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EEL207 Tutorial 6 Solutions: 2015-16, Sem II
Instructor: Uday Khankhoje

P.1: Use the complex electric field vector Ẽ to simplify computations

Ẽ = A
sin θ

r

(
1 +

j

kr

)
exp(j(kr − ωt))êφ

a) Use ∇2~v = ∇(∇ · ~v) − ∇ × (∇ × ~v) to compute ∇2Ẽ and prove that if Ẽ satisfies the wave
equation then so does Ẽ∗ and hence ~E. Also v = ω

k . Using ∇× Ẽ = −jωµ0H̃ to compute H̃ .
The final expression is

H̃ =
A

jωµ0r2

[
2 cos θ

(
1 +

j

kr

)
êr − sin θ

(
jkr + j − 1

kr

)
êθ

]
exp(j(kr − ωt))

The real magnetic field vector can be calculated using ~H = Re(H̃). For large r

Ẽ ' Asin θ

r
exp(j(kr − ωt))êφ

H̃ ' −Ak sin θ
rωµ0

exp(j(kr − ωt))êθ

b) Use 〈 ~S 〉 = 1/2 Re(Ẽ × H̃∗). For large r

〈 ~S 〉 = kA2

2ωµ0

sin2 θ

r2
êr

c) The power P is given by

P =

∫ 2π

0

∫ π

0
〈 ~S 〉 · êrR2 sin θdθdφ

=
kA2

2ωµ0

∫ 2π

0
dφ
∫ π

0
sin3 θdθ

=
4πA2k

3ωµ0
P.2: The electric field vector can be rewritten as

Ẽ = E0(êx + αêy) exp

(
jωt− j

(
3ωx

c
− j ωy

c

))
a) Thus

k̃ =
3ω

c
êx −

jω

c
êy

Also

|k̃|2 = ω2

c2
εr =

8ω2

c2
=⇒ εr = 8

Using k̃ · Ẽ = 0 we obtain α = −3j. Also ~E = Re(Ẽ).

~E = E0 exp

(
− 3ωy

c

)[
êx cos

(
ωt− 3ωx

c
) + 3êy sin

(
ωt− 3ωx

c

)]
b) To calculate H̃ , use H̃ = 1

ωµ0
k̃ × Ẽ and ~H = Re(H̃).

H̃ = −8jE0

cµ0
exp

(
− ωy

c

)
exp

(
jωt− j 3ωx

c

)
êz

~H =
8E0

cµ0
exp

(
− ωy

c

)
sin

(
jωt− j 3ωx

c

)
êz

c) The time averaged Poynting vector is

〈 ~S 〉 = 12E2
0

cµ0
exp

(
− 2ωy

c

)
êx


