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15.1: Electromagnetic Four-Potential
Electromagnetism is a gauge theory. Particles that have a property called electric charge are subject to forces exerted by the gauge
fields of electromagnetism. The potential four-momentum  of a particle with charge q in the presence of the
electromagnetic four-potential a is just

In the simplest case the four-potential represents the amplitude for finding the intermediary particle associated with the
electromagnetic gauge field. This particle has zero mass and is called the photon. If more than one photon is present, the
interpretation of a becomes more complicated. This issue will be considered later.

The four-potential has space and time components . The quantity A is called the vector
potential and  is called the scalar potential. The scalar and vector potential are related to the potential energy U and potential
momentum Q of a particle of charge q by

The Lorenz condition written in terms of A and  is
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Q = (Q, U/c)

= qQ
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A and ϕ/c such that  = (A, ϕ/c) . a–
ϕ

U = qϕ Q = qA (15.1.2)

ϕ

+ + + = 0
∂Ax

∂x

∂Ay

∂y

∂Az

∂z

1

c2

∂ϕ

∂t
(15.1.3)

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://phys.libretexts.org/@go/page/32834?pdf
https://phys.libretexts.org/Bookshelves/University_Physics/Radically_Modern_Introductory_Physics_Text_II_(Raymond)/15%3A_Electromagnetic_Forces/15.01%3A_Electromagnetic_Four-Potential
https://phys.libretexts.org/Bookshelves/University_Physics/Radically_Modern_Introductory_Physics_Text_II_(Raymond)/15%3A_Electromagnetic_Forces/15.01%3A_Electromagnetic_Four-Potential
https://creativecommons.org/licenses/by-nc-sa/3.0
https://www.nmt.edu/academics/physics/faculty/draymond.php
http://press.nmt.edu/
http://kestrel.nmt.edu/~raymond/books/radphys/book2/book2.html

