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Founders of DG
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ED is an important source of inspiration for DG and DG is the
natural tool to develop a mathematical modeling of ED

Founders of DG
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ED is an important source of inspiration for DG and DG is the
natural tool to develop a mathematical modeling of ED

Founders of DG

Henri Cartan (1904 - 2008)
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ED is an important source of inspiration for DG and DG is the
natural tool to develop a mathematical modeling of ED

Founders of DG

Charles Ehresmann (1905 - 1979)
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natural tool to develop a mathematical modeling of ED

Founders of DG
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NOTES
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RECENT RESEARCHES IN

ELECTRICITY AND MAGNETISM In the course of Maxwell's investigation of the values of

X, ¥, Z due to induction, the terms
a
- (Pur Gor ), — %(mu}wﬂwy

T A% A SBa0RL O
- d%(}’u-f Gv+ Hw)
PROFESSOR CLERK-MAXWELL'S TREATISE

ON ELECTRICITY AND MAGNETISM respectively in the final expressions for X, ¥, Z arc included

under the ¥ terms. We shall find it clearer to keep these
terms separate and write the uxpreasions for X, Y, Z as

- X=a —bw—————(Fu+Gv+Ilw)——v
J. J. THOMSON, M.A, F.RS
o 50D Y =aw— m—;ﬂ -3 (Fu+Gv+IIw)——, (1)
a0 e e o P a‘_ B 'f(Fu+0v+1Iu)— i
Oxford

AT THE CLARENDON PRESS
1853
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Heinrich Rudolf Hertz (1857 - 1894)
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% g-E= —/ p - (Op=o B) HENRY — FARADAY(1831)
)N

IN P .
Simplifications

% pn-B=0 GAUss(1831)
é)ZOUT

7{ g-H= / - (Ogp—o D+J)  AMPERE(1826)
BZOUT ouT
MAXWELL(1861)

7{ pn-D = / o GAUss(1835)
az()UT ZOLT

with Y ,yr a bounded connected surface and X, bounded
connected domain in §. Applying AMPERE law to closed
surfaces Yoyr = 02, we get

Og—g p+divd =0

the equation of continuity.



Una teoria consistente
dell'induzione
elettromagnetica

Re|at|V|ty Story GiovannilRomant

Early relativity theory
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Relativity Story

Length contraction and time dilation effects

George Francis FitzGerald (1851 - 1901)
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Length contraction and time dilation effects

Hendrik Antoon Lorentz (1853 - 1928)
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Length contraction and time dilation effects

Albert Einstein (1879 - 1955)
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8. Zur Elektrodynamik bewegter Kirper;
von A. Einstein.

DaB dio Elektrodynamik Maxwells — wie dieselbe gegen-
whrtig aufgefadt zu werden pllegt — in ibror Anwendung auf
bewegte Korper zu Tahrt, welche den
nicht anzuhaften scheinen, ist bekanat. Man denke z. B. an
dio elektrodynamische Wechselwirkung zwischen einem Mag-
neten und einem Leiter. Das heobachtbare Phinomen hiingt
hier nur ab von der Relativhewegung von Leiter und Magnet,
wihrend nach der tblichen Auffassung die beiden Falle, da8

der eine oder der andere dieser Korper der bewegte sei, streng
voneinander za trennen sind. Bewegt sich nimlich der Mognet
und ruht der Leiter, so entsteht in der Umgebung des Magneten
ein elektrisches Feld von gewissem Energiowerte, welches an
den Orten, wo sich Teile des Leiters befinden, einen: Strom
erzengt. Rubt abor der Magnet und bewegt sich dér. Eaiter,
s0 entsteht in der Umgebung des Magneten kein elektrisches

{ Fold, dagegen im Leiter eine elektromotorische Kraft, welcher
an sich keine Energie entspricht, die aber — Gleichheit der
Relativbewegung bei den beiden ins Auge gefabten Fallen
vorausgesetzt — zu elektrischen Stromen von derselben GroBe
und demselben Verlaufe Veranlassung gibt, wie im ersten Falle

* die eloktrischen Krafte.

