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DETAILED EXPLANATIONS

1. (a)
10
Let y(t) = [ [2x(t-3)=8(t—4)]-dt
0
10
= [[2x(t-7)]-at () % B(E - t) = fit - )
0
10
= 2[ x(t-7)-dt
0
x()
1
Since; x(t) is defined as
2 2 !

For x(t - 7), delay x(t) with 7 unit.
x(t-7)

| 5 9 !

9
y(h) = 2[1-dt=2x4=8

5
2. (d)
x(t) TFS Coefficients
Even signal by =0;a, 20
Odd signal by #0,a.=0
Even + HWS | g, #0....for odd value of k; b, =0
Odd + HWS | b, #0....for odd value of k; a;, =0
HWS a; #0and b, # 0 for odd value of k
3. (a)
We know, e <—FT—>L2
W +a
2 10 2:(2)
C(®) o +22 _E[mz + 22}
Taking inverse Fourier transform
gl = 5 e
1
att=0 3(0) = 5 =05
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4. (d)
We know, x(t) = 0.5cos(2nt+g)
It is sampled with f, = 4 Hz replace t=nT; = f£
S
x[n] = 0.5cos 2 MLy 0.5COS|:@+E:|
fo 2 4 2

x[n] = 0.5COS|:E1’I + E}
2 2

atn =1, x[1] = 0.5 cos T =-0.5
5. (b)
2
From pole zero plot; H(z) = (2= 1)Z(Z vl _z z_l =z-z"
Y -
H(z) % =z-7"
Y(z) = (z - z7) X(2)

Y(z) =z X(z) - 27! X(2)
Taking inverse z-transform
yln] = x[n +1] - x[n - 1]
Since, output sequence do NOT depends on its previous value, hence it is FIR filter.

6. (c)
Concept:
Convolution in time domain leads to multiplication in frequency domain. If
f; = Maximum frequency of x,(t)
f, = Maximum frequency of x,(f)
Maximum frequency of the convoluted signal,

(fm)max =f1 Whenfl <f2
=f, when f, < f;

Now, for xl(t)=x[3t+%) = f, =45 kHz

(.~ Compression in time domain leads to expansion in frequency domain and vice-versa)

t
s
Here, fr<f = foux =5 kHz
. Nyquist rate of signal y(t), f.=2f,=10 kHz
7. (d)
* For energy signal,
y 2
E = lim |x[n]” = Finite value
N_>°°n=—N
P = I}; 2N1+1 2 |x[n]|2:>Zero
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* For power signal,

E = Z\}inwn; |x[n | = Infinite value
P = lim 2 | x[n] | = finite value

N —eo 2N+1 neoN

* If energy and power both are infinite, then it is neither energy NOR power signal.
For x(n) = 2" u(-n)

= Finite value

E = lim 24" =

T 1‘(4)

wlpp-

8. (d)
For input x,[n] ; yylnl = % Z
1
For input x,[n] ; yoln] = ﬁ 2 *ln=K]

The weighted sum of output is

1 1N 1
oy ln) + byl = oy 3, wln=Kl+by 3 xoln-K]

1 N-1
= ﬁ 2 axq[n—K]+bx,[n—K]]
ysln] = ay,[n] + by,[n] ...(superposition principle satisfied)
9. (b)
Let, y(t) = x(t) - cos’mt
_ x(t)|:C0520;ot+1j|

- Lan. x(t)
y(t) = 2x(t) cos2m,t + >

We have, Nyquist rate of x(t) = m,
)
i.e. Maximum frequency of x(t) = ?0

1
We know, x(t) - cos2m,t SR TN E[X(m—2wo)+X(w+2mo)]

)
Maximum frequency of y(t) = ?0+ 20, =

Therefore, the Nyquist sampling rate,
0, =50,
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10. (c)
1Y FT 2
Let, h[n] = 2(_] un] —EL
! 2 1_16—19
2
Using modulation theorem,
A
] - Asin@n = 57 [X(Q-92) = X(@+ Q)]
HE@) = |~
1-Lpi@-nsa 1 1 j@rn/a

