HM? SolaTrons

4.25. (d) Let Y(jw) = 2884¢2% The corresponding signal y(t) is

W
1, -3I<t< -1
y(t) = { 0, otherwise :

Then the given integral is
o
/ X(jw)Y (jw)dw = 2r{z(t) * y(t) }t=0 = 77
—00

(e) We have v
o0 , oo
/ | X (jw)|Pdw = 2 / |z(t))*dt = 26m.
-00

-~ 00
(f) The inverse Fourier transform of Re{X(jw)} is the Ev{z(t)} which is [z(t) +x(-t)]/2.
This is as shown in the figure below. Fuiace}

v
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Figure S4.25

4.26. (a) (i) We have

Y(ju) = X(wH(w) = [ . +1jw)2] [ - jj.w]

4 _ 7)) _1/2)
4+jw 2+jw (24 jw)?

Taking the inverse Fourier transform we obtain

S SUVRPI 1 o
y(t)—ze u(t) i u(t)+2te u(t).

4.28. (b) The spectra are sketched in Figure $4.28.
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4.38. (a) Applying a frequency shift to the analysis equation, we have

00 ) 00
X(j(w — wo)) =/ z(t)e Hw-woltyy — / x(t)eloteiwt gy = FT {ua(t)elot},
o0 —-00

(b) We have
w(t) = etwot £T, — W(jw) = 2m6(w — wp).
Also,

wOut) B X (w) s W ()]
= X(jw) * d(w — wp)
= X(j(w - w))

4.51. (a) H(jw) =1/G(jw).
(b) (i) If we denote the output by y(t), then we have

Y (j0) = -;-

Since H(j0) = 0, it is impossible for us to have Y(50) = X(j0)H(j0). Therefore,
we cannot find an z(t) which produces an output which looks like Figure P4.50.

(ii) This system is not invertible because 1 /H (jw) is not defined for all w.

(e) We have ‘ —o? 4+ 3w+ 2
H(i) = “ a3 6wt o’

Therefore, the frequency response of the inverse is

1 —w?+6jw+9

GUW) = 4G0) = T v 3wt 2
The differential equation describing the inverse system is ‘
d’y(t) ( ) d’z(t) | dz(t)
6——— + 9z(t
g +3==+2(t) = 7 + 7 + 9z(t).

Using partial fraction expansion followed by application of the inverse Fourier trans-
form, we find the impulse responses to be

h(t) = 8(t) — 3e~3u(t) + 2te~*u(t)

and
g(t) = (?(t) — e 2y(t) + de"tult).

5.1. (a) Let z[n] = (1 /2)"‘1u[q — 1]. Using the Fourier transform analysis equation (5.9), the
Fourier transform X (e?*) of this signal is

X(v) = z z[n)e "
n=-00
= 2(1/2)n—le—jwn
n=1
= Z(l/z)ne—jw(n-f-l)
n=0
e v 1

(1-(1/2)e~3)



(b) Let z[n] = (l/Z)‘”'lI. Using the Fourier transform analysis equation (5.9), the Fourier
transform X (e’¥) of this signal is

X(e¥) = Z z[n]e i
0 00
= Z (1/2)-(n—l)e—jwn+2(1/2)71—16—]01:
n=-—00 n=1

The second summation in the right-hand side of the above equation is exactly the same
as the result of part (a). Now,

0 <)
- ; ; 1 1
§ : (1/2)~(r-Ne=dwn = 2:(1 [2)intD)glon = (-) -
n=-—o00 n=0 2 1- (1/2)61“'
Therefore,

. 1 1 : 1 0.75e~9%
X)) = (1) —2 | v _
(&) (2) 1-(1/2)e V¢ [T=(1/2)e ) ~ 1.26—cosw .

5.2. (a) Let z[n] = §[n — 1] + [n + 1]. Using the Fourier transform analysis equation (5.9), the
Fourier transform X (e’*) of this signal is

«©

X(@*) = ) zln]eivn

n=-w00
= e 4 =2cosw
(b) Let z[n] = d[n + 2] — d[n — 2]. Using the Fourier transform analysis equation (5.9), the
Fourier transform X (e*) of this signal is

oo

Z :z:[n]e’j“’"

n=-o0
e¥Y — e7 %Y = 24 5in(2w)

X(e¥)

1

5.3. We note from Section 5.2 that a periodic signal z[n] with Fourier series representation
z[n] = Z akejk(h/N)n
k=<N>
has a Fourier transform

X(e) = i mas (w - %) .

k=-o00

(a) Consider the signal ) [n] = sin(§n + §). We note that the fundamental period of the
signal z,[n] is N = 6. The signal may be written as
zin] = (1/27)e 57+ — (1/2))e G = (1/25) T % — (1/2))e 7 Fe 3 %m,

From this, we obtain the non-zero Fourier series coefficients ay of z;[n] in the range
—-2<k<3as ' .
o = (2)eF,  a_y = =(1/2))e77%.

