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Solutions for Text Book Practice Questions

1 Introduction (c) cost u(t-3)| = = 1u(-3)=0
@ Lo _1
Solutions for Objective Practice Questions 2 — 2
. yis
01. Ans: (c) (e) tsint =y
Sol: The maximum value of
A. x(n) +2x(-n) = {-1,-1,3,1,1} is 3 04
The maxi lue of '
© maximum vame o , Sol: x(n) = 1 - [5(n-4) + 5(n-5) + -]
B. 5x(n)x(n-1) = {0,5,5,-5,5,0} is 5
The maximum value of 4 x(n)
C. x(n)x(-n-1)={0,-1,1,1,-1,0} is 1
The maximum value of 1
D. 4x(2n)={4,4,-4}is4 | ____
B>D>A>C
2 190 1 2 3 ©"
02. Ans: (a)
Sol:
ok x(t) } x(t+1 x(n) = u(-n+3) = u (Mn
| L | Ly
T I — t T I T t 05-
-1 2 <2 1
Sol: (a) A X(t)
t t :
x| —+1 x| —=+1
2 2
Non zeto duration = 6 1 0 1 >t
t 1t
-4 2 -2 4
-1
03.
Sol: Sifting property of impulse is
t (b) ﬂX(t)
J.x(t)S(t —t,)dt =x(t,) t, <t, <t,
t, I
= 0 other wise /] RN .t
1 I I I '
(a) to = 4 is out of the limit so value =0 -2 -1 1 2
(b) (t+ cosmt)|=; =0
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06.
Sol: (a) as t— oo, amplitude — 0, Energy signal
(b) Constant amplitude — Power signal

(c) Power + energy = Power signal

(d) Periodic signal — Power signal

(e) as t — oo, amplitude —o0, NENP

(f) as t o0, amplitude — oo, NENP

07.
Sol: (i)
Eom= i‘xl(n)‘z = i((x(O.S)“)2 = iaz(o.zs)“

n=-oo n=0

2 2
o a

"1-025 075

= o&i(o.zs)“
n=0

B = S0 =15+1.5=3

n=-—0w

Given E_ ) =E

X,(n)
a’ _3
0.75
o’ =225
a=1.5
(ii) Ans: (a)
Sol: ()=t -1<t<1
M) =1-t;-1<t<1
T =0.25 secs
X(t) Xa(t)

7
1
1
1
[]
—
1
1
v
>
—~
A

x;(n)

Peletl s

-1-0.75-0.5-0.25(0.25 0.5 0.75 1

O
o—

[e]

08.

Sol:

09.

Sol:

10.

Sol:

Xp(n) 1

TM HT-E

-1 -0.75-0.50.25 0 0.25 0.5 0.75 |

o0

Energy in x(n) = Z|X(n)|2

Energy of the first signal
= 2(1* +0.75* + 0.5 + 0.25%)
=3.75
Energy of the secondary signal
=14+ 2(0.75*+ 0.5 + 0.25%)
=275
>E

X3 (n)

E

x(n)

2
_{1+j7 O—1+j7}
2 2

x(t)

1 1
(a) Tl :§,T2 :g
o2 om=s
T, 3

To=LCM xT,=1/3
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(b) T1=1—5,T2=15
11
T, 1
T, 11
LCM=11

TO =LCM XT] =15

27 2
)Ty =—.,T, =—
© T 3275
L = S—TE irrational number
T,
So a non-periodic
2t T«
d Typ=—=—
(d) Ty 05

(e) It is extending from 0 to

So non-periodic

() x.(t) =M:%c052m
o2
0) 2n

®q 5 . i
(g) — = g - rational, so periodic

21

Ny =Em=gm
®q 5

Ny=6

(h)N1=8m:>N1=8
N, = 16m:>N2 =16
N3=4m:>N3=4

N 1IN
N, 2'Nj
LCM =2

No=LCM xN; =16

L 09 7 . . g
(i) — = — - rational, so periodic
2n 2

N, =2—nm=gm
®q 7

N():2

(j) multiplication ~ of one  periodic
non-periodic is non-periodic

(k) u(n) + u(-n) =1 + 8(n) is non-periodic

x(n)
Q)
1 1
""" 11 3
NEEE
-1
No=2
11.
Sol:
(A) x(nTs) = 2cos(150xmxnxTs +30°)
= 2cos(3—nn + 30°j
4
oy =
074
No = 2—nm =—m
O
N() =8

(B) Ans: (a)

N1:§m2N1:2

N2 =%m:>N2 =2
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2
N3——0m:>N3—4
25
Ny Ny 1
—=1],—=—,LCM =2
N, N3
N():LCMXN1:4
o= E_T
074 "2

x(n) = cos(6mqn )+ sin(14myn )+ cos(5wgn)

so 14" harmonic.

12.

Sol: (a) [X1 (t)+ X, (t)][x1 (t - 2)+ xz(t - 2)]

# xl(t)xl(t—2)+ xz(t)xz(t—2)

is non linear

(b) sin[x1 (t)+ X, (t)] % sin[xl (t)]+ sin[x2 (t)]

1S non linear

( )]: a’dxl(t)+ dez(t)

d
(@4 loox, (0) + B, (1)) == -

is linear

(d) 2[x; (£)+ x5 (t)]+ 3 = 2[x; (1) + x (1)]+ 6

is non linear

dr is linear

(0 [x1(0)+x2 (O = x7 (1)+x3(1)

is non linear

( )+ sz(t)]cos ®,t

= ax,(t)cos oyt + Px, (t)cos w,t is lincar

() [ox

(h) loglx, (n)+x, (n)]# loglx, (n)}+ log[x, (n)]

is non linear

(@) 1 (n)+ x5 () # [x; (0) + x 2 (n)

is non linear
Q) OL*X*(H) # ocx*(n) is non linear

(k) non linear (median is a non linear

operator )

(1) Xl(n)"' X2(n)
xl(n—1)+ Xz(n —1)
1s non linear

" Xl(n) n Xz(n)

xl(n—l) xz(n—l)

(m) linear (no non linear operator is present)
(n) en(a() 2 gxi()  ox0) s hon linear

13.
Sol: (a) tx(t—t )+3 = (t—t )x(t—t, )+3
time variant
(b) e t) = (") time invariant
(©) x(t—t,)cos3t = x(t—t,)cos3(t — t, )
time variant
(d) sin [x(t—to)] = sin[x(t—tp)] time invariant

d[X(t - to)] dX(t _ tO) = i[X('[ - to)]

© dlt—t,)  dt—dt, dt
time invariant
) x* (t -1, ) =x’ (t -1, ) time invariant
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14.
Sol:

15.
Sol:

(g) x(2t —tp) # x(2t — 2ty) time variant

(h) 2X(n_““)x(n -n,)= px(n-no) x(n—-n,)
time invariant

(i) time wvariant (time reversal operation is
time variant)

(j) time variant(coefficient is time variable)

(k) all coefficients are constant

- time invariant

Xa(t) = x4(t) — x1(-2)
y2(t) = yi(t) — yi(t-2)
Xg(t) = X](t+1) + X](t)
y3(t) = yi(t+1) + yi(t)

(a) Preset output depends on present input
causal

(b) preset output depends on present input-
causal

(c) preset output depends on present input-
causal

(d) preset output depends on future input- non
causal (y(—n) = x(0))

(e) preset output depends on present input-
causal

(f) preset output depends on present input-
causal

(g) n>ngcausal, n <nynon-causal

(h) non - causal(present output depends on

future input)

@ y(0)=

present input - causal

0
Zx(k) present output depends on
k=—c0

()] y(— l) = z x(k) future input non causal

k=0

(k) non-causal for any value of ‘m’

16.

Sol:

17.

(1) a=1 causal, o # 1 non causal

(m) causal(present output depends on past
inputs)
(n) non causal(present output depends on future

input)

(a) present output depends on present input
-static
(b) present output depends on present input
-static
(c) present output depends on present input
-static
(d) present output depends on present input
-static
(e) y(1) = x(3) present output depends on
future input -dynamic
(f) dynamic (differentiation operation is
dynamic)
(g) present output depends on past input
- dynamic

Sol: If a system expressed with differential equation

18.

then it is dynamic.

The coefficients of differential equation are
function of time then it is time variant.

(a) linear, time variant, dynamic

(b) linear, time invariant, dynamic

(¢) linear, time invariant, dynamic

(d) non linear, time variant, dynamic

Sol: If a system expressed with differential equation

then it is dynamic.
The coefficients of differential equation are
function of time then it is time variant.

(a) linear, time invariant, dynamic (a—2)
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(b) non linear, time variant, static (b—5) Xo(n) =—0(n) = y»(n) =0
(c) linear, time variant, dynamic (c—1) So, non invertible
(d)nonlinear, time invariant, dynamic(d—4) () xi(n) = 8(n) = yi(n) =0
Xa(n) =-8(n) = y>(n) =0
19. So, non invertible
Sol: (a) y(t) = u(t).u(t) = u(t) - stable (g) So, non invertible
(b) y(t) = cos3tu(t) = —1 < y(t) < 1 stable (h) x;(n) = 8(n) = yi(n) = u(n)
(¢) y(t) =u(t-3) stable Xy(n) =—-3(n) = y»(n) =—u(n)
d) y(t) _ du(t) _ 8(t) unstable So, invertible
dt 21.
t . .
(e) y(t) = [u(t)dt = r(t) is unstable Sol: - Given
—0 x(n) .
(f) sin (finite) = finite. stable Unit delay > y(n)
(2) y(t) = tu(t) = r(t) unstable -
(h) y(n) = ™= finite stable
(1) y(n) = u(3n) bounded stable Convert to Z-domain
) x(n)=1=y(m)=n—ny+ 1= y(xw) =0 X(2)
= unstable z! > Y(2)
20.
Sol: Two different inputs produces same output then it
is non invertible. Y(z) / z"! 1
Two different inputs produces two different X(Z) - 1+7" 241
outputs then it is invertible. (i) x(n)=35 (n);
(a) x(t) = u(t) = ya(H) = u(t) .
Xa(t) = ~u(t) = ya(t) = u() = Y(z)= 1 X()
So, non invertible 1 |
(b) x:() = u(t) = y:() = u() Y(z)=—1=—
Xa(t) = —u(t) = ya(t) = u(t) Lz
So, non invertible Y(Z) =z —
z+1
©xi(®) =u() = yi() =u(t-3) Taking inverse Z — transform
So, invertible fn=0.1.23
@xi=A=yO=0 Then y(n)=[0, 1,1, 1, ~1.......]
X() =-A=yxt) =0 (i) x(n) = u(n);
So, non invertible 1
Y(z)= X(Z
(@) xu(n) = 5n) = yi(m) = 0 > Y@= 5%e)
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1 z Both (S-1) and (S-1I) are true and (S-II) is the
Y(Z - m z—1 correct explanation of (S-I).
Y(Z) B 1 A . B Both Statement I and Statement II are
z (Z 4 1)(2 _ 1) 4l z-1 individually true and Statement II is the correct
1 1 explanation of Statement I.
= _ 5 + 5 o o 2 o
z7+1 z-—1 Solutions for Conventional Practice Questions
22. Ans: (b) 01.
Sol: Constant added - non linear Sol: g® 1
So, statement-I is true. 1
Time varying term - time variant
So, statement-II is true.
Both Statement 1 and Statement II are ] 0 1 >t
individually true but Statement II is not the
correct explanation of Statement [ g(t/ 3‘ )
23. Ans: (d) 1
Sol: (S-I): y(n)=2x(n)+4x(n—1)
If x(n) is bounded, y(n) is bounded.
... Stable. (S-]) is false. 3 0 43 ot
(S-II): h(n)=26(n) +4 d(n— 1) o(t/4)
h(n)={2,4} 1
AN 1
Impulse response h(n) has only two finite
nonzero samples. This is the condition for
stability. | %, 5 ) >t
- (S-1T) is True.
Statement I is false but Statement II is true. X0 =)+ gU3) + gt
24. Ans: (a) X(;)
Sol: A system is memory less if output,
y(t) depends only on x(t) and not on past or 1
future values of input, x(t).
A system is causal if the output, y(t) at any time +1
depends only on values of input, x(t) at that time
and in the past. ‘ 4 3 a1 lo 1 3 e
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02.
Sol: Xlﬂ(t)

4‘

0 2 3 4 6 !
0

dt

@ 4

o o & 4 o

- &

% — 43(t) — 4u(t —2) + 8u(t —3)

—4u(t—4) - 43(t—6)
X, (1) = 4u(t) —4r(t - 2) + 8r(t - 3)
— 4r(t—4) — 4u(t - 6)

x()

A M
dt

@ D
() o0ty 5(t —2)+ 5(t - 4)

—[u(t-6)—u(t-_8)]
X,(t) =2u(t)—u(t-2)+u(t—4)
—1(t—=6)+r1(t—8)

X3£t)

L 9x5(1)
dt
o)
2
2 >
0 4 6
_2 @

d";t(t) = 43(t) - 2[u(t) —u(t - 2)]+

2[u(t —4) — u(t — 6)] - 45(t — 6)
X, (t) = 4u(t) - 2r(t) + 2r(t—2) +
2r(t—4) — 2r(t — 6) — du(t — 6)
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03.
Sol: y(t)= %x(— 2t— 3)

Sy(t) =x(-2t—3)
Sy(t-3/2) = x(-2(t — 3/2) =3) = x(-2t)
t—>—t/2

5y(— % - %j =x(t)

x(t) = A e o >0
(a) areal, o= ay

X(t)= Ae(a1+jm)t — Aealtejmt

04.
Sol:

x(t)= Ae™" cos ot + jAe™" sin ot
Re[x(t)]= Ae™' cos ot
Im g[x(t)] = Ae™" sin ot
®  a=jo
x(t)= Aglioriok

x(t)= Aok = Acodm+o )t +jAsin(o+ o )t

Re[x(t)] =A cos(o;) + o, )t
Img[x(t)] =A sin(co + col)t

(¢) a=ou+ jou

X(t): A.e(alﬂ'(wl*‘”))t = Ae™! ‘ej(ﬁ)l“l))t
Re[x(t)]= Ae™" cos(o, + o)t
Img[x(t)] = Ae™" sin(w, + o)t

05.
Sol: (a) RMS value
- 100 =J25+50 =+/75
Power =75

(b) RMS value =~/50+128 =+/178
Power =178

(c) x3(t) =10 cos10t + 2 sin3t cost 10t
x3(t)= 10 cos10t + sin (13t) — sin(7t)

RMS = 50+ +— \/—

Power =51

06.

Sol: (i) y,(t)= [x,(t)dr

TIV, causal, dynamic - due to integration
(i) xo(t) = x;(t) + 2x,(t-1)
ya(t) = yi(®) + 2y, (1)

07.
Sol: (a)
2X(t)
I
12 12t

1 1
jtx(t)dt jtdt~—2 LY L
i B 214 4

2
SO, D1 =0

L '
o 2 23
[ec (e = jtdtzt— = l[l—l}
- | 21 204 4

il !
So, D, =0
(b)

x(t)

1
32 512 "t
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08.

Sol:

09.

SRRV

Itx(t)dt = I tdt

5
e _1f2s 9] _1f16)_,
s 204 4] 204

2

jtx (t)dt—j dt=2

Tx (t)dt—j‘ dt=1

—00

D, =2

X(n) = 8(n)
y(n) = 26(n) — 6(n—1) + 6(n—2)
y(n) = 2x(n) — x(n—1) + x(n-2)
now, x(n) =238(n) — 3 (n -2)
y(n) =2 [2 3(n) — 6 (n—2)] — [28(n—-1)
—3(n-3)] + [26(n-2) — & (n—4)]
y(n) =46(n) — 26 (n—2) — 28(n—1)
+ 8(n-3) + 28(n-2) — & (n—4)
y(n) = 4d8(n) -2 d(n—1) + 3(n—3) — d(n—4)
y(n)=[4,-2,0,1,-1]

Sol: (a) y(t) =x(2 —t) memory, stable

ACE Engineering Publications

y(=1) =x(3) - non causal, linear, TV

Systems & Signal Processing
t/2

(b) y(t)z j x(r)dr linear, memory, TV

—00

-0.5

Y(— 1) = J.X(T)d’t non causal

—00

X(t) = u(t)
t/2 t
y(t)= Ildt = Eu(t) unstable

0

(©) y(t) =[x(t) + x(t —2)] u[x(t)]
NL, TIV, stable (x(t) bounded, u(x(t))
bounded), causal, memory

(d) y(t)=%[x(t)]

memory, unstable
n+l

(e) y(n) = Zx(k) linear, non causal, memory,

k=—o0

unstable, TIV
(H ym)=x(n) u(n)

Linear, TV, causal, memory less, stable

@ slo)=sle) S -2

=x(n)-=+8(n+4)+8(n+2)+5(n)+8(n-2)+5(n—4)-—-]

y(n)z —-— +x(— 4)6(n + 4)+ X(— 2)6(n + 2)
+x(0)8(n)+x(2)5(n —2)+x(+4)5(n —4)—— -
y(n) = 3x(2K5(n - 24)
y(-2)=x(-2)
y(0)=x(0)
y(2)=x(2)
stable, linear, TV

(h) NL, TV, static, causal, stable

(i) ym)=x(m)un-1)+x(n+1)un+1)
L, TV, NC, dynamic, stable

Linear, TIV, Causal,

causal, memory less,
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A
2
T

I Xl(t)
Duration = ‘T’ \

T gz | 121 !
>t
-3t —
() x,(t)=x,(3t)=Ae T u(t)
T xit
Al M0 . x(t)
Duration = ‘T/3’° 4
Ale |---=
of 13 (b)
. -1 o -1
(c) x3(t) = Xl[;j = Ae_ﬁ.u(t) 4 X'(t)
duration = 2T 1
A 1 R
N ] 0
Duration = ‘2T’ |
Ale 1---=
0 i VB
‘X!!(t)

11.

