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[)lacement due to the relative motion of the earth and the

uminiferous ether, this cannot be much greater than 0-01 of
the distance between the fringes.
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3. Zur Elektrodynamilk bewegter HKdirper;
von A. Einsgtein,

DaB die Elektrodynamik Maxwells — wie dieselbe gegen-
whrtig aufgefaBt zu werden pflegt — in ihrer Anwendung auf
bewegte Kdrper zu Asymmetrien fiihrt, welche den Phinomenen
nicht anzuhaften scheinen, ist bekannt. Man denke z. B. an
die elektrodynamische Wechselwirkung zwischen einem Mag-
neten und einem Leiter. Das beobachtbare Phiinomen hingt
hier nur ab von der Relativbewegung von Leiter und Magnet,
withrend nach der iiblichen Auffassung die beiden Fille, daB
der eine oder der andere dieser Kirper der bewegte sei, streng
voneinander zu trennen sind. Bewegt sich n#imlich der Magnet
und ruht der Leiter, so entsteht in der Umgebung des Magneten
ein elektrisches Feld von gewissem Energiewerte, welches an
den Orten, wo sich Teile des Leiters befinden, einen Strom
erzeugt. Ruht aber der Magnef und bewegt sich der Leiter,
so entsteht in der Umgebung des Magneten kein elektrisches
Feld, dagegen im Leiter eine elektromotorische Kraft, welcher
an sich keine Energie entspricht, die aber — Gleichheit der
Relativhewegung bei den beiden ins Auge gefabten Fillen
vorausgesetzt — zu elektrischen Strimen von derselben Grofe
und demselben Verlaufe Veranlassung gibt, wie im ersten Falle
die elektrischen Kriifte.

Annalen der Physik 322, 891-921(1905)

N IRDER IFIZDULNT

ON THE ELECTRODYNAMICS OF MOVING
BODIES

By A. EINSTEIN
June 30, 1905

It is known that Maxwell's electrodynamics—as usually understood at the
present time—when applied to moving bodies, leads to asymmetries which do
not appear to be inherent in the phenomena. Take, for example, the recipro-
cal clectrodynamic action of a magnet and a conductor. The observable phe-
nomenon here depends only on the relative motion of the conductor and the
magnet, whereas the customary view draws a sharp distinetion between the two
cases in which either the one or the other of these bodies is in motion. For if the
magnet is in motion and the conductor at rest, there arises in the neighbour-
hood of the magnet an electric field with a certain definite energy, producing
a current at the places where parts of the conductor are situated. But il the
magnet is stationary and the conductor in motion. no electric field arises in the
neighbourhood of the magnet. In the conductor, however, we find an electro-
motive foree, to which in itsell there is no corresponding energy, but which gives
fse—assuming equality of relative motion in the two cases discussed—to elec-
tric currents of the same path and intensity as those produced by the electric
forces in the former case.
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Examples of this sort. together with the unsuccessful attempts to discover
any motion of the earth relatively to the “light medium,” suggest that the
phenomena of electrodvnamics as well as of mechanics possess no properties
corresponding to the idea of absolute rest. Thev suggest rather that. as has
already been shown to the first order of small quantities. the same laws of
electrodyvnamics and optics will be valid for all frames of reference for which the
equations of mechanics hold good. We will raise this conjecture (the purport
of which will hereafter be called the “Principle of Relativity” ) to the status
of a postulate. and also introduce another postulate. which is onlv apparently
irreconcilable with the former, namely, that light is always propagated in empty
space with a definite velocity ¢ which is independent of the state of motion of the
emitting body. These two postulates suffice for the attainment of a simple and
consistent theorv of the electrodvnamics of moving bodies based on Maxwell's
theory for stationarv bodies. The introduction of a “luminiferous ether” will
prove to be superfluous inasmuch as the view here to be developed will not
require an “absolutelv stationary space” provided with special properties. nor

Annalen der Physik 322, 891-921(1905)
(http://mww.fourmilab.ch/etexts/einstein/specrel/www/ )
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Fig. 25-1. The reaction P 4+ P —
3P + P viewed in the labor t y and
CM systems, The incident p s sup-
posed to have just borely el gh nergy
to make the reaction go. P otons are
denoted by solid circles; antipr Ion by
open circles,
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Table 25-2

The important quantities of vector analysis in three and four dimensions.

Vector
Scalar product

Vector operator

Gradient

Divergence

Laplacian and
D’Alembertian

Three dimensions
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A g B = Asz + AyBy + A;Bz (l,‘bu = (I{br —~ (l_t,[)z e
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o _ (% % _(__@ b
W = (ax v a:) Vae =i\ i
aA: ("A_p, 3/12 . aa; %
Vol =5 gy gy eSSt gy 2
ai’ 62 62 , a? 62
V'V =at;m T Ve = 3BT B

= (ay, a)

ayby,

The Feynman Lectures on Physics, Vol.ll, 25-8

de

_55>_

Four dimensions

L
dt
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Optical Clocks and Relativity

C. W. Chou,* D. B. Hume, T. Rosenband, D. ]J. Wineland

Observers in relative motion or at different gravitational potentials measure disparate clock
rates. These predictions of relativity have previously been observed with atomic clocks at high
velodties and with large changes in elevation. We observed time dilation from relative speeds of
less than 10 meters per second by comparing two optical atomic clocks connected by a 75-meter
length of optical fiber. We can now also detect time dilation due to a change in height near
Earth's surface of less than 1 meter. This technique may be extended to the field of geodesy, with
applications in geophysics and hydrology as well as in space-based tests of fundamental physics.

Ibert Einstein’s theory of relativity forced
ALL-: to alter our concepts of reality. One of
the more startling outcomes of the theory
is that we have to give up our notions of simul-

taneity. This is manifest in the so-called twin
paradox (1), in which a twin sibling who travels on
a fast-moving rocket ship retums home younger
than the other twin. This “time dilation™ can be
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