Therefore, in the range —7 < w < m, we obtain

2na 6(w — 2%) + 2ma_y0(w + 2%)

(n)){€™*8(w — 27/6) — e 7"/46(w + 27/6)}

X ()



(4)

(b) Consider the signal z3|n] = 2 + cos( §" + §)- We note that the fundamental period of
the signal z,[n] is N = 12. The signal may be written as

zifn] =2+ (1/2)e D 4 (1/2)e TG = 24 (1/2) 5B + (1/2)eTE eI 5n.

From this, we obtain the non-zero Fourier series coefficients ax of Ty[n] in the range
-0<k<6as ' ‘
a0 =2 a;=(1/2)e's, a_;=(1/2)e 5.

Therefore, in the range —7 < w < m, we obtain

X(ev) = 2mapd(w) + 27a; 6{w — %) + 2ma_1d(w + %72—7)

4md(w) + 7 {e”/*5(w — 1/6) + e7I7/36(w + 1 /6) }

il

5.21. (a) The given signal is
z[n] = un - 2] - ufn — 6] =5[n—2]+6[n——3]+6[n—4]+5[n—5];

Using the Fourier transform analysis eq. (5.9), we obtain
X(e¥) = P s e eI,

(b) Using the Fourier transform analysis eq. (5.9), we obtain
-1
j 1 —n,—jwn
X(e) = Y (37
n=-—00
o0

1 jw \ N
= Y Ge)
n:l
e 1
2 (1-iev)

(c) Using the Fourier transform analysis eq. (5.9), we obtain

X(e)

]
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9 (1- Leiw)

Matlab homework:
4.4(a). System I is H; (jw) = 355 and |Hy(jw)| = 5=y and ZHy(jw) = —tan~!(w/3). System II is

Hy(jw) = U% and |H (jw)| = -2 and ZH(jw) = —tan~1(3w). The rest of the programs are

% (b).
%system I
a_0=3;
bl=a_0;
al={1 a_0];

w=linspace(0,10);
hl=freqs(bi,al,w);
magl=abs(hl);

%system II
a_0=1/3;

b2=a_0;

a2=[1 a_0];
h2=freqs(b2,a2,w);
mag2=abs (h2) ;



hw9: 4 .4(b)

&

figure(1)

subplot(211)

loglog(w,magl);

xlabel (’\omega’);

ylabel (’magnitude of H1(j\omega)’);
title("hw9: 4.4(b)’); 10°

3
T

magnitude ot H1(jw)
&
o

grid on;

subplot(212) 10 =
loglog(w,mag2); :

grid on;

xlabel (’\omega’);

ylabel (’magnitude of H2(j\omega)’);

magnitude of H2(jw)
3,
T

% ()
t=linspace(0,5);

hi=impulse(bl,al,t);

h2=impulse(b2,a2,t);

figure(2)

subplot(211)

plot(t,h1);

xlabel(’time t’);

ylabel(’impuse response of system I’);
title(’hw9:4.4(c)?)

subplot(212)

plot(t,h2); :
xlabel(*time t’);

ylabel(’impuse response of system II’);

% (d) systems I decays faster with time, and the decay of the
% consistent with the decays with the magnitude.

9% \SCall'ng ewpl'm},*ts 't
% (e)

[

Figure 1: Homework 9:4.4(b)

impulse response is

"o

hwo:4.4(c)

we=3;

[b2, a2l=butter(2, wc, ’s?’);
h2=freqs(b2,a2,w);
mag2=abs(h2);

g
N w
T

impuse response of system |
- o
—

figure(3)

e
@
T

T T T T T T T Y

subplot(211) o .
loglog(w,mag2);
xlabel(’\omega’);

time t

ylabel (*magnitude of the butterworth filter?’);
title(’hw9: 4.4(e)?);

grid on;
subplot (212)
loglog(w,magl);

impusa rasponse of system Il

L 1 L s 1 L 2 L

grid on; % os
xlabel (*\omega’);
ylabel (*magnitude of H1(j\omega)’);

%(f) butterworth filter is better, because it

Jmore closely approximates the ideal lowpass filter.

%It has maximally flat magritude response in the pass-band and
hgood all-around performance.

1 15 2 25 3 a5 4 45 5
time t

Figure 2: Homework 9:4.4(c)



4.5(a-f)The program is the following:

clear all;

% (a)

bi=[1 -2];

al=[1 3/2 1/2];
[r1,pl)=residue(bl,al);

%)
%H_1(jw)=6/(jw+1)-5/(jw+0.5)

h(c)
%h_1(t)=6exp(-t)u(t)-5exp(-0.5t)u(t)
%yes it is absolutely integrable.

%(d)
b2=[3 10 5];
a2=[1 7 16 12];

h(e)
[r2,p2]=residue(b2,a2) )
%H_2(jw)=2/(jw+3)+1/(jw+2)—3/(jw+2) 2

h(£)
%h_2(t)=2exp(—3t)u(t)+exp(—2t)u(t)-3t exp(-2t)u(t)

Yyes, it is absolutely integrable.

o hwo: 4.4(e)

magnitude of the butterworth filter
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Figure 3: Homework 9:4.4(e)




