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2023 7|2 274 2% (D EM rodition  from |ingar dipde arrays

1. (40 points) EM radiation from linear dipole arrays.

Note: The vector potential at a distance r far from (kr>>1) an electric dipole moment (p)

i i = E'”{P . = -
Ho  with k - 7 = kr, here.
-

at the origin is obtained as E(F) =—-

a. (20) Find the general expression of the
vector potential for the linear array of
dipole moments as shown. The electric

dipoles are displaced with the equal

separation of d along the x-direction, and

linear arrav is made of N dipole

- r
moments. You can take k = k—, and
r

distance from the second dipole to the observation point as ©, = ¥ + dX for
instance, and similarly for the other dipoles.

b. (10) Plot the angular distribution of the radiation power in the xy plane. Using N=5
plot the radiation power in terms of kd cos ¢.

c. (10) Find the condition for kd cos ¢ to get the maximum as well as completely

suppressed radiation power for N=5.

REF: Noe that the angle deper r(ﬂen.f radiation power from a dipole moment is expressed
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Lienard = Wicher t Pofen’t'uccl

Lienard-Wiechert potential, fields (3 points)

Start from the scalar and vector potentials in the Lorentz gauge,

— ' d3xr -y r , If_jfl
r;o(x,t) =.fdt |£_f,|p(x -t)(? (E +T—f),
rd 1 d3.'if” - lf _f’l
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(x,t) r:j 7 x,lj{x ) ( + -

with p(Z,t) = e8| — #(t)],J(Z, t) = ecB8[% — 7(t)], and 2 = ¢,

dt

1. (0.5) Obtain the Lienard-Wiechert potential, as in (14.18).
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- e
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2. (0.5) From the definition of the retarded time, t' =t — — show that

fi-dit fi
dt' = —EL{, orVt' = —Ei_., for constant time (t) but with
(i-n9) [-n7)

variation in the position.
: P N i aD
3. (2) By letting D = (1 —fi- ﬁ)|x — 7(t")|, find the relations for ——

and VD. Now, with these relations, find the E and B.

Note that

, and

—+ e = e .
B(x,t) =Fﬁ xX VD +5Vt’ Xp
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4.

(50 points) Radiation from a center-fed linear antenna. Find
the angular distribution of radiation power in terms of
antenna length (d), current (/), and the wavelength (1/k).

Hint: you can use the angular distribution from an electric

dipole moment:

ap _ %2y 34y 12
0 = 3302 L k*|p|? sin? @

Note that the current in the dipole radiator is expressed as
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