, namely, that the dimensions
of solid bodies are getting slightly smaller in the
direction of Earth's motion.

3. This hypothesis requires double refraction of light in
isotropic bodies due to Earth's motion; the experiments
gave a negative result (Lord RAYLEIGH, BRACE).

To remove these contradictions, the author makes the
following considerations:
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PRI RSO (R SR it
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& T TIRE: “BEREMRS] TR
17, LEFRATESR AR T 47 LA B0t
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for weeks)”, AT £ HEL R T,
Iz By iX A5 14 G 45 Solovine B
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Tf the electromagnetic system experiences a constant
velocity w in the direction of the z-axis, and if ¢ is the
speed of light, furthermore if we set

&

? —uw? =¥,

and are mapping this space by the transformation
2 = ke, yf =y, 2 = 2 and are introducing instead
of time ¢, the "local time"

t = 1 — M

ke
then we obtain, when we introduce slightly different
vectors 9’ and b’ instead of the electric and magnetic
field strength @ and b, equations in the moving system
(transformed by mapping) which are as exactly formed
as the Lorentzian equations in the originally resting
system. From that if follows, that the field (i)', h') is
strictly equal to the field in the resting system at
corresponding points, i.e., no influence of motion of
any order can be found in the electrostatic or optic
field. The ponderomotive forces in unit volume,
however, suffer a small change corresponding to the
volume change, it is
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Aehnlich, wie dmx Enermepnnmp verhilt sich der Schwer
ie 5Be eines mit el

La&nngen behafteteu Systems wird im allgemeinen durch innere
Krifte verd ; denn die pond i Krifte, welche
die Ladungen auf einander ausiiben, geniigen keinesweg dem Prin-
cipe der Gleichheit von Wirkung nnd Gegenwirkung. Die Stellung
der Lorentz'schen Theorie zum dritten Axiome Newton’s diseu-
tierte besonders eingehend Herr H. Poincaré®); er bet.oute daB
der Satz der Erhaltang &erﬁ—oﬁmme it be-

20 M. Abraham,

erzeugu Impuls dnruh die glemhzemg stattfindende Abnahme der
wird, falls die
auf die Grenzfliiche des Rs.umes v von den Maxwell schen Span-
nungen iibte Kraft ; bei Elec-

ist diese Bed ex-fullt ‘wenn das Voluminte-

wahrt, wenn dem electr Telde eine bestimmte Be-

wegungsgroBe zugeschrieben wird. Diese ,electromagnetische
BewegungsgriBe (&) wird, nach Rmht:\m,= und Betrag, durch
das iiber das ganze Feld erstreckte Integral bestimmt

1 .
6) 6= S fffwe,

wo

6a) &= ﬁ.[a, £

den Poynting’schen Strahlvector darstellt. In der That, ans der
Lorentz'schen Theorie folgt?), daf der von den inneren Kriften

1) Dab der Ansatz (1), far die ischo Kraft dom
nerten Euergmgeseizgenngt.beveutﬂ A. Lovewtz, L o. pog.22.

9) H. Poincaré, Arch. Néerl. (2) 5 p. 252—278. 1900,
ies besagl dio Gleichung (15) aaf pag. 26 des citierten Buches von
H A Lom\iz .
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gral der Gl (6) iiber den ganzen Raum erstreckt wird. Mithin
lautet der verallgemeinerte Schwerpunctsatz: Die Zu-
nahme, wclche der resultmrendu Vector der mechanischen und der

gsgroBe in der Zeiteinheit erfihrt,
ist der @uBeren Kraft gleich
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’l‘he mass equivalent of mdin
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1. INTRODUCTION

HE equation relating mass to energy, E=mnc’, =S/
ses. In oneg ise it applics to
ce, and is applicable to the

is that i t descnbes the glun or loss of mass by matur
when absorbing or emitting radiation. If we designate W€ 8¢t
the two masses as g and m.r we then have fwo relations 107X

T, Csdh RS B,
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s mplic n Poncarésformula [ the momentua

in illustrating the application of his analysis. 'l'h eqlullly WP
un body is derivable from Poincaré’s momentum
‘The reasoning in Einst !d 's 1905 derivation.

and of 1904).
quuondbyled{ udaxn . He did not derive the mass-encrgy relation.

working equation s then

or S, thesnergy fux, he put the energy £ times ,the
Iocty of light. He then

—S/L-’=Ec/r’ E/-c.
the Inserting his numerical values
4=10° grams
E=3X10° joules=3X 10 ergs
¢=3X10" cm per second,
3X 108X 3% 10"

9% 10%

or

=1

The significant thing for our present study is that

sed E/é for the coefficient
i h:

of ¢ in stating the momentum of radi:

In 1900, in a paper on “The Theory of Lorentz and /2 plays the role of mass. The e hat s,

A, NS
HHBRE R A e S
HEPEAN b B AT
A ). #E

of radiation he said:

the Principle of Reaction,” H. Poincaré derived the  ypeg ths containd i b wlution 37— S/oe
expression M=S/c', whete M is the momentum of Lot e ol themmmnef /.
Tadiation, S the fu of radiation,
of light, In explaining the signifcanceof this momentutn

“Electromagnetic energy, from the point of view
with which we are occupied, behaving like a fluid
endowed with inertia, one must conclude that if any describes the force exerted on an absorbing body by

magneuc energy, sends it by radiation in a certai
‘must recoil like a cannon Wllich body, which, by the conservation of momentum, is also

cl Tt s s to calculate  the rate of change of momentum of the radiation.

i oil. If the apparatus  We then have that the momentum lost by the radiation

Let us consider the nature of this “mass” of radiation.
and ¢ is the velocity 1t follows from the pressure of radiation as deduced by

Maxwell from his electromagnetic theory. Maxwell’s
formula

f=dE/cdt

tro- - cnergy receved at the rate dE/dl. Now force is also,
by definition, the rate of change of momentum of the

if it has sen tmon sequallol/ c times the energy delivered to the body,
=E/e. If now we designate the momentum of

Von Laue. Laub % foules, the velocit due o he recol i 1 cm pes second.” it n by a “mass’” mp times the velocity of the
N D Consider how Poincaré got this numerical mlt radiation ¢, we have
his formula, derived in this arti mac=EJc
A{FAE j\ of iation, M=S/r ind he ’
Kt radiation, ,
Ladenburg = Z putting down the expression for the conservation of mamE/S,

momentum in the recoil process. Putting u for the

o H FF 4y R 2
B ix e, 1907 44
9 H % PR 37 HH A 4

%] T Johannes Stark RAHIMETD

‘mass of the recoiling body, and o for its velocity, his

VH. Poincaré, Arch. néerland. sci. 2, 5, 232 (1900).

We thus see that this “mass” of radiation is a
concept derived through the definition of force as rate
of change of momentum.

540
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