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DETAILED EXPLANATIONS

1. (c)
We know that the Laplace transform of

cos(at)u(t) = -

cos (mt) u(t)
ST+

now, the given function x(t) can be written as,
= cosmt[u(t) - u(t - 1)]
= cos(mt)u(t) - cosnt u(t - 1)
= cosmtu(t) - cosm(t - 1 + Du(t - 1)
= cosmtu(t) - cos[n(t - 1) + m]u(t - 1)
cos(mt)u(t) + cos[m(t - 1)]u(t - 1)

x(t)

By taking Laplace transform,

X)) = 57—t 3 [ x(t - t,) = X(s)-e~'0, by shifting property]

X) s[1+e°]
) =
2+
2. (b)
. sin(107t)
Given, x(t) = ———
it
Taking Fourier transform
iy = 117 |o|<10m
(o) 0; |o/>10m
or
. The maximum frequency ‘o, present in x(t) is w,, = 10% X(jey
Hence we require, )
2n
T, > 20,
2n
T > 20m -10m 0 0om w
S
T < o
s 10
3 (@)
oo 0 2—11
n —-n
X@) = 2 xm" - Y -z
n=-—oo n=0 ""°
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X(z) = 1422,822) \22)

1! 21 3!
_ el/ZZ

e/?2 = Je=1.648~1.65

>

—~

=

~
Il

4. (b)
The output of the given LTI system is,

+oo +oo
3 n[k]e® R+ Y k]2t R
k=—co k=—co

y[n]

+ oo +oo
_ efon 3 r[kle I 4 e2on B plk]e 2ok
k= —oo k= —oo
= e H(e/®) + /20" H(e2®)
Since the input cannot be extracted from the above expression, the sum of the complex exponential
is not an eigen function.

5. (a)
6. (d)
Let us consider two signals,
x, () =1, ¥t
x,(t)
Clearly x,(f) # (1) but (x;(8))* = (x2())?

Therefore different inputs gives the same output hence the system is non invertible.

-1, Wt

And also it is non linear system.

7. (b)

By using FFT to compute DFT, we need % log,N complex multiplications.

Therefore for 16-point DFT by using FFT we require %log216 = 32.

8. (d)
We know that,
For X(f) = X,(f) = X5(f) * X5(f)
X1(f) X5(f) X3(f)
] ]
-1000 1000 f -500 500 f -500 500 f

Sampling frequency,  f, = 2(1000 + 500 + 500)
f, = 4000 samples/sec
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9. (c)

x[n]-x"[-n]

Conjugate anti-symmetric part of x[n] is >

xX'[-n] = [2,1+],-2+5]

x[n]-x"[-n] [2-j5,1-7,2]-[2,(1+), -2+ 5]

: - ) = [-2-j25,- 2= 23]
11. (a)
‘ . sin%ﬂ (P02 _ 302 el30/2 [1 —e‘f3‘”}
Given, X(e®) = Sm% T e o2 [1_6—]'@]
T4 i3
o0 o 20

Xe®) = 1o -0

by taking inverse DTFT,

x[n] = uln +1] - u[n - 2]
1;, -1<n<2
{0 ; otherwise

From parseval’s theorem,

= 1 T
Y |l = o |

e

2
dw

N =—o0

o)

2 oo
do _ 23 |nx[n]f do

n=—oo

]

1
_ 2 Y [nf=201+0+1] _y

n=-1
1Ed o o]
- X (!® _
=] PGSl RO
12, (d)
1 1 2_1 1
Given X(w) = 032+j0)_jw[1—jm]_axj_w'(l—jm)
12 1
- 2 jo (1-jo)

From the property of convolution,
x, (1) * x,(t) = Xy (w) X,(o)
21
jo 1-jo

sgnt e’ u(-t)
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lsgnt*etu(—t) T i 1'
2 jo 1-jo
1 t
x(t) = Esgnt*e u(-t)
13.  (d)
Given x(t) = sin(1507t)
Ti iod T 2n 2w 1
ime period, = —= =— sec
© petio w, 150m 75 °°
3 ti ods = 3% T = 3xaz=—
= X = —_— =
time periods 75 25 sec
. . o1
.. The signal sampled at a rate of five samples is 25 S¢¢
1
So, 1 sample in 15 sec = T, [sampling interval]
1 —_—
Sampling frequency = f, = 7 = 125 samples/sec
S
also, Nyquist rate = f,, =2f, =2x75 [, =150t = f, =75 Hz]
= 150 samples/sec
o Jo 1B 5 (g3
The ratio, —N 150 6
14. (a)
Given,

