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Chapter@

Introduction

(Solutions for Text Book Practice Questions)

01. Ans: (¢)
Sol: The maximum value of
A. x(n) +2x(-n)={-1,-1,3,1,1} is 3
The maximum value of
B. 5x(n)x(n-1)= {0,5,5,-5,5,0} is 5
The maximum value of
C. x(n)x(-—n-1)={0,-1,1,1,-1,0} is 1
The maximum value of
D. 4x(2n) = {4,4,-4} is 4
B>D>A>C

02. Ans: (a)

Sol: x(t)} X(m)‘

1 | ! > { ! I —>t
-1 2 -2 1
x[i+lj x(—£+lj
e e
4 2 2 4

Non zero duration = 6

03.
Sol: Sifting property of impulse is
ty
[x(03(t—t)dt =x(t,) t, <t, <t,
f
= 0 other wise
(a) to = 4 1s out of the limit so value =0
(b) (t + cosmt)=; =0
(c) cost u(t-3)| =0 = 1u(-3)=0

04.
Sol: x(n)=1-[d(n—4) + d(n-5) + ----- ]
4 x(n)
2 10 1 2 3 "
x(n) = u(-n+3) = u(Mn — ny)
M=-1 n, =-3
05.
Sol:
(a) 4 X
]
1 0 ¢
-1
(b) AX(t)
I
|4 | | AN >t
2|1 2
06.

Sol: (a) as t— oo, amp — 0, Energy signal
(b) Constant amp — Power signal

(c) Power + energy = Power signal

d 1 1
(d) Ee ) (d) Periodic signal — Power signal
t=2
- (e) as t > oo, amp—o0, NENP
(e) tsint| »=—
=3 (f) as t >0, amp—> oo, NENP
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07. Energy of the secondary signal
Sol: = 14 2(0.75%+ 0.5% + 0.25%)
@ =275
E, = Z|x ) = z(a(o ") =3 a?(0.25)" E, o >Eqm
= n=0
2 aZ
¢ 2(025) T1-025 075 o
Sol xoc(n)= x(n)—x (—n)
o s 2
EXZ(H)=n§x2(n)| =1.5+1.5=3 147 . —1+7
. 2 ) T’ 2
Given E.ow=ELm
o 09.
075 > Bek x(t)
o’ =225 t
=15 2
(ii) Ans: (a)
>t
Sol: x;(t) = [t|; —1<t<1 -2 -] 0 1
H)=1-1t); -1<t<1
xa(t) 1t]; 10,
T=0.25
Sees ol: (a) T, =1,T2 =—
xi(t) Xa(t) 9 6
_____ .., Il 021 cm=3
N > T o 1o T b
L To=LCM xT; = 1/3
x;(n)
1 ‘ | (b) TI:I—?,TZ:IS
TTFT_TTTH Ho g T
~1-0.75-0.5-0.25(0.25 0.5 0.75 1 — 14
° anniaEae e
. : ~—> LCM =11
-1 -0.75-0.50.25 0 0.25 0.5 0.75 1
T() =LCM XTl =15
. - 2
E =
nergy in x(n) ;|x(n)| ©T = 2n T, = 2
e Im3275
Energy of the first signal T, 5n
) ) ) 5 — = — 1irrational number
= 2(1"+0.75°+ 0.5+ 0.25%) T,
=3.75 So a non-periodic.
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d) Ty="=== (m)
@ To=75=73 x(n)
(e) It is extending from O to oo
So non-periodic
t)+x(—t) 1
() x.(t)= M =—cos 2mt
2 2
2n  2m
T == = 1
" w0y 2 11.
Sol:
(@) 20— 3 rational, so periodic (A) x(nTy) = 2cos(150xmxnxT, +30°)
21 6 31
o 6 =2cos(—n+30°j
No=—m=-m 4
®0 > _3n
Ny =6 @0 ="
(h)N;=8m = N;=8 Nozﬁm:§m
N, = 16m = N, =16 @y 3
N;=4m = N;=4 No=38
&:ljmzz (B) Ans: (a)
Yo 2 M N —2m:>N =2
LCM =2 173 1
N():LCMXN1:16 2
N2 =—m = N2 =2
. ®Op 7 . wr 7
(i) — = — - rational, so periodic 20
2n 2 N;=—m=N;=4
27 2 25
No= g™ "7 Np N,
®0 —L -1, —L-—LcM=2
N() =2 N2 N3 2
(j) multiplication of one periodic & No=LCM x N; =4
non-periodic is non-periodic on = 2w
0=—==
(k) u(n) + u(-n) = 1 + 3(n) is non-periodic 4 2
x(n) = cos(60)0n) + sin(l4coon) + cos(S(oon)
) 4 X(n) so 14™ harmonic.
©)
N0:2 -2 2 "t
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T=2sec
x(t) = l.singt 0<tL2

2
Isingt dt
Average value = 2 5
2
T
cos—t
G
T
—(2
()
_ (cos —cos0)
T
= %
T
42
Xave 7

Energy in one period

—I51n —t dt

2
. J-(l—cosntjdt
2

0

1 sinmt |
=|=t- =1J
2 2n |,

(=]

Energy in one period

Signal power =
shap Time period

Y

RMS value = /P,
_ 1
V2

| —

T="17sec
det+j4dt+f 2 dt

Average value = ©

8
7

Energy in one period
2 5 7
=[0dt+[47dt+ [(-2)dt
0 2 5

=16x3+4x2
=56J

Energy in one period
Time period

56

%

=8W

RMS value = [P, =+/8

Signal power =

%
2
oot
—15|1,5 35 >t
T=5sec
1
x(t)= S(t+43), -15<t<1s
0 , 1.5<t<3.5

Average value
Area of rectangle + Area of Triangle

%
. 5
x(t) Signal 2 1
: 3(1)+-6)1)
- . _ 2
7 ot 5
s |, 2 s =09
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Energy in one period

(;(t+4 s)jzdt

-1 (t+4.5)dt
9715
[ (t+asr ] o
9 3 -1.5 B
P, =~ =14W
5

12.
Sol: (a) [x, (t)+ x, (t)]x, (t-2)+x,(¢~2)]
# X, (t)xl (t - 2)+ Xz(t)Xz(t b 2)

1s non linear

(b)sin[x, (t)+ x, (t)]# sin[x, (t)]+ sin[x, (t)]

is non linear

d _OLXm(t) dez(t)
(©)g Lo (6)+ B, (O] = === ==

is linear

(d) 2[x1 (6)+ x2 (6)]+3 % 2[x (1) + x2 ()] +-6
is non linear

(@) j [ax, (t) + Bx, (t)ldt

X, (t)dr is linear

(0 [ O+ (0F = xF () +x3(1)

is non linear

(8) [a’xl(t)+ sz(t)]cos an
= ax,(t)cos w,t + Bx, (t)cosm,t is linear

(h) loglx; (n)+x,(n)] = loglx, (n)] + log[x, (n)]

is non linear

(1) |X1 +X2 )| |x1 nx |x2 X
1s non linear

() a*x*(n) # ax*(n) is non linear

(k) non linear (median is a non linear
operator )

1 x;(n)+x;,(n)
O Xl(n—1)+x2(n—l)
is non linear

- Xl(n) n Xz(n)
xj(n-1) x;(n-1)

(m) linear (no non linear operator is present)
(n) eima() o ex) L ex) g hon linear
13.

Sol: (a) tx(t—t,)+3 % (t—
time variant

t )x(t—t,)+3

(b) ") = eX"%) time invariant

(c) x(t—t,)cos3t = x(t—t,)cos3(t —t,)

time variant

(d) sin [x(tto)] = sin[x(t—tp)] time invariant

dlx(t-t, )]
© e

time invariant

~ dx(t—t,) :i[x(t—to)]

dt—dt, dt

x*(t—t,) time invariant

(® x*(t-t,)=

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

(h) 2X(“_“°)X(n —n,)= 2X(“_““)x(n -n,)
time invariant

(1) time variant (time reversal operation is
time variant)

(j) time variant(coefficient is time variable)

(k) all coefficients are constant
- time invariant
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14.

Sol:

15.

Sol:

16.

Sol:

Xz(t) = X](t) — X](t—z)
y2(t) = y1(t) — yi(t-2)

x3(t) = xy(t+1) + x3(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>ng causal, n <ngynon-causal

(h) non - causal(present output depends on
future input)

(i) y(0)= zolx(k) present output depends
k=—o0

on present input - causal

G) y(-1)= Z x(k) future input non causal

k=0
(k) non-causal for any value of ‘m’
(1) oo =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

17.

Sol:

18.

Sol:

19.

Sol:

(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 1is
dynamic)

(g) present output depends on past input

- dynamic

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 variant, dynamic

(b) linear, time invariant, dynamic

(c) linear, time invariant, dynamic

(d) non linear, time variant, dynamic

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)
(b) non linear, time variant, static (b—5)
(c) linear, time variant, dynamic (c—1)

(d)nonlinear, time invariant, dynamic(d—4)

(a) y(t) = u(t).u(t) = u(t) - stable
(b) y(t) = cos3t u(t) = —1 < y(t) < 1 stable
(c) y(t) =u(t-3) stable
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(d) y(t)= dl;it) = §(t) unstable

(e) y(t)= ju(t)dr = 1(t) is unstable

—00

(f) sin (finite) = finite. stable
(g) y(t) = tu(t) = r(t) unstable

(h) y(n) = "= finite stable
(1) y(n) = u(3n) bounded stable

Dx(n)=1=ym)=n—-np+ 1= y(w)=0
= unstable

20.
Sol: Two different inputs produces same output

then it is non invertible.

Two different inputs produces two different

outputs then it is invertible.

(a) x1(t) = u(t) = y1(t) = u(®)
Xa(t) = —u(t) = ya(t) = u(t)
So, non invertible

(b) x1(t) = u(®) = yi(t) = u(t)
Xo(t) = —u(t) = ya(t) = u(t)
So, non invertible

(©) x1(t) = u(t) = y1(t) = u(t - 3)
Xo(t) = —u(t) = ya(t) = —u(t - 3)
So, invertible

(dxi)=A=yi®)=0
() =-A=y()=0
So, non invertible

(e) xi(n) = 8(n) = yi(n) =0
X2(n) =—-8(n) = y2(n) =0

So, non invertible

() xi(n) = 8(n) = yi(n) =0
Xa(n) =—-8(n) = y2(n) =0
So, non invertible

(g) So, non invertible

(h) x1(n) = 8(n) = yi(n) = u(n)
Xa(n) =-8(n) = ya(n) =—u(n)

So, invertible

21.
Sol: Given

x(n)

Unit delay > y(n)

Convert to Z-domain

X(z)

7! > Y(z)

Y(z) z"! 1

X(z): l+z70  z+1

(D x() =35 (n);

Ylz)= X

= vi)= L x()
1 1

Y(z)= 1 =

(Z) z+1 z+1

Y(z)=2"-2

(Z) “ z+1

Taking inverse Z - transform

ym) = (1" u (n-1)

ifn=0,1,2,3.......
Then y(n)=1[0,1,-1, 1,-1....... ]
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(i) x(n) = u(n);

= Y(z) = ﬁx(z)

Y@ =—l— z
z+1z-1
Y(z) 1 A B
= = +
z &+&XZ—D z+1 z-1
L
__ 2 + 2
z+1 z-1
V)=t 212
2z+1 2z-1
y(n) == (-1 ulo) + Sun)

22. Ans: (a,b & d)
Sol: (a) True ex: [e'u(-t)] [e u(t)] =0

(b) True ex: [u(t))][e u(t)] = e u(t)
[u(-D][e'u(®)] =0

(c) False
ex:

fu(t) — (t-1u(t-1)

v

— power

(d) True

23. Ans: (a,b & ¢)
Sol:
(a) True
(b) True
(c) True
(d) False - Nonlinear system

24,

Sol:

25.