Sol: 4 X(0) @ @

1 1
T o1 & @
$X (0
N2
77-5————'———
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2. LTI (LSI) Systems 02. Ans: (b)

o0

Sol: x(t) * h(t) = j x(Dh(t—1)dt = y(t)

—00

Solutions for Objective Practice Questions

01. y(2) = j x(1)h(2 - 1)dt
Sol: *
0 X(T) h(ﬁ_’c)
@) y(t)= [x(c)h(t—1)de .
- 1
[x@) $ h(t-1)
17 1/2-
0| 2 67" 4 o 2 °
»T
> 1 t—2 5 .
T
y(2) = -([(Zj.ldt =—| =
Case (i) t-2<0 y(t)=0,t<2
(t+2)
Case (i) 250 y(t)= Tedr=lZ8 152 03.
0 3 Sol: 4 x(’c)
| — g-3+2) s h(t-1)
y(t)=—F—u(t-2)
3 1 .
| >T »T
b | T >
© e o) I
| I 1 y(4)=[1dr=1
6
1 g 1 3
. . —|=[x(th| ==t |dt=2+4=55
T € T y(zj Jx6) (2 Tj ’
04. Ans: (b)
Case (i) t<0 y(t)=0

L Sol: s(t)= [h(c)dt=u(t—1)+u(t—3)
Case (i) 0<t<l  y(t)=[tdt=— =

0 2 s(2) =1
Case (i) =1 y(t)= :f)rdr =% o5

Sol: Assume —tta=A = -dt=dA

7(t)= Tx(x)h(t +a-A)dr=y(t+a)

—00
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06. L
Sol: (a) x(t—7 +5) = x(t—2) T
1 b 1 b I
(b)X(t)*ﬁ8[t+gj=EX(t+§j () Ix1 = A2 je‘at dt=1
(©)x(t)*[25(t +3)+ 28(t - 3)] |
A= —
= 2x(t+3)+2x(t-3) V2
ol
o (d) 7 x 1 = 2An J;Wdt =
Sol: (a) e_lu(l)S(t —l): e_IS(t—l) -
[From product property] AZ E
(b)e™ L= ¢! [From sifting property]
10. A
(©) e_(t_l)u(t - 1) [From convolution property] Sol: (i) T =4 h(t)
8. . B A /W o W | |
Sol: "dx(t) ‘ ‘ ‘ ‘
a9 S 4 04 8 t
I s
3 .
l 1 y(O=x(t)*h(t)
-1
dx(t) 1
——==0(t—3)-0olt—5
- o(t=3)-8(t-3) /\ / \ /\
dx(t s
_’;E)*h(t)=h(t—3)—h(t—5) 5 31 R
09. (i) T=2  h(t)
Sol: () A A=A, [3(atut= 4 [ [ 1 } [
i o ] -
LI 4 2 P 2 4 Ot
oo o
t
Al Y(l)
11 A T 1
(b)a.a = jsmc(at)dt = - =3 | 1 3 t

—00
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11. 13. Ans: (a) +h(t)
Sol: Sol: 1x(t)
(a) 4 X(t) A 5 2 42 )
1 | N I A () A I R
. L
‘ ~ 1 ot 2 [0 2
3 ot o
1y(t) $y(t)
a 10 10 10
| I I *t |
-4 -2 J L I [ R (R I A
3 I 3 °
(b) Ans: (c) Ly (t)
1 —S
tu(t)* u(t—l)(—)s—zeT 10
—s >t
:e—3 <—>—(t—1)2u(t—l)
S y(t) = 10 for all ‘t’
(©) “h(t) 14. Ans: (d)
T Sol: x(t)*h(~t)= JX(‘C)h(— (t—1))dr
0 T ¢ = jx(r)h(t —t)dt
1 —o0
h(0)= L) u(e-7)]
15.
t)=u(t
x(H) = u() 1 qop; Y=~ +x(~2)g(n +4)+ x(~g(n +2)
y(t) = X(t) * h(t) = T [r(t)— r(t = T)] + X(O)g(n)-l— x(l)g(n - 2) + X(Z)g(n - 4) +-——-
x(n) =0 (n-2)=1 n=2
12.  Ans: (a) =0 otherwise
Sol: To get three discontinuities in y(t) both y(n)=gn—4)
rectangular pause must be same width.
To get equal width h(t) = x(t). It is possible only 16.
o=1 Sol: y(n) =x(n)*h(n)
=2(0.5)"u(n) + (0.5)"> u(n — 3)
y()=1,y(4)=5/8
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17. Ans: (a) 22.
Sol: y(n)=[a,b,c,d,a,b,c,d--N times] N N
y(n) is a periodic function with periodic ‘4’. So Sol: (a) (EJ u(n)— A(EJ u(n - 1) - S(n)

N-1
h(n) must be h(n)= > 8(n - 4i) Whenn=1,A=1/5
i=0
1
(b) H(z)=——
18. Ans: 31 1—-=z7"
Sol: x(n)={1,2,1}
h(n) = {1.x.y} H, (2)=1- 17"
mv 5
1
: g(n)=5(n)-8(n-1)
2
1

23.

1
y(n) =x(n) * h(n) Sol: h,(n)=05(n) _ES(H ~1)

y(n)={1,2+x,2x +y+ 1, x + 2y, y} 1\ 1(1 n-1

y(l) =3=24x =>x=1 hl(n)*hz(n) = (2] U(n)—E(zj .U(n—l)
y2)=4=2xty+tl =>y=1 n

ym) = {1,3,4,3, 1) =(1j 5(n) = 8(n)

10y (3) +y(4) = 10x3 + 1 =31 2
19. Ans: (d) 24.
o o -1 Sol: 1. The convolution of one causal, one-non
Sol: Zh(n)zz(;a + Zb <% causal system is may be causal or non-

causal. So, given statement is False.
2.h(t) = e™u(t-1) is causal, un stable
So, given statement is false.

only when |a] < 1, |b|>1

20. Ans: (b)

Sol: T|h(t)dt| _ Teatdt_l_ Temdt < i, v h(t):sin ®,t, _{Jh(t]dt :_{Jsin (oot|dt =00
—0 0 —0

unstable. So, given statement is true
a<0,p>0.

4. y(t) = x(t-2) — causal

11 x(t) = y(t+2) — non causal.

. i< fal
Sol: (a) h(n) = o u(n) + B o™ u(n-1) So, given statement is false

(b) h(n) =0 n<O0 causal

25. Ans: (a)
System stable for any value of “j3’

Sol: s(t) = u(t) — e *u(t)
except B # o and |o| <1, except o =0
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h (t) _ d(si(tt) _ S(t) B [e’m S(t) B oce"“u(t)] Solutions for Conventional Practice Questions
=ae *u(t) u(t+1)-u(t-1)
01. 7\
26. Sol: 1
n n (1K (@ 1 ¢
Soi: s(n)= 3" h(k)= z@ u(k) Jsenty
k=—o0 k=—00 I —
k
= Zn:(lj n>0 t
k=0\ 2 -1
=0 n<0
1 n+l . Xl(t)
sin)=2|1-| — n A
( ) { (ZJ :lu( ) 1 hi(t)
-1 .t !
27. 0 1 >t
Sol: x(n) =u(n), y (n) =(n) -1
u(n) —u(n-1) = 3(n)

28.

Sol:

ACE Engineering Publications

y(m) = x(n) - x(n-1)

x(n) = nu(n)

y(n) = nu(n) — nu(n—1) + u(n—1)
=nd(n) + n(n-1)
=u(n-1)

he(t) = hy(t) * ha(t)
jhc(r)dr = j h,(t)dt*h, (1)
=h,(1) j h,(t)dt

sd(t) = s'() #s, (1) = s,(t) *s', (1)
se(t) # s1(t) * sx(t)

yO=x0*h®= [x,(th,(t-1)dr

—00

+h 1(t—'L')

case (i): t<-1 ;y(t)=0
case (il): —1 <t <0;

ﬂd:j—LMx:—@+U=—p4

case (ii_il):0<t<1;

y(t)= j.—l.ldr+j1.ldr:t—1
S 0

case (iv): t>1;

y(t):j)-—1+.1[1:—1+1:0
-1 0
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L y(t) = 0; t<-1 03.
=—t-1; —1<t<0 Sol: ht)=¢" ; —w<t<4
=t—1; 0<t<l1 =2t - S<t< o
=0; t>1 h(t)=e¢" ; -—w<t<4
(b) =e_2t; S<1t<w
(@ a=p h(t+t)=e ;  —w<t<4+t
Xa(t) * hy(t) = J.e_‘“u(r).e_B (H)u(t - r)dr =eX™ ;5 <1<
0 h(t— 1) =&**? ;. t—4<1<0w
h =e 'Y _—w<1<t-5
— —pt —ow. +Brd S t>0 2
€ J;e ¢ A=t-5; B=t4
p o)t
= e’ﬁtje(ﬁ’“)’dr et 04
- . A
0 B 0 Sol: Xl(’E)
L P (A (@)
= e le -1
o)
e—ut _efl?)t T
= u(t) ol 1 3
B-a
(i) Ifa =P
xa(t) * ha(t) = t &P u(t) $ ()
2
02.
Sol:  x(7)*h(t) = [ x(D)h(t-1)dr i o "
T o1
=jrz+1u(t—r)dr case (1): t+2<0=0
e =t<-2
_ j‘ 1 dt case (2):
_OOTZ +1 0 <t+2 <1 gommon area take -2 <t<—1
1 t—1<0
= —tan"l(r)‘t -
1 —o0 t+2 T2 .
p p jr.2dr:2— =(t+2f; —2<t<l
=tan (t)—tan (—o) 0 AN
_ E-i- tan™! (t) case (3):
2 1<t+2<3 —1<t<1} -1<t<l1
t-1<0 t<l1
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1 t+2 ‘1721 t+1 o t+l
= [2udv+ [12dv=27 +2(t+2-1) = [r2dv=2 =(t+1)-4
0 1 2 0 -2 2
-2
=1+2t+2=2t+3 -1<t<1 case (3):
case (4): 1<t<2 2 <t-1<2, t+1 >2 } 1<t<3
I 3 | 1 <t<3,t>1
=jtzdt+jl.2dt=7 +2x2 5 52
t—1 1 t-1 = Ierr = ZT— = (4 — (t — 1))2
= [1 = (t=1)] + 4; 1 <t<2 e 214
Case (5): case (4):
1<t-1<3, t+2>3 2<t<4 t—1 >-2, t+1<2 }1<t<1
2<t<4 t>1 t>—1 t<1
3 t+1
+1
= [12dr=24 =2(3-t+1)=2(4-1) [rade=" =(t+1f —(t-1) =4t
t—1 t—1
Case (6):t-1>3=0; t>4 case (5):t-1>2=0
x(t) * h(t) =0 : t<-2 t>3=0
=(t+2) 2<t<-1 () *h(t)=0 ; t<-3
= 2t+3 - =i = (t+1)*4 3<t<-l
1 =4t ;o —1<t<3
=—[1—(t—1)2]+4 S1<t<?2 ,
2 =4 -[t-1]* ; 1<t<3
= 2(4-t) ; 2<t<—4 =0 ; t>3
=0 ; t>4
06.
(b) Sol: 1 1
 ha) N Xz(t—zr) 1 ( 1 , 1
20272,
) ~3|-3.-<3
>T > T . e
2 t=1  t+1 1.1
212.2
-31-3.-"3 |
case (1):t+1 <=2
t<-3=0 yn)=[1,3,-1,-2,3,-1, ........... ]
case (2): 07.
2 <t+] <2, t-1<-2)-3<t<-1 -
el et } Sol: h(t) = g(t) * f(t) = j g(t)f(t—t)dt
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elt-t)* fit-t) = [g(t—t )f(t—t—t,)de

T-t= A drt=dr

00

= J‘g(k).f(t - (7‘ + tl)_ t) )d7b

—00

= Tg(x).f(t —t, —t, = A )\

=h(t-ti—t)

08.
Sol:  S(t) =d(t)

- s = &
h(t) = —[8(0)] = (1)

x(t) ——{ h(t) = 5(t) | —>y(t)

$x(t)

y() = x(H)* 3(t) = X(t) *3(t) = X(t)

@ y(t)

Q

09.

Sol: (a) The output is the capacitor voltage, so

the circuit is

T T
Vi(t) =  Vdb
: ;
H(s) = —
1+st,
7, =0.5
1
altos
f—’\/\/\/\/——f
Vi(t) — Vo(t)
: ;
H(s) = !
1 +st,
T, =5
1
H(s) =
) 1+5s
The input is
x(t)
5
0 1 "t

Yi(s) _ 1
X,(s) 1+0.5s
x(t) = 5u(t) — 5Su(t-1)

X(s) =2~ >°
S

H,(s) =

S
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2-e)
Y (s)=%—
1) 1+0.5s
51-¢°
YI(S)=¥
s(1+0.5s)
Y1(S):§_ 23 —e‘s[é— 2:5 :l
s 1+0.5s s 1+0.5s
y,(t) = 5u(t) = S[e > u(t) |- [Su(t —1) - 5¢ 2 Pu(t - 1))
H,(s) = %) = 1
X,(8) 1+45s
X(s) =2~ >°
S S
5
—(1-¢7) s s
Y, (s) =S :5(1 e) _ l1-e
1+5s s(1+5s) s(s+0.2)
5 5 5 5
Y,(s)==— e -
() s s+0.2 ¢ [s s+0.2}

¥, (1) = 5u(t) = 5e " u(t) = Su(t—1) + 5e > Pu(t - 1)
Let t =T, where y(t) = ya(t)

Y, (T) = 52T _ §a=2T _ 52T [ez r 1]
y,(T) = 5021 _ 5602 _5-027[e02 _{]
yi(T) = y2(T)

e—2T [62 N 1] _ e—O.ZT [eo.z y 1]

T=1.86sec

(b)

10.

Sol:  x(t) =2e " u(t)

System 1 — compress a signal by a factor
of 2

System 2 — RC LPF witht=1

y,(t) = 2e"u(t) * e "u(t)
2 1 -2

s+2s+1=s+2

y, (1) =—2e"u(t) +2e "u(t)

(1) = 2e " u(t) * e u(t) =2t e " u(t)

2
s+1

Y, (8)=

ya(t) =4t e > u(t)
18

compression time  variant  system

= output are not same.

11.
Sol: (a) y(t) =x(t) *h(t) = x(t) * Ad(t) = Ax(t)
() Y(o)=X(o)H(w) =21d(0—a) ! -
P+jo

4 1.
Where x(t)=¢'*, y(t)=——¢e'™

B+ ja
(¢) x(t) = cosat
y'(t) # By(t) = x(t)
cosatt Acos(at)+Bsin(at)

System

cosat need not be eigen function
(d) Sinc(at) = x(t)

h(t) = Sinc(pBt)

y(t) = Sinc(at) as > a

3. Fourier Series

Solutions for Objective Practice Questions

01. Ans: Zero
Sol: T, ==, T,=2
2 6
T
~L =3 Ty= LCMxT, ==
5 2
(,00:4

x(t) = 3sin (ot + 30°) — 4cos(3mot — 60°)

second harmonic amplitude = 0
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02. Ans: (d) 1 1 1
o x()=1-1+t 1o

Sol: (a) Given signal is periodic. 3 5 7

So, fourier series exists » T

. : : L = tan (1) =—

(b) Given signal is periodic. 4

So, fourier series exists.
(c) Given signal is periodic. 06. Ans: ()
So, fourier series exists. o
(d) Given signal is non-periodic. Sol:  w= ?(Zk)’ k=12, ...

So, fourier series does not exists. The above frequency terms are absent.

The above frequency contains even harmonics
03.

Sol: (P) Ans: (b)
Hidden symmetry ao, b, exists

and also gives that sin terms are absent. only
cosine terms are present Finally odd

harmonics with cosine terms are present so, x(t)

(Q) Ans: (b) it is a even and halfwave so,
Half wave symmetry a,, b, exists with odd x(t) = x(T—t) even
harmonics x(t) = —x(t-T/2) halfwave

(R) Ans: (b)
Odd symmetry & HWS — sine terms with 07. Ans: (a)

odd ‘n’ 20
(S) Ans: (c) Sol: T,=1,T,=10m, T;=8n, T, = ?n
Even and odd HWS — a,, cosine with odd T, = 407
Gn7
27
(T) Ans: (d) ®, = — = 0.05rad/sec

0
08. Ans: (a)

ay =0 (because average value = 0)
Even & HWS as cosine with odd ‘n’
LX)+ (0)3)
04. Ans: (b) Sol: Averagevalue = =
Sol: f)=5Hz, f,=15Hz 6

The signal lying with in the frequency band

|,

09. Ans: (a)

. . T 27
10Hz to 20 H 4sin| 307wt + — 1
zto Z1 ( 8) Sol: a,=— f(t)dt
2y
(a)
p= B 8 Watts ap= Average value =0

10. Ans: (d)
05. Ans: (b)

1
Sol: At oot = 7n/2 Sol: Ty=4msec f, = T =250Hz

0

5 fy,=1250 Hz
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11. Ans: (b) 2 .
— — -jn
Sol: Odd + HWS — sine terms with odd harmonics A=a = J.X(t)e dt
0
1 . 2 ' 4
12. Ans: (a) = [te7dt+ [(2- e ™dt= ——
T
1 T 5 0 1
Sol: RMS — | x7(t)dt
( T! ()
_ 15.
Sol: a,=5
1 T/Z(_l2 ]2 T 0
= - —t dt + 36dt 1 n
T '([ T '!. bn=I105innnt dt:M
L 2 0 nm
1144 ¢ T/36 an =0
Tl tr 20 .20 .
L x(t)z5+—s1n7ct+—s1n31tt+———
_ T 3n
1144 T T
=—|—| = |*+36 —j
T| T |24 2 *H(m)
- 1
1
= —[6T +18T]
T
= 0
24 e e
RMS = +/24 = 24/6A
20 . 20 .
y(t) =5+ —sinnt +—sin3nt
T 3n
13. Ans: (¢)
1 ¢ . 10
Sol: Average value = — I 10sin tdt = — 16.
21 T -
5 Sol: ®, =—
a, =—IlOsintcostdt= 3
x(t) 2+ cos(2o) t)+ 4sm(50) t)
b = ljmsm tsintdt = 5 x(t)= 24 Lemon 4 Loion A ison _ 4 s
2ny 2 2 2j 2]
— [,2 2 _ 4 -4
di=var+bi =3 co=2,c,=12,¢c,=—,Ci=—,C=——
2j 2]
14. Ans: (d)
Sol: wy=n 17.
0 1 1 B
x(t) =a,+ Zan cos(nnt)+ b, sin(rmt) Sol: ¢ = jte_j"“"’tdt = J'tefjnzmdt -_J
~ o 2nm
x(t) = A cos (7t) co=1/2
a,=c,+c_ =0
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-1 1 L 2m 2 L 2n
b = 1 C —C7 = — . l *_]k?t _ —Jk?t
n J( n n) nmr = 3|:.[e dt + € dt
0 1
18. L e
; —jno -jnmt n _ Ij e °? ‘1 e 3 ‘2
Sol: (i) y(t)=d, =e’™c =e’c_ =c,(-1) 3 —jkz—n . —jkz—n |
(i1) £(t) = x(t) =y(t) 3 3
dn =¢, _(_ 1) Ca :Cn[l_(_ 1) ] 1 —jszn ! —jk% - 2?“
= (& —1[(—]€ €
(iii) g(t) = x(t) + y(t) — jk2n
dn:cn+(—1)“cn:cn[1+(—1)"] ) \
1 _ik=L _jk2T
a = w7 |:1—26J S te 3}
19.  Ans: (b) Jem
Sol: d =e "¢ t+ehe =2cos(nwyt, ),
T 22. Ans: (¢)
Assume t, = Z Sol: W, is a periodic square waveform with period T
and it is having odd symmetry and also odd
d =2¢ COS(EJ harmonic symmetry (or Half-wave symmetry).
2 W, is a periodic triangular waveform with
d,= 0 for odd harmonics period T and it is having odd symmetry and also
odd harmonic symmetry (or Half-wave
20. symmetry).
Sol: ( ): _dx(t) .. Only odd harmonics: nfy, n = 1, 3, 5 etc of
dt sine terms are present in wave forms W, and W,
d, = jnwoc, in their Fourier series expansion.
d Note that waveform, W, can be obtained by
c,=—" . .
" jno, integrating the waveform, W.
) If ¢, is the exponential FS coefficient of the n®
1 T/2 —Jne,t '
dn =" Tj/z(s(t+d/2)—6(t—d/2))e dt harmonic component, ¢ &'
B Z—jsin nogyd lcaloc | = = |n”'| for waveformW,
T 2 n
d | Cn|oc |— =|n_2 | for waveform W,
Co=— n
T
21- 23.
| Sol:  Polar form of TFS
Sol: a, =— [ x(t)e *'dt o
« T'([ ® =d0+Z:dn cos(nw,t+¢,)

n=1
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- -1
d,=21c, - _ (_l)k_1_1+(_1)k]
dy=2,di=4,d=4,dy=4 Jk2m
= ° 2
polar form = 2 + 4cos(mgt + 30°) k= 1— (_ l)k]
+ 4cos(2mot + 60°) jk2m
+ 4cos(3mot + 90°) cx = 0 for ‘K’ even (K=10)
(b) x(t) <> c, Power =0
t) <> Cn, 0 =
x(at) > ¢, , Wy = amg 25,

x(t) © ¢,
X(t—to) <> e "o,
dx(t) )
< (jnw,)c
dt (.] 0) n
24,
17 .
Sol: (a) C,=— jx(t)e”"‘””t dt
TO 0

1
¢, fiema
2 0

c =1—§—1)
2jnm
1 1
C,=—|dt==
0 2I 2

c, =1 ¢ =" c,-0c-0
T

Power upto second harmonics is

p= 22] c. p=L+liLl o453
n=-2 TEZ 4 TC2

Sol: (a) All periodic signals are power signals.
For power signal E = o [given is false]

(b) Cy=j2 (average value) [given is false]
- T
] .
(©) ﬂxl(t)dt = 2
T

1
¥J.X1(t)dt =2 is possible only when
0

x;(t) is constant. So given is correct
1 T J T
d) Cp= — | X ()dt +=| x,(t)dt
(@ Co T! w(0d T! (0
=0+j2
1 T
$IXR(t)dt =0 only when X (t)is odd
0
given is in correct

26.
Sol: (a) Power =%j2|x(t)2dt= SIC,

P= i]cn
x=—4

= (0.5)* (1) H2)H4)*H2)+(1)*+(0.5)*
=26.5 Watts

() x(t)= i“cnej“‘”ot

2

2

_im ) i )
:C74efj4(ont+C73ef_|3wnte 2 +C7267']2w°te 4 +C,167J(X)n1
in in
joot 200t 4 3ot . 2 j4om,t
+Cy +Ce’™ +C, et ™e 4 +Cie"™'e2 +C ™
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. Y
_i4 —j3ogt——
=0.5¢7"" +1e 2
—j2w0t—% Aot j3ooot+E j2o>l,t+E
+2e 0.5¢”" +1e 2 +2e 4

. n . n
s . —j20pt—— j2mgt+—
= (0.5)[6 Hoot . glhent ]+ 2{6 tre }

—PBogt-= PBogtis
e Z+e 2|+4

= x(t)=cos4n,t +4 cos(2c00t + Ej

+2 cos(3m0t + gj +4

x*(=t) =x(t)

So even symmetry
(¢) fp=10Hz

o =27 fy =20 7 rad

x(t) = cos(80nt)+ 4 cos[40nt + g)

+2 cos(60nt + gj +4

(d) Cut off frequency = 25 Hz
=50 mwrad
So output of the filter is

y(t)= 4cos[40nt + gj +4

27.

