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I.

(a) Derive the general inhomogeneous wave equations for the scalar and vector potentials
in electrodynamics. {13}

(b) Then, specialise to the Lorentz condition and write down the wave equations for this
particular condition. (7]

(c) Finally, gauge transform the Lorentz equations just derived. {51

(a) State what is giving rise to the current density j , which is given at any point 7' and

time ¢, in the usual notation, by ;(F W)= g (1) (F —F (i)) . [4]

(b) Write the expression for the four-current density j* in terms of charge density p and

current density j [4]
(c) Write the charge conservation equation in covariant form. [4]

(d) In a cerain region of space, the electric scalar potential and the magnetic vector

o) e:((u!—irr} ;I'ee’{m‘*") -
potential are given as: ®(F,¢} = —~9—£— and 4(7.r) == where @, and 4, are
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both constant and » =|F[. Find cdrresponding expressions for the F and B fields.
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(a) (i) Show that the tensor scalar product of the electromagnet field tensor is:
e E
75 =2(cz 5 ] 5]
(ii) Hence show that £, /% =~F, F’ where F; is the dual of F,.
[5]
(b) Show That Maxwell’s homogeneous equations can be written in the form:
BUFP 4+ F + T FY =0 [7]
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(c) Show that 8 F = . [8]
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4. (a) The poynting’s theorem can be written in the form %p:—,— = —% ch,,,a’r - _[ §-dd, show
I)
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that it can be expressed in the form: V-§ = —-0U,where U=U, ,+U,, (7]

(b) Starting from the Lorentz force law, show that the Lorentz force density f can be
expressed in the form: f, =@ jfﬁ: ~ &ty aqi, where;
ot
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(c) 2 and %' are space-time inertial coordinate frames such that at time f=7"=0, the

origins coincide, The electromagnetic field tensor #*" has the following compoenents -

in Y
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{i} Write the covariant equation that links F** to its sources. 41

(i) Consider the four-vector D,f defined by = F* j . Deduce, in a clear explicit
Y g

calculation, that ,? is the Lorentz force density form. 4]
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