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DETAILED EXPLANATIONS

1. (d)

————= h(t) = te”10

Impulse response,  h(t)

2. (d)

5 sinf2t +7 CH(jp) Sinfat + 7 +H(jw)
w, = 2 rad/sec
.
A 2 ) H4jo
H o) = ]dw(1+w2) T (1+0?)

, —4j(2)|_8
|H(](DO)| = 1+ 4)2 "5 (w, = 2 rad/sec)
ZH (jo) = -90°

output, y(t)

5X£Sin(2t+£—£) = §sin(Zt‘—E)
25 4 2 5 4

§( sin 2t 3 cosZt)
50V 2

8 .
= ——=(sin2t - cos2t)

NG

= 1.13 (sin 2t - cos 2t)

= %tu(t) - %(t —5)u(t -5)

1 e—5S

552 5g?

B l 1 _ e—S5
2 5

. 1
sin(200mt)
mt
—200TT 200
. 1
sin(100mtt)
nt
—-100TT 100 @
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X(w)
. . 1
X(t) = sin(200mnt) . sin(100rt)
nt nt
—1001t 100 W
T 19" 200n
E= dt—— Xo)[do = - [ (1 =1
II ) =g [IX@Fdo = oo [ (o= =100
4 (c)
1 n n
h(n) = 3(5) u(n) 2(—5) u(n)
Taking “z’ transform, we get
H@) = 3 _ 2
1 4 1 4
(1—2 ) (1+z )
2 3
Y(2) _ 3+z ' -2+z"'  1+27"
X(2) 1—12_1 —12_2 1—12_1 —12_2
6 6
1 1 1 -2 _ -1
Y(Z) —gz Y(Z)—gz Y(Z) = X(Z) + 2z X(Z)
Taking inverse ‘z” transform
1 1
y(m) =g y(n=1) = y(n=2) =x(n) + 2x(n - 1)
_ 1 1
y(n) = gy(n -1) +gy(n -2)+x(n)+2x(n-1)
5. (c)
Given, H(w) = -2jo
From the definition of inverse fourier transform,
x(t) = 1 T X ()’ do
2n 7
differentiate both sides,
axt) _ J. joX(w) /™ do
dt
) zi 2jo X(o w)e/® do
dt U Hay
: o dx(t)
Passing x(f) through H(w) is equivalent to perform —2 It
dx(t)
= —2—
y(t m
given, x(t) = ¢
o Copyright: MADE EASY www.madeeasy.in



10 | EC+EE MADE EASY

India's Best Instituts for IES, GATE & PSUs

d .
y(t) = 2—le"]

y() = -2je'
6. (c)

Given,  x(n)«=— X(z)

by the definition of z-transform,

Y, x(n)z™"

N =—o0

_ i i a*8[n - 5k]z "

n=-o k=0

X(2)

The term §[n - 5k] is equal 1 if n = 5k and equal to zero otherwise.

o k_-5k
ZQZ -+ n =5k
Pt [ n ]

X(z) =
1
C 1-az®
5
or X(z) = 5
z>—a
7. (b)
. sin(107tt)
Given, x(t) = —

Taking Fourier transform

Sty = 11 |o|<10m
(jo) = 0; |o/>10m
or
X(jo)
1
10T 0 0m

. . ’ 7 M H —_—
. The maximum frequency ‘o, " present in x(f) is w, = 107
Hence we require,

www.madeeasy.in © Copyright: MADE EASY
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8. (b)
The output of the given LTI system is,

+2°° h[k]e/® k) 4 +2°° h[k]e/2®1 =0
k=—co k=—oo

y[n]

+ oo +oo
_ efon 3 r[k]e T 4 e20n B ke 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.

9. (c)
(1 + cos300mt)? — f, ... = 300 Hz
(sin4000mt)2 — £, = 4000 Hz
fmax = f1 max + f2 max — 4300 Hz
f,=2f  =86kHz
10. ()
1 1
1 1
[n+1] 3 ‘ ‘
A W
1 1 5 7
x[2n+1] =0
= nx[2n+ 1] =y[n]=0
= Y yn =0
n=—oo
11. (o)
Given that,
Let, yy(t) = 2nX(-o)|, _,
We have, y(t) = 2m J x(u)e! du

U=-—oo

Similarly, let y,(¢) be the output due to passing x(t) through ‘F’ twice.

27 J 2n J. x(u)e™duel* °dv

UV =—oc0 U=—o0

Yo (1)

@n? | x [ /" dvdy

U=—oo V= —o0

(2m)? T x(u)(2m)S(t + u)du

U=—o0

© Copyright: MADE EASY www.madeeasy.in
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= (2m)° X(-t)
Finally, let y,(t) be the output due to passing x(t) through F three times

oo

y5(t) = 2m f (2n)3x(—u)ejtudu
= (2m)* T e Mx(uydu = 2myt X(#)
12, (d)
Given, x,(n) = x(2n)

From the definition of z-transform,

i x(n)z™"

X(2)

X,(z) = Y x(2n)z™"

