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Introduction

% Detailed Explanation

S S

Try Yourself Questions

T1 : Solution

(a)

Even part of x(t),  x,(t) = %[x(t) + x(-1)]

Signal x (1) is obtained as follows:

x(f) x(=t)
2F oL
1 1
¢ t
-3 0 3 -3 0 3
x(t) + x(=1)
3r xe(t)
> 15
1
3 0 3 ! -3 0 3 !
T2 : Solution

(c)

We can perform following sequence of transformation.

t t-2t t——t t—>t-1
x(1—§) time compression x(1-1) folding x(t+1) time shifting x(f)
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Graphically it is obtained as
x(1-112) x(1-1)

1 1

2 0 2 4 -1 0 1 2
Original signal Time Compression

x(1+1) x(f)

1 1

t 1
-2 -1 0 1 -1 0 1 2 t
Time Reflection Time Shifting
T3 : Solution

(a)

The expression of x(t)is x(f)= Y, 8(t — 4k) -5(t — 4k —1).
k=—-

So x(t) is a subtraction of two signals each periodic with period 4. So x(t) is periodic with period 4.

T4 : Solution

(a)
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Fourier Series

% Detailed Explanation

S S

Try Yourself Questions

T1 : Solution

(a)

Given that Fourier series coefficient of x(t) is a,
So, x(t) —2— a,
Now, real part of x(t) is M

and if x(t) 855 a,
then () —2 a*,

So real part of x(1),

2 2
(d)
(b)
\ 2 2 2
Power of signals is G =YI|G]
—o -2
2 2
So power is = Y|C,[ = (2 +(8)° +(8)° + (22 =136
-2
EEEN
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Fourier Transform

% Detailed Explanation

S S

Try Yourself Questions

T1 : Solution

(b)

The Fourier transform is X(w) = u(w) — u(w — 2), we know that

e |fsignalisreal then X(mw) is conjugate symmetric.

e [fsignalisimaginary then X(m) is conjugate anti-symmetric

The given X(w) is neither conjugate symmetric nor conjugate anti-symmetric.
So x(t) is complex signal.

T2 : Solution

(c)
Fourier transform of x(t)
X(jow) = T x(t)e‘/"*”dt = ]O x(f)cos(mt)at — j ]f x(t)sin(mt)dt

) —oco —oco

If x(f) is odd, then x(f) sin wtis an even function and x(t) cos wtis an odd function.

=

So, jfx(z‘)cos(mt)dz‘ =0

and, X(jw) = j]f x(f)sin(wt)dt

or, X(jow) = —Z/Tx(t)sin(mt)dt
0

(a)

Given X(jo) is real and odd, so x(t) is imaginary and odd.
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(d)
If, x(t) ¢ X(jo)
dx(t . .
then, 0 oo
2
and, d xz(t)@—mZX (jo)
at
d®[x(t -2
[)21‘2 )] F _(DZG ijx(jw)

T5 : Solution

(a)
We have, wt) = f x(t)dt
f x(mdret— XU 4 rxo)5(0)
%o, Vi) = 2U9) i x(0)8()
jo
- jiw(j—wju)J Joz
5+ 10
Now, area under y(1), Ty(t)dt = Y0)
L 1 1
Thus, Y(0) = 540 = 5
(c)

Properties of distortionless system are:

e Magnitude should be constant w.r.t. frequency.

Phase should depend linearly on frequency.

Only function given in option (c) follow the given conditions.

(5+7

(Time differentiation property)

(Time-shifting property)

(Time integration property)

o
10
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Laplace Transform

% Detailed Explanation

S S

Try Yourself Questions

T Solution

-
.o
.

(b)

Convolution in time domain is multiplication in s-domain.

LihD] = LIFO]xL[g t)]——

T Solution

H(f) =T i2
S
L.T —as 1 e_as

N
—
O
~

T3 : Solution

(d)

From the time integration property of Laplace transform

x(t) Lt X(s)

x(T O'T%SX( S) Time integration Property

(s+)
S(s° + 45+ 5)

x(T

&
o
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T4 : Solution

(c)
Xs) =L S
(9) = Lx(0] = 7
y
Hs) = L0 =
A1) = x(t) ™ h(1)
* S
o) = L) hlD] = X(H(S) = =
Using partial fractional, Y(s) = (s_i/jé)lz (S/f;)z
We know that & %u(t)e—— ! 5
(s+a)
1 1 jt
SO, e «—te
1 et
(s+))°
SO, i) = ﬁ[—teﬁ + te‘/’] = ﬁt[e‘/’ - e/f] = ésint, t>0
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Sampling Theorem and
Discrete Time System

% Detailed Explanation

S S

Try Yourself Questions

T1 : Solution

(d)
(A) yn] = x{rf]

x1[n]%y1[n] = x1[l’)2]

xz[n] %)/2[’7] = xg[nz]

ax,[n] + bx,[n] — ax,[N?] + bx,[?]
= ay,[n] + by,[n] Hence the system is linear.
(B) ynl = x*[n-1]
For a delayed input x[n— n], output is
vin, ngl = x°[n—ny—1]

The delayed output
vin-ny] = x’[n—n, 1]

Since yin, ng] = Yin—ny] Hence the system is time-invariant.
©) Anl =x[n] +n
y[n] depends on present value of x[n], so the system is causal.
D) vl = x[3n]

A-1] = x[-3]

1] = x[3]

System has memory, therefore it is a dynamic system.