By the definition of Fourier transform,

oo

-1 0 1 2 3 4

X(jo) = ] x(t)-e"at
x(t) = 2—171 TX(jw)-ej‘”t do
att=0, B
x(0) = 2—175 T X(jw)do
_];X(fw)dw = 27 x(0) = 2 (4) = 87 = 25.13
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15.

16.

17.

(d)
By redrawing the given frequency response, we get,
We can write H(®) = -j2sgn(m) H(w
We know that, 2
For sgn(t) PR EEN i
Jo o
By duality property
2 -2
ﬁ L oon sgn (-o)
2 FT
ﬁ «——— -2msgn(w)
2 Fr
P -j2sgn(w)
or =2(nt)™!
(c)
Given, the Causal LTI system,
o1
H(jo) = 3+ jo
and output, y(t) = et u(t) - e u(t)
x(t) —— h(t) = y(t)
Y(i
We know that, H(jow) = (]03)
X(jo)
Yii) = 11 1
U0) = 3550 T+jo (+j0)@E+jo)
. Y(jw) 1
X(jo) = I ]. = ;
(jo) 4+ jo
By inverse Fourier transform of X(jw), we have,
x(t) = e u(t)
(a)
- X@ 10-8z7"
iven, Z2) = —— o
2-5z71+2272
2 N 4
Co@-zh (@1-227)
X(2) = 2z N 4z
@ = 217
X(z) = z 4z
© = 1 e
2

Since, ROC includes unit circle,

www.madeeasy.in © Copyright: MADE EASY
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1
= ROC of X(z) is 5<|z| <2

x[n] =

x(1)

18.  (b)

G[1]
G[1]

19. (a)

VR

105

2

N-1 —jzi nK
x[n]e "N

n=0

We know that, from the definition of DTFT,

X(el®) =
where, x[n]
by putting n = -1,
x[-1]

20. (d)

oo

D x[n]e 1O"

N=—o0

1 ]E ; )
— | X(e’®)e!" dw
2m 2

1 ™ . .
o [ X(e!®)e/ dw

2nx[-1]

2n[-1] =-2n=-6.28

Given pole-zero plot can be written as,

X(z)
put z = el®,
X (e/®) |
X (e/®) |
put, ® =0= ‘X(ejw)‘ =

(z-1)(z+1) _2"-1_,

2 2

|1 - cos2m + jsin2w |

‘\/Z—ZCOSZOJ‘

0

%)ﬂ uln]-42"yu[-n-1]
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w=m/2 = ‘X(EWZ)‘ =2

O=T7 = ‘X(ej =0
It is a bandpass filter response,
X"
S I |
0 1;'5/2 mT W
If poles are moved towards ig

Suppose we take poles are at z = £j0.5

(z+1)(z-1)
(z+j0.5)(z-;0.5)

still response will remain same as BPF.
Because of zeros at the same position.

21. (b)
Given signals, x(t) = sinwgyt
h(t)
from the multiplication property of Fourier transform,

sgnt

x(Hh(b) = i[X(w) *H(w)]

Fourier transform of x(t) is X(w),

Fourier transform of h(t) is H(w),

2

H(w) = ]_0)

x() h(t) T %F(S(m—mw—sm—mo))*i}

2n( | j  j(w—wyp) J o j(w+ay)

(" X(0) #8(w— ) = X(0—y))

FT |: -1 + 1 :| —0—0y +0O—0

~
~.
e

D = 22

0-0; O+ 0" - )
() h(t) <L _~2%
o - 03

www.madeeasy.in © Copyright: MADE EASY
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22.  (d)
Given signal, Let x(t) =

