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The book begins with chapter 1 by introducing the basic concepts of signal & system
models and system classification. This material, which is basic to the remainder of the book,
considers the mathematical representation of signals.

Chapter 2 is devoted to the time — domain characterization of C.T. L.T.I. system &
the convolution.To this point the focus is on the time ~domain description of signals &
systems. Starting with chapter 3, we consider frequency — domain descriptions. We begin
the chapter with a consideration of the orthogonal representations of arbitrary signals. The
F.S & its properties are presented.

Chapter 4 begins with the development of the F.T. conditions under which the F.T.
exists are presented and its properties discussed. Applications of F.T, such as sampling
theorem, Distortionless transmission are considered.

Chapter 5 deals with-both unilateral & bilateral L.T. The concept of transfer function is
introduced and other applications of the L.T. such as for the solution of differential equations
are discussed.

Chapter 6 considers the Fourier analysis of discrete — time signals. The relation
between the continuous — time & discrete — time Fourier transforms of sampled analog
signals is derived.

Chapter 7 discusses the Z.T. of D.T. signals. The development follows closely that of
chapter 5 for the L.T, Properties of the Z.T. are derived & their application in the analysis of
discrete —time systems developed. Finally mapping of the .s- plane into the z — plane &
realization structures is discussed.

~ Chapter 8 introduces the DFT for analyzing finite length sequences. The properties of
the DFT are derived. Two popular fast Fourier transform (FFT) algorithms for the efficient
computation of the DFT are presented.Chapter 9 introduces additional questions of all the
above topics discussed.
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Chapter 1. INTRODUCTION

» Anything that bears information can be considered a signal.
E.g.: Speech, Music, speed of an automobile

» Mathematically, signals are modeled as functions of one or more independent variables.
Examples of independent variables used to represent signals are time, frequency, or
spatial coordinates.

(A) Continuous — time (CT) or Analog signals: Continuous in time and continuous in
amplitude. Continuous in amplitude means that the amplitude can assume any value in the
continuous range form - o to +. '

. (B) Discrete — time (DT) Signals: Discretised in time and continuous in amplitude

Most DT signals arise from sampling CT signals. _

{C) Digital Signals: Discretised in time and quantized in ampiitude ‘
If the amplitude of a signal can assume only a value from a-finite set of numbers, the
amplitude is said to be discretised or quantized. -

Continuous - time Discrete - time

MmeremamacAmcmamamsscomemmmadmsneaccemesamammmmms—aem—m—n

Time
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11 ELE_MENTARY SIGNALS: 6 .Unit impulse function (or) Dirac delta function: &t

u(t) Man .
— y physical phenomenon such as point-sources, point char [
1 . ges, voltage sources acting
(1) Unit step function, u(t): L for very short time can be modeled as delta functions.
uf) = { Lt>0 R : IR () 8(0) > : (s =0tx0 8(t)
0:t<0 0 —> t +o00
u(t) att = O is discontinuous, u(0) = ¥. iy [0 ®dt=1 . . L
7 (i) L (v) 8 () = &)
An example of unit step function is the output of 1V dc voltage source in series with a switch : : EPR ‘ : . .
" thatis turned onatt=0 . ; ¢
A
(2) Rectangular (or Gate) Pulse: A rect (t/ 2a) (v) Sampling property  x () & (t - t) = x (to)  (t - to)
t
-a -a _ Eg:2t+1)3(t-3)=75(t-3)

o _ . (iv) Sifting property ¢ .
The rectangular function is the result of an ON ~ OFF switching operation of a constant voltage 2 x(to); ty <ty <t
source in an electrical circuit. I x (t) 8(t — to) dt = 0: els e1wher . 2

t

(3) Signum function: Sgn(t) Sn) ) 4 -

: Lsmo | | .

: : Eg -2I(t+t2) 5(t—3) dt=3.+-32=12
1:1>0 5 ¢ | |
Sgn(t)= <0:t=0 i P1.1.1: Find the value of the following integrals
-1, t<0 - -
2 o
0 fremp functon: 1 ') LJehs-ga g L roosmyse-nat
: o | ¢ | ° (t-2)
rt {0:t=0 (C)ICOStU(t—3)5(t)dt ) ZJ-e 52t 4)
_ t ) N .
7 V ) : o ' ' ° 2n -
| [ tsint8 (n/2 - 1) dt
An example of a ramp function is the linear — sweep waveform of a cathode ~ ray tube. o .
N ' r(t L
‘ - Sin nx ® "
{8) Sampling function: Sa(x) = Sinc (x) = — ' Differentiate Differentiate
- _
Saly Sinc(x)
1 . i T |
| 0 t 0o "
d t
=3t v u(t)= I 5(0) dt
A4 f\ /\\4 ] l[\\ s « )
/\ X \_’ _2'\-/-1 IO 1\/ 2 U

IO - I ™21
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{7) Exponential signals:

(8) Unit Step sequence: u(n)

1,n20
O;n<0

u(n) =

| 1. > n .-

01 2 3

(9) D.T. impulse function: & (n) 1
n o

um=T8k)= Is@-k -
K=-w K=0 . n
dMy=u(m-u(n-1)

1.2. TRANSFORMATIONS OF THE INDEPENDENT VARIABLE:

x(t)
_ [t+11<t<2
x(®= 0; elsewhere
Eg.: (1) ¢
-1 0 2
i XG4
3 . .
To get x (- t) reflect x(t) 1 <4<2
aboutt=0 X(4) = 15 to2
) - -2<t<1
-2 0 1t
t e
X(at) > Time Scaling x (24 2A+1:1<2t<2
" la} > 1 > Compression of x(t) 3 X (2t) = APt <
la] < 1 > expansion of x(t)
t

-1/2| 1

© Wiki Engineering
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T x{t-2)
i ‘ X{t—to)
—_— >t
I . 4

t >0 - delay by t,
ts< 0 — Advance byt, .
x(t-2) - shift x (t) right by 2
~X (t3) Shift x(t) left-by-3-

Note: Suppbse we want x

(-2t + 1), follow the sequence of steps"
X[ - x(t+1)

> X(t+1) 5 x (-2t +1)

Altematively x (-2t+1)=x[-2 t~%)] follow the following oOperations -

XM x> X2t - x[2 (¢ - %) .]

Eg. (2): 1x(n)
Sketch the waveform ’ r I I II [ ,
- 12l | - o
'x[’6‘3“] 43279 012,340

(i) Compress x (n) by a factor of 3to obtain x (3n)
(if) Time -~ reverse x (3n) to obtain x (-3n) =

(i) xj- 3n - 6]=x-3 (n+2) 1. Shift x (- 3n) left by 2 units,
X (3n)

[T T

$ — N [
Lo 1

X (-3n)

12
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P1.2.1. For the continuous — time signal x (t) shown in figure, sketch the

_following signals? x(t)
(A) x (t—4) . Byx@2t+1)
©xB-9 7 (D)x(t-2) ?

(F) x (t) 8(t - 3/2)
o o 2

(B) x(®) +x(-Hu(t)

>t

P1.2.2. A discrete — time signal x (n) is shown in figure-Sketch the foliowing signals?

(A) x[n + 3] (B) x[6 — n] x(n) 2
() X3 +1]." ©)xint2] - I l [ [J ] -
E) Xnfu2=n]  (F)xin—1]8fn 3] 10 1 234 "

P1.2.3. Consider the D.T. signal x (n) = 13" §[n—1-K]
’ K=3

Find the values of M and np so that x (n) = ﬁ[Mn -ng)

P1.2.4 Sketch the wave forms of the following signals?’
@x=ut+1)-2ut)+u(t-1)

OYyx®=r{t+2)—rt+1)~rt-1)+r (t—2) where r(t) is ramp function

1.3. CLASSIFICATION OF SIGNALS:

_(1) Eneray and Power signals:

" - Asignal x (t) (or) x (n) is called an energy signal if total-energy has a non — zero finite

value0 < Ex < _
— A'signal is called a power signal if it has non — zero finite power i.e, 0 <Py < .
— A signal can’t be both an energy and power signal simultaneously.

