ELECTRONICS &
TELECOMMUNICATION
ENGINEERING

SIGNALS & SYSTEMS

Text Book : Theory with worked out Examples
and Practice Questions



Chapter@

Introduction

(Solutions for Text Book Practice Questions)

Objective Practice Solutions

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 t
-1 2 -2 1
X[— + 1] x(— i + lj
2 [
t | | ¢
-4 2 -2 4

Non zero duration = 6

03.
Sol: Sifting property of impulse is
ty
[x(3(t—t,)dt =x(t,) t, <t <t,
b
= 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

1
d _et—Z
()2

t=2

(e) tsint

==
2

V| =

04.
Sol: x(n)=1-[6(n—4) + d(n-5) + ----- ]

 x(n)

2 1o 1 2 3 ™
x(n) =u(-n+3) =u (Mn — ny)
M=-1 n, =-3
05.
Sol:
(a) A X(t)
1
e 4 ¢
—1
(b) 4X(t)
1
f I | >t
2 -1 2
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 —o00, NENP
(f) as t >0, amplitude — oo, NENP
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07.
Sol:
(M
E = Z|x )| = Z((x(O.S)“)Z =3 0(0.25)"
n=0 n=0
2 0~2
e 2(025) T1-025 075

B o= =15+1.5=3

n=—o0

Given E =E

Xy (n) Xy(n)

(ii) Ans: (a)
Sol: x;(t)=|t|; -1 <t<1

x)=1-]t;-1<t<1

T =0.25 secs
xi(t) Xy(t)
N h
T T 1 T o T
. x;(n) |
TTFTITTTTE o d

~1-0.75-0.5-0.25(00.25 0.5 0.75 | T T T T
I { .o

-1 -0.75-0.50.25 0 0.25 0.5 0.75

Energy in x(n) = i |X(Il)|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%)
=2.75
E o >Eqm
08.
Sol xoc(n)=x(n)_X (—n)
2
1+37 0 —1+77
2 Y2
09.
Sol: x(t)
2
5 1 o 1 g
10.
1 1
ol: (@) T,=—,T,=—
@ T, 9’7 6
2 LCM =3
T, 3
To=LCM xT; = 1/3
15
b) Tj=—,T, =15
(b) Ty 1 2
h_1
T, 11
LCM =11

T() =LCM XTl =15

21 2
)Ty =—,TH) =—
© T 302773
T
il 5_n irrational number
T,

So a non-periodic.
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2 @
d) Tg=—=—
(d) Ty 0" s
(e) It is extending from 0 to oo
So non-periodic

X(t)+ X(— t) _ 1

X (t)= —cos 2wt
() x ()= =
Tozﬁzz_nzl
(DO 27

(2) Qo _ 3. rational, so periodic
2 6

No :Engm
(O] 5
Ny =6

(h)N1=8m:N1=8
N2: 161’1’12N2 =16
N3=4m:>N3=4

N _ TNy
N, 2'Nj
LCM =2

N():LCMXNl =16
(1) Q0 _ 7. rational, so periodic
2n 2

=

2
N, = m:7m

®o
No=2
(j) multiplication of one periodic
non-periodic is non-periodic
(k) u(n) + u(-n) = 1 + 3(n) is non-periodic

4 X(n)

(M

&

11.
Sol:

12.

Sol:

x(n)

(A) x(nT;s) =2cos(150xmxnxTs +30°)

= 2005(3_1111 +30°j
4
L
074
Ny =2—nm =§m
COO 3
No:8

(B) Ans: (a)
Nl = %m = Nl =2

N2 =%1’1’1:>N2 =2

20

N;=—m=N; =4

3 25 3
NN L ves
N, 'N; 2
N():LCMXN1:4
ol <= _T

074 2

x(n) = cos(60)0n) + sin(l4coon) + cos(S(oon)
so 14™ harmonic.

(@ [x,(t)+ %, (0)]x, (£ -2)+ x, (- 2)]

* xl(t)xl(t — 2)+ xz(t)xz(t — 2)
is non linear
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(b) sin[x1 (t)+ X, (t)] # sin[x1 (t)]+ sin[x2 (t)]

1s non linear

d B adx,(t) Bdx,(t)
(C)a[&xl(t)+BX2(t)]— dt + dt

is linear

(d) 2[x (6)+ x2(0)]+ 3 # 2x (6)+ x2 ()] + 6
is non linear

© _j[axxrwxz(r)]dr

t t
=a le(t)dr + BIXZ(T)dT is linear

(0 [x1(0)+x2 (OF # %7 (1)+x3 (1)

is non linear

€ [axl(t)+ sz(t)]cos ans
= ocxl(t)cos 0yt + sz(t)cos o,t is linear

(h) log[x; (n)+x, (n)]+ log[x, (n)]+ log[x, (n)]
is non linear

(i) [xq(n)+x2 () = [x; (n) +[x2(n)

is non linear
(G) o"x*(n)# ax™(n) is non linear

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

Xl(n)+X2(n) o Xl(n) + Xz(n)
A VU ) Ry Sy My P
is non linear

(m) linear (no non linear operator is present)

(n) ¥l 2 enl) L e%0) g non linear

Postal Coaching Solutions
13.

Sol: (a) tx(t—t )+3#(t—t, )x(t—t_ )+3
time variant

(b) %) = X% time invariant

(c) x(t—t,)cos3t = x(t—t,)cos3(t —t,)
time variant

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

d(t—t,)  dt—dt, dt
time invariant

© dx(t-t,)] dX(t_tO)—i[x(t—to)]

() x*(t=t,)=x*(t—t,) time invariant

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

(h) 2x("_“°)x(n -n,)= ZX(“‘““)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
14.
Sol: x3(t) = x;(t) — x;(t-2)
y2(t) = y1(t) — y1(t-2)

x3(t) = x;(t+1) + x;(t)

y3(t) = yi(t+1) + yi(t)

15.

Sol: (a) Preset output depends on present input-
causal

(b) preset output depends on present input-
causal

(c) preset output depends on present input-
causal

@) OB D T TSR Ll T IS (Nl Hyderabad ¢ Delhi » Bhopal « Pune « Bhubaneswar
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16.
Sol:

17.
Sol:
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(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) ix(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, a # 1 non causal
(m) causal(present output depends on past
nputs)
(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

If a system expressed with differential

equation then it is dynamic.

18.

Sol:

19.

Sol:

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) = cos3tu(t) = —1 <y(t) <1 stable
(c) y(t) =u(t-3) stable

(d) y(t)= dl;—it) = §(t) unstable

() y(t)= }u(rﬁr = 1(t) is unstable

—0

(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

) x(m)=1=ym)=n-ng+ 1 = y(0) =00
= unstable
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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) xi(t) = u(t) = yi(t) = u(t)
Xa(t) = —u(t) = ya(t) = u(t)
So, non invertible

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

(¢) x1(t) = u(t) = yi(t) = u(t—3)
xa(t) = —u(t) = ya(t) = —u(t — 3)
So, invertible

@) xi()=A=yi()=0
x2(t) =—A = ya(t) = 0
So, non invertible

(e) xi(n) =8(n) = yi(n) =0
x2(n) = —8(n) = y2(n) = 0
So, non invertible

(H) xi(n) =8(n) = yi(n) =0
x2(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) = y2(n) = —u(n)

So, invertible

21.
Sol:

(1)

(i)

Given

X(n)

Unit delay > y(n)

Convert to Z-domain

X(z)

z! > Y(2)
Y(z) ozt ]
X(z) 1+z'  z+1
X(n) =8 (n);
1
Yl\z)= X
= ()= L x@)
1 1

Yiz)=—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.......
Theny(n)=1[0,1,-1,1,-1....... ]

x(n) = u(n);
1
=Y(2)= Z+1X(Z)
1 z
Y =
(Z) z+1z-1
Y(z) 1 A B
= = +
z (z+1)(z—1) z+1 z-1
LI
-2 2
z+1 z-1
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22.
Sol:

23.
Sol:

24.
Sol:

X0 0B 03 Ty TS R IO ITE T T Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru «

V()= ity i 2
2z+1 2z-1
1 n 1
y()=—L 1 ulo)+ Luto)
Ans: (b)

Constant added - non linear

So, statement-I is true.

Time varying term - time variant

So, statement-II is true.

Both Statement I and Statement II are
individually true but Statement II is not the
correct explanation of Statement I

Ans: (d)
(S-I): y(n)=2x(n)+4x(n—1)

If x(n) is bounded, y(n) is bounded.
.. Stable. (S-]) is false.
(S-I1): h(n)=28(n) +4 d(n— 1)

h(n)={2,4}

A
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 II 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.

Conventional Practice Solutions

01.

Sol: git)t

1

+3

x(t) = g(t) + g(t/3) + g(t/4)

X(t)“
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02.
Sol:
(0
4
o0 2 3 4 ¢ !
dx, (t)
dt
@ 4

- &
% =49(t) —4u(t—2)+8u(t—3)
—4u(t—4)—45(t—6)

x,(t) =4u(t) —4r(t—-2) +8r(t—-3)
—4r(t—4)—4u(t-6)

x2{0)

1__

of 2 4 6 8

A M
dt

02i46 g t

D D

% =28(t) - 3(t—2)+3(t—4)

—[u(t-6)—u(t-8)]
X,(t) =2u(t) —u(t—2)+u(t-4)
—1(t—=6)+r(t—398)

X3£t)

N dx; (1)
dt
@ :
2 >
0 4 6
72 @
% = 43(t) = 2[u(t) —u(t - 2)] +

2lu(t — 4) — u(t — 6)] - 43(t - 6)

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

S5y(t-3/2) = x(-2(t — 3/2) =3) = x(-2t)
t— —t/2

t 3
SY(—E —Ej = X(t)

04.
Sol: x(t) = A " >0
(a) areal, o =a,
X(t) — Ae(ulJrjm)t — Aealtejmt
x(t)= Ae™ cos ot + jAe™" sin ot
Refx(t)] = Ae™" cosmt

Img[x(t)]= Ae™" sin ot

(b) o= jo
x(t)= Agliorion

x(t)= A" = Acodm+a, )t + jAsin(o+o, )t

Re[x(t)] =A cos(co + o, )t
Img[x(t)] = Asin(w+ o )t
() a=o0;+ jo
X(t) _ A‘e(al+j(col+m))t — Aet .ej(m1+(o)t
Re[x(t)]= Ae™" cos(a, + o)t
Im g[x(t)] = Ae™ sin(w, + o)t
0s.

Sol:
(a) RMS value

=1/25+%=\/25+50=\/ﬁ

Power =75

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

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

RMS = 50+%+%=\/§

Power =51

06.

t

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

—00

TIV, causal, dynamic - due to integration

(i) x2(t) = x1(t) + 2x(t-1)
y2(t) = yi(t) + 2y, (t-1)

07.
Sol:
(a)
AX(t)
T
12 12t

D NS
:!;tx(t)dtz jl tdt=—

2
204 4

2

SO,D]ZO
1 1
% 2 15
[ (e = jtdt:t— S LY
i | 211 214 4
y !
SO,DzZO
(b)
x(1)
1
32 52"
5
3

Ttx(t)dt = j tdt

5
* 125 9]_1[16]_,
s 204 4] 2|4

2

| w

t2

2
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tdt

I
\®)

Ttxz(t)dt =

1 | L0 2 | 1

00

j x2(t)dt =

—00

1dt

I
—_

19 | Lo 10 | 1

D, =2

08.
Sol: x(n) = d(n)
y(n) = 28(n) — d(n—1) + 8(n—2)
y(n) = 2x(n) — x(n—1) + x(n-2)
now, x(n) = 28(n) — 6 (n -2)
y(n) =2 [2 8(n) — 6 (n—2)] — [28(n-1)
—3(n-3)] +[26(n-2) — & (n—4)]
y(n) = 436(n) — 20 (n—2) — 28(n-1)
+0(n-3) +28(n-2) — & (n—4)
y(n) =46(n) -2 6(n—1) + d(n-3) — 6(n—4)
y(n)=1[4,-2,0,1,-1]

09.
Sol:
(a) y(t) = x(2 — t) memory, stable
y(—1) =x(3) - non causal, linear, TV
t/2

) y(t)= '[ x(t)dt linear, memory, TV

—00

y(-1)=
x(t) = u(t)

t/2

y(t)= Ildr = %u(t) unstable
0

0.5
J‘x(t)dr non causal

(©) y() = [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)] Linear, TIV, Causal,

memory, unstable

n+l

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

k=—00
unstable, TIV
(® ym)=x(n) u(n)

Linear, TV, causal, memory less, stable
0
(®) on)=xn) = 8n-2)
k=0

= x(n)[77+6(n +4)+ 8(n+2)+ 6(n)+ 8(n72)+ 6(n74)77—]
y(n)z -— +x(— 4)6(n + 4)+ X(— 2)6(n + 2)
+x(0)(n)+ x(2)6(n —2)+ x(+ 4)5(n — 4) - — -

0

causal, memory less, stable,

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

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

10.
Sol:

(C))

Duration = ‘T’

A
Ale |--->=
>t

=3t

(b) x, (t) =X, (3t) = AeT'u(t)

txi(t)

\x‘ Duration = ‘T/3’

o 13 ¢

A

Ale
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W ACE 12
t " 4
© xg(t):xl(%j:mﬂ.u(t) O ,

duration = 2T \ /
>

1 X -1 —1/2 1/2 1
t
A 1( )

Duration = ‘2T’
Ale 1---= — 2

>t

(t)
11. (b) | N
Sol:

(@

2 X(1) -1 0o -1
4+ X'(1)

v
-
v

X0 OB 03 T TR @ IO ITE T N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada « Vizag « Tirupati « Kolkata « Ahmedabad




Chapter > LTI (LSI) Systems

Objective Practice Solutions

Sol:
(@) y(t)= [x(t)h(t—t)dt
Jx(@) $h(t-o)
1_
> »T
T T t-2
Case () t-2<0 y(t)=0,t<2
t— -3(t+2)
Case (i) t2>0  y(t)= ,[26_3th: 1< 2
0
1 e—3(t+2)
y(t)= u(t-2)
(b) 2 x(7) r
s 1
ot t
Case (1) t<0 y(t)=0
t t2
Case (i) 0<t<l  y(t)=[rdt= 5
0
L 1
Case (iii) t>1 y(t)=[rdt = B
0

02. Ans: (b)

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

—00

0

y(2) = j x(0)h(2 - 1)dt

o0

h(2—)

x(1) A
A

12t~

04. Ans: (b)
Sol: s(t)= [h(c)dr=u(t—1)+u(t-3)
s(2) =1

05.
Sol: Assume —t+ta=A = —-dt=dA

00

z(t) = J.X(X)h(t +a-— K)dk = y(t + a)

—00

06.
Sol: (a) x(t—7+5)=x(t—2)
(b) X(t)* if{t + Ej = ix(t " Ej
ol a) [a a
() x(t)* [28(t +3)+25(t - 3)]
=2x(t+3)+2x(t-3)
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07. 10.
Sol: Sol: (i) T=4 A h(t)
(a) e u(1)3(t—1)=e"8(t—1)
[From product property]
(bye™| = e [Fromsifting property] |
>t
(c) e*(H)u(t —1) [From convolution property] -8 4 0 4 8
o 1YO=X(O*h(0)
Sol: dx(t)
dt
1 1
3 "t :
l -5 3 rs s
-1
&) _5-3)-5(t- ) (i) T=2
dt Ah(t)
9x{) 1 (0) = n(t-3)-h(e—5) |
dt ______ [ [ } [ ------
09. R
= | 4 2 0 2 4 ¢
Sol: (a) Ay An=A,,  [d(at)dt=—
o ¢ y(®)
11_A 1
oo o / \
1 >
A= 30 1 3
o
I 1 A ¢ 1
b)—.—=—, inc(at)dt =—
( )oc o o J;Osmc(oc) o 11.
A 1 Sol:
B a (a) 4 X(t) Iy
©1x1=AV2  [edi=1 L !
1 >t >t
A= —= -3 1 -1 1
V2
< 1 Il Y(t)
(d)txm=2An J;mdt:n 2|
A= = | I | >t
2 -4 -2 2

X0 OB 03 T T R R OIS0 N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




5 ACE s
(b) Ans: (¢) 14. Ans: (d)
w(t)*u(t—1) > 5 — Sol: x(t)*h(~t)= [x(ch(~(t - 1)k
SR RIS — [x(eh(z— ke
© 4 h
() 15.
Sol: y(n) =———+ x(— 2)g(n + 4)-|— x(— l)g(n + 2)
VT +x(0)g(n)+ x(1)g(n - 2)+ x(2)g(n —4)+ - ——
- x(n) =38 (n-2)=1 n=2
0 T ¢ =0  otherwise
: y(n) =gn—4)
()= Hful)-ufeT)
_ 16.
X(0) = u(t) 1 Sol: y(n) = x(n)*h(n)
y(t)=x(t)*h(t)==[r(t)=r(t - T)] =2(0.5)"u(n) + (0.5)™ u(n - 3)
4 y(1)=1,y(4)=5/8
12. Ans: (a)
Sol: To get three discontinuities in y(t) both 17. Ans: (a)
rectangular pause must be same width. Sol: y(n)=[a,b,c,d,a,b,c, d-— N times]

To get equal width h(t) = x(t). It is possible

onlya=1
13. Ans: (a) +h(t)
Sol: A
x(t)
5 2 u2 2
> L
-1 1t 2 0 2 i
y(H)
10 10 10
3 - 1 3 ¢
ty(t)
10
>t

y(t) =10 for all ‘t’

y(n) is a periodic function with periodic ‘4°.

So h(n) must be h(n)= ¥.5(n - 4i)

18. Ans: 31
Sol: x(n) = {1,2,1}

h(n) = {1.x,y}

y(m)=x(n)*h(n) 1

yn)={1,2+x,2x +y+ 1,x+ 2y, y}
y(1)=3=2+tx=>x=1
y2)=4=2x+y+l =>y=1
y(n)={1,3,4,3,1}

10y 3)+y(4)=10x3 + 1 =31

19. Ans: (d)

Sol: ih(n) = ia“ +
n=0

n=-—oo

ibn<oo

n=-—oo

only when |a| <1, |b>1
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20.
Sol:

Ans: (b)

0 ) 0

[[h(t)dt| = Je*dt+ [e™dt <o only when
—0 0 —o0

a<0,B>0.

21.
Sol: (a) h(n) = a"u(n) + p o' u(n-1)
(b) h(n) =0 n<O0 causal

System stable for any value of ‘f3’

except B # oo and || < 1, except o =0

22.
Sol: (a) @j u(n)- A(%)n_lu(n ~1)=5(n)

Whenn=1,A=1/5
(b) H(z)=

23.