Sol:

26.

Sol:

Postal Coaching Solutions
Ans: (b)

Constant added - non linear

So, statement-I is true.

Time varying term - time variant

So, statement-11 is true.

Both Statement] and StatementIl are

individually true but Statement II is not the
correct explanation of Statement I.

Ans: (d)
(S-D: y(n)=2x(n) +4x(n—-1)
If x(n) is bounded, y(n) is bounded.

.. Stable. (S-I) is false.
(S-IT): h(n)=28(n) +4d(n—1)

h(n)={2,4}
N

Impulse response h(n) has only two finite
nonzero samples. This is the condition for
stability.

. (S-II) is True.
Statement I is false but Statement 11 is true.

Ans: (a)

A system is memory less if output,
y(t) depends only on x(t) and not on past or
future values of input, x(t).

A system is causal if the output, y(t) at any
time depends only on values of input, x(t) at
that time and in the past.

Both (S-I) and (S-II) are true and (S-II) is
the correct explanation of (S-I).

Both Statement I and Statement II are
individually true and Statement II is the
correct explanation of Statement I.
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01.
Sol:
@ ¥(t)= [x(Dh(t- ke
1_MX(r) 4 h(t-1)
"t 2

Case () t2<0 y(t)=0,t<2

t=2 -3(t-2)

Case (i) t-2>0  y(t)= J-e’“dr _l-e ,t1>2
0
-3(t-2)
y(0) =12 u(t-2)
3
b
( ) 4 X(T) A h(t-T)
. 1
e t g
Case (1) t<0 y(t)=0
.. t t2
Case (i) 0<t<1 y(t):jrdr:?
0
1 1
Case (iii) t> 1 y(t)=[rdt = S
0

02. Ans: (b)

00

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

—00

0

y(2) = j x(D)h(2-1)dt

0

y_
x(7) h(II v
A
1
1/2'__|
ol 2 6 ¢ 4 o 2

04. Ans: (b)
Sol: s(t)= [h(t)dt=u(t—1)+u(t-3)

05.
Sol: Assume — t+a=A =-dt =dA

00

z(t) = J.X(k)h(t +a— X)dk = y(t + a)

—00

06.

Sol: (a)x(t—7+5)=x(t—2)

(b) X(t)* if)(t + Ej - ix(t N EJ
2] a) | a

() x(t)*[28(t +3)+ 28(t - 3)]
=2x(t+3)+2x(t-3)
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07. 10.
Sol: Sol: (i) T=4 A h(t)
(@)eu()s(t—1)=¢"'8(t-1)
[From product property]
(b)e™ LT ¢’ [From sifting property] |
>t
(©) e_(H)u(t — 1) [From convolution property] -8 4 0 4 8
08. 1y(O=x(®)*h(t
Sol: dx(t)
dt
1 1
3 "t R
l =5 _"3-1 13 5 ¢
-1
S _5(0-3)-s(1-3) (ii) T=2
dt +h(t)
d
X, () = h(t =3)—h(e-5) [ !
dt ------ [ } [ ______
09. s
- 1 4 2 b 2 4 t
Sol: (a) Ax Ay= A, [3(atydt =—
e « y(t)
11_A 1
oo o \
1 >
A=— =3 1 3 ¢
o
11 A °° 1
b)—.—=—, sinc(ot)dt = —
®) o o o _J; (1) o 11.
A 1 Sol:
= a (a) A X(t) A
(c) Ix1= A2 Ie‘a‘zdt =1 1 !
1 R -t
A= — 3 1 -1 1
2 1y(0)
o1
d)nxt=2An —— dt=
(d) _J; o T /_Z\
T I I T >t
iy 4 2 2
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(b) Ans: (¢) 14. Ans: (d)
1 —S ©
tu(t)*u(t —1)<—>S—26T Sol: x(t)*h(-t)= jx(r)h(— (t—1))dr
e Le-1Pu(e-1) ?
=3 <—>2 t—1)"u(t- =jx(t)h(t—t)it
(© R -
h(t
® 15.
UT Sol: y(n) =———+ x(— 2)g(n + 4)+ x(— l)g(n + 2)
+ X(O g(n)+ x(l)g(n - 2)+ X(Z)g(n - 4)+ -——=
0 T ¢ x(n)=8(m-2)=1 n=2
=0  otherwise
h(t)= %[u(t)_ a(t-T)] y(n) =g(n—4)
X(t) =u(t) 16.
1
y(t) = x(t)*h(t) = Z[r(t) - r(e=T)] Sol: y(n) = x(n)*h(n)
12. Ans: (a) =2(0.5)"u(n) + (0.5 u(n - 3)
Sol: To get three discontinuities in ygt) both y(1) =1, y(#) = 5/8
rectangular pause must be same width. To
get equal width h(t) = x(t). It is possible
only 17. Ans: (a)
a=1
Sol: y(n)=|[a,b,c,d,a,b,c,d---N times]
13. Ans: (a) rh(t)
Sol: tx(t) y(n) is a periodic function with periodic ‘4°.
2 42 N-1 .
5 2 So h(n) must be h(n)= Y. 8(n - 4i)
____________ i=0
> t =t
-l b2 o2 18. Ans: 31
y(® Sol: x(n) = {1,2,1} |
h(n) = {1
10 10 10 () = {Lxy} )
__________ y(n)=x(n)*h(n) !
>t
R t : . y(m) = { 1,2+x,2x +y +1,x +2y, y}
y®) y(1)=3=2+x = x=1
10 y2)=4=2xty+tl =>y=1
.t y(n)={1,3,4,3,1}
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19. Ans: (d) 1\ 101 n-1
i i | h (n)*h,(n)=|—| uln)——=| = a(n-1
Sol: Y h(n)=>la"+ Y b"<x 1( ) 2( ) (2) (n) 2(2) (n-1)
n=—oo n=0 n=-ow
n
only when |a| < 1, |bj>1 _ [ 1 j 5(n) = 5(n)
2
24,
20.  Ans: (b) Sol: 1. The convolution of one causal, one-non
o . 0 b causal system is may be causal or non-
Sol: _f |h(t)dt| = £ e dt+ _f e"dt<oo only when causal. So, given statement is False.
2. h(t) = e™u(t-1) is causal, un stable
a<0,>0 So, given statement is false.
3. h(t)=sino,t, T h(t)|dt = T|sin 0)0t|dt =00
21. e =
Sol: (a) h(n) = o u(n) + B o™ u(n-1) unstable. So, given statement is true
4. y(t) = x(t-2) — causal
(b) h(n) =0 n<O0 causal
x(t) = y(t+2) — non causal.
System stable for any value of ‘f3’ So, given statement is false
except B # o0 and || < 1, except o =0 25. Ans: (a)
Sol: s(t) = u(t) — e ™u(t)
2. h(t) = dz_(tt) = 5(0)- e e18(t) - e u(t)]
n n-1 _ —at
Sol: (a) [%) u(n)—A(%j u(n—1)=3(n) ae”u(t
26.
Whenn=1,A=1/5 n 0 (1)
1 Sol: s(n)= 3 h(k)= z@ u(k)
(b) H(z)= —
1-—z" a (1)
5 = Z(—J n=0
k=0\ 2
=0 n<0
Hmv(Z)_l_éZ_l 1 n+l
s(n)= 2{1 ‘(EJ :lu(n)
g(n)=8(n)-5(n-1)
27.
23. Sol: x(n) =u(n), y (n) = 3(n)
1 u(n) —u(n-1) =93(n)
Sol: h,(n)=293(n) _ES(H —-1) y(n) = x(n) — x(n—1)
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x(n) = nu(n)

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

28.
Sol: he(t) = hy(t) * ha(t)

j.hc(’t)d’t = j.hl(r) dt=h, (1)

=h, (1) = j- h,(t)dt
()= (D250

=5,(1)*s", ()
Sc(t) # s1(t) * so(t)

29.

Sol: (a) True
(b) False
(c) True
(d) True

race
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Chapter@ Fourier Series

01.

Sol:

02.

Sol:

03.

Sol:

Ans: Zero

T TT
T =—,T, =—
27 6

L3 - LeMxT =8

T, 2

Wy = 4

x(t) = 3sin (mot + 30°) — 4cos(3wot — 60°)
second harmonic amplitude = 0

Ans: (d)
(a) Given signal is periodic.
So, fourier series exists
(b) Given signal is periodic.
So, fourier series exists.
(c) Given signal is periodic.
So, fourier series exists.
(d) Given signal is non-periodic.

So, fourier series does not exists.

(P) Ans: (b)
Hidden symmetry ay, b, exists

Ans: (b)
Half wave symmetry a,, b, exists with
odd harmonics

Ans: (b)

0Odd symmetry & HWS — sine terms
with odd ‘n’

(S) Ans: (¢)

Even and odd HWS — ag, cosine with
odd ‘n’

Ans: (d)

ap =0 (because average value = 0)
Even & HWS as cosine with odd ‘n’

Q

(R)

(T)

04.
Sol:

05.
Sol:

06.
Sol:

07.
Sol:

Ans: (b)
f1 = SHZ, fz = 15Hz
The signal lying with in the frequency band

10Hz to 20 Hz is 4sin(30nt + gj

2
p= (42) =8 Watts

Ans: (b)

At ot = 71/2

x(t):1—§+%_l+___
=tan'(1)= %

Ans: (¢)

0=k, k=1,2, ...,
T

The above frequency terms are absent.
The above frequency contains even
harmonics and also gives that sin terms are
absent. only cosine terms are present
Finally odd harmonics with cosine terms
are present so, x(t) it is a even and
halfwave so,

x(t) = x(T-t) even
x(t) = —x(t-T/2) halfwave

Ans: (a)

T1 = 1, T2 :107'5, T3 = 87[, T4 = ?TC
To =40r

0, = 2n_ 0.05rad/sec

0
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08. Ans: (a)

2
a, :—Jlosmtcostdtz
T

Sol: Averagevalue =

09. Ans: (a)

127:

