4.3-6

Signals and Systems
HW#6
Solutions

Fig. (a) The signal f{t} in this case is a triangle pulse ﬂ.( } (Fig. 54.3-6) multiplied by cos 10¢.
flth =4 [:ij cos 10
2,

Also from Table 4.1 {pair 19} A{L) = :sincif'—;} From the modulation property (4.41), it follows that

Jith =4 {Et;f) cos 10 &= -Z— {:cim:i ['r'“—z-l—q—]-] + sine” [N—[:%lﬂ—}-] }

The Fourier transform in this case is a real lunction and we need only the amphitude spectrum in this case as

shown in Fig. 54.3-Ga.

Fig. (b) The signal fit) here is the same as the signal in Fig. (a) delayed by 27, From time shifting property.
its Fourier transform is the same as in part (a) multiplied by e~ 7**), Therefore

Flu)= = {mt C [ﬂ.i.i__!-ﬂ] + sine? [_Tr{“";' ID}] } L

"T'he Fourier transform in this case is the same as that in part {a) multiplied by =™ This multiplying factor
represents a linear phase spectrum —2mw. Thus we have an amplitude spectrum [sa.ma as in part (a)] as well as
a linear phage spectrum £ F(w) = — 27w as shown in Fig. 54.3-6b, the amplitnde spectrum in this case as shown
in Fig. 84.3-6h.

Mote: In the above solution, we first multiplied the triangle pulse .r"_"n[i‘;:l by cos 10¢ and then delaved the result
by 27. This means the signal in Fig. (b} is expressed as A[£52%) cos 100t — 27).

We could hawve interchanged the operation in this particular case, that is, the triangle pulse &/ r} i first delayed
by 27 and then the result iz multiplied by cos 10£. In thiz alterfiate pmcedure the signal in Fig. (b) ia expresaed
as A(£32%) cos 101,

This mlerdmnge of operation is permissible here only because the sinusoid cos 10f executes integral number of
eveles in the interval 2x. Because of this both the expressions are equivalent since cos 10(t — 2=) = cos 10t
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(b)
w+4 w— 4
F(w)—A(—-—4 )+A( : )
Also
lSillCQ(f.) = A (E)
T 4
Therefore

f(t) = -f-r-sincz(t) cos 4t

4.3-9 From the frequency convolution property, we obtain
2 1
() = 2-;F‘(m) * F(w)

Because of the width property of the convolution, the width of F(w) * F(w) is twice the width of F(w). Repeated
application of this argument shows that the bandwidth of f"(t) is nB Hz (n times the bandwidth of f(£)).

4.6-4 Recall that

fz[t)=% / Fp(w)e’* dw and f At)e dt = Fy(—w)

Therefore

f fi(t) f2(t) dt = Eﬂ'_'/ fl(t)[f Fa(w)e’™" dw) dt
-0 -0 -0
=L [ )[fmf 0 J’""dt}dw—ifﬂ— )Fa(w) do
—2“,-/;002:.: _ml(e = 9 1(—w)Fe(w
Interchanging the roles of fi(t) and f2(t) in the above development, we can show that

/m Fi(8)fat) dt = -2-1;/& Fi () Fa(~w) duw



4.6-5 Application of duality property [Eq. (4.31)] to pair 3 (Table 4.1) yields

-t?%-t-ﬁ — 2#6_“]“'

The signal energy is given by

The energy contained within the band (0 to W ) is

w 27
Ew = 4#/ T2 g = Z5[1 — eV
0 a

If Ew = 0.99E, then
e =001 = W=

2.3025 0.366
rad/s -
a a




4.7-1 (i) For m(t) = cos 1000t

Ypsa.sc(t) = m(t) cos 10,000t = cos 1000¢ cos 10, 000t

= %[cosQ{JCIOt + cos 11,000¢]

LsB uUsB

(ii) For m(t) = 2 cos 1000¢ + cos 2000¢

Pose-sc (t)

= m(t) cos 10,000t = (2 cos 1000t + cos 2000¢] cos 10, 000t

Il

cos 9000t + cos 11, 000¢ + %[cos 8000t + cos 12, 000t]

I

[cos 9000t + % cos 8000t] + [cos 11,000t + % cos 12, 000t]

e

o
LsSB UsB

(iii) For m(t) = cos 1000t cos 3000¢

Ypse.sc (t) = m(t) cos 10,000t = %[CDS?OO(R + cos 4000¢| cos 10, 000t

= %[cos 8000t + cos 12,000t] + %[cosﬁOOOt + cos 14, 000¢)

= %Lcos 8000t + cos 6000t] + %E:os 12,000t + cos 14, 0005]

LSB UsSB

This information is summarized in a table below. Figure S4.7-1 shows various spectra.
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Fig. S4.7-1
case | Baseband frequency | DSB frequency 1 LSB frequency | USB frequency |
i 1000 9000 and 11,000 | 9000 | 11.000 |
ii 1000 9000 and 11,000 | 9000 } 11,000 |
2000 8000 and 12,000 ] 8000 | 12,000 |
iii 2000 8000 and 12,000 | 8000 | 12,000 |
4000 6000 and 14.000 | 6000 | 14,000 |