—» The term instantaneous power is reserved for the true rate of change of energy in a
system. In most cases, when the term power is used it refers to average power i.e, the

average rate of energy utilization, a constant quantity independent of time.

T 2 T +N 2
Exo= Lt [ {x(t)f dt Exw=Lt ¥ [|x(nl
Toe 2® n=-N
-7
T 2 +N 2
Pay = Lt = 1 ]t Y Py = 14 -1
Toom 2T { ® a5 Lt oo n=Z_N!x(n)l

© Wiki Engineering
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P1.3.1 : Determine whether the following signafs are energy {or) power signals?

y(t)
Axt)= eluty B)x=A () ——— A
\&t
(D) X () = A cos (wt + ) E) x () =tu) 0l

(F) x (1) = €”u(t)

P1.3.2 Consider x () = 5 (t + t2) -8 (t~1). Calculate the energy for the signal

YO= [ ymadr

-0

P1.3.3. if a signal g (1) has energy E, then the signal g(3t) has énergy of
(A)E ~(BYES3 (C) 3E (D) Ef9
P1.3.4. Find whether the following signals are energy (or) power signals?

(A)xIn) = (1/2)" u[n] ®)xin] = uln] ©) xin] =2"ufn]

2.Even and Odd signals:

A signal is even if x (f) = x (-t)

A'signal i ; =y (o
- x (n) = x (-n) signa ls_v_o.dd if x (1) = - x (1)

X (n) = -x (-n)

x(t)

eg:
eg: .

P1.3.5 Find the even andjodd parts of the signal x (t) = u )
P1.3.6 Find the conjugate anti-symmetric part of x m={1+j2, 2,j5}
{

P1.3.7: Suppose even part of a signal x (n) is X, (n) = (1/2)!"! and total i =
anorgy oy (n)=(1/2)" energy in x (n) = 5, find

www.raghul.org
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(8}

(3) Periodic And Non Pereiodic (Or Aperiodic) Signals:

n infinite and will

is one which has been repea’dng an exact pattern for a
tern for an infinite ime.
for any integer n

A periodic function
continue to repeat that exact pat
Asignal is periodic if g =g t+nT)

T -» period of a function.

)
A' t
T=2 4____+
-

HINT: ;rhe sum of harmonic signals ¥(t) = x H+xb+xd+

is periodic with overall period T = LCM .72, T30

_» Adiscrete signal x (n) is periodic if x {n] = x[n+ N} ; Where N — periodic of x{n}

HINT: For finding fundamental period of discrete sinusoid (or) Complex exponentials always

use the equation &g f2n=miN -

e ) |
P1.3.8. Determine which of the following signals are periodic, if periodic find the fundamenta

pc(e;:)o g’it) = cos (18nt) + sin (12xY) (B) x (t) = sin (2nt / 3)cos (4nt i 5)

(C)x(=cos3t+sindnt . - © x @) ="
(E) x {t) = cos 5tu ® Fyx{t) = Ev [Cos (2nt) u M1

©x) ‘=.s_in_[5’§“ ]

o
H) )((n)=2cos[‘it‘;1 ]+sin (“g ]-Zcos (“; + 6}

= () x(n) = Cos (i) sin 1%’1

Cyxmy=e” n
) x(m)=u(@+un) Oxo=C
M X =Y 5(049-5@—1-4K)

K=-w

P1.3.9: A signal x () = 2cos (1 50mt + 30°) is sampled at 200Hz. Find the fundamental period

of discrete signal?

© Wiki Engineering
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(4) Causal & Noncausal Signals:

A signal is causal if x (tfy =0 fort <0
x{n}=0forn<0

. x (1) )
<y 2t v 24y
___l_j 1 >
t ! 5

0o 1 2 2 A 4 1 3
Causal signal Anti-causal signal ' Non-causal signal

‘?t

™Yy

-» Multiplying the signal by the unit step ensures that the resulting signal is causal.

5. Deterministic_and Random signals:

— If the value of a signal can be predicted- for all time (t or n) in advancé without any ertror, is a
deterministic signal. Eg: x (t) = e 'u t), x (t) = rect (1)

—» Signals whose values can't be predicted with complete accuracy for all time are known as
random signal. :

" — Random signals are generally characterized by mean, mean square value.

Eg: Thermal noise generated by a resistor. The intensity of the thermal noise depends on
the movement of electrons and can't be predicted accurately

1.4 SYSTEMS AND CLASSIFICATION:

A System, designated T, is a mathematically describable. operation or transformation that acts
on an input signal to produce an output.

Input Signal i . Output Signal

—_— ) SystemT{.} }—————r-

Eg: In a communication system, the input signé[ could be a spéei:h signal, the System' is
combination of Tx, channe! and Rx, output signal is an estimate of information contained in the
original message.

ers = ors .
x (1) (.1 |YO=sT{x®} x[n] .} yinl= T {xn]}

- All physical systems are referred to a zero — energy state (or) ground state (or) relaxed state
att=-w B ot

- The behavior of a system is governed not only by the input but also by the state of the
system at the instant at which the input is applied

www.raghul.org
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1.Linear And Non Linear System:

Forthe system to be tinear, it should satisfy 2 properties
(A} x1{t) > V1 (t) and %2 (t) > y2(t)

P1.4.4 Consider a system with input x {n) and outpu n) relatedas y (n) = x(n n)+g{n—1
; t x{n) tputy Yy g g
C : . . (n) relat N} |
heck for time — mvarfance f@dgm=1vn ()gm=n V(n) ('(“))g{(ng ) 1+ (( )n v )]
= ’ n) = -1 n

P1.4.5: Consid :
er an LTI system whose response to the input signal x,(t) is y.(t) as shown in

Then xi {8} + xz{t} > ya(t) + yaAt) > Additivity
{B) cx () 2> ¢y (ty > Scaling (or) Homogenity
-(or) .

ax, (t) + bx; (t) > ay{t) + byz2(t) > Super position

P1.4.1 Determine which of the following'systems is finear?

@) yh=xt®xt-2) (B)y () =sin{x () -

(©)y (y=didtx () Dym=2x®+3

1
®y0=[x@dt

-0

®yn=30

_ (GYy () = x () Cos wot (H)y (n) = fog {x [n}}

By @) =xxn)
x{n)

Ly m -";(—(!—1—:1‘)

My =Xl
(K) y (n) = median {x ]}

- _
™) —d—ditzm- + 5d(¥t(t +2=x(t)

, represents nonlinear systems, will the cascade be v

Nym=e -

P1.4.2 12 systems Sy and S onlinear?

iant Shift — Dependent Systems: -

— Invariant) & Time — Var

utput characteristic don't change with time. T.1. implies that
ly on the shape of the input x (t) and not on

2. Time — Invariant Shift
Asystem is T.1. ifthe input o
the shape of the response y () depends on
the time when it is appfied.
For Flsystemifx () Y () Thenx(t- t) > yit—to)
P1.4.3 Test the following systems for time — invariance?

@y=tx@®+3 wyn=¢*

{c) y {t) =x {t) cos 3t (@ y {t) = Sin{x )}

@)y Q)= ddtx® HyO=xQ0

@y®=x@ My m=2"xm

(i)y(N)=X(n+2)—X(7—-ﬂ)
2 2
o LP-+yoyE=xe  ® L sy @=2x0
eries, Is the overall system will be shift-varying?

Q) if2 shift-variant systems are connected in s

© Wiki Engineering

f )
igure. Find the response of the system due to the Input x;(t} and x,(t)?
’

3..Causal & Non Causal System:

ki n % ) k0
3
' 1
2
0 »> t
0 2 4 1
A-
a0 1 2 ¢t

A causal _ anticinati
o futre val for) nqn anticipating system is one whose present response does not depend
re valu the ino . n
es of the input (or) A system is causal if its output at t = t, depends on the val
I ues

Qf th i i p
f e lnput m the past t Stg and doeSI |,t quuile ‘utule Value of in ut (‘ >t )
0,

P1.4.6. i
6. Check whether the following systems are causal (or) non causal?