Sol: h,(n)=25(n) —%S(n -1

h ()b (n) = (ljnu(n)—l[ljn_l.u(n—l)

2 2\2
R
SHEORD
2
24,
Sol: 1. The convolution of one causal, one-non

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.

3. h(t)=sino,t, [ h(t)|dt = T|sin 0)0t|dt =00

unstable. So, given statement is true
4. y(t) = x(t-2) — causal

25.

Sol:

26.

Sol:

217.

Sol:

28.

Sol:

x(t) = y(t+2) — non causal.
So, given statement is false

Ans: (a)
s(t) = u(t) — e *u(t)

h(t):dZ—(tt):6(t)—[e"“té(t)—ae““u(t)]

X(n) = u(n), y (n) = &(n)

u(n) — u(n—1) = 5(n)

y(n) = 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)
jh (t)dt = jh (t)dtxh, (1)
=h,(1) j h,(t)d

se(t) = s'(t) xs,(t) =
Sc(t) # s1(t) * so(t)

8, () *s", (1)
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Conventional Practice Solutions

01.
Sol:
a
@ u(t+1)-u(t-1)
1
~1 !
1 Sgn(t)
t
-1
4 Xl(t) X
! 1 hy(t)
—1 >t
0o 1 -t
—1

0

yO=xi10) * h(® = [x,(th,(t-t)de

—00

4 h] (t—’f)

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

case (ii): =1 <t<0; y(t

t

j 1ldt=—(t+1)=—t—1

case (iil): 0 <t<lI; y I 11dr+J.1 Idt=t-1

case (iv): t>1;

t):J(l

Jl- 1=-1+1=0
0

y(®) = 0; t<-1
=—t-1; -1<t<0
=t—1; 0<t<l1
=0; t>1
(b)
Ho=p

00

(1) *ho(t) = [eu

—00

(r).e'B

= e*B‘J.e*‘“ edr;
0
t (B-a)e t
=eﬁtjeﬁ‘”dt . ©
0 B O

)

= B_—a
—at Pt
=% u(y)

B—a

(=y(t— 1)

t>0

(i) Ifa =P

Xa(t) * ha(t) =t e P u(t)

02.

0

Sol: ﬂﬂ*hay:jxﬁmﬁ—er

T 1
:_-[01:2+1

t

1
:_J;orz+1d17

1 BN
=—tan (T
ptan”! (@)

u(t—r)dr

=tan"' (t)—tan”' (—o0)

L -1
=—+tan (t
5 (t)
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03.
Sol: ht)=e¢*; —o<t<4
=e?: 5<t<wo
h(t)=¢*"; -—w<1<4
=e?": 5<t1<w
h(r+t)—ez(r“) ;0 —o<t<4-
2T . 5 cr<o
h(t— 1) = 27 i t—4<1<w
=¢ M,  —o<1<t-5
A=t-5; B=t-4
04
Sol:
(a)
x1(7)
1]--
ol 1 e
uhl(t—‘c)
2
> T
t—1 t+2
case (1):t+2<0 =0
=>t<-2
case (2):
0 <t+2 <17 common area take —2 <t<-—1
t—1<0
t+2 2 t+2
J-r.2dr:2— =(t+2); 2<t<l
0 2 0
case (3):
I<t+2<3 -I<t<l1 -1<t<1
t—1<0 t<l1
t+2 1
_jzrdw jl 2dr—2? +2(t+2-1)
1]
—1+2t+2—2t+3 -1<t<1

case (4): 1<t<2

21
—.[ 2d‘C+I1 2dt—ZL +2x2
t—1 2 t—1
—[1—(t—1)]+4, 1 <t<2
Case (5):
1 <t-1<3, t+2>3 2<t<4
2<t<4t>1
3
= [l2dv=21 =2(3-t+1)=2(4-1)
t-1
Case (6):t-1>3=0; t>4
x(t) * h(t) =0 . t<2
= (t+2)* P2 <t<—]
= 2t+3 ; —l<t<l
=%[1—(t—1)2]+4 ;1<t<2
= 2(4-t) ; 2<t<+4
=0 ; t>4
(b) .
A hz('f) N Xz( —2'5)
—2 . s
2 ' 1 t+1

case (1):t+1 <=2

t<-3=0
case (2):
2<tHl <2, t-1<=22] 3<t<-1
3 <t< It<-1
t+1 ‘[2 t+1
= jrzdrzz— = (t+1) -4
-2 2 -2
case (3):
-2 <t-1<2, tH1>2 | 1<t<3
—1<t<3, t> 1
= Ir2dr = =( (t 1))
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case (4): 08.
t—1>-2, t+1<2 -1 <t<1 Sol: S(t) = 5(t)
t>—1 t<1 4x(t)
t+1
2 t+1 _ 2 _ _ 2
J.lr 2dt=r1 ‘H =(t+17 —(t—1) =4t 1
t7
case (5):t—-1>2=0 ,
t>3=0 -2 -1 {0 Q1 2 t
xa(t) * hy(t) = 0 ; t<-3
=({t+1)y~4 ; B<t<-l -1
=4t ;0 —1<t<3
=4-[t-1]7 ; 1<t<3
=0 ;  t>3 d )
h(t) = —[8(t)] = 5(t)
dt
06.
Sol: :
1 1 x(t) ——{ h(t) = 3(t) —— y(t)
11
212,72 .
3| 3. y(t) = x(t)*8(t) = x(t) *3(t) = x(t)
1] 1.1 y(t)
212,72 ® )
-3[-3.73 | I -1 ! I .
| N
y(n)=11,3,-1,-2,3,-1, ........... ]

07.

Sol: h(t) = g(t) * f(t) = j g(o)f

(t—t)de
2)dT

g(t—t))* f(t—t,) = jg Tt )f(t—

T—t1= A dt—dk

o0

= [e)f(t—(+1,)-t, )dn

=h(t—t;—t)

09.
Sol: (a) The output is the capacitor voltage, so
the circuit is

=T
Vi(t) — Vo(t)

. \

H(s) = —
1+st,
1, =05
H(s) = —
" 1+0.5s
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":§~ éﬂg% 20 Signals & Systems
o— AMA—— o (b) Lett=T, where y;(t) = ya(t)
I I y,(T) = 5e T 52T = 5¢2T[e? _1]
Vi(t) p— Vo(t) v, (T) = Se 021D _ 56021 _ 50-02T [eo_z B 1]
s i yi(T) = y(T)
1 esz [eZ _ 1] — 670.2T [60.2 _ 1]
He =1 T = 1.86 sec
T, =5
1 10.
HE) =175, Sol:  x(t) = 2¢ ' u(t)
The input is System 1 — compress a signal by a factor
x(1) of 2
t System 2 — RC LPF with t = 1
5 Y, (8) = 2e u(t) *e "u(t)
Y (s) = 2 1 =_2+ 2
0 >t s+2s+1 s+2 s+1
! y,(t) = =2e*'u(t) + 2e "u(t)
Y,(s) 1 S —t _ —t
H,(s) = = ®y(t) =2e u(t) *e u(t)=2te u(t)
X, (s) 1+0.5s _ ot
! ya(t) =4t e = u(t)
x(t) = Su(t) - ??(t_l) compression is time variant system
X(s) = S_>e —> output are not same.
s s
B (—e™ 11.
Y (s)= S Sol:
: 1+0.5s (@) y(t) =x(t)*h(t) =x(t) * Ad(t) = Ax(t)
Y (s) = 51-¢7)
: s(1+0.5s) (b)  Y(0)=X(0)H(0) =218(0 - 0) —
P+jo
O | L
! s 1+0.5s s 1+0.5s Where x(t)=¢e", y(t)=——¢&"™
y2(8) = 5u(t) = 5[e > u(t)] - [Su(t 1) - 5e 2 Du(e - 1) B+ja
H,(s) = Yo _ 1 () x(lt) = cosat
X,(s) 1+5s y (1) # By(t) = x(t)
5 5e”
X(s)=—- +Bsi
(s) S S cosat System Acos(at)+Bsin(at)
5 .
— (1 - e_s) s _a-s
Y,(s) =3 _S=ze)  1-e cosat need not be eigen function

1+5s

Y(s)—é— > —es[é— > }
: s s+0.2 s s+0.2

y,(t) = 5u(t) - 5e **u(t) - Su(t —1) + 5e **“Pu(t -1

s(1+5s) s(s+0.2)

()

Sinc(at) = x(t)
h(t) = Sinc(pt)
y(t) = Sinc(at) as B> o
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Chapter@ Fourier Series

Objective Practice Solutions

01.

Sol:

02.
Sol:

03.
Sol:

Ans: Zero

o o
Tl = 5, T2 = g
Tl

L3 Ty= LCM x T, =~
T 2

2
wy =4
x(t) = 3sin (wot + 30°) — 4cos(3wet — 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)

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

Q

(R)

(S) Ans: (¢)
Even and odd HWS — a,, cosine with
odd ‘n’

(T) Ans: (d)

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

04.
Sol:

05.
Sol:

06.
Sol:

07.
Sol:

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

10Hzto 20 Hz is 4 sin(SOnt + g)

2
p= (42) =8 Watts

Ans: (b)

At oot = /2

x(t):1_§+§_; -
= tan'(1) = %

Ans: (¢)

0= 02K, 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)

T, = 1, T, :107'5, T; = 87’[, T4 = ?TC
To =40r

0, = 2_7r =0.05rad/sec

0

X0 0B 03 T TR @ IO TG Nl Hyderabad « Delhi « Bhopal « Pune » Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada « Vizag « Tirupati « Kolkata « Ahmedabad




fﬁ éﬂ., 2 22 Signals & Systems
. Ans: f
08 ns: () 1 a, =ij.105intcostdt:0
S@W+W)+0)3) -
2 x
Sol: Averagevalue = 5 =% b = ilesintsintdt _s
' 2n 0
09. Ans: (a) d; = aj +b =5
2n
Sol: a, = —— [ £(t)t 14. Ans: (d)
2y Sol: wo=m
8= Average value =0 x(t)=a, + Zan cos(nnt)+ b, sin(nnt)
n=l
10. Ans: (d) 1 x(t) = A cos (mt)
Sol: Ty =4msec f, =— =250Hz % .
T, A=a = Ix(t)e”” dt
51, =1250 Hz 0
1 2
B . 4
11. Ans: (b) :Ite det+J.(2—t)e ] tdt: —?
Sol: Odd + HWS — sine terms with odd ’ 1
harmonics 1S.
Sol: ap=5
1 n
12.  Ans: (a) b, = [10sinmt di = 1001 -(=1)"]
Lt 3 nn
Sol: (RMS)’ =— [ x’(t)dt a,=0
Ty 20 . 20
- x(t) =5 +=—sin t + —sin 3xt + — ——
T 3n
(=12 2d T36d
= —| || ==t | dt+|36dt
T J; ( 0 ) l tH(o)
L %) 1
_ 1144 ¢ }
T T2 3 .
A1t 4n @
1]|144| T T
=T F{g}f%(gﬂ y(t):5+%sinnt+%sin3nt
l[6T +18T] 16.
T T
=94 Sol: o, = 3
RMS = +/24 = 2./6A x(t) = 2 + cos(2m,t) + 4sin(5w,t)
X(t):2+le.i2®ot +l —j2mpt +i. jSo,t - —jSm,t
13. Ans: (¢ 2 2j 2]
Sol: Average value = LJIOsin tdt = 10 c=2,c=1/2, c, =l, c, :i’ c_ :j
27 T 2 2] 2j
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17. 21.
L L . . |
Sol: c, = J.te—Jnmotdt — Ite_mmdt = L Sol: ag = _Ix(t)e—kaotdt
0 0 2nm T 0
Co = 172 _y2m 2 2n
a_=c_+c_ =0 Zl[j J 3td‘[JrJ‘—e 3 dt
n n _n _1 J 1
b, =j(cn —c_n)_—
" -k L
18. _1lje 3 ‘1 e 3 ‘2
Sol: (i) y(t) =d, =¢ ™c, =e™c, = ¢, (-1)" 3| e g2
3 3

(if) f(t) = x(t) ~y(t)
d, =c,—(1yc, =c,[I-(-1)]
(iif) g(t) = x(t) + y(t)
d, =c, +(-1)c, =c, I+ (=1)]
19. Ans: (b)

. _ —inogt jnamgt _
Sol: d, =e™"c +e" e =2cos(nw,t, ),

n

T
Assume t, = 7

d, =2c, cos(ﬂj
2

d, = 0 for odd harmonics

20.
dx(t)
Sol: y(t)=—*
ol: y(t)=—
d, = jnwocy,
d,
C, =-
Jno,
1 T/2 —jnemyt
dy :¥_TJ/2(6(t+d/2)—6(t—d/2))e 0" gt
i d
=ﬁsin(n(DO )
T 2
d
CO = ?

22.
Sol: W, is a periodic square waveform with

a =
£ jkon

Ans: (¢)

period T and it is having odd symmetry and
also odd harmonic symmetry (or Half-wave
symmetry).

W, is a periodic triangular waveform with
period T and it is having odd symmetry and
also odd harmonic symmetry (or Half-wave
symmetry).

.. Only odd harmonics: nfy, n =1, 3, 5 etc
of sine terms are present in wave forms W,
and W, in their Fourier series expansion.

Note that waveform, W, can be obtained by
integrating the waveform, W.

If c, is the exponential FS coefficient of the
n™ harmonic component, c_ """

1

|caloc |- = |n"'| for waveformW,

1
| Cn |oc 5
n

=|n -2 | for waveform W,
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;@u éﬂg% 24 Signals & Systems
23- 1 —jk —jk2 —jk
— n 1_ e jk2n e jkm
Sol: _ _]kZTC [ ( )]
(a) Polar form of TFS 1
k
: = — [y ey]
=d, + Zdn cos(nw,t+¢,) jk2n
n=1
2 K
- cxk=——|1—(-1
=2, <= o= ]
do=2,d1=4,d2=4,d;=4 ck = 0 for ‘K’ even (K=10)
polar form = 2 + 4cos(wet + 30°) Power =0
+ 4cos(2mot + 60°)
+ 4cos(3mpt + 90°) 25,

(b) x(t) ¢>cn
x(at) <> ¢, , M) = awy

x(t) &> ¢y
X(t—to) <> e "o,
dx(t) .
< (jnw,)c
dt (.] 0) n
24.
Sol:
10 :
(@) C, =— j x(t)e Ot dt
TO 0

1
C =~ [1.edt
2 0

C :1—(—1)
2jnm
e, 1

CO_EJ‘dt:—

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

(b) Co =j2 (average value) [given is false]

© %!xlmdt )

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

given 1s in correct

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

2

C

n

=
= )EE)_.5)2+(1)2+(2)2+(4)2+(2)2+(1)2+(0.5)2
=26.5 Watts

) x(t)= icnej“‘“o‘

in jn
—j4o,t —j3ogt . o —j2mt . 4 —jmot
=C_e 1 4 C e Ple 2 1 C e ™le 4 £ C_ 7™
jn jn
joot 200t . 4 3ogt L 2 j4wot
+Cy +Cel™ 4 C et +CuelP™e2 4 C et
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{@u éﬂg@_ 25 Postal Coaching Solutions
056t 4 | gt C—->3
—Ue e D. Given signal satisfied half-wave
Lo Py 0.5eH0 1 1672 4 06 symmetry so only harmonics are present
D—>4
- (O.S)[e’j“”“t + gt ]+ 2{6_@0(_4 + ermOH“}
28. Ans: (b)
Bop-t Pogt Sol: Frequency is constant. So, S; is LTI system,
© e 4 frequency is not constant. So, S, is not LTI
system.
= x(t)=cosdo,t +4 cos(2m0t + Ej
4 29. Ans: (d)
. Sol: Fourier series expresses the given periodic
+2 005(3(’°ot + Ej +4 waveform as a combination of d.c.
component, sine and cosine waveforms of
X * (— t) = X(t) different harmonic frequencies as
So even symmetry f(t)=a,+) a,cos(nw,t) + Y b sin(nw,t)
n=1 n=1
(¢) fp=10Hz = Ap + A, cos(nmot + ¢p)
0o =2n fp =20 m rad So, statement (1) is true.
x(t): cos(SOTtt) 14 005(40,“ +Ej A, and ¢, (Amplitude and phase spectra)
4 occur at discrete frequencies.
T So, statement (2) is true.
+2 cos(60nt + —j +4 )
2 Waveform symmetries (Even, odd, Half-
(d) Cut off frequency = 25 Hz wave) ‘ simplify the evaluation of FS
coefficients.
=50 m rad
So, statement (3) is true.
So output of the filter is
Statements 1, 2, 3 are correct.
y(t)= 4cos(40nt+§j+4
30. Ans: (d)
27. Sol: For a real valued periodic function f(t) of
Sol: A. Fourier transform of periodic impulse frequency fo
train is also periodic impulse train c,=C"
A—>2
B. For a full wave rectified wave form Statement (I) is False but Statement (II) is
2A ) True because the discrete magnitude
Cn = ﬂh— 4n2),nlseven spectrum of real function f(t) is even and
phase spectrum is odd.
B —1,
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{ﬁu éﬂ.,cg 26 Signals & Systems
Conventional Practice Solutions 2TV —cosm{n cosnt
by=—1_ —tsinntdt=—| t +/ dt
01 2n-m T T n |—n n
Sol: vl n
t,+T, n - .
aae =—| —|mcosnm+ mcosnt|+— sinn
@ a, = [x(i)t=_-[1di=1 {[ e H
T, . 2ny 2 m
ta+T b \% {—2ncosnn}
2 )
an = [x(t)cosn mytdt n’ n
o fa ~2v
2T 1 sinnt|™ b, = (_ l)n
=— [l.cosntdt = — nm
2n () T on |
=i[sinnn—0]=0 02.
nmw Sol:
tatT, a) (0, 0) (1, 1
bn:% [x(t)sinn o tdt @ (0.0 (, )1
o £ (0-0=1(-0)
—i?l sinntdt—l_cosmn :
S g - xi(t)=t 0<t<]
-1 1_(_1)“ 1 Wl 1!
b =— = — —jno, _ —jn2m
" [cos nr 1] 1 Co=r jxl(t)e nod gt _Ijte 2 gt
1 n/2 1 0 ¢, 0
(b) , -~ J.ldt:— . .
¢ 2 2 —jn2mt —jn2nt
"o C, =t— —[S—at
/2 1 sine /2 —JH2TE|0 —jn2x
anp =— [l.cosndt=—
T /2 T n —1t/2 —jn2nt 1
-1 - 1 !
> gin AT C, = [e_ann O] - .e.
1[ . nn . nn| “SM5 jn2n jn2m — jn2n|,
=— sm—+s1n7 s
nmw -1 1 ;
C — ’ i e—]n2n _ 1]
TC/2 _ 75/2 n .
by == Jsinntdt _ 1 —cosnt jn2rw (_]1’127'[)
2n _q/2 Ton|_g/2 ) 1
-1 0 (=573
:—{cosnﬁ—cosﬂ} =0 jn2m
nw 2
© (7, =) (’g:) (b) xa(t) =sint;  0<t<n
Y(t)+V=E(t+TE) To=7, y=2
1 r : —jn2t
TUSUST Cn:—-[smteJ dt
T 0
:%t_ ZLZI:TCZ—TCZ]ZO 1 . Sin2t|® w -
2n° 2| 4n [=—|sint— —|cost e"*'dt
T —2n|,
Hyderabad « Delhi » Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada « Vizag  Tirupati « Kolkata « Ahmedabad

