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1 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, kr. and kj,. Sketch
the directions of kg and kj.

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

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

e) Derive Snell’s law from the previous result.
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2 Polarization of reflected and transmitted waves: normal incidence

Consider a monochromatic plane wave traveling in the +2z direction and incident on a surface
lying in the zy plane. Suppose that the wave is linearly polarized in the zy plane. The
complex function that represents the associated electric and magnetic fields is:

EI _ EOI ei(ks—wt)
EI - EOI ei(kz—wt)
where Eyy is real. The reflected wave is represented by
ER _ EDR gi(—kz—wt)
ER _ ]§OR ei(—k‘z—wi)
and the transmitted wave by
ET - EUT gilkrz—wt)
ET — EOT eilkrz—wt)

where & is the wavenumber of in the incident medium and kg is the wavenumber in the
transmitted medium.

a) Apply the boundary conditions and the relationships between the electric and magnetic
fields in monochromatic plane waves to show that

Eor + EDR = EOT

i Z X EO'%»“"
H2U2

QXED]—QXE0R=

b) Take the cross product of the second equation with Z, use a vector algebra identity to
obtain a relationship of the form

Eo; — Eop = -

Combine the two relationships to show that

Egr = scalar x Egy

Egr = scalar x Eq;

c) Suppose that the incident electric field is linearly polarized along the z direction. What
does the previous result imply about the polarization of the reflected and transmitted
fields?

d) Suppose that the incident electric field is linearly polarized along any direction in the
zy plane. What does the previous result imply about the polarization of the reflected
and transmitted fields?
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