@y M =@t+3) x@
(0)y () = x (¥ sin 5t
@y=Ixol

n
@ym= 2 X[k} | “ng"_is finite

~K=ng

i n
Hym= KZ_x (k)

Ky =1

+m
T e lnH

(myy’ t+4)+2y ) =x(t+ 2)7

®)y O =20

@y @ = x((Sint)

Oym=e®
n+ng '

(hyy ()= 2 X [K] “no” is finite

K=n- ng

—

Gy Mn)=Zx(k
K=0

Nyt =x(at)

M)y @ +2y (t) =x(t+3)

www.raghul.org
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4. Static (Or) Memoaryless And Dynamic (With Memory) System:

A system is static if its’output at t = t, depends only on the value of the input at t = ¢, and no
other value of the input signal.

P1.4.7. Cﬁeék whether the following systems aré static or dynamic?
@y =3 +5 ®yH=x0 ©ym=e®
@ym= CtOS{X (n)} ' @)y () =x{3n] © Dy =ddtxl

@y@M= J"x () dt

Q) All memory less systems are shift-invariant (TRUE/FALSE)

5. Stable And Unstable System:

A system is said to be BIBO stable if and only if every bounded input results in a bounded
output If | x () | <M, <o theny )] <M<

—> A bounded signal has an amplitude remains finite.
P1.4.8: Check whether the following systenis are établ_e (or) not?

@yH=x0 ByO=xOoosdt  (©yO=xd
t _ .
@y®=ddtx@®  @yO= [xmdr  OyO=snxw)

@y (t)'=tx(t> )y (=€ )y (@) =xf3n]

'0)y(n)— Z xtKk} , “ny” is finite

K=no

6. lnvertible And Inverse System :

A system is said to be invertible if the input of the system can be recovered from the output

x{t) T y{®) Ty (X,
TT =1

In any event, a system is not invertible unless distinct inputs applied to the system produces
distinct outputs

© Wiki Engineering
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P1.4.9: Determined which of the following systems are invertible?

@yt =x10 By =Ix
©y®=x(-3) dy 8 = d)/(d(t )xl(t)
e}y () =x[nixjn - 1] )y @) =nx (n)

@y () =x{n] ~ xjn —1] (h)y(n)— Zx[k]

K=-w

P1.4.10 : Considerthe feedback system shown in figure, assume that yinj=0forn<o

x{n) ,

Unit delay

Find y(n) when the input is () x (n) = & [n}

(i) x¢n) = ufn]

P1.4.11. A system has input -~ output pairs
memory less, causal, linear and T.17

9 x{t) . : : : 1 y
T
—> ¢ — 0 3 i

0 2

glven Determine whether the system could be

1.5 PREVIOUS QUESTIONS:

(1) Which one of the following' Paris is NOT correctly matched (Input x (t) and output y (1)

IES
(a) Unstable system dy(t)/dt-0.1y(t)=x t (b) N.L. system dy ty/dt + 28y @) = x(t)

© Non causa_l systemy (§) = x {t+2) (d)Won dynamic system'y (t) = 3 x° )

(2) The dlscrete ~ time equation y (n+1) +g. 5n Yy (M) =0.5x (n+1)is not attributable to

a
_ IES
(A) memory_less system B)TL —-(C)linear (D) Causal system
(3) Find whether the following systems are linear, T.1. and dyhamic IES

(A 2tdy(t) +aywy=2
D Ay =2t _(® %ﬂl +4y(t) = 2x (1

dy(t) , 2dyt
© 4 @t dt() ry@) = x(t) ) [%ﬂ v = 4dx(t)

www.raghul.org
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1.6 PRACTICE PROBLEM SET:

4. Match the following

List | (System) List Il (system category) | -IES P1.6.1. Evaluate the folowing ntegrals?
(A y(n+2 +y(n+1)+y(n)=2x(n+1) +x(n) (1) Linear, T.V., dynamic @ f;in[3(t s (ét . o .
(B)n*y* () +y (n) = X (n) (2) Linear, T.1., dynamic : ) dt (b) I 3 (at-b) sin’t-4)dt fora> 0. .
(C)y (n + 1) + ny {n) = 4nx(n) . (3) N.L., T.V., dynamic c) = @ “’% s
@)y (n+1)yM)=4x(n) " @NL. T, dynamic - ~ Gf(tq) 8(t-5)dt | (‘2—;% 5(t-1) dt
. (GYN.L, TV, memory I_ess. . (€) f"e"ﬁ“ Y5 o 0 :,ﬁts 50 t) .
5. The input x (t) and output y(t) of a C.T.S related with the following equations. Which i - :

system is causal? ) L GATE .
AYQ=x(t=2)+x(t+4) ByO=@-49xt+1) - ' C @ Jenn ot
©yB=(t+axt—1) - DyO=t+9x(t+5) : . Je® ™ Cosji2 (x=5)) 8 (x- 3) dx ™ fe=? gt 10)t
6. Match the correct pair GATE _ -
List | (System) : Lists Il { Properties) T
Ry () =t x(t) P1: linear but not T.1 P16.2 Letx (= | -t+1;-1<t<p
Ry ) =tix )] P2: T.L butN.L. ) S t ;0<t<?2
R3:y & =x () P3:LTI - 2 2<t<3
Reyt)=x({t-5) P4:N.L. and but not T.| _ 0 elsewhere
7. The power in the signal x {) = 8 Cos (20 Tt t - /2) + 4sin (157t) is GATE h . Sketch the signals x (t), x (t~ 2), X {t+3), x(-3t-2), x 2 +1
) 40 (8) 41 (C) 42 (D) 82 : 132
: ' _ 5 - ' " ' P1.6.3. Given x {t) = 3 u(t + 3) — u(t _ o
8. The system represented by I/p-o/p relationship y(t) = fx(f)dt ,t1>0is___ ' GATE t+3)-u) +3ut-3) -5 ue- 6). Sketch the signal ‘x(-3t - 6)
- . P1.6.4. Considerthe D.T. signai =
(a) LTI, Causal (b) linear, T.V, Causal : . gnalx(m) =n (u +5-umn- S)J
(c) linear, T.V, non causal (d) linear, T.I, non causal ) )  Sketch the following signals &
9. Which one of the following gives correct deﬁ:ripﬁdn of the%vefgr@;showﬁ m the ﬁgufé?iES - L @x{2n) (b)x(3- 3-n - : )
: _@x@n) (b)x(3-n) (c)x 5 @xMu(-n)  (e)x(4-3n)
(@) ut) +ut—-1) P1.6.5. Det .
N -6.5. Determine wh i ;
(6) ulh) + (£~ 1) ut~ 1) — @Dz a e o e apnele a1 eneoy (on) power signas (o) nether?
(©) u@) + ut~1) + (¢-2) ut-2) (@)= cos () sin (3n) (d) x () = u (t + 3) - u(t - 5)
d) u(t) + (t—2) ut - 2 '
Duort-2ut-2 ©x@=teu( (f)X(n)=Cos[LnJ
- . 4
@xm=(-1) =
t d Mxn)=nu(n-2)-
() x(n) = As (n) ) (-2

xAt)

10. What is the period of x[n] = 5 cos[0.2xn] IES P1.6 6. (a) Find the eneray | ®
«a) 10 0 0. rgy in x-

@ ®)5 @1 @o (b) Find the energy iny (= d.x(t)

. dt

© Wiki Engineering www.raghul.org
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L . . fiod?
P1.6.7. Find whether the following signals are periodic {or) not, if periodic find the pel

(@ x (1) =2 "y 1) (b)  (t) = Cos? (2nt)

+

(mxmigjfsaam

(d) y (t) = Cos (2nt) + sin (3nt) + cos (5nt - 3n/4)

(e) X (n) = cos [% . n] (f) x (n) = cos ('E:f J

(9) x (n) = Cos (% J sin[z% ]

. . °
P1.6.8. Sketch the even and odd patts of the signal shown in figure?
' x

j 5an/7
(h) x (n) =€~

— t

2 1 |01

i d its even part x, (n) only for
iveni are the parts of a signal x (n) an ‘
Fres. r? 2/ gna:dﬁitr(i) =2; n> 0 complete the plots of x(n) and x,(n) and give a plot of the
odd part, %, (n) of the signal. '

6L x(n) | Xe (n) _
4} o - 2
2 - I I ] ”‘t“
I , —— 0 1.2 3435 "
0 1 2 3 4 5 40 -

P1.6.10. Sketch the wave forms of the following signals? ' -
@ x@®=u@®-ut-2
Gy xO=rt+D)-rt)+r(t-2)
Ex®=uE+)+rt+)-rt-1)
dyB=3u+3)-r+2)+2rt)-2ut-2)-rt-3)-2u({t-4)
P1.6.11. The signal
1;n=1

= 1'n=-1
xo 3?1 =0&[n[>1 Findthe signal y (n) =x (n) + x (n)

© Wiki Engineering
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P1.6.12. The following input —
system

x,(n)={~1,$,1}<—l> y1(n)={1,£,—1,0.1}

Xz (n)= {11 -:1 -1} <l> | yz(n) = {-1|11 01 2}

xg(n)={0,1,1} <« ya(n)={1,2,1}

Can you draw any conclusions about the time ~

Hint : x,(n) = x,(n) + x(n) —» Ys(n) = yi(n) + y,(ny
P1.6.13. Consider 2 system (i) y (t) = x (at) (i) y(t) = x(t + o)
For what values of ‘o’ each system is linear, T.l, causal and memory less?

