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1 Problem 3.24
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Figure 1: the Problem statement

s1(t) = A.cos (wet + ¢)

DSB-SC signal is

So (t) = m (t) cos (w.t)

Hence by adding the above, we obtain

s(t) =m(t) cos (wct) + A. cos (wet + @)

The above signal is applied to an ideal envelope detector. The output of an envelope
detector is given by

Since s (t) is a bandpass signal, we need to first write it in the canonical form sy (t) cos (w.t)—
s¢ (t) sin (w.t)

Using cos (A + B) = cos Acos B — sin Asin B, then we have
s(t) =m(t) cos (wet) + A. [coswet cos ¢ — sinw,t sin ¢]
= [m (t) + A cos @] cos (wet) — A sinw,t sin ¢

Hence we see that

s;(t) =m(t) + A.cos ¢
sg (t) = A.sing

Now we can start answering parts (a) and (b)

1.1 Part(a)
When ¢ = 0, then

Hence




2 Part(b)

When ¢ # 0 and |m (t)] << 4

a(t)

VIm () + AJ? + [A,sin g
=/[m? (t) + A2+ 2A.m (t)] + [AZsin? @]

Since |m (t)| << 4¢, then m? (t) + A2 4+ 2A.m (t) ~ A? hence

a(t) ~ /A2 + A2sin’ ¢
= A\/1 +sin? ¢

3 Problem 5.20

5-20 A modulated signal is described by the equation

s(1) = 10 cos[ (27 X 108)¢ + 10 cos (27 X 10°1) ]
Find each of the following:

(a) Percentage of AM.

(b) Normalized power of the modulated signal.

(¢) Maximum phase deviation. h

(d) Maximum frequency deviation.

Figure 2: the Problem statement

3.1 Part(a)

An AM signal is s (t) = A, [1 + p m (t)] cos (27 f.t + 6 (t)). Now compare this form with
the one given above, which is s(t) = A.cos (2w f.t + 6 (t)). We see that p = 0, i.e. no
message source exist. Hence percentage of modulation is zero.

3.2 Part(b)

1
Pav - *Ag
2
But A. = 10, hence
1
Pav - ﬂ
2
= H0watt

3.3 Part(c)

From the general form for angle modulated signal

s (t) = cos (wet + 0 (1))

Looking at
Total Phase
27 fe 0(t)

s(t) = A.cos (27T X 108)t + 10 cos (27r X 10375)




Phase deviation is
0 (t) = 10cos (2 x 10°t)

Which is maximum when cos (27 x 103%) = 1Hence maximum Phase deviation is 10
radians.

3.4 part(d)

Now, we know that the instantenouse frequency f; is given by

1 d
fi(t) = Py (total phase)

_ ;ﬂjt [27 fot + 10 cos (27 x 10%) |

= f.— 10 (10%) sin (27 x 10%)

The deviation of frequency is the difference between f; and the carrier frequency f.. Hence
from the above we see that the frequency deviation is

Af=fi—f
— 10 (103) sin (27r x 10%)

So, maximum A f occures when sin (2 x 10%t) = —1, hence

max (Af) = 10* Hz

4 Problem 5.22

5-22 A sinusoid I

>—-22 usordal modulating wave ) umpl 4V
: - atng wavelorm of amplitude 4 V and frequency | kHz is applied to an FM
cxciter that has a modulator gam of 50 Hz/\ - .
(a) What is the peak frequency deviation?
(b) What is the modulation index?

Figure 3: the Problem statement

The modulating waveform is m (¢) Hence (I am assuming it is cos since it said sinusoidal)
m (t) = Ay, cos (27 fit)
= 4 cos (20007t)
Since it is an FM signal, then

o(t)

t
s(t) = A.cos |wet + 27rkf/ m (z) dx
0

Where k; is the frequency deviation constant in cycle per volt-second. The gain here means
the frequency gain, which is the frequency deviation (deviation from the f. frequency).



Let Af be the frequency deviation in Hz, then

Af:fi_fc

1 d
= ——0(t
21 dt *)

= kfm (t)
= ky [4 cos (20007t)]

4.1 Part(a)

max Af is

(Af)max = 4kf

But ky = 50 hz/volt, hence

(Af) ae = 4 x50

= 200hz
4.2 Part(b)
Modulation index
_ (Af)max
=
200
~ 1000

=0.2

5 Problem 5.24

2 -, 2
5-24 An FM transmitter has the block diagram shown in Fig. P5-24. T
ls_ll;nt over the 20-Hz-to-15-kHz audio band. The FM output sign
of 103.7 MHz and a peak deviation of 75 kHz. ‘
(a) l-‘md the h;mdxf. idth and center frequency required for the bandpass filter
(b) Calculate the Irequency f; of the oscillator. |
(€) What is the required peak deviation capability of the FM exciter?