11. (o)
Energy of signal is not affected with time shifting and reversing of signal.
Hence, energy of x(f) = Energy of x(1 - t)

oo 3
Now, Energy of x(t) = J | x(t) [ -dt = I|x(t) [P -t
oo -1
0 1 2 3
= [+ ar+[1de+ [4-dt+ [(-3+1) - dt
-1 0 1 2
3P a3 P
= {%:I +1+4+{%}
-1 2
= l+1+ 4+1
3 3
Y 567y
3
12, (c)
x(t)
A
LATsincz(ﬂ")
-T T !
[t
When; x(t) = Atfl(?)
X(f) = AT sinc?(fT)
X(f) = 2 sinc(f)
o A=2T=1
hence, x(t) = 2 tri(f)
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13. (b)
Signal Range
x(t) t) toty
0 b to 1 assume
y() (f +13) to (B +14) =3to7
*(2t-3) (t1+3j t2+3j
2
h(2t +4) [t3 4j t4_4j
2
x(2t—-3)sh2t+4) | [ 1] L[t ] 1
2 2 2 2
i+t 1
t,+t,=3 :T—E=l
ty+t, 1
t,+t, =7 :T—E =3
14. (b)
X((D) = 2 —](1)1’1 _ 2 ne —jon
n=-—oo n=-4
4 , , 4
=) [ke_]mk —k”wq Y k[-j2sin(kw)]
k=1 k=1
4
= —j2 ) ksin (ko)
k=1
15. (d)
We know,
. yln=1—"=z"Y(9) + y(-1)
. yln+11—1 2. ¥(z) - 2 y(0)
Now,
y[n] +y[n -1] +y[n +1] = 0
Taking unilateral z-transform,
Y(2) + 21Y(2) + y(-1) + 2¥(z) - 2y(0) = 0
Y1+ 27"+ 2] = 2y(0) - y(-1)
Y@ z-1 22 -z
Z =
14z 42z 22 +z+1
-1
Y = )
(z+0.5)"+0.75
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16. (d)
x(t)
1
Let , x(t) = rect{i} =
T
T r ot
2 2
We know,
x(t)
A ET. A[Zsinaw}
—
)
—a a t
If, A=1,a=05
x(t)
1 2sin >
F.T. 2
o
-0.5 05 ¢t
y(t) = rect{Zt——}
y(t) = x[2t - 0.5]
_j
Y() = Lo 4 X[QJ
2
2sin—
X(w) =
©) = —
1 - 2sin— Jo| sin—
Y() = —e 4 =2e 4
2 o 0]
2
Jo
= 1e 4 Sa[g}
2 4
where Sa(w) = Sampling function
17.  (c)
With sinusoidal input, to an of LTI system,
x(t) o) y(®)
Asin(wt + @ A'sin(w,t + @)

where, A= A-|H(0))|w_m
— Yo

0" = o+ LH(0),_,,

o Copyright: MADE EASY www.madeeasy.in



14 | Ec-EE [ MADE EASY

Leading Instituta for [ES, GATE & PSUs

[H(f) |
1
Now, 20sinc220f —=1 /
20 0 20 f
x(t) = 16cos(20nt+g +85in(80nt+g)

y {
f=10Hz f=40Hz

Only f =10 Hz will be allowed and f = 40 Hz will not reach at output.
|H(f)|f=10 = 0.5 and |H(f)|f=40 =0

ZH(f);_yq = 30°=g

y(t)
y(t) = -8sin20mt

8cos[20nt + T + E} = 8cos[20nt + E}
3 6 2

18. (a)
Let, y(t) =t - f(t)
d d s*+1
Ye) ds ) ds [ °8 s(s+ 1)}
®)= 241 s s+l
Taking inverse Laplace, y(t) = [—2 cost+1+ e_tJ u(t)
t
Now, f(t) = %)
—2cost+1+e!
flty = =
. , . 0
Using L’Hospital rule {Because f(0)= 6}
1irn+ f{t) =2sint - et
t—=0
f(07) =-1
19. (d)
When inductor have its initial current value,
L oL i(07) CL
o—a—o O o—a0—()—o
N Laplace

i(#)
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From given circuit,

s 2V
o—a—C3) o
+ — +
I(s) >
X(s) 102 Y(s)
o o
X(s)+2
I6s) = s+1
Now, Y(s) = Is)-R=26)*2 _X() | 2
s+1 s+1 s+1
To find unit step response, consider
x(t) = u(t)
X6) =1
s
1 2
() = s(s+1) s+1
o 2s+1
() = s(s+1)

Now, by inverse Laplace transform,
y(t) = (1 +et)u(t)

20. ()
*  With change of time period, Fourier series coefficient does not change. i.e.
by = ag
i Y ax| =20
K=-
then, 2 |bK | =20
K =—oc0

*  With change in time period, we observe change in time period of corresponding signal.
i.e. if x(¢) has time period T