P1.6.14 Consider a system with input x (n) & output y(n) that satisfy the D.E.
YM=ny(n-1)+x (n). The system is causal
(i) If the Input is x (n) =& (n), find y(n) (ii) Is the system LT1?

P1.6.15. For an LTIC system, an Inpu

Sketch the outputs for the following inputs?
(@) 5x () (b)x(t+1)—x(t—1)

X

L‘ t
-1 0 2

P1.6.16. Considera D.T. system with Input x (n) and output y (n). The input - output

© 39+ a0

relationship for system is y(m=xmxn- 2)
(a) Is the system memoryless?
(b) Determine y (n). Whenx (n) =As (n)?
() Is the system invertible?

- P1:6.17. Determine which of the following system js R S
) " (1) memoryless @T.L (3) Linear (4) Causal ™ (5) stable

-
@YO= [ (g wnm={o { L t<0
T x(t)+x(t~2_) , 120

©y M) =x(2) @ y{) =didt {e* x (1) }

(&) y (n) = loguo [x {n)] Oym= rx[n :n>1
o {0 yn=0
n<-

www.raghul.org

output Pairs have been observed during the operation of a linear

invariance of the system?

t x (t) produces an outputy (t) as shown in figure.
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Q) y(n=cos[2anxfn+1}]+x(n) (hy(n)=x 4n+1]

mwm={xWwazo‘

0 ifx(n)<0 @)y (n) = sign [x ()]

Ans: (b) linear, causal, stable ® linear, stable
(9) memory, stable, no causal, nonlinear, T.1.. (i)y memoryless, N.L, T.{, C,S.

P1.6.18. Find whether the followihg systems are invertible (or) not?

My®=u{x®}

For many values of x (t), response is zero and there are many values of x (1), that all
cause y (1) of one. ..Non invertible '

(2)y (t) = x (t~5) = x (3~ 1t) - non invertible
(3) y (t) = x (t) cos (2n t) - non invertible

P1.6.19. Show that the system shown in figure is linear, T | unstable, dynamic, invertible?

__X_(Q_., [-7116)

' - - .

20. Showthat the system is l‘in.éar, T;l., st:;]ble ,.causal; d'ynamic,'invertible?

x{n
‘.__(__)_" 0-25

1/4

© Wiki Engineering
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USEFUL MATHEMATICAL RELATIONS:

X!

n+1

I)(‘dx=

[Sin (ax) dx = -C‘oaszg
J'Cos-(ax) dx = Sinaax

1 _ 1 41 bx
J’aszz?‘qx =25 Ta"’[T]

fxSin (ax) dx =Si@<)~?axc_os_(m
fxcos (ax) e = 2208+ 2 Sin (ax)

J‘e-uzdx=lﬁ'a>0
0 2Va

N-1
o =_1.48 .
K=0 1-a
+x
LI
KZ_-oa = ol <1
1- a
‘o
Kz=:1Ka =_a . laj< 1
| (1- ay
N
KE K=__N(N+1)
=1 5
N

KZ_-:1K2= N N+16 N+ 1

J' sincxdx = j'sinc2 xdx <1
[ ] 2

www.raghul.org
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REVIEW NOTES:

AN

{

DISCRETE CONVOLUTION
x(t) LTI y(t) = x(ty*h(t) X(ﬁ) LTI | ¥(n) = x(n)*h(n)
System h(t) | > ’ System h(n) '
+oo
¥ = [x() hit - ) y(n) = +Z°°x[k] hin K]
o S
= [x(t-oh (t)dt = xIn K] hIK]
-0 K=-w T
Steps: - Steps: -
1. X(t) - X(T) h(t) - h(‘t) 1 x[n] - X[k], h(n)-—) h[k] -
-~ X XK
2. Foldlng 2. Folding o,
by T NhiK
. x(t- t.,)- _x[n-K]
3. Shlﬂmg/ kS
~ o 3 Shlftmg\ K
— Xt 1)h(7)

CHAPTER 2. L.T.I(L.S.l) SYSTEMS

An L.T.1 System is always considered w.r.t impulse response denoted as h{t) or h(n).
Ifthe Input is impulse, then the output is impulse fesponse. .

SIFTING property states that any signal can be produced asa combmatnon of impuises.
Convolution may be regarded as a method of finding the zero  state response of a

relaxed LTI system.

Any DT signal is the sum of scaled and shifted unitimpulses.. " .

+o0
] = X x [k} 8[n - K]

k=-o

- Convolution may be treated as flip — shift — multiply - time - area method.

CONTINUOUS CONVOLUTION

4, Multipfication ™ .
™ h(t-2x(x)

5. Integration

XKl hn -k}’
4. Multiplication
™ x[n — k] h[k]

5, Summation

M.L. NARASIMHAM

www.raghul.org
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3 in the convelution integral time “t’ determines relative locati?n of h(t-. 1) \|:1v r.t )gri.(;l')he
convolytion will yield a non zero result only for tho_se val._ue of “t” over which ht - 1)
oveflap.

P2.1.1 Find the convolution of the signals x(t) = eu(t) & h(t) = u(t-2)

P2.1.2 Find the convolution of the signals shown in figure? N S

x(9) l

t t
0 1 0

. Mg = u(-1) for which the
] L.T.] system is having impulse response ht) = ul _ -
P21 Algput sigr};al applied is shown in figure. Find the outputatt=44&1=05?

| x

3

+00

P2.1.4. Suppose z(t) = J x( - © + a) h(t + t)dt. Express z(t) in terms of

y(t) = xt * hy. -

REVIEW: M

: ut) , '
1 _u_(t)__—— 1 .
) T % = .
C——> t 0 . t >t
. tet
- e_! K = V\
% = .
t >t . —> t

© Wiki Engineering
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1 | tect (t) 1 | rect{t) 1 A i@
x L -
- > | , t
05 05 ' Tos 05 ' T4 0 1

Convolution Property Of Continuous Impluse: -

P2.1.5 Find the following terms
@xt+5)*5t-7)=

{b) x{t) * 5(at + b) =
1| x(t) » 2 .
o (11111
1 g s | 3 ¢

P2.1.6. Explain the difference between each of the following operations ?
(@ [e'u®) )3t~ 1)
+o0 :
b - Je* u(t) 3(t - 1)dt

-

(c) €'ugt) * 8¢t~ 1)

P2.1.7.Let x{t) = u(t- 3) - ut - 5) & h(t) = €*u(t). Find %‘{n *h(t)?

P2.1.8. An Input signal x(t) shown in figure is a{aplied to the system with impulse response

@ x()
h(t)=2% 5(t- 3n). Find the Output.
n= -

-1 0 1

P2.1.9. Suppose the fhput signal is x(t) = u(t + 0.5) - u(t — 0.5) & the impulse response is
h(t) = € ™ If y(t) = x(t) * h(t), find a value of &, which ensures that y(0) = 0.

www.raghul.org
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Discrete Convolution.
n-1
P2.1.10. Consider the signal h(n) = [%] {u(n+3) - u[n - 10)}
: n-k-1
Such that h(n—k) = [-g_-] ;A<K<B
0 . elsewhere Find A & B?

