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DETAILED EXPLANATIONS

1. (b)
sin(10mtt)

Given, x(t) = o

Taking Fourier transform
Sty = 11 |o|<107
V)= 105 o> 10m

or

- The maximum frequency ‘o, present in x(f) is »,, = 10% X(jo)
Hence we require, )
2
T, > 20,
27
T, > 207 0t ©
T, < =
s 10
2. (c)
We know that,
2 jwont — jmgnt
a, = ij(t)(coswont)dt = —jx(t) . P
" T T
T T
1 J.x(t)ejmomdt+J.x(t)e_jmomdt
T
T T
a, = C,+ C_, [By thedefinition of exponential Fourier series coefficient].

3. (b)

F(w) = Tf(t)e_jwtdt = T[f(t)coswt—jf(t)sinmt] dt

—oo

= Tf(t)coscotdt—j ]: f(t)sinwt dt

—oo —oo

f(t) = even signal
f(t) coswt = even signal
f(t) sinot = odd signal

]f f(t)sinwt dt

Il
o

—
By
—~~

—
N—
(@]
o
@
e
<~

Qu
~
Il

Z]ff(t)coso)tdt
0

F(w) = ZTf(t)cos(x)tdt
0
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4. (b)
Given, y(t) = %x[é)*&t—él) = %x(%} = %x(%t—Z)
att=2; y(2) = %x(%(Z)—Z) _ %x(—l)
Slope of given signal x(f) is 2.
x(-1) = -2
1
y@) = 5(-2)=-1

5. (d)

The given sequence of x[n] is finite duration. Hence, the region of convergence is 0 < |z | < oo,

6. (a)

=

r ) = Y, x[n]x[n-k]
k=—co
k=4
(k) = x[n]x[n+3] +x[n] x[n +2] + x[n] x[n + 1] + x[n] x[n] + x[n] x[1n - 1]
k=—4

+ x[n] x[n - 2] + x[n] x[n - 3]
2-5+2+10+2-5-2=0

7. (a)
By Parsevals theorem,

T
Energy of a signal x[n] is, E = 2L J. ‘X(Ejm)z‘dw
n
-7

where X(e/®) is discrete time Fourier transform of x[n],

So, sin(2n)  prer X(ejm)z{l; |0)|S2

nn 0; otherwise

17 1
Energy, E = oy J.Zl-d(n = ﬂ[él]
E = %=064]

8. (d)
Given, DFT signal x[n]
{4,1+27,2-2j,3+j,-3,3-7,2+2j,1-2j}
7
(1)"x[n]
n=0

x[0] = x[1] + x[2] - x[3] + x[4] - x[5] + x[6] - x[7]
(or)
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0' 8 9101112 n
x(n-1)

RRRRARA TN

0l1 23 45678 9101 n

Subtracting the two signal, we get

yln]
1

8 9

+—+ —t—t—+—+—+—+ + n _
0*12345671 10 =N=10
1

10. (b)
For a causal system, h(t)=0 fort<0
Given, x(t)=0 fort<-1
y(t) = [ x@h(t-t)dr= | h(t)x(t-T)dt
= [h(@)x(t-t)dr - h(1)=0fort<0
0
t+1
= [ nx(t-vdr -cx(t-r)=0fort-t<-1
0
11.  (¢)

We know that the Laplace transform of

cos(at)u(t) =

@u() = =

cos(nhu(t) = >
Sz-i-TE2

now, the given function x(f) can be written as,
= cosmt[u(t) - u(t - 1)]
= cos(nt)u(t) - cosmt u(t - 1)
= cosmtu(t) - cosm(t -1+ u(t - 1)
= cosntu(t) - cos[n(t - 1) + m]u(t - 1)
x(t) = cos(nt)u(t) + cos[n(t - 1)]u(t - 1)
By taking Laplace transform,

s
X(s) = + - x(t - t,) = X(s)-e5%, by shifting propert
(s) 22 2o [ x(t - 1) = X(s) y g property]

s[1+¢e7°]