— | f(t)dt

B 2y
ap= Average value =0

Sol: a,

10. Ans: (d)

Sol: To=4msec f, = TL =250Hz

0

5fy=1250Hz

11. Ans: (b)

5 x
== 2 L
6 b, :—IIOSlnt51ntdt:5
2my

d, =+a +b/ =5

14. Ans: (d)
Sol: wg=mn

x(t)=a, + ian cos(nnt)+ b, sin(nnt)

n=1

x(t) = A cos (mt)
A=a = J.x(t) cos(nw, )dt

4
TCZ

Sol: Odd + HWS — sine terms with odd | 1s,

harmonics

12. Ans: (a)

Sol: ap=5
1 n
b, = [10sinnnt e = 10 =C1)']
0

nrw
17, a,=0
Sol: (RMS)’ =— [ x(t)dt
T 20 . 20 .
0 x(t)z5+—s1n7ct+—s1n31tt+———
_ o 3n
T/2
1 j( & J dt+j36dt tH()
T o\ T 1
L E
_ 1144 ¢ }
T T 3 4 an
1144 T2 T
= —| | —|+36] = y(t)=5+§sinnt+§sin3nt
T T 24 2 i 3n
1
= —[6T+18T] 16.
T T
=24 Sol: w, = E
RMS = 24 =2:/6A x(t) = 2+ cos(20,t) + 4sin(5w,t)
1 onoe 1 pox 4 sex 4
t)=2+— 2ot | & =200t | T iSept T —jSept
13. Ans: (c) K0 20 +2je 2je
:LTIOsintdt:— 1 4 -4
Sol: Average value . T c=2,6=12,¢c,=—,¢cs=—,C=—F
0 2 2] 2j
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17. 21.
1 ) 1 . 1 T )
Sol: ¢ = Ite‘lnmotdt = Ite‘j“Z“‘dt -1 Sol: a, = —Ix(t)e‘kaOtdt
0 0 2nm Ty
Co = 172 _y2m 2 2n
a =c +c_ =0 Zl[j J 3td‘[JrJ‘—e 3 dt
n n -n B 1 5 f
bn = j(cn _C—n)__
nn L L
18. _1lje 3‘1_6 3‘2
Sol: (i) y(t) =>d, =e "¢ _=e™c =c, (-1)" 3 _jk2£ 0 _jk2£ !
(if) £(6) = x() ~y(®) 3 3
dn =C,— (_ 1) ¢, =C ll - (_ 1) J 1 _jkz?n i —jk% _Jk%n
_ - e 1l e
(iii) g(t) = x(t) + ygt) i =
d, =c, +(-1)c, =c,[1+(~1)]
1| BT
19. Ans: (b) a = 0 1-2¢ 3 +e 3
. . T
Sol: d, =e™"c +e""c =2cos(nm,t,)c, el
T
Assume t, = 7 22. Ans: (¢)
Sol: W, is a periodic square waveform with
d =2¢ cos ¢ period T and it is having odd symmetry and
! ! 2 also odd harmonic symmetry (or Half-wave
d, = 0 for odd harmonics SyMmmetry).
W, is a periodic triangular waveform with
20. period T and it is having odd symmetry and
also odd harmonic symmetry (or Half-wave
dx(t) ¢
Sol: ( ): T symmetry).
t
4= .. Only odd harmonics: nfy, n =1, 3, 5 etc
n = JA®oCn of sine terms are present in wave forms W,
. = d, and W in their Fourier series expansion.
Jn®, Note that waveform, W, can be obtained by
L T2 inent integrating the waveform, W.
__ _sft_ o
dn = T_Tj/z(S(Hd/z) S(t d/2))e d If c, is the exponential FS coefficient of the
n"™ harmonic component, ¢, """
2j . nu)od 1
TS, |ca|oc |- = |n"'| for waveformW,
d
Co T | Cq | oc L =|n"?| for waveform W,
n?
w ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert

online Affordable Fee | Available 1M [3M |6M |12M |18M and 24 Months Subscription Packages




@ ACE 18 Signals & Systems
23. 1 ik —jk2 -ik
= e —1-le*T" —e"
Sol: _ _]kZTC [ ( )]
(a) Polar form of TFS 1
.~ k k
: = ey
=d, + Zdn cos(nw,t+¢,) jk2n
n=1
2 K
- ck=——|1—(-1
d,=2|c, K jk2n[ ( )]
do=2,d1=4,d,=4,d;=4 ck = 0 for ‘K’ even (K=10)
polar form = 2 + 4cos(wot + 30°) Power =0
+ 4cos(2wot + 60°)
+ 4cos(3mpt + 90°) 25,

(b) x(t) > cn
x(at) <> ¢, , M) = awy

x(t) > ¢y
X(t—to) <> e "o,
dx(t) )
< (jnw, )e
dt (.] 0) n
24,
Sol:

Ty
(@C, = L j x(t)e " dt
TO 0

1
C =~ [1.edt
2 0

C :1—(—1)
2jnm
e, 1

CO:—J‘dt:E

Sol: (a) All periodic signals are power signals.
For power signal E = o [given is false]
(b) Cp =j2 (average value) [given is false]

©1 [ =2

T
%J-xl(t)dt =2 is possible only when
0
x1(t) is constant. So given is correct
1 T - T
(d) Co= — [ xq ()t + 2 [ x, (t)dt
T 0 T 0
=0+j2
1 T
= j X, (1)t = 0 only when x () is odd
0

given is in correct

26.
Sol:
1 o 0
(a) Power = ¥J-_w|x(t)2 dt= n;OCn ?

2

C

n

4
P=3

—4
n=-2 T
= (0.5)*+(1)*H(2)*+(4)*+(2)*+(1)*+(0.5)
1 ¢ -kt =26.5 Watts
(b) cK——{[e 4dt+_[ e 4dt} o .
8 0 7 (b) X(t)z chejnwot
x 4 x n=-o
—ikT “ikt in in
_ l e 4 e 4 ‘8 e Mt 0 e PO 2 4 e e 4 4O el
8| .. m . T4 in in
_sz 0 _sz +Cy +C el +C, el 4 +C3ej3‘”°te7 +C et
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, Bept " B—-1
— —j4ogt oot 2
=0.5¢ +1le C -3
126 PUE L0 5e0n 41072 406 e 4 a D. Given signal satisfied half-wave
symmetry so only harmonics are present
- (O.S)[e’j“‘”“t + gttt ]+ 2[e_j2m°t_4 + ejzmoH“} D4
I S 28. Ans: (b)
—j3wyt—— Boyt+—
{e Pte 2 } +4 Sol: Frequency is constant. So, S; is LTI system,
frequency is not constant. So, S, is not LTI
tem.
= x(t)=cosdam,t + 4005[20)0'[ + Ej System
4
29. Ans: (d)
+ Zcos(3wot + Ej +4 Sol: Fourier series expresses the given periodic
2 waveform as a combination of d.c.
x(t);t x(~t) component, sine and cosine waveforms of
(1) © different harmonic frequencies as
x(—t)#—x X w
f(t)=a,+) a_cos(nw,t)+ » b_sin(nw,t
So, neither even nor odd signal. ©)=2, nzz; pcosine, t HZ:; pSin (e, 0
3 =Ap + A, cos(nmot + ¢n)
(©) fo=10Hz So, statement (1) is true.
@ =2 fo =20 7 rad A, and ¢, (Amplitude and phase spectra)
T occur at discrete frequencies.
x(t) = cos(80mt )+ 4 005(4071:‘( 4 Zj So, statement (2) is true.
. Waveform symmetries (Even, odd, Half-
+2 cos(60nt + —j +4 wave) simplify the evaluation of FS
2 coefficients.
(d) Cut off frequency = 25 Hz So, statement (3) is true.
=50 7 rad Statements 1, 2, 3 are correct.
So output of the filter is 30. Ans: (d)
(t): dcos 40mt+ T |+ 4 Sol: For a real valued periodic function f(t) of
y 4 frequency fj
C,=C,
27. . o Statement (I) is False but Statement (II) is
Sol: A. Fourier trapsfqrrp of per10F11c impulse True because the discrete magnitude
train is also periodic impulse train spectrum of real function f(t) is even and
A—>2 phase spectrum is odd.
B. For a full wave rectified wave form
c, = 2A ,n 1s even 31.  Ans: (d)
" ﬂil —4n’ ) Sol: S;, S; are not LTI.
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Chapter > Fourier Transform

01. 2sin®  4sin2
" . Y(a)) = +
Sol: X(f)= [x(t)e>™dt ® ®
x(t) units are volts and dt units are sec f=1=0=2r1YQ2r)=0
So, Unit of X(f) is volt-sec (or) volt/Hz
06. Ans: (d)
gzi _ Sol: Y(o) = 3X(2w)
O. F x(at) <> ~x[ £
(@) X(0)= jx(t)dt = area |a| a
B t
:(4><2)_(1X1X2j:7 X[—j(—)ZX(ZO))
2 2
(b) 21x(0) = 2nx2 =4n 1 (t
_XH o X(20)
03 2 \2
Sol: =
y(t) = 3/2 x(t/2)
() x(t)=e™u(t)+e"u(-t)
1 1 2a
Xlo)= + =
(©) at+jo a-jo a’+o° 07.
ko) Sol: 1) 1 2no(w)
(if) eu(t)—e*u(~t) > 2 |
alt ® i) — & 21 u(- o)
Asa—0 a+ ]t
2
u(t)-ul-) e = iii) ——— <> 2me ™
Jo a +t
sgn(t) > i iv) 2 | -] sgn((o)
Jo Tt
04. 08
Sol: G(w)=1+ 212 ' t
. 9T+ Sol: x,(t)=rect| - | X,(f)= Sinc(f)
Apply inverse Fourier Transform 1
g(t)=38(t)+2e™" .
()= x(t _%j X(F) = e X(F)
05. Ans: Zero ETTx(0) + x(-t] = X(F) + X
Sol: x(t) = rect(t/2), X(w) = 2sa(m) (x(®) + x(0)] ® )
y(t) = x()+x(t2), Y(o)=X(n)+2X2n) = 2cos (nf). Sinc (f)
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09. 14e i@ }
Y(w)= Xlo
Sol: u(t) © nd(w)+ L ©) { 2 (@)
Jo 1
A X(o)=
.l +18(t) & 2mu(- o) ssume, X(o) 1+jo
Jlt 1 x(t) = e tu(t)
=3(t)-—— o u(o) . :
2 j2mt By applying Inverse Fourier Transform
1
y(t) = [x(t)+ x(t-1)]
10. 2
Sol: _ 17 ~(t-1)
t)=— t)+ t—1
- 1
X(o)=e"e — 13.
3t Sol:
i) w _j < ZSa(w) 1) cos w()t :%{ejmot +e_JmOt} > n[B((o+coO)+ B(mfu)o)]
e =1 < 2eSa(o) oy o2 p
1) sinw,t <> 7[8((0 ~®,)-8(0+o,)]
4
iii) e &
) e 4+ iii) ¢ gin o, tu(t) <> 1{ . ! - ! }
. 42 2jlatjo-o,) atjo+o,)
4+ iV) Arec{%) cosm,t= AZT{S{@Z% }T + Sa[w_zwo}T}
11.
Sol:
(a) fi(t) = f(t— 1/2) + f(-t-1/2) 14.
_o [ . Q;
F (0)): o2 F((o)+ o2 .F(— m) Sol: Sinc(t) <> rect (f) 1
b £, (t) _ éf[i ~ lj Sin c(t)cos(10mt) <> ) [rect (f—5)
2 \2 + rect (f+ 5)]
F,(0)=3¢"F(2w)
15.
12 Sol: (i) ¢ 'x(t)e X(w+3)
| ©) -i® (Frequency sifting property)
cos(je 2 R
Sol: Y(o) e *x(t/4)> 4X(4w+3)
I+ jo
" (Time scaling property)
€ 2 + ei 2 3
== X T¢I o Xlo+3)
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(i) Ans: (a) x(t) cos 21 t > L[X(F =1)+ X(f +1)]
X(w) = 2718(0))+ TE[S((D - 4n)+ 6(03 + 471)] . 2
x(t) =1 + cos(4nt) 2
1
16. 30 -1 1 3
Sol: Y (o)
14 18. Ans: (d)
Sol: Output of multiplier
21 dn 1 1
—4n  -2n " = x(t)cos(2m,t +0)+ 5 x(t)cos®
Output of the filter is = %x(t)cos Ox2
Y(®) =X(» + 31) — X(0 — 31) _ x(t)cose
X(w) 19. Ans: (¢)
1 dx(t)
i Sol: y(t) =
1 et ST Gine(t) YO~ 4
- Y(®) = joX(©)
- T > ® It x(t) is even function, then y(t) is odd

By applying Inverse Fourier Transform
y(t) = x(t) T — x(t)
ej3m _ e—j3nt ]
= —{—.}(%)x(t)
2j
= —2j Sinc(t) sin(3mt)

17. Ans: (b)

Sol:
A X(f)

> f

-2 2

function.

