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1 Electromagnetic wave matching conditions for the electric field.

Consider an electric field incident on a plane at z = 0. Suppose that the wavenumber vector
for the incident field is in the zz plane.

a) Apply the boundary conditions to the electric fields at one location on the boundary and
the lemma in class to relate the frequencies of the three waves.

b) Apply the boundary conditions to the electric fields at all locations along the boundary
to show that all wavenumber vectors lie in the 22 plane,

¢) In the special case where the incident wave propagates perpendicular to the bound-
ary, show that the wavenumber vectors of the reflected and transmitted waves are also
perpendicular to to the boundary.
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2 Directions of reflected and transmitted waves

a) Use the dispersion relation w = kv to relate the magnitudes of the reflected wavenumber
to the incident wavenumber. Repeat this for the transmitted wavenumber.

b) Use these to relate the z components of the wavenumber vectors, kg, and kj,. Sketch
the directions of kr and k;.

c) Derive the law of reflection from the previous result.

d) Relate the z components of the wavenumber vectors, kr, and ky.. Sketch the directions
of kr and ky for the case where vs < vy.

e) Derive Snell’s law from the previous result.
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