An FM signal has a deviation of 3 kHz and a modulating frequency of 1 kHz.
Its total power Pris 5 W, developed across a 50 () resistive load. The carrier
frequency is 160 MHz.

(a) Calculate the RMS signal voltage V7.

(b) Calculate the RMS voltage at the carrier frequency and each of the first
three sets of sidebands.

(c) For the first three sideband pairs, calculate the frequency of each sideband.

(d) Calculate the power at the carrier frequency and at each of the sideband
frequencies found in part (c).

(¢) Determine what percentage of the total signal power is unaccounted for
by the components described above.

(f) Sketch the signal in the frequency domain, as it would appear on a spec-
trum analyzer. The vertical scale should be power in dBm, and the hori-
zontal scale should be frequency.
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Solution

(a) The signal power does not change with modulation, and neither does the
voltage, which can easily be found from the power equation.

Vi
PT:E
Vr= VPR,
= V5W X 50 Q
= 15.8 V (RMS)

(b) The modulation index must be found in order to use Bessel functions to
find the carrier and sideband voltages.

e
T
_ 3kHz

~ 1kHz
=3

mg

From the Bessel function table, the coefficients for the carrier and the first
three sideband pairs are:

Jo=i—036 =034 L =049 ;. J;= 103l

These are normalized voltages, so they will have to be multiplied by the total
RMS signal voltage to get the RMS sideband and carrier-frequency voltages.
For the carrier,

VC = J()VT

Jo has a negative sign. This simply indicates a phase relationship between the
components of the signal. It would be required if we wanted to add together
all the components to get the resultant signal. For our present purpose, how-
ever, it can simply be ignored, and we can use

Vc= |JOIVT
= (.26 X 158V
=411V



Similarly, we can find the voltage for each of the three sideband pairs. Note
that these are voltages for individual components. There will be a lower and
an upper sideband with each of these calculated voltages.

Vi=J4Vr
=034 X 158V
=537V

Vo = LVy
=049 X 158V
=774V

V3 = J3VT
=(0.31 X 158V
=49V

(c) The sidebands are separated from the carrier frequency by multiples of
the modulating frequency. Here, f. = 160 MHz and f,, = 1 kHz, so
there are sidebands at each of the following frequencies:

fUSB. = 160 MHz + 1 kHz

= 160.001 MHz
fUSBz = 160 MHz + 2 kHz
= 160.002 MHz
fUSB3 = 160 MHz + 3 kHz
= 160.003 MHz
fuss, = 160 MHz — 1 kHz
= 159.999 MHz
fLSB; = 160 MHz — 2 kHz
= 159.998 MHz
fLSB3 160 MHz — 3 kHz

|

159.997 MHz



(d) Since each of the components of the signal is a sinusoid, the usual equa-
tion can be used to calculate power. All the components appear across the
same 50 () load.

V2
Bls
R,
I
250
= 0338 W
4 V3 £
Bl B i
Hoa S e
~ 50 .50 —5p
= 0576 W =12W = 048 W

(e) To find the total power P in thé carrier and the first three sets of side-
bands, it is only necessary to add the powers calculated above, counting
each of the sideband powers twice, because each of the calculated pow-
ers represents one of a pair of sidebands. We only count the carrier once,
of course.

PT=PC+2(P1 +P2+P3)
= (0.338 + 2(0.576 + 1.2 + 048) W
=485W

This is not quite the total signal power, which was given as 5 W. The remain-
der is in the additional sidebands. To find how much is unaccounted for by
the carrier and the first three sets of sidebands, we can subtract. Call the dif-
ference P, :

P.=5—485
=015W

As a percentage of the total power this is

P, (%) = (%)100

= 3%



(f) All the information we need for the sketch is on hand, except that the
power values have to be converted to dBm using the equation

P
I mW

P (dBm) = 10 log

This gives

P.(dBm) = 10 log 338

= 25.3 dBm

P, (dBm) = 10 log 576

= 27.6 dBm

P, (dBm) = 10 log 1200

= 30.8 dBm

P; (dBm) = 10 log 480

= 26.8 dBm
The sketch is shown in Figure 4.8.
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