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(fo)sse — fi” = 7090 kHz — 2.225 kHz = 7087.775 kHz
a space frequency (binary 0) of
(f)sse — fo = 7090 — 2.025 = 7087.975 kHz
and a carrier frequency of
Uodrsg = (fodssp — (fedpen 103 = 7090 - 2.125 = 7087.875 kHz

Consequently, the SSB transceiver would produce a FSK digital signal with a carrier frequency
of 7087.875 kHz.

For the case of zalternating data, the spectrum of this FSK signal is given by (5-85) and
(5-86), where f. = 7087.875 kHz. The resulting spectral plot would be like that of Fig. 5-26a,
where the spectrum is translated from f, = 1170 Hz to f, = 7087.875 kHz. It is also realized
that this spectrum appears on the lower sideband of the SSB carrier frequency (f,)ssg = 7090
kHz. If a DSB-SC transmitter had been used (instead of a LSSB transmitter), the spectrum
would be replicated on the upper sideband as well as on the lower sideband, and two redundant
FSK signals would be emitted.

For the case of random data, the PSD for the complex envelope is given by (5-90) and
shown in Fig. 5-25 for the modulation index of A = 0.7. Using (5-2b), the PSD for the FSK
signal is the translation of the PSD for the complex envelope to the carrier frequency of
™87.875 kHz. N

5-1 An AM broadcast transmitter is tested by feeding the RF output into a 50-Q (dummy) load. Tone
modulation is applied. The carrier frequency is 850 kHz and the FCC licensed power output is
5000 W. The sinusoidal tone of 1000 Hz is set for 90% modulation.

(a) Evaluate the FCC power in dBk (dB above 1 kW) units.

(b) Write an equation for the voltage that appears across the 50-Q load, giving numerical val-
ues for all constants.

(c) Sketch the spectrum of this voltage as it would appear on a calibrated spectrum analyzer.

(d) What is the average power that is being dissipated in the dummy load?

(e) What is the peak envelope power?

5-2| An AM transmitter is modulated with an audio testing signal given by.m(z) = 0.2 sin ;¢ +
0.5 cos w,t, where f; = 500 Hz, f, = 500 VF Hz, and A, = 100. Assume that the AM signal is
fed into a 50-Q load.

(a) Sketch the AM waveform.
(b) What is the modulation percentage?
.. (¢) Evaluate and sketch the spectrum of the AM waveform.
@Fcr the AM signal given in Prob. 5-2: 1 14 yw !
(a) Evaluate the average power of the AM signal. ‘l 4 ,H/do [ﬂl/"\ . [ "
(b) Evaluate the PEP of the AM signal. ol O ‘

5-4 Assume that an AM transmitter is modulated with a video testing signal given by
m(t) = —0.2 + 0.6 sin @, f where f; = 3.57 MHz. Let A, = 100.

(a) Sketch the AM waveform.
(b) What is the percentage of positive and negative modulation?
) Evaluate and sketch the spectrum of the AM waveform about f;.
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——3( 5-5 /A 50,000-W AM broadcast transmitter is being evaluated by means of a two-tone te
transmitter is connected to a 50-Q load and m(t) == Ay cos wyt + A, cos 2w!
fi = 500 Hz. Assume that a perfect AM signal is generated.

(a) Evaluate the complex envelope for the AM signal in terms of A, and w;.

{(b) Determine the value of A, for 90% modulation.

(c¢) Find the values for the peak current and average current into the 50-Q2 load for the 90
ulation case.

5-6 An AM transmitter uses a two-quadrant multiplier so that the transmitted signal is descr
(5-7). Assume that the transmitter is modulated by m(¢ - = A,, cos w,,t, where A, is adj
that 120% positive modulation is obtained. Evaluate the spectrum of this AM signal in -

Ac, fe, and f,. Sketch your result.
/@ A DSB-SC signal is modulated by m(z) = cos wyt + 2 cos 2wyt where o
fi = 500 Hz, and A, = 1.
(a) Write an expression for the DSB-SC signal and sketch a picture of this waveform.
(b) Evaluate and sketch the spectrum for this DSB-SC. signal.
(c) Find the value of the average (normalized) power
(d) Find the value of the PEP (normalized). ‘ Hlek—
5-8 JAssume that transmitting circuitry restricts the moduiated output signal to a certain pe
T‘tﬁ say Ap, because of power-supply voltages that are used and the peak voltage and curr';f
sh f — of the components. If a DSB-SC signal with a peak value of A, is generated by this circ!
. that the sideband power of this DSB-SC signal is four times the sideband power of a,
- ble AM signal having the same peak value, A, that -ould also be generated by thisgga.,

5-9\ A DSB-SC signal can be generated from two AM siznals as shown in Fig. P5-9. Usi
matics to describe signals at each point on the figure prove that the output is a DSB-

\,-H«\GQJM“ »=

AM
modulator

m(t) Osciliator
| kO f=% Bandpass
e AAA output

y ?\‘t e | [ e
. E MW Amp ~ > modulator
L

[y

Figure P3-9

5-10 Show that the complex envelope g(t) = m(¢) — ri(t) produces a lower SSB sig!
that m(¢) is a real signal.