Sol: A. Fourier transform of periodic impulse train is

also periodic impulse train

A—>2

B. For a full wave rectified wave form
2A

c = ,niseven
" n(l—4n?)

B —>1,

28.

Sol:

29.

Sol:

30.

Sol:

Postal Coaching Solutions
C—>3

D. Given signal satisfied half-wave symmetry
so only harmonics are present
D—->4

Ans: (b)
Frequency is constant. So, S; is LTI system,
frequency is not constant. So, S, isnot LTI

system.

Ans: (d)

Fourier series expresses the given periodic
waveform as a combination of d.c. component,
cosine waveforms of different

sine and

harmonic frequencies as

f(t)=a,+) a,cos(nw,t) + Y b sin(nw,t)

n=1 n=l1
= A+ A, cos(nwgt + ¢y)
So, statement (1) is true.
A, and ¢, (Amplitude and phase spectra) occur
at discrete frequencies.
So, statement (2) is true.
Waveform symmetries (Even, odd, Half-wave)
simplify the evaluation of FS coefficients.
So, statement (3) is true.

Statements 1, 2, 3 are correct.

Ans: (d)
For a real valued periodic function f(t) of

frequency fy
C,=C’
Statement (I) is False but Statement (II) is True

n

because the discrete magnitude spectrum of real

function f(t) is even and phase spectrum is odd.
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Solutions for Conventional Practice Questions
= y(t)z—t, —n<t<m
01. n
1 v vt V[
. a =— — 1= —_— = — :O
Sol: ° 2n'm 272 4n’ [n " ]
1 17 1 0
(@ a =— |x(t)dt=—/|1dt=— a, =
T, ;[ (t)d 2TC‘([ 2 .
' 2TV Vv —cosnti cosnt
ta+T by=—1 —tsinntdt=—| t +] dt
2 @ 2n-nmw P n |—n n
ap =— jx(zt)cosncootdt
TO ta n
n = |:_1[TCCOSH7I+7ICOSHTC]+ ! sinnt‘ ]
T : == —
-2 jl.cosntdtzlsmm T n n -
() T n |
v | —2mcosnm
Iy, b, =—|———
=—[s1nnn—0]=0 T n
nm
-2V n
2 tatTo b, = (1)
by, =— jx?t)smncootdt nm
To ty
T
T _
_2 [1sinntdt = 1~ gl 02.
21 () T n | Sol:
_ —(=1)" (@) (0,0) (1, 1)
bnz—l[cosm'c—l]zM 1
nr X x,(t)-0 :I(t—O)
n/2 x(t)=t 0<t<l
) o, =L Jla=1
2n 2, 2
/2 1 - 1
_2 ™2 _ Isinnt|® C,=— Jxl(t)eﬂ““’“tdt z—jte_mzmdt
anp =— [l.cosndt=— "TT 1
21 /2 T n-m/2 0 % 0
. nw —jn2mt 1 —jn2mt
_ 1 in 0T | gin IT R 1\ ant‘e' 5 | -[= 7 dt
o 5 > y — jn2nj —jn2n
_ —jn2nt !
b —inﬁinntdt—l_cosmn/2 Cn:.—le_jnzn_o]"' : 1 -e.
" on i TN g2 jn2n jn2n — jn2x|,
-1 T nmn C = —1 1 [—jant 1]
=—/|cosn——cos— |=0 n = 7 ¢ -
nn[ 2 2 } 2 (jn2z)’
-1
C, =-
(C) (—TE, _V) (TE, V) anﬂ:

y(t)+v=§—;(t+n)
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(b) x,(t) = sint; 0<t<m _ it —b, _ tan! 8) =
To=m,  @o=2 e P R Y
C = l_|T£sin te "' dt 3
n = Zdn Cos(nmo + (I)n)
n=0
—jn2t b1 T 3TC TU
) ! ot =4cos| —t+0 |+8cos| —t+—
[=—|sint— —|cost e dt 4 4 2
i —2n| 9
71 ; . in2t - | Jin2t 04.
[=—/sinme —sin0|——| cost— + [sint : t o in(40)
iom "ol O Sel: H(jo)= [h(pede =20
I=+ cosme ™ —1 h
j2nn[ ] xﬁt)
1
1 r : —jn2t
+ - Ismt e "dt -
mn2m| o 4 8
) -1
Jn2n _]1’127[
in2n—1 _» x(© Ho) y(t)=c,H(nwo)
[ JHZTE } jn2n T
8, 0, =—=—
- TO 4
l—Jn2n'
o 407
Agnfem
Sol: C,=2,C,=2,C;=4j,C= H(no) H(Tj BT
ag=Co=0, 4
an=Cn+C,n: ap :C1+ C,l =4 y(t) 0
az = C3 + C,3 =0
by=j (Ca—C) = b =j[C=C4]=0 06.
by =j[Cs—C3]=j[4] +4j]=-8 Sol:
t,+T,
dl = ﬂalz +b12 :| al |: 4 (a) ak = TL J.X(t)e*jkmntdt
d,=fal+b2 =J0+(8) =8 o
1 J' jkat
— | x"(t)e™dt
S tan"( b, j = tan‘l(—o =0 To W
a, 4

x(t) is real, x*(t) = x(t)
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i 1 t,+T, e but
a, :T— X(t).e i(=K) Otdt 1 3 , - ) ) ) 1
o L koPda=3c,[ =lc,f +[c =2
1 t,+T, TO 3 n=—oo 2
a =a s a, =— [x(th .
T, 3 Given C;isrealso C_, =C, =C,
If x(t) is real then ‘a,’ is real 2|C |2 B l
(b) It x(t) is even x(t) = x(t) L)
2 1
xe(t) = x(t) + x(-t) |C1| - Z
€ 2 1
2 — —
EFS x(t) = Co+Cy G = 4
_Ca+Ch clzé c_l—%
2 n
‘A’ is purely real & even © : -i%t it
= oot _ 3 3
(c) If x(t) is ODD function then x(t) H:Z_wc“e Cae tCe
XO(t) = X(t) 1
x(t) —x(~t) =—|2cos Et = oS Ty
Xo(t) = — 5 2 3 3
_ _ So,A=1
EFSxi(y= e = Sa=Co _jp, -
B=—,C=0
‘A’ is purely Imaginary & Odd 3
07. 08.
Sol: Given x(t) isreal so C_,= C_ Sol: (i) f(t) _ ch‘ejnmnt
2 n=-o0
To=6 = 0, = —— == _
6 3 W =T
And C,, C, exists from given information Given T _
? =n =>T=2
T
that x(t) =— x(t ——j .
2 (i) x(t)= %eﬁm ¥ %e*ﬁ’"
So Half wave symmetry satisfied.
C. = A 3
375 T 2
Odd harmonics present C, = 0 and given that 2 A449m
17 1 a=—2
I x()? dt=— 4+9r’
- j [x()? e =
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09. o = 16007, f;= 800 Hz = 0.8kHz
Sol: jo Y(o) +4Y(0) =X(®) C,
3 3
Hio)= -
4+ jo 1 2 1
! b )=
| H(o) |= . ZH(w)=—tan™ (QJ ~3(0.8) -1(0.8)0 0.8 3x0.g - n() =0(0-8k)
V16 + o’ 4
x(t) = sin 4nt + cos(6mt +§) (b) y(t) = x(t) cos(1600nt) New spectrum:
. ‘ch’ spectrum right & left shifted by +
[H(4n) = ———=0.075, , 1
716+ 1672 0.8kHz and amplitude scaled by E
/H(4n)= —tan"'(n) = —0.4n 3/ 1 32
1
H(61) = ————=0.051 1/2 1/2
(o) V16 +36m° ! I { I o
\ > (right sided
ZH(6m)= —tan"(z nj =-0.43 v
y(t)= ! sin(4nt —tan} (n)) 3/2 C;n ”
V16+167° 1
1/2 I 1/2
+ 1cos(67'l:t +77: = tan_l[% TCD T | T >
V16+361° 32  -16-08 ¢ 16
dn
10
B . 2 3 2
Sol: x(t)= Y. C,e" o = ="T=n 12 [ ] ] [ 12
T2 i T 1,
X(t) = - + 1Pt oI 4 Gty Gy -3.2 -1.6 -0.8 0 08 1.6 3.2
x(t) = 2cos(mt) + 2cos(3mt) + 2cos(5wt) +--
(c) For x(t) power
y(t)=2cos| 3nt + z 2 2 2 2
2 =2 G, =@ +2B) + )]
=24 Watts
11. For y(t) power = (3)*+ 2[(1)* + (2)* + (0.5)*]
4 =
B 6 . ,(nm 9+(5.25x%x2)
Sol: (a) x(t)=2+ ;Hsm (7} cos(1600n7t) — 11549
=205W
6 . ,(nm
a=2,a,=—sIn"| —
(3]
31:6,32:0,33:2,34:0
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12. 03.
Sol: b, =0 (x(t) = x(-1) Sot: i) x(t) = ¢u(t)+ e u(—1)

TES = ) a, cos(nw,t)

n=-—o

TO = 2, Wy =T
= > a, cos(nmt)

It is satisfying HWS a,=0
a, = 0 (even)
a=0
TFS = a,cos(nt)
plx(®)] =4
8
2
2, =3

x(t) = V8 cos nit

=4

4. Fourier Transform

Solutions for Objective Practice Questions

01.

Sol:

02.

X(F)= [x(t)e > dt

x(t) units are volts and dt units are sec
So, Unit of X(f) is volt-sec (or) volt/Hz

0

Sol: (a) X(0)= J.x(t t = area

—0

:(4><2)—G><1><2)=7

(b) 21x(0) =2nx2 = 4n

04.

Sol:

05.

Sol:

06.

Sol:

1 1 2a
X = =
(©) a+joo+a—j0) a’+o
.. —at at _2.](’0
—eu(-t
(i) e u(t) e u( )(_)a2+0)2
Asa— 0
2
u(t)— u(— t) > —
]jO
sgn(t)(—)_i
]
12
Glo)=1
(©) +032+9

Apply inverse Fourier Transform

g(t)=58(t)+2e™"

Ans: Zero

x(t) = rect(t/2), X(m) = 2sa(w)

y(t) = x()+x(t/2), Y(o)=X(w)+2XQ2w)
Y(o)) _ 2sin ® N 4sin2®

(6} (6}
f=1=0=2nY21)=0

Ans: (d)
Y(0) =3X(2w)

x(at) < lx(ﬂj
a

4
XGJ - 2X(20)
%x(%) < X(20))

y(t) = 3/2 x(t/2)
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07.
Sol: i) 1< 2nd(w)
1
ii) — & 2me™ u(- o)
a+jt
iii < 2me ™
) a’ +t’

iv) % « —jsgn(o)

08.

Sol: xl(t):rectG] X, () = Sinc(r)
x(t)= X(t - %j X(F) = e X(f)

FT[x(t) +x(-t)] = X(f) + X(-1)
= 2cos (rf). Sinc (f)

09.
Sol: u(t) > 78(w)+ ——
J
'lt + Tc8(t) < 27‘[1,1(— (o)
J
1 1
5 (t)_ﬂ <> u(o)

11.
Sol: (a) fi(t) = f(t — 1/2) + f(—t-1/2)
| N

F(o)=c * F(o)+e? Fl-)
3 (t
(b) £,(t)= 5 f[E - 1j
E,(0)=3¢7"F(2w)
12. Ans: (a)

Sol: g(t) =x(t-3) — x(-t+2)
G(f) = e X ()= X(= 1)

Postal Coaching Solutions
13.

Sol: 1) cosogt = %|:ejw0t + e_jmot:| <~ ﬂ:[S(m+ m0)+ S(w—mo)]

ii) sinm,t <> 2[8(0) - (DO)— 5(03 +®, )]
J

i) ¢ gin o, u(t) e | —
e " sinm, ()HZjL"’j(“)_mC) a+j(m+(DC)

iv) Arect(i coso)ot:ﬂ Sa| 27 74 5ol 2= i1
T 2 2 2

14.
Sol: Sinc(t) <> rect (f)

Sin ¢(t)cos(107t) <> % [rect (f— S)+rect (f+ 5)]

15.
Sol: (i) e 'x(t) > X(w+3)
(Frequency sifting property)

.3

e “x(t/4) < 4X(40+3)

(Time scaling property)
‘3t
%ej“ x(t/4) & X(40+3)
(ii) Ans: (a)
X(0)=2n8(w)+ n[?)(m —41)+ (0 + 4n)]
x(t) = 1 + cos(4nt)

16. Ans: (d)
Sol:  X(f) =d(f - 1y)

X(t) — ejZTl:fOt

in

X(tx 1 =e?
t=—
8,

Zx(t) =%
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17. Ans: (b 0 .
ns: (0) _dx(t) _ L [joX(o)e™ do
Sol: \ dt 27 o
X(® ax(t) |
x|t <.
—  =— |joX(o)do
2 dt |, 2= LJ ( )d
1|9, . L.
= E|:.[]J(D(— J\/;)dco + gjco(J\/;)dm}
-2 > ! 1
1 2n
x(t) cos 2m t <> E[X(f - 1)+ X(f + 1)]
1 21.
- d 2 4j
st 2] i
1 ol: te (_)Jd(o[az+(o2 (az+c02)2
31 1 3 el o —4JC°2
(0 +1)
18. Ans: (d) Apply duality property
Sol: Output of multiplier o
1 1 — & rjwe
= Ex(t)cos(2o)ct+6)+Ex(t)cos6 (t2 +1)
Output of the filter is = %X(t)COS Ox2 22.
Sol:
=x(t)cos ® @) X,(@)=e"X(- o)+ *X(- o)
19. Ans: (¢ (i) X,(w) = %e‘ijX(%j
Sol: y(n= XU .
- dt (i) X,(0) = (joy e X(o)
Y(0) = joX(®) . Cdy
It x(t) is even function, then y(t) is odd function. (i) X, () =] ab (OX(O))]
It x(t) is triangular function X(w) is Sinc’
function, it is real. 23.
y(t) is odd function, Y(w) is imaginary. Sol:  x(t) =rect (t/2)
X(O)) _ 2sin ®
2. Ans: =L @
2\/; (@). y, (t) = x(t - 1) =Y, (co) = e‘ij((o)
Sol: x(t)= %[ [X(w)e™ dm} (6). = y:(t) =x(®) * x(© . _
T - Ya(0) = X(0) X(0) =2s1noo 2s;r)1co
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[

in? 25.
Yz(O))— 4S1112(D
@ d Sol: X((o) = rect( 2® ] + rect( 2(0 j
©. y,()=tx(t) Y;(0)=j~—[x(o)] > >
do
(d). y,(t)=x(t)sinnt <> Z—J[X(m 1)-X(o+n)] ) tX(w) (o)
1
dx(t .
©. ys(t):%H jox(o) I
(D). yo(t) = (t+1) x(t) + 2u(t-1) o o T o o e T e
t
) t)=vy,| — 2Y, (2
(8) Y7( ) Y1(2) g 1( 03) @.0<or <o Y(0)= X(0)Ho)
(h). ys(t) = y2(2(t+1)) — y2(2(t-1)) TH(w)
i 2
_ 1 O _jo(-1) 1 O | —jn() h_ M
YS((D)_EYz 5 € ! —EYz(Eje 3 Y(t) i
>®
-® ®
zle 9 el® _le(gje—jm £ £
2 2 2 2
. (b) O <0r<m
0] . .
=Y. | = |eio =g e
ALEY V@
t 1
0 9,0=x{3 =200 1
1 > ®
Y, (0)) = 2X(203) — EYZ (oo) -Or -0 O of
. 1 _ sinot  sino,t
(). z(t)= EY2(2t) y(t)= nt o it f
yio(t) = z(t+1) + z(t) + z(t-1) N, y( t) _ sin ot N sino,t
Y 1o(o) = (1+2cosm) Z(m) it it
24. Ans: y(t) = cos 2t 26.
sin 4t ® Sol:
Sol: h(t)= - H(o)= rect(gj (a). X(®) =38 (®)+ 8(0—5) + &)
x(t) =1+ +e™
TH(w)
1 e =T, =22
T
27‘C 2n
A 0)) —_]St = T
y(t) = co_s42t 4 5 5
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T 5. . (c).In above problem, convolution of two non
— = — is irrational T T
T, =« periodic signals can be a periodic signal.
So, non-periodic
217.