ACE Engineering Publications



@ écp..g. 27 Postal Coaching Solutions
» o e 04.
[=—sint e —sin0|——| cost— + [sint : t © ‘ sin(4o)
o Lol O T Sl H(jo) = [h(te ™ dt ===
[=+- [cosn e i l] )
J2nm 1“
+ ! ]Esint e "t g >t
mn2n|y 0
_ _ -1
1 -2
I 1- = 2
jn2w | jn2n To=28, o, £z
- i} T,
I Jn.2n -1 - 2 x(t) o) y(ty=c,H(ne)
| jn2n | n2m
_ 2 . sin(4nfj
1 - .n27'c = —_— =
J H(nw,) H( , j m 0
03. ¢ 4
Sol: C; =2, C_; =2, Cs = 4j, C.5= 4 y =
ap=Co=0, 06.
Sol:
3, =C,+C,=>a,=C+C ;=4 ot L
1 1 1 (a) a, = TL J' (t)e—ka tdt
a3=C3+C3=0 t,
t,+T,
by=j (Co—Cp) = by =j [C=C,4]=0 _1- I (Ot
TO
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by =j[Cs - C_

31=5[4)+4j] =8

d = a12+b12 =la, =4

d,=fal+b] =J0+(8) =8

b, = tan™'| — O | _ an (_—j =0
a, 4

0y = tanl(_ b3j = tan1(§j S
a, 0) 2

= Zdn cos(nw, +¢,)
n=0

:4cos(£t+0j+8cos(3—nt+£)
4 4 2

x(t) is real, x*(t) =x(t)

t,+T,

s Tl

* P
a, =a_,

(Dtdt

1 t,+T,
a, = T—O {[X(t)dt
If x(t) is real then ‘a,’ is real

(b)It x(t) is even X.(t) = x(t)

() = x(t) + x(—t)
Xe(t) -
EFS x(t) = %
_C,+Cy _ AL
2

‘Ay’ 1s purely real & even




":ﬁv éﬂg% 28 Signals & Systems
(e)If x(t) is ODD function then 08.
Xo(t) = x(t) Sol:
t) — x(~t © _

xo(t) = w ) £(t)= ¢,

EFS xo(t) = <o ;Cn -G ;Cn — iBa @0 =T

‘Ay’ 1s purely Imaginary & Odd 2%[ =1 =>T=2
07. (i) x(t)= Ao A
Sol: Given x(t) is real so C_, = C; A2 ; 2

To=6 :moz%zg T2 aron

6
And C,, C, exists from given information = 17072

Given that x(t) =— X(t - %) .
So Half wave symmetry satisfied.

Odd harmonics present C, = 0 and given that

1 ¢ 2 1

gj3|x(t) de =~

but

1 3 2 e 2 2 |
—j|x(t)| dt=Yc,| =|c.[ +|c [ ==
To -3 n=-o 2

Given C; isreal so C_, =C| =C,

1
2|C1|2:E
1
|C1|2:Z
cr=1
!
LI
2 2

0 o T
. —j=t =t
x()=Y.C,e"™ =Ce ? +Ce’?

1 T i
=—|2cos| —t ||=cos| —t
2{ (3 ﬂ (3 j
So,A=1
B=",C=0
3

09.
Sol:

10.
Sol:

jo Y(o) +4Y (o) =X(»)
1
H(m) 1/, ) jo

1 4 ©
—  /H(ow)=- -
V16 + o (0)=-tan (4j

x(t) = sin 47t + cos(6mt +§)

|H(w) =

H(4r) = =0.075,

1
V16 +167*

4H(4n) = —tan"' (TE) =-0.4n

1
V16 + 367>

ZH(67)=—~tan™ 8 nJ =-0.43

[H(67) = =0.051

sin(4m —tan ™! (n))

1
y(t)=———
V16+1672

+ 6t + — tan— {é TCD

——{
————CO0S§|
1643612 4 2
= < 21 27
= C et ===
X(t) H:Z_w € ®, T 5 L

x(t) = ----- + 1e P4 it 4 oimty Q3
x(t) = 2cos(mt) + 2cos(3nt) + 2cos(Smt) +--

y(t)=2 cos(Snt + gj
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11.
Sol:

(a) x(t) = 2+ZE

n
=6,a=0,a3=2,a,=0
o = 16007, f;= 800 Hz = 0.8kHz
Ca
3 3

P

-3(0.8) -1(0.8)0 0.8 3x0.8

> n(f;) = n(0.8k)

(b) y(t) = x(t) cos(1600nt) New spectrum: ‘c,’
spectrum right & left shifted by + 0.8kHz

and amplitude scaled by %

3/21 3/2
1/2 I [ 1/2
1T6 08 1.6 ! > (right sided
d,
3/2
1 3/2
' NG
32 1608 ¢ 16
dn
2 3 2
SRR
32 1608 ¢ 08 1.6 32

(¢) For x(t) power =Y|C, " = (2)* +2[(3)* +(1)*]
=24 Watts
For y(t) power = (3)*+ 2[(1)* + (2)* + (0.5)*]

=9+(5.25x2)
=115+9

=205W

12.
Sol: b, =0 (x(t) = x(-t))
TFS = ian cos(nw,t)

To=2,00=m

= > a, cos(nmt)

It is satisfying HWS a,=0
a, = 0 (even)
a=0
TFS = a;jcos(mnt)
plx(H)] =
8
2
a, =8
x(t) = /8 cos mt

=4
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Chapter > Fourier Transform

Objective Practice Solutions

01.
Sol:

02.
Sol:

03.
Sol:

04.

Sol:

0s.

Sol:

X(F)= [x(t)e 2 dt

x(t) units are volts and dt units are sec

So, Unit of X(f) is volt-sec (or) volt/Hz

(a) X(O) = Tx(t)dt = area

:(4X2)_GX1X2):7

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

() x(t)=e™u(t)+e"u(-t)

1 1 2a
X = =
(©) a+j(o+a—joa a’+o
. —at at _2_]('0
—e"u(—t
(1) e u(t) e u( )(_)a2+032
Asa— 0
w(O)-u(-1) o=
jo
sgn(t)(—)_i
jo
12
Glo)=1
(0)=1+ ®>+9

Apply inverse Fourier Transform
g(t)=5(t)+2¢™"

Ans: Zero
x(t) = rect(t/2),
y(t) = x(H)+x(t/2),

X(w) = 2sa(m)
Y(0) = X(0) + 2X2w)

06.

Sol:

07.

Sol:

08.

Sol:

Y(co): 2sin N 4sin2m

(O] (O]

f=1=20=21,Y2r)=0
Ans: (d)
Y(®) =3XQ2w)
x(at) < iX[QJ
ol \a

X(%j < 2X(20)
%x@ o X(20)

y(t) = 3/2 x(t/2)

1) 1< 21n3(w)

i) 1 -

2 21(,0. _
o (o)

—a|-0|

> 2me

111)
a’ +t?

1v) L < —j sgn(m)
Tt

%,(t)= rect@ X, () = Sinc(r)
x(t)= x(t _%) X(£)= e ™ X(F)

FT[x(t) + x(-t)] = X() + X(-£)
= 2cos (7f). Sinc (f)
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09.
Sol: u(t) > nd(w)+ L
Jo
it+ 78(t) > 2mu(- )
J
1 1
5 (t)_ﬂ < u(o)
11.
Sol:

(a) fi(t) = f(t — 1/2) + f(-t-1/2)
F (co) = e_%F(co) + e% .F(— (o)
34t
(b) f,(t)= 2f(2 1)

F,(0) =3¢ *“F(2w)

12. Ans: (a)

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

13.

Sol:

i) cos ot = %|:ejm0t + e_jwot} © n[ﬁ(w+ w0)+ 8(0)7 u)O)]
1) sino,t <> E [8(0— 0, )—8(0+ )]

1 1 1
Zj{a+j(w—®c)_a+j(m+wc)}

V) Arecf L cosmotzﬂ Sa| 2P0 7y 5ol €0 |7
T 2 2 2

14.
Sol:

iil) ¢ sin o tu(t) o

Sinc(t) <> rect (f)
Sin ¢(t)cos(10mt) <> % [rect (f—5)

+ rect (f+5)]

15.

Sol: (i) e'x(t)«> X(w+3)

16.

Sol:

17.

Sol:

(Frequency sifting property)

.3
e *x(t/4) 4X(4w+3)
(Time scaling property)
.3
ie'” x(t/4) o X(40+3)
(ii) Ans: (a)
X(0) = 278(w) + 7[8(w— 47) + 8(w + 47)]

x(t) = 1 + cos(4mnt)

Ans: (d)
X() = o(f - fo)

X(t) — ejZTEfOt

tX(®)

> f

-2 2

X(t) cos 2m t <> %[X(f —1)+ X(f +1)]

2

300 -1 1 3
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18.
Sol:

Ans: (d)
Output of multiplier

%x(t)cos(Zcoct +0)+ % x(t)cos®

Output of the filter is = %X(t)COS 0x2
=x(t)cos®

19. Ans: (¢)
dx(t)
t = 7
y(® "
Y(o) =joX(»)
It x(t) is even function, then y(t) is odd
function.

Sol:

It x(t) is triangular function X(®) is Sinc
function, it is real.

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

-1

24/n
1 [ZX(m)ejm do)}

20. Ans: =

Sol:

(t)

dx(t)
dt

dx(t)
dt

ol

27

_ L T joX(m)e™ do
21 s

~ L fjoX(odo
2T »

_ iﬁljco(— iv/r o+ :I)J'm(i\/;)d“’}
~1

"o

t=0

Apply duality property
4t

m <> —2njc0.ef‘w‘

22.

Signals & Systems
Sol:

(i) X,(0)=e™X(-0)+e " X(-0)

(i) X, (@)= % e-zl‘mx(%j

(i) X,(0) = (jo)'e™" X(o)

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

23.

Sol: x(t) =rect (t/2)

X((D): 2sin ®
()

yi(t)=x(t=1)= Y, (0)=e"X(0)
= ya(t) = x(t) * x(1)
Yo(w) = X(0) X(w) =

(a).
(b).

2sin® 2sin ®

)
Y2(®)=4SIH ()

().
(d). y,(t)=x(t)sint <> %[X(w —1)—X(o+ u)]
ys (t) = dz—it)
(f). yo(t) = (t+1) x(t) + 2u(t-1)
® 3,(1)=3[ 3] o2%0)

(). ys(t) = y2(2(t+1)) — y2(2(t=1))

o jox(o)

(e).

1 O\ _ioy 1 O i,
ng(()\)):EY2 E c ol 1)—5Y2(Eje jo()
:le @ ej“’—le Dlete
2 2 2 2
1 o\ -
=—Y,| — |-

Ly (2 —ev]
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_%}%(t)

). v, (t)= x(ij

2

Y, (0)= 2X(2m)—%Y2 (o)

§). 7=,
yio(t) = z(t+1) + z(t) + z(t-1)

Y 0(®) = (1+2cosm) Z(w)

24. Ans: y(t) = cos 2t
Sol: h(t)= sin 4t H(o)= rect(%j
“H((J\))
1
4 4 ®
y(t) = cos 2t
25.
Sol: X()= rect 25 rect| -2
2, 20,
tX(o A
) X H(o)
1
1
> (D >0
-2 -0 ()] 7 -O¢ Wf
(@). 0<or <o Y(0)=X(w).H(o)
5 i o1 TH(w)
sin ®
y(t)="—"——"~ 2
Tt
g0
-0r (O3

(b). o1 <or<m

1Y (w)

-0 -

(t) _ sin ot N sin o, t

Tt Tt

_sinot N sino,t

o> oy y(t)

().

Tt Tt

26.
Sol:

(a). X(m)=10 (m) + d(®w-5) + 6(cw—m)
x(t) =1+ +e™

—mt

e’ =T, 2

T
5 5

—j5t
e ]

=1L,

i
T2
So, non-periodic

(b). h(t) = u(t) - u(t-2)

5. . .
= — is 1rrational
T

h(t)
>t
0 2
= h(t) = rect(é — O.SJ
.o
sin —
rect (t) <>

2
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Signals & Systems

&:ACE
rect (l — 0.5) 2 sino
2 ®
= H(w)=2e™ Sne
®

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

X(o)H(w) = [3(w) + 8(w — 5) + 8(e — n)][z oo smw}

(O]
= §(e) Lt 2¢7° Sin® +8(w—5)2e sinS
x—0 0 5
+8(w)pe i 2T
T

=28(c)+ 2¢ 7 Si%ss(m - 5)[ L SnX_ OJ

X—>T X

5 sin 5

X(w)H(w) = 28(w) + 2¢ 8(w—3)

= x(t)*h(t)=2+2¢ Si%%—m
= Periodic

(©).

In above problem, convolution of two non
periodic signals can be a periodic signal.

217.
Sol:

(a).

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

PkaszWm}

rect(t) <> 2 sin 2
) 2

)
B

rect(t) <>

rect(t o
T—
2n
rect(t) <> sin C(ﬂj
2n

cosT <> 7 [ O(w—7) + d (® + 1)]

Y, ()= sin c[%j (e — )+ (0 + )]

Y, ()= é sin % x 71[8(w — 71) + 8(w + 7))

=£sin9xn8(co—n)+ ESiHQXTES(O)-FTE)
o 2 ®

~Zgn T nd(w— 1)+ 2 sin[_—antS(o) +1)
T 2 - 2
=208 (0o—m)+ 23 (o + m)
Y, (0)= % 25(0 )+ 8(+ )]
Taking inverse fourier transform

yl(t)zgcos it
T

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

Similar to above

Y, (0)= % sin % x 71[8(w — 21) + 8(c0 + 271

(O] (O]

_2 sin(;)jné(m —2m)+ 2 sin(czojné(co +21)

= isin(z—njnéi(w -21)+ 2 sin[ — 2“).7[8(0) +21)=0
2n 2 2n 2

yZ(t) =0

(©). ys(t) = sin o(t) * sinc Gj

rect (t) <> sinc (gj

27

sinc (LJ o 2nrect(— )
2n

sin C(L\J <> 2mrect (0))
2n

sinc(t) & rect(ﬂj

21

sin c(lj 2 rect(g)
2 T
LY, (0)= rect((DJZ rect(wj
2n o
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Al A2 28.
Sol: "
° Xi()
X 1/8
Q)
- 0 ™ @ —n/2 0 /2: »®
. -8 8n
2
(a). sinc(8t) <>
o H(o)=8¢"X,(0)=¢ -8n<wn<8n
-2 0 /2 =0 otherwise

Y(0)= e [5(cw+ 1) + 8(co — 7))
y(t) =cosm(t—1)

Y, (0)=2 rect[ﬁj

T (b). Ans: (d)
_ amnf? _ . -nf?
Y, (0) o2 rect(gj G(f)=e H(f)=
T )
Y(f)=G(f)H(f)=e "
Taking inverse fourier transform
29. Ans: (¢)

2

-

sinc(t) <> rect (%)

T

Sol: e™ <e™
From frequency shifting property
x(t)= eime ™

(d).

-conjugate even symmetry

Bt - ®-37n
e”™ sin c(t) «> rect
2n

30.

sinc(t)* e”™ sinc(t) < rect(;)) X rect( mz_ 3nj Sol: 1

o8 b (a). Y(m):E[X(O)—O)O)-i- X(OH-O)O )]

1
sint sin(t / 2)
o (b) X( ) - L -~
X
®
=’ 0 s 0 21 An X(CO) = %{rect(EJ * nrect(—ﬂ
X(w) =

o0 1/2
Do Y4(0)=0 E/T?i g
=070 3n-12] 12 312
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Signals & Systems

31.

Sol: jx(t)dﬂ—) ()+7TX(0)6()

—00

o rect(.oa/ 47) +18(0)
Jj®
32.
Sol: M rect(gj
it 2a
1X(o)
>
-a a
1 = 2 2a
E=—[|X =—=—
21 JJ ((D] do T T
33.

1/2

1 i ]
E:E J.lndco+lj./zzdoa+l7|‘zndm =

Sol:

o | L

34.
Sol: Ex(t):1/4
1
X(o) =
|((D)| 4+m
Syv(0) = [X(o) [ Ho) = ——.-0.<0<o,
+
E i.TS (0)do
y(t) Y e
1 11 1(0))‘”“
> —=——tan | —
8§ 2m2 2)

o, = 2 rad/sec

35.
Sol: ¢! & 24
o +4
0 8 © 4 2
do=2 d
_J;((92+4)2 v _‘[0(032+4) ?
L 3\ fl2?
2(271).[0‘6 dt
_n
2
36. Ans: B 2.302
a
2a
Sol: t)=——
gt a’ +t?
We know ¢ < 22a -
a +w
) 2a ool
By duality property —— <> ¢
a -+t

37.

Sol:

) B 2 22
Given He a‘“’“ dco=0.99He 49" deo

= j 2““’dm+j 20 4 = 099U Za‘“dm+Te‘2“‘”dm
-0 0

2a0 U —2am® B 2a0 0 —2a0 |*
. 4+ & =0.99|| + &
2a |, —2a 2a | -2a]

:i[l_ezaB] 1[ “2aB ] 0.99 1+1]

—2aB

=2-2¢ " =2x 0.99

=1 e‘zaB 0 99

=00l=¢"

= In (100) = 2aB

_ g /n(100) _4.605 _ 2.302
2a 2a a

Ans: (a)

E= [|X,(F) df = %x 10"
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@éﬂgg 37 Postal Coaching Solutions
38. Ans: (¢) 42,
—® Sol: The condition for distortion less
Sol: /H(o)= 60 30n << 30m transmission system is magnitude response
is constant and phase response is linear
wo=10m |[H(10m)| =2, ZH(10%)= T function'of frequpncy. These two conditions
6 are satisfied in the frequency range
B B _—13n 20 to 30 kHz. So, from 20 to 30kHz no
wo =26m [HQ26m)=1, ZH(267)= Sistortion.
T . 13w
t)=4 10t —— |+ 26mt ———
y( ) cos( T 6) sm( T 20 j 43. Ans: 8
39. Sol: Given input signal frequencies are 10Hz,
20Hz, 40Hz. Only 20Hz is allowed.
Sol: O(®) =-oty
So, y(t) =
t (m):_e(w):t 1 T s
P ® 0 —x8cos| 20mt + — —20° | =4 cos| 20mt + ——20°
2 4 4
—d6(w)
t,(0)= = t, . (4)
do Power in y(t) = =8
Both are constant 2
40. 44,
Sol: . ) Sol: The condition for distortion less
(i) Ans: (c) transmission system is magnitude response
H(f) B 1 is constant and phase response is linear
4+ j2nfRC function of frequency.
1 For —200 < ® < 200, there is no amplitude
|H(f ] = —— distortion.
VI+an*fiREC And For — 100 < ® < 100, there is no phase
[H(f1)| = 0.95 distortion
fi=522 Hz x1()

(ii) Ans: (a)
0(f) = —tan ' (2nfRC)

tz(100) = 0.71 msec

2nRC
1+ (2nfRC)’

41. Ans: (¢)
Sol: y(t)zﬁcos(lOO(t—10‘8))cos(106(t—1.56><10'6))

ty =10° t,=1.56x10°°

® =20 and ® = 60

So no phase distortion and no amplitude
distortion.