T2 : Solution

(c)
Since x[n] is even symmetric about mid point (n= 1) and h[n] is odd symmetric about mid point (n= 1) so
yln] will be odd symmetric about its mid point n = 2.
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hn] l

x[n] 1 0 -1

—2 ,2/// 9/ ’ _;/'
1710, Vi = )" )= 210, 1-2)
2 2 o :2

. 7 -

y[n] is odd symmetric about n - 2.

T3 : Solution

(a)
Causality:

hln] =0,n<0 The system is causal.
Stability:

Y, | = 23 0.4y - Y (0.2
== n=0 n=0
=2 ! __ 1 < The sytem is stable.
1-0.4] (1-0.2)
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Z-Transform

% Detailed Explanation

S S

Try Yourself Questions

T1 : Solution

(c)

=

z-transform of x[n], X2 = Y xnlz”"
Nn=—oco
= Y, a’zn]+ Y, o™"z7"u[n]
n=—oo n=—oo
S 1 S -n 1 1
= Y (az )+ Y (02)" = 1 1
n=0 n=0 1-oaz 1-(oz)”
I 1
Series I converges, if az™' < 1 or |4 > |a]
1
Series Il converges, if (a2)' < 1oraz > 1 or |z| > H
So, ROC is interaction of both
]
ROC : Iz > max| o, —
jod
(b)
Z+1
= Az
_l+i—_l+2z_1(i . .
=TT 4TS 1 By partial fraction
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Taking inverse z-transform
x[n] = -8[n—-1] + 2u[n-1]
x[0]=-0+0=0
x1]=-1+2=1
x[2]=-0+2=2

T3 : Solution

(c)
By taking z-transform of x[n] and A[n]
Hz)=1+2z1-z3%4+ 74
X2 =1+3z"-2z2-223
From the convolution property of z-transform
Y(2) = H(2) X(2)
N2)=1452"+522-528-6z%+4z%+ 78277
Sequence is yinl = {1,5,5,-5, -6, 4,1, -2}

V4] = -6

(d)
Given thatx(n) is right sided and real, X(z) has two poles, two zeros at origin and one pole at /2, X(1) = 1.
Since x(n) is real so poles of X(z) should be in conjugate pairs so other pole will be at @772,

So X(z) = k z° . k z°
, - (Z_e—jTE/Z) (Z_e+jﬂ/2) 22 "
Since, X1) =1 so, k=2
2
So, X(2) = 22— and |z|>1
et

T5 : Solution

(a)
We know that convolution of x[n] with unit step function u[n] is given by

oo

x[nl*un] = Y, K]

K=—co
S0, vin] = x[n] * u[n]
Taking z-transform on both sides
z 1
Y(2) = X(z = X(z
@) = X7 = X&),
. Y(2) 1

Transfer function, HZz) = ———L =

=%~ a2
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Now, consider the inverse system of H(z), let impulse response of the inverse system is given by H,(2),
then we can write
H2)H,(2) = 1
X(2) _
H\(2) = Y(2)
(1-2M2) = X2)
Y(2)-7'"Y2) = X2
Taking inverse z-transform

vin]=yln—1] = «[n]

1-z"
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DTFT, DTFS & DFT

% Detailed Explanation

S S

Try Yourself Questions

T1 : Solution

(c)

Since N2 x(e/?)
Thus /0[]« LI, x(&/(@%0)) (Frequency shifting property)
Q, =-m/4

& 4" DT, x(eHe i)

LT

The graph of X(e/%) is shifting to left by % units. So, DTFT of e—j 4 x[n] is

_I 0 Q
2
(a)
N-point DfT is given as
N—-1 _/,21mk
XoedKl = X alnle " N k=01..N-1
n=0
3 L
XKl = 3 xinle 2 N=4
n=0
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|
DM
=,
S)

For k=0, Xoe10] =
x[0] + x[1] + x[2] + x[3]

cos 0 + COST + COS 27 + COS 31
1-1+1-1=0

i x[nle
n=0

o
2

For k=1, Xoel1]

.31

T
= x[0)e° + x[1]eﬁE +x[2le + X3l 2
cos 0 + cos m(—)) + cos 2n(-1) + cos 3n(j)
T+ENE)+1 1)+ 10
=1+/j-1-j
=0
Similarly we can obtain X,{2] and X,,[3] for k=2 and k = 3 respectively,
X2l =1+1+1+1=4
Xoel8l = 1--1+/=0
Xyl = {0, 0, 4, 0}

T3 : Solution

(c)

Xe?) = Y xnle”?" = 22: e /"

Nn=-oo n=-2
eP2 1+ e+ 1+ ey 0
= P2 (1 + e+ 6P+ &8+ 619)

—joQ (1- 9/59)
- A
1-e
e /52 _ol%212  §ind 50
g ml2 _ g/el?2 sin0.5Q

T4 : Solution

(b)
XeR) = j4 sin 4Q — 1
— 2(6/49 _ e—/‘49) 1
Taking inverse Fourier transform, we have
x[n] = 28[n+ 4] -238[n—4]-3[n]

Since, 8[n — ny ]« g7 /0

15

(Summation of finite GP)

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)