It x(t) is triangular function X(®) is Sinc’
function, it is real.

y(t) 1s odd function, Y(w) is imaginary.

-1

N

Sol: x(t)= i[ TX(w)ejmdco}
dx(t) = 2L Tju)X(c)).ej“"d(o

20. Ans: =

—00

y = 2115 Oj;joaX((o)dw
_ iﬁl jol- jv/r b + :j) joljr )dw}
1

"o
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|

21.
Sol: e & ji[ 22 } __—4jao
do 3.2+(DZ (az+m2)2
e« _4J0)2
(co2 + 1)
Apply duality property
4t . ol
——5 © 2hjwe
(t2 +1)
22.
Sol:

(i) X,(0)=eX(-0)+e X(-0)
. 1 jeg [ ®
(1) X,(o)= 3 e X(3j
(i) X;(o) = (jo)e " X(o)

(V) X,(0) = - [joX(o)

(2
(h)

@

y7(t>=yl[;]ezx<zm>

ys(t) = y2(2(t+1)) —=y2(2(t=1))
1 o) _ 1 o) _
Y. (0)==Y,| = e 2y, | = |0
o= v Sl Dx 4
:lY2 2 ejm_le 9 e*jm
2 2 2 2
:%Y{% [ej“’—e’j“’]

2(t) = v.(21)
yio(t) = z(t+1) + z(t) + z(t-1)
Y o(®) = (1+2cosm) Z(®)

23. 24. Ans: y(t) = cos 2t
Sol: x(t) =rect (t/2 i
® ) sifl oa) Sol: h(t)= Sy H(o)= rect[gj
X(CO) — Tt 8
v TH(®)
, 1

@ y,(t)=x(t-1)=Y,(0)=e"X(o)
(b) = ya(t) =x(t) * x(t) ” e

Ys(0) = X(0) X(0) = 2sin® 2sin ®

y(t) = cos 2t
sin® ®
Y, (m) =4 e 25.
d : = rect] -2 ®
© =) Yilo)=i-fxlo] Sol: X(o) m{zml ] * f“{mz J
— 3 1 “X((,O) A
(d) y,(t)=x(t)sinmt <> 5 [X(o—7)—X(w +7)] ) H(w)
J 1
dx(t . L
© ys(t)= # © jox(o)
t > O >

(D _ys®=(tD) x() + 2u(t-1) oer o or e ™
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0<or< Y(w) = X(w).H t
(a) or<o; Y(o)=X(»).H(o) (o) = h(t)= rectb _0. Sj
_ 2sino,t 2 ®
y(t)= T sin —
L0 rect (t) <>
-Of (O
(b) o <or<m; 9
tY(o) rect (l - 0.5) < 2e 0 SO
2 2 ®
L = H(w)=2e™ sio
> (D ©
-0 -0 (O] [oh X(t) * h(t) <~ H((D) X((D)
X(@)H(0)=[5(0) + 50— 5)+ 50— n)]{2ej‘” S“ﬂ
(t)= sino,t N sin o;t ine ‘ soi)nS
I it =8(o) Lt 26—+ §(0—5)2e =
x—0 ()
L SINT
sinm;t sinm,t +3(w)2e T
(c) or>m y(t) g ™ + <
= 25(w) + 2¢ ? 8(co - 5){ Lt 22 % = 0}
X7 X

26.
Sol:
(@) X(®) =0 (m)+ d(0-5) + 5(w-T)
x(®)=1+eP +e™
e ™M =T, :E:2
T
e ' =T, _In_2n
5 5
T 5. . .
—L == s irrational
T, =

So, non-periodic

(b) h(t) = u(t) — u(t-2)

X(o)H(w) = 25(w) + 2¢ g 8w —5)

sin 5

= x(t)*h(t)=2+2e7" R
= Periodic

(¢) In above problem, convolution of two non
periodic signals can be a periodic signal

27.
Sol:

(a) yi(t)=rect (t) * cos mt

{ Y(0)= T y(t)e ' dt

rect(t) <> 2 sin 2
® 2

of2

h(t)
A
rect(t) A4
(O]
2
. Q)
S| T.—
2n
4 rect(t) &
> ()
0 2 m—
27
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. (0] . t (0]
rect(t) <> sin c(—j sin c(—j <2 rect(—}
27 2 T
cosT <> 1 [ 8(w—m) + 8 (o + m)] S Y (0)= rect(zmj2 rect(mj
T T
Y, (w)=sin c(ﬂj x 71[3(0 — 1) + 8(e + )] 4 4
2n 1 2
Y, (m)zismgxn[s(w_n)m(mn)] .
®
(O]
> (0 >
_2 sin > x (o — 1)+ 2 sin > x n8(w+ 1) - 0 T —n/2 0 /2
o 2 o 2
= zSiHETCS(O)— )+ iSin(ij’ES((ﬂ'}‘ ) 2
T 2 - 2
=28 (0-m) + 28 (o + 1) B
>
Y, (0)= 2 a5( - 1)+ (e + ) 2 0
T
Taking inverse fourier transform Y, (@) 7 rect(gj
(0= g
.oy, \t)=—cosmt
1 n Y, (0) <2 rect(gJ
T
(b) ya(t) = rect(t) * cos 2nt Taking inverse fourier transform
Similar to above . t
' e Y, (t) =sinc 5
Y, (@)= sin — x 7[8(@ — 27) + 8(w + 270)]
o 2 ) o
5 g (d) sinc(t) <> rect (—j
=— sin[wjné‘)(oo —2n)+ = sin(gjrﬁ(m +2m) 2
) 2 ® 2 3
=2 il 2 (- 2 n[Z2m _ e”™ sin c(t <—>rect(0)_ nj
By sm( 5 )TES((,O 2m)+ - sm[ 5 j,n6(co+2rc) 0 ( ) e
Sy2)=0 sin c(t)* e sin c(t) <> rect(mj x rect[m — 3nj
2n 2n
. . t
(c) ys(t)=sin c(t) * sinc (Ej !
rect (t) <> sin ¢ (ﬁj < x
2n
. 0 2
sinc (LJ o 2nrect(— o) o 0 T " 4n
21
sin c[%) o 2nrect (o) ©0
" 5 Ya(@)=0
: ®
sin c(t) > rect(ﬂj = y4(t)=0
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28.
Sol:

AXI(O))
1/8

(a) sinc(8t) <>

-8 81 "o

H(o)=8¢"X,(0)=¢ —8n<w<8n
=0 otherwise
Y(0)= e ™ [8(cw+ 1) + 8(c0 — )]
y(t) = cosm(t—1)
(b) Ans: (d)

G(f) —e H(f) —e

Y(f)= G(F)H(F) = e

(©) yi(t) = (Sinc(21))*
sin 27t sin 27t

27t 2t

Y(w)
1

4

—671 21 21 6T

29. Ans: (¢)

Sol: e™ e ™
From frequency shifting property
x(t)=e?"e™ o x*(=t)=x(b)
-conjugate even symmetry

2

30.
Sol:

@ Y(o)=5X0-0,) X0+,

) x(t)= sin t - sin(t/2)

_ 1 sin2nt sin 2t it it
4 qmt  omt 1 o o
X(®)=—1/rect| — [* mrect| —
Yl(oo)=l Lrect2 * rect] ( ) Zn{ [2) (lﬂ
4\ 2n 47 4n s
= %Tn[%) X(O)) = 1/2
T
Y] (0)) / N\
1 | I I 1 g0
= -3/2-1/2| 1/2 3/2
2
‘ 31.
—4n 0 4 t
1 sol: | x(0ht > @) 1x(0)5(e)
y,(t)cos6nt > —[Y,(w—61)+ Y, (0 + 67)] - Jo
2 rect(w/ 4n)
) o reeto/4n) so)
Jo
41
4
32.
, in(at) )
= > 1 Sol: sin(at) > rect| —
107 2n 2n 10% ot 2a
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1X(w)

a B
5 2(—)@*‘“’"
a“ +t

By duality property

2
do

B ) »
Given Hefﬂ\w“ do =0.99 He*a\w\

-a

E = 1 of|X(0))|2doa =
T

2T

> -B
= }eza“da) + Te”"“’dm = 0.99{ .(ieh“’d(o + _Te’z"“”dm
-B 0 —o0 0

2a a

_ 2a0 0 —2am B 2a0 0 —2am |”°

:>e } +e } =0.99 {e } +e }
2a |, -2a | 2a | —2a]