X(s) =
) s +m?
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12. (o)
Given, sinusoidal pulse
10t
2(t) = el | t | <
0; [t|>m
We may express z(t) as the product of a complex sinusoid e/ and a rectangular pulse x(#).
Lot N 1; |t|<m
el x(f) = 0; |t|>n
Fourier transform of x(#) is X(jw)

oo

: n . o jot T
_[ x(t)e / dt = J.l-e_f"’t dt = |:
-n

X(jo) —
- -n
jo Jo ® 2j

X(iw) = Esin((xm)
(jo) =
By using frequency shift property of Fourier transform, we get,

z(t) = /10t -x(t) <y X(j(o - 10))

z(t) AT 210 sin((w-10)m)
13.  (b)

Given, X(s) = log(s +2) - log(s + 3)
Differentiating both the sides with respect to s

d 1 1

—X(s) = ——-——— i

ds ©) s+2 s+3 ()
From the properties of Laplace transform, we know that,

d

tx(t) «—— - —X(s)
ds

Thus equation (i) can be written as,
~tx(t) = [e7 - e u(t)

-3t _ -2t

e —e
or, x(t) = {—t :| u(t)

14. (d)
By redrawing the given frequency response, we get,
We can write H(w) = -j2sgn(w) H(w)
We know that,  —
For sgn(t) PN i
jo

By duality property

2 -j2
ﬁ T on sgn (-m)
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2
ﬁ T o sgn(w)
< ,FT .
o j2sgn(w)

or =2(mt)!

15.  (d)

Given x(t) = sin(1507t)

Ti iod T = 2 1

me period, Wy 150 75 sec

3Ix T = 3><l—l
- 775 25 %€

3 time periods

1
.. The signal sampled at a rate of five samples is 2% sec

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
= 150 samples/sec
125 5
The ratio, A = —=—=0.83
fn 150 6
16. (b)
Given,
x(#)
2
11

-1 0 1 2 3 4

By the definition of Fourier transform,

X(jo) = .f x(t)-e 1O dt
1 7 . joot
x(t) = 5= | X(jo)-e™ do

—oo

att =0,

[ w,=150n = f, =75 Hz]
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17. (a)
18. (b)
19. (a)
Given,

=
—~~
(=)
N
Il
—
>
—~
~.
e
SN
QL
e

= 21 x(0) = 2m(2) = 4n =~ 12.57

oo o ~—N

X@) = X xmz" o ¥

n=—co n=0

X() = 1 2,'2 lZz'] !22!

X(Z) _ 61/22

X(1) = e/*=Ve=1648=1.65
N-1 _]-2;5,1

X[k = X Anle N
n=0

gln] = *n=2]noan

2n
——2
Gl = ¢ NP xph
21
_izl s
G[1] = e @ X[1] = ¢/"X[1]
G[1] = -X[1]=-7
X@) 10-8z71
S = ——o=%%
257142572
2 4
T oe-zh @-22Y
X a 2z 4z
(2) = 2z-1 z-2
z 4z
X(2)

= +
1) &
2

Since, ROC includes unit circle,
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1
- ROC of X(z) is 5 <|2|<2

] = (3 =40t
x(]_) = %205
20. (d)
Given: x(n) = {—2,—3, _T5' 3,2}
Using Parseval’s Theorem,
3 R = 5 e do
T‘X(ej‘”)‘z do = 2n i lx(m)?
oo 2
Y = 3 R = 22+ (32 + (57 + 3 + (22 = 51
n=—oo n=-2
2 [ |x@) do = anx 51=204n
2[ X)) do = 204n
21. (a)
. . 1 2n 1 n
Given, signal x[n] = (0.5)*" u[n] = (EJ u(n)=(z) u(n)

From the definition of DTFT, the signal can be written as,
) 1
X(e) = —g—
1-=¢/°
4
4l
4 4

. —4—08
o= X(e) = 4—cosm 4—(—1)_§_ '

X(ef*) =

22. (a)

h1["] hz[n]

Given,

yln]

x[n] =

hy[n]
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hy[n] * hyln]
+
yln]
x[n] — _
h3[n]
T Lt ) - gy |
From the given figure, overall impulse response,
hinl = [Mln]*holn]]-hs[n]
= [uln+2]%8[n—2]]-[uln]—uln-2]]
= u[n]-u[n]+u[n-2] {oo x[n] * 8[n - ny] = x[n - ny]}
hin] = u[n - 2]
atn =2; h[2] = u[2-2]=ul0] =1
23.  (d)
7 n