Nn=—c0
K=2n = n=E

2

at n =-0 = K=-w

oo K
= Y x(K)z 2
K=—oo
& | x(K)+ (D x(K) |
- K_}; {x( )+(2) X )}z 7 K even
1= K = 1)‘K
=3 Y x(K)z 2+= ) x(K)\-z2
=—oo K=—c

From the definition of z-transform
1
X,(@) = 5[ X2+ X(-Va)]
13. (¢)
The fourier transform of x(t) can be written
Xy(jo) = [X(jo)le! <0

1, |ok3n
Let, X12(j©) = 10, otherwise
Note that, given X, (jo) is “3jo” times X, (jw)

‘ 3jw; |ol3n
Xy(jo) = 0; otherwise

www.madeeasy.in © Copyright: MADE EASY
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i
Since, at o = 37, | X;(jo)| =91 and £X,(jo) = 5

L
o = -3m, | X,(jo)| =91 and £X,(jo) = —5

2

By taking inverse fourier transform,

d
Thus, x,(t) = 3Ex1”(t) [By using differential property]
sin 37t
also we can express x, () = =
d | sin3mnt
Thus, x,(t) = 3E ot
3

= =X l[?ﬂct cos 3t — sin 3mt|
o f?

3 .
() = ﬁ[?mtcos?mt—sm?mt]

14. (a)

-1 1 -3 -1

x,(t) = xl(t_%j +x1(t+%)

Since the system is LTI

LTI
1 1
af-3) sf- 3]
LTI
1 1
xl(”Z) s 2)
LTI

sf-3) sl 3)= w0

x5(t) -LTI 2

1 1
y(0) = g(—;) + g(aj =325+ 325 =650

© Copyright: MADE EASY www.madeeasy.in
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15. (b)
Let x(t) be considered as combination of three signals
ie. x(t) = xy(t) - xy(f) + x5(t)
sinc(0) = sin(n)
o
in at 1 <
and sinat Fvimy=]t 1015
it 0 |w|>a
. . sinat. a
= maximum frequency component in is —n(HZ)
80
finax Of signal sinc(80t) f, = 2—: =40 Hz
. . 1207
finax Of signal sinc(120t) f, = on 60 Hz

1. 507
finax Of signal Esmc(SOt)f3 = oo 25 Hz

x,(t) and x,(t) are multiplied in time domain, thus their frequencies will add up since they will be

convoluted.
finax Of 8inc(801%) - sinc(120¢) is
fi+ f, = 40+ 60 =100 Hz
o finax Of X(2) s f,, = maximum[f, + £, f;]
then, f =2 f
f. = 2x100 =200 Hz
16. (a)
Gi X 10-8z7" 2 . 4
iven, Z) = —— 5 = Z =
2-5:142;2  (2-27) (1-227)
X(2) = 2z N 4z
@ = 21722
X(z) = z 4z
G = 1 e
2

Since, ROC includes unit circle,

1
= ROC of X(z) is 5<|z|<2

x[n]

[%)ﬂ uln]-42")u[-n-1]

=05

N | =

x(1)
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17.  (a)
Fy(s) = Fis) - e"
* 2
G = e FEAE) e_m,lms)lz
[F1(5) [ (s)
= p-sT
g(t) = 38(t-1)
18. (b)
X OO T X6 1 Y(s)
O/ s s
= —2:|
()
o/
now, Y(s) = Xz_(s),
s
X
X,(s) = 1(s)
s
now, X,(s) = X(s) - 2Y(s) - 3X,(s)
s2Y(s) = X(s) - 3sY(s) - 2Y(s)
(s®> + 35+ 2)Y(s) = X(s)
Y(s) _ 1 _ 1
X(s) 2 +3s+2 (s+1)(s+2)
Yo _ 11
X(s)  s+1 s+2
19. (d)
Let, the given transfer function,
_ b(s+a)
HE) = 1)
X(s) HE) Cs)
1
where, X(s) = S (. unit step response)
b(s+a)
) (S)HE) s(s+b)
Given, c(0) =2
- S.b(s+a) _ 5
s—e  5(s+Db)
b =2
and c(e) = 8
b(s +a)
ts- -
= 50 ssrp) O

© Copyright: MADE ERASY
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20.

21.

a=38
a 8
2 - 224
now, 5 5
(c)
We know that the Laplace transform of
s
cos(at)u(t) =
@u(t) = 7
cos(mt)u(t) = 5
$? + 7

now, the given function x(t) can be written as,
x(t) = cos(nt)u(t) - cos mt u(t - 1)
= Cos(ﬂ:t)u(t) —cosm(t-1+1)u(t-1)
os(mt)u(t) - cos [n(t - 1) + =] u(t - 1)
= cos 1 tu(t) - [cos m(t - 1) (-1) - O] u(t - 1)
= cos 1 tu(t) + cos m(t - 1) u(t - 1)
By taking Laplace transform,

X)) = 535t 353 3 [ x(t - t,) = X(s)-e~'0, by shifting property]

o) = s[1+e°]
(s) = R
(c)
[d]
| o |
x(t) @ - ( _,V(i)
hy(t)
Let () = 8(t)
d
hy(t) = (6(t)+a8(t))
hy(t) = etu(t)
. d
h(t) = u(t)*(S(tHES(f))
h(e) = ¢80+ ¢ () * 2500
_ e_tu(t)+%(e_tu(t))*5(t)
- e‘fu(t)+dit(e—fu(t))
= e tu(t) — e tu(t) + e7'3(t)
h(t) = 8 (t) et () = e98(t) = §(1)

www.madeeasy.in © Copyright: MADE EASY
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22, (d)
Given discrete-time signal

x[n]

n2" sin(ﬁn) u[n]
2
we know that,
L
ZSln(zj 2
Z|:Sin(§1’l) u[n]} - =—
z? —2ZCOS(2j +1 % +1

Using the multiplication by exponential property,
we have

Z{Z” sin(gn) u[n]}

I

N
1

»n

@.