33.
1 [-12 12 i 5 1 a1l 1T 2am 0.99
c FEo_ r 2 = —|l-e ——1le —1|=——|1+1
Sol: E 2n{ Jl ndm+ilf/2 d(o+l/j2nd(o} 2 2a [ ] Za[ ] 2a [ ]
=2 -2¢ 8 =2x 0.99
34. =1 -e*%=0.99
|X((°)|2 = 4+ = n (100) = 2aB
] e . _ g /n(100) 4605 _ 2302
SYY(u))z‘X(u)X |H((o)| :m,—wc <O<O, 2a 2a a
B = TS (0)do = E e - 37. Ans: (a)
AT J 8 2m2 2., X
c . _ 0 2 h 3
o, = 2 rad/sec Sol: E= _{JXI (F) df = 310
35. 38. Ans: (¢)
_ 4 —
Sol: ¢ & - Sol: /H(w)= 9 _30n<0<30n
o +4 60
T 8 d@:zf( 4 Tdo) wo= 101 |H(10m)| =2, <H(10m)=—=
,w(ooz +4)2 A0 +4 O ’ 6
—-13xn
T oll)? =26t [H(26m)|=1, ZH(26m)=
T -2 oeny, i)
B y(t)=4cos| 10mt — I 1+ sin| 26mt — 3%
_T 6 30
2
39.
Sol: O(®) = -t
36 Ans: B 2302 () ¢ 0(0))
a tp(o‘)) = = tO
Sol: g(t) = _a ©
| a? +t? _—db(w)
tg(m) - t0
We know ¢! & 2a do
a + > Both are constant
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@ ACE 28 Signals & Systems
40. 44.
Sol: Sol: The condition for distortion less
(i) Ans: (¢) transmission system is magnitude response
1 is constant and phase response is linear
H(f)= 12 22RC function of frequency.
T
! For —200 < ® < 200, there is no amplitude
|H(f] _ 1 distortion.
J1+47°f2R2C? And For — 100 < o < 100, there is no phase
IH(E)| 2 0.95 d‘ig’mon
X1
fi=522Hz o =20 and ® = 60
. . So no phase distortion and no amplitude
(ii) Ans: (a) 1 distortion.
0(f) = —tan  (2nfRC) Xa(t)
~do(f) 1| 2aRC OFRR S0
t, (f) = T > Py T Amplitude distortion, do not occurs.
@ L (2 C C) Phase distortion occurs.
tz(100) = 0.71 msec [ o= 140]
x3(t)
o =20, =220,
41. Ans: (c) Phase distortion and amplitude distortion
Sol: y(t)= ﬁ cos(100(t—10"* )Jcos(10%(t —1.56x10™°)) oceurs
t, =10° t,= 1.56x10°° [0 =220]
45.
42. T
Sol: The condition for distortion less Sol: R (r) = Ix(t)x(t —1)dt
transmission system is magnitude response 0
is constant and phase response is linear A2
function of frequency. These two conditions R, (1)= TCOS((DOT) =18cos(6nt)
are satisfied in the frequency range Power = Ry (0) = 18
20 to 30 kHz. So, from 20 to 30kHz no
distortion. 46.
Sol: r_(t)=x(t)*x(~t)=e"u(t)*e* u(-t)
43. Ans: 8
F.T 1 73“[‘
Sol: Given input signal frequencies are 10Hz, ry (1) Sy (0)= 91 0 =1, (1)=—¢
20Hz, 40Hz. Only 20Hz is allowed.
So, y(t) = 47.
1 .
78 cos(ZOnt + % - 20°j =4 cos(ZOnt +%— 20°j Sol: | 1
2 2
a H Q)] = X ()] =
powerinyi- @ _g @ o) =5 Kol =375
ower n y(t) = ——=
VT Sy () = [X(0)[H(o)
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b) y(t) = x(t) * h(t) = [ '— ¢ *Ju(t
©) Y0 =0 * b =[e '~ ") cinc(10t) > Lm{&j
By = () de=o 10 20
1 e @
Ew=7 ()= 10 rec{zonj
1
E. =—E
030 H(o)= 3rect(2Jeﬂ“’
8
48.
Sol: - Y(w) =X(w) H (o)
i) Ans: (b) 1 ( ® j [coj o
1 = —rectl — [3rect] — |e
x)=eult) e Mult) = e 5 10\ 20m 87
X(Lj_;
16) 164e t1/10 23
ii) Ans: (¢)
2 1 «
SGG(O))—|G((,0) _64+0)2 o 10; o) s 4n= ()
1
S.:0)=—
0(0)== .
cos - 1] — e—Jz‘D
iii) Ans: (b) 0 (8nj
y(r)=e"u(t)*e"u(~t)
y(r)= iefs\f\ .. output energy
16
1 7 2
1 -
(o)=L iVl do
1%
49. 21 5100
Sol: . (t)=x(t)*y(-t)=e"u(t)*eu(-1) L 9
=—.,—Xx8%
1 1 1/4 1/4 21 100
A TS T W Yy 36
Tlo S~ Jo Jo Output energy = m]
£, (1)= Leu(e)+ L eul-v)
51.
50. Sol: 1 X1(o)
Sol: Given x(t) = sinc 10t (@) om=200n
Sinc t <> rect (ﬂj s = 400 1 rad/sec >
2n 2007 2007
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@ ACE 30 Signals & Systems
(b) ©n=4007 Xo(w 3 _ m)
s = 800 7t rad/sec ) X 5 =X 5 ) =0
X(w)
| | > A A A A 4
~400n ' 400n
() x,(t)= %[cos(SOOnt) +cos(3000xt )]
_ >
®n = 5000 7 2n/5 —/5 0 w/5 27/5
s = 10,000 7 rad/sec
1 The maximum frequency in above signal
® )
d) X,(o)= : rect(—) is
6+ jo 2a o = 270/5
Om =4 ity = 211/
a
f, = o fn=1/5
a Nyquist rate = 2f,, =2/5=04
f =2f =—Hz
(©) 120 7Tf 60H o
€) Om= T Im = z Sol:
(f,) = 2fn = 120 Hz X(w)
(f) Ans: 04
Sol: (@) i Z0)
A - 0)0 &
sin—t 2 2 2
x,(t)=2 o (a) X(w)+e'”X(w) no change in frequency axis
mt ) /2 (©9)min = 20mn = o
ZS‘[ nT o f 28(0 n(o) (b) d);E)H]O)X( ) s =
Z 8 t= IOn Z 8(0) n—] ©) x(3t)e %X(?j ‘
I —
ZB(t 10n) & X, (o Z o-n— j o =2x3% _30 —30g9 39
n=—o0o S 0 2 )
I & nmw T
Xlo)=—)> X,|— 0| o—n—
(©) 102; 1( 5 ] ( 5) (d) %X(m+coo)+%X(co+(o0)
1 T T
X(o)=—| ——+X,(0p(0)+X,| = 0| ©—— |+
(0= |~~~ 08+ x £ 0- ) ‘
2n 271 3n 3n | |
<(EHo-T) (SR T) ] o 3o
yis 27 22
X‘(E}z’xl(ﬂzz’ 0, =2x 220 =30,
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53. 56. Ans: (b)
Sol: Sol: The sampled signal spectrum is
1 0
(@ x(20)oix[2 X,(f) =~ Y X(f ~nf,)
2 2 Ts n=-—oo
In this operation maximum frequency If f=f,—The spectrum is constant spectrum
becomes double. So, f, = 4k, f; = 2f,=8k
® x,(t-3)< e X, (0) 57, Ans: (a)
2 Ty Sol: f,<f.<f,—f, = 5<f.<9
In this operation maximum frequency does
not change double. So, f,, = 3k, f, = 2f,, =6k 58. Ans: (c)
() Xi(w)+Xs(w) Sol: £, =100, f; — f,, = 150
In this operation maximum frequency is fs=250
max(2k, 3k). So, fi, = 3k, f; = 2f;, =6k T = by 4
. =—=4msec
(d) Xi(0)*Xs(o) f,
In this operation maximum frequency is
2k + 3k. So, fn = 5k, fi = 2f;,= 10k 9. Ans: (1d) 1
() X (0).Xa(w) Sol: f =—=——=10"=1kHz
) . f . T, 10
In this operation maximum frequency is U
min(2k, 3k). So, f, = 2k, fy = 2f,, =4k T, . (nm
1 1 6 ' Sin ?
® ~[X,(0+10007)+ X, (0—10007)] C,=— [3e™dt =3/
2 0 -1, nmn
_ o 9f 6
fm=2.5kHz2, (f;)min = 2fn= SkHz . Ch=0forn=3,6,9 .....
C#0forn=0,1,2,4,6,7,8,10......
S4. Ans: (@) 3 L AfE3f,  4fE6f,...
Sol: Given x(t) = 100 cos(24n x 10° t) .
1 Are not present in signal
fi= 12000Hz & £, = o = 20KHz +400 + 3 (1000) =+3.4 K, + 2.6 K
The frequencies in sampled signal are So options with 3.4 K and 2.6 K are wrong
= nfs + fm = 12K, 8K, 32K, 52K, 28K ------ So (c) and (a) are wrong.
The above frequencies passed through a 3.6 K is out of the given range [ 2.5 to 3.5]
filter of cut.off from 15K. So (B) is wrong
So, output is 8KHz, 12KHz only. So (D) is correct.
. 60.
55. Ans: (a) Q)  Ans: (b) 'Xo)
Sol: f,=200Hz, f;=300Hz Sol:
The frequency in sampled signals are =
200, 100, 500, 400, 800.
Cutoff frequency of filter is 100 Hz. 1000w 000 .
Output frequency = 100 Hz
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Output of multiplier is = x(#). cos(10007t)

_ %X(m—IOOOn)+%X(m+IOOOR)

4 Output of multiplier
20007 0 2000m ©
sin(15007ct
ht) = Sn(1500m)
mt
H(w)
~1500 0 15000 ©
Y(») = X(»).H(®)
~15007 0 15000

The maximum frequency in y(¢) = 1500 &t
o, =1500
fn =750
(f)min = 2/, = 1500 Hz
= 1500 samples/sec

(ii) Ans: (a)
Sol: x(t)= cos(l Omt + %)

fy=15 Hz, os = 2nf, = 30 tHz

h(t) = (sm i j cos(40nt — Ej
it 2

r

sin tt 1
—>

it

> (D
-1 i

h(t) = sin 7t {cos(40nt) cosE +sin 40mt sin E}
mt 2 2

sinmt .
h(t) = .sin 40t
Tt
A L sin Tt oo _ sin 7t e
2j mt it

A H((D)

112i

—41r 3971

397 41w

112
x(t) = cos(1 Ont)cos% —sin(1 Ont)sin%
1

X(w)= 5 [1(8(c0+107)+ 8(c0—107))]

1 |=m

_ﬁ{—_(S(m—IOH)—S((D-HOTC))}

J

Sampled signal spectrum

X;(0)=f, 3 X(o-no,)

n=0, On, —On=-107, 107

n=1, ®s— on 0s + oy =20n, 407
n=2,2ms— O, 205 + ®y, = 507, 707

only 40nt frequency is allowed output of
filter is

Y(m)z1—\/55[_2—?6(m+40n)+2£j8(m—40n)}

_E{#leﬁ(m—40n)—#(;}6(w+ 407:)}

] 4] J\4]
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B % {_ 21] 3w+ 40m)+ % 5(e - 40r) = - \/Em(t)eﬂ(m_“j -e_jzn[ﬂ
.T jm
_ _ -is -
_ 175[7“ 8(c— 407) - ga(m ; 4071)} = jW2m(t)e 4 =+2m(t)e 4
2 _ \/5[ sin(mt/5) jejz
_ T (4 40m) + L 5(c0— 40m) mt/5
V2| 2] 2]
62. Ans: (b)
+ gg(@ —40m) + gg(m + 4071)} Sol: Givens(t) =e ™ cos[(®, + Aw)t]u(t)
s Complex Envelope §(t)=s, (t)e”'™"
Y((D) = ﬁ |:§ [8((0 + 4075) + 8((0 — 407T)]:| E(t) — [e*atej(mc-#Aw)t u(t)]e—jmct
. Complex Envelope =™ & u(t)
+ 2 [8(0—407) —8(w + 4011)]}
15 Jl i 63. Ans:8
y(t)= 3{5 cos 40mt + Esin 407ct} Sol: Y(®) = X(») H(w)
15 - - AX(m) AH(ow)
y(t)==—= {cos 407t cos — + sin 40zt sin —}
2 4 4 ) — )
15 T
y(t) = —cos(401tt - —j R >
2 4 -2n n 0 '
—
61. Ans: (¢)
Sol: x(t) = m(t) c(t) Y)=-2 0<o<2n
Where c(t) is carrier signal and m(t) is a =2i 2n<0<0
base band signal and f, > fy (where f; is - "
carrier frequency, fy is the highest I|y(t)|2 dt = S J‘ |y((o)|2 do
frequency component of m(t)) e 2n =,
)Z(t) = m(t)é(t) 1 [ 0
Where f(t) is Hilbert transform of f(t). = E[I 4do+ ,[ 4dm}
0 -2n
T
For the above problem c(t) = sin| nt——
verp ® (n 4] : zi[2n+2n]
sin(nt/5) T
and m(t) = 2| l6m
mt/5 = 2—
T
Complex envelope g
= [x(t)+ jR (O,
3 ‘ ) ©) | —jenf.t 64. Ans: 10 kHz
——\E{m(t)su(m—Zj—Jm(t)CO{m—;ﬂe © | Sel: m(t)—> band limited to SkHz
_ m(t) cos(40000ntt) — modulated signal we
=_ \/Em(t){cos(nt - EJ + jsin(nt - Eﬂe_ﬂ“fct require least sampling rate to recover
4 4 m(t) — 2x5kHz = 10 kHz
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65. Ans: (¢) 66. Ans: (b)

Sol: Aliasing occurs when the sampling | Sol: Sampling in one domain makes the signal
frequency is less than twice the maximum to be periodic in the other domain.
frequency in the signal, and it is It is true.
irreversible process. Multiplication in one domain is the

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

convolution in the other domain.