Xa(t)

ow=20, =140

Amplitude distortion, do not occurs.

Phase distortion occurs.

[ o= 140]

X3(t)

o =20, ®=220,

Phase distortion and amplitude distortion
occurs

[ o =220]
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45. 1 gy
b e)=1
Sol: R_(1)= j x(t)x(t — )dt X
0 y(0)=—
A’ 16
R, (’C) = 7005(0)01) = 18c0s(6m) 49,
Power = Ryx(0) = 18 Sol: 1 (1)=x(t)*y(-t)=e"u(t)*e u(-t)
46. 1 1 1/2 1/2
r, (1) — =y
Sol: r_(t)=x(t)*x(~t)=e"u(t)*e* u(-t) I+jo3-jo I+jo 3-jo
1 -1 1 T
L (OS(0)= =i ()=re t ()= el el
®
50.
47. Sol: Given x(t) = sinc 10t
Sol: m
1 2 1 Sinc t <> rect | —
-t a
@) | (03] 1+ o’ (03) 4+ ] &
2 2 . (O]
Syy (co) = |X((o)| |H(coj sin c(l Ot) > Erect[ﬂj
(b) y(t) =x(t) * h(t) = [~ ¢ *u(®) 1 ®
o 5 1 X(m) = i rect B
By = Ipy(t) dt=—
g -1 H(o)= 3rect( je‘jz“’
x(t) 4 T
1 S Y(0) = X(o) H (o)
Ey(‘) _EEX“) 1 ® 0 ) o
:Erect om 3rect P e
48.
Sol: t110 r3
i) Ans: (b)
1 _ X
x(t)=e™u(t)*e*u(t)=—e ™ R R
) u(t)reuly) 16 107 10n © —4n 4n @
1 1
X(16) 16/e _ irec{g}a-jzm
i) Ans: () 10 \8n
S (co): |G(m)2 — 1 .. output energy
o 64 + 0 |- o
1 =— ||Y(o) do
Saa (O) = o4 2n _-U
iii) Ans: (b) _ 1 T o
y(t)=eu(t)*e*u(-t) 21 4100
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:Li 8n fS(t—nT)(—)f +ZOOéS(o)—no) )
21100 =, B S
36 i 5(t—10n) >3 5 il
= t—10n)<>— 0o—n—
Output energy ™ J — 10~ 5
X, (t)* Zﬁ(t —10n) <X (o))L m—nnj
51. n=-w lon:—oo 5
Sol: $X1(w) X(o0)= 1 > Xl(ﬂjg;(w_nﬁj
(a). o =200 10 =, 5 5
1 T T
®s = 400 7 rad/sec . X(e) ol +X,(0)8(w)+ X, 5 ) (o—g +
f;=200Hz —2007 2007
) (2o 2ot (2o 2)o—]
(b) Om = 400 7t “XZ((}))
s = 800 1 rad/sec T 21
f,=400Hz X(5)=2X 5=
| >
“400n T 400 X(L“j_x(“_“}:____:o
5 s s
(©). x,(t)==[cos(5007t)+ cos(3000mt)]
2 X(®)
®m =5000 7 s
s = 10,000 7 rad/sec
f; = 5000Hz
1 (O] 1 > (D
d). X,(m)= rect| — il A
(d) 4( ) 6+ jo [221] 2n/5 —w/5 0 w/5 27/5
®m = aa The maximum frequency in above signal
f = 2_ 1S
T N ®Om = 271/5
f =2f = ;HZ 2nfy, =27/5
fn=1/5
(e). on =120 =, f,, = 60Hz Nyquist rate = 2f,, =2/5= 0.4
(fs) =2 =120 Hz
52.
() Ans: 0.4 Sol 1X(w)
Sol: Xl((D)
sin g t 2 -
—>
X, (t) =2 .o -0 oy
mt —n/2 /2 5 5

X O OB 03 T} T 01 @ IO ITETT) N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




":ﬁv éﬂg% 40 Signals & Systems
(a). X((D)+e*j‘”,X((o) no change in frequency axis 54. Ans: (d)
(®)min = 20m = 0o Sol: Given x(t) = 100 cos(24n x 10° t)
1
t . - = — =
b, dzi ) o, i0X(o) 0= o fw=12000Hz & f; S0 20KHz
{ The frequencies in sampled signal are
©). x(3t) o E‘X(?j — nfs + fm = 12K, 8K, 32K, 52K, 28K, -
I i The above frequencies passed through a
3w, —309  30g filter of cutoff from 15K.
0g =2 X =3, :
2 2 So, output is 8KHz, 12KHz only.
1 1
(d). =X(0+0,)+=X(o+w,)
2 "2 ’ 55.  Ans: (a)
Sol: f,,=200Hz, f;=300Hz
| | The frequency in sampled signals are =
I 0)' 30') 200, 100, 500, 400, 800. Cutoff frequency
70 TO of filter is 100 Hz.
3 Output frequency = 100 Hz
®,
0y =2 X =3m,
2 56. Ans: (b)
53, Sol: The sampled signal spectrum is
Sol: 1 <
1 Xy(f)== Y X(F-nf)
@ x,(2t)o —XI(Q - .
2 2 If f=f,,—The spectrum is constant spectrum
In this operation maximum frequency ’
becomes double. So, i, = 4k, f; = 2f,=8k DA (a)
(b) xz(t—3)<—>e_3j°“.X2((D) Sol: f,<f.<f,—f, = 5<f.<9
In this operation maximum frequency does 58.  Ans: (¢)
not change double. So, f;, = 3k, f; = 2f;,= 6k Sol: f,, =100, f, — f,, = 150
(C) X](O))+X2(OJ) fs =250
In this operation maximum frequency is T = 1 4m sec
max(2k, 3k). So, f;, = 3k, f; = 2f,,= 6k S Of
(d) Xi(0)*Xs(o)
In this operation maximum frequency is | 59. Ans: (d)
2k + 3k. SO, fm = Sk, fs = 2fm: 101( SO]: fs — L — 1_3 — 103 — lkHZ
(e) Xi(0).Xz(w) , 10
In this operation maximum frequency is T, . (nn
min(2k, 3k). So, f,, = 2k, f, = 2f, =4k 1 & S 75
| C,=— [3ei™idt -2/
() S[X,(+1000m)+ X, (w~10007) To 7, nm
6
fn= 2.5kHz, (f.)min = 2fu= SkHz 5. Ch=0forn=3,6,9 .....
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C#z0forn=0,1,2,4,6,7,8,10......
LAfE3f,  HfE6f . @)= X@H©)

Are not present in signal
+400+3 (1000) =134 K, £2.6 K i |

~15007 0 1500 ®

So options with 3.4 K and 2.6 K are wrong

So (c) and (a) are wrong.

3.6 K is out of the given range [ 2.5 to 3.5] The maximum frequency in y(¢) = 1500 «

So (B) is wrong

o, =1500 1
So (D) is correct.
fn =750
(f)min = 2f, = 1500 Hz
60. = 1500 samples/sec
(i). Ans: (b)
Sol:

$ X() (i) Ans: (a)
Sol: x(t) = cos(l Ot + gj

> fs= 15 Hz, os = 2nf, = 30 tHz

—10007 10007 ® e
h(t)= (sm T j cos(40nt - Ej
Tt 2
Output of multiplier is = x(7). cos(1000mt) 4
: 1
t
= L X (0-1000%)+ L X(w-+10007) LR
2 2 it >
4 Output of multiplier .
t . .
h(t)= “ cos(40nt) cos— + sin 40mt sin —
Tt 2 2
> sinmt .
—2000m 0 2000m © h(t)= » .sin 407t
R %[Sintm el4ont _ Sintnt .e—j40nt:|
b = sin(15007t) L E
t 4 H(w)
H(o) 1/2
—4ln -39
90 4w
1500 0 15007 ©
—1/2]
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T LT 61. Ans: (¢)
x(t) = cos(lOnt)cosZ - sm(lOnt)st Sol: x(t) = m(t) c(t)
1 Where c(t) is carrier signal and m(t) is a
X(w)= N [7(8(w+10m)+8(c—10m))] base band signal and f. > fy (where f; is
carrier frequency, fy 1is the highest
b E(S(o;) ~1 On)— 8(03 " 107t)) frequency component of m(t))
Ak &(1)= m(c)<(0)
Sampled signal spectrum Where f (t) is Hilbert transform of f(t).
(0)= f ix(m_ nws) For the above problem c(t) = sin(nt—%j
n =0, ®n, Oy =-107, 107 and m(t) = _\/E(Mj
n=1, 05— On O + Oy =207, 407 mt/S
n=2,2ms— Om, 205 + ©y = 507, 707 Complex envelope
only 40rn frequency is allowed output of = [x(t)+ jf;(t)]e‘lznfct
filter is -
15 =—\5{m(t)sr( J Jm(t)co{ ﬂ et
Y(o)= T[_ (e 407) + - 8(0— 40n)}
21 2j 2j . 1 ipnfut
15 ol —+/2ml(t) cos nt—z + jsin nt—z
2| I «6( —407)——| — [3(w+40m)
V2 2] il2] g
+J[nt—fj —JZT:[E}
15 = —Vam()e v
- T{— 2—8(0) +40m) + 2—6(0) 40n)} i jn
21 ! L = W2m(t)e 4 =\2m(t)e *
5 [ :
— 2| 28w — 40m) - —8(0) + 4075)} \/—[ sin(7t / 5)) i
= | 200
V2 2 mt/5
_ %{_gzs(m 407)+ %8(@— 407) 62. Ans: (b)
] J Sol: Givens(t) =e ™ cos[(®, + Aw)t]u(t)
+ gﬁ(co —40m)+ ga(m + 4071:)} Complex Envelope §(t) =s, (t)e
15 i g'(t) — [e—atej(coCJrAw)t u(t)]e—jwct
Y(0)= 72 {E [3(c + 40m) + 3(e - 40“)]} Complex Envelope =e™ & u(t)
+ 2 [5(c0— 407) - 8(co + 407)] 63. Ans:8
2j Sol: Y(»)=X(w) H(®)
y(t)= % [é cos 40t + %sin 40nt} AX(o) 4 H(w)
)
y(t)= ] {cos 407t cos— + sin 40mt sin E} 2
2 4 4 > ©
~2n O
y(t)= %cos(40nt - %] " ) S
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Y(=-2 0<o<2r Conventional Practice Solutions

2] 2n<ow<0

01.
Sol:

(a) Arect(t/t) > At Sa{%}

A

“4dm+ J4dm} A

-2n

I 2, L ° 2
:[O|y(t)| dt = > L ly()"do

4
= [27+27] K T
2 2
_ lon A=1,1=T
T
'y X(t)
=8 1 .
64. Ans: 10kHz R 2
g
Sol: m(t) — band limited to SkHz _T T
m(t) cos(40000mt) — modulated signal we 2 2
require least sampling rate to recover T T
m(t) — 2x5kHz = 10 kHz Xl(t)ZX(H—)—X(t—Ej
(A=1,t=T)
65. Ans: (¢) L o]
Sol: Aliasing occurs when the sampling X, (@)=¢ ?X(0)-¢  2X()
frequency is less than twice the maximum oT oT
frequency in the signal, and it is X (03) 2] sm( sta[ }
irreversiable process.
So, Statement I is true but Statement II is (b) x,(t)=sin t[u(t) u(t— )]

false. 1
u(t) > n[S(co)]+ ;

8

66. Ans: (b) [

Sol: Sampling in one domain makes the signal sin tu(t)= eJ it )——e u(t)
to be periodic in the other domain. It is
true. smtu(t) |:6(oa 1) Tt6(0)+1)
Multiplication in one domain is the ( )
convolution in the other domain. sin t. u(t—m) = sin [(t-r) + ©]u(t-r)
Both statements are correct and statement = sin(t-1) cosmu(t—7)
(IT) is not the correct explanation of
statement (I).

J(@il)}

+ cos(t — m)sintu(t — 1)
=—sin(t—-m)u (t—mn)
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Signals & Systems

sintu(t—m) <

_l{ns(m )+

—nd(w+1)—

1 L] on
flw=1) flo+1)]
(c) x3(t) =cost [u(t) —u (t- Tc/2)]

costal) _[nﬁ(m Do seston)- ﬁ}

L T L
costu| t——|=cos t——+— ul t——
( ZJ ( 2 2) ( ZJ

2j

(d) .
x(t)
1
= lrec(éj > 2Sa(w) = X(o)
-1 ot
A=11=2
x4(t) = x(t + 3) — x(t—3)

X, (0)=e"X(0)-e** X(0)
= 2jsin(30) X (o)
( ) 4JSa[oo]sm(3oo)

© x(t)=¢"[u(t)-u(t-1)]
=e"u(t)- e"‘“ ( 1)
xs(t)=eu(t)—e Mt -1T)e
Xs(co _ 1‘ e e
a+jo a+jo
1 — g (atio)
Xs(CO):W
02.
Sol:

(a) x(t) = te > u(t)

h(t) = e * u(t)

1
X(oa)—m H(w) = 4+](D
1
Y(0) = X(o)H(w) = 4+ j0)2+ jo)’
2 14 4
T2+ o) 2+j°° 4+jo

y(t) = —e_Ztu(t) e_Ztu(t) + él‘ e 'u(t)

(b) Fourier transform of a periodic signal

X(w)=2mn icnéi(w—nc)o)

n=-oo

—_
(98]

T=2, 00=n

c, = %i [6(t)=8(t —1)]e ™™ dt

:l[l—e’j““]zl odd'n'
2
=0 even‘n’
X(w)=2n 28((0 nm)
(odd?

—In 3t = n 3t 7r
nl
sin(2mt) o
Tt S
21 2n @
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04. (i)
L 1 Sol: H(j(o)=a_J_(D
H(w) = a+jo
—On Snl 5 or . m
[ H(jo) =1
Y() = X(0)H(w) are
Y () = 2a]8(e - 57) + 8(w + 57) + 8(o — 7m) ZH(jo) = tan™ (_a(”j —tan™ ((:) =2tan" ((;)j
+8(®+71) +8(0 — 97) + 8(0 + 97) | 2jo
y(t) = 2[cos(5mt) + cos(7nt) + cos(Int)] H(w)=1- a+jm

03.
Sol:
_Y(w)
() H((o)_X((D)
_ jo+4
6+(j03)2+5j(o
d’y(t)  5dy(t) _ dx(t)
6y(t)+ Tt T +4x(t)
B jo+4
H(m)_ (jco+2)(j(o+3)
H(o)= o>t
2+jo 3+jo
(b) h(t)=2¢u(t)-e 'ult)
1 1
X(w) = _
(C) ((0 4 + J(,O (4 n _]03)2
_ 3tjo
(4+j03)2
Y(o) = X(o)H(w)
_ 3tjo  jo+4
(4+jo) (jo+2)jo+3)
Vo) V2 12

_jm+2_j0)+4

RISEYE

h(t) = 8(t) - 2%[emu(t)]

h(t) = 8(t) — 2[e 8(t) —ae “u(t)]
h(t) = 8(t) — 25(t) + 2ae "u(t)]
h(t) = 2ae"u(t) - 5(t)

(i)
Sol: a=1= H(wp)= 1_J:°’,
I+jo
[H(@) 1y
Vi+ o’
ZH(jo) = —2tan"" (»)
COS(%)D an =%, | H(o,) [=1,

T

1 T
ZH(w,)=-2tan'| — |=—2x—==—

v, (= cos[% - gj
cos(t)= o, =1, [H(w,)|=1,

ZH(w,)=-2tan"' (1) = -2 x T_ _g

4
T

y,(t) = cos(t - Ej

cos(v/3t) = @, =3, [H(w,) =1,

ZH(w,)=-2tan"' (+/3) = -2 73‘

y,(t) = cos(\/gt - %j

y(t) = COS(% - gj + cos(t - gj + cos(\/gt - 23-“)

_ 2n
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0s. | X(t)i!ejwt 0 _ejcot 2]
Sol: e u(t)«> T onl i i
( ) 3+ T gt Jt
o] S feen ]
e'u(t) l—-e e
(® 1+ jo " 2mjt
—(1+jo) 1 B .
e*le*(tfl).u(t _1) PN e—l 'e—j(o — = [ : 2Tct [1 e j2t _ J2 + 1]
I+jo 1+jo |
L —(1+j0) e g e
e ut)retut-1)] > 22 2nt o]
dt (1+jo)3+jo) 1
(1+j0) =ﬂ[2—2cos2t]
. d joe e T
Yo —
(0)= dm[(l+J(D)(3+Jco)} X(t):%
T
06. 08.
Sol: x(t) = (1 + cosmt)[u(t + 1) — u(t— 1)] Sol:  x(t) = te > u(®)
x(t)=[u(t+1)—u(t—1)] + cosnt[u(t + 1) 1
X(@)=
1
u(t) &> nd(w)+—
© @ jo (@ Y()=X(2f)
. jo 1 1 f
ut+ 1) ej{né(o»ai}:n&w)ﬁ— Y= ‘ ‘ X(I/J
jo

—jOJ

u(t— 1) & () + =
jo

u(t+ D—u(t—1) <> 2_]S.11’10\) _ 2sin®
Jo ®

cosmtfu(t + 1) — u(t— 1)] <>

l[2sin(m—n) N 2sin(o+ n)}

2 O-T 0+7
X(o )_Zsm(o 51n(03—n)+s1n(0)+n)
) 0—T O+T
07.
_in
Sol X((o)=|X((n]eJ4X(‘”)—le 2 0<mw<2
j -2<m<0

¥ =23 |
dX(f)

df
h(t) = —— o
J2m dt

() HE)=f—

[~ 27t x(v)]

() P(f)= X(g) cos(4nf)
ZEX(E)[ _|4ch +e J4T[fj|
12| \2 2
P(f) =x[2(t +2)]+ x[2(t = 2)]

(d) S(f) = (1-4n*f>)X(f)
= X(f) + (j2nf)* X (f)

d2
s(t) =x(t)+ dt_2X(t)
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Postal Coaching Solutions

(&) M(f) = j2nfX(2f)

10.

