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(c) [3 marks] Consider a plane conducting mirror at {x = 0} C R3, where the electric field
E is zero for z > 0. Using Maxwell’s equations, argue that the components of E tangent
to the mirror are continuous across the mirror, and hence zero.

(d) [12 marks] In the set-up of part (c), an incident electromagnetic plane wave of the form
given in part (b) arrives from z < 0, linearly polarized in the y-axis direction.

(i) Write down the total electric field for z < 0, including a reflected plane wave of the
form given in part (b), where you may assume this has the same angular frequency
as the incident wave.

(ii) Show that the directions of the incident wave, reflected wave and normal to the
mirror are necessarily coplanar, and that the angle of incidence is equal to the angle
of reflection.

(iii) Show that the polarization direction of the reflected wave is the same as that of the
incident wave. Hence determine the electric field, where you should express your
answer entirely in terms of quantities defined for the incident wave, and you should
simplify the expression as much as possible.

[In this question you may use without proof the identities V A (V Af) = V(V - f) — V2£, and
aA(bAc)=(a-c)b—(a-b)c]
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(c) [14 marks] Plane monochromatic electromagnetic waves with frequency w propagate in
the region between two parallel infinite conducting plates. The conductors coincide with
the planes y = 0 and y = a. Choose the direction of propagation vector k of the waves to
lie in the yz-plane making an angle # with the y-axis.

(i) Derive the boundary conditions that the electric field satisfies on the surfaces y = 0
and y = a.
(ii) Assuming that the electric field is parallel to the z-axis, find the electric and magnetic
fields of the waves in the region between the plates.
(iii) Show that for frequencies w smaller than a certain value wpn, which you should
determine, there are solutions corresponding to fields that are exponentially damped
in the z-direction.
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