Both statements are correct and statement
(IT) is not the correct explanation of
statement (I).
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Chapter > Laplace Transform

01. _ (s+5)t,
1 Gls)=—2 " 5.5
Sol: ¢ u(t) <> ——,6>-a S+3
Ss+a A:—l,t():—l
-1
e'u(-t)<>——,0<a 06.
s—a Sol:
e tu(—t) -1 (@) x(t)=5r(t)-5r(t—2)—15u(t —2)+5u(t—4)
sta 5 5 15e*  5e
11 X(s)=5-"5—- +
1) X,(s)=—+—5.0>-1 s s s s
s+1 s+
1 1 (b) Ans: (a)
(2) X,(s)= P —2<c<4 Sol: x(t) = r(t)—r(t=1)-r(t-4)+1.5r(t—6)—0.5r(t-8)
S+ S— B 1 e—s e—4s 3 e—()s 1 e—Ss
(3)no common ROC so no laplace X(s) = o = + 72 9§
transform  for x3(t). |

So,D=-—=-0.5
2

(4) no common ROC, no laplace transform

(5) no common ROC, no laplace transform
07.
1 1

6) X (s)= ——-——, ~1<o<I o
( ) G(S) s+1 s-—1 p Sol: Y(S —Asz—el

C(s+1)s+2)

02.

Sol: ROC=(6>-5)N(c>Re(-P))=0c>-3 s2+3s+2> 522 G
Imaginary port of ‘B’ any value, real part of §13st+2
‘B’ is 3. —3s-2

03. s

. -3s-2 4

Sol: The possible ROC’s are = 4{1 + ( > ) } — ©

6>2,0<-3,-3<0c<-1,-1<0<2 (s+1)s+2)| (s+1)fs+2)

04. Y(s)=4{1+L- 4 }—4eS{L— ! }

36 3 s+1 s+2 s+1 s+2
Sol: Y(s)—

T s+l s+2 L
Y(t) = e‘(t—S)_u(t — 3)_ e—2(t—3).u(t _ 3) LLT

y(t) = 43(t) + 4e " u(t) — 16¢ u(t)
05. —4e Dyt — 1) +4e 2 Dy —1)
Sol:
-s -5 .
@ x(t)=e*Dult—1)e™ & X(s)= e s ls 08. Ans: (¢)
St S+ Sol: X(s)=—
(b) g(t)=Ae > u(-t—t) Gi653)
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1 13.
Gis)=X(s-2)=—+——
(5)=X(s-2) (s—1)s+1) Sol: ) e ™ )
G(w) converges means ROC include ot Xl(t B )H s+2 0>
joaxis —1<o<l1. 3s
09. Xz(—t+3)<—) 3,(5<3
-s+
Sol: G(s) = X(s) + aX(-s), where X(s) :L e 2 o3
s+1 Y(s)=——. ,—2<06<3
G(S):BS—B—aBs—aB: s S+2 —s+
s* -1 s* -1
OLB—LISTS—I,I/—B—OLB=O 14.
a=—1,p=
Sol: sY(s)+4Y(s)+ 3@ =X(s)
S
10. -1 3
Sol: dz—it):—Zy(t)—i-S(t) dz—it):Zx(t) T M
SY(s) = 2Y(s)+1 —eov ) (s+1)s+3) s+1 s+3
SY(s) = 2X(s) = (2) h(0)= et u(t)+ 2o ult)
solving (1) and (2) 2 2
s 1 s+1
Y(s)= ,X(s)= = = o
(S) sz (S) S2 14 X(S) S +1 S
1
1. Y(s) = X(s).H(s) = 3
-4 4 4 4
Sol: = — _
o: @ X(s) S+2+(s+1)3 (s+1) SR y(t)=eult)
g £
x(t)=—4e " u(t)+4 - e .u(t) 15, Ans: (d)
—4te _lz,ls(t)-i- 4e U(t) Sol: X(S) _ 1 n 6765 ’H(S) _ l
(b) X(s)= - . ;
s+ 1) ¥(5) = X(5)H(s) =+ S
x(t)=—(t—2) e u(t-2) . s(s+2) s
t? 1 1 _
?e_tU(t)(—) W Y(t)= E[u(t)—e 2t .U(t)]+ U(t —6)
12. 16. Ans: (b)1
Sol: y(t) + y(t) * x(t) = x(t) + (1) Sol: H(s) = s
Y(s) +Y(s)X(s) = X(s)+1 S+1 1 ,
- Y(s) = - =
Y(S) Sl(t) ®) s+3 s+5 (s+3)s+5)
y(t) =
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x(t) =2 e u(t)

17. Ans: (b)
V() 1 Y(s) 1
Sok X(s)_ s+1 V(s)_ s+1
Y6111
H(S)_ X(s) Cs+ls+l (s+1)2
h(t)=te™". u(t)
18.
Sol: y(t) = x(t)*h(t) = ¢ ' u(t)*sint u(t)
‘LL,T
1 A  Bs+C
Y(S)_ (52 +1Xs+1)_ s+1 ’ s +1
s+1 s> +1
‘LI.L.T
y(t)= %e‘ u(t)——costu(t)+—sin tuft)
19.
Sol: s?Y(s) + asY(s) + a’Y(s) = X(s)
H(s) = o
S s?tas+o’

20.
Sol:

2

G(s) = & H(s) +sH(s) + aH(s)
S

o’ +s? +sa 1 1
G(s):{ 5 ~ ==
S s> +os+a s

Number of poles = 1.

Ans: (d)
Change the initial condition to —2y(0)
and the forcing function to —2x(t)

22.

Sol:

23.

Sol:

AC E 37 Postal Coaching Solutions
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Y(s) 2 21.
X(s) = ==
O~ 4 543 Sol: (a) x(0)= LtsX(s)=2

S—>0

x(oo) =Lt SX(S) =0

s—0
(b) X(s) _ A5 improper function
2s+1
X(s)=24—>— =2
2s+1  2s+1
neglect the constant ‘2’ in the above
function.
x(0)= Lts. 5 3
s 2541 2
2
x(oo): Lt SX(S) =Lt 4s” +5s =0
s—0 s=0 25 +1
(c) x(0)=0

Final value theorem not applicable,
because poles on imaginary axis.

(d) x(0)=0

x(00) =—1
g X0
— _ k(s + 1)
Y(s)=H(s)X(s)= m
Y(OO):SI:)tOsY(s)=§=1:> k=8
-4 12
H(S) ) s+2 s+4

jo—2
(j(o)2 +4jo+4
x(t) = 8 cos 2t, o= 2

H(jo)=
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) i—1 1
H(Jmo):J4j :Z+_J
1
| H(w, )|z —=, ZH(w,) ="

22 4
y(t)= %Cos[zt + %j =22 cos(Zt + gj

24. Ans: (a)

2
Sol: H(jco)zzm—_f_1
-0 +2jo+1

oo = 1 rad/sec
H((Do) =0
y(t) = 0 for all w;

25.
Sol:
(i) Ans: (d)
2 1
HE)-——  X6)=t
s"—s—2 S
Y(s) = X(s)H(s) = ———=

s(s + 1)(s - 2)
S = 2 pole lies right side of s-plane
y(o0) = oo unbounded
(ii) Ans: 0.5
H(s) = 1

S

x(t) = %u(t)

sint u(t) <

s?+1

00

TR J-S2 1+1 ds = tan_l(s)‘:o

S

sint u(t)
t

n -1
=——tan (s
5 (s)

X(s) = %[g —tan”' (s)}

11,
=———tan (s
5 )

_Y®)
~ X(s)

= Y(s) = X(9H(s) = B ~—tan” (s)E

H(s)
y(e0) =limsY(s) = lim[l A tan” (S)}
s—0 s—0| 2 '

26. Ans: (d)

Sol: For an LTI system input and output
frequencies must be same, there may be
change in phase.

Given that input is a;sin(o;t + ¢;) and
corresponding output is a,F(w,t + ¢5).

From the above condition F may be sin or
cos and ®; = m;.

27.
. s+2
Sol: Given X(s)=
s—2
2 2t -t
y(t)z—ge u( t)+—e u(t)
Y(s)% s_%+%e"u(t)
vis)=2 L 11
3s-2 3s+1
U
6<2 o>-1

o<2,0>-1,6>0

_ (s - 2)(s + 1) Il

o>-1
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l 3s
3(s+1)s+2)

; o> -1
(s+1)(s+2)’

(b) The input is e’ Vit

~. the output = H(3) x input

R
4x5
3
t)=—
ylt)=5¢
28.
2
Sol: H(s):w
s+3
1 s+3

)= 56~ 228621

o > +1 causal unstable

Does not exist in this case a causal & stable

system.

29. Ans: (¢)
Sol:

(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.

(c) 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.

30. Ans: (a)
1 s—1
Sol: Y(s)=——,H(s)=——
° (s) s+2° (S) s+1
X()_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)z_getu(_t)%e—zau(t)

31. Ans:-2.19

Sol: Y(s)=1-—+—
s+6
y(t) = 8(t) — 4 e “u(t)
y(0.1)= —4¢"°
=-2.19

32. Ans:(a,c&d)
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Chapter

Discrete Time Fourier Transform

01.
Sol:
11191 h(n) 91 |
X { sin((D(N1 + J]
. 2
I »n &
N N sin &
. (70))
Sin 7
(a) H((D)—ﬁ
sin| —
2
Here N; =3
1 r { 1 h(n) [ 1
3 'y
h(n) # 0 n <0 — non — causal
(b)
Here N =1
After applying time shifting property
1 ol ol
012 "
h(n) =0 n <0 causal
(¢) h(n) = 8(n—3) + d(n+2) - non causal
02.

Sol: (a)a" u(n) <>

,ju)

