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Solutions to Quiz 4

(a) The scalar potential is given by

V (~r, t) =
1

4πǫ0

∫
λdl′

ι

Since the line charge is lying on the y-axis, and taking into account the retarded potential, we can

further write the above as:

V (~r, t) =
1

4πǫ0

∫
ky′cos[ω(t− ι/c)]dy′

ι

where ι = [x2 + (y − y′)2 + z2]1/2.

(b) The direction of the dipole moment is ŷ.

(c) The dipole moment is derived as

~p =

∫
λ~r′dy′ = kcos(ωt)

∫ d

−d
y′2dy′ŷ =

2

3
kd3cos(ωt)ŷ = p0cos(ωt)ŷ

where we take p0 =
2

3
kd3.

(d) The magnetic field by the dipole is given by

~B = ~∇× ~A =
µ0
4π
~∇×

∂~p
∂t

r

For this solution, we will disgard higher order terms, or 1/r2 terms, so the solution can be simplified

as:

~B =
µ0
4π

(−
1

c
)r̂ ×

∂2~p
∂t2

r
= −

µ0
4πc

1

r

∂2p

∂t2
(r̂ × ŷ)

Use the spherical coordinates, ŷ = sin θ sinφr̂ + cos θ sinφθ̂ + cosφφ̂, the above solution becomes

~B =
µ0
4πc

1

r

∂2p

∂t2
(− cos θ sinφφ̂+ cosφθ̂)

The magnetic field oscillates in the spherical plane. The electric field is orthogonal to the magnetic

field and to r̂ as well, and its magnitude is c times the magnitude of the magnetic field, so it can

be directly written as

~E =
µ0
4π

1

r

∂2p

∂t2
(− cos θ sinφθ̂ − cosφφ̂)

where ∂2p/∂t2 = −ω2p0cos(ωτ), with τ ≡ t− r/c.

(e) The Poynting flux is always in r̂ direction. The magnitude of the Poynting flux is proportional

to 1/r2 and sin2ψ, where r is the distance and ψ is the angle between the dipole moment and the

observer’s position. The angle between the dipole moment and the first observer is ψ1 = 900, and

ψ2 = 300. Therefore, we can see that

S1
S2

=
r2
2

r2
1

sin2ψ1

sin2ψ2

= 4×
1

1/4
= 16


