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3.60. (a) The system is not LTI. (1/2)" is an eigen function of LTI systems. Therefore, the
output should have been of the form K(1/2)", where K is a complex constant.
(b) It is possible to find an LTI system with this input-output relationship. The frequency

response of this system would be H(e’) = (1-(1/2)e™7*)/(1—(1/4)e™ %), The system
is unique.

(d) It is possible to find an LTI system with this input-output relationshi

p. The system is
not unique because we only require that H (e7/8) = 2.

(i) Note that z[n] and y;[n] are not periodic with the same fundamental frequency. Fur-
thermore, note that ys[n] has 2/3 the period of z[n]. Therefore, y[n] will be made up
of complex exponentials which are not present in z[n]. This violates the eigen function
property of LTI systems. Therefore, the system cannot be LTI.

3.62. (a) The fundamental period of the input is T = 27. The fundamental period of the input
is T = 7. The signals are as shown in Figure S3.62.

(b) The Fourier series coeffients of the output are
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Figure S3.62

(c) The dc component of the input is 0. The dc component of the output is 2/7.
3.63. The average energy per period is
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We want N such that

Zla ]2—091+a.
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This implies that
1-2a%N 4 o2 _1+a?
1-aq? —1—02‘0\7

Solving,
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3.71. (a) The differential equation fs(t) and f(2) is

R oa O = 10
The frequency response of this system may be easily shown to be
. 1
How) = 7m0
Note that for w = 0, H(jw) = 1 and for w — 00, H(jw) = 0. Therefore, the system
approximates a lowpass filter.
4.1.  (a) Let z(1) = e=2=Uy(t — 1). Then the Fourier transform X (jw) of «(t) is: |

X(w) = [ e 2Ny - 1)e-sutgy
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|X(jw)| is as shown in Figure $4.1.
(b) Let z(t) = e~2t-!. Then the Fourier transform X(jw) of z(¢) is:

w .
X(jw) = / e A=t g=gwt gy
—0Q

00 1
/ e~ At-De—dwtgy 4 / eAt-Dg=styy
1 * -0
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|X (jw)| is as shown in Figure S4.1.
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Figure S4.1

4.2, (a) Let zy(t) = 5(t + 1) + 6(t — 1). Then the Fourier transform X (Jw) of x(t) is:

X\ (jw) /_ TG+ 1) + 60t - 1)Je oty

o0
= &Y +e = 2cosw
| X1 (jw)! is as sketched in Figure S4.2.
(b) The signal z5(t) = u(—2 — t) + u(t — 2) is as shown in the figure below. Clearly,

dii-t{u(—Z —t)+ult - 2)} = 8(t ~ 2) - §(t + 2)



<

Therefore,

Xs(jw) [ 80 - 2) - 8(t + D)t

e~ Uv — % = _2j5in(2w)

| X1 (jw)| is as sketched in Figure 54.2.
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4.3. (a) The signal z,(t) = sin(2rt + 7/4) is periodic with a fundamental period of T' = 1.
This translates to a fundamental frequency of wy = 2w. The nonzero Fourier series
coefficients of this signal may be found by writing it in the form

nt) = % (ej(21rt+1r/4) _ e—j(21rt+1r/4))

_ %e]‘ﬂ/llej%rl _ §1_.e—j5r/4e—j21rt
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Therefore, the nonzero Fourier series coefficients of z;(t) are
4y = 1 jn/agiont ey = _ L iniag-gomt
25 ' 25

From Section 4.2, we know that for periodic signals, the Fourier transform consists of
a train of impulses occurring at kwg. Furthermore, the area under each impulse is 27
times the Fourier series coefficient ax. Therefore, for z,(t), the corresponding Fourier
transform X, (jw) is given by

X1(jw) = 2ma18(w — wp) + 2ma_18(w + wo)
(n]§)e™4é(w — 27) — (n/5)e" ™4 8(w + 2n)
(b) The signal z(t) = 1+ cos(6mt+/8) is periodic with a fundamental period of T' = 1/3.

