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2.32
y[n] = —2x[n]+4x[n—l]—2x[n—2]
A. Impulse response:

h[n]=-26[n]+45[n—1]-26[n-2]

H(e")=-2+4e7"-2¢7>
=—2¢7" (! +e7"-2)
=—2¢7"(2cos(w)-2)
=4¢ 7 (1-cos(w))
=4e 7 (2sin’ (w/2))
=8sin’ (@/2)e .

The delay is 1, =1.
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D. If
then

E. Using the
Consider

xl [n]=1+ej0.5ﬂ'n

0
=e/" +e’?

a1 (&) s ()
=0xe’ +8sin’ (r/4)e 2’

| .
=8><Ee“( U —co<n<oo,

convolution sum,

»[n]= Zh x, [n—k]

fk=—oco

:kgh[k](He’Z"k) u[n—k)

= Y k)14 )

f=—oo

0, n < 0 (as the system is causal)

»,[n]= zn:h ( j%(n—k))’ >0
n=0,

»ln]= (ih[k](l +e’%("‘k))]—( D h[k](”ef%(n—k)))
_ ih[k]+(ih[k]ef%k Jef%n _( S Ak)(1+e5)

k=n+1

h[K] (1475 “)).

N——

oo

— (") e () (2

k=n+1

+H
Now ( 2 h[k 1+e’2(" k) ]becomes zero for n>2 since h[ ] 0 for n>2. Thus

k=n+1

Y, [n]=yl [n] foralln=>2.
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2.33. Recall that an eigenfunction of a system is an input signal which appears at the output of the system
scaled by a complex constant.

(a) z[n] = 5™u[n]:

> hlklz[n — k]

k=-—00

i h{k]5™Fu[n — k]

k=-—o00

= 5" i h[k]5~*

k=-—o00

yln]

Becuase the summation depends on n, z[n] is NOT AN EIGENFUNCTION.

(b) z[n] = e2¥m:

yln] = ) hkle W
k=-00
ed2un Z h[k]e—j2wk
k=-—o00

I

eijn . H(eij)

YES, EIGENFUNCTION.

(C) ejwn+ej2wn:

> hlke™R 4 " hlk]e2n=R)

k=-00 k=—oc0

oo )
= ejwn Z h[k]e—jwk+ej2wn Z h[k]e—ijk

k=-o00 k=—o00

y[n]

= ejum _H(ejw) +ej2am . H(equ)

Since the input cannot be extracted from the above expression, the sum of complex exponentials
is NOT AN EIGENFUNCTION. (Although, separately the inputs are eigenfunctions. In general,
complex exponential signals are always eigenfunctions of LTI systems.)

(d) z[n] =5™

sl = 3 Akl

k=—00
o
= 5" Y hk57*
k=—00
YES, EIGENFUNCTION.
(e) z[n] = 5mes2wm:
o
y[n] = Z h[k]5(n—k)ej2w(n—k]
’ k=-o0
o
= §nei2wn Z h[kls—ke—ﬂwk
k=—00
YES, EIGENFUNCTION.
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2.35. We first re-write the system function H(e?*):

. i . —j2w —Jj4w
Hev) = eJ”/‘*-e—J“’(1+e + de )

1+ fe—i2v
= &"/'G(e)
Let y1[n] = z[n] * g[n}, then
2 n, ei™/2 4 e—inn/2
n] = cos(.?) =' —2—-———— |
il = G(ei™/2)eimn/2 +2G(e"1"/2)e"”"/2

Evaluating the frequency response at w = +7/2:

- _i2
7% <1+e I 4 4e™ ") = 8g—im/2

Gle’) 1+ feim

G(e™7%) = 8ei™/?
Therefore, . .
= j(rn/2—=/2) j(—=nn/2+n/2) = 70, "
yi[n] = (8¢’ + 8e )/2 = 8 cos( 5"~ 3 )

and . | ] )
y[n] = eJ1l‘/4y1[n] - 8ej1r/4 COS(E'R _ 5)
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2.37
sin (0.577n)
n

A. The impulse response 4, [n]=2 corresponds to a frequency response of

oy |2 o<n/2
Hz(ej )_{0, r2<w<n
Then
H(e’“’)zH1 (ej‘")H2 (ejw)
|| < /4
=e %42, 7m/4<|w|<7/2
0, z/2<|w|<7m.
B.
’H (ej’”)‘ ZH (ej‘")
zl
2._
| —w
- V4
- z z /i zl

C. Method 1 (Easiest):
The overall cascade system can be viewed as the difference of two lowpass filters with a

one-sample delay.
sm(l( ) sm( (n-1))

== 7(n=1)

Method 2 (Harder):
The overall cascade system can be viewed as having a lowpass response modulated up to

frequency 37/8.
sin (£ (n-1))

h[n]=4 Wcos( z(n-1))

Method 3 (Direct):
Just evaluate
1 or o
hin|=—1| H(’)e"dw
=L (o)

40



ch02_32-50.gxd

4/16/10 7:08 PM Page 43 CE

© 2010 by Oppenheim. Published by Pearson Prentice Hall, Pearson Education, Inc., Upper Saddle River, NJ.
All rights reserved. This material is protected under all copyright laws as they currently exist. No portion of this
material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2.40. z[n] is periodic with period N if z[n] = z[n + N] for some integer N.

