PhD Qualifying Exam Opti 501 Summer 2023

Solution to Problem 2) a) E(r,t) = E,expli(k-r — wt)], H(r,t) = H,expli(k-r — wt)].
b) i) V-D(rt) = pe(r,t) — ik-ee(w)E expli(k-r—wt)]=0 - k-E,=0.

i) VX H,0) = Jiee(r, £) + 2200

- ik x HOM= —iwsos(w)EOM -  kxH,=—-¢c(w)wE,.

iii) VxE(r,t) =—-220

- ik X EOM= iwuou(w)HOM - kxE,=u,u(w)wH,.

iv) V-B(r,t) =0 - ik-py,u(w)H,explilk-r—wt)]=0 - k-H,=0.

¢c) k-E,=0 - kkE,+kE,, +kE,=0 - E,=—(k.E,+kE,)/k,.
d) Multiply both sides of Eq.(ii) into p,u(w)w, then substitute k X E, for p,u(w)wH, from
Eq.(iii) to arrive at 0
kX (k x Bg) = —poz,0?w(@)e(@)E, ~ (B )k = (k- IOF, = —(@/cu(@)e(@)8,
- k-k=(w/c)*u(w)e(w).

Traditionally, the refractive index is defined as n(w) = /u(w)e(w). Consequently, the above
dispersion relation may equivalently be written as k? = [n(w)w/c]?.
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