First, we prove that
o

ze(n)zo(n) =0

=—

o0 oo

2 ro(njru(n) — 2 wo{ —mr,(—m)

L= o]

= = Y welmzo(m)

m=—0o0

= - i xe(ﬁ’)xo(ﬂ)

= z xe(njxo(ﬂ'j

= 0

Then,

z 2(n) = z [-’Ee(ﬂ]-Fxo':'”:':z

= z xf[n]+ z s:fl[n]l+ z 2re(n)ra(n)
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(a) Static, nonlinear, time invariant, cansal, stable.
(b} Dymamic, linear, time imvariant, noncausal and unstable. The latter is easily proved.
For the bounded input =(k) = u(k), the output becomes

n+1
0, n<—1
y(n:]z Z UU‘:JZ{ n+2 nx=-—-1

b=—o0

since y(n) — oo as n — oo, the system is unstable.
{e) Static, linear, timevariant, cansal, stable.
(d) Dynamic, linear, time invariant, noncansal, stable.
(e) Static, nonlinear, time Invariant, causal, stable.
(f) Static, nonlinear, time invariant, cansal, stable.
(z) Static, nonlinear, time invariant, cansal, stable.
(h) Statie, linear, time invariant, causal, stable.
(1) Dynamie, linear, time variant, noncansal, unstable. Note that the bounded nput
r(n) = u(n) produces an unbounded output.
(1) Dynamic, linear, time variant, noncausal, stable.
(k) Static, nonlinear, time invariant, causal, stable.
(1) Dynamie, linear, time invariant, noncausal, stable.
{m) Static, nonlinear, time invariant, causal, stable.
(n) Static, linear, time invariant, causal, stable.



(a) True. Tf
1'1(?1) = ﬂ[:._.f'l [?’1]] and
va(n) = Ty[xa(n]],
then
¥ I[n]l +El'25‘e'2|["'1]|
vields

aqvy (1) + gy (n)
by the linearity property of 7. Simalarly, if
yi1(n) = 1z[viin)] and
ya(r2) = Tofva(n)],
then
Byoy(n) + Fava(n) — win) = Gryg (n) + Faya(n)

by the linearity property of Ta. Since

v1(n) = T [r1(n)| and

valn) = Ta[ra(n]],

it tollows that
Ayry(n) + Agaa(n)

vields the output

Ay T [z1(n)] + AaT [x2(n)],

where T =T Ts. Henece T 13 linear.
(b) True. For Ty, if

r(n) — vin) and
rin—F&) — win— k),
For To,af
vin) — y(n)
andvin — k) — yin — k).
Hence, For T3 Ta, if
x{n) — yin) and

rin—F)— yln—Fk)



Therefora, T =TT is time invariant.
(c) True. T is causal = v(n) depends only on x(k) for k << n. T3 is causal = y(n) depends only on v(k) for k <
r. Therefore, y(n) depends ouly on x(k) for k < rn. Hence, T is cansal
(d) True. Combine (a) and (b).
{e) True. This follows from hi{iz) + ha(n) — hu(n)+ h1(n)
(f) False. For example, consider
T y(n) = ne(n) and

Tp:y(n) =ne(rn+ 1).

Then,
LTiEn)] = T(0) =0
TBE@] = B+ 1)
= —d§(n+1)
£ 0.

(g, False. For example, consider
Ty :y(n)=x(n) +band

Ta:yln)=x(n) —b, where b 0.

Then,
Tlein)] = BT lz®)]] = Tolz(a) + 5] = =(n).

Henee T iz linear.
(hi True.
Ty is stable = v(n) is bounded if x{n) is bounded.

Tz is stable = y(n) is bounded if v(r) is bounded .

Hence, v(n) is bounded if x(n) is bounded = T = T3 T; is stable.
(1) Inverse of (¢). T; and for 75 are noncausal = 7 is noncausal. Example:

Ti:yln) = z(n+1) and
Toiy(m) = a(n—2)
=T:yln) = z(n-1),

which 15 causal. Hence, the inverse of (c) is false.
Inverse of (h): 7y and/or T; is unstable, implies T is unstable. Example:

()

T y(n) = ™™, stable and T : y(n) = In[z(n)], which s unstable.

But 7 : y(n) = x(n), which is stable. Hence, the inverse of (h) is false.