11 (f Sol: (-b, 0) (—a, 1)
-t 3 7 3) 1-0
12 g(t)-0=——"(1+1)
m(0) =L x(1/2) 1_a+ b
2 dt g(t):b—at+b—a -b<t<a
ol e ©.0 @1
ol: T= 1-0
@)  x(t)=5(t) gt)-0=——-(t-b)
( )_ t b
(i) h(t)=eu(t) glt)=— -
1 1
H(w) = _
== jo 1+ j2nf dg(t)
12 ; ! todt
X(@)=1E,, =5 [X(0)"do =00 b—a
1
Y(f) = X(F)H(f) = a b
(f) = X(H)H(f) v oA L, .t
y(®) =e¢ " u(t)
o0 B 1 1
Eym:!(et)dt:E , A
2
(i) |f|<——Hz and |f|< Hz T ggt)
27 dt
1/2n 1 2 1/2n 1 1 1
E= =2 ————df _
_l/jz,t1+j2nf { 1+ 4m°f> R aI 4 . Tb—a g
1/2n -b b .
= 22 .[ 1 zdf 1_1 ll
A’ 5 £2 +(1/2n)
i —a+b a—b
27 1
i |0 "4 )L oo
1 dt -b
E= : bs(t—a>+b 3( )
a— —a
2 ! 1
= 1 1 j —j 1 joa —joa
(4712)£f2 +(1/2n) a (Jw)zG(w)=g[ej“’° +e ’°’°]+E[ej e ]
_ 2 tan”'@2nf)f AR {20080)b+2coscoa:|
(4752) 2n |o b-a a—b
2cosma 2cosmb
tan '2n)—tan™' (0 = +
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11. s
Sol: x(t) = cos (4000mt)

fr, = 2000Hz = 2kHz

T ad T
"2 2 22
X() S(f)
G T e
12 12 T I ' [ g
T T - =7 1—2 2 I l’f
2k | 2k
" (c) Ideally sampled spectrum is extra
@) X,(f)=f Y X(f-nf,
’ Z@ ) multiplied by Tsin C(O’—Tj
T
Ts=0.2 :
fsee Where T = pulse width
1 1 1
s T -3 -4
T, 0.2x10 2x10 12.
fs = SkHz Sol: y(t) = x(t) * h(t) = x(t) * h(-t)
5(F) h(o h(-0
~THZTZHT 1HTIIT0 ITO nfl nThT2 nf2 h(-t) = u(t) — u(t-1)
""" _ = 0 >t 0 A > t

_12k—8k—7k—3k—2k | 2k 3k 7k 8k 12k |
y(t) = 1(t) — r(t-1) 2r(t-1) + 2r(t-2)

+1(t-2) — 1(t-3)

(b) Rectangular sampling
y(t) =r1(t) 3r(t-1) + 3r(t-2) —r(t-3)

d=0.1lmsec ,Ts=0.2 msec

13.
1 d/2 -
C, = T J' e "' dt Sol: For physical realizability h(t) =0, t <0
s -4/ H(w) = ef(ku)2+ju)t0) — o ko’ ot
sin(nwod) (mty)?
1 _ 0
__\2 ) h(t)=,|—e *
nw, T, 4kn
. (n2m . (nm b(H)#0,t<0
o - Sin 5@0'1 _ s not realizable.
" 21n 2nm By using paley-wiener criterion
. H(w)|=e™
S(f)= Y C,X(f —nf,) \1H|H (w)” ko
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For causal TM@) < o0

1+
0 2 © 2 _
J.kizdm: J~k(w 2+1 l)d(D
cl+o o’ +1
o0 o0 1
=k£dm—k:[0—dl+m2 [0

=00
Non-causal
Unrealizable
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Chapter > Laplace Transform

Objective Practice Solutions

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:
(a).

1
e u(t) <> ——,0>-a
s+a

-1
e'u(-t) &> ——,0<a

e "u(-t) < ,G>—a
S
1 1
1) X, (s)=—+——,0>-1
M l() s+1 s+3
1 1
2) X,(8)=——-———,2<0<4
@ 2() s+2 s—4
(3)no common ROC so no laplace
transform  for x;(t).

(4) no common ROC, no laplace transform
(5) no common ROC, no laplace transform

11
6) X,(s)=—————,-l<o<l
© X(s) s+1 s—1

ROC=(c>-5)n(c>Re(-p)=0c>-3
Imaginary port of ‘B’ any value, real part of
‘B’ is 3.

The possible ROC’s are
c>2,0<-3,-3<o<-1,-1<ao<2

e—3s e—SS
Y(s)= -
(S) s+1 s+2

y(t)= e Pu(t-3)—e? 2 u(t-3)

-s -5

)= Du(t-1)e™ o X(s) = ==
x(t)=e " Mat-1)e” & X(s) ===

,0>-5

(b). g(t)=Ae u(-t—to)

06.

Sol:

07.

Sol:

08.

Sol:

09.

Sol:

10.

Sol:

_ (s+5)t0
Gls)=—2 " 5.5
s+5

A=—1,t=-1

x(t)=5r(t)—5r(t —2)—15u(t —2)+ 5u(t — 4)

5 5 15¢™  5e™"
X(S) = —2 - 2 - +
S S S S
Ans: (a)
x(t) = r(t)-r(t—1)-r(t-4)+1.5r(t-6)-0.5r(t-8)
1 e e™ 3e% 1le™
X@)=——-—-— = ——
N s> s8¢ & 25§ 2%
So,D= _ 0.5
2
Ans: (¢)
1
X(s)=—+——
( ) (s +F 1)(5 + 3)
1
( ) ( ) (s - 1)(s + 1)
G(w) converges means ROC include
Jo axis
-1<o <1

G(s) = X(s) + aX(-s), where X(s)= B

s+1
G(S):BS—B—ZOLBS—OLB: 2s
s*—1 s”—1
oaf-=B=-1,-B—af =0
a=-1,B="%
T 2y(t)+8(t) 2 (t)

sY(s) =-2Y(s)+1 ----- (1)
sY(s) = 2X(s) ------ (2)
solving (1) and (2)

¥)= 2 X6)=

s* +4
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Postal Coaching Solutions

11.
. -4 4 4 4
Sol: (a) X(s)= 5" G Grl) ]
x(t)= _4e2au(t)+4§et uft)
—4te " u(t)+4e " u(t)
o e—ZS
(b) X(S) - (S 4 1)3
x(t)=—(t—2) e u(t-2)
2 . 1
—¢ u(t) A (s N 1)3
12.

Sol: y(t) + y(t) * x(t) = x(t) + 5(t)
Y(s) +Y(s)X(s) = X(s)+1

Y(s)=1
y(t) = 8(t)
13.
e—2s
Sol: x,(t-2)« ,6> =2
s+2
e—3s
Xz(—t+3)(—)_s+3,(5<3
—2s —3s
Y(s)=————,-2<0<3
s+2 —s+3
14.
Sol: sY(s)+4Y(s)+ 3E =X(s)
S
13
S 2 2
H = =
(S) (s+1)(s+3) s+1+s+3

h(t):_?let.u(t)+%e3t.u(t)

s+l

X(s)=L+1
S

S

15.

Sol:

Ans: (d)
1 —6s _ l
X(S)—H—2+e ,H(S)—s
1 e
Y(S) = X(S)H(S) = m + T

y(t)=%[u(t)—e‘2t a()]+ut-6)

16. Ans: (b)

_

Sol: H(s) = "

o Wl 2
Y(S)_s+3 s+5_(s+3)(s+5)
= YO 2

H(s) s+3

17.

Sol:

18.

Sol:

x(t) =2 e u(t)

Ans: (b)

V(s) 1 Y(s) 1

X(S)_S+1 V(s)_s+1
Ys) 11 1

HE) X(s) s+1's+1 =(s+1)2
h(t)=te™. u(t)

(a) RO] = 1 given statement is false
X(s) s

(b) x(t) =u(t)
y(t) = 1(t) is unbounded
given statement is false
(c) x(t) = u(-t)
y(t) = oo is unbounded

given statement is false
(d) Given true
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":ﬁv éﬂg% 52 Signals & Systems
19. k
Sol: s*Y(s) + asY(s) + a’Y(s) = X(s) Y(OO) - in>t0 SY(S) N ) =1=k=8
1
HE)=—5—— AN 4 12
;2+as+a ) s+2 s+4
G(s) = — H(s) +sH(s) + aH(s) h(t)=—4e'u(t)+12e ™ u(t)
S
2 2
G(s):{a +5 +sa}{ : 1 2}21 ’.
s s +as+o s T
. ®-—
Number of poles = 1. Sol: H(_]OJ) = (_]0))2J AT
20. Ans: (d) o N x(t) = 8 cos 2t, g =2
Sol: Change the initial condition to —2y(0) 11
and the forcing function to —2x(t) H(jo, )= J— =—+—]j
4 4 4
o o) 21(0,) -
Sol: (a). x(0)= Lt sX(s)=2 ANk A
X(OO)ZSIS%SX(S)z 2 y(t):icos 2t+ 2 | =242 cos| 2t + =
4s+5 2ﬁ 4 4
(b). X(s) = improper function
2s+1
24. Ans: (a)
3 3
X(s)=2+ Y —o +1
2s+1 2s+1 Sol: H(joo)= = i
neglect the constant ‘2’ in the above -0 +2jo+l
function. ®o = 1 rad/sec
x(0)= Lts.——=2 H(wo) = 0
e 25 TRV2 y(t) = 0 for all
2
x(00)= Lt sX(s)= Lt T\ ELN 0
0 =20 2s+1 25. Ans: (d)
(C). X(O) =0 . 2 1
Final value theorem not applicable, Sol: (i) H(s)=  _s_2 X(s)= S
because poles on imaginary axis. )
d) x(0)=0 Y(s)=X(s)H(s)=—F——
()X((; | () () () s(s+1)(s—2)
w =
* S =2 pole lies right side of s-plane
22. y(o0) = oo unbounded
Sol: H(s)= K6+ y 1
(s+2)s+4) 5 26. Ans: (d)
K ( 1) Sol: For an LTI system input and output
Y(s) = H(s).X(s) __ Xs+l) frequencies must be same, there may be
s(s +2)(s +4) change in phase.
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@éﬂgg 53 Postal Coaching Solutions
Given that input is a;sin(mit + ¢;) and 28.
corresponding output is a;F(mat + ¢2). 2+s—2
. . Sol: H(s)="—""=
From the above condition F may be sin or s+3
cos and ®; = ;.
1 s+3
H.  (s)= =
7. RO
Sol: Given X(s)= 5+2 o > +1 causal unstable
5—2 Does not exist in this case a causal & stable
y(t)=—Ze™u(-t)+=eult) system.
29. Ans: (¢)
2 1 1 Sol:
Y(s) 352 3° u(t) (a) A system to be stable & causal all the
poles of the system should lie in the left
Y(s):z. L O O half of s-plane.
3s-2 3s+l (b) Any system property like causality,
U stability doesn’t depend on the location
6<2 o>-1 of zero’s. It depends only on poles
location.
Y( ) (c) There is no necessity that the poles lie
(a). . H(s):X—S within |s| = 1
S All the roots of characteristic equation
1] 2(s+1)+s=2 means all the poles of the system should
3| (s-2)s+1) N 2’3 k@l lie in left half of s-plane.
l s*2 c>-1
52 30. Ans: (a)
1 s—1
Sol: Y(s)=——,H(s)=—
:l 3s () s+2 () s+1
3(s+1)s+2) Y(s) s+1 2/3 1/3
X(s)=2) 23,
S H(s) (s—l)(s+2) s—1 s+2
= ,o0>—1 .
(s N 1)(5 N 2) Stable input 2 <o <1
2
x(t)= —ge‘u(—t)+%e_2‘.u(t)
(b). The input is ¢’ Vt
.. the output = H(3) X input 31. Ans: -2.19
3, Sol: Y(s)= 1-—+—
= 45 ¢ s+6
A y(t) = 8(t) — 4 e *u(t)
-0.6
t)=—¢ y(0.1)= —4e
=25 — 2.19
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":ﬁv éﬂg% 54 Signals & Systems
Conventional Practice Solutions (S)zl
ol
01 @) Xi(s)— 35’ +225+27
Sol: B s+ 1)(s+2)(s + 25+ 5)
(a) (0,0) (1,1) __A B Cs4D
x(t) =t 0<t<l s+1 s+2 s*4+2s+5
dX(t)_ X (s) = 2 n 1 4 —3s+1
g t@-ult=h-s(e-) T R A oS
x(t) =r(t) —r(t— 1) —u(t— 1) x1(t) = 2¢™u(t) + ¢ u(t) - 3¢"cos2tu(t)
1 e o + 2¢™'sin2tu(t)
X()= 55~
S S S 5 ( 5 5 1)
. o (s+D)7 (5T +2s+
(b) x2(0) = sint[u(t) ~ u(t-n)] () Xs(s) = & s+ (5 —st])
= sintu(t) + sin(t-m)u(t—m)
3s
e Xz(S) =1+ 2
Xa(s) = ~+ > s*—s+1
1+s° 1+s 3s
_1+e™ Xa(s) = 1+ 1 2 3
s* +1 (s —~ 2) e
0) e—ST
(©) Xa(s) = 5" 3[s_lj 3
s+ o, > 2

(d) x4(t) = sinmptcoswot u(t)
— cosmotsinmot u(t)

) COS®,T  SSIN®,T

X4(S) =
s*+1 s*+1
_ ®,COSM,T—SSINW,T
s? +1

(e) xs(t) = sin (wo(t — T) +wot) u(t— 1)
X5(t) = sin(mo(t—7))cos(wot) u(t-1)
+ cosmo(t—T)u(t—7)sinmgt

—ST —ST 1
b€ COSM,T Se sinm,T

2 2
s”+ o,

0,
Xs(s) = 2 2
s* + o,

(®) x4(t) = tlu(t)—u(t-T)] + Tu(t-T)
Xe(t) = tu(t)—tu(t=T)+Tu(t-T)
= tu(t) (t=T)u(t-T)

1 e

Xels) = 2§

Xo(s) = 1+

Xz(t) =
S3(t)+3e™? cos[\ft]u(t) +3e? sin(\ft u(t)

s’ —s+1
¢) X3(8) = ——
(©) Xs(5) s?+2s+1
3s 3s
X3(s) = 1-— =1- 5
s +2s+1 (s+1)
3 3
X s)=1-—+——
3() S+1 (S+1)2

x3(t) = 8(t) — 3¢ " u(t) + 3te " u(t)
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Postal Coaching Solutions

03.

2 T
Sol: (D) vi(t)=—=t, O0<t<—
1) vi(t) T >

-2
vi(t)=—t+2 —<t<T
T
dv,(t)
A dt
2T
>t
T/2 T
/T
LV, (D)
dt?
0 T2 T 1
" 4/T

d’v,(t) 2 4 T) 2
=Z8(t)— =8| t—— |+=8(t—-T
dt? T() T 2 T( )

vi(t) = %r(t)—ir(t—%}rzr(t—T)

T T
2 =il ,
s*V(s) = ENL I NE
T T T
_sT
2(1-2¢ 2 +e
Vi(s)= —
1(s) T s’

@) dv, (1)
A dt
2 2
0 1 2 3 4 ¢
N d?v, (1) 4
dt?
o (o)
1 2 4 R
0 l 3 | >
vo(t) = 2r(t) 2r(t-1)—4r(t-2)+6r(t-3)
—21(t-4)
2 2eF 4de™* 6eF 2e™
Vo(s) = — - 1 + -
2s) 2§ s? s? s?
dv, (1)
3) . A&t
2 2
0 1 5 25 3"
4 4
d’v,(b)
A dt2
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v3(t) = 21(t) — 6r(t-1) + 6r(t—1.5) (b) ZIR: s*Y(s) — sy(0) — y'(0) + 4Y(s) = 0
—61(t-2.5) + 4r(t-3) s2Y(s)—s—2 +4Y(s) =0
Y(s) (s +4)=s+2
2 6e—s 6e—l.55 66—2.55 4e—3s S 2
Vi(s) = = + + Y(s)=
() ¢ ¢ s s s ®) sz+4+sz+4

y(t) = (cos2t + sin2t) u(t)
04.

Sol: ZSR: ZSR: sY(s) +4Y(s) = 8
y(0)=0,y'(0)=0,x(0)=0 s
2 1 1 Y(s) = 8 2 2s
s7Y(s) + 5sY(s) + 6Y(s) = 2s><g+g (s) s(sz+4)_§_sz+4
t) = 2u(t) — 2cos2tu(t
Y(s)(s*+55+6) = 2s+1 y(t) = 2u(t) ()
Y(s)z%:l/_6+izz_ 5/33 06. .
IS(S+ )(s3+ ) s 5s+ S+ Soln X2 1_ SI :
6 2 3 121
E. - +
s+1 s—-1 s+2
05. (c>-1)n(c>2)Nn(c<l) =-1<oc<1

Sol: (a) % +3y(t) =4x(t) x(t) = e 'u(t) +2e" u(~t)+e *'u(t)

ZIR: sY(s)—y(0) +3Y(s)=0 07.
Y(s)(s+3) =2 Sol:  h(t) - causal & stable
) d
Y(s)= —— (@) g(t)= —[h(t)]
©) s+3 dt
y(t) = —2¢ " u(t) G(s) =s H(s)
No condition required because pole is not
ZSR: sY(s) - y(0) + 3Y(s) = 4X(s) changed.
y(0)=0 t
SY(s) + 3Y(8) = (®) g = [h(v)de
s“+4 _I:OI( )
s
O — G(s) =
(s"+4)(s+3) - N | -
_ A N Bs+C (s) must have atleast one zero at s = 0
(s+3) (s’ +4) 08.
2. 8, Sol: x(t) = e = y(t) = ™' H(s,)
Y(s) = —12/13+ 13° N 13° |
s+3  s’+4 s'+4 H(2)=g
-12 12 8 . 1
t)= —e u(t)+ 2tu(t) +—sin2tu(t = —¢™
y(1) = 7e u(h) +-~cos2tu(t) +-=sin2tu(t) yO=—e
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iﬁuégg_ 57 Postal Coaching Solutions
1 b 10.
sH(s) + 2H(s) = ——+—
(s) (s) R Sol:
tu(t)
H(s) (st2) = LJrE
s+4 s
—> 1
H(S)= ! |: ! +E S2
s+2[s+4 s
>t
H(s) = l{l_‘_h} — !
4/6 2| 6 t-T)u(t)
b=1
tu(t) — Tu(t)
09 » 1. T
. > 2
Sol: Initial Value theorem T >t s S
x(0) = SLt SX(S) -T
tu(t-T)
O, $x(8) - x(0) 3
(t=T)u(t-T) + Tu(t-T)
¢ —sT —sT
SX(X)—x(0) = j (O g «— & 78
) e s? s
© T > t
Lt [SX(S)x(0)] 4 [ j %e_“dt} =0
0 (t-T)u(t=T)
SLt SX(S) = x(0) 4
Final value theorem ) o 1(tT) «—> €
2
x(0) = Lt SX(S) S
T "t
SX(S) - x(0) = | (O gy
,  dt a
Lt [SX®)-x0] = Lt | [EOca o | > ..
Sow s |4 dt - @ 1
Lt SX(S) - x(0) = | | dx(®) 44 |
S¢>0 0 dt 5 3 Z >t
@
= x(0) - x(0) !
X(20) = 53 SX(S) ©
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":ﬁv éﬂg% 58 Signals & Systems
E(ty/dt 13.
. Sol: First Plot
Ro
@ X(S) = 2s 1/2 1/2

0‘ 1 3 4 > t
@ b
ES(O

d>f(t)
dt?

