lem 2.61

‘ e input I1(7) has a spectrum with zeros at frequencies f =k, (k # 0, k € Z) and the information
pectrum of the system at those frequencies will not be present at the output. The spectrum of the
21) consists of two impulses at f = %1 but we do not know the response of the system at these

IE5.

()« T(1) = T = T = A(r)
ha(r) « T1(r) = (T1(r) + cos(2mt)) » T1(¢)

Alr) + %:F-' [3(f = Dsinc®(f) + 8(f + Dsinc*(f)]

A + %F-' [8(f = Dsinc®(1) + 8(f + Dsinc’(~1)]
Alr)

5 both signals are candidates for the impulse response of the system.

Fla_((1)] = %a‘ 4+ ﬂ:r 7 Thus the system has a nonzero spectrum for every f and all the frequencies
__ system will be excited by this input. Fle " u_,{1)] = }T;lsz Again the spectrum is nonzero for all
and the response to this signal uniquely determines the system. In general the spectrum of the input must

i vanish at any frequency. In this case the influence of the system will be present at the output for every

T l i H | q L]
FIA sin(2nm for + 6)] — jsgn(f)A [— z_;“f + foye' ™ w4 z_j‘“-f — e rr]

A 2 | e
= [Sg“(—fulﬁff + foye' I — sgn(— fo)8(f — fode™ f‘-’?ﬁ]

;‘1. ) H B
=5 [80 + f)e™ 5 4 8(f — fore™ 0 |
= —AFlcos(2m fyt + 6)]

hus, A sin(27 fot + 6) = — A cos(2m for + 6)

Problem 2.63

Taking the Fourier transform of e/>"/" we obtain

Fleithi] = — jsgn(£)8(f — fo) = —jsgn(f)8(f — fo)

eI = F' = jsgn(fo)d(f — fo)l = —jsgn(fo)e/ 2"
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the power content of the modulated signal we write (1) as
: 2 200 9
W) = #mﬁhmmm+?whm%#wmxmtlﬂn
7T

3 .3 25 al, 250
+4A sin" (27 (4 x 107 + —ﬂ}r + %} +4A%sin? (274 % 10° — T}i — %}
T

+terms of cosine and sine functions in the first power

H A A 447 4A?
P= Iimf uz[f}df=—+—+_+—=5f'12
T—mo __E 2 2 2 2

uit) = m(c(t) = Asinc(r) + sinc>(1)) cos(2x f.1)

ing the Fourier transform of both sides, we obtain

A

uif) = 5[“[f}+Mf}]*(3{f—f:-}+5[f+f:-])
A
2

[RCE = o) 8 = fo) + T = T+ AL + 5]

[f— f.) #Ofor |f = f| < %f whereas A(f — f.) £ 0for |f — f.| < 1. Hence, the bandwidth of the
ndpass filter is 2.

iblem 3.3

efollowing figure shows the modulated signals for A = 1 and f; = 10. As itis observed both signals have
esame envelope but there is a phase reversal atr = 1 for the second signal Am; (1) cos(2m fiyt) (right plot).
his discontinuity is shown clearly in the next figure where we plotted Ama (1) cos(2m fyt) with f = 3.




Problem 3.5

ul(t) = m)-c(t)
100{2 cos(2m 2000 ) + 5 cos(2a 30008)) cos(2m fit)
Thus,

100 5
U(f) = — [a[f—zﬂ(}[l}+5(j'+2mﬂ}+ 5{5(f—3ﬂﬂﬁ}+3{f+3ﬂﬂﬂ]}}

* [d( f — S0000) + &(f + 50000)]
= 50 [a[f — 52000) + 8(f — 48000) + %3(1‘ — 53000) + ga{f — 47000)

5
+8(f + 52000) 4 5(f + 48000) + ga{f +53000) + S5(f + 4?00{:-)}

A plot of the spectrum of the modulated signal is given in the next figure
...................... 125