We know that,
ot FT 22a
ac+w

Puta=1
2

1+ >

e—\t\ FT

By using duality property,

2
P T opetel

2 (FT opedol
1+ 4

23. (a)
By the definition of Fourier series,

We can write CNO /2 for N, is even,

4 )
Cnyj2 = — 2, xIn]e 0

NO n=0
1 N-1 _ 1 N-1
= — Y x[n]e™ = — ) (-1)"x[n] =real
Ny =0 No 120
24.  (c)
Given,

ft)

t 1 1 t
2 2
We can write,
1
0; t<——
2
t
1 1
1) = H={t+—;, ——<t<—
st = 1 S <t<5
1; t>1
2

© Copyright: MADE EASY www.madeeasy.in
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8(h)
G(w)
but, F(o)
F(o)
G()
25.  (b)

Given system is,

YO 4 4y

dt
(s +4) Y(s)
H(s)

oJAt _ it

]

y(t)

y(t)
A

26. (¢)

[ fBydt =221 nF(0)3(0)

(. from time integration property)

F©) | 2p0)8(0)

](,0

2 1
—jot 1o

fl e 1Ot gt {e ]

1 —Jjo |1

2

2 x(t)

2 X(s)
Y(s) 2

X(s)

2 sin 4t

s+2

LT 1
Xy () ————
2(t) s+3

-2s

LT.
t—2)——
x( ) s+2

www.madeeasy.in
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3s
e
Xy (F+3)—=1s
s+3
LT, e

Xy (-t +3)———

27.  (c)
0@
h 1
S
1
S
y(®)
1
H(s) = S21 _ 21
1+ s +1
s
h(t) = sin t u(t)
28. ()

The difference equation is,
yln] + 05 yln - 1] = x[n]
Characteristic equation,

A+05 =0, root, A = -0.5
yyln] = C,(-0.5)"
ypln] = K
K+05K =1
2
= K = 5
2
So, yp[n] = gu[n]

Complete response,
yln] = y,ln] + y [n]

2
= C(-05)" +=
1(-05)" 42
Using given initial conditions,

y-1] = Cy(-05) + % 0
1

c -1
= -3

and, y[n]

Il
1

© Copyright: MADE EASY www.madeeasy.in
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Alternative Solution:

x[n]
Taking z-transform,

X(2)
= Put, X(z)

Y(z)

0.5y[n - 1] + y[n]

Y(2)+05[ 2Y(2)+0]

z
1 [ x[n] = u(n)]

.z
(z-1)(z+0.5)

z

by partial fraction method,

A + B B z
(z+0.5) (z-1) (z-1)(z+0.5)
Sovling, A = %,
_ 2
B=3
Hence, yln] = {%[—0~5]n+§}u[”l
29. (d)
g(t) = rect(4t) * 45(-2t)

thus g(f) is given as

now,

4 rect(4t) * 5(-21) (o 8(-t) = 8(h)

[ 8(at) = lS(t))

g

2 rect(4t)

g(t)

-1/8 1/8 t

rect (t)&)sinc ()

2rect (t) T 5 24inc (f)

ET 1.
2rect (4t)¢——2 -Zsmc(£) (scaling property)

o

2rect (4t) L%sinc

www.madeeasy.in
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30. (d)
Given, x(t) = 2+ cos(50mt)
Frequency of signal o, = 507
T, = 0.025 sec
2

. sampling frequency w,

then, X(jw)

T _8om rad/sec
T,

S

4 md(w) + m[d(w + 507) + §(w - 507)]

Let the sampled signal be represented as X (jm), where X (jo) is given as

X ( -1 2 j(0 —nwy))
Ts =
X(jow) Xs(jo)
4n 4/ T,
T T = sampled = T T /T, T T
—50mn 50t ® —80n —-50n —-30n 30r 50 80nm ©
X (jo) = 40 2 [4md(w —80m)]+ md(w — 507 — 80mn) — md(w + 507 — 80mn)]

mM=—oo

now, the sampled input X (jw) is passed through a low passed filter having cut-off frequency at

o =40m.
Therefore the output Y (jw) will contain only the components which are less than w = 40 n.
Xs(Jjo) Y(jw)
4nT, 4niT,
T T /T T t LPF t /T T
—80n —50n —30m 30n 50m 80m @ _30n 301 o
Now by putting T, = 0.025, we will get
Y(jo)
160
1 40n T
-30m 30 )
1]
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