=25(t)+8(t) —d(t—1)=(t=1)
—28(t—3)+28(t—4)

f(t) = 2u(t)+r(t) —r(t— 1) 2r(t - 3)
+2r(t—4)—u(t—1)

2 1 e° 2 2" e
F(s)= —+—=5—-——~— + =
) s s s’ s s? S
12.
Sol:
(i) s7Y(s)+ 65 Y(s) + 8Y(s) = 3X(s)
YO sy
X(s)
3

3
s2+6s+8 (s+2)(s+4)

= +
s°—1 s+1 s-—1

x(t) = %(e‘u(t) + e_tu(t))

Second Plot

X(s) = (s+j)(s—j)=sz+1
(s+D(s—=1) s -1
X(s) =1+
s”—1

1 1
Xs)=1+———
) s—1 s+1

x(t) = 8(t) + e'u(t) — e 'u(t)

14.

K

(s—p,)(s—p,)
Given p, =—-1+j,p, =-1—]

Sol: From (1) & (2) X(s) =

K
X(s) = : .
32 3/2 [s =1+ PIls = (=1- )]
H(s) = =2 == K
s+2 s+4 -
3 (s+1)" +1
h(t) = E[e—” —e () .
X(s)=—-=8
1 I1+1
ii) X(s) = ———
(i) X() = K- 16
1
Y(s) = H(s).X(s) = 3 . ! 5 X(s) = —62 , 0>—1
(s+2)(s+4) (s+2) (s+1)"+1
YO =
(s+2)'(s+4)
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Objective Practice Solutions

01.
Sol:
19191 h() 91 |
{ { sin(oo(Nl + D
=" 2
l—»n <&
N Ny sin =
. (7@}
sin )
H(w) = — =/
(a) ((’)) ‘ (mj
sin| —
2
Here N; =3
1 ll V h(n) ‘ 1
3 3 "
h(n) # 0 n < 0 — non — causal
(b)
Here N =1
After applying time shifting property
1 ol ol
01 2 "
h(n) = 0 n <0 causal
(¢) h(n) = 8(n—-3) + d(n+2) - non causal
02.

Sol: (a)a" u(n) <> —

y(n) = (ﬂlu(m

1

Y(ej(”)=
1— 1 e io

Y(ejo)zl_%zé
4
(b) X(ej“)): :iix(n)e_j“m
X(ej“): ix(n)(— 1)" = cos®(3n) = -1

(c) H(ej“’)z 142739 4 3¢ 7210 4 ge 7300

DC gain H(¢'®) = 142+3+4 = 10

03.
Sol:

(i) X@Ee“)=1+e”+e™ +%[l +c0s20]

eZJw + e—ZJm :|

X(e")=1+e7 +e” REL
2 2

2jo +§e—2jm
4

X(ej(”):1+e'j‘”+ej‘”+§+ie
2 4
X(e")= Z.Q:x(n)e'j‘”rl
3 5
x(0)=1+—=—,x(1)=1,x(-1)=1,
(0) > (1) D

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

x(n)zF e 1,%}

3
4
4 b ] 2 9
T

(i)  x(n)=20(n+3)—35(n-3)
X(ejm) — 263]'(9 -3 673]'(0 — 2[e3ju) _ eé%jm] _ e—3ju)
X() = 4jsin(3w) — ¢V
Given X(&/®) = asin(bw) + ce'®®
a=4j,b=3,c=-1,d=-3
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" sin| —n / ‘1\ >
Sol ERPN Sl '(D
) £ > ®
nn T 3n 2 2 1
R ey
. b 3n
. ( j Y(E)| Y
sin| —n <l
-Jj-n [ /
e © ,
m S LN IR
— 7 2 2 2
| YE)=1,YE"=1
Y(e') 06
- Sol: [lj u(n) & +
-3n —m | T 3_TE & 2 I—Ee_jCU
4 4 4 4 From time scaling property
sin(nnj . 4 1 Eu LADR 1
Y(e)= 4 [ejz te Zn} 2 10 1 oo
nw 1- 5 €
.| T
sm(4j m 07. Ans: (b)
y()=2—— COS(~J Sol: x(2n)= {1, 3, 1}
i)
05 X(2n) = 6(n +1) + 38(n) + 3(n—1)
Sol: N 8(n—n,) > e
(a) H(e™) FT [x(2n)] = 3 + 2cos®
08.
—O 0. 2 Sol: X(Ej VAN X(e“"k)
jo ) _ j((n—n) 2
Gle® )= (')
G(e") (i) x(2n)<> X(ej2]
o 09.
L ®
| oo Tmho Sol: o u(n) < _ —
Ideal HPF mae™
, . . e e
(b) Y(ej‘”): X(e“”)—i— X(ej(win)) o . u(n - 3) A4 1 _ ae—j(o
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@ éﬂgg 61 Postal Coaching Solutions
in® _ e73j(o)fn/8) 1
e %o 3,1,1(11—3) |:1ae(‘”“/8):| :1+\/§
j"g d e—}j(m—n/S) ‘ 0 3
ne So"”u(n— 3)<—>J£W DCga1n=H(e])=3oc=1+\/5
10. . 14.
Sol: tH(e) e
Sol: H(ejw)z L
1—ae ?
— 0 IH(&)[ = 1 = H().H*() =1
6 6 T b+e 1 | b+el® 1
Input signal frequencies are g Z 1—ae—3® || | — qed®
Then the output is y(n (gn] Only when S8
15. Ans: (a)
11. : . .
. é T Sol: H(ej(”)= 1+ae™ 1+ [36_2J(D
Sol: For an LTI system input isx(n)=el®
: : x(n) = I+4cosnn
then output is y(n) = eJ(’)On.H(eJ(DO ) @
w Xl(l’l) =lw=0
H(e") = D h(n)e™" H (&%) = 1+ o+ B ZH(”) =0
H(ejm)=8x/§cos2co—4\/§cosm R ol P
o = Xa(n) =4cosnmt ® =T
0~ 4 . .
4 H(e™)| =1 o+ B ZHE) =0
H(e jo, ): 4 y(n)=- " z y2(n) = 4 (1-a+B)cosnn
ym)=(1+a+p)+4(1 —a+p)cosnn
12. y(n)=4 only whena =2, =1
Sol: (a) y,(n)=x7(n)itis not an LTI system.
(b) Input frequency and output frequency 16. Ans: (a)
are same. So, it is LTI system. b
H(e) =2 Sol: ( ) Z 2 =15LB
(c) y3(n) = x3(2n) it is not an LTI system. n=0 n=
13. 17.
Sol: H(éf”) =2 0 cosm + B Sol: y(n)=x(n) +2x (n-1) +x(x-2)
He") .. =0 Hle") .. =1 Y(e®) = X(®) [ 142¢7° + ¢39]
’ ¥ H() = [ 1+e7 ]
a=p (1\/5*‘[3:1 =[ 1+ cos @ — j sin®]*
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":ﬁv éﬂg% 62 Signals & Systems
() [H()| = (1+ cos )’ + sin’ (@) DR RPN T
ZH(®) = 2tan” —— 5
' 1+cosm :le—jm[ejco_i_e—jm]_i_le—jm
10>0=0 = [H@E")=1 13 1 3
ZH()=0° = ge*j“’[Z cos m]+§e*j“
™., T _T jo) = ‘ ‘
4005( 5 +4j—>c0 5 :>‘H(e l 2 H(m)z%e_J“’costr%e_J“’
= £ H(e®) = -90° 1
m H(w)=—e[1+2cosw]
(b) Output of given input 10 + 4cos(7 + ZJ is 3 .
H(0)=0= ~e [l +2cosm]=0 only
10+4(2)cos| ==+ =T 3
4 4 2 when
m I+2cosw=0
:10+8005[———) 1 21
4 4 cos =—— =cos| —
2 3
18. Ans: (b) 2
Sol: anti symmetric, k =-2 W= B> 2.093 rad
0(w)=—"2m
Slope =2
22.
19. Ans: (b) Sol: _
MX e_](,O
Sol: x(n)=cos 5—nn = cos| =n 0 =X <)
2 2 2 1
HE) =1 zmfeio )< * o
8 — 0.
y(n) = cos(% _ gj o
E=—— [ldo="2
2n W T

20. Ans: (a)

Sol: X(&/®) =2+ 2cosm +e 1° + 2¢ H®
n Lo
X e4 :ﬁ
J2
4X(ejn/4)= tan ! M .
1/2) 4
21.

Sol: H(w)= n_zz h(n)e " = gh(n)ejm

23. Ans: i
40

Sol: By plancheral’s relation

> x(lyln)= 5 [x(e* (e ko

n=—oo

X(n):@_l ﬂ

27n 2 mmn
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172 T iX(er 2d(:) = 27{ i |nx(1)2}
Sin(mj (f)' — d(D n=—oo
l 4 o =158x2n=316n
2 mn
; N-1
/4 —a (2). LX(eJm)z -0 = —(Tjw =-50
sin nn 25. Ans: (d)
1 3 Sol: f(n) = h(n) * h(n)
yo)=1| 2
m™m 1 2 2
s 1 )/ }/ /V
2 /2/ / /4/
2 /2/ }/ /4/
y(n)
-n/3 /3 f(n) = {%, 4,8, 8,4} = causal
LI L g(n) = h(n) * h(-n)
i Wi 0
= 27nn St 21 <2 A5 h(-n)={2 2 %}
4
1 T
" 40 h(—n) ranges fromn=-2 to n=0
h(n) ranges fromn=0 to n=2
24. .g(n) ranges fromn=-2to n=2
Sol: 1 2 2
o0
@. X[P)= T xn)=s6 2y
n=—o0 2 /2/ / /4/
®). X(e")= 3 (~1)x(n)=2
o gm)=1{2,6,9,6,2}
(. | X(ejm )doo =21x(0) = 4n = g(n) is non causal and maximum
o value is 9.
H jo |, 2jo _ —
(). _an(eJ podw=2mx(2) = 0 2.
n oy © . 2mx5k 2nx 10k
(e). JTJX(eJ l do :2nL=Zw|X(n]2} =281 Sol: 40K Sos 40K
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":ﬁw éng% 64 Signals & Systems
Fs =21, 28. Ans: 2.25 kHz
. jo)_ -jo
0k Sol: H(e"*)=0.5+0.5¢
T .
— 40k o= 5 is 3 - dB cutoff frequency
T T 0= 2t _ @
<<= Tf 2
4 2 L2
2nf
9kHz 2
27. Ans: (a) f=2.25kHz
Sol:  x(t) =cos(Q2,t)

Q.n
x(nT,) = cos(Q,nT,)= COS[IOOOJ ------- (1)

Given x(n) = cos ) _ cos "l
4 4

By comparing (1) & (2)
Q _m | Q, _9r

1000 4 ~ 1000 4

Q= 250m, 22507
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Chaptel‘@ Z - Transform

Objective Practice Solutions

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:

z
a"u(n) <> ,
z—a

V4

>[d

—a'u(-n-1) < z_

Z

<d

ROC=(lz| > )N (|7 <la) =1 <z| <2
Only when o =+ 2, ‘ny’ any value

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

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

(d) (jz>1/3)n(z]< 3)(|z| > 1/2) =1/2<|z|<3

Ans: (a)

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

i) Ans: (b)
ROC = (|2 > [af) N (|z] > [b) (2] <))
= [b] <lz| <le|

if) ROC = (|z| > [a) (|z] < |BI)
z z
X(Z): zZ-o z—P
(a)a>pB no Z.T
(b) a <P Z.T is exist

(c)a=PBnoZT
Ans: (¢)
X(z): —11/2 3{2
1-—z" 1+-z"
2 2

x(2) = V4

06.
Sol:

07.
Sol:

Ans: (d)
poles =j, —j, zeros =0, 0
kz’
X(z) =
(Z) z+1
X(H=1=k=2
27°
Xlz)=
( ) 7z +1

Given right sided sequence. So, ROC is
2>+ =17 >1

27°
X(z)=——, ROC is|z[ > 1
Ans: (b)
0 31’1
X(z) = z2"
@ ;2+n
N LA SR
2 4
9 1
X\n) = ____9_3071707_
@ 4 2
T

Now consider (a) option

Yi(2) = i(gjz

n=0

2 x()y, () =0

n=-—oo

Now consider option (b)

0

2 x(n)y,(n)=0

n=—oo
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€§~éﬂg§. 66 Signals & Systems
08. Ans:r=-1/2 10.
1 1 -1
. I+—z" +rl-=z") . (A2 _ 9z
Sol: . _ i e 2 Sol: (-3)".u(n 2)<—>2+3,|z|>3
I-—z" 1+-z" (A--z"Hld+-z") 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)
(I+1)+ (l ‘LJZI G(z)=1-z°,]z|>0
4 2
( 1 r) 12.
Zero = 4 2) Sol: X(z)=2z"+2z+ 22
I+r z-2
If zero=1 x(n) = &(n+2) + 28(n+1) — 2 (2)"u(-n-1)
I r
) 13. Ans: 0.097
4 2 LT
I+r 4 Sol: The poles of H(z) are
-3r 3
—===r=-1/2 i(2k —
2 4 Py = %exp{@jk =1,2,3,4
If zero=-1
jj .
1r po LA 1 i 1+
u=_1:>l_£=_1_ 2 2 B 42
I+r 4 2 4
3r :
5——:>r——5/2 is not valid 2 2 5 o
Because given as |r| <1 Wy 1
N A
09. Ans: (a)
z* I
Sol: I‘I(Z)= P4:_e4 :E_E
7t + - 2
H(z)# H(sz) @) kz*
h(n) # h(-n) (z- Pl)(Z P, )(Z P )(Z P4)
.. h(n) is not even. kz*
X(Ej © X" . 7+ 1
m 4
4 1 n/4
Z o (— —) u(ﬂj Given H(1) = 5/4
74 +l 4 4
4 S_ k.
4 5/4

So h(n) is real for all ‘n’
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{@u éﬂ., 2 67 Postal Coaching Solutions
sz—g L
— Z
y X@)= 5+ 5 ROC
2, 4 7z 10
H(z) = I 5 10
a1 2> =Nl <—
4 +4 4
5 10
Given g(n) = (j)" h(n) ROC= 7 <lf<=
G(z) = H(z/j)
15.
25( j ézéx Sol: X(Z)=Z4+Zz—2Z+2—3Z_4
161 j 16
G(z)= = _
@)= A 1 e, H(z) =2z
3 +Z 4 Y(z)=X(z)H(z)=2z+2z" — 42> + 427 — 62~
y@4) =0
G)= 2 -2 B 8, L
16 64 256 16.
25 z’ 1
8)=——=0.097 Sol: n+3 Jz > —
8(8) = ()111||2
——z
2
-1
(—n+1) Zl Jz|<3
14. 1--z7
5Y' 10’ ’
Sol: x(n)=|=| u(n)+| = | u(-n z’
) (4) o) (7) N Y(z)= ~<zl3
1 1
n I—EZ l—gz
[é) uln)e —2—, |z]>5/4
4 ;3
4 17.
n 1
7 Sol: H(z)=
— ] u(n) < Z| > —
(15 w2 o EmEe
10 2 3
N s 7 X(z):l—lz—‘
— | u(-n) < ‘z“ >— 3
10 a7 10
. Y(2) = Hz)X(z) = ;
n — 1_72—1
10 . 10 2
( Ju( n) &~ |z|<7 i
. 1
z 10 =>Y(n)=(5j u(n)
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":ﬁv éﬂg% 68 Signals & Systems
18. Ans: (a) 21. Ans: (a)
Sol: G(e)=oae +Be Sol: y(n) =h(n) * g(n)
G(e") = (ae™ +Be ™) Y(°) =H() G()
. _ ' jo
Let us consu_igr oa=p N Y(e Jw): G(e )
G(e') = ae™’ (2 cos(w)) |:1 _ le_jw}
When o = f it gives linear phase. 2
joy _ joy l —jo jo
19. Ans: (a) = G) = Y(e") 2 e Y(E)
Sol: H(ej‘”): e~ = g(n)=y(n) - %y(n -1)
H(e) Putn=1
: 1 1
+ HPF =o)=y(1)= — v(0) =———
: gD=y(H)->y(O0) ==-7
§ g(1)=0
0 T 0
22. Ans: (¢)
and it is FIR Filter because h(n) is finite | Sol: H(¢'”)=1-e %= 0 only when
duration. 6w =2nn (n=1)
T
N
20. ..
Sol: (1) x(n) =2" , y(n) = 2" H(z) g; - g
y(n)=(-2)". H(-2)=0 =
H(-2)=0 '
. 23.
Ta—— Sol: X(z)=L_l,z<2
Y(Z) 1- ZZ 1-2z
(2)H(z)= ) . x(n) =-0.5 (2)" . u(-n-1)
x(0)=0
1
1-—z"
2 24.
(@) H(=2)=0 I neven
-9 Sol: x(n)=
a=—" 0 nodd
8
=>X(z)=1+z22+z"....
(b) y(n) = (1)". H(1) _ 1
H(l)=-1/4 1-z7
1, _ 1
y(n)=—00) ()
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X(oo) =Lt (l -z )X(z)

z—1

i)
L)

1
2

25.
Sol:
o(n)+d(n—1)+3d(n—-2
@ (n)+8(n~1)+5(n-2)
10
l+z"'+z7 Z2+z+1
H(z) = = >
10 10z
2 finite poles, 2 finite zeros
Given x(n) =u(n)
1
X(z)=——
(2 =13

h(n) =

(b)

(l-l-Z +z )

}(30) thl(l z )X(Z)
2 ‘: : :|
I—Z_l

N1+z ' +z
10

1+1+1 3

10 10

Y(2) =H(z) X(2) =

= Lt(1-z

z—1

y(e0) =

26.
Sol:

Ans: (a)
The output of the sampling process is
x(nTs) =2 + 5sin(100xwtxnxTy)

T_L

2+5s1n(100><n><nx—0j

2+5s1n( j

m

NO =—m_
®,

2n
n
4

27.