=]
7 N\
N a

N
N—

=

)

.
|

2z
22 +4

2241 sz
2

Using differentiation in z-domain property

Z{n 2" sin(gn) u[n]} —z%{Z[u 2" sin(gnj u[n]}}

d ( 2z )
= —Z—
dz\ 7% + 4

{(z2 +4)(2) - 2z<2z>} {—222 8
. _

(z° +4)°

Z{nZ" sin(gn) u[n]} M

(z2 + 4)2

23. (d)
We know that

FT[e  u(t)]
Using duality property
1 ~(-0)
we have FT| —— |«—2me u(—w)

Using the time reversal property,
ie. x(-t) = X(-w), we have

(22 +4)?

x[n]——X(2)

nx[n](—)—ziX(z)
dz

© Copyright: MADE ERASY
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FT| —1 [T 500670 u(w)
1-jt
e_wu(w)&iFT L
2n 1-jt
ar - 1
T e ®u(ow)| = ———
[ ( )] 2n(1 - jt)
24.  (d)
Given, x(t) = 24 cos(50mt)
Frequency of signal oy, = 507
T, = 0.025 sec
2

— =80mrad/sec
T,

S

- sampling frequency

then, X(jo) = 4nd(w) + n[d(w + 507) + §(w - 50m)]
Let the sampled signal be represented as X (jw), where X (jo) is given as
1 =
Xgjo) = - X X(jw =)
X(jw) Xs(jw)
47 4TE/TS

t S T I N R S

—50m 50 ® —80n 50 —-30m 30r 50n 80m ®

40 2 [4nd(w — 80m)] + md(w — 501 — 80mn) — S (w + 501 — 80mn)]

m=—oo

X (o) =

now, the sampled input X (jo) 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 o = 40 7.
Xs(jo) Y(jow)
4niT, 4niT,
T t mnt T LPF T MR1
-80n -50m —-30m 30n 50m 80m @ 307 301 o

Now by putting T, = 0.025, we will get

Y(jo)
1607

1 40m 1

—-30n 30n [}

www.madeeasy.in © Copyright: MADE EASY
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25.  (b)
2
o
Given, X(s) = ln{l‘*'s_z:l
02
Let x(t) = CHX@E)|=C"n 1+
2 2, .2
LIx(#)] = 1n{1+°°—2}:1n{5 i }
s s
= In[s? + 0?] - In s?
Ltx(t)] = ;—g[ln(sz+w2)—lnsz]
-1 1 2 2
= Sz+m2~28+s—225 = Sz+032
~1] 2 2s
o]
tx (t) s 210l
= (2 - 2coswt)u(t) = 2(1 - coswt)u(t)
x(t) = 2(1—josu)t)u(t)
2. (b)
Y(z) = X(2) - H(2)
1
for unit step input, X(z) = 1_ 1 (. x[n] = unit step)
Y() z
Z =
-]
2 4
Y(z) G & Cs
- 17 1
z z-1 1 1
2 4
c = c -2
),
z—=||z-=
4 2)1,4
2
z
G = 1 =2
(z—l)(z—)
4))_1
2
C, = e =1
’ (z—l)(z—lj
2)|,_1
4

© Copyright: MADE ERASY
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27.

28.

29.

Y(z) =

Taking inverse z-transform,
1 1" (1)
y[i’l] = §|:8—6(§) +(Z\J :lu[n]
(b)

x(t) has hidden odd symmetry.

SO, an =0
0 . b 1
b =% j x(t) sin(@rnt) at = ZIz‘sm(Znnt) at=-—
T <T> 0 nn
;
= by = -~
T

Power in first harmonic is,

1 2
|6, (n) 1 3
P, = = = 2=5O.66><1O_

(a)

e]éx—t . X 241
2 I
2 2

e Linear in x[n]

e Upper limit of summation operator is a function of n = Time variant
e n?>n = non causal

*  When x[n] is bounded, y[n] is also bounded = Stable
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_ 2sino (e — ooy = jdsinm sinw _ j2(1-cos(2m))

30. (¢)
t+1 -1
t) = rect| — |-rect| —
0= {7 v ]
rect (1) 2sin(w/2)
®
rect (1 4sin(20/2) _ 2sinw
2 20 0
rect(ﬂ 28in(w).e/m
2 )
rect(t_1 2sin(m) oo
2 )
= Xw) = ©
EEEE

() ()

o Copyright: MADE EASY
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