Edition Open Sources

Sources 10

Alexander S. Blum and Dean Rickles:

Markus Fierz and Wolfgang Pauli (1939): On Relativistic Wave Equations
for Particles of Arbitrary Spin in an Electromagnetic Field
DOI: 10.34663/9783945561317-25

Quantum Gravity in the First Half
of the Twentieth Century

A Sourcebook

Alexander S. Blum and Dean Rickles (eds.)

Edition Open Sources
Sources 10

In: Alexander S. Blum and Dean Rickles (eds.): Quantum Gravity in the First Half of the
Twentieth Century : A Sourcebook
Online version at https://edition-open-sources.org/sources/10/

ISBN 978-3-945561-31-7, DOI 10.34663/9783945561317-00

First published 2018 by Max-Planck-Gesellschaft zur Forderung der Wissenschaften, Edition Open
Sources under Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Germany Licence.
https://creativecommons.org/licenses/by-nc-sa/3.0/de/

The Deutsche Nationalbibliothek lists this publication in the Deutsche Nationalbibliografie; de-
tailed bibliographic data are available in the Internet at http://dnb.d-nb.de



Chapter 23
Markus Fierz and Wolfgang Pauli (1939): On Relativistic Wave
Equations for Particles of Arbitrary Spin in an Electromagnetic Field

Markus Fierz and Wolfgang Pauli (1939). On Relativistic Wave Equations for Particles of
Arbitrary Spin in an Electromagnetic Field. Proceedings of the Royal Society of London,
Al173,211-232.



374



375



376



377



378



379



380



381



382

Particles of arbitrary spin in an electromagnetic field 219

ditions are not impaired. This would mean that the dimensionality of the
manifold of states was altered by ‘““switching on” the forces, and it turns
out that these new states give rise to singularities when the field is ““switched
off ’, as we shall illustrate by means of an example in the Appendix. We shall
here consider the effect of an electromagnetic field.

In this case we must naturally assume that the fields 4,;, and C are com-
plex. Let ¢, be the four-potential of the electromagnetic field, e the charge
of the particles. Then we have

. 0 e
@Hk=a—xk—7b—c¢k,
1e (0 0,
and Ja =1L 11— 11 1T, = %{%—5%}

We take the following form for L:
L =A% A+ I Ay 1T} Al — 20T, A, ITF A+ fir Ay AT,

+ I A, I C* + ITF AXIT, O} — 3x2 C*C — 3IT, CITF C*.  (14)
The term f; A4,, A% (proportional to the field strengths) has been added
because then the derivation of the subsidiary conditions is. particularly
simple, but it is not necessary. The Lagrange function can also be brought
into another form by partial integration, namely,

L = kA% A+ I Ay — IT Ay {IT} A%y, — 11} Al — T, Ay ITF A%,
—§2O*C + {11, A, 11 C* + 1T AR IT,, Oy — }IT, CITF O%.

Performing the variations with respect to A}, and C* one obtains the
equations

2% A g+ 201PA gy, — HILIT A g + IT IT Ay — $0,, 1T, 1T, A, 0}
+ir At + e Api + HIL D+ IT T} O — 38, IT20 = 0, (15°1)
—3k2C - 3}I1*C + 11, 1T, A,, = 0. (15-2)
We shall now show that again 10 subsidiary conditions follow from these
equations. We obtain three such conditions from (15-1) by putting 4 # 4,
k=4:
2k24,,+ 2113 Ay — 211, 1T, A,y — 21T, 1T, A, — 201,11, A,
+forAra+fapApa+ I, C+ [, C = 0. (163)...(165)
(,f=1,2,3; r=1,2 3, 4).
Adding the (4, 4)-component of (15-1) to (15-2) gives another:
2k2A 44+ 2113 Ay + 211,114 A, p— IT2 C — 3x2C = 0. (16-6)
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