X(ej7t )= > x(n)-1)" = cos®(3n) = -1

n=-—oo

(c) H(ej‘”)z 142e 739 43¢ 7210 4 ge 7300

DC gain H(¢!®) = 1+2+3+4 = 10

03.
Sol:
: i ; o 3
(1)  X(e")=1+e""+e™ +5[1 +cos2m]
: ) ) 2jo —-2jo
X(e)=1+e™ +e" N P
2 2

X(e®)=1+e™+e + 3 + Eer‘D + ée’m
2 4 4

X(ej“’ )= i X(n)e’j“’n

X(0)=1+%=§, x(H)=1,x(-1)=1,

x(2) = %, x(-2) =

3.5 .3
= _911_91a_
<o) [4 > 4}

0

3
4

—ae (i) x(n)=28(n+3)-38(n—3)
y(n) = m u(n) X(@)=2e"" -3 M =2[e"— ] e
4 X(e®) = 4jsin(3o) — e I
Y(ej(” ): 11 ‘ Given X(¢'®) = asin(bw) + ce'*®
e a=4j,b=3,c=-1,d=-3
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04. A .
sin(nnj T 1 _/\ o)
4 j-n - T
Sol: £ © | p 3 @ 5 5 1
nn r T
4 4 /\ >
‘o b 3n @
| (n j YE 5
sin| —n g i
—i*n
4 .€ 2 <> [ R / >
L - 2 2 2
4 j0 jT
Y% =1, Y™ =1
Y(e
") 06.
‘ Sol: [l) u(n) +
3r -7 |n 3m > £ 1—-—e®
43 4 2
From time scaling property
sin(nnj . 2 1Yo (n 1
4 J| &£ i —u—=|e——-
Y(e')= |:e & } 2 10 | TN
nw l1-—¢
2
. m
S - 07. Ans: (b)
y()=2—— 008(2) Sol: x(2n)= {1, 3,1}
T
05 X(2n) = d(n +1) + 38(n) + d(n—1)
Soi: _ S(n—mn,) <> e ™
() TH("™) FT [x(20)] = 3 + 2cos®
. o) 08.
- ™ Sol:
g(n)=(~1)"h(n)
Gle*)=r(c) Lin
G(”) —] T |
—TC l 1 (1)1 T
| i _ jo B J J
| T-0, T T+, X(eJ ):78(“’"“‘)1)"‘55(@—@1)
Ideal HPF 1 © 216(w)
(b) Y(ej‘” ) _ X(ejw )+ X(ej(co—n)) 1.e"" < 2758(0) - (oo)
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By applying inverse DTFT 12.
LT o i Sol: (a) yl(n) = xf(n)it isnotan LTI system.
x(n)= Z{TQJ o +Eew‘n} (b) Input frequency and output frequency
are same. So, it is LTI system.
= L[L.e_jm‘“ —i.ej‘”‘“} H(®) =2
2n| 2] 2] (¢) ya(n) = x3(2n) it is not an LTI system.
1 .
= ——sinon
2n : 13. .
Sol: H(e'”)=2 a cosw +
09. H(ej‘”}m:zj =0 H(ej‘”)wzﬁ =1
Sol: o u(n) < — ! "
l-ae o= ov2+p=1
e—3ju) 1
umn-3) o gy B =
p 3j(w-n/8) 2 \/5
it e e
e fa"u(n-3) e {—r “’*)} DC gain = H(&%) = 30 = —>
B g 112
an d e—3j o-1/8
ne o™ (1’1 3)(—)_]£|:W:| 14.
: —jo
10. Sol: H(CJOJ)= b+e—_J(D
Sol: tH(e) - |
IH(®)* = 1 = H().H*(®) =1
b+e1® | b+el®
- . — | =1
- T l1-ae 1 | 1-ae!®
6 6 T Only when a =-b
Input signal frequencies are g Z
U 15. Ans: (a)
Then the output is y y . . .
8" Sol: H(ejw):1+oce_3°° +Be 2
11. . x(n) = 1+4cosnn
Sol: For an LTI system input isx(n)=e!®" xi(m)=1w=0
then output is y(n) = ej(”On.H(ej(’on ) H (%) = 1+ a + p ZH(") =0
H(e")= Y h(n)e ™ yim=1+oa+p
N Xa(n) = 4cosnt =T
H(ejw): 8+/2 cos2m— 4+/2 cos ‘ ‘
n HE™)|=1-a+p ZH(E™) =0
®o =7 y2(n) = 4 (1-a+B)cosnm
. an ym)=(1+a+p)+4(1 —a+p)cosnn
H(CJ ’ ): —4  y(n)=—4e" 4 y(n)=4 only whena=2,3=1
y qce India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC-JE, RRB-]JE, SSC, Banks, Groups & PSC Exams
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16. Ans: (a) nm n
) 4 Y(Il) = COS 7 — g
Sol: Y(ejo): x(n). » h(n)=15LB
ngo ( )HZZ:O ( ) 20. Ans: (b)
Sol:
17 At
Sol: y(n) = x(n) +2x (n—1) + x(x-2) 1‘ N ‘ |
Y(e“? = X(elm)_j[w 1;2e—1‘” +e 74 1013345
HE™) = % :r_e ] sino]? x(n) is symmetric about n = 2
o= COS ® — j Sin® /X(e®) =20
(a) |H(E)| =12+ 2coso| _
jo i/ = - E = —Tc
ZHE) =—o ZX(e™4) 2(4} 5
| H ()|
A 100
AAH (") 21. Ans:3
6
Sol: X(ej‘”): p R A
~ 4—26 R l_le—]m
‘LI.F.T
3(1Y)
(o) =3[ 5 uto)
(b) Output of given input 10 + 4cos ?+§] is 2\2
2 2n
. Z 3V(1
x(n) =10, H(e") =4 Ew= 2] =2 5) (E}
y(n) — 40 n=—o n=0 .
9& (1
m T T -2 -
=40+4(2)cos(7+z—5) 4;(;(4j
=40+8COS(E—E) S =3
18. Ans: (b) 22
I: Anti ic, k=-2 :
So nti symmetric, Sol: |
0(w) =2 +X(e)
Slope = -2 1
19. Ans: (b) B B
Sol: x(n)=cos 5—nn — cos| =n 0 =Z
2 2 2 L
‘ . _ L _ O
H() =1 AH(GJU)O ): —g k= 27 _{)ldw n
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23. x(n)=2""u(-n+2)
—_—
Sol: n<2
1
(a) Ans: 4—0 x(n)

By plancheral’s relation

> x{alln)= - X{eIvle ko 1] I I

n=-ow - _1 0 1
sin nr sin hr +2
4 1 4 y(m)=2""un+1)
x(n)= 1
27n 2 mn
5 y(n)
12 4
. (nm
sin| —
o)
2 | [ .,
-1 0 1 i
—m/4 /4

Use Plancheral’s theorem

y(n)=1 @ izfx(ejm)y(ew)dm - nix(n)y(n)

5 Tn 5
B 22n71‘27n+2
1/5 n=-1
2
= > 2=2+2+2+2
n=-1
=8
y(n)
) /3
24.
nn Sol:

sin nm sin
1 - PR
o0

4

46)@“ (a) X(ej0)= ix(n)=6

4 3 _ 1 |
— 2mn Smn 2w )

n=-o0
— 1 jn - n
" 40 (b) X(e")= n;(—l) x(n)=2
T ‘o
(b) Ans: 8 © [X(e* do=2mx(0) = 4n
& qce India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC-JE, RRB-]JE, SSC, Banks, Groups & PSC Exams
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d) [X(e*pdo=2mx(2)=0 26.

o Sol: 2nx5kgwg2nx10k
© ”X( jw]zd 5 {il ( H . 40k 40k
e e ® =27 x(n) |=28n

. n=—o0 Fs= 21

p e = 2x20k

do = 27{ Z|nx(n12}
() J; 1 n=— = 40kHz
=158x2n=316x
. E << E
(2) ZX(eJ‘”):—occo:—%) (a=2) 4~ T2
25. Ans: (d)
27. Ans: (a)

Sol: f(n) = h(n) * h(n)

V7
7

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

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

T

h(—n) ranges fromn=-2 to
h(n) ranges fromn=0 to

..g(n) ranges from n = -2 to

7
iy
V>

g(n): {27 67 %969 2}

\E\

= g(n) is non causal
value is9.

Sol: x(t) =cos(,t)

Q.n
x(nT, ) = cos(Q,nT, ) = cos( 1 OOO) ——————— (1)

Given x(n) = cos(%j = cos(@j ------ (2)

By comparing (1) & (2)
Qy m Q, 9n

1000 4 ~ 1000 4
Q= 250m, 22501

28. Ans: 2.25 kHz

A ¥ Sol: H(e™)=0.5+0.5¢
n=2 o
® = — is 3 - dB cutoff frequency
n=2 2
2nf m
N=—=—
£ 2
2nf
9kHz 2
f=2.25kHz

and maximum
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Chapter@ Z - Transform

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

Z
a"u(n) < ,
z—a

z

>[d

z
—a"u(-n—-1) < ,
z—a

V4

<a

ROC = (|z] > ) N (l7 <faf) =1 <[z <2
Only when oo = £ 2, ‘ny’ any value

(a) finite duration both sided signal 0 < |z| < o0
(b) finite duration right sided signal |z| > 0
(c) infinite duration right sided signal

(|z| >172) (|z| > 3/4) = |z| > 3/4
(d) (|z>1/3)N(|z< 3)N(|z| > 1/2) =1/2< |z|<3

Ans: (a)

ROC = (|z| > |a]) N (2| < [b*]) common ROC
exists only when |a| < |b7|

i) Ans: (b)
ROC = (|2 > |a]) ™ (Iz] > [b]) (Iz] < e])
=[b] <|z| <lc|

if) ROC = (|Z| > o) (IZ] < [B)

Z Z
X7z

(A)a>p no Z.T

06.
Sol:

07.
Sol:

Ans: (d)
poles =], —j, zeros =0, 0
kz*
X(z)=
(Z) 7z’ +1

X()=1=k=2

27°

X =
(Z) 7' +1

Given right sided sequence so ROC is
> = > 1

27°

X(z)= > ROCis 2> 1
Ans: (b)
0 31‘1
X = 2n
@ HZ:(; 2+n i
o NN

Now consider (a) option

Yi(2) = i(gjz

n=0
(b) a <P Z.T is exist 2 R
(c)a.=PnoZT :HEZ t5Z toooe
05. Ans: (c) D x(n)y,(n)#0
~1/2 3/2 o
Sol: X(z)= Tt Now consider option (b)
1—52_1 1+EZ_1 Yoz)=z'+4z 3 +------
n n n)= 09 13 03 49 """"
4@=_l.114@+ipiju@) e }
202 2\ 2 > x(n)y,(n)=0
x(2) = Y =
‘ ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC-JE, RRB-]JE, SSC, Banks, Groups & PSC Exams
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08. Ans:r=-1/2 10.
| | -1
Sol: o 1, o MhgE i) Sol: (=3 u(n—-2)> 22— |z}>3
1 1 L 1 4 z+3
1-—2z I+—2z (1-=z")1+-2z") 97 1
2 4 2 4 (-3)"u(-n-2)e —— |z =
Consider the numerator z +3 3
1+lzl+r(l—lzlj 11.
4 2 Sol: g(n) = 5(n) — 5(n-6)
a5 G(z)=1-2°,[z|>0
_(l_r} 12
Zero = 4 2 Sol: X(z)=2z"+2z+ 22
I+r z-2
If zero=1 x(n) = 8(n+2) + 28(n+1) — 2 (2)"u(-n-1)
1 r
) 13. Ans: 0.097
4 2 I r
= L=l ———=l+1r
I+r 4 2 Sol: The poles of H(z) are
-3r 3
—===r=-12 i(2k =
2 4 Py = %exp(mjk =1,2,3,4
If zero=-1
1 r ol E T T A+
42 1 LR AR
=—l=—-———==-1-r1 &
l+r 4 2 .
_ 1 = -1
%=75:>r=—5/2isnotvalid P22364 :7+5
Because given as |r| <1 1 JSTT[ 1
Pi=—e* =———=
V2 2 2
09. Ans: (a)
z* U
Sol: H(z)= Pj= —e % =——2
7 +l 2 2 2
4 o
H(z)# H(Z*I) H(z) = z
h(n) # h(-n) (z- Pl)(Z P, )(Z P )(Z P4)
.. h(n) is not even. B kz*
n m =
X(Ej > X(z") z _|_£11
4 1 n/4
z - o (— —) u(ﬂj Given H(1) = 5/4
4 4 4
Ty 5.k
So h(n) is real for all ‘n’ 4 5/4
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k= f—g ] 1
— Z
y X(2) ST ROC
it 4 z 10
Higp) — 16
(2) I 5 10
o 1 2> =nlz<—
2+ 4
5 10
Given g(n) = (j)" h(n) ROC= 7 <lf<=
G(z) = H(z/j)
25( z ) IS.
ol 2 Sol: X(z)=z*+2>-2z+2-3z"
16\ 1 (1) Z)=1Z Z — 27 —JZ
6= 103 _16”
(Zj + Z4+Z H(z)=2273
J 4 Y(Z) = X(Z).H(Z) =22+422"" —4z2> +4z7 627
4) =
G(z) = D 2 L L VIS
16 64 256
o(8) = 22 = 0.097 10%
256 z’
Sol: xl(n+3)<—> 0 |z > =
jj By
2
-1
14. xz(—n+1)<—> Zl | z|<3
5)" 10Y’ A/ 4
Sol x(n): — u(n)+ 3 u(—n) ;
Y(z)— z ,—<z]k3
5Y z LT PR
(—j u(n) o , |z[>5/4 27 37
4 _3
4
(—j u(n) < 2 |z|>— 17.
0 _7 10 -z 3
10 Sol: Causal system H(z)= 3 |2 > =
1+ZZ_1
(lj u(-n) & ) ‘ s L
10 - 10 Input z-transform
10 1 11
1 X(z)z T ;§<|z|<1
10Y 2 10 1--z"
(—j u(-n) & A= <
L 7 Y(z) = X(2)H(z)
z 10
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24 __ 1 _1_4
_ 3 s 3 ) =025 75 s
(1—;z‘lj(l+iz‘lj 4 N 4 4
: Y I B i L
8 8 2 y(n) 2(3j+5c05(2j
__ 13 13
l—lz‘l ' 1+éz_1 20.
3 4 Sol: (1) x(n) =z", y(n) = z¢" H(zo)
. y(n)=(2)" . H(-2)=0
LZ.T H(=2)=0
__8(1Y 8( 3) 1 !
in)= 13(3} u(n)+13( 4) (n) ® +a1_iz_l
@H(z)=— 1=
18. Xe) | 1
Sol: '
h(n)=38(n)-3(n—-1)  x(n)=(-1)"u(n) (a) H=2)=0
H(z)=1-z2" X(z)= 1+IZ_1 a2
8
1_ -1
Y(z)=X(2)H(z)=— ;1 (b) y(n) = (1)" . H(1)
H(l)=-1/4
‘LI.Z.T