This translates to a fundamental frequency of wg = 67. The nonzero Fourier series
coefficients of this signal may be found by writing it in the form

) = 1+ % (ej(61rt+1r/8) _ e-j(61rt+7r/8)>
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Therefore, the nonzero Fourier series coefficients of ro(t) are
1 jn/8,jont Vom0
ay =1, a = 56] eIt a_q = —e Im/8mibml

From Section 4.2, we know that for periodic signals, the Fourier transform consists of
a train of impulses occurring at kwp. Furthermore, the area under cach impulse is 27
times the Fourier serics coefficient ay. Therefore, for z,(t), the corresponding Fourier
transform X, (jw) is given by

Xa(jw) 27magd(w) + 2ma)0(w — wo) + 2ma_ 1 §(w + wp)
218(w) + 788w — 67) + T T8 (w + 67)
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4.21. (b) The given signal is

z(t) = e~ sin(2t)u(t) + e sin(2t)u(—t).

We have

1/25 1/2j

o (t) = e ¥ sin(2t)u(t) €5 X, (jw) = 352

Also,
3t . FT , - _
z(t) = e™ sin(2t)u(—t) = —z1(~t) ¢ X3(jw) = - X,

Therefore,
37

+jw —13+j2-+jw.

. ~1/24 1/25
(mjw) = st
3-42~jw 3+j2~jw
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X(jw) = X1 (juh+ Xo(jw) =

9+ (w+2)? 9+ (w—2)2

(¢) Using the Fourier transform analysis equation (4.9) we have

. 2sinw  sinw sinw
X(jw) = w T—w 7T4+w
(e) We have , ‘
z(t) = (1/25)te™* o tu(t) — (1/25)te=2 eIty (1),
Therefore,

X (juw) = %

1/2j

(2~j4+jw)? - (24 j4 - jw)?-

Extra Written Problem: Using the frequency shifti
(=1)" = cos(mn) = e/™. Because N = § and /(%)
coefficients of (—1)"z[n] is ap_ps = ap_y.

Problem from exercise book:

3.8 The programs are the following.

/homework 7: 3.8(a-f)
clear all;
clf;

%3.8(a-b)

4system 1

b1l={1 0];

al=[1 -0.8];

[h1,omegal] = freqz(bi,a1,1024,’whole’);
figure(1)

subplot (211)

plot (omegal,abs(h1))

title("Prob. 3.8(b): magnitude of the frequen
xlabel(’\omega’);

ylabel(’magnitude’);

hlow pass filter

ng property in Table 3.2 on page 221.
Mn = eI™ we have M = 4. So the

Prob. 3.8(b): magnituds of the frequancy response of system 1 and 2
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Figure 1: Homework 7:3.8(b)

Cy response of system 1 and 2’);



Jsystem 2

Prob. 3.8(c): coefficients of x{n}

b2=b1l H 08
a2=[1 0.8]; as
(h2,omega2] = freqz(b2,a2,1024, 'whole’):

subplot (212) oaf
plot(omega2,abs(h2)) 5.,
xlabel(’\omega’); i
ylabel (’magnitude’); % o
%high pass filter A
%(c) o4
k=[0:19]; .

© 0 0 0 0 0 6 Q 6 0 0 0 0 0 o

a_x=zeros(length(k),1);

a_x(2)=3/4; a_x(12)=-1/2;

a_x(10)=-1/2; a_x(20)=3/4;
omega_k=2*pixk/20;

figure(2)

stem(omega_k,a_x)

title(’Prob. 3.8(c): coefficients of x[n]’);
xlabel (’\omega_k’);

ylabel(’coefficients of x[n]’);

Figure 2: Homework 7:3.8(c)

%The first filter amplify the frequency components of a_1 and a_19
%The second filter amplify the frequency components of a_9 and a_11

%(d)

N=20;

x_20=N*ifft(a_x);

figure(3)

subplot (211)

stem(k,real (x_20));

axis([-20 99 -4 4]);

title(’Prob. 3.8(d): x[n] from 0 to 19 and from -
xlabel(’n’);

ylabel(’x([n]’);

n=[-20:99];
x=[1;
for i=1:length(n)
for j=1:length(k)
if abs(rem(n(i),N))==abs(rem(k(j),N))
x(i)=x_20(j);
end
end
end
subplot (212)
stem(n,real (x));
xlabel(’n’);
ylabel(’x[n]’);

20 to 99°);