" Beispiele ahnlicher Art, sowie die miBlungenen Versuche,

 eine Bewegung der Erde relativ zum ,Lichtmedium® zu kon-
statioreri, fihren su der Vermutung, dad dem Begriffo der
l.hsolut/en Ruhe. nicht nur in der lanhumk, sondern meh in

ik keine Kij

pmhen, sondorn dab. vielmehr fir e Koordmawnlyltq

" far welche die mechanischen Gleichungen gelten, such. dls-.

gleichen elektrodynamischen und optischen Gesetze. gelton; wie:
* dies fir die GroBen erster Orduung bersits erwiosen atv” Wir
wollen diese Vormutung (deren Inhalt im folgenden
dor Relativitit* genannt werden wird) zur Vorsmistsmng et
heben und auBordem die mit ihm nur scheinbar unvertriglicho

Albert Einstein (1905)
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ON THE ELECTRODYNAMICS el::t"r::;;"zft'za
OF MOVING BODIES

Giovanni Romano
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- Early relativity theory
cal electrodynamic 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 distinction 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 if 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 force, to which in itself there is no corresponding energy, but which gives
rise—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.

Examples of this sort, together with the unsuccessful attempts to discover
any motion of the earth relatively to the “light medium,” suggest that the

of ics as well as of ics possess no properties
corresponding to the idea of absolute rest. They suggest rather that, as has
already been shown to the first order of small quantities, the same laws of
electrodynamics 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 only 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 theory of the electrodynamics of moving bodies based on Maxwell’s
theory for stationary bodi The introduction of a “luminiferous ether” will

I'The preceding memoir by Lorentz was not at this time known to the author.
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Differential forms vs. vector fields

wg =g-E electric field
sz = wf‘ : magnetic vortex
wh =g-H magnetic field
wh = i . electric flux
wlB =g-A magnetic potential
wj wf‘ -J electric current
wf, = pwi electric charge
wl =V electric potential
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Space-time split

field of time-arrows
projector on time-arrows

projector on space slices
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Space-time theory of electromagnetics

w3 =il € N°(VS;R) magnetic vortex
wi =ilQf € N(VS;R) electric field
with i spatial immersion.
Q2 =P|Q:2
—Q¢ =P(QF V)
P projector on the spatial slices
V = Z + PV space-time velocity

v =i|(PV) spatial velocity.
Representation formula

Q2 =QF —dt A (U +Q-V).
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Faraday law in space-time

Closedness of FARADAY two-form in the trajectory manifold is
equivalent to the spatial GAUSS law for the magnetic vortex and
to the spatial HENRY-FARADAY induction law, i.e.

d5w|23:0

dQ2 =0 —
F Lywi+dswi =0

with the integral formulation

2 1
69:0 / wp = _\% WE
‘PE(ZI\I) [S) =

for any inner-oriented surface X,y in a spatial slice.
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Faraday law

—wE —vaBergwE
‘Csz+£VwB+dSw%
= L3 wp + (dswg) - v + ds (wg - v) + ds wi

= L3 wh + wg - v+ ds (wp - v) + ds wi

Usual formulation with ds (wg - v) dropped

1 1 2
—wi = LS wh +wE v+ dsw?
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Synoptic table (v =10) G Romano
new old
(ElEY) — (vEI EY) (El, v (E* +w x B))
(Bl,B+) — (Bl,v(B+ —(w/c?) xE)) | idem New thfeory
(HI,HY)  — (yHI HY) (HI, 5 (H- —w x D))

(DII,Dt) — (DI, v (D* + (w/c?) x H)) | idem

() -y (v =pw),J4)
p — v(p—glw/c*,J)) idem
VE — WV 'Y(VE —g(W,A))

(Al ALY — (y (Al - (w/c?)VE),AL) idem




Denoting by V the EUCLID connection in spatial slices and
assuming that the observer measures
1) a magnetic potential independent of time,

L3ws =0
2) a spatially constant scalar electric potential,
dg wg =0

3) a spatially constant magnetic vortex field,

the formula for the electric field may be evaluated to get

2

1 1
—wé:(dg(.ulB)-v—i—ds(wl,3~v):<.u|3-v—§<.uzB-v:54.‘;2,3~v7

or in terms of vector fields E = J v x B which is just one-half of

what is improperly called the LORENTZ force.
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