P2.1.11 Alinear system with input x(n) & output y(n) related as

+o0
y(n) = ) x(k) g(n—2k) where g(n) = u(n) — u(n — 4). Find y(n) when x(n) = §(n — 2)
K=

-

: n-2
P2.1.12. Find the convolution of x(n) = [—;—] u(n —2) & h(n) = u(n +2)

x(n) * 8(n - ng) = x(n — ny) ’I

Eg. Find the convolution of x(n) = {4, 1, 3} & h(n) ={2, 5, 0, 4}

CONVOLUTION PROPERTY OF DISCRETE IMPULSE: -

Sliding strip method: -

hky 2 5 0 4 2 5 0 4 2 5 0 4
x-k) 314 31 4 31 4
= =
¥(0)=8 ' y(1)= 2+ 20 =22 y(2)= 6+ 5 + 0=11
2 5074 25 0 4 25 0 4
31 4 3 1 4 3
= =
y(3)=15+0+16 =31 yd)= 0+ 4 =4 y(5) = 12

~y(n) ={8, 22,11, 31,4, 12}
P2.1.13 Find the convolution of x(n) = {1, 2, 3, 4} & h(n) = {1, 2, 1,- 1}

P2.1.14. If the output of a system is y(n) ={1, 4, 8, 11, 9, 1, - 4} & Input signal is
x(n) = {1, 2, 3, 4} find the impulse response?

P.2.15. Find the periodic convolution of x(n) = {1, 2, 3;4} & h(n) ={1, 2, 1, -1}

© Wiki Engineering E

ACE ACADEMY S &S -L.T.ISystems [25]

2.2 PROPERTIES OF L.T.I SYSTEM: -

Causality: - Stability: -
L + 00
o hy=0:t<0 j Ih(z)|dr <
-%
+ o !

h(n)=0;n<0 2 Ihin)] <

- . o =-®

Memory less : - Invertibility & Inverse : -

h{t)=0fort=0
h(n) =0 forn #0

100 hinl) = 5(t)
~ h(n) * hiay(n) = 8(n)
P2.2.1 Find whether the following systems are causal & stable?
(@) h(t) = e*u(t~ 2) (b) h(t) = &t
() h(t) = e®u(-1-1) (d) h{n) = 5%u(n - 3)
(€) h(n) = u(n + 3) - 2u(n - 2) + u(n —4) :
_P2.2.2_: - Consider a D.T system 'Sy, with LR h(n) = (1/5)"u(n)

(a) Find ‘A’ such that h(n) ~ Ah(n - .1) =38(n)
(b) using result from part (a), determine the I.R g(n) of an LTI system S, which is inverse of S1

—> | hy(n) = «"u(n)
y(n)

P2.2.3: - Consider the system in figure.
x(n).

(a) Find L.R. of overall system.

(b) Is this system causal? Under
what condition the system is stable.

! h(n) = B5(n~ 1)

P2.2.4;- The range of a and b for the impulse response h(n) = {a" ; n20

to be stable is b" ; n<0
a) [aj<1, jb] <1 b) laj>1, Ib] <1
) {a]>1, jb] > 1 d) Jal<1, {b] > 1

P2.2.5:- Given h(t) = e™ u(t) + e u(-t). For what values of o and B system is stable?
a)a<0, p<0 b)a<0 p>0 ca>0, >0 d)a>0 <0

www.raghul.org
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2.3 Step REsponsE OF AN L.T.A SYSTEM: -

-  Stepresponse is the response when the Input is unit step function.

t=u() LTl y(t)=s() (n)= LT | vn)=s(n)
. System h(n) =T System h(n)
t +n .
s)= | h(x) de B s(n) = _E g(k)
ht) = 5 s(t) h(n) =s(n)-s(n-1)

P2.3.1 fFind the steb response of the system if the impulse response is h{n) = (0:5)" u(n)

P2.3.2 find the impulse response of the system if the step response is s(t) = cos wotu(t)

P2.3.3 - An LTI system with [nput u(n) produces the output as 8(n), then find the
output due to the input nu(n)?

P2.3.4 Find the overall impulse response for the interconnected system shown in

figure? 5 'h1(t) i
+

_ <+ —> y()
o e
|

P2.3.5 Consider the inter connection of LTI systems shown in figure. Find h(n) when -

..__1_ _1_,-1_ AI \' —
h=\5 > % * 2 : |— \L

x(n) - @l@

ha(n) = hg(n) = u(n + 2) A

ha(n) = 5(n —2) —a —

© Wiki Engineering
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©2.3.6 For the interconnected system shown in Fig. find the overall impulse response.
y(n)
o bl =xm - % x@-) hy{n}=(%)" vin] F—0p

P2.3.7 Determine whether each of the following statements are TRUE (or) FALSE.
Justify your answers

1) The cascade of a non causal LTI system with casual one is necessarily noncausal
2) if an LT system is causal, it is stable

3) If hit) is the L.R. of an LTI system which is periodic & nonzero, the system is unstable.

2.4 PREVIOUS QUESTIONS: -

P2.41:-Givenx={a, b, ¢, dj as the Input to an LTI system produces an output  GATE
¥ =1{xx x x, ... repeated N times }. The impulse response of the system is’

@ Y sn-4q (B) u) - uin )
. i

=0
N-1
©un~—u(n-N-1) O % 8-
: i=0

P2.4.2 Fig ~ shows respectively the Input x(t) to a LT! system & the [.R. h(t) of the system

GATE
h(t)
x(®)
t-
ol4 t 0 2.
-The output of the system is zero every where except for the time interval
(A 0<t<4 (B)0<t<5 {C)t<t<s (D)1<t<6
P2.4.3 The LR. of a system is h(t) = 8(t - 0.5). if 2 such systems are cascaded the LR. of
overall system will be - IES _
(A)0.558(t-0.25) (B) 3 (t—0.25) ©) 5(t—1 0y 0:5 8(t—1)
P2.4.4 The LR of a system consists of 2 delta functions
as shown in figure. The Input to the +14

system is a unit amplitude square pulse of
one unit time duration Find the output

it —L >t
IES 0 2 I
_1 -3

P2.4.5 Two rectangular waveforms of duration T, & T, secs are convolved. What is

the shape of the resulting waveform? GATE
{A) Triangutar . (B) Rectangular :
(C) Trapezoidal (D) Semi - circular

www.raghul.org
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P2.4.6 A D.T.LT. systemis non causal ifits L.R is GATE
(A) a"u(n - 2) (B) a"~u(n) (C) a™u(n) (D) a"u(n+2)
P2.4.7 The output of 2 systems S, & S; for the same Input x(n) = €™ are 1 and (- 1)"
respectively. Which one of the following statement is correct? IES
(A) Both S, & S, are LTI systems (B) Sy is LTI but Sy is not LTI
(C) Syisnot LTI but S, is LTI (D) Neither S; nor S;isATL. .. .

P2.4.8 A D.T. L.S.I system has an LR. h(n) with h(0) = 1, h(1) =- 1, h(2) = 2 and zero
otherwise. The system is given an Input sequence x(n) with x(0) = x(2) = 1 and zero
otherwise. The number of nonzero samples in the output sequence y(n) & the value of
¥(2) are respectively— GATE
(A) 5,2 (B)6,2 " (C)6, 1 D)5,3

P2.4.9 Given finite length |/p x[n] & the corresponding finite length o/p y[n] of an LTl system as
shown below, the L.R. h[n]-of the system is . GATE

(@) hin}={1,0, 0, 1}
= — —>
(d)hin)={1,1, 1} '

P2.4.10 2D.T. systems with |. Rs hy[n] = 8 [n 2] & hy[n]=3[n-1] are connected in cascade.

The overall L.R. of cascaded system is GATE
(@8[n-1+3[n-2) (b) & [n— 4}
(©) 8[n-3] (d)dn-15[Mn-2]

2.5 CONVOLUTION BY DIFFERENTIATION: -

+
X1 *xoft) = [rateheatt- 1)

4w
Xlt)* (0= ateratt- e

-0

XY #B—t0) = x(t~to)

S 0] = (2 240) * o) =00 * - el

t
— xi() * o) = f [0 - 0]

"This last formula provides an easier and quicker method for solving convolution problems.

