ECE444 - Fall 2026 L12 Practice SOLUTIONS 10f 6

Learning Objective 2.1: | can describe the radiation behavior of simple resonant antennas(isotropic radiator,
half-wave dipole, monopole, loop)and calculate their gain and impedance.

Show your work. A Documentation line at the end is required (write None if you did not collaborate).

1. A whip for the guard frequency. You are asked to build a quarter-wave monopole for f = 121.5 MHzon a
large aluminum ground plane, fed with 50 2 coax. Take the thin-wire half-wave dipole as 73 + j42.5 Q2.

(a) How long is the whip?

F 1215 x 106

A
L=—-—=0.61Tm

4

The whip is about 62 cm of metal above the plane.

(b) State the input impedance you expect at the base of the whip, and explain in one or two sentences
why it is not the dipole value.

Zin = 36.5 + j21.3 Q, exactly half the dipole value. The image in the ground plane supplies the
missing lower half of the dipole, so the current at the feed is the same as the dipole’s, but the
generator only drives half the structure and therefore only has to supply half the voltage. Half the
voltage at the same current is half the impedance.

(c) Find |T'| and the VSWR seen by the 50 2 feed.

_ Zin — 2o _ —13.5+521.3 VSWR = 1.79

T+ Z0 865+ ;213
95.2

= =22 _ 0983

Tl =891
1402

VSWR = L0283 ) o9

1-0.283

Return loss = —20log; (0.283) = 11.0dB..

(d) You may change the whip or the ground plane, but you may not add parts. Give two changes that
improve the match, and say what each one does to the impedance.

(1) Trim the whip to about 0.24 ) (roughly 59 cm). Shortening it a few percent tunes out the +521.3 Q2
of reactance and leaves about 36 €2 real, so VSWR drops to 50/36 = 1.39. The reactance, not the
resistance, accounts for most of the mismatch. (2) Droop the radials of the ground plane down
about 45°. Tilting the radials raises the base resistance from roughly 36 €2 toward 50 €2, giving
VSWR near 1.0 with no added components. This is why commercial ground-plane antennas have
drooping radials.
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2. Which way do you lay the wire? A perfectly conducting deck acts as an image plane. An antenna at height i
above it radiates as the element pattern times a two-element array factor, 2|cos (kh cos 6) | for a vertical
element and 2|sin (kh cos 6) | for a horizontal one, with § measured from the vertical.

(a) Ahorizontal wire sitsat A = 0.05\. By how many dB is its
straight-up (¢ = 0) field below that of the same wire at
h = 0.25)\?

A= —10.2dB

h=0.05\: 2sin(27(0.05)) = 2sin (18°) = 0.618
h=025\: 2sin(2m(0.25)) = 2sin (90°) = 2.00
20l0g,, (0.618,/2.00) = —10.2 dB

(b) Evaluate the vertical array factor at the horizon (# = 90°)
foran arbitrary height h. What does the result tell you?

AF = 2

2|cos (khcos90°) | = 2|cos (0)| =2 foreveryh

A vertical element and its image always add in phase
along the horizon, at any height, including zero. That
is why a vertical antenna works while standing on the
ground.

(c) In one or two sentences, explain why a horizontal wire lying directly on a metal deck radiates
essentially nothing.

A horizontal (tangential) current images with the opposite sign, so the deck creates an equal and
opposite current directly beneath the wire. As the height goes to zero the two are collocated and
cancel everywhere, and the radiation resistance collapses with them, so nearly all of the input
power is dissipated rather than radiated.

(d) You must put up a field-expedient antenna on a large metal roof for horizon-to-horizon communi-
cation, and you can only get about 0.05) of height. Which orientation do you choose, and why?

Vertical. At 0.05)\ a horizontal wire is fighting its own image and loses more than 10 dB of the little
it radiates, and perfect ground puts a null on the horizon for horizontal polarization at every height,
which is exactly where the traffic is. A vertical element gets the in-phase image for free, keeps its
pattern maximum on the horizon, and needs no height at all.
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3. Same radome, three antennas. A vendor ships a vertical antenna for f = 450 MHz sealed in a fiberglass
radome, with no datasheet. From the outside it could be a quarter-wave monopole, a sleeve dipole, or a
folded dipole. You mount it on a wooden mast and run the 50 Q2 coax straight down the mast.