Sol:

28.

Sol:

Postal Coaching Solutions
N() =8m

Ny = 8 is the No. of samples per cycle

X(z) N|1-z
N=8
V)= 4 -2 )

Final value theorem

y(oo) = ZI;tl(l -z )Y(Z)
y(oo) =Lt (1 ~z" )é

Z—l1

-z

3= 11 =2 X(0)
() =0
Ans: (¢)
Y(Z)= H(Z).X(Z)
A 1
= - 44 0
-z (I_SZIJ(I_ZI)
y(e)=Lt(1-2" ¥ (2)
= A +é =0
2
g 3
2
Ans: (¢)
_PBz-2z
H(z) 27 —a

Pole = + \/E
2

JE
2

<1 = |a| <2, any value of ‘j3’
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Signals & Systems

& ACE
4| dtfrerrel
29.
Sol:

(a). An LTI system is stable if and only if ROC
includes unit circle.

05<|z|<2
(b). For an LTI system to be causal & stable, all
the poles must lie inside the unit circle.
z =2 is the pole lying outside the unit circle.
So it is not possible.
(c). 1z|>3
|z|<0.5
05<|z|<2
2 <|z|< 3 are the four possible ROC’s
30. Ans: (d)
(Z —iejej(z —ie‘jej
Sol: H(z) =
4
Z B
3
Numerator order > denominator order
s0, anti-causal system & |z| <§ - stable
31. Ans: (d)
Sol: Poles=1-05z"'=0=2=05

Zeros = 1-2z"'=0=2z=2

If all zeros and poles are inside the unit
circle [|z| = 1] then it is a minimum phase
system.

So given system is Non minimum phase
system if all poles are inside unit circle then
we can say system is causal and stable. So
given system is stable.

32.

Sol:

Given stable system. So, ROC includes unit
circle. ROC is |z| <2

h(n):_?léi(n)—%@)“u(—n—l)

33. Ans: (¢)

Sol: Poles z = +2j
Ipoles| = 2
ROC |zl < 2 because
stable (ROC includes unit circle).
In this case system is non-causal

= is

system

34. Ans: (¢)
Sol: H(z) = — is a stable system because
Z+—
n N .
pole z = > is inside the unit circle.
The poles of H(z) should be inside the unit
circle for a stable system.
.. A'is True but R is false.
35. Ans: (¢)
2
Sol: H(z) 2+l

~ (2+0.5) (z-0.5)
(1) The system is stable because poles
z= % 0.5 are inside the unit circle.

(2) h(0) = Lt H(z) =1

f
2mx =
2nf
3 O=—= = —
®) f, f, 2
) 2jo
H(e'") = ¢+l ®=2=0

= e o oot
(e +0.5)(e™ -0.5) 2
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36. Ans: (¢) No. of delays = 6
Sol: A causal LTI system is stable if and only if Direct Form — 11
all of poles of H(z) lie inside the unit circle.
So, Assertion (A) is true but Reason (R) is X[n] \Zj > @
false. Py
Z—l
37. Ans: (b) N ~
3277 hX - > b3
Sol: H(z) = ~ 21 z2* lz - N@ C/ 0 9 \>
Z2+ZZ+§ D(Z) Z,]
As N(z) is of higher order than D(z), the (D— ()
system is not causal, as d(n + 1) is one of 0 0
the terms in the output for the input d(n). 71
If the N(z) is of lower order than the
denominator, the system @ : .
(1) may be causal or —ds P;
(i1) may not be causal as it depends upon the N
ROC of the given H(z). Dbgfiliie!2ys = 3
So, Both Statement I and Statement II are
individually true but Statement II is not the | 40.
correct explanation of Statement I .
Sol: y(n)=x(n—-1)=Y(z)=z X(2)
38. Ans: (a) o
Sol: Both Statement I and Statement II are H(z)=z" =H(2) Hx(2)
individually true and Statement II is the 1 0.62"
correct explanation of Statement I H, (z) =z {_—Zl}
1-04z"
39. Ans: (b)
P,+PZ"'+P,Z7
Sol: H(z)=-—"—"—=—23 41. Ans: (a)
1+d,Z 1
Direct F —1 Sol: H(z)= 1
reet Form )= oo O
x(n) J_ Py \z> <Z> y(@) From the given plot
7] 2] Hlz)= g ()
—-a,z —a,z
P, <Z> (Z) 0 By comparing (1) & (2)
_ZT _Z: 30:1,211:0.7, 212:—0.13
- S [~ |
0 CZ) ( 0
L L 42.
s 71
T T Sol: H(z):1 ! 5
( z) ( Z) —naz
P, —ds h(n) = (a)"u(n)

X0 OB 03 T} T 01 @ IO ITE T Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow ¢ Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




":ﬁv éﬂg% 72 Signals & Systems
© Z2—7zk—-k=0
> |h(n)| < oo stable
ne _ +k+Vk*+4k
= oo unstable 21,27 2
> (@) = fal <1
~ a) = 1—a’ a For causal & stable |poles|< 1
=, [a] 21 1545 142236
For b, ¢, d cases system transit from stable k=1=z,=— Vs =— 2
to unstable system.
(outside the unit circle)
43.
Sol: From signal flow graph k=2=7,= 24412 —1++3
k 71 ’ 2 B
l-—z
H(z)= - = 1+1.732
-1
I+ 3 z outside the unit circle
Polo — ‘—3_k o Here k= [-1, 1/2]
o -1
Sol: H(z)= LﬁLz_l
44. Ans: (¢) e
Sol: From signal below graph reduction 1
e Y i xm 4! Y™
2+z
H(Z) = ]
1+2z il
_2z+1 71
z+2
45. Ans: (b) b g
Sol: H(ej“’ ) _ 2?jm +1 From the above block diagram
e +2 d+dcz
0 H(z) = T
H(") =1 oz
‘ By comparing
HE™)| =1 d=—0.54c=—— b=054
. ’ 0.54°
H(e™)[ =1
So, All pass filter
46. Ans: (a)
Sol: 1-k[z'+z7%]=0
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73 Postal Coaching Solutions

Conventional Practice Solutions

01.
Sol:
(@) x(n) = @ u(n), y(n)= n@ u(n)
X(eP)=—F—
1—-—e™
5
joy_ - 4 1
()= do l_ﬂe—jw
5
4 . e
o,
(1—4e”°"j (1—:6“’3)
H(ej‘”)=Y(ejw) > 4
X(ejm) l_ﬂe—jw
ver) 5o
b - =
( ) X(ejm) l_ﬁe—jw

Y (™) - %ej“’Y(ej“’) = %ej“’X(ej“’)

y(n)—%y(n—l)z%x(n—l)

gﬁiz Y(e°) = 0.5¢7° Y() + bX(e®)
Hle”)- %H() Tos
Hle" (o)< - cosl; +025 HEF
H(e”) = l_lt’rm -1
b=20.5

b2 1
Half power =—
1+025-cos® 2
0.25 B l
1+40.25—-cos® 2
1+0.25—-cos®m=0.5
cosm=125-05=0.75

o = cos '((0.75)) = 0.722 rad/sec

03.
Sol: H, (ej"’ ):

04.
Sol: H(ej“ ) = 1;

0s.
Sol:

(@) Y(&°) =¢ ¥ X()
= y(n)=x(n—-np) =x(n-4)

X0 OB 03 T} T 01 @ IO ITE T Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow ¢ Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




sy
N
v v
v v
VN .Y Enginee:

74

Signals & Systems

(b) Y(¢) = Re[X(e"")] | |
x(n)+x(-n) _ Xl +X*(ej‘”)
2 2

= yn) =
(¢) x(n) = X()

X[ej(w_;] J > X(n)e%rn

07.
Sol:
(a) Z transform of a sequence x(n) is defined

o0

as X(z)= Zx(n)z*“

n=-o0

X(z)  1-e*
© z _z(z—l)(z eo‘T)
A B C
=—t+t—F —aT
z z-1 z-e
X(Z)z—(l—e“T)_l_ 1 e
z z z—1 z—-e™
o ol. Z
X(z):—(l—eT)+Z_ _eTz—e‘“T

x(n) (e“T = 1)6(n)+ u(n)—e" (e_“T )n u(n)

08.
Sol: X(z)= i x(n)z"=z+2-z"+z"

n=-o

X(e)= Y x(n)e?™ =" +2-e +e7

n=—ow

09.
1 n 1 n—1+1
Sol: h(n)= 3(2) u(n—-1)= 3(2) u(n-1)
3 z”
H(Z) = Z 1 .
1-—2z
4

4Y(z) [1 —%z‘l} =3X(2)z™

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

-1\" d 1 1
n — | u(n)e —z— |z |>—
2 dz 1+1 2 2
Lo
2 | 2[> -
1

1-—z
3
" .
(—j u(-n)e 2z == z|<3
3 1
X(Z)I 1 : | ; 5<| |
(1+Z_lj (l—zj
2 3
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11. 13.
Sol: Y(2)->72'Y(2)+~22Y(z)= X(z) Sol (l)rlu(n)H }
4 a1
1-—2z
1 1
Hz)=— A 1 *
1_*Zil+* - [I—Z_l)(l—Z_IJ 1 n-l -1 1
4 4 2 U Y DI S |
-1 2 4 -l 4
ﬁH@)— + 4
1 1,
l1-—z l1-—z
4 2 1 4
1
(Y 1y X,(z)= 4 |z |>—
h(n)_z@ u(n)_[4j uln) )=l
Step response: x(n) =u(n), X(z): 171 1"
. ()= ul)+ (3 ] o)
Y(z)=H(z)X(z) 2
1
= 1
1Y, 1. _ X,(z)= 1
(1—42 1}(1—22 1J(l—zl) 2(Z) 1—,! +1_7271’|Z|>
11y NN 8
1) =35 ) o)1 5 | oo+ Suto »
X(@Xle)= | s bz
@—z') v 1-—z"
12
1,11
Sol: Y(z)[l—gzl}gy(—l):m(z) 1, 1,

Y(Z)|:1—%Zl:|= f +l

1+ z" 3
1
2 3
Y(z)= +
(1+lz"lj(1—lz"lj (l—lz_lj
3 3
1
Y(2) = 61/5 N 4{5 N i?,
(L+zlj (L—zlj (1—z1j
2 3 3
6/5 17/15

Y(z) = +
[1+12_1j (l—lz_l)
2 3

v =2 2 w173 )

3\4 3

)= o S uto)+ 5 )
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14. 17.
. 5 . Sol:
Sol: Y(z)|1+—-z —=z" |=X(2)|-2+=z 1 1
(2) X(Z)= T 1
—2+>7" —2+>7" B I—EZ_]
H@z) = T 1
1+-z"-=z7 (1+le(1—z]) S I S R
2 4
-3 1 X(Z) = 1
@) = ——— + 7 1-21-37"]
(1+Z_1) (l—z_lj 2
2 4 1
h(n) =-3 -1 nu(n)+ 1 nu(n) 2 . l<|z|<1
2 4 (l—zl(l—zzlj 2
15. ) R . _lz—l
Sol: X(z)= = + = Y(z) = 2
-1 (z+1) -l 14z 1
2 o (l—zz"lj(l-i-z‘l)
ROC includes point z = P 4 3 <z <1
4’2 Y(z)
y He)=%0)
x(n) = A(E) u(n)—B(-1)"u(-n-1) |
- . _lzfl (l—z‘1 1-—z"
x(1) =1 Right side value ) 2
1 n — X 1 .
A(Ej u(n)n:1 =1 (l—z 1j(lJrz ') 57
A= 2_ Y 1-z"
x(=1) =1 — left side value H(Z) = — ,| z[> 1 - causal
B(-1)=1 1+z
B=1
1 ! n _1 -1
x(n) =2 5 u(n)—(-1)"u(-n —1) 72
(b) Y(2) = X(2) H(z) = —
16. (1—22_1j(1+z_1)
Sol: Poles 21,_— Zero = — —
4 ROC =z >1
l=o.25,_—5=1.25 1 1
4 4 — -
(a) Pole lies outside unit circle Y(Z) = f + 1+3 =
Num order < den order — causal, unstable 1- By z" z
(b) All the poles and zero should lie inside the
unit circle then it is minimum phase. ( )_ 11\ ( ) 1 ( l)n ( )
So given system is Non minimum phase y\nj)= 302 wnj+ 3% uln

system.
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18. 19.
Sol: Sol: x(n)=1[0,1,2,1,0,1,2, 1,0, ............. ]
(i) y(n)=x(n)+ by(n-1) switched periodic function
Y(2) = X(z) + b(z 'Y (2) + y(=1)) Le;riﬁgiliailyﬁmte length sequence repeating
x(n)=1(e’) u(n 3
(n) ( )ﬂ (n) y(n) = x(n)* Y §(n —kN)
V4 1 k=0
X(z)= 7-0° 1-z'e® X(z
1 Y=
-1
Y(Z) = —1 B Z_lej‘” +bz Y(Z)+ bp Xl(l’l) — {0’ 1,2, I}S
| xi(z)=z"'+2z°+z°, N=4
Y(z)l-bz'|=bp+ . z'+2z27 + 27
(@li-bz ] bp 1z e" X(2) ="
bp 1
Y(z)= + c
) 1-bz"' (1 ~bz! Xl - z’le”’) 20.
bp(l—z"ej“’)+1 . _|, L1
Y(z)= : Sol: h(n)=|1,—,—
(Z) (1 _ bZ—l XI _ Zflejw) 2 4

A B
Y(Z) 1-bz" Y 1—z"e®
y(n) = A(b)" u(n) + B¢ . u(n)
(ii) (a)

y(n) = ay(n—1) +x(n)
Y(ej“’ ) =ae 7ij(ej‘°)+ X(ejm )
Ye'© (1 —ae® ) = X(ej‘”)

H(ej“’ ) e ;e_j‘”
(i) X(e*)= - l‘j‘e et aBe_j“’

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

H(z) =1 +lz_1 +lz_2
2 4

X(z)=1+z"+4z"
Y(z) = X(2)H(z)

Sl a2 d L0
2 2
+lz_2 +lz_3 +z7*
4 4
Y(z) :1+%z_1 +¥Z_2 +22_3 +z*

y(n) = 8(n) +%8(n -1 +%8(n ~2)

+%8(n ~3)+8(n—4)
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Chapter > Digital Filter Design

Objective Practice Solutions

01.
Sol:
1
(@ H(s)=——
S+2
H(s) _LSH(Z) o
Cs+a Cl—e g
1 1
Where Ty=—=—
FE 2
a=2
H(z) = 1 _z
Cl-e'z! z-—g

(b) h(t)=e¢ " u(t)
h(nTy) =e S umnT)=e™ u(gj
2 G)
1 \2) 2
s(s+2) s s+2

y(t) = %[1 —etu(t)

y(nTy) = % [1 —e™" ]u(rzlj

(©) Y(s)=H(s)-X(s) =

04.
1 1
Sol: H(s)=——=H(z)= 8
s+a 1—e T
f;=200Hz, f.=50 Hz
_2nf, m
Cf 2
s
H'(s)=H =
©=HE) o157
1.57
H'(s)=
®) s+1.57
1.57 1.57
H = =
@) 1-e'Wz" 1-0.2082"

If we want to match the gains of H(s) at
s=0 and H(z) at z = 1, the digital transfer
function is extra multiplied by

b

lggH@mﬂﬂ9ﬂ

1.57[1j
H(z—_ \L98

1-0.208z"

05.
Sol:

() H(z)= H(s)lsﬁz[lzl}

T| 1427}

H(z) = H(S)|S_4[l—z‘}

H(Z): B 7P 3 1
[4 I_Z_lﬂ +3H1_Z_1ﬂ+3
_1+z_ 1+z
B 3[1+Z_1]2
H(Z)_16:1—2_1]2+12[1—z_2]+3[1+z_1]2

(b) Gain of H(s) at @ =3 is

. 3

H =
0 = 30+ 3

) 3

H(jo)|= — :
JB-0*) + (o)

. 3 3
H(Jm)wz3 - 2 2 - 2 2
() JB=97+(6) (6) +(6)

3 3 1
I 62 22
Given f=20 Hz

o 2nxf  2nx20kHz T
fs 80kHz 2

=2.828

o 3(1+e77)?
H(eJ )= —joy2 -2jo —jo\2
16(1—e )2 +12(1—e )+ 3(1+e )
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‘o 3(1 —j)2 i 0.1(40) e
H(e™) T — log 1071 log 10" -1
o= A+ +12(2)+3(1—-y) 10%'M _ 10 —1
3(=2)) —0] Nz =
= = 1 3 1 3
16(2))+24+3(=2))  26j+24 Og(\/_) ogly3)
9999
i 6 6 log ,/
H(e?)= : —= =0.169 258 log 7948.33 ]
\/(26) +(24)> 3538 N>
log(\/g log \/_)
0. N log[89.15]
Sol: log(1.732)
- 5 1.950
@ HE) =5 0238
i N>8.19
: jo jo
H(jo) = = =
(Jo) = —0’ +jo+l 1-0’+jo N=9
|H( i O))| _ ® : Tchebyshew filter:
\/(1—(02) +o° 0la
S [1077% —1
X COSh PN
o | [H(jow) { 10%'% — 1}
010 e
w0 |0 cosh™ {QS}
Band pass filter Q,
_ cosh'[89.15] 5.183
07. ~ cosh[1.732] 1.146
Sol: o,=1db, fp=4kHz N>4.52
os=40db, fs =6 kHz N=5
FS =24 kHz
Butter worth filter : 08.
100-1% -1 Sol: Op = 0.5 db, fp = 1.2 kHz
logl [ Tomer —; =40 db, f, =2 kHz
(1) Order N > 5 Fs =8 kHz
log{Qs} Butter worth filter:
P © 27Tfp 2nx1.2 _3m
2nxf =
o, ’TF 27;: 4 -3 TR 8§ 10
s 0)_2’}tfp_27[><2_E
S 2nxt,  2mx6 _ T S , 3 B
E 24 2
o - 1 100 log 1
o tan(sj tan(j %8 1007
2 tan| ©r tan(nj —= log| ~=
2 6 3 Q,
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6
o tan(a;}’j tan[zg) cosh™ {1001_1}
5= = =0.509 _ 10~ -1
b tan( % j tan(zj cosh '[1.202]
N=25 5536
1091640 _q 0.625
log W N=26
>
log(1.964) 11.
3.949 1 i
N2> . —— 3
0293 Sol: z, > €
N> 13.47 R
N=14 zZ,=72, :Ee 3
Tchebyshew filter: pm— W, B
3 e~
» 100.1(15 _1 = JE
cosh l: W Z4=[21I k
N >
a] Qg 12. Ans: (a)
cosh sz Sol: H(z)= [ 1+27'+2 77| G(z)
Liner FIR has symmetry (or) anti symmetry
S cosh™'[8911] 9.788 So, G(z) =342z "4 2°
cosh'[1.964] 1.295 H(z)= [1+2z 222 [3+ 22 '+ 27
N> 755 =3+82'+10z°+82°+3z"
N=8 13.
Sol: (a) H(z)=1+2z"
09. H(z)| . =2 Band stop filter type - I
Sol: ~
ap=1db, w,=03n H(z), =2

o = 60 db, s = 0.357n

Butter worth filter:
0lag
cosh™ M
100.1 (lp _ 1
order N > o
cosh™| =5
QP

0.351
a. ™, 0.612
2 _0012 o0

Q, tan(osnj 0.509

(b) H(z) = 1+2z'+2 72+ 73
H(z)|Z:1 =6 low pass filter type - 11

H(z)|Z:_1 =0

(c) H(z)= 1-z~
H(z)|Z=1 =0 Band pass filter type - I11

H(z)_ =0

(d) H(z)= —1+2z'-227%+2"
H(z)|Z:1 =0 High pass filter of type - IV

H(z) = -6
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14. Conventional Practice Solutions