© Wiki Engineering
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Prob: - Find the convolution of the signals shown in figure?

Xi{f)

Case1:For0<t-2<1 =2<t<3

Y = x(%(t) = f(1)(2)dz =2t-4;2<t<3

0

Xa(t)
1._._
o 2 —> t
3
Xz(‘r)
1—-
0 2 3 —> 1
Xo(t- 1)
41
t-3  t-2 o
. Xi(Dxelt—1)
7
5 7 11
(t og-2 ~°

www.raghul.org
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2.6 PRACTICE PROBLEM SET: -
Case 2: For0 << t<— 2 <1 Xi(1)xa(t — 7) :
1 . 2.6.1. Let x(n) = &(n) + 25(n — 1) - 8(n — 3) and h(n) = 25(n + 1) + 25(n — 1)
i !
T Wl = =2t +4); 4 ! ‘. i = x(n)*
Yy =) P xe® = | K1) d=2(t+ 4 3<t< - calculate (a) y:(n) = x(n)*h(n)
() s t _j3 :%/ P T 1 (b) y2(n) = x(n+2)*h(n) {€) ya(n) = x{(n)*h(n+2) p
ol t-319 t-2 ; +o .
y(t 26.2. Lety(t) = e"u(t)‘:( _z 3(t - 3k)
75 S - 0 jt<2 " 7 :
At-2) ;2<t<3 -Show that y(t) = Ae™ for 0 < t < 3, and determine the value of A
¢ y(H) = 2(-t+4) ; 3<t<4 : ) 2.6.3. Find whether the following LT} systém§ are causal & stable?
7 . : (a) hs(t) = &™ sin(2nt) u(t)
2 3 4 0 t>4 ) ) ' S 1 -1<t<0
(Byh®= <-1 ; 0<ts<1
0 ; elsewhere © .
o ©hm=C1"un) (d) hdn)= .2 sgn-2p) (e) hs(t) = (1-1) rect (t/3)
.. i : : p=-
A'-TERNAdT'VE METHOD: .l _ 2.6.4. Find the convolution of the following signals?
Ll : = +x4(t=2) (a) x(t) = u(t) - u(t— 2) & h(t) = u(t)
dt — (b) x) = u(t + 3) - u(t— 1) & h(t) = u(t + 4)
: : {c) x(n) = a" u(n) & h(n) = " u(n) for_ ia=pand ia=p
1 _ I , :
I : > 50 4 b : () x(n)=(71) u(n—4) andh(n) =4" u(2-n)
3 o . ;
5 7t ' 2.6.5. An LTl system has the L.R. h(t) shown in figure. Find the output if the input
l - .2 4 x(t) =8 —1) +3(t-2) +8(t-3) _ _ .
I , A xt-3) ' T
d : 3 yi(t= x1(0) "< () : o ~—> t
5 e=8t-2)-5t-3 WmA dt - T R I R A
- 2.6.6. For the interconnection systei shown in fig, if the impulse responses are
j y® hit) =8t~ 1)
2T . hao(t) = &2 u(t) hyy=8(t-1) —
: t het) =™ D ut +2)
Y1) = xq(t) * x2(t) =j yi(t) dt Find the overall impulse response?
- b
. —> i X(t) - — + .
— 2 3 4 s 0 2O (Rl || htt +Oﬁ
— T
Lha(t) §
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: t
2.6.7. Consider an LTI system with input& output related by y(t) = j e *x{t- <) dv.

0.
(@) Find .R  (b) Is this system causal? Why?
(c) Determine the system output for the input x(t) = u(t + 1)

26.8. Let x(n) = {2, 4. 6, 8} , ;
() Find y(n) = x(n}*%(n) (b) Find y,(n) = x(2n) * x(2n)
() l_:lnd ¥2(n) = x(nf2)*x(nf2)

2.6.9. Find the periodic convolution of x(n) ={1,2, 0, 1} &h(n) = {2 2,3, 0}

2.6.10. Consider 2 systems described by h,(n) dn)+adn-1)& hz(n) (0.5)" u(n)
Find the response to the input x(n) = (0.5)" um) if
-(a) 2 systems are connected in parallel with a = 0.5, - 0.5
(b) 2 systems are connected in cascade with a = 0.5, - 0.5

2.6.11. Given 3 sxgnals h(n), g(n) &r(n), express g(n) in terms of r(n)
i g(n) = Z hn+k) h(5-K) ()= Z h(n - k) h(k)

=-~0 k=0 _
-Ans: g(n} = r(n+5)
26.12. Ifh(n)=Ad(n) + (%)" u(n) is the unit éam_ple response of a LS| system, and s(n) is the

step response, find ‘A’ so that Lt s(n).=0?
) n—>w

2.6.13. The LR of a D.T LTl system is given by h(n)-= (0.5)" u(n) of the input is
x(n) =2 S(n) + 5(n — 3). Find the output atn= 1 & n = 47
26.14. AnFIR system is charactensed by '

Y(n)=0.2x(n) - 0.5x(n=2) + 04 x (n - 3)
Given the input sequence {-1,1,0,-1}is apphed to this system, find the output

~ 2.6.15. Given that the RL filter has LR h{t) = 5(t) - egfut u(t) -
Find the step & ramp response? L : '

+ o+
x % v
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CHAPTER 3. FOURIER SERIES

- Representing CT signals as superposition of complex exponentials leads to frequency —
domain characterizations. eg == A human ear is sensitive to audio signals within the frequency
range 20Hz to 20 kHz. Typically, musical note occupies a much wider frequency range.
Therefore the human ear processor frequency components within the audible range & rejects
other frequency components. In such applications, frequency-domain analysis provides a
~ convenient means of solving for the response of L.T.I. systems to arbitrary input.
- By using F.S; a nonsinusoidal periodic function can be expressed as an infinite sum of
sinusoidal function.
S Sinusoidal signals arise in describing motion of planets & periodic behavior of earth’s
climate. A.C. sources generate sinusoidal voltages & currents.
> There are 2 reasons for evaluating the F.S.
1. To obtain an expression for f(¢) that applies everywhere, rather than only over a
single period. ' S :
2. To obtain phasors, which indirectly tell how much power is available at each
harmonic of the waveform.

3.1 ANALOGY BETWEEN VECTORS & SIGNALS :-

> Signals are not just like vectors. :
A vector can be represented as a sum of its components, depending on the choice of

coordinate system. A signal can also be represented as a sum of its components.

> We know that an arbitrary M-dimensional vector can be represented in terms of

M orthogonal co-ordinates.
A vector is specified by its magnitude & direction.

: - C
FIG (a) FIG (b) ' FIGTo) L
Consider 2 vectors ? &_)_(bas shown in figure. Let the component of { along Xbe CX.
(Geometrically the component f along x is the projection of fon X)
From Fig (2) ? = C—)-(—' +?

. — — — —
FromFig®&@©) f = GX * e 7 X + ®2

. — —
1f we approximate fby CX, f = X

M. NARASIMHAM

X

.