(b). h(t) = u(t) — u(t-2)
h(t)

= h(t)= rect[é - O.SJ

. ®
sin —

rect (t) &

2
rect (i - 0.5] o e~ MO

2 ®
= H(w)=2e¢ e
®

x(t) * h(t) < H(o) X(o)

X()H(o)=[5(0) + (0 5)+ 5o n){2e

= §(e) Lt 267

sin® N 8(@—5)2e’j5 sin5
x—0 5

®
+3(w)2e " sinm
m

=28(w0) + 2¢ 7 % (e — 5)[ Lt

sin X

XN X
X(0)H(w) = 25(w) + 2¢ % 8w —5)

= x(1)*h(t)=2 + 26 S0 s

= Periodic

o SIN®
[0)

d

Sol: (a)y;(t) =rect (t) * cos 7t

{ Y(0)= ]iy(t)e"j”“ dt}
sin((;j

5)

" sin(m 2";)

rect(t) <> 2 sin 2
o 2

rect(t) <>

rect(t P
T—
2n
rect(t) <> sin c(ﬂj
2n

cosT < 7t [ d(@—T) + 6 (® + 7)]

Y, (®)=sin c(%j s« 15— )+ 8(0+ )]

Y, ()= ésin% < 23— 1)+ 8(co+ 7))

=£sin9xn8(w—n)+£sin9xn8(c0+7‘c)
® ®

K sin— nd(w— 1)+ 2 sin(_—njr@(m +7)
T 2 -n 2
=20 (0—m)+ 28 (0 + 7)
Y, (o) =2 23(0— x)+ (w0 + )]
T
Taking inverse fourier transform

v, (0)=2cosnt
Y

(b) ya(t) =rect(t) * cos 2mt

Similar to above
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I

Y, (w)=%sin%x 7l8( — 27) + (@ + 271

_2 sin((;)néi(w —2m)+ 2 sin(?]nﬁ(m +2m)

(O] (O]

2 . [—2TE
sin
2 2

27

-2 sin[ﬁ}ﬁ(m -2m)+
2 n

).nﬁ(m +21)=0
S ya(H) =0

(¢). y3(t) = sin c(t) * sinc (%)
rect (t) <> sin ¢ [%j

sinc (Lj & 2mrect(— )
2n

sin c[zij © 2mrect ()

T

sinc(t) & rect(zg)

T

. t Q)
sinc| — | <> 2rect| —
(ZJ (ﬂj

LY, (0)= rect(%)2 rect(%)

A A

1 2

(0] >
0 b —7t/2 0 /2

-

-7/2 0

/2

Y,(0)=2 rect(gj

s

Y, (o) 2 rect(gj

Taking inverse fourier transform

y,(t)=sin c(%)

(d). sinc(t) <> rect (23]

T
Gt . ®—-37
"™ sin c(t) <> rect
2n
sinc(t)* e sinc(t) <> rect( ® J X rec‘{(D — 371:)
2n 2n
1
©
X
-1 0 T 0 2n 47
<0
C Yi(0)=0
=yat)=0
28.
Sol: A
Xl(()))
1/8
—8n gr

(a). sinc(8t) <>
H(w)=8¢ "X, (0)=¢™ —8n<0<8n
=0 otherwise
Y(0)= e ™ [5(cw+ 1) + 8(c0 — 7))

y(t) = cosm(t— 1)
(b). Ans: (d)

G(f)=e™ H(f)=e™

T
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29. Ans: (¢) 33.
. —nt? —nf -1/2 1/2 1
Sol: ¢~ <>e¢ N Sol: E=L Indco+ Izdm+.[ndm 3
From frequency shifting property 2n| 7 e 0 8
X(t) — ej27'cte—7rt2
-conjugate even symmetry 34.
Sol: Eyy=1/4
Xof =4
1 4+
Sol: (a). Y((D) = —[X(oa -, )+ X(a) + o, )]
2 Sw(u))—‘X(oo}2 |H(co) | = S,— 0, <0< 0,
(b)x( ) smtnsin(t/2) 4+
Tt Tt E L T ((D)d
y(t) 27.':_ yy ®
X(oa) = {rect(gj * nrect(gﬂ o,
n 2 ! l___lt 1(2) L
4 8 2m2 2) .
X(0) = 1/2 =2 rad/sec
1 I I T >®
—3/2-1/2| 1/2 32 35.
sol: ¢! & 24
o +4
31. o« g RS
i (1M > ( )+ X(0)5(0) Sl (s o
1 o0
tlw/4 - 2t
o m (o) S|
Jo -
32. _r
. 2
Sol: &(at) rect(ﬂj
it 2a
36. Ans: B 2.302
1X(w) a
Sol: g(t) = _2a
a’+t’
g0
-a a We know ¢ ' <> > 22 >
a +ow
2a a . 2a —a‘w‘
2n_j;o|X ] = y ualypropeyaz+t2<—>e
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B 2 ® 2 Both are constant
Given ”e_a‘“"‘ do = 0.99”8_3‘03‘ do
i o 40.
= jez“"’d(;)+je’2"“’dco 0. 99{je2“‘“’dw+_[e **dw Sol:
* (i) Ans: (¢)
2am 0 —2am B 2am 0 —2a0 % 1
S R 7| o H(f)= ———
2a | . —2a 2a | -2a] 1+ j)2nfRC
1
:>_[1_e—2aB] 1 [ -2aB _ ] 099 1+1] |H(f): —
V1+4m*f°R2C
=2 -2e 2 =2x 0.99 IH(f})| > 0.95
= 1-2"=0.99 fi=52.2 Hz
= 0.0l =¢ 2 (ii) Ans: (a)
= In (100) = 2aB 0(f) = —tan ' (2nfRC)
/(100) 4.605  2.302 ~do(f) 1[ 2mRC
BT )= _ L ZeRC
a a a df 2m| 1+ (2nfRC)
t,(100) = 0.71 msec
37. Ans: (a)
% 2
Sol: E= [|X,(f) df :§><10-8 41.  Ans: (c)
Sol: y(t)= ﬁ cos(100(t =107 )Jcos(10%(t—1.56x10°))
38. Ans: (¢ t, =10° t,=1.56x10°
-
Sol: /H(w)=— —30n<w<30m
60 42.
wp =101 [H(10m)| =2, LH(I On) | et Sol: The condition for distortion less transmission
system is magnitude response is constant and
o0=26n  [HQR6m)=1, ZH (26n): —13n phase response is 'li.near function.of frequency.
These two conditions are satisfied in the
131 frequency range 20 to 30 kHz. So,
Y( ) 4008(1 Ot — g) + sm(26nt h Ej from 20 to 30kHz no distortion.
39 43. Ans: 8
Sol: 0(e) = ot Sol: Given input signal f.requenmes are 10Hz,
0 ( ) 20Hz, 40Hz. Only 20Hz is allowed.
-0lo
tp (O‘)) = = t0 SO» Y(t) =
0]
—d6()
t\o)= =t
g( ) d(D 0
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%x 8 cos(207ct +—=20 ] =4 cos(207ct + Z - 20°j

@)

Power in y(t) =

44,
Sol: The condition for distortion less transmission
system is magnitude response is constant and
phase response is linear function of frequency.
For —200 < o < 200, there is no amplitude
distortion.

And For — 100 < ®» <100, there is no phase
distortion

x1(t)

®=20and o =60

So no phase distortion and no amplitude
distortion.

Xa(1)

o=20, o=140

Amplitude distortion, do not occurs.

Phase distortion occurs.
[ o= 140]
x3(1)
o=20, =220,
Phase distortion and amplitude distortion occurs
[ o=220]
45.

Sol: R (’C) =

}x(t)x(t —1)dt

AZ
TCOS((DO’C) = 18005(6m)

R, (v)

Power =

R(0) =18

46.
Sol: r_(t)=x(t)*x(-t)=

e 'u(t)*e® u(-t)

(D08 (0)=5 - =)=
47.
Sol: (a) [H(o) =ﬁ, (o) = 4:@2
Syy (@) = [X(0) [H(w)
(b) y(t) =x(t) * h(t) = [¢ "~ ¢ *Tu(t)
E,q = i|y(t)|2 dt = %
E :i
By = %Exw
48.

Sol: i) Ans: (b)

x(t)=eu(t)*e™u(t)= Le

|6

ii) Ans: (¢)

8t

Sae (03) y

Sea (O) = a

iii) Ans: (b)

y(t)=e™u(t)*e*u(-t)

y(t)= %

8]
e

Sol: 1 (1)=x(t)*y(-t)=e"'u(t)*e’u(-t)
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1 1 1/2 1/2
r, (1) — = Z
I+jo3-jo I+jo 3-jo

I, (1)= %e‘Tu(t) + % e*u(-1)

50.

Sol: Given x(t) = sinc 10t

. ®
Sinc t <> rect | —
(ZWJ

sinc(10t) <> L rect[&)
10

A

-10x

3 O ) e
=—rect — |e
10 87

.. output energy

1%
= % “Y(co)'zdoo

_1Fo
2n 5 100
_ 19 en
2r 100
36
Output energy = —J
p gy 100

51.
Sol:

(a).0, =200 1X1(o)

o = 400 7 rad/sec

f; = 200Hz 200m | 2001
(b). oo = 400 7 X(®)
o = 800 7 rad/sec
f,=400Hz
| I,
_400% | 400m

(©). X,(t)= %[cos(SOOnt) + cos(3000nt)]

O, = 5000 ©
o = 10,000 & rad/sec
f, = 5000Hz
1 )
d). X, )= rect| —
@ 4( ) 6+ jo (2aj
Op = a
N
27
f=2f =2Hy
i

(). o, =120 =, f,, = 60Hz
(fy) =2f,=120 Hz
(f) Ans: 0.4

mit —1t/2

iS(t—nTJ(—) f, iS(@—nws)

n=-o n=—o0
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ZSt 10n) <>

ZB(t 10n) & X, (o

n=—o

28(0) n—j
52 qo-nT]

X(m)z{———+X (o), T o= )+
<22

» (O

2n/5 -5 00 w/5 2n/s

The maximum frequency in above signal is

Oy = 27/5
2nf, = 2n/5
fn=1/5

Nyquist rate = 2f,, =2/5= 0.4

52.

Sol:
X(w)

(a). X(0)+e™X(w) no change in
frequency axis (®s)min = 2®m = 0
(b). dX—(t) > J@.X(m) s = My
dt
©.  x(Bt)o l.X[QJ
3 3), .
— |
-3 3
0y =2x 22 _3g, 20 3%
2 2 2

@0 399
2 2
3w
O =2x 20 =3,
S3.
1

Sol: (a) X1(2t) © EX

Q)
(5
In this operation maximum frequency becomes
double. So, f,, = 4k, f, = 2f,,=8k
(b) X, (t-3) e X, (0)
In this operation maximum frequency does
not change double. So, f,, = 3k, f; = 2f, =6k
(c) Xi(@)+X(w)
In this operation maximum frequency is max(2k,
3k). So, f,, = 3k, f; =2f,=06k
Xi(@)*Xa(w)
In this operation maximum frequency is
2k + 3k. So, f,, = 5k, f; =2f,=10k
(e) Xi(0).Xx(0)
In this operation maximum frequency is
min(2k, 3k). So, f,, =2k, f; = 2f,=4k

(d)

2
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1 59. Ans:(d
(f E[Xl(m—i- 10007)+ X, (0 —10007)] (1 . |
Sol: f =—=——-=10"=1kHz
fn=2.5kHz, (f)min = 2f,= SkHz o 0
Ty . ([ nm
54. Ans: (d) 3 sin| —
3 c =t j3 e "dt = 3
Sol: Given x(t) = 100 cos(24m x 10° t) L : =
0 -T, nw
f,= 12000H7 & f, = —— = 20KHz ’
50u 5 Ch=0forn=3,6,9....
The frequencies in sampled signal are C#0forn=0,1,2,4,6,7,8,10......
=nfs + fm = 12K, 8K, 32K, 52K, 28K,------ Ao ) Y +E6f ...
The above frequencies passed through a filter of Are not present in signal
cutoff from 15K. +400£3(1000)=43.4K,£2.6 K
So, output is 8KHz, 12KHz only. So options with 3.4 K and 2.6 K are wrong
So (c) and (a) are wrong.
55. Ans: (a) 3.6 K is out of the given range [ 2.5 to 3.5]
Sol: f,,=200Hz, f;=300Hz So (B) is wrong
The frequency in sampled signals are = So (D) is correct.
200, 100, 500, 400, 800. Cutoff frequency of
filter is 100 Hz. 60.
Output frequency = 100 Hz Sol: (i). Ans: (b) A X()
56. Ans: (b)
Sol: The sampled signal spectrum is -
1 & —10007 10007 )
Xo(0)= 3 EX(E-nf)
If f=f,—>The spectrum is constant spectrum Output of multiplier is = x(¢). cos(1000mt)
1 1
= —X(-10007)+—X(w+10007)
57.  Ans: (a) 2 2
Sol: f,<f,<f—f, =5<f.<9 4 Output of multiplier
58. Ans: (¢)
;=250
1
T, =4 =4msec h(t) = sin(1500mt)
) it
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H(w)

v

-1500r 0 15007 ®

Y (o) = X(w).H(o)

[ 1
1 1
| ! >

~1500% 0 1500 ®

The maximum frequency in y(¢) = 1500 &
o, = 1500
f.=1750
(f)min = 2, = 1500 Hz
= 1500 samples/sec

(ii) Ans: (a)

x(t)= cos(l Omt + %)

f,=15 Hz, o, = 2nf, = 30 tHz

h(t)= (sm i j cos(407tt e E]
it 2

r

h(t) = sin 7t {005(4071‘[) cos r +sin 40nt sin E}
Tt 2 2

h(0)=S0™ gin 40mt
it

_ L sin 7t oo _ sin Tt oiomt
2j mt it

A H((O)

112

—41r 397

391 41n

—1/2j

x(t) = cos(1 0nt)cos% —sin(107t)sin %
X(0)= % [(8(c>+ 107) + 8(c0— 107))]

_%H(é‘)(m—lOn)—S(mHOn))}

Sampled signal spectrum
w)=f, ZX(@—nws)
n=0, o, —o®, =-10%, 107
n=1, o, — oy 0s + o, =20r, 401
n=2,2m0,— 0O, 20s + o, = 507, 707
only 40m frequency is allowed output of

filter is

(o) = 1—5{—6(®+40n)+—8(w 4011)}

V2| 2j 2]

15 nf -1
gt 5 ovaon)
15

15[ I §(c0+40m) + —8(er— 4075)}

2| 2 2j

15 ‘7“5((0 - 4075)—%8((0 + 4075)}

V2l
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| aloraom) L afo-a0m (e ) )
+ ga(m - 40n)+§8(a)+ 40n)} - Wam(t)e 4 =\2m(e ¢

_ 2[sin(nt /5) jejz
Y(w)=£{g [s(m+40n)+s(m_40n)]} nt/5

+ 2£ [8(w—40m)— (e + 4075)]} 62. Ans: (b)
! Sol: Givens(t) =e™ cos[(®, + Ao)t]u(t)
151 1. . -
Y(t) = ﬁ {E cos 40mt + ) s 407'5’[} Complex Envelope §(t) =s_ (t)e >
fg(t) — [e_atej(“’”m”)t U(t)]e_jm°t

15 T ol
y(t) =5 [cos 40mt cos 1 + sin 407t sin Z} Complex Envelope = ¢ "' u(t)

15 T
y(t)= 7008(40711: - ZJ 63. Ans:8
Sol: Y(®)=X(w) H(w)
61. Ans: (¢) AX(®) AH(w)
Sol:  x(t) = m(t) c(t)
Where c(t) is carrier signal and m(t) is a base 2 ]
band signal and f. > fy (where f. is carrier | >
frequency, fy 1is the highest frequency —2n 2 .
component of m(t)) !
%(t) = m(t).e(t) Y@)=-2 0<e<2n
Where f (t) is Hilbert transform of f(t). 2j 2n<o0<0
For the above problem c(t) = sin(nt—ﬁj and J.|y(t)|2dt _ L I|y(m)|2dm
4 —0 27[ —0
B sin(mt/5) 2 0
m(t)——ﬁ(vj zzi{j4dco+ .[4dco}
T 0 -2n
Complex envelope 4
_ [X(t)+ jf((t)]e_jznfct = %[211 + 27:]

=_&[m(t)sm[m—gj—jm(r)co{m—fﬂe_jm o

' =8
oo
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64. Ans: 10kHz

Sol: m(t) - band limited to SkHz
m(t) cos(40000mt) — modulated signal we
require least sampling rate to recover
m(t) > 2x5kHz =10 kHz

65. Ans: (¢)

Sol: Aliasing occurs when the sampling frequency
is less than twice the maximum frequency in
the signal, and it is irreversiable process.

So, Statement I is true but Statement II is false.

66. Ans: (b)

Sol: Sampling in one domain makes the signal to be

periodic in the other domain. It is true.
Multiplication in one domain is the convolution
in the other domain.

Both statements are correct and statement (II) is

not the correct explanation of statement (I).

Solutions for Conventional Practice Questions

01.
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(a) A rect (t/1)«<> At Sa {%}

A
— AtSa[ﬂ}
2
T T
2 2
A=1,1=T
2 X(t)
: — TSa{"’T}
2
T T Ot
2 2

(A=1,1=T)

X, ()= ¢ X(0)—¢ X(0)

X, (o) 2Js1n(%Tj.Tsa{%T}
() x,(t)=sin tfu(t)-u(t - )]

ult) e wfs(o)+

smtqo=%fwuo_%fﬂu@

e

sin t. u(t—m) = sin [(t—m) + T]u(t-m)

ost) }

J<m+ 1)

= sin(t-m) cosmu(t—m)
+ cos(t — m)sinmu(t — 1)
=—sin(t—m) u (t—m)
sin tu(t—m) <>

_Hns(@_m

J

(c) x5(t) =cost [u(t) —u (t— /2)]

costi) o> {na(m e }

T T T T

costu/{t—— |=cos|{t——+— [u| t——

2 2 2 2
. T T
=—sm|t—— |y t——
2 2

T
costuj t—— |«
2

J((0+ 1)

—;j{n&m—lﬁj(ml_l)—né(mﬂ)—. ! }e“"?
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(d) A
Tx(t)
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,
= lrect(i) > 2Sa(w) = X() 1 3,
y, \2 0 2 ]
-1 1t
A=1;t=2
x4(t) =x(t+3)—x(t-3) T=2,0=mn
X,(o)=e""X(0)-e7"* X : |
[o)=e""X(0)-e (o) ¢ = lj[éi(t) _3(t=1)]e ™ dt
=2] sin(30)).X(c)) 25
X4(03) = 4jSa[oo]sin(3oo) _ % [1 _ e—jnn] —1 odd'n'
© x;(t)=e[u(t)-u(t-1)]
=0 even‘n’
=eu(t)—e ™u(t-1) -
X(w)=2 -
x5(t)=e™u(t)—e*u(t=1)e* @) nn;wé(w o)
(odd)
XS ((,0) _ 1 _ eia .ej‘]m
a+jo a+jo
_ a-(atjo)
Xe)=— L e
a+jo o 3 >
0. -/t =3t —mT T T In
Sol: (a) x(t) = te > u(t) . 41
h(t) = ¢ * u(t) sin(2nt)
1 1 “t >
X(w)=— H = -2n 21
©= 00 MO
1
Y(0) = X(0)H(0) =
(©) = X(OH©) = o 1 1

H(w) =

12 B 1/4 N 1/4
Q2+jo)’ 2+jo 4+jo

>

97 5nl 5k on

Y (o) = X(w)H(w)
Y () = 21]8(e — 57) + 8(w + 57) + 8(o — 7r)
+0(w+7m)+ d(®w—9m) + d(w + 9Tt)]
X(o) =2n i c, 5((0_ no, ) y(t) = 2[cos(57t) + cos(7nt) + cos(9mt)]

n=-—w

t o 1721 174t
t)=—¢e “u(t)——e “u(t)+—e u(t
y(t) 5 (t) 1 (t) 2 (t)