(a)

(c)

With the coax taped flat to the mast the analyzer reads a VSWR of 1.3. Re-route the coax away
from the mast, or grab it with your hand, and the VSWR jumps to 2.4. Which of the three antennas
is it most likely to be, and why does the cable change the reading?

A monopole. Its other half is supposed to be a ground plane, and a wooden mast has none, so the
return current flows on the outside of the coax shield instead: the feed line is the counterpoise.
Move the cable or touch it and you change the counterpoise, which changes the impedance at
the base and the pattern with it. A sleeve dipole or a folded dipole carries both halves inside the
radome and would barely notice where the cable goes.

The same vendor sells a “ground-independent” model in
an identical radome: a folded dipole with a 4:1balunin
its base. Take a resonant half-wave dipole as 73 €2, purely
resistive. Find the impedance at the folded dipole’s ter- Reolq = 292 Q)
minals, the impedance the balun presents to the coax,
and the VSWR on the 50 Q line.

VSWR = 1.46

Rfoig = 4R, = 4(73) =292 Q

292
Rcoax - T =73Q

73 — 50

— ~0.1
73 4+ 50 0.187
VSWR — LH 0187 e
1—0.187

The fold quadruples the resistance and the balun divides
it back down, so the coax sees an ordinary dipole.

Keep the first antenna and the wooden mast. Give two changes, without replacing the antenna,
that make its VSWR stop depending on the cable.

(1) Give it a real counterpoise: three or four quarter-wave radials at the base, A\/4 = 0.167 m at
450 MHz, drooped about 45° to bring the impedance toward 50 €2, or a metal plate at least about
A\/2 across. (2) Choke the feed line: ferrite beads or a coiled-coax choke on the cable just below
the base put a high impedance in the path of the shield current, so the outside of the coax stops
acting as the antenna’s lower half. Doing both is standard practice.
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4. The full loss budget of a magnetic loop. A single-turn circular loop of radius a = 0.30 m is made of copper
wire of radius b = 3 mm and operated at f = 14.2 MHz. At that frequency the copper surface resistance is
R, = 0.98 mQ per square. Recall R, = 2072 (C//\)4 and Ronmic = (C'/27b) R, for a single turn.

(a) Compute C'/X and confirm the loop is electrically small.

8
_o3x108 C/\= 0.0892
14.2 x 106
C =2ra =1.885m
C/\ = 0.0892

This is below the 0.1\ rule of thumb, so the current is
nearly uniform around the loop and the loop behaves as a
magnetic dipole.

(b) Find the radiation resistance.

R, =20m%(0.0892)" = 197.4 (6.34 x 107°) R, = 12.5mQ
=0.0125Q = 12.5mQ

(c) Find the ohmic resistance and the radiation efficiency.
Express the efficiency in dB and give the gainin dBi.

Trad = 11.3%
C a
Rohmic - TTI'I)RS - gRs
=100 (0.98 m2) = 0.098 O
R, 0.0125 _ ;
, _ T _ —0.11 G= —7.7 dBI
el = B Romme 01105 013

10log,, (0.113) = —9.5dB
G=176—-95=—-7.7dBi

The loop’s copper dissipates nearly eight times the power
it radiates.

(d) The same loop is a respectable receiving antenna at 14.2 MHz but a poor transmitting one. Explain
the difference in one or two sentences.

On transmit, 89% of the input power heats the wire, and the tiny radiation resistance forces enor-
mous circulating current. On receive, what matters is signal-to-noise, and below VHF the external
atmospheric noise picked up by the antenna dominates the receiver’s own noise - attenuating
signal and external noise together by 9.5 dB leaves the ratio essentially unchanged.
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5. Loop or dipole? Continue with the loop of the previous problem.

(a)

(b)

(c)

(d)

A direction-finding team rotates a small loop to take a bearing. Why do they turn the loop for a null
rather than for a peak, and where does that null point relative to the loop?

