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(a) z[n] = 57uln):

. yinl = 3 hlkaln - &)

b= —oc

o0
37 hjrjsinHyjn - K

k=—oo
n
5" 3 hfk)s
k=—no

Becuase the summation depends on n, z[n] is NOT AN EIGENFUNCTION.
(b) z{n] = e2wm:

i oo
_ y[n; - Z h[kiej?w{n—kj
k=—oc
oo
' = e_;z..m Z h[k]E-;z..m
i k=—oo

' - e__;2-..’\-\ . H(e;:uj

YES, EIGENFUNCTION.
(c) ed*n 4 gi2un.

oo oS
vl = 30 MKEH 1§ pgerren-b)
k=—oo k=—oo
1 = . o .
= €N 37 hlkleTIk 4 eiten § pijgemituk
k==o0 k=—oc
i = UL H(e) 4 eI [ (e1%)

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,
i complex exponential signals are always eigenfunctions of LTI systems.)

(d) z[nj =5
[} oo
i yln] = Z h[k]5ln—k)
¥ k=00
i D
: = 5" 3 hikjs*
b} k==00
¥ YES, EIGENFUNCTION.
} (e) z[n] = 5nes2wn.
vl = )" hfkjsin-Rlgizein-)
k=-no
oC
= §hten B pk)hemitek
k==
YES, EIGENFUNCTION.
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2.32. We first re-write the system function H(e™):

I % =jdw
¢ H(el®) = ei"/4. g=iw ]_—,M
14 le-s

- e,x;ac(e,u)

Let y1{n] = z[n] * g[n}, then

. ] T eImnf2 4 p=imnf2
zjn] = eos(—)=—o+
[ () 5
G(el™/2)eimn(2 4 Qfe=i%/2)g=iun/2
wnln = 2 ( Je

Evaluating the frequency response at w = =m/2:

Gef) = e (M) = ge—i™/2

1+ %8_-':
Gle™%) = g2
Therefore,
yi[n] = (8ed(Ta/2-7/2) 4 geil—wn/3+x/2)) 19 Scos{gn - ;;'_}

and

o) = 4[] = 867 cos(3n - 7




i/' 2.41. The input sequence,

o0
a )= Y 8+ 16k,
k=0

has the Fourier representation

X)) = Y Y dn+16kjemn

. n=—o0 k=—oo
. L ST 0D

oy 1 - 2mk

- ":. 1_5'!_ Z 5{«) T F)-

k=—co

Therefore, the frequency representation of the input is also a periodic impulse train. There are
frequency impulses in the range -7 < w < 7.

We sketch the magnitudes of X (e™) and H({e™):

HE w_]l\
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From the sketch, we observe that the LTI system is a lowpass filter which removes all but three of the
frequency impulses. To these, it multiplies a phase factor e=7%,

The Fourier transform of the output is

‘ ! 1 1 11 Dz
Wy = = e I - =
¥{e?) lsé[w) + T & lﬁ} .
1 %2 - 2 H
+Ee’ Olw + TB') /r:
Thus the output sequence is : .
- uinl = 1 1 (Zrn _ 3;:': . Y e i
v vinl = 35 + g eosl57 + ) ay s
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V”ms. Let z[r] = 4[n], then _
) X(e“)=1
The output of the ideal lowpass filter:
W(e™) = X (e H(e?) = H(e?)
The multiplier: i
(=1)"win] = e~7*"w(n]
causes a shift in the frequency domain:
W(e,ﬂu—w}) = H(e;!w—x]J
The overall output:
yin] = e 7™

Y(e™) = H(e“™™) + H(e™)

win] + w(n]

Noting that:
; 1, Z<lwlsn
[w==)y = » T ==
Hie? )= { 0 L

Y (e™) = 1, thus y[n] = d[n].

L/’é.d.'?. (a)

® yln] = z[n]+2z[n-1}+zjn-2]
= zn| *hjn]
z[n] « (8[n] + 28[n — 1] + &{n - 2})

hln} 8[n] + 26[n = 1] + 8[n — 2]

(b) Yes. h[n] is finite-length and absolutely summable.
PRENT]I

hitp://ww




{c)

H(e™)
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= 1427 4 7w

1 1
2e7(€" + 14 ze™)

2e ™7 (cas(w) + 1)

[H{e™)] = 2(cos(w) + 1)
LH(e®) = -w

Magnitude T Phase T
4 /
| 1
i " o
- ‘ : E
N 1 .
hfn} = .—/ Hi(e)e7 du
27 Jeoas
1 .
= — H e}{u+w el g,
21 Jozas ( )

1 / y .
— H(elw)edlw=ming,
27 Joans (™)

m

e"-”"‘-l—f H{e-’i“}ej"‘"dw
<Im>

—1™h[n]
d[n] - 28fn — 1] + d[n ~ 2




= 3" hlklzln - k)

1 k
- 5) u{kj) uln — k

k

(1-=5"), n20
, otherwise




3.27. (a)
X(z) = ! 1-<'z|<2
B R P T Py TP R Py B
L 88 1568 2700
- 35 4% iIm . ims
(T+3722 "1+  (1-2:0) " (1-32-19)
Therefore,
1 -1\ 58 (-1\" 1568 2700
I | = — _ o 1 —_— - — n '_ —_ '!___ , —_n =11
z[n] 35(n+1j ( 5 ) un 11+(35}? ( z ) [ ]+[35}2(2) u{-n—1) {35]2(3} u[-n—1]
(b)
_ | I
X{z)=e* kzl“'z_]"?'r%‘-#T'r”.
1 T
Therefore, z[n] = ;{—Eu[ﬂ].
(c)
23 -2z 2 2 .
z) = =z'+ <2
X(z) T3 =* 2z+l—2a—l jz| <

Therefore,

zfn] = 8[n + 2} + 26[n + 1] ~ 2(2)"u[-n - 1]

————— e,




3.32. From the pole-zero diagram

S (@-z e+

.}3
izl > =
R

z[-n+ 3] = z[-(n - 3)]
2—33—1

Ve =X S e e D

8/3
2(2-22+22)(3 +2)

PREN

http:/iw
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Poles at 0, —%,1 = j, zeros at 0o

zjn] causal = z[—n + 3] is left-sided = ROC is 0 < |z < 4/3.

Y@

-4/3




8.40. (a) After writing the following equalities:

X{z)-Wi(z)
Viz)H(z) + E(=)

we solve for W{z):

H(z)

Hi(z)

(¢) H(z) is not stable due to its pole at z =1, but Hy(z) and Hj(z) are.