(b) Fourier transform of a periodic signal
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03. h(t) = 8(t) - 2[e ™ 8(t) —ae " u(t)]
Sol: (a) H(w)= % h(t) = 8(t) — 28(t) + 2ae "u(t)]
()
o4 h(t) = 2ae ™u(t) - d(t)
:6+(j(o)2+5j0) o
) (i) a=1= H(w)=—12,
6y(t)+ d dfgt) + Sd;'t(t) = dzgt) +4x(t) I+ jo
2
jo+4 (o) =122
H(CO) =7 . Vit o’
(JOJ+2)(J0)+3) _ .
5 | /ZH(jo) =—-2tan" (m)
H((O)= P - . t 1
+]o 3+J('0 COSE :>0\)0=$,|H(0\)0)|=1,
) h(t)=2e u(t)-e"u(t)
1 T o
1 1 LH((DO)=—2tan‘1£—]=—2><—=——
Xlo)= - 3 6 3
(c) (0)) 4+j03 (4+j(0)2 \/_
3+jo y,(t) = cos| =~
=218 33
(4+jo)
Y( ) X( )H( ) cos(t)= o, =1, |H(o,)|=1,
W)= Q)] ()
_34jo  jotd ZH(@y) ==2tan ™! (1) =2 =~
(4+jof (jo+2)jo+3) ]
Y(w)= M2 __1/2 YQ(t):COS(t_Ej
jo+2 jo+4
1 cos(\/3t) = w, =+/3, |H(w,) =1,
y(t)==le" —e ™ ju(t
() 2[ ]u() AH((DO)=—2tan‘1(\/§)=—2><£=—2—TE
04. 33
- 2
Sol: (i) H(jo) =23 y4(t) = cos[ 3t_?“j
a+jo
t w T 2n
[ .2 2 y(t):cos(—j+cos(t—j+cos[ﬁt—)
| H(jo) = =1 R :
va’+ o’
ZH(jw) = tan™ (_wj - tanl(wj =—2tan™ [wj 05.
a a a 1
: Sol: e~ u(t) > ——
H(w)=1--% 3+ jo
a+ Jo 1
d e 'u(t) —r
h(t) = 8(t)— 2a[e’atu(t)] o
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‘ 1 o (i) . jot |0 ot 2
eleMult-1)eele™ —— == x(t)= N _°
1+J(,0 1+_](,0 o1 _]t R _]t .
dr s -t jw.e‘(”j“’)
— ault)* t—1 —— ¢ t
e e )](_)(1+jco)(3+jco) Lo -]
jt
. d joe () 1
Y =1— -j2t | jot
O T “plme e
1 j2t —j2t
06. 2nt [1 [e +e ]]
Sol: x(t) = (1 + cosmt)[u(t+ 1) —u(t—1)] 1
x(t) = [u(t + 1) — u(t — 1)] + cosmt[u(t + 1) - 2—m[2 ~2c0s21]
—u(t-1)] 1—cos2t
1 ==
u(t) & () +— T
jo
A 1 el® 08.
ut+1) < eJm{ﬁg(@) + J—OJ = nd(o) +j_03 Sol:  x(t)=te ™ u(t)
. 1
—jo X = —
u(t— 1) <5 18(0) + 5 ©) G+ jo)’
Disi 2si (a) Y()=X(21)
o jsin® _ 2sinw
ut+1)—ut-1)© o > () = 11 X(l/fzj
cosmtfu(t+ 1) —u(t—1)] < ‘ ‘
1[2sin(w—n) 2sin(o+ n)} ;
— +
2l o-x O+ Y(t):EX(E)
2sin®  sin(ow—m) sin(®+ 7) dX(f)
X(w) = +
(o) o-n T oin () H(f)=f——= "
1 d
h(t) = ——[— j2nt x(t
07. (t) j27tdt[ i2ntx(t)]
_im
sol: X(0)=[X(0)e! ) =1e 2 0<w<2
fus (c) P(f)= X(Ej cos(4nf)
=le? -2<m<0 2
16 2 2 X(f){e““f +e—i4“f}
_ : L jot s jot = — —_ | —
x(t)— o L[Je d(o+'([ je dco} 2]\ 2 7
P(f) =x[2(t +2)] + x[2(t — 2)]
(d) S(f)=(1-4n’t*)X(f)
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= X(f) + (j27f)> X(f) _ 2 j 1
d2 (4n%) o £2 +(1/2n)°
s(t) = x(t) + —5 x(t) 1
dt 2 tan”'(2nf)|
e M(f) = j2nfX(2f) (4n’) 2 |,
1 1 f o)
=j2nf — — X[_j =—— |tan"'(2n)—tan"' (0
2 /2] "\ 2 2n(4n2)[ (2m) ©)
1d
m(t) =——x(t/2
=27 (t/2) .
Sol: (b, 0)(-a, 1)
09 1-0
Sol: t=1 g(t)— —_ +b(t+b)
(a) x(t) = 5(t) 1 b
. By g(t)= t+ ~b<t<a
() h(t)=eu(t) b-a b-a
1 1 (®,0) (a1
= ) = T T ot 1-0
j ] g(t)-0=—-(t-b)
1 o0
X(@)=1E,,==— [X()| do == ¢ b
T % g(t): =
1 a—-b a-b
Y(1°)=X(f)H(f)=1 nf
t e dg(t)
y(t) =e¢ " u(t) 1 T at
T 1 b—a
Ey(t) = J(e t)dt :5
0 a b
1 b -a "t
(i) [f| <—Hz and |f|<1Hz
2n
1/2n 1 2 1/2n 1 1
E= | . df=2 [ ——— a—b
2|1+ J27f o 1+4n°f 5
ydg(t)
2 V}” 1 dt’
C4n® g £24(12n) 1 1
1 b-a I b-a
2 tan”'(2nf)|2= 1 - —a a l >t
4 2m |, 4 - l l
1 -1 1
J —a+b a—-b
1+47c2f2
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/2

2
d t 1 1 1 —jnm,t
#z—dwbﬁ—é}(wa) C,=— Ie et dt
dt b-a a—b s —d/2
e s(i—a) s —5(c-b) sm(n‘”odj
a—-b b-a _ 2
no, T,
(0 Gle)=——[e +e [ 4] ’
b—-a a-b . (n 2% . (nm
sin EEO.I sin S
G(oa): 1 . |:ZCOS(Db N 2coscoa} C = . _
—w”L b-a a—b 2mn 2nm
_ 2 cos ma N 2 cos wb S(f) = ZCHX(f—nfO)
mz(b—a) wz(a ~b) A
11. t t >
T, d [0d T
Sol:  x(t) = cos (4000mxt) —75 =25
f,, = 2000Hz = 2kHz s
€© % “ < &
X(f) CZT . [ oy
= >
12 1/2 =7 -3 2 |0 2 3 7
T T (c)Ideally sampled spectrum is extra
2k | 2k f
multiplied by T'sin C((”—T)
2n
@ X;(f)=f, Y X(f-nf,) Where T = pulse width
T, = 0.2 msec 12.
o r 1 Sol: y(t)=x(t) * h(t) = x(t) * h(~t)
T, 02x107°  2x107
h(t) h(-t)
f, = 5kHz 1 )

h(—t) = u(t) — u(t-1
5(f) 9 :t() u(t) —u(t-1)

n=-20=2p=_Ip=-1n=0| n=0n=1n=1n=2 n=2 - ’ ’ :
----- T T | sommomsonsenmen
—12k-8k-7k-3k-2k| 2k 3k 7k 8k 12k +r(E2) - r(t-3)

y(t) = r(t) 3r(t-1) + 3r(t-2) —r(t-3)

(b) Rectangular sampling
d=0.1lmsec ,T,=0.2 msec
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13. 1 1
2) X,(8)=——————,-2<06<4
Sol: For physical realizability h(t) =0,t <0 @ 2( ) +2 s—4 °©
H(o) = o~ (ko™+joty) _ ke’ o —joty (3)no common ROC so no laplace
(t . )2 transform for x5(t).
h(t) = / (4) no common ROC, no laplace transform
(5) no common ROC, no laplace transform
h(t) #0,t<0 1 1
; 6) X s)=————,-1<0o<l
not realizable. (6) 6( ) s+l s—1
By using paley-wiener criterion
H(w)|=¢ 02.
‘ln|H(03)” - ko> Sol: ROC=(c>-5)n(c>Re(-pf)=0c>-3
Imaginary port of ‘B’ any value, real part of ‘p’
In/H(w i
For causal J-Mdm<oo 15 3,
l+o 03.
o o I: Th ible ROC’
ke k((n2 L1-1) So e possible ROC’s are
j 2d0‘):J.2—d0) 6>2,0<-3,3<c<-1,-1<5<2
cl+o o +1
o0 0 1
=k.[d(o—k.|.—2d(o L
e _wl +® e—3s e—3S
Sol: Y(S) —
= s+1 s+2
Non-causal y(t) — o _3).u(t _ 3) (t-3) (t _ 3)
Unrealizable
05.
5. Laplace Transform s
Sol: () x(t)=e*Nu(t—1)e™ > X(s) == es ,6>-5
S+
Solutions for Objective Practice Questions (b) g(t) = Ae ™ u(=t— t)
_ A.e(s+5)t0
01. G(s)=——,0<-5
( ) s+5
Sol: e “u(t) <> ,G>—a A=-1,t=-1
s+a
at — 1 06
e'u(-t)«<>——,0<a .
- Sol:  x(t)=>5r(t)—5r(t—2)—15u(t—2)+5u(t —4)
e u(-t) > ——,c>-a 5 5e® 15¢™® 5e™
s+a X(s)= - +
1 1 s s s s
D X,(s)=—+——,0>-1
) 1( ) s+1 s+3
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07. Ans: (a)
Sol:  x(t) = r(t)—r(t—1)-r(t—4)+1.5r(t-6)-0.5r(t-8)
1 e e 3e®™ 1e™
X()=———-— += ——
©) s s 7 28 2%
1
So,D=—-—=-0.5
2
08. Ans: (¢)
1
Sol: X(s)=+————
ok X(s) (5+1)s+3)
1
Gis)=X(s-2)=—F——
(8)=X(s-2) G-1)s5+1)
G(w) converges means ROC include
jo axis
-1<o<1
09.
Sol: G(s) = X(s) + aX(-s), where X(s) :il
S +
Bs—B—aPs—af S
G = =
®) s —1 s?—1
of—p=—1,- B 0p =0
oa=-1,B="%
10.
dy(t) dy(t)
Sol: ——==-2y(t)+d(t =2x(t
o B oyea) Mooy
sY(s) =-2Y(s)+1 ----- (D
sY(s) = 2X(s) ------ 2)
solving (1) and (2)
s
Yis)= ,Xls)=
6)=2 X6
11.
-4 4 4 4
Sol: (a) X(s)= + - +
e T Oy g

12.

Sol:

13.

Sol: xl(t —2)<—> -

14.

Sol:

x(t)z_4e-2t.u(t)+4§e—nu(t)
—4te " u(t)+4e " u(t)

e—25

(s+1)
x(t)=~(t-=2) e P u(t-2)

(b) X(s)=-

y(®) +y(® * x(t) = x(t) + 8(t)
Y(s) +Y(s)X(s) = X(s)+1
Y(s)=1

y(t) = 8(t)

-2s

,0 > =2
S+2

sY(s)+4Y(s)+ 3@ = X(s)

-1
s 2
H = =
(S) (s+1)(s+3) s+1+

3
2
s+3

h(t):%le‘t.u(t)Jr%e‘“.u(t)
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15.  Ans: (d) 19.
. g2 2 _
Sol:  X(s)= iz re® H(s)= 1 Sol:  s’Y(s) + och(sl) + o2Y(s) = X(s)
S S
1 e )= s> +as+a’
Y = X .H =
©=X6he) = |

G(s) = O‘T H(s) +sH(s) + aH(s)

a’+s? +sa 1 1
G(s){ : =2
S s +as+a s

Number of poles = 1.

y(t):%[u(t)—e2t.u(t)]+u(t—6)

16. Ans: (b)

Sol: H(s) = L

S+5 20.  Ans: (d)
Y(s) = 1 _ 1 _ 2 Sol: Change the initial condition to —2y(0) and the
s+3 s+5  (s+3)s+5) forcing function to —2x(t)
Y 2 21.
X = 2O _ 2
H(s) s+3 Sol: (a). x(0)= Lt sX(s)=2

x(t) =2 ¢ u(t) x(oo) = LtsX(s)=0
s—0

4s+5
b). Xl(s)= improper function
17.  Ans: (b) (®). X(s) prop
\% 1 Y 1
V6 ) N> EYE
X(s) s+1  V(s) s+l 2s+1 2s+1
Y(s) 1 1 1 neglect the constant ‘2’ in the above
H(s) = = : = > .
X(s) s+17s+1 (s+1) function.
h(t) = te*. u(t) x(0)= Lts——=>
soo 2s+1 2
2
18- x(00)= Lt sX(s)= Lt ds 35 _ 0
sol: (a) L&) =1 siven statement is fal o 0 25+
ol: (a = — given statement is false
X(s) s s (c). x(0)=0
(b) x(t) =u(t) Final value theorem not applicable,
y(t) = r(t) is unbounded because poles on imaginary axis.
given statement is false (d) x(0)=0
(c) x(t) = u(-t) x(0) = -1
y(t) = o is unbounded
given statement is false 22.
(d) Given true Sol: H(s) = —k(s hi 1) X(s) = l
(s + 2)(5 + 4) S
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~ o k(s+1) 26. Ans: (d)
Y(S) B H(S)'X(S) B s(s + 2)(5 + 4) Sol: For an LTI system input and output frequencies
Kk must be same, there may be change in phase.
Y(OO) = SI;% SY(S) = g =l=k=38 Given that input is ajsin(mit + ¢;) and
_4 12 corresponding output is  a,F(mt + ¢y).
H(S) = s+2 s+4 From the above condition F may be sin or cos
h(t) = ~de*u(t) +12¢ " u(t) and o = ez
27.
23. s+2
j®— Sol: Gi X(s)=——
Sol: H(j(o)z - 2)(0 2 ° e () s—2
(J(o) +4jo+4
x(t) = 8 cos 2t, my= 2 Y(t) ~Q eZtu(_ t)+—e ‘u(t)
. -1 1 1. 2 1 1
H(J(L)O):J‘I.—_:Z'Fz_] Y(S)Zg.s_—z-i-ge U(t)
1 o /S T 11
(o)== 2Hlo) = % Y
8 yis N0 yis Y 4
y(t)=2\/Ecos 2t+z =242 cos 2t+z <2 o>=1
Y
(a). . H(s)= g
24.  Ans: (a) S
. —(,02+1 1{2(5-1—1)4—5,—2}0<2G>_1 >0
Sol: H(Jm)_m _ 3 (S—2)(S+1) ’U )

oo = 1 rad/sec
H((,O()) =0
y(t) = 0 for all w,

25. Ans: (d)

Sol: (i) H(s)= 2
S S

Y(s) = X(s)H(s)

- s(s+1)s—2)
S =2 pole lies right side of s-plane

y(00) = oo unbounded

o>-1

o>-1

]
(s+1)s+2)’
(b). The input is e Vt

.. the output = H(3) X input
3
4x5

3
y(t)= e
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28.

Sol:

29.

Sol:

30.

Sol:

31.

Sol:

ACE Engineering Publications

1 s+3
e )= 50 " 5 2)621)

o > +1 causal unstable

Does not exist in this case a causal & stable

system.

Ans: (¢)

(a) A system to be stable & causal all the poles
of the system should lie in the left half of s-
plane.

(b) Any system property like causality, stability
doesn’t depend on the location of zero’s. It
depends only on poles location.

(¢) There is no necessity that the poles lie
within [s| =1
All the roots of characteristic equation
means all the poles of the system should lie
in left half of s-plane.

Ans: (a)
1 s—1
Y(s)= His)=——
(S) s+2° (S) s+1
X(S):Y(s): s+1  2/3 1/3

H(s) (s—l)(s+2)_s—1+s+2
Stable input 2 <o <1

x(t) =

—%etu(—t)+%e_2t.u(t)

Ans: -2.19

Y(s)=1-

S+6
y(t) = 8(t) — 4 e ".u(t)
y(0.1)= —4¢°°
=-2.19

Solutions for Conventional Practice Questions

01.
Sol: (a) (0,0) (1,1)
x(t) =t 0<t<l
d’;it) —u(t)—u(t=1)—=8(t—1)
x®)=r(t)—rt—1)—ut-1)
I e’ ¢e°
X E TS

(b) x5(t) = sint[u(t) — u(t-m)]
= sintu(t) + sin(t—m)u(t-m)

e
1+s?

+

X5(s) =
() I+s*

_1+e™
s?+1

—ST

®,e
© Xs(5)= 55—
s’ + o,

(d) x4(t) = sinmotcoswyt u(t)
— COSMtsinmoT u(t)
®,COSM,T SSINM,T
s*+1 s*+1

Xa(s) =
®, COSM,T—SSINM,T
s* +1
(e) x5(t) = sin (wo(t — 1) +®e1) u(t— 1)

x5(t) = sin(®y(t—7))cos(wet) u(t-r)
+ cosm(t—T)u(t—T)sinwyt

—ST —ST 1
b€ T COSMT se T sinm,T

Xs(s) = = 2 2 2 2
s”+m, s”+m,
(®) xo(t) = tu(t)-u(t=T)] + Tu(t-T)
xe(t) = tu(t)-tu(t=T)+Tu(t-T)
= tu(t) —(t-T)u(t-T)
Xe(s) = SLZ -2

2
S
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02.
X, (s)=1—i+L2
3s® +225+27 s+1 (s+1)
Sol: (a) Xi(s) = 3
(s+D(s+2)(s” +2s+5) x3(t) = 8(t) — 3¢t u(t) + 3te  u(t)
A B _ Cs+D
s+1 s+2 s°+2s+5 03.
— 2 T
Xi(s) = 2 + 1 + 32S+1 > Sol: M vi(t)=—=t, O<t<—
s+1 s+2 (s+1)°+(2) T 2
x1(t) = 2e™u(t) + e u(t) — 3ecos2tu(t) V(0:;2¢+2 T o7
+ 2¢"sin2tu(t) T
2 2
(b) Xx(s) = (ZSH) G 2+ +1) , 2@
(s°=s+1) (s"—s+1) dt
2/T
Xals) = 145>
s”—s+1
3s
Xz(S) =1+ ) 5 " . T >t
s—— | +=
2 4
1
=1+ ; >+ ; 5
(S_lj +(\/§\J [S_lj +(\/§J A szl(t)
2 2 2 2 Ta
2/ 2/T
X(s) ‘
5= n 0 T2 T g
1+ 2 +\f3 2
) P (BY (Y
s— | +— s— | +— 4T
2 2 2 2
Xa(t) = d’v,(t) 2

S(t)+3e™? cos[\/jtJu(t) ++3e7? sin[\/gtJu(t)

s*—s+1

Xi(s)= — > 17

© Xs(5) s +2s+1
Xy(5) = 1 3s 3s

2 =1- 2
s”+2s+1 (s+1)

4 T) 2
=—8(t)— =8 t—— |+—=8(t—T
dt’ T() T ( 2] T( )

N A (PR A T P
Vl(t)—TI'(t) Tr(t 2j+Tr(t T)

2 4 =30 2
SVis)==———e > +—¢e
T T T

ACE Engineering Publications
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15 = d*v,(t)
(& +e”° 2
Vi(s)= — $ dt
1) T s’
dv, (V)
4 dt 1
2 0 15 25
@ g L (6)
0 1 2 3 4
~ v3(t) = 2r(t) — 6r(t-1) + 6r(t-1.5)
—6r(t-2.5) + 4r(t-3)
4 dZVZ(t) - -1.5s -2.58 -3s
T B 2 66 66 1.5 66 2.5 4e 3
@‘ V3(S)__2 &2 + =) o &2 + &2
04.
1 2 4

Va(t) = 2r(t) —2r(t=1)—4r(t-2)+6r(t-3)

_2 r(t-4)
2 2" 4e 6e 2
VZ(S):S_Z_ g e 89
dv,(t)
3 3
3) e

1.5

4

2.5

Sol: ZSR:
¥(0) =0, y'(0) = 0, x(0)=0

s*Y(s) + 5sY(s) + 6Y(s) = 2s x 1 + 1
S S

V(&) 55+6) = 23]

24116 32 53

Y= ———
s(s+1)(s+2) s s+2 s+3

y(t) = —u(t) += e’Ztu(t) e’Stu(t)

05.
Sol: (a) i)+3y(t) 4x(t)

ZIR: sY(s)—y(0)+3Y(s)=0
Y(s)(s+3) =—

-2
Y(s)= ——
= s+3

y(t) =-2¢7" u(t)
ZSR: sY(s) —y(0) + 3Y(s) =4X(s)
y(0)=0

2
0 1
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V(s 4 3Y(s) 4s No condition required because pole is not
SY(s) )= s’ +4 changed.
(S P R— (b) &) jh( )d
= = 1)dt
(s> +4)(5+3) g
A Bs+C H(s
=t = 1)
(s+3) (s°+4)
12 8 ) H(s) must have atleast one zero at s =0
-12/13 13° 13
Y(s)= += +-
s+3 s"+4 s +4 08.
y(t) = 2e 3’tu(t)+—3cos2tu(t)+—3 sin2tu(t) Sol: x(t)= e =y(®)=e"H(s,)
1
(b) ZIR: szY(s) —sy(0) — y'(0) + 4Y(s) =0 H(2) = P’
sY(s)—s—2+4Y(s)=0 |
Y(s) (s +4)=s+2 y(t) = ge”
2
Y(s) = +
® s+4 s’+4 sH(s) + 2H(s) = |
. s+4 s
y(t) = (cos2t + sin2t) u(t) | b
ZSR: $Y(s) + 4Y(s) = B H() (s+2)= =~
S
NN S H(S)_L[LJ’}
S(SZ+4) S SZ+4 s+2|s+4 S
y(t) = 2u(t) — 2c0s2tu(t) 0 T LA
416 2| 6
06. b=1
Sol: X(s)=——>5—7
(s+D(s=1)(s+2) 09.
1 ) 1 Sol: Initial Value theorem
= — + A
s+1 s—1 s+2 x(0)= Lt SX(S)
(c>-1)Nn(c>2)Nn(o<l) =-1<o<1 dx(t)
x(t) = e 'u(t) +2¢ u(-tyte u(t) o O SXE-xO)
(dx@®
SX(X)x(0)= | —= e "dt
07. (X)-x(0) j b