T
y(t) has time period " fory(t) =x(at) ; a>1

. Fundamental frequency of y(t) will be
2n 2n

o =7 =a T
a

=2, T=2sec
o’ = 2nrad/sec

S
|

here,

~

e  From Parseval’s theorem

T oo oo
LflawPeat = X Jacf= 3 [bef
0 K=—oo K=o
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21. (d)
when, x[n] = u[n]
z
X(z)=;
We have, y[n] =x[n] -y[n -1]
1z
HE) 1+z71 T z+1
YE) = T o)
Y(z) A B
z  z+1 z-1
aopol
2
Y@) = 2 E
2z+1 2z-1

Taking inverse z-transform for ROC

|z| > 1 ... causal system

1 1
yIn] = S (1) uln]+-(1)" uln]
2 2
when ‘n’ is even
_ u[n]+uln]
.1/[”] - 2
22, (c)
N-1 —jz—nkn
X[k] = x[nle "N
n=0
N
We know, X[E} = x[0] - x[1] + x[2] - x[3] + x[4] - x[5] + x[6] - x[7]
=0-1+2+1+5-2+7-0=12
N-1
Note: X][0] = 2 x[n]
n=0
=x[0] + x[1] + x[2] + x[3] + ...
23. (b)
Since x(t) is real and even, hence C, is also real and eveni.e. C, = C_,
-1F ; 1<k<3
We have, G = 0 ; k>3
C,=C,=-1
G,=C,=1
CG=C,=-1
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Parseval’s power theorem,

> [cf

k=—c0

1} 2
= ||x(t)| - at
TO
Power of x(t) = [Co]? +2[C? +C3 +C3]
42 = C3+2[1+1+1]
[Co| =6

where C, — Average value of x(t).

24.  (a)
We have, xm1=[%yum—ﬂ
Its z-transform is, X(z) = 221_1
yln] = Kgn: x[K] = uln]*x[n]
It z-transform is; Yzl =7 _12—1 J( 221_1): (z _1)§2z -1)
Y[2] = % =0.66
25. (b)

2 2
I = Lcos§t~6’(2t—1)dt+_J;ocosgt-ﬁ(t—él)dt

~

U
0
2 T
= IcosEt-S’(Zt—l)dt
T Ty Seft-)ar [--6(2:&—1)—15(15-1)}
‘mmii( ﬂ ' 20 2

2
= 1 J cosEt-S’(t—l)dt
2 - 2 2

= l>< (—1)i(cos£tj
2 dat 2

-1 ( T, nj
= —- | ——sin—t
2 2 2

t=1/2

T
s1p 44 42 42
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26. (¢)
for band pass signal, Minimum sampling frequency,
2fu
fs min k
fu
where, k = L BV
fy = 5MHz
BW = (5-3.5MHz =15 MHz
5
= |=—=1]=333=3
k L.sJ
pooo ZOMIZ sy
§ min 3
27.  (d)

From the given system,

R

4 dt 8 dr?

By taking Laplace transform,

X(s) = Y(s){sz+%s+%}

Y (s) 1 A B
H(s)=x(s)_2 3 1 17 1
S+ s+ s+ s+
8 2 4
4 4
- 1 1
S+ s+
2 Ty

h(t) = _4[6—0.51‘_ e—O.25t] u(t)

-3t -2t
x(t) = {%}u(t)

~tx(t) = [e? - e u(f)
Applying Laplace transform on both side

28. (d)

d 1 1

“x(s) = — -~
556 = 5

X(s) = log (s +2) -log (s +3)
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29. (a)
With N = 4 we obtain the transfer function

1/ _ B B _
—(z1+z2+z3+z4)

HE) =

122 +2°+z+1
After writing, H(z) = 7} 4

Clearly there are 4 poles at z = 0, and there are three zeros from the solution

4
ie. P+22+z+1 = 1=z =0
1-z
Zeros must be such that z* = 1, with exclusion of z = 1.
This is to say A = efm fork=1,2,3
38
z = ¢ 2 fork=1,2,3
5 T . T .
For k=1, z = e2=cos—+jsin—=
p Iy T
k=2, z = ej“=cos7t+jsin7t=—1 Re
k=3 —e%t—cos%+'sin3—TE =—j
- I z = 2 ] 2 ]
30. (o)

1
Given, X(z) 2| > o

In © T ; ROC;
a—z

~In(1-(az)™)

now, by expanding using Taylor series,

‘) - {()uu ..... }

X@) = X

x[n] = ioc d(n—k) ['.'S(n—k)ez_q

x[n]

Il
7\
= 52|

3
N—

=
—~

=

|

—_

N
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