Blnce
r1(n) +rain)=d(n)
and the system is linear, the impulse respomse of the svstem is
yn) + yaln) = {9.3.—1.2.1}.
|

If the system were time invariant, the response to xa(n) would be

But this 1= not the case.



Z hik)z(n — k)

ke

= z Zh[kj:ﬂ(n —k)= Z hik)
n ok k

(pee) ()

(3 7}

z r(n— k)

Tl ==



(b) (1)

y(n)=h(n)+x(n)=1{1,3,7.7.7,6,4}
S uln)=35. S hik)=5 > x(k)=7
i I ke
(2)
yin)=1{1,4,2,-4,1}
Yuln)=4. > h(k)=2. > a(k)=2
7 I ke
(3)
yln) = {D%—%% 2.0 —%.—2}
Y uln)=-5 > h(n)=25 Y x(n)=-2
(4)
y(n)=1{1.2,3,4,5}
Y un)=15 Y hn)=1. Y z(n)=15
(5)
y(n)=140,0,1,-1.2,2,1,3}
Z yln) =8, Z hin) =4, Z.rl:n:l =2
(6)

y(n)={0,0,1,-1,2,2,1,3}

Y un)=8, > h(n)=2, Y z(n)=4

Lr
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y(n)=1{0,1,4,-4,-5,-1,3}

Zy[n} = —2, Z filre) = —1, Z.r{n} =2
" 7 T

(&)
yin) =u(n)—un—1) 4 2un —2)
z;t:l:rz] = oo, Z hin) = oa, Z r(n) =4
(©)
yln)=41,—-1.-5,2,3,—5,1,4}
Zy(rzj =0, Z hin) =10, Z::n[n] =4
(10)
yln) =41.4,4,4,10,4,4, 4,1}
Sun) =36, Y hn)=6 > x(n) =6
(11)
3l 1 ks b
y(n) = [2(5)" —(5) Ju(n)
ZJI:H:I:— z:hl'*.r:v,uzE Z:ﬂ[hj—é‘
T 3 b3 I 3 T2

k=0
rin) = {cr_g a 2ol % o ..ch}
hin) = {TLLI 1.1}



ke
= 0, otherwise.

Therefore,

y(—=3) = a7

y(-2) = z(-3)+z(-2)=a+a72

y(—l) — Q.—B + a.—i + ﬁ.—l.~
) = a?4+a 240141
y(l) = a2 +a+at+1+a,
w2 = a4+a 4o l+1+a+a”
y(3) = al+l+a+a®+a’,
y4) = '+t 4+at+a+1
y(s) = a+ o +a + a4+ 0°,
y(6) = a?4a®+at+af
y(7) = o + ot +a®,
y(gj = + e::f‘ﬂ,
w(9) = o

6(nn) = i) —ay(n—1) and,
dn—Fk) = ~(n—Fk)—ay(r—Fk—1) Then,
aln) = > wlk)dln—k)
k=—n00
= > wk)yn—k) —ayn—k-1)]
k=—00



(b)

i)

i)

Thus, e,

=0 L)

> alk)yin—k)—a Y x(k)yin—k—1)

h=—no k=—oo

> a(k)yin—k)—a z z(k — 1)y(n — k)
h=—no k=—oo

Y [e(k) —ax(k — D]y(n — k)
k=—mo

rlk) —ax(k—1)

yn) = Te(n)]

= T[ Y exyln—k)

k=—mo
o0

= Y aThn— k)
k=—mo

L)

= 3 agln—k

k=—mo

hin) = T[d(n)]
= T[vy(n) —ay(n—1)]
= g(n) —ag(n —1)



hin)

Bi(n) + ha(n)

Y aFulk) —ulk — N)][u(n — k) — u(n — k — M)]

he—oo

Z afu(ku(n — k) — Z a*u(ku(n — k — M)
k=—oo hk=—m
- Z a®ul(l — Nu(n — k) + Z afulk — Nuln — k — M)
k=—m k=—oc
! n—0d L nn—A
(Le-% o) - (-3 )
k=0 =0 k=N k=N
0
r(n) = {LL%.I.LLI}
i) = {2@%‘ 2.2‘}
Ny = -2,
No = 4,
My = -1,
ﬂ'fz = :]..
Partial overlap from left: n=-3 n=-1 [L;=-3