Sol:h(t) - causal & stable
d
= —|h
(a) g(t) dt[ ()]

G(s) =s H(s)

Lt [SXS)x(0)]= Lt [J’ %e_“dtlzo

0

Lt SX(8) = x(0)

ACE Engineering Publications
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Final value theorem (t-Tu(t-T)
x() = Lt SX(S) 1

_pdx(®) o
SX(S) - x(0) = ! 5 © dt S
Lt [SX(S)-x(0)]= Lt [j meStdt]:O T ‘
S0 S0 0 dt
_ | pdx(®) 11.
oL, SX®) ~x(0) = H dt dt} Sol: _ df(o/dt

= x(=0) — X(0) O

x(o0) = ¢ SX(S)

10. 0 3 4
Sol: @'
tu(t) @
1 d*f(t)/dt
s? S(t)@
B ®
T)u(®) - ! > 4
tu(t) — Tu(t) ‘
— " @ b
R T > t Sz S
5(1)

2
tu(e-T) ddigt) = 28()+ 8(t) — 5(t—1)— $(t 1)
(t-T)u(t-T) + Tu(t- —28(t—3)+25(t—4)
o D e f(t) = 2u()+r(t) — r(t — 1) ~2r(t — 3)
ThH----- g2 S +2r(t—4)—u(t-1)
T > ¢ 2 1 er 2e™ et e
F(s)= —+———— + —~
©) s s* s s’ s’ s
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12. Given p, =—1+],p, =-1—]
Sol: (i) s*Y(s) + 6s Y(s) + 8Y(s) = 3X(s) K
Y(s) X(s) = : :
MO [s—(=L+ Pis— (-1 ]
X(s)
B K
3 = 3 (s+1)* +1
s°+6s+8 (s+2)(s+4)
X(s) = x =8
H(s) = 32 312 1+1
s+2 s+4 K=16
b = Z[e —e ™ Ju(y X@E) =0 os-
(s+1)"+1
1
i) X(s)= 6. DTFT
(i) X(s) (5+2)°
Y(s) = H(s).X(s) = 3 1 Solutions for Objective Practice Questions
(s+2)(s+4) (s+2)°
01.
YO oS 2)?(3 T 4) Sol:
11191 h() 91 |
sin| o N, +—
13. === o 2
Sol: First Plot N, N, n )
X(S) = 2s _ 1/2 [ 1/2
s —1 s+1 s-1

x(t) = %(etu(t) +eu(h))

Second Plot
. . 2

X(S):(S+J)(S J):Sz+1

(s+D)(s—-1) s —1

2

X(s)=1+

(s) 1
1 1

X)) =1+————

©) s—1 s+1

x(t) = 8(t) +e'u(t) —e ‘u(t)

14.
K

Sol: From (1) & (2) X(s)=
o e T

(a) H(w)=ﬂ

-5

Here N; =3
LT
3 3 > n

h(n) # 0 n <0 — non — causal

(b)
Here N; =1
After applying time shifting property
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Lol ol X(ej‘”):1+e'j“’+ej°°+§+§e2j‘”+§ 2o
2 4 4
X(e!)= ix(n)e’j‘*’“
012 " 3°° .
h(n) =0 n <0 causal X(0)=1+5:E,x(1)=1,x(—1)=1,
3 3
(¢) h(n) = 8(n—-3) + d8(n+2) - non causal X(2) = Z ,X(-2) = Z
3
21,2.1,2
02. x(n) = [ 2
Sol: (a)a"u(n) <> —
l—ae™ ”
(i) x(n) = 238(n + 3) — 38(n - 3)
y(n) = 1 u(n) X(e?)=2e"" -3 eI =3[~ ¢ ¥ —¢
4 3j®
Y(e jm)= 1 X(e®) = 4jsin(3o) — e
1- le_jCO Given X(&'”) = asin(bw) + ce!*®
a=4j,b=3,c=-1,d=-3
Y(ejo): L = i
L3 04
1-- .
4
(T
. 00 Sln(4 nj _]En [
(b) X(e-]w) zx(n)e__]ﬂ)n Sol e 2 o | p 31’[‘ 0
n=-—oo m Z T
O=T7
. [T
sin| —n T
e, [
£ R
X( )_ DX (n)=1)" = cos ( n)=-1 nn 3 —Tc| > ®
n=-—oo —_—
4 4
jo|_ -jo -2jo -3jo )
(©) H(e ) 1+ge +3¢ 1 £ 4e Y
DC gain H(e”) = 142+3+4 = 10
03. 3 —_TC | - 3_7I >
4 4 4 4

Sol: (i) X(e)=1+¢" +e™ +%[l +c0s20)]

) ) ) 2jo -2jo
X(eJ‘*’):lnLe‘J"’+eJ‘”+é 1+ re
2 2
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. (nnj 06.
‘ sin 2 .
Y(*)= nmw |:e el } Sol: [lj U(H) “ —1
2 1 —jo
1-—e™
2
s1n(4j n From time scaling propert
y(n)=2 cos(nj & Property
nn o
G
05. 2 10 1— 1 e
Sol: A
@ ) 07. Ans:
. ns: (b)
Sol: x(2n)={1,3, 1}
>0 1
_OJC OJC
x(2n) =0d(n +1) + 338(n) + 6(n—1)
—— n .
£(n)= (1" (o) el
jo) _ j(o-m)
G(e”)=n(e') FT [x(2n)] = 3 + 2cos®
G(e')
W 08.
i i ‘ Sol: X(Ej © X(ej‘”k)
o, T o k
Ideal HPF D) x| = | X(ei2
) ( 2) ()
jo ) _ jo i(o-n) 2
® Y(e*)=X(e* )+ X(e!) (i) x(2n) & X[eJ
A 1
TN ‘ 09.
—% > >® .
T o Sol: o"u(n) < A
2 2/1\ ® l—-oe™
. e g @ = e
® = - a"“un-3) & -
Y )_1 2 2 ( ) I—ae™
/ - jnz s -3j(o-n/8)
T 0 x « 3_7{ Y e fa .u(n - 3) © L — oce‘j(‘”‘“/g)}
2 2 2 3j(0-n/8)
i -3j(o-m
| | nea -3 S| S
Y(e]O):l,Y(e]T\:):l d(D 1—0(610”[
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?s ACE 62 Systems & Signal Processing
10. _ 1
Sol: tH(”) e V2
< 3
DC gain = H(¢"’) = 3a. =
1442
>
6 6 14,
Input signal frequencies are r E -jo
84 Sol: H(ejm)z L
1—ae 1
Then the output is (n) —sin| Zn - j ;
putis y ] IH()]? = 1 = H(®).H*(®) =1
b+e 10 | b+el® 1
11. 1—ae 1 | 1-ael®
Sol: For an LTI system input is X(n) =eJ®" then Only when a=-b
. _ Jon j®
outputis y(n) =¢e’"° .H(e 0)
P y() 15. Ans: (a)
H(e) = Y h(n)e ™ Sol: Hlel® =1+ eI + pe2i®
. x(n) = 1+4cosnm
H(ejm)= 8+/2 c0s 20 — 44/2 cos @ L
xi(n)=1w=0
®, = K [H ()| =1+ o + p £H(") =0
4 yin)=1+ao+p
T
. jn— Xy(n) =4cosnt ©=T7
jo, )_ _4e 4 4 |
H(e 4 ()= HE™)| =1 — o + B LH(E™) =0
y2(n) =4 (1-a+B)cosnn
12. yn)=(1+a+p)+4(1—-a+p)cosnn
2 ..
Sol: (a) y, (n) =X (n)lt isnot an LTI system. y(n) =4 only when . =2, B = 1
(b) Input frequency and output frequency are
same. So, it is LTI system. 16. Ans: (a)
H() =2 2
(¢) y3(n) =x3(2n) it is not an LTI system. Sol: ( ) Z z =15LB
n=0 n=0
13.
Sol: H(¢"”) =2 a cosm + B 17.
Sol: y(n)=x(n) +2x (n—1) + x(x-2)

He") .. =0 Hle"] .. =1

o= ()L\/E-I-B:l

Y(&) = X() [ 1+2e7 + ¢ 73]
H() =[ 1+e7° ]

=[ 1+ cos ® — j sin®]’
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(a) [H(€")| = (1+ cos @)’ + sin” () xfei/4)- tan_l(l/ﬁ j _n
ZH(e") = —2tan™ — 0 © 12) 4
1+ cos®
105>0=0 = |[H@E)=1 21.
ZH (") =0° - 2 ,
) Sol: H(w)= 3 hin)e ™ =3 h(n)e "
T % T ‘o = -
4cos(—+—j—>oa=—:>‘H(eJ }:2 n=-< n=0
2 4 2 _ 1 1 —jo 1 -2jo
= / H(e") = —90° “373%0 T3¢

(b) Output of given input 10+ 4 cos(? + %)
is

10+ 4(2)c0s[%n + I fj

4 2
= 10+8cos[n—n—ﬁj
4 4
18. Ans: (b)
Sol: anti symmetric, k =-2
0(0)="2w
Slope = -2
19. Ans: (b)
5
Sol: x(n): cos| 2 n | = cos| —n 0 =X
2 2 2
H(E)| =1 4H(ei°°o )= _g
nmw
n)=cosf ———
y(n) = o 2 -
20. Ans: (a)
Sol: X(¢/”) =2 + 2cosm +e I + 2¢4°
i :
Xl ed |= lﬁ
2

= lefj‘” [2cos o]+ le’j‘0
3 3
H(w)= 2 6 cosm+ e
3 3
| B
H(o)= 3¢ [1+2cosm]

H(o)=0= %ej‘”[l +2cosw]=0 only

when

1+2cosm=0

1 27
COS = —— =CoSs| —
2 3

0= 2?71 =2.093 rad

22. o
Sol: X(eJ )
1
0
—M¢ [aR
1
E=— [ldo=—%
27 o
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23. Ans: % ©. 1X(e" boo = 22x(0) = 4n
Sol: BZ plancheral’s relati:)n @, rch (ej“’ )3 200y = 2mx(2) = 0
> x(n)y(n) =[x vler ko e
n x ©. J[x(e”) do =2n[ > |x(n)|2J —28n
. (nm . (nm - T
2) <42 A
S . /P B N 4 —X(e") do=2m nx
x(n) 271n 2| mn ®- “ido o
=158x2n=316m
12 (8). AX(ej(" )= = —[NT_I)CO =-50
. (nm
sin
%)
P m < 25. Ans: (d)
Sol: f(n) =h(n) * h(n)
-n/4 /4
1 2 2
. (nm
| sm(3j 1 )/ }/
y(n)= 5 2 }/ }/
nn
2 }/ }/ /4/
1/5

y(n) f(n) = {%, 4,8, 8,4} = causal

. N . N1
- I —

o SN 4—7’[7/% 3
—X—

—
Smn :2_11:-[

HEE

& 2m o
:L4
40
24.
Sol: (a). X(eJO): ix(n):6
n=—o0
.  X(e")= ni(— 1)'x(n)=2

g(n) = h(n) * h(-n)
h(m)={2 2 1}

T

h(—n) ranges fromn=-2 to

h(n) ranges fromn=0  to

5B B B
Il
oo O

..g(n) ranges from n = -2 to
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g =1{2,6,9.6,2}

= g(n) is non causal

value is 9.

26.
21 x 5k o< 2nx 10k
40k 40k
Fs =2f,
=2x20k
=40k

Sol:

<<

r r
4 2

27.
Sol:

Ans: (a)
x(t) = cos(Q,t)

x(nT,) = cos(Q,nT,) = cos( IQOH

and maximum

Given x(n) = COS(HT:C) = cos(gin) —————— 2)

4
By comparing (1) & (2)

Qy =w Q, In
1000 4 ° 1000 4
0 =250m, 2250m

28. Ans: 2.25 kHz
Sol: H(¢")=0.5+0.5¢ "

o = — is 3 - dB cutoff frequency

N[ a

2nf @
N=——=—
£ 2

2nf o«

9kHz 2
f=2.25kHz

7.7Z - Transform

Solutions for Objective Practice Questions

01.

Sol:

V4

z
a'u(n) & ,|Z| > |a|
z—a

V4

—-a'u(-n-1) < z , <|a|
z—a

ROC=(lz| > ) n (2] <la)) =1 <|z[ <2

Only when a =+ 2, ‘ny’ any value

02.
Sol: (a) finite duration both sided signal 0 <|z| < o
(b) finite duration right sided signal |z| > 0

(c) infinite duration right sided signal

(Iz| >1/2) (|z| > 3/4) = |z| > 3/4

(d) (1z>1/3)"(|z< 3)"(z| > 1/2) =1/2< [z]<3

03.
Sol:

Ans: (a)
ROC = (|z| > |a|) n (]z| < \b2|) common ROC

exists only when |a| < [b?|

04.

Sol: i) Ans: (b)

ROC = (|2 > [a]) n (2| > [b]) (Iz] < c])
=[b] <lz] <|c]

i) ROC = (|2 > |a) (|2 < |B])

X(z)=—=2 _ZiB

Z—0
(@a>p noZT
(b) o <P Z.T is exist
(c)a=PBnoZT
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w?su A,{(:ME 66 Systems & Signal Processing
05. Ans: (¢) *
Sol: X(z) = I + =
1—-—2z' 1+ 1 7! Now consider option (b)
2 2 Yoz)=z"'+4z3 +------
11y 3(-1Y ={0,1,0,4,------
o) =33 a3 o) o }
Y x(n)y,(n)=0
X(2)=" n=—o
06. Ans: (d) 08. Ans:r=-1/2
Sol: poles =j, —j, zeros =0, 0 ) 1+1Z,| H(l_lzf')
s Sol: H(z) = 1 N r __ 4 2
X(Z)= 7 l—lz_l 1+lz_l (l—lz_l)(l+lz_l)
27 +1 2 4 2 4
X(H)=1=k=2
( ) 772 Consider the numerator
Xlz)=
2
z +1 1+lz_1+r(l—lz'lj
Given right sided sequence. So, ROC is 4 2
2> [+ j =17 >1 (1+r)+(%—%)zl
27° y
X(z)=—=5—, ROC islz| > 1 1 r
z"+1 B
4 2
Zero = et
07. Ans: (b)
o g If zero=1
Sol: X(z)= " 1 r
nZ::; 2+n ——
1 S/ [N -
L B A S I+r 4
—TSr = i =>r=-1/2
If zero=-1
X = ==, 2,010,
4 2 I'r
4 9 1
T %:—1:2—%?14
+r
Now consider (a) option N
5 = T = r=-5/2 is not valid

v $ (2]

n=0

Because given as |r| <1
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09. Ans: (a) 1 P j
4 P,= TC 4 —74—5
Sol H(Z)z z I 2
7+ jsn :
4 P3:Le4 :_l_l
1 V2 2 2
H(Z);t H(Z_ ) .
J7n .
h(n) # h(-n) P Lega 1 J
. 2 2 2
.. h(n) is not even.
4
n n HE) =
{2 )erxa R Py ey ey
4
Z4 o (_l]nMu(Ej _ kz 1
4
Z4+1 4 4 VA +Z
So h(n) is real for all ‘n LivoigEin) = B¢
o PRk,
10. 4 5/4
-1 25
Sol: (-3)".u(n-2)e 1z >3 " 16
25
9z b
-3 -n-2
(3 a(cn-2) e 2| T
s 1
7'+ —
4
11. . .
Given g(n) = (j)" h(n)
Sol: g(n) = d(n) — 5(n-6) G(z) = H(z)j)
G(z)=1-2°, |2 >0 4
%(ZJ 2
16\ j
2z z 24 + -
Sol: X(z)=2z"+2z+ (j +—
(2) — R 4
x(n) = 8(n+2) +28(n+1) — 2 (2)"u(-n-1) © 25 25 o 25 =
Z)= ———72Z T—7Z T.....
16 64 256
13. Ans: 0.097 25
Sol: The poles of H(z) are g®) = ﬁ_0097
P, = exp( 2k l)nj =1,2,3,4
V2 14,
1 1 5Y 10"
P=—e4:—+—=— Sol: x(n)=|—| uln)+| —| u(-n
m et =d 0=[3 ) wo)+( 2| uem

X O OB 01 Ty ) LT g1 el T VTN (0 Bl Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




w?su ACE 68 Systems & Signal Processing
5Y z z’ 1
= uln)e , |z]>5/4 Y(z)= —<z|<3
4 5 | - 1 2
zZ—— l-—z" |1--z
4 2 3
7Y 7
— | u(n) & 7| >—
(10) @) 7 [ 10 17.
10 Sol: H(Z)= !
—n — 1 -1 1 -1
— | u(-n) <« ‘ s L =2z | 1-37
1 .7 10 2 3
10 X(z):l—lz_1
1 3
10Y' 2 10
(—J u(-n) < 1 Z 7 |Z| < £l Y(Z) = H(Z).X(z) = ;
-0 L
z 10 ! 2 z
: )=(2) a0
_z 7 =yln)= (—j u(n
X(z) _§+l_l ROC 2
4 z 10
5 10 18. Ans: (a)
e Sol: GE") =ae "+ e
G(e™) =e " (ae’ +pe )
ROC= 2 < || < L .
4 7 Let us consider oo = 3
G(e™) = ae (2 cos(w))
3. When a = f it gives linear phase.
Sol: X(Z)= 7zt +72° -2z+2-3z"
H(z)=2z" 19. Ans: (a)
Y(z)=X(z)H(z)=2z+2z" —42* + 427 - 627 Sol: H(ej“’ ) = g 2io _ g0
4) =0 o
y(4) IH()
16. . HPF
; i
Sol: x,(n+3)« Jzp>— |
1-—z"" 0 pa >
-1
Xz(_n + 1)(_> 1 |z|<3 and it is FIR Filter because h(n) is finite
1_52 duration.
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20. o T
Sol: (1) x(n) =1z¢", y(n) = zy" H(zo) 3
y(m)=(-2)". H(-2)=0 2nxf m
H(-2)=0 %k 3
l+a i f =1.5k
-z
(2)H(z)= Yg; = 4 23.
1 0.5
1-—z Sol: X(Z):E,Z <2
(a) H(-2)=0 x(n) =-0.5 (2)". u(-n-1)
_9 x(0)=0
e
8
(b) y(n) = (1)". H(1) 24.
H(1)=-1/4
() | Sol: X(n) = {(1) ne\;e;l
- n no
s(n)==10)
=>X(@z)=1+z>+z"....
21. Ans: (a) 1
Sol: y(n) = h(n) * g(n) | = 1—z2
Y (") = H(e"”) G(e") 1
= vier)- )
[l—ze_j“’} x(o0 =ZL_>t1 l—Z_l)X(Z)
. 1 : 1) 1
= G(e") = V() = — e Y(e) —}j(l—zl/(hrz_lxl_zl)
1 1
=g =y - —y(n-1) =5
Putn=1
25.

1 1 1
=g =y) - 5 y (0) =573
g(1)=0
22. Ans: (¢)

Sol: H(¢'”)=1—¢ % =0 only when
6w=2nn(n=1)

d(n)+d(n—1)+03(n—-2)
10
l+z "' +27 B 2 +z+1
10 10Z?