he audio frequency response
al is to have a carrier frequency

™

Bandpass X s p ) ol
filter "ft'qucnq. ass (
multiplier amplificr [

FM exciter
/. 5.00 MHz
i

Oscillator
'}

Figure P5-24

Figure 4: the Problem statement
t
s(t) = A.cos <27rfct + 27k / m (z) da:)
0

We are told the carrier frequency has f. = 103.7 Mhz, but there is a multiplier of 8, and
hence the center frequency of the bandpass filter must be % of the carrier frequency. i.e.



center frequency of the bandpass filter is é103.7 = % = 12.963

Since peak deviation is 7bkhz, which means the deviation from the central frequency has
maximum of 75khz, then

785 = 9.375 khz

Hence bandwidth from center of frequency of bandwidth filter is 9.375 but we need to add
frequency width of the audio which is 15000 — 20 = 14980 Hz on both side, hence

Bandwidth of BPF is 9.375 x 103 4 14980

5.1 Part (b)
To do

6 Problem 5.26

5-36 A Illl"(llil.lh'\l E\'!

wavetorm is given by 500 coslw.r + 20 Cos anr|, where .

f I kHz, and f 100 MHz ' T
(a) If the phase devia

the phase deviation constant is 100 rad/V. find the mathematical expression f

e i atics on for the cor

responding phase modulation voltage m(r). What is its peak value and its fr
PN, ! : due ; s frequency?

(b) If the Irequency deviation constant is | > 7

10° rad/V-s hind »
_ _ M » ind the mathematical expressios
for the corresponding FM voltage m(r). What is its i

(c) If the RF waveform apy

peak value and its frequency?
pears across a 50-12 load, determine the average power and the PEP

Figure 5: the Problem statement

s(t) = Accos (wet + 20 cos wit)

where A, = 500, f; = 1khz, f. = 100M hz

6.1 Part(a)
The general form of the above PM signal is

phase deviation
—

s(t)=A.cos |wt+  kym(t)

Where k,m (t) is the phase deviation, and k,, is the phase deviation constant in radians
per volt. Hence we write

kym (t) = 20 coswyt

Then

20 coswqt
m () = =

P

But we are given that k, = 100 rad/voltage and f; = 1000hz, then the above becomes

20 cos (20007t)

100
= 0.2 cos (20007t)

m (t)

its frequency is 1 khz and its peak value is 0.2 volts



6.2 Part(b)
The general form of the above FM signal is

s (t) = A.cos (wct + kg /Otm (x) dx)

Where k; is the frequency deviation constant in radians per volt-second

Hence

t
kf/ m (z) dx = 20 coswit
0

Solve for m (t) in the above, given that k; = 10°radians per volt-second, hence

t
k:f/ m (x) dx = 20 cos wqt
0

t 20 cos (2000t)
/0 m(z)dx = TG

Take derivative of both sides, we obtain

20
m (t) = =5 [ sin (20007t) x 20007]

20 x 20007 .
_T S1n (20007Tt>

= —0.126 sin (20007¢)

Hence its peak value is 0.126 and its frequency is 1 khz

6.3 Part(c)

50
1
340

50
5002
100
= 2500watt

PEP is average power obtained if the complex envelope is held constant at its maximum
values. i.e. (the normalized PEP) is

PEP = ; (max (|5 (¢)[)]?

Since
s (t) = A.cos (wet + 20 coswst)
= A, [cosw.t cos (20 coswit) — sinw,t sin (20 cos wit)]
s1(t) sq(t)
= A.cos (20 coswyt) cos w.t — A, sin (20 cos wyt) sin w,t
Hence

§(t) = sr(t)+jsq (1)
= A, cos (20 cos wqt) + jA.sin (20 cos wqt)



Then

15(t)| = \/[Ac cos (20 cos wlt)]Q + [A¢sin (20 cos wlt)]2

= Aqy\/cos? (20 coswit) + sin? (20 cos wyt)
= A,

Hence the non-normalized PEP is

100
= 2500watt

ps. is there an easier or more direct way to find PEP than what I did? (assuming it is
correct,)

7 Key solution
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1 Problem 3.24 >0

‘ arrer A cosi 2L b o
ave obtained by adding a noncoherent carrer A costem o @ t

2 mstder a composite w s
B I i apphied to an deal envelope detector,

DSB-SC wave cost 2 fimit]. This composite wave
Find the- resulting detector output tor

ta) &0

(by &« Oand it} A2

81 (t) = Accos (wet + ¢)