Prob. 3.8(d): xin] from © to 19 and from ~20 to 98
T ¥ T

Figure 3: Homework 7:3.8(d)



h(e)

yl=filter(bl,al,x);
y2=filter(b2,a2,x);

figure(4)

subplot (211)

stem(n,real(yl));

title("Prob. 3.8(e): y_1[n] and y_2[n] from 0 to 99’);
xlabel(’n’);

ylabel(’y_1[n]?);

axis([0 99 -5 5]);

subplot (212) B | -
sten(n,real (y2)) ﬁL jﬁﬁL Jﬂ

axis([0 99 -5 5]); e g ¢ ﬂf
xlabel(’n’); 1%£ mm& mg

ylabel(’y_2[n]’); T S T )

Het0:161, el

y1_20=[]; l
y2_20=(1; :
for i=1:length(n)
for j=1:length(ni)
if n(i)==n1(j)
y1_20=[y1_20; y1(i)l;
y2.20=[y2_20; y2(i)l;
end
end

Figure 4: Homework 7:3.8(e)

end Prob. 3.8(f):magnitude of the coesficients of y1 and y2
figure(5) e
subplot(211)
stem(ni,real(y1_20)); £
title(’y_1[n] and y_2[n] from 0 to 19’);
xlabel(’n’); oo s o1 o1 A R TS B
ylabel(’y_1[n]l’); y

subplot(212);
stem(nl,real(y2_20));
xlabel(’n’); 1 .
ylabel(’y_2[n]’); T T
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a_y1=1/Nxf£t (y1_20) ; Figure 5: Homework 7:3.8(f)

a_y2=1/N*£ft(y2_20);
figure(6)



subplot(211);

stem(nl,abs(a_yl)); )
title(’Prob. 3.8(f):magnitude of the coeeficients of yi and y2°);
xlabel(’'n’);

ylabel(’imag(a_y1)’);

subplot (212)
stem(ni,abs(a_y2));
xlabel(’n’);
ylabel(’real(a_y2)’);

Extra Matlab Problem: The program is the following:

Yhomework 7 extra Matlab abc
clear all;

%h(a)

N=16000;

n=[0:N-1];
x1=8in(2*pi*100*n/N);
x2=s8in(2*pi*4000*n/N) ;
x=x1+x2;

% for the FS Coefficients,
% x=sin((2%pi*100*n)/16000)+sin((2%pi*4000%*n)/16000)

? x=1/2j(exp((j*2*pi*100*n)/16000)—exp(-j*(2*pi*100*n)/16000))
h + 1/2j (exp((j*2%pi*4000#n)/16000)-exp(-j* (2*pi*4000%n)/16000))

% so that
ha_{100}= 142j)

%a_{-100}= -1/£3)
%a_{4000}= 1/2j)
%a_{-4000}= -142j )

%(b)
%low-pass

at = [1 -.9);
bt = [1 .5];
yn1=0;

sinfilti=diffeqn(al, b1, x, ynl);
save sinfiltl.mat sinfiltl;

%high-pass

a2=[1 0.9];

b2=[1 -1/2];
sinfilt2=diffeqn(a2, b2,x, ynl);
save sinfilt2.mat sinfilt2;



soundvec=[x sinfiltl sinfilt2]; )
soundsc (soundvec); pause;

figure(1)
n_t=[0:500-1];
subplot (311)
stem(n_t,x(1:500));
title(CHW7(b): the first 500 points for x, sinfiltl and sinfilt2’);
xlabel(’n’);
ylabel(’x[n]?);

subplot (312)
stem(n_t,sinfilt1(1:500));
xlabel(’n’);
ylabel(’sinfilti[n]’);

subplot (313)
stem(n_t,sinfilt2(1:500));
xlabel(’n’);
ylabel(’sinfilt2[n]’);

print -dpsc hw7_b.ps

%h(c) '
Figure 6: Homework 7:(b)

X=(1/N)*fft(x);

SINFILT1=(1/N)*fft (sinfilt1);

SINFILT2=(1/N)*fft(sinfilt2);

figure(2)

subplot (311)

stem(n, abs(X));

title("HW7(c): the magnitude of the FS coefficients for x, sinfiltl and sinfilt2’);
xlabel(’n’);

ylabel(’abs(X)?);

HW7(c): the magnitude of the FS cosfficients for x, sinfilt1 and sinfily
T T T T T T

subplot (312) o
stem(n,abs(SINFILT1)) ; '
xlabel(’n’);

ylabel (’abs (SINFILT1)’);

subplot (313)

stem(n,abs (SINFILT2));
xlabel(’n’);

ylabel (’abs (SINFILT2));

aBSINFILTZ)

print -dpsc hw7_c.ps

Figure 7: Homework 7:(c)



