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QUESTION 1 (20 MARKS)
{a) Describe briefly the origin and geometrical form of an electromagnetic field.

(b) Given that an electromagnetic field characterized by a field potential four-vector A= (0‘, A) is

specified by a set of ficld equations 1%{&6.2-:0;5:-%-1%;1} w V' x A where the
c c

first equation is the Lorentz gauge condition, while £ and B are the usual field intensities,
(i) Show that the full set of Maxwell's equations in a general medium containing electric
charge and current density are derivable from the field equations under the wave propagation

2- - -
conditions %%—V’#m},%—?-v’dw where p is the electric charge density and

J is the electric current density.

(ii) Show that the electric current density four-vector J = (p, 7 ) satisfies a continuity equation

aa—p-rﬁj:o. Confirm that this equation governs charge conservation,

QUESTION 2 (20 MARKS)
(aXi) Write down Maxwell’s equations in a material medium containing electric charge density
pand current density J .

(ii) Show that in the material medium, the electromagnetic field energy satisfies an energy
transfer equation %‘:—1- V.5 = ~E.J where gis the energy density, Sis the Poynting vector

and Eis the electric field intensity.

(b) Consider a system of charge density p moving with velocity ¥ . If the mass of the system is
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M , the Lorentz force equation in the medium takes the form M§=p§+pﬁx§.'ﬂw

density is J = pv.
(i) By taking the dot product with velocity ¥, convert the Lorentz force equation into the energy

transfir equation i(lm’) = %
dr\2
(i) By combining the energy transfer equations in a(ii) and b(i) above and noting

4a_ -‘?-+W=>i(lm’)=3(luv’],show that the total field and system energy is

a & @ dr\2 ar\2

conserved.

QUESTION 3 (20 MARKS)

.

(a) ())Solve the wave equation f;%}f— ~V?E =0 for an electric ficld intensity in vacuum and

express the general solution in the form E(7,¢)= E, cos(ax + 8, Jcos( 7 + 8, ) where all
symbols have usual meanings to be specified.
(ii) Determine the magnetic field intensity B(F,¢) of the electromagnetic field subject to

Maxwell’s equation Vx £ = - l%f
[

(b) Calculate the energy density and pointing vector of this electromagnetic field in vacuum.
QUESTION 4 (20 MARKS)

(a) Using the contravariant and covariant notation for four-vectors to defincd,, = ag,— .

A, =(4,-4); 4 =4°, u=0),23, obtain a full expansion of the electromagnetic field tensor
F,,, in terms of the electric and magnetic field intensities in 4x4 matrix form.

(bXi) Show that the field tensor ¥, can be expressed in terms of Lorentz boost and rotation
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mairices satisfying standard algebra of the Lorentz growp.
(11} Determine the Lorentz pure boost element along the x-axis using the boost matnx &
associgted with <.
(211} Orbtain the Lorentz boost transformation of the event four-vector A along the x-axis using
boost element along the x-axis caloulated in (i) above,

QUESTTION 5 (20 MARKS)

(a} Obtain the general solutions of Maxwell's equations for prescribed souwrces and evaluaie the
retarded fields.
(b} Caleulate the electromagnetic dipols radiation anising from the retarded fields,
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