35 ' i ' | '
[35] S & S - Fourier Series ACE ACADEMY
Error in the approximation e = f - CX
Minimize the error vector, such »that_F and T(’are approximated
—
length of the component f along ? ='C|§|> =m Cos 8
— —
CIXP* = [f[.] X |coso i
—
=f . X
X
C=—"7—
IXf

— —

'} 2 vectors f ?_,
. X

! & X are orthogonal if inner (or) scalar product =0
= If we consider 2 basis véctors?& T
orthogonality T’ . T = T . T’ =0
- Orthonormal Property
o —
" unit magnitude i 1_> = T . T= |
. Compenent Of A Signal
gt~
. + SR 1 -En= ;
N 1 AR / x(t)=Sint gO=Ce et
. . - ,” - \\‘ _ ~ B . - tz - -
1T J gy x dt
0 ; — t €= _u
LA 20 G
— [ %) dt
N - - -
Note :- " t
2 signal 2 i ' f |
ignals g(t) &x(t) are said to be orthogonal over the interval (1, tp) if fgx*tyd= jzX(t)g*(t)dl:O
Th - o0 . . t2 t tl t
ey are also sald\tq\_ be orthonormal if they satisfies Ix(t)x*(t)dt= fg(t)g*(t)d[:] ( Unlit magnitude)
. ude
t £ :
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P3.1. For the three continuous functions shown in figure 3.1

() ai® #30)

T 0 T
T 0 T T 0 T

figure 3.1

a) Show that the functions form an orthogonal set
b) Find the value of T that makes 3 functions orthonorma!

c) Express the signal x(t)= J A for 0<t<T
0 elsewhere

in terms of orthogonal set determined in (a)?
) . T ) T T ’
Sol:- a) For all the 3 signals |15 () dt = (@,t)P dt = g 1D5(t)dt = 2T
T T : :

. /
~

Unit — Magnitude property

. T T T
Orthogonality ITG‘(QQZ(O = Tf D ODs(t) = { i) Ds(t) =0

b).For orthonormality 2T=1=>T=%

&) x(t) = C1Z 1) + C2 Do) + G D 3(V)
l - —

2 »
Ci=— [x(t) @i(tdt but Eg=2T
Eg 4]
2 T
T v
Cr= 2T IA(1)=A/2 C= o1 IAdt - IAdt =0
— 0 _ 0 T2

Similarly C;=-AR2

o X =A2 [ Dit) - ) 1

© Wiki Engineering
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3.2.1 TRIGONOMETRIC F.S.(T.F.5)

= Any practical period; ; :
' periodic function of frequenc
. . Y @p can be expressed as an infini .
{or) cosine functions that are integral muitiples of . p an infinite sum of sine

8(1) =ag+ a;c0500t + a,c0520gt + - - - - - - . . _
. e .
+bysin@o t + bysin2 gt +

gB=2a,+ X a,Cosnw,t + businn,¢

|

d.c. a.c

@ - Fundamental frequenc;y

ag,80,b, > TF.S. co'eﬁicient;c{.'

Ny . T
' ao"-*-l/'l"ofg(t)dt = d.c. (or) Average value
,=2/T fg(t) cosnetdt
T
b., =2/T; fg(t) sinnQtdt

Polar form of T.F.S:-
. S LT ' Jdn]
o g®=dg+ ), dncos(nmet£0,). !
n=}{
’ One-sided
do= 2 — f spectrum

= a2
ldf= Va'+ b2 ———s Magnitude spectrum

-]
6, = Tan .(—bn/an_) —— Phase spectrum o]
. Wo 2wy 3@ nw,
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Effect of symmetry on Fourier coefficients:-

Symmetry Condition a a, b,
Even ait) =g () ? ? 0
Odd Jgy=-g(H 0 0 ?
Half-wave gy =-g(t+T/2) 0 =0;neven = 0;neven
=7?nodd =?;nodd
3.2.2 EXPONENTIAL (OR) COMPLEX F.S:- ey
. - 2-sided spectrum
—jnw,t [
gt = Z e
n=-ow
- jnet 2@ - W 0w 20, nén

T
where Co= T Igft) e dt
0

exponential F.S. coefficient

- Interms of T.F.S. coefficients Co=29; C 1= 8,-3by ; C.p=2,+ b,
: 2

2

P3.2.1. A periodic signal is given by x(t)—3sm(4t+30°) 4cos(12t-60°) find the amphtude of

second harmonic?

P3.2.2. Which of the following sngnal is not the representation of F.S.?

a) Cos3t+sini2t

b) +sinnt

c) e .. d)cos2mt+sin6t

P3.2.3. Find the T.F.S representatioﬁ of the periodic signél %(t) shown in fig.3.2.37

x(t)

© Wiki Engineering
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P3.2.4 :- Find the symmetry of the signals shown in figure 3.2.47
fit '
(a) ® ®) e{t)

2z T } @ , | MO

t : zw o][ {z); |
-1
Fig. 3.2.4 , -l

P3.2.5, A periodic input sxgnal X(t) shown below is applied to an L.T.L. system with frequency

response

H@)={1;0] <4

0;lo|>4n

find the output?

x(t)

-2

a DR 2 3 : ot

P3.2.6. Obtaip the T.FS. & E.F.S rebresentations of the periodic sigﬁal x(t) shown in fig.3.2.6?

x(t)

\'2
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P3.2.7. For the periodic signal x(t)=2 + Cos [Z_ﬁ] + 4 Sin{m} find the E.F.S. coefficients?
3 3

P3.2.8. Consider an ideal LPF with frequency response H(®) = |, [®] < 100
. 0, |of > 100.
When the output to this filter is a signal x(t) with T=n/6 & F.S. Coefficient C,,, it is found
that x(t)> y(t)=x(t), for what values of “n™ it is guaranteed that C,;=0?

P3.2.9. Consider the two-sided signal spectrum shown in figure for signal x(t), find x(t)?

Magnitude
4
3
1
N 2
f(Hz)
28 20 -12 0 12 20 28
Phase (deg)
" 180°
T . = : ftiz)
28 200 -12 0 127 - 20 .. VY28 - -
-180° —

Convergence of F.S:- (Dirichlet Conditions)
T N
- 1) x(t) is-absolutely integrable i.e., J [x(f)}dt < «c
0

2) x(t) has only a finite number of maxima & minima
3) The number of discontinuities in x(t) must be finite .
These conditions are sufficient, but not necessary.

© Wiki Engineering
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3.3 PROPERTIES OF F.S.

1. Linearity :- x()+——» C,
Period=T
y()y >4,
Then ax(t) + By(tt—— aC, + f8d,

2. Time-shift :- x(t) «——» C, then x(t-t)) «—» C, e -j n gty )

when we shift in the time-domain, it changes the phase of each harmonic in proportion to its
frequency n(,,

P3.3.1:- The F.S. co;efﬁcient of the signai x(t) shown in fig (a) are Co=l/n, C=-j0.25,
C=Un(1-n°) (n even) Find F.S. coefficients of y(t), f(t) and g(t)?

| x(1)
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fit)

gt)

P3.3.2:- Let x(t) be a periodic signal with period T and F.8 coefficient Cn

 Let y(t)=x(t - to)+x(t+ to). The F.S. coefficient of y(t)_is d;.
" Ifd,= 0 ¥ odd n then t; can be
a) T/8 " b)T/4 oTr—— @27

. Mt
3) Frequency Shift =x(f) «—> C, then x()e” «—» Cp.M

4) Time-Scaling:- x(t) «—C,

X(at) «—C,

Time-Compressing by o changes frequency from 0 o to & G

© Wiki Engineering
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5 Différentiation in time:- x(t) ¢— C,

datx(() > (jn020)Ca

P3.33:- By usingﬁerivative method, find F.S, coefficient of the signal shown in figure?

Xt

Az

f - >
t
an d2|d2 2 7

6) Parseval’s Power theorem:-

) . T C 4
x(®) «—>C,  then UT J ix(tyae=2|Cn]’
] n=—

P3.3.4:- Find the power upto II harmonic for the periodic signal shown in figure?

X(®) . '

| 0 1 2 340
e o FS 1n]
P3.3.5:- A periodic signal has the F.S. representation x(t)«—» C,=-11 2 Without
" finding x(t), find the F.S. representation [d, & @] if
(@) (=@t o ) yMEd x@®) -
_ ; dt

(©) y®© =x(+-1) (@ yO=Re{x(®)} (e) y(t) = cosdnt x(t)

WWW.raghul.org
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P3.3.6:- Match the following

List — I (Periodic fuction) List-11 (Properties of spectrum)

A) Impulse train 1) Only even harmonics are present

o T o T t 2) Impulse train with strength 1/T
B) Full-wave rectified sine wave 3) ((::3; K%JZJ C-(S: T;ll//zéj
() 2sin(iW6) cos(4nt/6) |
45 Only odd harmonics are present
D) 1 |
o TR T ! 5) Both even & odd harmonics are present

3.4 Systems WITH PERIODIC INPUTS :-

2 If we apply an Input of the form x(ty=¢"", then the output is y(t)=e¢'*H(w), where H(0) is

_known as frequency response of the system.