DSB-SC signal is

9 (t) = m (t) cos (wct)

Hence by adding the above, we obtain

s (t) = m(t) cos (wet) + Ac cos (wet + @)

The above signal is applied to an ideal envelope detector. The output of an envelope detector is
given by

a(t)=4/s(t)+s5(t)

Since s(t) is a bandpass signal, we need to first write it in the canonical form s; (¢) cos (wct) —
g (t) sin (wet)

Using cos (A + B) = cos A cos B — sin Asin B, then we have

s (t) = m(t) cos (wet) + A [cos w,t cos ¢ — sinwt sin @]
= [m (t) + A cos @] cos (wc&{/ Agsinwtsin ¢

Hence we see that

sr(t)=m(t) + Accos¢

sq (t) = nymfb

Now we can start answering parts (a) and (b)
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1.1 Part(a)

When ¢ = 0, then

sr(t)=m(t) 4 A
SQ (t) =0 \/
Hence

— 0.5

a(t) = /Im (&) + AL + 02
m () + A < dorft wmivs e obeolte value

= w4 b 1 F Imeo) < A
1.2 Part(b) '

When ¢ # 0 and |m (t)] << 4

a(t) = \/Im (t) + AJ? + [Acsin g]?
- \/[m2 (t) + A2 + 2Am ()] + [AZsin® ¢]

Since |m (t)| << 4, then m? (t) + A2 + 24.m (t) ~ A? hence

a(t) ~ /A2 + A2sin’ ¢
= A\/1+sin® ¢

ok. Gee sof.
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2 Problem 5.20

5-20 A modulated signal is described by the equation
s(1) = 10 cos[ (27 X 10%)1 + 10 cos (27 X 10%1)
Find cach of the following:
(a) Pcreentage of AM.
(b) Normalized power of the modulated signal.
(¢) Muaximum phase deviation.
(d) Maximum frequency deviation.

2.1 Part(a)

An AM signal is s(t) = Ac[1 + p m(t)]cos (2nfet + 6 (t)). Now compare this form with the one
given above, which is s (t) = A cos (27 ft/+ 0 (t)). We see that y = 0, i.e. no message source exist.
Hence | percentage of modulation is ZM.

2.2 Part(b)
19
P, = §Ac
But A, = 10, hence
100
P,=—
av 2
=
\/

2.3 Part(c)

From the general form for angle modulated signal

s(t) = cos (wet + 6 (t))
Looking at
TotalAPhase
2nfc 6(¢)

s(t) = A.cos ,(271' x 10%)¢ + 10 cos (2m x 103t)‘

Phase deviation is
0 (t) = 10cos (2m x 10°t)

Which is maximnum when cos (27 x 103¢) = 1Hence maximum Phase deviation is hd
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2.4 part(d)

Now, we know that the instantenouse frequency f; is given by

d

)= o (total phase)
1d

= o dt [wet + 6 (t)]
1d

=0 [27 fot + 10 cos (2m x 10°¢)]

2
= f. —10(10%) sin (27 x 10%)

filt

The deviation of frequency is the difference between f; and the carrier frequency f.. Hence from
the above we see that the frequency deviation is

Af=fi—fe
= —10 (10%) sin (27 x 10%t)

So, maximum Af occures when sin (27 x 10%) = —1, hence

max (Af) =@/Hz
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3 Problem 5.22

5-22 A unusoidal modulating w; ’ k
g wavetorm of amplitude 4 V and trequency 1 & ' :
exater that has a madulator gain of S0 Ha/v. e et spphed o
ta) What is the peak trequency deviation”?
(h) What i the modulation index”

The modulating waveform is m (t) Hence (I am assuming it is cos since it said sinusoidal)

m(t) = Ap, cos (27 fint)
= 4 cos (20007t)

Since it is an FM signal, then

6(t)

\

g t
s(t) = Accos |wet + 27rkf/ m (z) dz
0

Where ky is the frequency deviation constant in cycle per volt-second. The gain here means the
frequency gain, which is the frequency deviation (deviation from the f. frequency). Let Af be the

frequency deviation in Hz, then
Af=fi—fe

1d
= ky [4 cos (20007t)] max
W

%
= §v 4y = Dob HZ

3.1 Part(a) v

max Af is
(Af) max = 4ks

But k; = 50 hz/volt, hence

(Af) e = 4 x 50
=\‘
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3.2 Part(b)
Modulation index
(A max
==
_ 200
~ 1000
~ [0/
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4 Problem 5.24

5-24 An FM transmitter has the block dragram shown in Fig. PS

nvn;:t over the 20-Hz-10-15-hHz audio band, The FM output «
of 1037 MH/ and & peak desistion of 7§ kH/.

(a) l:mJ the h;md\} wdth and center trequency required tor the bundpass filter
thy Calculate the trequency £, of the oseillator, »

(€) What i the required peak desiation capability of the FM evaiter?

e ,
24, The sudio trequency responsg ¢
sgnal iy to have o camer ey my

e ey, IM
X 7 ! | ouipet |
B Freguemcy gy Clan ;
muitsplicy jooamplitie
L

N evcaer
! 1O MM,

e R |

Bandpass
filter

Oniilaton ;

Figure PS-24

s (t) = Accos (27rfct + 2mky /tm (z) dir>
0

We are told the carrier frequency has f. = 103.7 Mhz, but there is a multiplier of 8, and hence the
center frequency of the bandpass filter must be % of the carrier fregliency. i.e.
center frequency of the bandpass filter is %103.7 = Lflgi =

Since peak deviation is 75khz, which means the deviation from the central frequency has maximum

of 75khz, then .
5
3 =K /ﬁ;lz
8 5,

Hence bandwidth from center of frequency of bandwidth filter is 9. 375 but we need to add frequency

width of the audio which is 15000 — 20 = 14980.0 Hz on both side, hence \
') : S§2 Sol . — O. g
m

Bandwidth of BPF is 9.375 x 10° + 14980 * 707 = >~ (8T + d ’_L_—___;‘l Bpe
-v\r- B T3z
-3y i .
41 Part(®) U o imees 5&@1‘,

= :
Pk () - + :-[:B;;i~Fc

= bt g (MHz)
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5 Problem 5.26

sl

5-26 \ modulated RE warvetorm i given by SO0 con s -
1 1AM, and 1, FOO MH,. h

(@) 11 the phase deviation constant s 100 tad/V. find the mathematical expression for the o
rgx]mndmg Phase modulation voltage mis). What is it peab value and s trequenay ! "
th) “ the frequency deviation constant is | < Jo* rad/V-s, find the u‘mh o ool exs
tor the corresponding FM voltage m(r}. What i
(€)1t the RF wasetorm appears across a S0-

h} .
20 Con wyf | where o e

ST ————

atical expressxe |
1S peak value and s treguengy
£} load. determine the a crage power and the PEP. |

s (t) = Accos (wet + 20 cos wit)

where A, = 500, f; = lkhz, f. = 100Mhz

5.1 Part(a)
The general form of the above PM signal is

phase deviation

o
s(t) = Accos | wet +  kym (t)

Where k,m (t) is the phase deviation, and k, is the phase deviation constant in radians per volt.
Hence we write

kym (t) = 20 cosw;yt
Then

20 t
m(t) = czs w1
P

But we are given that k, = 100 rad/voltage and f; = 1000hz, then the above becomes

m(t) = 20 cos (20007t)

100
= 0.2 cos (2000x¢ )/
its frequency is\lﬁzz and its peak value is 0.2 yyé
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5.2 Part(b)

The general form of the above FM signal is

s(t) = Accos (wct+ kg /Otm(z) da:)

Where ky is the frequency deviation constant in radians per volt-second

Hence

t
kf/ m (z) dz = 20 cosw;t
0

Solve for m (t) in the above, given that k; = 106radians per volt-second, hence

¢
k:f/ m (z) dz = 20 coswit

20 cos (20007t
/ m(z)dr = 1(06 )

Take derivative of both sides, we obtain

2
m(t) = 1—(():; [— sin (20007t) x 20007
20 x 20007 .
=-——p Sin (20007/rt)

= [0.125 66 5in (2000g7]

Hence its peak value is 0.155/66 and its frequency is\l}c/hz

5.3 Part(c)

a0
b
50
5007

~ 100
- 0 o

PEP is average power obtained if the complex envelope is held constant at its maximum values. i.e.

(the normalized PEP) is
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PEP = 3 fmax (5 ()])

Since
s(t) = A cos (wet + 20 cos w; t)
= A, [cosw,t cos (20 cosw;t) — sinwet sin (20 cos wit))
si(t) sQ(t)
= A.cos (20 cosuwst) cosw,.t — A.sin (20 cos w; t) sin wet
Hence
5(t) = s1(t) +Jsq (t)
= A.cos (20 cosw;t) + jA.sin (20 cos wit)
Then

HOIE \/[Ac cos (20 cos wy t)]? + [A.sin (20 cos wi t)]?

= Acy/cos? (20 cos wit) + sin? (20 cos wi t)

=AC

Hence the non-normalized PEP is

BEym

ps. is there an easier or more direct way to find PEP than what I did? (assuming it is correct)
Ity gend !

2
% onqle Mod, ah= Ac ol pppe {ét_kg
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