Opti 501 Solutions 11

Problem 7.63)

a) k=kp+k,z=(w/c)sin(fy)p + (w/c)cos(y) 2. (1)

b) E,(r,t) = —E, cos 6, cos(p — @) exp{i[kpp cos(p — @y) + k,z — a)t]}, (2a)
E,(r,t) = Eq cos 6, sin(e — @) exp{i[kpp cos(p — @y) + k,z — a)t]}, (2b)
E,(r,t) = E;sin 6, exp{i[kpp cos(p — @g) + k,z — wt]}. (2¢)
H,(r,t) = —(Eo/Zo) sin(p — @,) exp{i[k,p cos(p — @) + k,z — wt]}, (3a)
H, (r,t) = —(Ey/Z,y) cos(p — @o) exp{i[kpp cos(p — @o) + k,z — wt]}, (3b)
H,(r,t) = 0. (3¢)

c¢) The following integrals will be useful in subsequent derivations:
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1) J«Ozn sin 0] exp(ix CoS (p) d(p = — (é) exp(ix CcosS (p) =0 = — w = 0. (4)
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i) Efo exp(ix cos @) do = fo icos ¢ exp(ix cos @) do = 2njy(x) = —21J;(x)

- fozn cos @ exp(ix cos @) do = 2], (x). (5)

To find the (E,, E,, E;) and (H,, H,, H,) of the superposition, we integrate the fields obtained in
part (b) over ¢, from 0 to 2. We find

2T . 2 .
EétOtaD = f%:O E,(r,t)dp, = —E, cos 0, expli(k,z — wt)] fo " cos exp(ik,p cos @) dop
= —i2nE, cos 6, ], (k,p) expli(k,z — wt)], (6a)
2n . 2m . .
Eémtal) = f(pozo E,(r,t)dg, = —E, cos 6, expli(k,z — wt)] fo "sing exp(ik,p cos @) dp = 0, (6b)
glroral) — f;:::o E,(r,t)do, = Ey sin 0, expli(k,z — wt)] f027r exp(ik,p cos @) do
= 2mE, sin 6 /o (k,p) expli(k,z — wt)]. (6¢)
2n . 2T . .
ngtoml) = f(pozo H,(r,t)doo = (Eo/Zy) expli(k,z — wt)] fo "sing exp(ik,pcosp)dp =0, (7a)
2T . 2 .
Hy ™ = [ Ho(r,0)dpo = —(Eo/Zo) explikyz — wt)] 5" cos ¢ exp(ikyp cos ) dy
= —i2n(Eo/Zo)]1(kypp) expli(k,z — wt)], (7b)
1 2
glterh - S Ho(r, g = 0. (7c)