yla)=— (1)

21. Ans: (a)
Sol: y(n) = h(n) * g(n)

y() = (1" um) - )™ u(n-1)

19. o ) - -
Sol: y(n)—0.25 y(n —2) =x(n) Y(e") = H(") G((eJ ;
o Gle™
U Y@) 1 SYleif)-—
H(Z): = - 1_7e—jco
X(z) 1-0.25z 2
= G() = Y(e") - %e_j‘” Y ()
nw 1
x(n) =2 + cos(—} - H(Z) = 1
— 2 1-0.25z22 — o(n) = y(n) — —vy(n -1
RN g =y - Zyln-1)
- m;z ; Putn=1
1 1 4 _ 1 1
H(z), , = —x=2 = g(1)=y(1) = = y(0) ===
@).. 1-025 3 3 2 2 2
4 g1)=0
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22. Ans:
ns: (¢) p X(2) =%
Sol: H(e'”) = 1-e ¥* =0 only when -z
-1 -2
6w =2nn (n=1) Y(z) = H(z) X(z) = l1+2z +_zl
T 10{1 -z
w=— —
3 y() = Ltll-2" )y (2)
anf:E —Lt(l—z’l l+z"'+2z72 1
9% 3 21 10 1-z"
f =15k
(00) = I+1+1 3
23. Y 10 10
0.5
Sol:  X(2) = 1_27 " <2 26. Ans: (a)
x(n) =—0.5 (2)" . u(—n—1) Sol: The output of the sampling process is
x(0)=0 x(nTs) = 2 + 5sin(100xmxnxTs)
TGl
24, 400
1 neven . |
Sol: x(n)= x(n =2+551n[100><n><n><—j
( ) {O nodd ( ) 400
. (nm T
=>X(@2)=1+77+7 " +.... X(n):2+55m(7)a wO:Z
1
1=z No =2—nm:2—nm
1 ®, il
= 4
U-z" vz No=8m
X(oo) =Lt (1 -z )X(z) Ny = 8 is the No. of samples per cycle
z—l1
\ 1 Y(z)_ 1 |:1—Z_N:|
=Ltll-z" TN 1=t
24)1( }(1 + Z—l XI _ Z—l) X(Z) N 1 Z
N=8
- 1/1-2"°
=5 -z
2 Y(z)=— Xz
=
Final value theorem
25. y(eo)= Lt(1-2")Y(2)
Sol: 1M1=
d(n)+o6(n—1)+06(n—-2 = P el s
@ =A==l V)= Lefl-2 ") [1_ = }X(Z)
l+z"'+27 Z +z+1 1-z*
H(z) = = yloo)= Lt Xz
(2) T o ()= Lt ——X(2)
2 finite poles, 2 finite zeros (o) =0
(b) Given x(n) = u(n)
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27. Ans: (¢) 30. Ans: (d)
Sol: Y(z)=H(z)X(z) 3 3
A 1 z——e" | z——¢
= + . 4 4
1—z! 1 B Sol: H( ) = 2
l--z (1 -z ) zZ——
3
3
y(oo) = Zle(l =2 )Y(Z) Numerator order > denominator order
: 4
A +5 ~0 s0, anti-causal system & |z| < 3" stable
A = __3
2
31. Ans: (d)
Sol: Poles=1-0.5z"'=0=2=0.5
28. Ans: (¢)
Bz 2z Zetos = 1-27"'=0=z=2
Sol: H(z) == o .
272 — o If all zeros and poles are inside the unit
circle [|z| = 1] then it is a minimum phase
Pole = + \/E system.
2
So given system is Non minimum phase
o <1 = |of <2, any value of ‘B’ system if all poles are ‘1n51de unit circle then
2 we can say system is causal and stable.
So given system is stable.
29.
32. Ans: (a)
Sol:
. . ) I 1 z
(a) An LTI system is stable if and only if ROC Sol: H(Z) = _E i 5 >
includes unit circle. z-
0.5<|z|<2 Given stable system. So, ROC includes unit
' circle. ROC is |z| <2
(b) For an LTI system to be causal & stable, all _1 1
the poles must lie inside the unit circle. h(n)= 75(11)— 5(2) u(-n-1)
z =2 is the pole lying outside the unit circle.
So it is not possible.
33. Ans: (¢)
() |z]|>3 Sol: Poles z = £2j
12]<0.5 |poles| =2
ROC = |z < 2 because system is
0.5<|z[<2 stable (ROC includes unit circle).
2 <|z| <3 are the four possible ROC’s In this case system is non-causal.
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34. Ans: (d) 36. Ans: (¢)

Sol: y(n) —0.8y(n—1) =x(n) + 1.25x(n + 1)

ZT

Y(z) (1-0.82") =X(z) (1 + 1.252)

Sol: A causal LTI system is stable if and only if
all of poles of H(z) lie inside the unit circle.
So, Assertion (A) is true but Reason (R)

is false.
e p- . o125
{ ' 125 37. Ans: (b)
3 257 3 A2
He)= o8 " 1s0.sr” Sol: H(z) = 222 %2 _ N@
2 +lg4) D(z)
izt 4 8
, - As N(z) is of higher order than D(z), the
h(n) = (0.8)" u(n) + 1.25(0.8)" " u(n +1) system is not causal, as d(n + 1) is one of
1 the terms in the output for the input 3(n).
0.8 0.64 If the N(z) is of lower order than the
Y denominator, the system
T T o (1) may be causal or
0T 2V > N (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 [
1.25
38. Ans: (a)
Sol: Both Statement I and Statement II are
- individually true and Statement is the
? individuall dsS IT isth
T 0 1 2 >N correct explanation of Statement I
39. Ans: (b)
Non-negative samples of impulse response. P, +P, 77 4 P, 73
Sol: H(Z)= -
1+d,Z"
35. Ans: (¢) Direct Form — I
2 +1
Sol: H(z) = > >
(=) (z+0.5) (z-0.5) x(n) | P, 2 y(n)
(1) The system is stable because poles . z!
z= 1 0.5 are inside the unit circle.
N e
(2) h(0) = Lt H(z) =1 Py ) ( 0
Z—>0 f 27 Zil
2mx =
, ( 2 )—e——
f, f, 2
—1 1
' e2io 41 - 4 7
H(e*)=— . ato=—=0
(e’ +0.5)(e™ —0.5) 2 > 2
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No. of delays = 6 ©
Direct Form — 11 Z|h(n)| <oo stable
) , = oo unstable
SO, —() . |
. Po Z(a)nz—,a|<1
Z n=0 l-a
(Z\ /Z> =o0,|a] > 1
N P For b, ¢ cases system transit from stable to
, : unstable system.
7
(2)— (3 | .
- 0 0 N .
Sol: From signal flow graph
7! 1— k 77!
—d; P, + g V4
No. of delay’s =3 Pole = ‘—_k <1
3
40. k] <3
Sol: y(n)=x(n-1)=Y(@) =z X(2)
» 44. Ans: (¢)
H(z)=z" =H(z) H:(2) Sol: From signal below graph reduction
-1
o 1-0.62" HZ=2+Z
HZ(Z)—Z {m ( ) 1+2Z—1
_2z+1
+2
41. Ans: (a) z
Sol: H(Z)=1 = _]1 — (1) 45. Ans: (b) |
-0.7z7 +0.13z : jo
Sol: H(e“” ) =2 21 *l
From the given plot e +2
H(z)= 4 (2) H(")[ =1
l-a,z"' —a,z” o
: H(™)| =1
By comparing (1) & (2) ‘
ap = 1, a; = 0.7, a) = -0.13 |H(e]n)| =1
So, All pass filter
42.
1 46. Ans: (a)
Sol: H(z)= — Sol: 1-k[z'+2z%]=0
h(n) = (a)"u(n) Z—zk—k=0
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47.

Sol:

2i2\/521i\/§

k:2221,2:

=1+1.732
outside the unit circle

Here k =[-1, 1/2]

=054+ 7!

H(z)=————2
@ 1-0.54z"

1 1

y(n)

xm 4@

< >

&)

b c
From the above block diagram

(b)

(©
(d)

(e)
®

(2

@ ACE 54 Signals & Systems
+k+vVk> +4k _ d+dcz”!
Z1,2= H(z) = —
2 1-bz
By comparing
For causal & stable |poles|< 1 1
= —0.54, Cc= _ﬁ , b=0.54
1+4/5 142236 '
k=1= Z1p = =
2 48.
(outside the unit circle) Sol: (a) All the finite poles of an FIR filter must

lie at z=0. True

An FIR filter is always linear phase.
False

An FIR filter is always stable. True

A causal IIR filter can never display
linear phase. True

A linear phase sequence is always
symmetric about is midpoint. True

A minimum phase filter (poles, zeros
inside unit circle) is not linear phase.
True

An allpass filter can never display
linear phase. True
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Chapter

01.

Sol:

02.

Sol:

Discrete Time Fourier Series

Ans: (b)
2 i Bryy )
X(n)=2ake =a,+ae’ +a,e’
k=0
21 4rn j2m
('00 = = 2+1€ 3
3 6
j4mn j2mn 2
a, =a,., =1+ 1 +e ® IR ¢ e ¢

2L3:2L3+3:a():2

j2mn —j2mn j2mn
au=a =1 =l4+e ®|e ¢ +4+e ¢

j2m
=14+2e ¢ cos(z%j

Ans: (b)

Given

x(n)=1+2Sin 4—nn+3—7c + 4Sin 8—nn+5—7t
5 4 5 6

(5 ok, Eh 5 5h
=1l+e e ‘+e e*+2e e 3 +2e es
-t
The valueof C_, =¢ *
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