Given, h(n) = (gj u(n)
Taking DTFT

H(ef‘”) = ;

T
8
. 1
H(e®) =

7 7 .
1-—cosw+j—sinw
8 8
. 1
H(e®) = 7 7
(1——cosw)+j(—sinw)
8 8

Let half power frequency bandwidth be o,

‘H(ej(” )Hw . = %H(eﬂﬂ)

1 =Lx8

[1-Gemon] o (anen ]
1-—-coswgy | +|-sinw,
8 8

max (o =0)

(7)2 7 1
1+| =| ——cosw —
8 4

32
111)(4
coswy = Xy

®, = 0.1337 radians/sec
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24. (d)
Given:

x(n)
Y(2)

313(3)" u(n)

-2

We know, from the differentiation property of z-transform,

Zr_._, aX(z)

nx(n) 1

Using time shifting property of z-transform,

25. (a)

(n-1)x(n-1)

21—z 'zdX (2)
dz

-XE) _y
dz
DE(n - 1)° 3"~ Hu(n - 1)

(n-
(n -1 Tun - 1)
(n -1 @)'u(n - 1)

n-1x(n-1)=—=

The Fourier series representation of signal x(f) is,

where,

x(t)

T

i Cn ejn(i)()f

N=—c0

n_2m =16 rad/sec

When x(#) is passed through given low-pass filter,

the output is,

y(t) =

3 ¢, H(jnwg)e "

N=—oo

The largest value of ‘n” for which y(f) is non-zero is given by,

16

ININ A

170
170
10.6

maximum harmomcs present at the output of filter is 10.

26. (o)

4cos(2?nt + 40°) + 35in(4?nt + 20°)

x1(t) xa(t)

2

- = TI;= 2_n: 2n =3
3 0, 2n/3

4m

- = T,= 2n =E

5 n/5 2
LCM of ( )
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LCM of numerators

HCF of denominators

3><5=155ec
1

= T =

27.  (d)
Given, x[n] is a causal sequence,
- x[n] will be zero for n < 0.

o

yin] = Y x[k] hin—k]

k=—oo
1 n
and h[n] = (Z) uln]
1 7
] = (Z) P =0
0 ; n<0
1 1
~ h[0]=1, h[1]= 1 h[2] = I3
y[0] = x[0] A[0] + x[1] h[-1] + .......
% = x[0] (1) +x[1] x O
1
x[0] = 5
y[1] = x[0] A[1] + x[1] K[O] + x[2] h[-1] + .......
1 - (%)( )+x[1][1]+x2][0]
1-1
8
x[l] = §20875
28. (b)
1 n
Given, h[n] = (E) u[n]

Now, we may write h[n] - Ah[n - 1] = 8[n]

n n-1
a5 (%) u[n]—A(%) uln—1] = 5[]

Substitute n = 1, we get,

1 1-1
(%) u[l]—A(%j u[1-1] = §[1]

= 1oa-

> (.- 3[1] = 0)

N <@

A:

o Copyright: MADE ERASY

www.madeeasy.in



16 | Ec-EE

Leading Institute for IES, GATE & FSUs

29.

30.

()

Using Parseval’s theorem, the energy of signal x(n) is,

oo N-
> ko = g| (P

Nn=—c0

o
I

Here, X(0) =3 X1)=2+jX2)=j
Using conjugate property of DFT,
X(K) = X'(N-K)

N =4

X@) = X'(4-3)
= X'(1)

X(3) = 2-j

E = [ X2+ X +[x@) +xG) ]

- %[32+(4+1)+1+(4+1)]

= 1[9 +5+1+5]
4
E = 5 Joules
(c)
)
zlz—=
o o L 3)
@ = =1E+)
(3
X _ 3
z (z=1)(z+2)
Using partial fraction expansion,
2 7
X(Z) _ 3 + 3
z 3(z=1) 3(z+2)
-l
X@ = 51z51) "9l 2
ROC: |z]| > 2
x(n) is a right-sided signal.
Taking inverse z-transform of X(z),
x(n) = u(n)+2(-2)" u()
27 2 7 30
= = —+ -2 L - —
Atn =2, x(2) 9 9( ) = 9+9><4 5
x(2) = 3.33
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