Full overlap: n=0 mn=3

Partial overlap from rightn =4 n=6 FLs=48

10



(a L4 =Ny 4+ My and Le = Na + Ma
(bl Partial overlap from lett:

low Ny + A4y nigh N+ Mz — 1
Ful overlap: low Ny — A, high Vs + Ady
Partial overlap from right:
low No +M, +1 hagh Ny 4 My
2.24

First, we determine
s(n) = win)*hin)

wikihin — k)

>
k=0
= i hin—Fk)
k=0
>

_ ﬂn—k
k=0
ﬂﬁ-l-l -1 .
= n =0
a—1

For z{n) = u(n +5) — u(rn — 10}, we have the response

&n-l-ﬁ —-1 ﬂn—D _
sin+5)—sn—-1W)= ———un+5) — —uln — 10)
a—1 a—1
From figure P2.33,
yn) = xin)+xhn)—xznl+hin—-2)
antf _ 1 at% 1
Hence, y(n) = ————uln+5) — —u(n—10)
a—1 a—
i S | -1l
—IE-GTH(H—F-R)—F : a—1 'lt.l:ﬂ—].g:l

2.27

We may use the result in problem 2.36 with a = % Thus,

1
yln)=2 [1 — [_—j”’“} w(n) —2 [1 — (Ej”_g] w(n — 10)

iS8s1

11
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(a] Refer to fig 2.46-1
[:]):I Refer to fig 2.46-2

Figure 2.46-1:
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x(n) T v

[
|

Figure 2.46-2:

2.34

yin) =09%n—1)+x(n)+2xin—-1)+3x(n—2)
(a)For a(n) = d&(n), we have

y(0) = 1,

yil) = 2.9,

yl2) = 5.6,
y(3) = 5.049,
yld) = 4.544,
y(h) = 4.000,...

13



(b)

s(0) = w(0)=1,
s(1) = w(0)+y(l) =301
s(2) = wl(0)+yll) +y(2)=1951
s(2) = (0] +yll) +u(2) +y(3) = 14.56
4
s(4) = 3 yln)=19.10
]
s(f) = z y(n) =23.19
]
()
hini = (0.9)u(n) + 20009 Tu(n— 1) + 3(0.9)* 2u(n — 2)
= fin)+ 2.8 (n—1 +561(0.9)" %un—2)
2.36
(a)
yln) = %y(n — 1)+ x(n)+x(n 1)
For y(n) — %y[n — 1) = é&(n), the solution is
hw) = () ulm) 4 (5)" uln — 1)

(b) Ry(ra)* [6(n) +d(n — 1)] = (3)™eln) + (3)* tuln — 1).

2.40
rin) = z(n)+d(n)
= xz(n)* [u(n) — uln — 1)
= [z(n) —x(n—1)]*uwn)
= 3 [#(k) —x(k = 1)]u(n — k)
b=—oc
2.43
(a)
'":"zz{” = z -1‘(”]'93(?1—”

14



=)
z [sir) 4+ v1s(n — k) + yas(n — k)] *

[s(n —1)+y1s(n —1 — k1) + ~ves(n — 1 — ka)]
= {1+ ﬁ"'% + 722:".‘55 )+ [".'Esesl:'E + F1 )+ Yaell — Fy :']
+72 [nr'.ss':E + Ea) + yeell — REJ]
+711 72 [A.fas” + ‘I‘.l - ;‘Qj + ﬁfaa':"?' + ;‘.2 - ;‘1]]
(b} ~ax(l) has peaks at [ = 0, +ky, tkhe and +(k + ko). Suppose that &1 < k2. Then, we can

determine v and k. The problem is to determine ~o and ks from the other peaks.
(c) It 7o = 0, the peaks occur at [ = 0 and { = £k;. Then, it is easy to obtain ~y and k.

2.44

‘a) The shift at which the crosscorrelation s maximmm s the amount of delay D
'b) variance = 0.01. Refer to fig 2.65 L
() Delay DD = 20, Refer to fig 2.65-1.
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Fizure 2.65-1: variznce = 0.01

‘o) variance = 0.1, Delay D = 20. Refer to fig 2.65-2.
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Figure 2.65-2: variance = 0.1

(d) Variance = 1. delay D = 20. Refer to fig 2.65-3.
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Figure 2.65-3; varlance = 1
(e) r(ni={-1,—1, =1, 41, 41, +1. 41, -1, +1, -1, 41,41, -1, —1, +1}. Refer to fig 2.65-4.
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(f) Refer to fig 2.65-5.
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Figure 2.65-5:
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