Assignment #4
Ulaby 7.2, 7.3, 7.6, 7.13, 7.14




Ulaby Section 7-3
VERTICAL HonOPoLE
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An A M. radio transmitter is a tall, vertical “monopole™ antenna operating against
the real ground as a “ground plane”.

A typical height for the monopole is a quarter-wavelength:
o Suppose the frequency 1s 940 kHz. in the nuddle of the commercial
A M. radio band.

. c 300
o The wavelengthis A=—=———=319.15m
0940
. . . A 31915
O So a typical antenna tower is of height 1 = 1 =79.8 m—-very

tall!
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Television signals are radiated by horizontal dipole antennas, which often
have wires or screens behind them to act as a reflector.

Such antennas radiate primarily £, .

The electric field vector 1s parallel to the ground and 1s said to be
“horizontally polarized”.
The antenna length 1s typically a halt-wavelength at say 100 MHz
. 300
o The wavelength 1s 1 = J— =3m
100

o So the length of the dipole 15 1.5 m.
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FM radio signals use equal amounts of E, and E,, 90 degrees out of phase.

We will show that as time advances, the tip of the cleetric ficld vector traces
ont a full circle m one A C_ cycle.

For this reason the field is said to be ““circularly polarized™.

The primary audience for FM radio 1s people 1n cars.

Cars antennas are often tilted rather than vertical, so they receive a
combination of the horizontal and the vertical polarization.

Multipath involving reflections from buildings 1s a problem with FM radio
signals. Sometimes the reflection can give rise to cancellation for the
vertical component but reinforcement for the horizontal. so the “tilted™ car
antenna will receive the strong component (horizontal).
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E=ade’™ +a,4e% "
E(z,t)=a,A, cos(ot — fz)+a, 4, cos(ot — fz+0)

¢ For A M. radio we want “linear” polarization with the electric field oriented
in the vertical (x) direction, so choose 4, =0 and then

E=a.4e"

e For T.V. we want “linear” polarization, with the electric field vector
oriented in the horizontal direction, so choose 4, =0 and
E = fif‘.AIJ:e'“g}e"“"’155

e For F.M. radio we want “circular” polarization. We will show below that
this consists of equal x- and y-components. 4 =4 =4 . which are 90

degrees out of phase, & =—-90°: thus
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E(z.t)=a (e = )+ a
(z.7) = a A4, cos(ex — fz)+a, A, cos(ot — fiz)
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Example: Choose 4, =1 and 4, =0.5. At = =0, draw the direction of the electric

field at instants of time 7 = Clzz i 57 .... Where 7 = 1 = 27 1s the period.
8 4 8 f o
E(z.t)=a, cos(et — fz)+a,0.5cos(or — fz)
At z=0:
E(0.1)=a,cos(er)+a,0.5cos(er)

A A — G
E(0.0)=a,cos(0)+a,0.5¢cos(0)=a, +a,0.5
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E(0.1)=a, cos(wr)+a,0.5cos(cr)

I I 2T T
At r=—_.we have o— = =—
3 8w 4
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E(0.1)=a, cos(wr)+a,0.5cos(cr)
T T 2
At t=—, we have o— = T_Z.
4 : 4o 2
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E(0.1)=a, cos(wr)+a,0.5cos(cr)

37 LY 3x2r 3w
At t=—  we have o— =& -—
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E(0.1)=a, cos(wr)+a,0.5cos(cr)

I T 27
At r=—_we have o—=@o—= 1
2m

:I/ _ T -~ r ™ -~ - I i _ -~ - - =
L l 0, EJ =a,cos\7)+a,05coslr)=—a,—a,05
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Example: Choose 4, =4 =1 and §=-90°. At z=0, draw the direction of the
. . . T 3T 1 2x
electric field at instants of time 7 =0.—.—.—.... where T =—=— isthe
8 4 8 f o
period.
= i ) T
E(z.t)=a, cos(et — fz)+a, cos(aﬁ‘ 4 —%]
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