2 finite poles, 2 finite zeros

Sol: (a) h(n) =

H(z) =
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w?su ACE 70 Systems & Signal Processing
(b) Given x(n) = u(n) 1=zt
1 o) = -2 )y 12 )
X(z) = 1 - 81—z
-z~ .
l+z ' +27 Y(OO): Lt 3 X(Z)
Y(z) = H(z) X(z) = ~ -1 8
10\l -z () =0
N©)=
_ e
y(o) = Lt(1-2" ¥ (2)
147 477 1 27. Ans: (¢)
—1 Z VA
= ZI;tl(l -z { 0 }L — } Sol: Y(z)=H(z)X(z)
A N 1
1+1+1 3 = I
o) = = — 1 —Z ]- -1 -1
y(0) 10 10 [1—32 j(l—z )
_X e
26. Ans: (a) y(20)= Z];tl(l z )Y(Z)
Sol: The output of the sampling process is
. =>A+—=0
x(nTs) = 2 + 5sin(100XwxnxTy)
1 -3
T,=— A=—=
> 400 2
x(n): 2+ 5sin 100><7r><n><L
400 28. Ans: (¢)
. [ nm T . _PBz-2z
x(n) =245 sm(Tj , ©,= Z Sol: H(Z) =57 o
Nozﬂmzz—nm Pole=i\/E
®, T 2
4 o
No=8m ‘\/; <1 = |a| <2, any value of ‘B’
Ny = 8 is the No. of samples per cycle
29.
Y(Z) 1{1-z" ) . .
=T Sol: (a).An LTI system is stable if and only if ROC
X(Z N|1-z . .
includes unit circle.
N=38 05<|z|<2
Y(Z) _ l 1- Z:T X(Z) (b). For an LTI syst.err.l to. be causa.l & stable, all
8| 1-2z the poles must lie inside the unit circle.
Final value theorem z =2 is the pole lying outside the unit circle.
_ So it is not possible.
o)=Ltll-z")Y
)= Lii-2)v(o) o o
|z]<0.5
05<]|z|<2
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'ugsu',,gASE 71 Postal Coaching Solutions
2 <] z| < 3 are the four possible ROC’s 34. Ans: (c)
30. Ans: (d) Sol: H(z) = Ll is a stable system because pole
Z+—
(z—iejej(z—ie_ﬁj i 2
Sol: H( )_ 4 Z = —— is inside the unit circle.
7 ——
3 The poles of H(z) should be inside the unit circle
Numerator order > denominator order so, anti- for a stable system.
4 .. A 1s True but R is false.
causal system & |Z| < 5 - stable
35. Ans: (¢)
31. Ans: (d) 241
O Sol: H(z) = z
Sol: Poles=1-0.5z2 =0=>2z=0.5 (z+0.5) (z—-0.5)
-1 _ —4
Zeros=1-2z =0=2z=2 (1) The system is stable because poles z = +
If all zeros and poles are inside the unit circle [|z] 0.5 are inside the unit circle.
= 1] then it is a minimum phase system. 2) h(0) = Lt H(z) =1
So given system is Non minimum phase system 50
if all poles are inside unit circle then we can say D s
system is causal and stable. So given system is G)o= 2nf _ 4_T
stable. f, f 2
2jo
; e +1 T
. H(e'*)=— 4 ato=—=0
32. Ans: (a) ™) (e’ +0.5)(e™ —0.5) 2
I 1
Sol: H(Z) S S
. 2 2z-2 36. Ans: (o)
Given stable system. So, ROC includes unit Sol: A causal LTI system is stable if and only if all of
circle. ROC is |Z| <2 poles of H(z) lie inside the unit circle.
-1 1 So, Assertion (A) is true but Reason (R) is false.
h(n)= L 8() L ) ul-n 1)
37. Ans: (b)
33. Ans: (¢) 307224 N
Sol: Poles z = 12j Sol: H(z) = - : IZ Bl =
) — 2+ -7+ D)
|poles| =2

ROC = |z| < 2 because system is stable (ROC
includes unit circle).

In this case system is non-causal

As N(z) is of higher order than D(z), the system
is not causal, as 8(n + 1) is one of the terms in
the output for the input d(n).

If the N(z) is

denominator, the system

of lower order than the
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(i) may be causal or

(i1) may not be causal as it depends upon the
ROC of the given H(z).

So, Both Statement I and Statement II are

individually true but Statement II is not the

correct explanation of Statement I

38. Ans: (a)
Sol: Both Statement [ and Statement II are
individually true and Statement II is the correct

explanation of Statement I

39. Ans: (b)
P,+PZ"' +P,Z"
1+d,27°

Sol: H(Z) =

Direct Form — I

No. of delays = 6
Direct Form — 11

) R
X\ [ - ©,
Z—l
) (s
OO
z! -
.
CZ/ 0 o \Z>
Z—l
—d; P,
No. of delay’s = 3
40.
Sol: y(n)=x(n-1)=Y(@)=z"X(2)

41.

Sol:

42.

Sol:

H(z)=z"' =Hi(z) Hy(2)

H,(z)=2" {M}

1-0.4z"

Ans: (a)

1
Hz)=—————— — (1)

T 1-0.7z" +0.132°

From the given plot

H(z)= S @)

- 22
l-az "' —a,z

By comparing (1) & (2)
ap=1,a,=0.7,a,=-0.13

H(z)=——
1—az

h(n) = (2)"u(n)

1
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i|h(n)| < oo stable

= oo unstable
= 1
Z(a)“ =—, a|<1
n=0 l-a
=00, |a| > 1

For b, c, d cases system transit from stable to

unstable system.

43.
Sol: From signal flow graph

I—Ez"l

H(Z):L
1+ EZ_I
3

Pole = ‘—k <1
3

k| <3

44. Ans: (¢)

Sol: From signal below graph reduction

2477
H(z)=
() 1+2z7"
_ 2z+1
z+2

45. Ans: (b)
H(ej“’)= 2’ +1

Sol: .
e’ +2
H() =1
HE™) =1
[H(e™)| = 1
So, All pass filter

46. Ans: (a)
Sol: 1-k[z'+27%]=0

For causal & stable |poles| <1

1++/5 142236

k:1:>21,2: 5 5

(outside the unit circle)

+

k:2:>21,2:

=1+1.732
outside the unit circle
Here k = [-1, 1/2]

y(n)

47.
L
Sol: H(z)= LJrZA
1-0.54z
x(n) d 1 5
—— &)
Ztl
" >
From the above block diagram
d+dcz
H(z)= ——=
@) 1-bz™

By comparing

d=-0.54,c= ,L ,b=0.54
0.54
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Solutions for Conventional Practice Questions H(e jo ) _ b e (e jo ) _ b
1-0.5¢71°" 1-0.5¢7°
01. A A 2 .
: : H(e” ()= —— = (e
4 4 1-cos®+0.25
Sol: (a) x(n) = 3 u(n), y(n)=n 3 u(n) .
‘H(ej"’}2 =—=1
io 1 o=0  1-1+0.25
1= teio b=20.5
5 2
Half power b = l
. 1+0.25—-cos®w 2
Y(e'®) = i 1 0.25 _ l
1_567@ 1+025-coso 2
4 1+0.25—-cosw=0.5
- 1[(— 5](— je )} cosm = 1.25 - 0.5=0.75
= £ o = cos '((0.75)) = 0.722 rad/sec
(-3
I-—e
5 03.
4 :
ge J Sol: Hl(e‘]m): 11 y
= 1—-—e®
5] 3
S H(ej‘”)— Hl(ej"))+ H (ejm)
A —jo 5
Cy(e \ —1+ e
12 12
4
. T omio : -2
Y(E) _ 5° Hz(ejw): 1
l—ge_Jm
4 4 il
Y(e) - ge_j“’Y(ej‘*’) = ge_j‘*’X(ej“’) hy(n)= _2[Zj u(n)
4 4
y(m) =2y =D =2x(n-1) o
Sol: H(ej‘”)z > ; X(ej‘”) !
1 . 1 .
02. A A A A 1+—-¢™ I——¢e™
Sol: Y(e®) = 0.5¢7 Y() + bX(¢") 3
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" 5
Y(eJ ): T T
(1+e‘l‘”j(1—e"”’]
2 3
_ 3 N 2
1+ lgmio o lgmio
3

05.
Sol: (a) Y(¢/°) =™ - X(¢!)
= y(n) =x(n—ng) =x(n - 4)
(b) Y(¢") = Re[X(c")]
x(n)+x(-n) _ X(ejm )+ X" (ej“’ )
2 2

= yn)=

(¢) x(n) > X()

X[ej(m_gj J > x(n)e%tn

(d) x(an)eX(ej—mj

a

x(%) o X(eo)
y<n>=—jnx(gj

07.

Sol: (a) Z transform of a sequence x(n) is defined

o0

as X(z)= Zx(n)z_“

n=-w
1 _ efotT

© z =z(z—1)(z—e"ﬂ)

A B C
=—t—+ —aT
z z-1 z-e
X(z) —(l—e"‘T)Jr 1 e
z z z—1 z—-e™
o Z o Z
)= fi-eTr 2o L

x(n)=(e*" - 1)6(n)+ u(n)-e*’ (e_‘)‘T Ju(n)

08.

Sol: X(z) = i x(n)z"=z+2-7"+27"

n=—o

X(Ee*)= Y x(n)e ™ =e +2-e +e7

n=-—o0

09.

Sol: h(n) = 3( jnu(n -1)= 3(ijnmu(n -1)

N

Z—l

s
4 l—lz’1

H(z) =

4Y(z) [l —%z‘l} =3X(2)z™

4Y(z) -7z 'Y(z) =3z ' X(2)
4y(n) —y(n—1) = 3x(n-1)

10.

Sol: (_—1j u(n) © +,| z|> 1
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_l . 12.
z 1
%J zp> Sol: Y(z)[l —~ lz_l} 1 y(=1) =2X(z)
(1+zl) 3 3
n I Y(Z)[l—lz_l}z f +l
(—j u(ﬂ)(—) ] | z|>—= 3 1+=z" 3
| — 3
3 1
D uen)o 127 b~ =)z 3 Y(2)= : r—3
5) v T ) i)
—lz_1 6/5 4/5 ;
X(z) = 2 L~ <zk3 YO = :
-1 1 (14—21) (1— lj (1_21)
(l—i-z j(l—3zj 3 3
Yy 61/51 . 17{151
1. (sz j (1_32 )
3 G .= ) \
Sol: Y(Z)—ZZ Y(Z)+§Z Y(z)=X(z) =2 e+ (1) un
y(n) 13 (n) 53 (n)
T e
1-—z +§z (1—42 )(1—22 ) 13
-1 2 Y 1
7)= S — | u\n
H( ) l—éllz1 +1_;Z_1 ) (‘J : )<_>1—41‘z1
hln)=2( 3 | oo)=( | uto) ) e ey
4
Step response: x(n) = u(n) , X(Z)I# 1 4
— - ZZ 1
Y(2)= HE)X() K=y
| 4
- Xz(n)zu(n)+[%j“u(n)
11y 1y 8
y(0) =34 ) w23 | u)+ Suto
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& ACE
1 1
Xz(Z)=1 s 1 | z[>1
B 1-—z"
2
|
4 1
X(@Xe)= |tz
(l—zl) 1-—z"
1 1

Z—l
4

(o> )=z )0 (123 |12 5]

) 0)== ) )+ Sl 3] o

3\4 3
14.
Sol: Y(z)[l LU z-ﬂ _ xm[- 24 _z—l}
-2+>z" —2+%z"1
H(z) =
lJr—z’l—lz’2 (1+1Z_lj(1_4112_1)
-3 1
H(z) = +
(1+lz_l) (l—lz_lj
2 4
h(n)=- (—j u(n)+(%) u(n)

15.
Sol: X(z) = 1k - /i‘ B _
(z—j(z+1) -1 142
2 2
. . 3 1
ROC includes point z = 2 E < |z| <1

x(n) = A(%)nu(n) ~B(-1)"u(-n-1)

x(1) = 1 Right side value

A(lj u(n) =1
2 n=l
A=2
x(—1) =1 — left side value
-B(-1)=1
B=1

x(n) = 2(%)nu(n) —(-D)"u(-n-1)

16.
1 =5 3
Sol: Poles=—,— zero= ——
4 4 2
L 025,23 = 1.25
4 4
(a) Pole lies outside unit circle
Num order < den order — causal, unstable
(b) All the poles and zero should lie inside the
unit circle then it is minimum phase.
So given system is Non minimum phase
system.
17.
1 1
Sol: (a) X(z): —+
-z -
1-—z
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-—z
2 1 —<lzkk1
(l—zl(l—zlj
_;Z—l
Y =
(Z) (l—lzlj(l+zl)
2
H(Z):Y(Z)
X(z)

_1a =1L -lj
b X( . ( L
(1—;Z_lj(l+z_l) —;Z_l

1-z"
Hlz)= ,| z|>1— causal
(2)= 7]
S
(b) Y(2) = X(z) H(z) = 2
(1—22_1](14-2_1)
ROC = [7] >1
-1 1
_ 3
Y(Z)_l 1 —1+1+Z_1
——Z
2

18.
Sol: (i) y(n) = x(n) + by(n—1)
Y(z) = X(2) + b(z 'Y(2) + y(-1))

x(n)=(e" J'u(n)

19.

Sol:

z 1
X(Z) Cz—e  1—zel
Y(z) +bz'Y(z)+ bp

Y(Z)[l — bZ_1 ] = bp + m
__bp 1
v(e)= 1-bz™ ’ (1 ~-bz™ Xl - z‘lej‘”)
B bp(l — z’lej‘”)+ 1
V()= ([—bz ' Ni-z"c”)
A B
Y(Z) 1-bz" " 1-z"e”
y(n) = A(b)" u(n) + B¢ . u(n)
(i) (a)
y(n) = ay(n—1) +x(n)
Y(ej‘” ) =F efij(ej“’ )+ X(ej‘*’ )
Ye'® (1 —ae™® ) = X(ej“’)

o 1
H(eJ )= 1—ae™
(i) X(e*)= 7 l?e‘j“’ T ?e‘j"’

x(n)=A(b)"u(n)+B(a)" u(n)

x(n)=1[0,1,2,1,0,1,2,1,0, ............. ]
switched periodic function
let x(n) - finite length sequence repeating

periodically

y(n) = x(n)* > 8(n — kN)

X(z)

-N

Y(z) = 1

xi(n)=1{0, 1,2, 1}s
x(z)=z"'+2z°+z°, N=4
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1 -2 3
X(z) = z +22 _4+ z h(nT) =e ™S unTy)=¢e™" u(gj
) 0
20. 1 ) ,
11 (©) Y(s)=H(s).X(s)= - _
Sol: h(n)= [1 — —} s(s+2) s  s+2
b b 4
L P
y(© == Juc
H(z)=1+—-z"+-2"
1 n
y(nTy)==|l—-¢™ u( j
X(z)=1+z"+4z" s 2[ ] 2
Y(z) = X(z)H(z)
1 1 04.
=l+z"'+4z 7 +—z"'+—z27+22" 1 1
2 Sol: H(s)=—— = H(z)= _
1 1 S+a 1 — efaTS z
+—Z_2+ZZ_3+Z_4 f, =200 Hz , f, = 50 Hz
2nf, ©
YG) =143+ e =
'(s)= S 4
() =3(m) + 23 1) +-28(n~2) HIE=HE)E ) =5
9 , 1.57
—o(n— s H'(s)=
+48(n 3)+8(n—-4) (s) N,
1.57 1.57
H(z) = 1571 0
8. Digital Filter Design l-e z~ 1-0.208z
If we want to match the gains of H(s)at s=0
Solutions for Objective Practice Questions and H(z) at z =1, the digital transfer

01.
1
Sol: (a) H(s)=——
S+2
1 1
H(S) 27:>H(Z) = PR
s+a 1-e "5z
Where TS:L:l
. 2
a=2
1 Z
H = =
@ l-e'z?' z-e

(b) h(t)=e*u(t)

function is extra multiplied by

1
——I|H(z)|.,=1.98
1‘98[ (2)|,.,=1.98]

1.57(1198]
H(z)=— %
@) 1-0.208z™"

0s.
Sol: (a) H(z) = H(S)|S*)2|:1—zl}
T

14z

T‘=—=l
E 2

S
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H(z)=H(s)|_| [ }
H(z) = = 3 -
HI_Z_IH +3H1_Z_1ﬂ+3
1+2z 1+z
H) - 31+ f

16)l-z' [ +12f1-z2 ]+ 31+ 2|

(b) Gain of H(s) at ® =3 is
3

H(iw) =
U0 = 303
. 3
H(jo)|= — -
JB-0?) + (o)
. 3 3
H(jo), .= =
ol JB=9+(6)*  (6)* +(6)°
3 3 1
V72 6d2 242
Given =20 Hz
_2TE><f _ZTEXZOkHZ_E
fs 80kHz 2
o 3(1+e )’
H(e™)= . d -
(e‘)16ﬂ—eﬂmf+J2ﬂ—eﬁw)+3ﬂ+e”mf
— 1 2
H(ej“’) T 2 3(1 J) N2
o-X 16(1+ )2 +12(2) +3(1—j)
_3=2) -6
16(2j)+24+3(=2j) 26+ 24
H(e'2) = 6 % 0169
J(26)* +(24)7 3538

06.

Sol: (a) H(s):;

Band pass filter

07.
Sol: a,=1db, fp=4kHz

=40db, fs=6 kHz
FS =24 kHz

Butter worth filter :

100.1(15 _ 1
10%1% —1

log{Qs}
QP
_ 2nx 4
24
27: X 6

|

log{
(1) Order N >

=21t><fp
E

2nxf,
0)S
E

a3 J

T
3

T

U

. jo joO

H(o)= =
(jo) —0)2+j(n+1 1—0)2+j(n
®
H(jo)| =
\/(1—0)2)2+c)2

o | Hjo)|

010

o |0

vufs)

T
4
T
6

U

1
1
5

s?+s+1

00 1(40) _ 104 -1

1 00 1(1) 001 1
N>

log(\/g log(\/g)
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log| .[—— o tan| — tan| —
N> 1.258 | 1og[7948.33] S \N2)_ \20)_ 509
- log(\/g ) log(\/g ) 2 tan((;s] tan[::j
 log[89.15]
~ log(1.732) 10%1649 1
_ 1950 V100 -
22— >
0.238 log(1.964)
N>8.19 3.949
N=9 0.293
Tchebyshew filter: N> 1347
4| [10%% -1 N=14
cosh _
10%'e —1 Tchebyshew filter:
N Z Q 10041(1 1
COSh_1 S COSh_l W_
Q, 101 —1
N>
_ cosh™'[89.15]_5.183 M [Qs }
cosh'[1.732] 1.146 Q,
N>4.52 cosh'[8911] 9.788
N=5 ~cosh'[1.964] 1.295
N >7.55
08. Ko
Sol: o,=0.5db, f,=1.2kHz
o, =40 db, f;=2 kHz 09.

Fs=8 kHz
Butter worth filter:
2nf, 2nx12 3n
(OP = = = —
F 8 10

_27'Cfp _27‘C><2_£
K 8 2

10%'%s —1
N >

log{Qs}
QP

Mg

Sol: a,=1db, ®,=0.3n
o =60 db, ;= 0.357
Butter worth filter:

O0.lag
COSh_lngo_mp IJ
order N > o
cosh{s}
QP

[0.35n
tan
QS

_ 2 j_0.612:1.202

Q, (0.375) 0509
tan T
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6 J—
cosh™ #
10" -1

~ cosh” [1.202]

N=25 5536
0.625
N=26
11.
Sol: z, :lng
2
* 1 _JE
z,=7, =Ee 3
o i
z,=z, =2e
z,= [Z: t=2eh

12. Ans: (a)
Sol: H(z)= [ 1+2z'+2 2] G(2)
Liner FIR has symmetry (or) anti symmetry
So,G(z) =3 +2z '+ 77
H(z)= [1+2z'+2 2 [3+ 2z "'+ 2z 7]
=3+82'+10z°+82°+3z"

13.
Sol: (a) H(z)=1+z2"
H(Z)L:l = 2 Band stop filter type - I
H(z) =2
(b) Hz)= 1+2z'+2z%+2°
H(Z)|z:1 =6 low pass filter type - II
H(z) =0
(c) Hz)= 1-z*
H(Z)|Z:1 = 0 Band pass filter type - III
H(z),_, =0

(d) H@z)= -1+ 2z'-2z77%+ 7"
H(Z)|Z:1 = 0 High pass filter of type - IV

H(z)

z=—1 = _6

14.