The small-loop patternis | F'| = sin 6 with the null along the loop axis - straight through the hole -
and the maximum in the plane of the loop. A nullis sharp: the response changes quickly with a
degree of rotation, so the bearingis precise. The peak is broad and flat, so a peak-seeking bearing
would be several degrees wide. When the null is deepest, the transmitter lies along the loop axis.

A vertical half-wave dipole and a small horizontal loop are both mounted on a mast. What polariza-
tion does each radiate toward a distant receiver on the horizon?

The vertical dipole radiates Ejy - vertical polarization. The horizontal loop is a magnetic dipole
pointing straight up; its field is £, which lies parallel to the ground at the horizon, so it radiates
horizontal polarization. The two share the same donut pattern but have orthogonal polarizations,
so pairing one with the other drives the polarization loss factor from Lesson 3 toward zero and the
link fails.

Rewind the loop with V = 20 turns. Radiation resistance
scales as N2 and ohmic resistance as N. Find the new
efficiency.

MNrad = 71.8%

R, = 20?(0.0125) = 5.00 Q
Ronmic = 20 (0.098) = 1.96 2
5.00
= =071
Trad 6.96 0.718
The efficiency is 71.8%, aloss of only 1.4 dB, so the gain
is1.76 — 1.4 = 0.4 dBi.

If turns are that effective, why is a 20-turn loop still not the antenna you would choose to transmit
with? Name two reasons.

(1) The N2 scaling assumes the turns do not interact. Packed turns raise the loss through proximity
effect and distributed capacitance, so the real efficiency falls short of the ideal number. (2) Adding
turns adds inductance and stored energy without making the antenna electrically bigger, so the Q
climbs and the usable bandwidth shrinks - and the tuning capacitor sees kilovolts. A resonant loop
with C' ~ 1)\ avoids both problems: about 100 to 130 €2 of real, radiating impedance and roughly
3.1dBi, with its maximum along the axis instead of in the plane.
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6. The bandwidth of a small loop. Stay with the single-turn loop of radius @ = 0.30 m at 14.2 MHz (1,5 = 0.113).
The Chu limit from Lesson 3 gives the radiation quality factor of any antenna that fits inside a sphere of
radiusaas Q = 1/(ka)® + 1/(ka). Lesson 3's fractional bandwidth is roughly 1/@Q at the half-power points,
or0.71/Q at the course’s VSWR < 2 bar.

(a) Compute ka, the Chu @, and the resulting VSWR < 2 band-

width in kHz.
2m Q= ~ 1420
k= =0297rad/m,  ka = 0.0892
©= (005‘;[92)3 N 0.01392 = 1409 + 11 = 1420
01l Af= 7.1 kHz

FBW ~ T - 5.0 x 107% = 0.050%

Af = 0.00050 (14.2 MHz) = 7.1 kHz

(b) A single-sideband voice channel needs about 3 kHz. Does the loop pass it, and what does your
answer imply about operating across a 350 kHz amateur band?

Yes. 7.1kHz covers one 3 kHz voice channel with room to spare, so the loop is usable on any single
frequency. Moving elsewhere in a 350 kHz band means retuning the loop capacitor, because the
match degrades within a channel or two. The size reduction is paid for in retuning.

(c) Measured on a VNA, this loop shows a 2:1 VSWR bandwidth several times wider than your Chu
estimate. Why? Is that good news?

Loss lowers Q. The Chu number is the radiation Q; the loaded Q is reduced roughly in proportion to
the efficiency, Qoaded ~ Mrad@ ~ 0.113(1420) ~ 160, which widens the band to 0.71/160 = 0.44%,
or 63 kHz - nearly nine times the Chu estimate. It is not good news: the extra bandwidth comes
from dissipating power in copper. A 50 ) resistor is matched at every frequency and radiates
nothing at all.

(d) State the size-bandwidth trade as a rule of thumb, in one sentence.

Shrinking an antenna below about A/27 in radius drives the stored near-field energy far above the
radiated energy, so Q rises roughly as 1/(ka)? and the usable bandwidth falls with the cube of the
size - while the radiation resistance falls too, so you lose efficiency and bandwidth together.

Documentation:




