ELG3175
Introduction to Communication
Systems

Instructor: Dr. S. Loyka

Solutions

Assignment #5
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Problem B

1) When USSB is employed the bandwidth of the modulated signal is the same with the bandwidth
of the message signal. Hence,

Wysse = W = 107 Hz

\
2) When DSB is used, then the bandwidth of the transmitted signal is twice the bandwidth of the
message signal. Thus,
Wpsp = 21V = 2 x 10" Hz

3) If conventional AM is employed, then

“VAM =2 =2 x 104 Hz

4) Using Carson’s rule, the effective bandwidth of the FM modulated signal is

Be= (28+1)W =2 (ﬁﬂ‘;“—q"’—@ Y 1) W = 2(k; + W) = 140000 Hz

Problem @il 2
1) If SSB is employed, the transmitted signal is

u(t) = Am(t) cos(2 fot) F Am(t) sin(27 fot)

Provided that the spectrum of m(t) does not contain any impulses at the origin Py = Py, = -f; and

APy APy
Pssp = —+ + M

2 1 ‘
: = APy = 4005 = 200

The bandwidth of the moclulated signal «(¢) is the same with that of the message signal. Hence,

Weep = 10000 Hz

2) In the case of DSB-SC modulation u(t) = Am(t) cos(2x fot). The power content of the modulated
signal is

APy, 1

Posp = —- = 2005 = 100

and the bandwidth Wpgp = 21¥ = 20000 Hz.

3) If conventional AM is employed with modulation index a = 0.6. the transmitted signal is

u(t) = A[L + am(t)] cos(27 fot)
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The power content is

A AalPy
Pan =5 +—=—

= 200 4 200 - 0.6 - 0.
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The bandwidtl of the signal is Way = 21 = 20000 Hz.

4) If the modulation is FM with Ay = 50000, then

A‘_’
Ppyy = = =200

and the effective banchwidth is approximated by Carson’s rule as

50000

B.= 20+ 0w =2 (37

+ 1) IV = 120000 Hz

Problem SR 7
1) Since Flsinc(400t)] = ‘Jnln—un(fi&i)' the bandwidth of the message signal is W = 200 and the
resulting modulation index

kymax{|m(t)]] _ ks10

= W - W

=6 == ky = 120

Hence, the modulated signal is

t
u(t) = Acos(27rfct.+27rkf/ m(7)dr)
-0

t
100 cos(27 fot + +27r1200/ sinc(4007)dT)
-

2) The maximum frequency deviation of the modulated signal is

A fox = 37 = 6 x 200 = 1200

3) Since the modulated signal is essentially a sinusoidal signal with amplitude A = 100, we have

2
P#%:SOOO

4) Using Carson’s rule, the effective bandwidth of the modulated signal can be approximated by

B. = 2(B; + 1)IV = 2(6 + 1)200 = 2800 Hz



Problem 34
1) Since an angle modulated signal is essentially a sinusoidal signal with constant amplitude, we
have ) :

A? 100

The sante result is obtained if we use the expansion

uft) = i Acdn(B) cos(2m( fo 4+ nfiu)t)

HE S o
along with the identity

J3(3) + 2 i I3) =1

n=|]

2) The maximum phase deviation is

Adyynx = max [4xin(2000xt)] = 4

3) The instantaneous frequency is

| d
fi = fc + 27;7;‘3’(”
= fot % c0s(20007t)20007 = f,. + 4000 cos(2000xt)
Hence, the maximum frequency deviation is

A fiuax = max lf: e f.«% = 4000

4) The angle modulated signal can be interpreted both as a PM anc an FA signal. It is a PM
sighal with phase deviation constant kp = 4 and message signal (L) = sin(20007¢) and it is an
FN signal with frequency deviation constant % 1 = 4000 and message signal m(t) = cos(20007t).

Problem Wl
1)

By = kymax[jm(t)]] =15x%x2="
kg max{lm(t)[] 3000 x 2 .
fn To10000

3 J

2) Using Carson’s rule we obtain
Bpn = 2(8, + 1)fim = 8 x 1000 = 8000
Ben = 2087 + 1) fin = 14 x 1000 = 14000

3) The PM modulated signal can be written as

o
u(ty= " AJu(8,)cos(2m(10% + n10%)t)

n=—-oG
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The next figure shows the amplitude of the spectrunt foy pusitive frequencies and for these compo-
nents whose frecuuencies lie in the interval [10¢ ~ 4 x 10,109 44 x 10"]. Note that Jy(3) = ~.2601,
Ji(3) = 0.3301, Ja(3) = 0.4861, J5(3) = 0.3091 and Jy(3) = 0.1320.
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In the case of the FA modulated signal

u(l) = Acos(2mfol + A, 5in(200071))
20

= ) AJL(6)cas(2x(10° + n10%)t + &,,)

e 00

The next figure shows the amplitude of the spectrum for positive frequencies and for these com-
ponents whose frequencies lie in the interval [10% « 7 x 10°,10° = 7 x 10%). The values of J,,(6) for
n=0..., 7 are given in the following table,

T 0 1 | 2 3 1 5 6 7|

Ju(6) ["1506 [ -.2767 | -2450 | 1148 | 3578 | .3621 | .2458 | .1296 ||

AJn{G)
........ Bl

41 l‘”t;“"'t* _
}‘—Mxm“-—‘l

4) If the amplitude of m(t) is decreased by a factor of two. then m(t) = cos(2710) and

kp maxfm{t)f] = 1.5
kg max[m(t)]] _ 3000
Fin ~ 1000

3y

3/ = 3

The bandwidth is determined using Carson’s rule as

Bent = 2(8, + 1) fi = 5 x 1000 = 5000
Bryn = 2035+ 1) fin = 8 x 1000 = 8000
The amplitude spectrum of the PM and FM modulated signals is plotted in the next figure for

positive frequencies. Only those frequency components lying in the previous derived bandwidth are
plotted. Note that Jo(1.5) = 5118, J;(1.5) = .5579 and Jo(1.5) = .2321.
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5) If the frequency of m(t) is increased by a factor of two, then m(t) = 2cos(272 x 10%) and

ljli

kpmax(jm(t)]] = 1.5 x 2= 3
ker max(n(#))) _ 3000 x 2
Jm 2000

i3[ -
The bandwidth is determined using Carson’s rule as

Beat = 2(3, + 1)fin = 8 x 2000 = 16000
Brni = 2(3f + 1)f = 8 x 2000 = 16000

The amplitude spectrum of the PM and FM modulated signals is plotted in the next figure for
positive frequencies. Only those frequency components lying in the previous derived bandwicth
are plotted. Note that doubling the frequency has no effect on the number of harmonics in the
bandwidth of the PM signal, whereas it decreases the number of harmonics in the bandwidth of

the T'Al signal from 14 to 8.
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Problem # 5: Spectra (assuming fc=10 kHz)
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