
ECE 4370: Antenna Engineering

Solutions to TEST 2 (Fall 2018)

1. Small-Scale Fading

(a) 0.095

(b) 4.5× 10−5

(c) 0.905 or simply 1 minus (a) and (b)

2. Coil Antenna:

(a) N = 5

(b) add a capacitor (since a small coil is highly inductive)

3. Numerical Emag: The most compact way to simulate this “squared” gullwing antenna is
to use 5 metal segments (the center vertical bar can be simulated easily as 1 segement rather
than 2). If each segment has 5 solution nodes, then method-of-moments would require the
inversion of a 25 x 25 matrix.

4. Antenna Arrays:

(a) This was a challenging question with multiple ways of approximation and solution. Here
is one method. If we approximate each sin terms in the broadside array expression (β = 0)
for small φ angles, we get:
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We have approximated all of the sine terms as sinx ≈ x except for the main sine in the
numerator; the argument of this sin varies faster than the others and therefore requires
an extra term in the Taylor series approximation (otherwise, the approximation collapses
to a constant). Solving for half-power points and then the width between produces:
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Notice how the key dependencies appear in this expression ... the half-power beamwidth
of the array is inversely proportional to electromagnetic size of the array (Nd/λ).

(b) sidelobes

(c) grating
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5. Helical Design: For the center frequency of an axial-mode helix, C = λ and pitch angle is
13 degrees:

Gpeak = 15N tan 13◦ HPBW =
52√

N tan 13◦

Since the HPBW of the axial-mode helix is independent of the plane of observation – provided
that plane contains the axis of the helix – we can use this value for beamwidth with respect
to θ or φ. Thus,

Gpeak ×HPBW2 = 40, 560

which, like many antenna types, is independent of the actual construction parameters or fre-
quency of operation.
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