5-11 Show that the impulse response ofya —90° phase shift network (i.e., a Hilbert tr
1/t Hint:

[-je=ef F>0
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5.12 SSB signals can be generated by the phasing method, Fig. 5-5a; the filter method, Fig. 5-5b; or

5-14

5-15

by the use of Weaver’s method as shown in Fig. P53-12. For Weaver’s method (Fig. P5-12)
where B is the bandwidth of m(z):

S
Low-pass
filter

0-+BHz

v3(1) vs(1) vo(1)

—

p,(ry | Oscillator Oscillator | )
fn:'TB ft):f,-+%3

m(r) +

Modulation -90° -90°
input phase shift phase shift

(1) vg(r)

Low-pass
v | () viold)

0-+BHz

Figure P5-12 Weaver’s method for generating SSB.

(a) Find a mathematical expression that describes the waveform out of each block on the block
diagram.
(b) Show that s(z) is an SSB signal.

n SSB-AM transmitter i1s modulated with a sinusoid m{t) = 5 cos wt, where w; = 27xf;,
1 = 500 Hz, and A, = 1.

(a) Evaluate mi(t).

(b) Find the expression for a lower SSB signal.

(c) Find the rms value of the SSB signal. &—

(d) Find the peak value of the SSB signal. ~~

(e) Find the normalized average power of the SSB signal.‘/

{f) Find the normalized PEP of the SSB signal.

An SSB-AM transmitter is modulated by a rectangular pulse such that m(¢) = II(z/T) and
A, = 1.
(a) Prove that

1
m(t) = —1In
n

u+T
2t—~T

as given in Table A-7. ,
(b) Find an expression for the SSB-AM signal, s(¢), and sketch s(z).
{c) Find the peak value of s{r).
For Prob. 5-14:
(a) Find the expression for the spectrum of a USSB-AM signal.
(b) Sketch the magnitude spectrum, [S(f)l4
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5-16 A USSB transmitter is modulated with the pulse

mt) = sin zat

i} mat
(a) Prove that

sin2{(ra/2)1]

) =

(b) Plot the corresponding USSB signal waveform for the case of A, = 1, a = 2, and
fe =20 Hz.
5-17 A USSB-AM signal is modulated by a rectanguiar pulse train:

m@y= > Tt — nTp)/T)
where 7y = 27T.
(a) Find the expression for the spectrum of the SSB-AM signal
(b) Sketch the magnitude spectrum, |S(f)].
____:..> 5-18\ A phasing-type SSB-AM detector is shown in Fig. P5-18. This circuit is attached to the IF out-
put of a conventional superheterodyne receiver to provide SSB reception.

A o A e +
L mM\,&—.ﬁS\’)M{*} L * MC««;I‘VV"’&M&“ o 8 |
A B % c es
— - LPF
A Cony j’
D Oscillator
455 kHz + Audio
] 1 output
-90° LA
=
E Sin —\:L“' A
F G

LPF ——» -90° phase shift |

LA 4,,2%.‘\‘
N . 3
- )_;'w: -‘cﬁ_;m S;"."‘L‘( *Figure P5-18

" (a) Determine whether this detector is sensitive to LSSB or USSB signals. How would the de-
tector be changed to receive SSB signals with alternate (opposite type of) sidebands?
(b) Assume that the signal at point A is a USSB signal with f. = 455 kHz. Find the mathemat-
ical expressions for the signals at points B through /.
{c) Repeat part (b) for the case of an LSSB-AM signal at poin: A.
(d) Discuss the IF and LP filter requirements if the SSB signul at point A has a 3-kHz band-
width.
5-19 Can a Costas loop, as shown in Fig. 5-3, be used to demodulute an SSB-AM signal? Demon-
strate that your answer is correct by using mathematics.
\; 5-20 A modulated signal is described by the equation

s(t) = 10 cos[(2z X 108)r + 10 cos (27 X 103¢)]
Find each of the following.
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. 5-21

V522

5-23

T 524

A

(a) Percentage of AM.

(b) Normalized power of the modulated signal.

{c) Maximurm phase deviation.

(d) Maximum frequency deviation.

A sinusoidal signal, m(f) = cos 27f, 1, is the input to an angle-modulated transmitter where the
carrier frequency is f, = 1 Hz and f,, = f./4.

{a) Plot m(r) and the corresponding PM signal where D, =

(b) Plot m(t) and the corresponding FM signal where Dy = 7.

A sinusoidal modulating waveform of amplitude 4 V and a frequency of 1 kHz is applied to an
FM exciter that has a modulator gain of 50 Hz/V.

{a) What is the peak frequency deviation?

(b) What is the modulation index?

An FM signal has sinusoidal modulation with a frequency of f,, = 15 kHz and modulation in-
dex of 8 = 2.0.

(a) Find the transmission bandwidth using Carson’s rule.

(b) What percentage of the total FM signal power lies within the Carson rule bandwidth?