,,,,,,,,,,,,,,,,,, = |1 T——

t 1 | Pt

53 .52  -48 47 "o 47 48 52 53 KHz

Problem 3.6
The mixed signal y(¢) is given by
¥ty = wit)-xp(t) = Am(t)cos(2mw ftycos(2aft + 8)
= gm{r} [cos(2m2 f.t + 0) 4+ cos(f)]

The lowpass filter will cut-off the frequencies above W, where W is the bandwidth of the message signal
m(t). Thus, the output of the lowpass filter is

z(t) = %m[r}cu&[ﬁj

If the power of m(t} is Py, then the power of the output signal z(r) is P, = PM“TE cos?(#). The power of
the modulated signal u(r) = Am(r) cos(2n f.1) is Py = 4 Py. Hence,

P cos(8)
B 2

A plot of %}ﬂ for 0 = 6 = m is given in the next figure.
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blem 3.7

he spectrum of u(r) is

U = T~ f) 50+ £

+§ [8(f — fo — 1500) + &(f — f. + 1500)
+8(f + fo — 1500) + 8(f + f. + 1500)]
FL20807 — £ = 3000) 4 8(7 ~ 7. +3000)
+8(f + f. —3000) + &(f + f. + 3000)]

e next figure depicts the spectrum of u(r).
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‘ he square of the modulated signal is

wi ) = 4{1](:051{21;].:} +cus.2{23r{f, — 1500)1) +C052{2n{ﬁ- + 15000
+25 cos* (2w (. — 3000)t) + 25 cos* (27 ( f. + 3000)1)
+ terms that are multiples of cosines
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e message signal can be written as

m(t) = sin(2w10%) + Scos(272 x 10°)

= —10sin(27 10°1) + sin(27 10%1) + 5

Z. Hence, the modulation index is ¢ = 6.

[he power delivered to the load is

lu@)* _ 100*(1 + m(1))* cos*(2n f1)
50 50

Pioag =

ce 2 % 10° < f. the peak power delivered to the load is approximately equal to

max{ Poe) = w = T72.6012

iLis seen the minimum value of m(r) is —6 and is achieved for sin(2r 10°) = —1 or¢

s maximum absolute value of 1 +m(1) is 6.025 and is achieved for sin(2710°1) = + 5 Ort =

arcsing I|I|'| ]
2x 10

= 3 1
= v + ks

+ v

oblem 3.14

wi(r) = Scos(1800mxr) + 20cos(2000m1) 4 5cos(2200m 1)
1
= 2001+ 3 cos{200m 1)) cos(2000m 1)
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The modulating signal is m(r) = cos(2m 100¢) whereas the carrier signal is ¢(1) = 20 cos(2m 1000¢).

2) Since —1 < cos(27 100r) < 1, we immediately have that the modulation index is & = 3.

3) The power of the carrier component is Peyier = % = 200, whereas the power in the sidebands is
Psidebmds = ‘“ﬂaz = 50. HB[’[CE,

Pyigebunas _ 50 1

Pq_'an-im- o zﬂn = 4
Problem 3.15

1) The modulated signal is written as

u(t) = 100(2cos(2710%) + cos(23 x 10°1)) cos(2m f.1)
= 200cos(2710°) cos(2x fet) + 100 cos(2x 3 = 10°1) cos(2m fut)
= 100 [cos(2m( f. 4+ 10°)1) + cos(2m (f, — 10%)1)]
+50 [cos(2(f, + 3 x 109)1) + cos(2m(f. — 3 x 107)1)]

Taking the Fourier transform of the previous expression, we obtain

UGf) = SO[8(f = (fe +10") +8(f + f. +10°)
+ 8(f = (fo— 10} +8(f + £ — 10%)]
4+ 25[8(f = (f +3 x 10%) +8(f + fi +3 x 107
+ 8(f = (fe =3 x 10N +8(f + f. —3 x 10Y)]

The spectrum of the signal is depicted in the next figure
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2) The average power in the frequencies f. + 1000 and f. — 1000 is

100°
Pseioo = Pr_1000 = i 5000

The average power in the frequencies f,. + 3000 and f. — 3000 is

-

Py 3000 = Pr.—3000 = 5 = 1250

Problem 3.16
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