(a) z[n] is periodic with period 5:
I (BN — (I (BF)(n+N) _ i(3Fnt2mk)
2r
5
Making k = 1 and N = 5 shows that z[n] has period 5.
(b) z[n] is periodic with period 38. Since the sin function has period of 2m:

= 2wk = — N, for integers k, N

z[n + 38] = sin(w(n + 38)/19) = sin(7n/19 + 27) = z[n]
(c) This is not periodic because the linear term n is not periodic.
(d) This is again not periodic. €/ is periodic over period 27, so we have to find k, N such that

z[n + N] = e/ (W+N) = giln+2rk)

Since we can make k£ and N integers at the same time, z[n] is not periodic.
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243
1. The Fourier transform of x[n] is given by X(ej“’) = i x[n]e”™" . Then
X(ej‘”)‘ T i x[n]=12
2. X(ej“’) = Z x[n]e ™ = Z (-1)" x[n]=-j12.

3. The inverse Fourier transform is given by ﬁj_ﬂ,, X (ej "’)ej “dw=x[n]. Then
J:””X (ej"’)ef"’”da): 27x|n|
j_”” X (&)’ dw=27x[0]

[" x(e”)do=27(2-j).

4. If x[n]%X(ej“’),then x[—n]#)X(e’j”).

Rix, [n]} 502 5
3

19
1/2I L 12 12
_.T 1234, ; o4t [2Ya, ;
254 321 J J 5 J
de-
3/

— W
= —
[\9)

1
(93]
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1
w
o—
—
@
—_
w
(9]
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2.46
x[n]=w[n]cos(ayn)
A. Fourier transforming gives

Ly o]

_ i{”W (e.f(awo) )+ e (ej(w"'wo) )}

:%W(ej(w_w“))+%W(ej(w+w°)),

X(ej‘”):

for -m<w<rx.
B. We know from tables that if

[ ] 1, 0<nsM
nl=
Y 0, otherwise,

then the DTFT Y (&’) is
Y( w)_ sin(@w(M +1)/2)
©)= sin (@)2)
Let M =2L. Then we have

[ ] I, 0<n<2L
nl=
Y 0, otherwise,

—joM/2

with DTFT
_sin(@(2L+1)/2) _ .,
Y(e )_ sin (@)/2) ¢
Now w(n]=y[n+L], which implies W(ej‘”): Y(e’“’) /oL That is,
_sin(@(2L +1)/2)
W( )_ sin (@)2)

X(ej‘")

+2L+1
™\ /\ /™ /\ W

As @), gets closer to @w=0, the two peaks merge into a single peak. We will have two
2r

distinct peaks if @, = .
2L+1
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2.48. (a) Suppose we form the impulse:
1 1
d[n] = 3% [n] - é-xz[n] + z3[n]
Since the system is linear,
1 1
L{d[n]} = 5u[n] — 532(n] + ys[n]
A shifted impulse results when:
bn — 1] = 1] + 32ln]
n = —531 n 22:2 n
The response to the shifted impulse
1 1
L{d[n - 1]} = —5u(n] + 532(n]

Since,
L{5[n]} # L{én — 11}
The system is NOT TIME INVARIANT.
(b) An impulse may be formed:
8[n] = %zl[n] - -;—:cz[‘n] + z3[n)

since the system is linear,

LI} = uiln]— gualn] +ysll
= h[n]
from the figure,
y1[n] = —é[n + 1] + 38[n] + 36[n — 1} + d[n — 3]
y2[n] = —6[n + 1] + é[n] — 34[n — 1] — é[n — 3]
ys[n] = 26[n + 2] + é[n + 1] — 36[n] + 26[n — 2]
Combining;:

kln] = 26[n+ 2]+ 6[n + 1] — 28[n] + 36[n — 1]
+26[n — 2] + 6[n — 3]

=Y

-!-2-]012

-2
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2.50. (a) For z;[n] = é[n],

v = 1
wnll] = ayl0]=a
For z3[n] = é[n — 1],
¥200] = 1
¥2(1] = ay[0] + (1] =a+1#y0]

Even though z2[n] = z;[n — 1], y2[n] # y2[n — 1]. Hence the system is NOT TIME INVARIANT.
(b) A linear system has the property that

T{az,[n] + bzz[n]} = aT{z;1[n]} + bT{z2[n]}}
Hence, if the input is doubled, the output must also double at each value of n.
Because y[0] = 1, always, the system is NOT LINEAR.

(c) Let z3 = az;[n] + Bz2[n].
For n > 0:

ys[n] = z3[n]+ays[n —1]
= az[n] + Bz2[n] + a(zz[n — 1] + y3[n — 2])

n—1 n—1
= a Z a*zi[n — k] + 8 Z a*z,[n — k|
k=0

k=0
= a(h[n] * z1[n]) + B(h[n] * z2[n])
= ayi[n] + Byz[n].
For n < 0:
ys[n] = a " (ys[n + 1] — z3[n])
= ~—a Z a*zi[n— k] - B Z a*zan — K|
k=-1 k=-1
= ay[n] + Byz[n]-
For n = 0:
y3[n] = y1[n] = y2[n] = 0.
Conclude,
ys[n] = ay1[n] + Byz[n], for all n.
Therefore, the system is LINEAR. The system is still NOT TIME INVARIANT.
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2.62.

cos(————lszn - g)

z[n]

o] = %
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2.67. (a) Note that z2[n] = — YF=a z[n — k]. Since the system is LTI, we have:
=4
yaln] = =) yln — k.
k=0
(b) By carrying out the convolution, we get:
-1, =0,n=2
hln]=<¢ -2 , n=1
0 , ow.
74



	ch02_01-18.pdf
	ch02_19-31.pdf
	ch02_32-50.pdf
	ch02_51-68.pdf