An FM transmitter has a block diagram as shown in Fig. P5-24. The audio frequency response
is flat over the 20-Hz to 15-kHz audio band. The FM output signal is to have a carrier frequency
of 103.7 MHz and a peak deviation of 75 kHz.

FM
output
FM exciter Bandpass X8 Class C
» fc = 5.00 MHz filter > Frequency multiplier amplifier
S
Oscillator
="
Figure P5-24

(a) Find the bandwidth and center frequency required for the bandpass filter.
(b) Calculate the frequency fp of the oscillator.

- (¢) What is the required peak deviation capability of the FM exciter?

5-25

Vv sa

Analyze the performance of the FM circuit of Fig. 5-8b. Assume that the voltage appearing

across the reversed-biased diodes, which provide the voltage variable capacitance, is u(t) = 5 +

0.05m(t), where the modulating signal is a test tone, m(t) = cos @y, @; = 2zfi, and f; = 1

kHz. The capacitance of each of the biased diodes is C; = 100/y1 + 2v(r) pF. Assume that

Co = 180 pF and that L is chosen to resonate at 5 MHz.

(a) Find the value of L.

{b) Show that the resulting oscillator signal is an FM signal. For convenience, assume that the
peak level of the oscillator signal is 10 V. Find the parameter Dy.

A modulated RF waveform is given by 500 cos{w.z + 20 cos wt], where @, = 2af],

fi = 1 kHz, and f, = 100 MHz.

(a) If the phase deviation constant is 100 rad/V, find the mathematical expression for the cor-
responding phase modulation voltage m(r). What is its peak value and its frequency?

“(b) If the frequency deviation constant is 1 X 106 rad/V-s, find the mathematical expression

for the corresponding FM voltage, m (). What is its peak value and its frequency?
{¢) If the RF waveform appears across a 50-Q load, determine the average power and the PEP.
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\/5-27

5-28

5-29

5-30

5-31
5-32

5-33

5-34
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Given the FM signal s(¢) = 10 cos [w.z + 100 [' . m(c) der], where m(t) is a polar squar

wave signal with a duty cycle of 50%, a period of 1 s, and a peak value of 5 V.

(a) Sketch the instantaneous frequency waveform and the waveform of the corresponding F
signal (see Fig. 5-9).

(b) Plot the phase deviation 8(¢) as a function of time.

(c) Evaluate the peak frequency deviation.

A carrier s(¢) = 100 cos(2z X 10°t) of an FM transmitter is modulated with a tone signal. F

this transmitter a 1-V (rms) tone produces a deviation of 30 kHz. Determine the amplitude a

frequency of all FM signal components (spectral lines).that are greater than 1% of the unmo

ulated carrier amplitude for the following modulating signals

(a) m(t) = 2.5 cos(3m X 10%).

(b) m(t) = 1 cos(6zw X 10%).

Referring to (5-58), show that

- J—n(B) = (=D (B)

Consider an FM exciter with the output s(¢+) = 100 cos[271000r + 8(¢)]. The modulation

m(t) = 5 cos(228¢) and the modulation gain of the exciter i+ 8 Hz/V. The FM output signal

passed through an ideal (brickwall} bandpass filter which has a center frequency of 1000 Hz

bandwidth of 56 Hz, and a gain of unity. Determine the normalized average power:

(a) At the bandpass filter input.

(b) At the bandpass filter cutput.

A 1-kHz sinusoidal signal phase modulates a carrier at 146.52 MHz with a peak phase dev

tion of 45°. Evaluate the exact magnitude spectra of the PM signal if A. = 1. Sketch your

sult. Using Carson’s rule, evaluate the approximate bandwidth of the PM signal and see if i

a reasonable number when compared with your spectral plor.

A 1-kHz sinusoidal signal frequency modulates a carrier at 146.52 MHz with a peak deviat

of 5 kHz. Evaluate the exact magnitude spectra of the FM s.gnal if A, = 1. Sketch your res

Using Carson’s rule, evaluate the approximate bandwidth of the FM signal and see if itisar

sonable number when compared with your spectral plot.

The calibration of a frequency deviation monitor is to be ver:fied by using a Bessel function t

An FM test signal with a calculated frequency deviation is 2enerated by frequency modulat

a sine wave onto a carrier. Assume that the sine wave has a frequency of 2 kHz and that

amplitzde of the sine wave is slowly increased from zerc w.ntil the discrete carrier term (at

of the FM signal reduces to zero, as observed on a spectrim analyzer. What is the peak :

quency deviation of the FM test signal when the discrete currier terim is zero? Suppose that

amplitude of the sine wave is increased further until this discrete carrier term appears, reac

a maximum, and then disappears again. What is the peak fre Juency deviation of the FM test ¢

nal now?

A frequency modulator has a modulator gain of 10 Hz/V and the modulating waveform is
(0, <)
5 0<r<
m(ty =¢ 15 1<tr<3
7, 3<t<4
0, 4<¢

\

(a) Plot the frequency deviation in hertz over the time interval 0 <<t < 5.
(b) Plot the phase deviation in radians oper the time intérnal 0 < ¢ < 5.
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