Sol: (a)h(n)=[2,-3,4,1,4,-3,2]
(b)h(n)=[2,-3,4,1,1, 4,-3,2]
(c)h(n)=[2,-3,4,1,0,1,4,3,-2]
(d)h(n)=[2,-3,4,1,-1, 4,3,-2]

16.
1 i o sinE(n—3)
Sol: h,(n) =— Ie_3J”.eJ““dw=
21 7 m(n —3)
T4
n | ha(n) co(n)=0.54—0.48cos(27mj H(n) =
6 he(n
)-0(
n)
0 |0.075] 0.08 a=6x10"
3
I [0.159 [ 031 b=0.049
3 [a |1 c=0.173
4 0225077 d=025
5 [0.159 | 031 c=0.173
6 |0.075]0.08 b=0.049
a =
6x1
0_3

H(z)= 26:h(n)z‘4

= a[l+z °+ b[z '+z  J+c[z >+ z *]+dz”
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Solutions for Conventional Practice Questions 0.5
o= > 0.644
( > j 4 00446) L 707
01. 0.325 0.325
Sol: Given o, = 0.2, o= 0.57 0.5(0 325)2
H(s) = -
8, =0.707, 8, = )= 7020935+ 0.076
(@) Q= _tan( ) _ 0.0528
s*+0.2093s5+0.076
= tan( J 0.325rad/sec
02.
Sol: For second order bandpass = LPF 1% order
= tan( )zlrad/sec B
n=1
Q, should be ‘1’ rad/sec 1 0RGL
2nx200 w
. 0.325 e, — TR
Normalized frequency Q =——=1 Py
Q. - L 307 Q, —tan(loj 0.324
0.325
015, |2 _2nx300 _3n
= ® ——=]
® £=[10"" —1]" =0.997 RS
(©) |H(Q)|indB =-20log& — 6(4 —1) —201og(Q, normal) 3
Q = tan( =0.509
—20=-2010g(0.997) — 6(n) + 6 P2 20
—-20log,,(3.076) Qé =Q, Q  =0.1649
n=165=2 Q. =Q -Q =0.185
the transfer function of chebyshev filter is 1
k H(s) = —— [1* order LPF
H(s) = ———— ® =t ]
s"+b, ST +b;s+b,
LPF — BPF
k =b, for odd
ororodan $+Q2  s2+(0.1649)
b S > =
0 foreven ‘n’ Qs 0.185s
N1+ &7
H(s),,. = 0.185s
For£=0997 k=297 _q5 B T $2 40,1855 + 0.164
J1+(0.707) 4,
S — 1-z
H(s) = 0.5 1+z"
s” +0.644s +0.707
Convert above transfer function to required
form by replacing
s— s/Q, = Q, = 0.325 (actual)
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-1 3
0.185 1 7% H'(s) = ~
1+z s? +0.814s +0.33s + 0.068
) = 1-z"Y 1-z" 1-7"
—Z | 4+0.185 ——“_|+0.164 s> ——
1+2z 1+z 1+z
0.185(1-27) H(z) = Hl(s)|Hi
H(Z) = —1 ) 1+z7!
1.3499 - 2.32982"' +0.9799z
(1-z7"
H(z) = -1 -2 -3
03, 2.211-3.283z7' +2.0572% —0.451z
Sol: &,=15db, 5,=1db
L _2mx250 ¢ 04.
=000 2 Sol: 5,= 1db, f, = 400Hz
2rx100 =
Qs = tan(%) =1 ©p = 100’ mpnorma] = 400 = 5
2mx100 w Qp:tan[&jzl
T 1000 S 2
_ 0.1 2
Q = tan(l) =0.325 g=[10* -1]" =05
10 bo=1.102, b, = 1.097
0.325 b
Q":0325:1 H$)=—5——— K , k=—L—-=0.985
: s“+bs+b, 1+¢&2
1
QO =—=3.076
> 0.325 H(s) = 0.985
ols s*+1.0975s+1.102
1. [10%% -1
Elog 10%% 1 q Q, :l
= = =212 s /s
log 4% 0.982s>
g a H' (s) = S N
P 1+1.097s+1.102s
| HO) =Gy
prototype H(s) = e
(S+1)(52 +S+1) - 0.307(1_2_1 )2
Z)=
Q, 0.324 @ 1-0.063z" +0.314z>
Q. = = e = 0.406
(100.16p _1) (100.1 _ 1)
Required filter is HPF 06.
S - Qs Sol: (a) n=2 1
H1 = H H S)=—————
®) (S)L_’Qm ) s? ++/2s +1
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-1 -1
M s— 2| = | ! =
Tl1+2z 1+2z

(1 +z! )2

H(z) =

(c) H(s)|s:O =1, H(z)|_, =1

DC gains are equal

(d) They can’t be equal |H(S)|2 = %|H(0)|2

07.

Sol: LPF with f. = 2kHz

2mx 2
10

=0.4n

(a) (DL =

2 z'-a
%

7z 477
1-z"+02z7

77 +0.642 N 740642 Y
1+0.642z72 1+0.642z7>
- -1 -1 2
e 0.64i coof 2t 0.64i
1+0.642z 1+0.642z
2.39+6.122" +3.7327
1402927 —0.068z2

H,(z) =

H,(2) =

(b) HPF
., 2nxlkHz =

N == —

P 10kHz 5

41-2") +2420-22)+ (1+2")

® +o
—cos{ P (op}
2
=-0.90

1
O —O
cos{ P p}
2

-1 Z_l +a
7z —> I

a=

l+az”
_( 2" ~0.90 }( 2" ~0.90 ]2
14090z )" (1-0.907”
H(z) = . . 5
2" ~0.90 2z ~0.90
H 402
1-0.90z 1-0.90z

6.582 —13.88z+7.3

H(z) =
@) 7z’ —1.352+0.48
(¢ f,=1kHz, o, =M=O.2n
' ' 10kHz
f; =3kHz, oy =0.6n
0, =0.1n
= 0
k= cot(mu w[jtan -2
2 2
=1.376x0.158
=0.218
0, +0,
e ) 0.309
v = =0.382
[mu —c),) 0.809
cos| —+—+~
2
a, =%= 0.1357
k+1
a, kTl e
k+1

-2 -1
L~z —a;z +a,
z —>

-2 -1
a,z —a;z +1

2.39z* +0.52° = 6.122> - 0.5z +3.73
7' —0.652° —0.22> +0.162—0.07

H,(z) =
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9. DFT & FFT =
x(n)-1)"
n=0
Solutions for Objective Practice Questions = x(0)= x(1)+ x(2)+ .~ x(N = 3) 4 x(N —2) = x(N 1)

Given condition is x(n) = x(N —1-n)

01. . n=0=x(0)=x(N-1)
Sol: AF = 1s _10x10 n=1= x(1)=x(N-2)
N 1024 From given condition, x(0), x(N-1) cancel
each other.
02. x(1), x(N-2) cancel each other. Finally all
1 1 1o 6 the terms vanishes and becomes zero.
I -3 -1 j |1 -2+42j
Sol: =
I -1 1 -1]2 2 04.
1 53 -1 —j]3 2 %4 Sol: x(n)= {6, 5, 4, 3}
X(k)=1{6,-2+2j, 2,-2-2j} a. X([n—2])s = {4, 3,6, 5}
b‘ X([n+1])4 = {57 47 3, 6}
03. C. X([_n])4 N {67 37 45 5}
Ak e
Sol: i) X(K) = x(n): N 05.
n=0 Sol: If x(n) is real X(k) = X*(N-k)
= X(5) =X*(3)=0.125 +j0.0518
X(0)= X(n) ( )_ *( )_ J
par X(6) =X*(2)=0
Given x(n) = —x(N—1-n) X(7)=X*(1)=0.125 +30.3018

n =0=x(0)=-x(N-1)
n=1=x(1)=-x(N-2) 06. Ans: (a)
X(0) = x(0) + x(1) +.....+ x(N-3) Sol: [pqrs]=[abcd] @bcd]

+ x(N=2) + x(N=1) DFT of [pqrs]=[aPBy 6].[aByd]

a2 n2a2 2
From the given condition x(0) and DET offp qrs] = [o” f"y" 5]

x(N-1) Cancel each other. In the same way

x(1) and x(N—2) cancel each other.

So finally all the terms will cancel and Sol: (a) X(O) = Zslx(n) =-

becomes zero. "0
ii) x(n) =x(N-1-n)

(d) N[i]x(n)r} = 546

n=0

07.

(b) Nx(0)=6x1=6

N-1
- Sixlak

n= () Nx(3) = 6 (-4) = 24
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08. Ans: (a)

Sol: X(k) = X' (N—k)
X(1)=X'(5)=1+jl1
X4)=X'2)=2-j2

x(O)=%§X(k)=%=3

09.

Sol: (i) According to given signals we can say
Xz (n) =x; (n—4)
X,(K)=X,(K)e™ %“.41(

X, (K) =e X, (K)
X,(K)=(-1)*X,(K)

-4k

(i) Y(k)=¢ ¢
y(n) = x((n4))s = {2, 1, 0,0, 4,3}

10.

1 A -Enk
Sol: x(n) = EZX(k)eJN , n=0toN-1
k=0

11.

3
Sol: (a) Af= gz 2OX§O =20
N 10
(b) For k=150, f=20x150 = 3kHz

For k = 800, f= (16 — 20) kHz = 4 kHz

12. Ans: (a)
Sol: Q(K) — 3 point DFT

q(n)=§§Q(K)ej2§]K
n=0
q(o)%gQ(K): Q(O)+Q3(1)+Q(2)

Q(0) = X(0), Q(1) = X(2), Q(2) = X(4)

n=0
5 —j2mn(2)
Q)=X2)=Yxm)e ¢
n=0
5 L
=ZX(I’I)C 3
n=0
-j2n —j4n

=x(0)+x(1)e * +x(2)e * +x(3)e

=4+3 _—l—jﬁ +2 _—1+£ +1
2 2 2 2

=4—§— j3\/§—1+ 2j\/§+1
2 2 2
5 A3
Ql)= 2
5 —j27|:n(4)
Q(2)=X(4)=>x(n)e °
= ix(n)ej;m
Q@)= x(0)+x(1)e > +x(2)e *
~j4n(3)
+x(3)e 3
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5 V3.5 3.
RPN EAL SIC RIS
q(0)= == =5
3
13.
,
Sol: X(0)=)_x(n)=A+B+27=20
n=0
A+B =7 (1)
7
X(4) =Y (-D"x(n)
n=0
X#)=A-2+3-4+5-6+7-B=0
A-B=-3o )
From (1) and (2)
A=-5B=-2
14. Ans:3

Sol: X(k)=k+1 for 0 <k <7 — 8pt DFT of x(n)
Using Signal Flow Graph of IDFT based on
inverse radix-2 DIT-FFT

ZX(ZH) x(0) +x(2) + x(4) + x(6)

Value of 1=
_36-4-4-4j-4+4) 24 |
8 8
OR
X(k)=k+1 0<k<7
N LA
X(k) =Y x(n)e ™
n=0
N, N
2 2n) (2n+1)k
X(k) = ZX(zn)e B +Zx(2n + l)e N
n=0
gfl 7.271(2 )k 7.27‘[k§71 7.271(2 )k
X()= D x@ne ¥ 4o N Y x@n+le N
=0 n=0

n

Given N = 8

3

3 2m T 2m
—ji==(2n)k —j—k —j—(2n)k
X()=Yx@n)e " 4e * Y x@2n+1le ®
n=0 n=0

° x(0)=

oo‘_b‘”‘o\

bR o y(2)=Z —4j

X(0)=1 “\ © ©

X(1)=2 \ /@ V® :>_< ° x(4)=—

AN C- T DA

X(3)=4 \><>< @ /\@W >< 18 o x()= 24
XX XX o

X(4)=5 m

X(5)=6 %g \/> C i

X(6)=7 " "~

we Z— N N
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3 3 18.
X(0) = §X(2n) +ZO x(2n +1) Sol: f. = 100 Hz
. | i | f, =200 Hz
X(4) = Z(‘;x(zn)eﬂz’m + e’J”Z(:)x(Zn +1)e ™ AF< 0.5 Hz
3 3 (a)DFT Af= LN
X(4)=> x(2n)->_x(2n+1) N
n=0 n=0
3 N= f, _ 200 =400
X(0) +X(4)=2>"x(2n) Af 05
n=0 (b) radix — 2FFT
ix(2n) _ X(0)+ X(4) _ 1+5 =§ N =2’ =512 samples (at N = 400)
" 2 22 200
Af= —— =0.39 Hz
=3 512
19.
;5° Ans: (@) 1 Sol: f; =25, f,= 100, f, = 800Hz
ol: (A) For 8 point DFT, value at (@) N =100 samples
n =9 means value atn=1 ¢ 200
we know Af= = = —=8Hz
(2 ) N 8
1 Nt i 28 |kn
X(n) = N ZX(K)e : 25Hz corresponding to 25 _ 3.125
K=0 8
(2=n
I iX(K)eJ(NJK'I e X(l) 100 Hz corresponding to % =12.5
8 k0
(B) W(K) = X(K) + X(K +4) Both frequencies are not relating.
N (b) N=128
W(K)=X(K)+X [K + —)
9 Af= @ =6.25Hz
128
w(n)=x(n)+(-1) x(n) 25
©)YK)=2X(K) K=0,2,4,6 BHz > 2 =4
=0 K:1,3,5,7 100
= Y(K) = X(K) + (-1)*X(K) 100 Hz > == =16
N
= y(n) = x(n) + X(n - ?j 20.
Sol: X(K) = [1:_2a1_j,j2507___]
16. Ans: (a) (8) X(K)=X'(N-K)

Sol: W(k) = X(k).Y(k) = [176, 12+4j, 0, 12-4i]

=3818.

w(2)=2 -1 wlk) =22

X(5)=X(8-5)=X"(3) =2
X(6)=X'(2) = 1+
X(7)=X'(1)=-2
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(b) y(n)=(=1)"x(n)
Y(K) = X(K—4) last four sample will shifted
to beginning

—x| 2
(©) g(n)—X[zj

Zero interpolation in time domain corresponds

to replication of the DFT spectrum.

21. Ans: 6
Sol: Interpolation in time domain equal to replication
in frequency domain.
n
Xxn)=x[§j
Xik) = [12, 25, 0, =25, 12, 2j, 0, =2j, 12, 2j,
Oa _2.]]
Xi(8) = 12, X,(11) =2
X,(8)[_[12 | _
X, (1) |-2j
22.
Sol: (a)t=1ps
N = 1024, total time to perform multiplication
using DFT directly
= (1024)* x1ps = 1.05 sec
N
(b) by FFT, T = ?log2 N |lus
1024
= [ log, 1024} lus
=5.12 msec
23. Ans: 61.44 ms
f,
Sol: f;=10 kHz, N =1024, Af= —
N
Over all time required for processing the
N 1024
entire data = —=———— =102.4 msec
f. 10x10

Complex multiplications

= 4 times real multiplications

With a radix - 2 FFT, the number of complex
point DFT is
approximately 512log,1024 = 5120. this means
20480 real
multiplications for the DFT and the same number
of for IDFT. With 1us per multiplication, this will
take t = 2x20480x10°° = 40.96 ms.

The time remaining after DFT and IDFT is 102.4
—40.96 = 61.44 ms.

multiplications for a 1024

we have to perform 5120x4

24. Ans: (¢)
Sol: Giveny(n)={1,2,3,4,5}
Given Y(k)=DFT[y(n)]

DFT[Y (k)] = DFT[DFT[y(n)]]
= Ny((-m)y
y(-n))y = {1,5,4.3,2}

Ny((-n)), = 5{1,5,4,3,2}
DFT[Y (k)] = {5,25,20,15,10}

Solutions for Conventional Practice Questions

01.
Sol: x(t) =1 + cos(2nt)
Nyquist rate = 2f,,=2x1 = 2Hz

x(nT) = 1+ cos(2mxnxTy)
=1+ cos(2nxnx%) =1+ cos(nm)

x(n)={2,0, 2,0}

x(0) X(0)
Z ; W, \

x(2) ; v\ : : X(1)
— W4 W

x(l): > ; A X(2)

x(3) ? Wl X@3)

ACE Engineering Publications

Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




lt"’" \‘\J\I 1 1
:3%5: ACE 91 Postal Coaching Solutions
Y=, " Engineering Publications

I t First st S d st 2 2
npu irst stage econd stage N, _2T 1om N, _2 am
outputs outputs n ks
2 4 4 5 2
P 0 0 N, =10 N, =4
0 0 4 N, _10_s
0 0 0 N, 4 2
N=2N;=5N,=20
- 4 1
X(k) = 14,0.4,0} x(n) = Acos —nn + Bcos(ﬂnj
N N
02. x(n) = ée_i%‘(zm +ée—j2—N"<2>n +Eej%(5)n +Ee—j%‘(sm (D
. B 2 2
Sol: Given x,(t) = Acos (200nt) + Bcos(500mt) Standard DFS expansion of x(n) is
and f; = 1kHz N-1 i
1 xm=>Ce N ------ )
T, =—=Imsec k=0
f Compare (1) & (2)
Resultant discrete time signal is C.= A
2
x(nT,) = Acos (200mxnxT,) 2
+ Bcos(500mtxnxTs) C,=C,,,=Cg :%
x(nTs) = Acos nr + Bcos an C _B
5 2 575
B
C=C=C;s= E

03.
Sol:

)
y
)
y
)
y
)

x(0)
x(l)x
x(2) 4\
x(3)4\

x(4)

oX(0)
X_WLQ
> X(4)

> X(2)

SN
2K

Y
L
y m%
£

X(6)
-1
> o X(1)
x(5) > 0 X(5)
/ sz Wsu
x(6) > > > w0 > 0 X(3)

wy
x(7) > > > —o—> o X(7)
—1 -1 -1

y océ_. vﬁc
o)
|
¥ —_
o]
Y y
CO =
1o
Q
Y

)/._./
| £
|
—
4 g
CO
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04.

Sol:

Inputs | Stage 1 outputs | Stage 2 outputs | Stage 3 outputs
1 2 4 8
1 2 4 0
1 2 0 0
1 2 0 0
1 0 0 0
1 0 0 0
1 0 0 0
1 0 0 0
X(k)=1{8,0,0,0,0,0,0,0}
DITFFT
Inputs | Stage 1 outputs | Stage 2 outputs | Stage 3 outputs
[ 1 2
2 2 1 1
1 ———j 0.5-31.207
0 = 2 2
2
1 1 0 0
2 2
0 1 L 0.5 §0.207
- - 5—-0.
2 5 2
1 1
— — 1 0
2 2
1 I 1.
0 — - 0.5+ j0.207
5 ) J J
1 1
- = 0
2|2 0
1
- —+— 0.5+ j1.207
0 2 2 2] !
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DIFFFT

Inputs | Stage 1 outputs Stage 2 outputs | Stage 3 outputs
1

5 2

5 0.5 1

1

= 0.5 1 0

2

1

5 0 0

> 0.5

1

5 0 0

3 0.5
0 0.5 0.5-0.5j 0.5—jl1.207
0 0.3535-j0.3535 | —j0.707 0.5+ j0.207
0 —0.5j 0.5+ 0.5 0.5-j0.207
0 —0.3535—j 0.3535 | —0.707j 0.5+ j1.207

X(k) = {2, 0.5 j1.207, 0, 0.5 — j0.207, 0. 0.5 +j0.207, 0, 0.5 + j1.207}
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