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)=12,-3,4,1,0,1,4,3,-2] 01.
(dh(n)=12,-3,4,1,-1, 4,3,-2] Sol: Given w, =0.2w, ®s = 0.57

8, =0.707, 8,= 0.1

16.
. . (@) Q= ztan(g)
1 4 sin— (n—3) T 2
. - -3jo _ jon — ®
Sol: h,(n) o J;e ”do —n(n—3) Q) = tan[%} =0.325rad/sec
4
.
n hg(n) - 2mn ) | Hn) = Q = tan( : ) =1rad/sec
co(n)—0.54—0.48005(6j hy(n).co(n) 2 S
0 100751008 2= 62107 Q, should be ‘1’ rad/sec
I 10159 1031 b=0.049 Normalized frequency Q_ = 0.325 _ 1
3 |14 |1 c=0.173 P 0325
4 0.225 | 0.77 d=0.25 1
5 0.159 | 0.31 c=0.173 QS =—=3.076
6 |0.075]0.08 b=0.049 0.325
a=6x10"
®) &=[10"" -1]" =0.997

6
H(z)=> h(n)z™
P [ AN ~ ~ (€) |H(Q)|indB =—20logé — 6(4—1) — 20log(Q, normal)
= a[l47 ] bz 7 e[z 2 7 rdz . L Ny

—20log,,(3.076)

n=1.65=2
the transfer function of chebyshev filter is
H(s) = y_«
s"4b, 8" +bs+Db,
k =bg for odd n
b for even ‘n’
V1+E?
For£=0.997 k=—>"%7__ _¢5s
V1+(0.707)

0.5
s? +0.644s +0.707

Convert above transfer function to required
form by replacing
s— s/Q, =Q, =0.325 (actual)

H(s) =

0.5
HE) = > 0.644
( > )+' ©) 1 0,707
0.325 0.325
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02.

Sol: For second order bandpass = LPF 1* order

n=1
f,=2000Hz
2nx200 T
() - =
P 2000 10

Q = tan(l) —0.324
! 10

p

_21x300 3
10

0]

b2 2000
Qp = tan(3—n) =0.509
? 20

Q=00 =0.1649

0, =0, -Q, =0.185

H(s) = b [1% order LPF]

s+1
LPF — BPF
P s*+Qp  s”+(0.1649)°
Qs 0.185s
0.185s
H(s =
() oer s> +0.185s+0.164
1-z"
s — —~
1+z
-1
0185(1 le
+Z
()= 1-z" 2 1-z"
| +0.185 | +0.164
1+z 1+z
H(2) 0.185(1-272)

T 1.3499—-2.32982 ' +0.97992

H(z) =

{@uéﬂgg 82 Postal Coaching Solutions
H(s) = 0.5(0.325)° 03.
52 +0.2093s +0.076 Sol: 3= 15db, 5, = 1db
o - 2ntx250
_ 0.0528 s~ 71000 2
s*+0.2093s +0.076

Q = tan(E) =1
4

2 x100 =
N =—=—
P 1000 5

Q = tan[ij —0.325
P 10

o 0325 _,
P 0.325
Q. -— —307%
0.325

0.18,
2 10 | =2.12

n=3
1
rototype H(s) =
P ype H(S) +D(* +s+1)
Q
Q. = 1 u 7 B 0.324 e =0.406
(100 6p _1) (100.1 _ 1)
Required filter is HPF
S — Qs
Hl(s) = H(s)|HQC S
3
S
H'(s) =
) s?+0.814s” +0.33s + 0.068
1-z"
s — —
1+z

H(z)=H'(s)[ 10

1+z7!

(1-z")
2.211-3.283z" +2.0572> - 0.451z2"
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04. 07.
Sol: 5, = 1db, f; =400Hz Sol: LPF with f. = 2kHz
2nx100 m . 2mx2
o, =100, ® = =— a)w = =04n
’ Pama 400 2 @ o,
-1
() _ Z —a
Q, = tan[—pj -1 e
2 l1-az
0 —o
&= [100'1 - 1]1/2 =0.5 sin{ L —
bo=1.102, b; = 1.097 a=—F———-==-0.642
Kk b sin 0‘)p + (J)p
H(S) = k= 0 =0.985 2
s“+bs+b, 1482 1 i
z +z
0.985 H,(z) =
H(s) = d _ 71 -2
® = o 109755+ 1.102 l-z7+02z )
Q 1 7z +0.642 N 2 +0.642
ST 14064222 ) (1+0.642272
H ()= 09828 _( 7" +0.642 } o ( 2+ 0.642 jz
1+1. 097S+1.10282 1+0.642z 1+0.642z
H(z)=H (s)‘ L H,(z) = 2.39+46.1227' +3.732
e ‘ 1+0.29z" ~0.0682
0307(1-z"')
H(z) = - = (b)HPF
1-0.063z" +0.314z o 27 1kHz R
P 10kHz 5
06. —cos[m + ) }
Sol:
(@) n=2 —4{ - 0.90
1 cos{ }
H(s)=——— >
© s +4/2s+1
N z'+a
-1 -1 —
(b) S—>£[1 Z_l}zz[l Z_l} l+az" 2
Tll+z I+z (71090 (z'-090
Hz) = (1+2) H(z) = —\1+0902") {1-0.907"
- 1)2 _ I\ B -1 .l 2
-z +22(1-22)+ (1+27) [z —0.901 coal 2 —0.901
1-0.90z" 1-0.90z"
(© HE), =1, H(z),, =1 Hizy - 63877~ 13882473
DC gains are equal 722 -1.35z+0.48
2 1 2 2nx1kHz
’ =— ¢)f, =1kHz, ®, =——=0.2
(d) They can’t be equal [H(s)| 5 [H(0)| (o) f, Z, 0 == T
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f; =3kHz, og=0.6n

0, =0.1n
— (O}
k:cot(mu (D[jtan —L
2 2
=1.376x0.158
=0.218
®,+0,
2 0.309
o= =——"—"=0.382
[wu —m,j 0.809
COoS| ———
2
a, =%=0.1357
k+1
a, _k=l e
k+1
IR -z —alz‘1 +a,

H,(z) =

a,z > —a,z +1
2.39z" +0.52° - 6.122° = 0.5z +3.73

7zt —0.652° —0.22° +0.16z—0.07
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Chapter@

DFT & FFT

Objective Practice Solutions

01.

3

Sol: AF = fs - 10x10

N 1024

02.

11 1 170 6
1 =i =1 il1] |=2+2;
Sol: ] ] - ]
1 -1 1 -1]2 2
g =1 —jl3]| [-2-2]

X(k)=1{6,-2+2j, 2,-2-2j}

03.
ik ELM
Sol: i) X(K)=>x(ng N
n=0
N-1
X(0)= 3 x(n)
n=0

Given x(n) = —x(N—1-n)
n =0=x(0)=-x(N-1)
n=1=x(1)=-x(N-2)
X(0) = x(0) + x(1) +.....+ x(N-3)
+ x(N-2) + x(N-1)
From the given condition x(0) and

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
becomes zero.

ii) x(n) = x(N-1-n)

-1 _.2n N
{3z
N-1 )
= Zx(n)e”m
n=0
N-1
_Y x(n)-1)
n=0

= X(O)—x(l)+ x(2)+ ..... —X(N—3)+ x(N—Z)—X(N—l)

04.

Sol:

05.

Sol:

06.

Sol:

07.

Sol:

Given condition is x(n) = x(N —1—n)
n=0= x(0)=x(N-1)
n=1= x(1)=x(N-2)

From given condition, x(0), x(N-1) cancel
each other.

x(1), x(N-2) cancel each other. Finally all
the terms vanishes and becomes zero.

x(n) = {6, 5, 4, 3}

a. X([n-2])s = {4, 3, 6, 5}
b. x([n+1])4 = {5, 4, 3, 6}
c. x([-n])s = {6, 3,4, 5}

If x(n) is real X (k) = X*(N-k)
X(5)=X*(3)=0.125+j0.0518
X(6)=X*(2)=0
X(7)=X*(1)=0.125+j0.3018

Ans: (a)
[pqrs]=[abcd]@[abcd]
DFTof [pqrs]=[aBy o].[aByd]
DFT of [ p q rs] =[a® B*y* &%)

@) X(0)= %x(n): 3

(b) Nx(0)=6x1=6
© Zi:o(—l)“x(n): 21

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

(e) Nx(3) = 6 (-4) = —24
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08. Ans: (a)

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

x(O)=%§X(k)=%=3

09.
Sol:
(i) According to given signals we can say
Xy (n) =X; (n—4)
i2m

X,(K)=X,(K)e™ = 4K

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

—ji=Lak

(i) Y(k)=e °©
y(n) =x((n—4))s={2,1,0,0,4, 3}

10.

N- 27r
Sol: x(n) = %ZX(I{)eJ N n=0toN-1
k=0

11.

3
Sol: (a) Af= s =20x!0 -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

]2nnK

ZQ(K)e

_13 _Q(0)+Q()+Q(2)
_EZ:‘)Q(K)_ 3

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

N-
= X
n=0

5
=Y x(n)=4+3+2+1=10

n=0
5 —j2mn(2)
Q)=X(2)=3 x(n).e °
n=0
5 —izm
=Zx(n)e 3
n=0
—j2n —j4n

=x(0)+ X(l)e 3 +x(2)e 3 +X(3)e_j2“
:4+3{_—1—j£}-2{_—1+£}+1
2 2 2 2

3 B3

=4 1+ +1
2 2 2
_5 A3
Q(l)—2 A
5 —JZnn(4)
Q(2)=X(4)=> x(n)e ©
:ix(n)eﬂ;m
Q)= x(0)+x(1)e > +x()e *
—j4n(3)
+x(3)e 3
B 1 _]\/_ 1 ]\/_
=4 3{— 2} {2 } (3).)
4 3,030 2
=4 St 1 12\/§+1
5,3,
)
“”;‘f 50 s
a(0)- 3 -Sos
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13. From (1) and (2)
! A=-5B=-2
Sol: X(0)=) x(n)=A+B+27=20
n=0
A+B =7 (1) 14. Ans:3
7 . Sol: X(k) =k +1 for 0 <k <7 — 8pt DFT of
X(#) = (=1)"x(n)
n=0 x(n)
X(4)=A-2+43-445-6+7-B=0 Using Signal Flow Graph of IDFT based on
AB = 3o @) inverse radix-2 DIT-FFT

»8 o x(O):S—()

O] ) ®)

D™ L0 N o O s
NN =0 IR
G = 2

X(4)=5 - o
X(6)=7 / K@ /\
a

X(7)=8 =

3 —4-4-4j- j
ValueofZx(zn)=X(O)+X(2)+X(4)+X(6):36 4 484J 4+4J:%4=3

n=0

OR

X(k)=k+1 0<k<7

2 N,

|z

2n 2m
-k 2 —EX(2n+1k
x(2n)e N +Z x(2n+1)e N
n=0

MI\)

X0 =3 x(me N X(k)=

Il
(=}

n

|z

N
-1 -
ELI)

27 T 27
-j—(2n)k -i—k —i==(2n)k
x(2n)e N +¢ N E x(2n+1)e N

n=

MI\)

X(k) =

Il
(=}

n

Given N = 8

7j2—ﬂ(2n)k

3 S emk -k
X(k)=>x2n)e * " +e * Y x(2n+De ®
n=0 n=0
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X(0) = ix(Zn) +Z3: x(2n +1)

+ e’”Zx(2n +1)e ™

n=0

X(4) = ix(zn)efﬂfm

X(4) = ix(Zn) —ix(2n +1)

X(0)+X@4)=2 23: x(2n)
Zx(Zn): X(O)42-X(4) _ 1-;5 :g
=3
15. Ans: (a)

Sol: (A) For 8 point DFT, value at
n =9 means value atn =1

we know

(B) W(K) = X(K) + X(K +4)

W(K) = X(K) + X(K + gj

w(n)=x(n)+(=1)"x(n)

(O)Y(K)=2X([K) K=0,2,4,6
=0 K=1,3,57
= Y(K) = X(K) + (-1)*X(K)

= y(n) =x(n) + x(n - gj

16. Ans: (a)

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

-1
N «

Me

w(2)= =L 3 (1) W(k)= % _ 38

0

18.
Sol: f,,=100 Hz
f; =200 Hz

Af<0.5 Hz

(a)

radix — 2FFT
N =2’ = 512 samples (at N = 400)

- Ll 0.39 Hz
512

(b)

19.
Sol:
fi =25, £, =100, f; = 800Hz
(a) N =100 samples

ar=t = 80 gy,
N 8

25Hz corresponding to % =3.125

100 Hz corresponding to % =125

Both frequencies are not relating.
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(b) N=128 N
800 (b) by FFT, T = ElogzN lus
Af= — =6.25Hz
128
1024
25Hz — 2 4 = [— log, 1024} lus
6.25 >
100 Hz — 100 =16 =5.12 msec
6.25
e 23. Ans: 61.44
Sol: X(K)=1[1,-2,1-,j2,0,---] . Ans: 61.44 ms

X(K) = X (N-K)

X(5)=X(8-5)=X'(3) =2
X(6) =X (2) = 14

X()=X(1)=-2

y(n) = (=1)" x(n)
Y (K) = X(K—4) last four sample will shifted
to beginning

(a)

(b)

n
(c) g(n) X(z]
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.

x,(n)= x@

Xi(k) =112, 25, 0, =25, 12, 25, 0, =25, 12, 2j,

Xi(8) =12, X,(11) = -2j

X,(8)[_| 12| _
Xl (1 1) —2]
22.
Sol:
(a)t=Tlps
N=1024, total time to perform

multiplication using DFT directly
= (1024)* x1us = 1.05 sec

Sol: f;=10 kHz, N=1024, Af= %
Over all time required for processing the

entire data = E: 1024 =102.4 msec

f. 10x10°

Complex multiplications
= 4 times real multiplications

With a radix - 2 FFT, the number of
complex multiplications for a 1024
point DFT i1s approximately 512log,1024 =
5120. this means we have to perform

5120x4 = 20480 real multiplications for the
DFT and the same number of for IDFT.

With lus 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.

24. Ans: (¢)
Sol: Given y(n)= {1, 2, 3,4, 5}

Given Y(k)=DFT[y(n)]
DFT[Y (k)] = DFT[DFT[y(n)]]
=N y((n)x
y((-n))y =1{1,5,4,3,2}
Ny((-n))y =5{1,5,4,3,2}
DFT[Y (k)] = {5,25,20,15,10}
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Conventional Practice Solutions

01.
Sol: x(t) =1+ cos(2mt)
Nyquist rate = 2f,,= 2x1 =2Hz
x(nTs) = 1+ cos(2mxnxTs)
=1+ cos[2nxnxéj =1+ cos(nm)
x(n) = {2, 0, 2,0}
x(0)—> > X(0)
Wf \ ﬁ 40
x(2) ; > X(1)
-W, Wj
x(1)—» > X(2)
-W
w;
x(3) ¢ < X@3)
- Wf -W,
Input | First stage Second stage
outputs outputs
2 4 4
2 0 0
0 0 4
0 0 0

X(k)={4,0,4,0}

02.

So

I: Given x,(t) = Acos (200mt) + Bcos(500mt)
and f, = 1kHz

T =L:1msec
f

S
S

Resultant discrete time signal is
x(nTs) = Acos (200txnxTs)
+ Bcos(500mtxnxTs)

x(nTs) = A cos(%j +B cos(n—znj

lez—fm:IOm szz—nm:4m

n n
5 2
N, =10 N, =4
N, _10_5
N, 4

N=2N;=5N,=20

x(n) = Acos ﬂn +Bcos 1O—nn
N N

X(n) =

2n 2n 27 27
A i=@n A -i—@n B i=Gn B -i=0®n
—eN +—e ¥ +—eN +—e N
2 2 2 2
------ (1

Standard DFS expansion of x(n) is

N-I jz—nnk
x(m)=>YCeN ------ )
k=0
Compare (1) & (2)
A
C2 = E
A
C,=C =Cy :3
B
C5 - 3
B
Cs=C50=Cy =E
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03.
Sol:

x(0)

>0

>
—~

—
~

>

<

NN

K

B2y

» » 0X(0)
X——ogo

> X(4

-~ @

W()

W N S
A W
x(3) > > X(6)
x(4) - 5 Q >0 —0 > o X(1)
VA 2w
x(5) > > — 0o N 0 X(5)
1 -1
SN W
x(6) > > > >0 > 0 X(3)
1 S
/ w W S
x(7) > - > TR X(7)
1 -1 -1
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) = {8,0,0,0,0,0,0,0!
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04.
Sol: DITFFT

Inputs | Stage 1 outputs | Stage 2 outputs | Stage 3 outputs
1 1 1 2
2 2 1 1. .
1 ———] 0.5-31.207
0 = 2 2
2
1 1 0 0
2 2
0 : 0.5-30.207
5 —+— 5—-0.
2 2" o)
1 1
5 = 1 0
2 2
1 I 1.
0 = = 0.5+ j0.207
2 2 2! J
1 1
= Y 0
2 2 0
! S 0.5+ j1.207
0 2 5 2J g JL.
DIFFFT
Inputs | Stage 1 outputs Stage 2 outputs | Stage 3 outputs
1
Py 2
5 0.5 1
1
= 0.5 1 0
2
1
5 0 0
B 0.5
1
5 0 0
5 0.5
0 0.5 0.5-0.5j 0.5—j1.207
0 0.3535-j0.3535 | —j0.707 0.5+j0.207
0 —0.5j 0.5+ 0.5j 0.5-30.207
0 —0.3535-70.3535 | —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 + 1.207}
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