- Knowing H(®), we can determine whether the system amplifies or attenuates a given

sinusoidal component of the Input & how much of a phase shift adds to that particular

component.
— - +oo
jnd)
- The response y(t) of an LTI system to the-periodic Input x(t) is y(t) =% Cn H(neg)e ™"
: . n=-ow

© Wiki Engineering
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P3.4.1 Find the Output voltage of the system shown in figure, if the Input voltage is

X(t) =4cos2t

L=1H
4o n— *
X0 . r=10 3 ¥ -

W

3.5 PREVIOUS QUESTIONS : -

1) One period (O, T) each of 2 periodic waveforms Wi & W5 for n21, n odd are respectively

S ” gﬁgponional to w, GATE
s 1 W,
D il&l b)Y & Z\
’ 0 T/2 T 0 b
X . . t T
¢)ln" & In” oY & b
-1
; . _ -1

2) Choose the function f(t) ;-cc<t<ec for which F.S. can’t be defined GATE
a) 3sin(25t) b) 4cos(20t+3)+2sin(10t) ¢) e 'Isin(251) d)1

3) For the signal x(1), E.F.S. coefficient is C,.. one of the coefficient is observed to be C3=2+j3,

then C; is GATE
2) 23 b) 2-§3 ¢) 342 d) 32 '

4) Consider the signal x(t)=10cos(10nt+n/7) +4sin(30nt+n/8). It’s ﬁéwer lying within the
frequency band 10Hz to 20Hz is _ " DRDO -
2)4W . . .b) W . c)50W ~d)58W . :

5) Consider the trigonometric series, which holds true Vt, given by DRDO )
x(t)=sin@ot+1/3sin30ot+1/5sinS@yt+1/7sin 7Ot - = = = = == - - - At gt = 1/2 the series -
converges to ,

a)05 - b) /4 c)n/2 d)2

6) The Il harmonic component of the periodic waveform given in the figure has an amplitude of
@0 B ®)1 -
(©)2x @5

+1 —

of ™2} . It

-t
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[47] S & S - Fourier Series ACE ACADEMY
‘ _ ' ‘ | GATE
7) The TFS for.ihe waveform f(t) shown c9ntalns ) . e 3.6 PRACTICE PROBLEM SET :~
a) only cosine terms with A . . .
® zerﬁ d.c. component ' _ | : P3.6.1 .Obtain the F.S expression for the ware form shown in fig.1?

(b) only cosine terms with ~~ ~——=" _ BEEE e
positive d.c. component : T

. . —_— e t ()

(c) only cosine terms with negative 3 1T 7 ofT| T. 3T T
d.c. component ) a3 4] 2 % : ’
(d) only sine terms & negative o ) .
d.c. component — | L
~ T A K - 1] T 2n t

8) A function is given by f(t) = sin t + cos 2t. Which of the following is TRUE? GATE _ ;
(a) f has frequency components at 0 and 1/2n Hz - - Co ' o 2. Fig(1)
(b) f has frequency components at 0 and 1/x Hz S ‘

(c) f has frequency components at 1/2n and 1/ Hz - . : : L . P3.6.2 Cal . . )
(d) £ has frequency components at 0, 1/2% & 1/x Hz . | : ] 7 6.2 Calculate the F.S expression for the function shown in figure (2), (3)?

1)

9) The fundamental frequency of the composite signal . .
x(t) = 2 + 3c0s(0.2t) + cos(0.25t+7/2) + 4cos(0.3t - 7) is DRDO
(a) 0.05 rad/sec (b) 0.1 rad/sec (c)0.2 rad/se_(_: (d) 0.25 rad/sec

lO) The average value of the penodlc signal x(t) shown in fi gure is N DRDO

x(1) L
: - . . 1 | t
| ’ 4 -3 -2 -1 'y 1 2 -3 4 5 .

3
t Fig 2)

(a) 5/6
() 1
©5s
)6

I .
% 43 2 0 234 6 8910

)

11) f(t), shown in figure is represented by f(t) a,+ Za cosnt+b sm nt The value ofa, is ) -
n=l

. LY GATE
(@0 o2 : st

. ' ’ -4 2 0 2 4 t
-n ol = 2n] 3= ! ' TN\
’ \' - ~1 \] . -1
; -1.5 ] :

Fig (3)

© Wiki Engineering www.raghul.org




ACE ACADEMY . S &S -Fourier Series (48]
3, The F.S representation of x,(t) shown in figure is given by )
: x,(t)=l/2-4/1t2[cosnt+ 1/9cos3nt+1/25¢cos5ntt - ~= - - - -~ ] obtain the F.S. of x2(t)?
K xA(6)
xi(t)

4). Determine whether the functions given can be represented by a Fourier series?

a) x(ty=cos6t + sin8t + &
b) x(t)=cost + sinnt
¢) xa()=x1(t)+ x(3t) where x;(O = sin(nt/6) & xz(t) sin(nt/9)

+a
5) Find the F.S. coeflicients of X(9 = Zu(t-K)- u(t-1-K)

K even

6) The magnitude & phase spectra of a periodic signal x(t) are shown in figure

magnitude : Phaseddegrees)
' 90°
’ N 60°
1 In _ S 12 ! _
3 a0 1 3 fHz) 2
fld7)y
30°
, -60°
a) Find the TFS representation? 90°

b) Draw magnitude & phase spectrum of ) N
i) f(ty=x(2) i) gt} = x(t-1/6) jiijh(t )=d ~=

© Wiki Engineering
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7) Let X{K}] be the E.F.S coefficient of a periodic signal x(t), find the F.S. coefficients of the
following?
a) f{t) = x(2t) b) g(®) = x(-t)
¢) h(t) = x(-2t) d) y(6) = 2+x(20)

".8) The periodic signal x(t)=[sin250xt] is applied to an ideal filler as shown.

Sketch the Output spectrum of the filter if
————3| Ideal Filter -|-——3
a) Ideal filter blocks all frequencies post 200Hz  x(t) y()
. b) Ideal filter blocks all frequencies post 400Hz '
c) Ideal filter passes only frequencies in the range 200-400Hz

9) Let x(t) <—> C, with period T. Find F.S. coefficients of following signals in terms of “C >
a) X(t-t,) + X(t+to) B Evix(t)}  c) d¥de x(1) d) x(3t-1) e) x(-)

10) The power in the first 4 harmonics of the signal shown in figure is 1.28 joules, what is the

power in rest of the harmonics? - y

x(t)

22 -1 0 1 1 2

<2

11) Consider an L.T.1. system with impulse response h(t)=¢u(t). Find E.S. representation of

oﬁi;ﬁ;it if Inplit is x(t)= 25(-t-n)-»

==«
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12) The F.W.R. sinusoidal voltage is fig(a) is applied to LPF of fig(b) obtain the output voltage

vi(t) of the filter?
Valt) 2
. -9 O
—+ .
oF  —L 100 § Vo
TN
o am 0
Fig (a) Fig(b)

13) Given the set of functions shown in fig() show that this is an orthogonal set & that each
member of the set is normalized.

N
(i) If x(t) = cos(2nt), o<t<l, find y(t) expressed as y(t) = XdDn(t)
= K=t

(i) Repeat part (i) for x(t)=sin(2xt), 0<t<1

-;h ® 0 | |e0
1
1
- | |
0 0 0.5 1 0 05 1 Vt
i t REN

a4+
Fig (a) .
b
HINT:- Use de=Jx(t) @n(t)dt

14) Consider basis funciions o the form y,(t)=w]2— ¢*;t>0 & second one of the form
ya(t)=Ae?+Be* ; t>0. Find A & B such that y;(t)&yx(1) are orthogonal over (0, ).
o0
15) The E.F.S. representation of a signal x(t) over (0,T) is x®) =% _3 e
= 4+(nm)’
a) Find T?
b) One of the components of x(t) is Acos(3mt). Find A?

© Wiki Engineering
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E.F.S coefficients of several signals:
i) Half-rectified sine wave

—A
' _ n(l -n’) ,n=0, 2, +4,.
C,= 0 ,nodd &n =+l
A
} .
0 T2 T '

4 ,n=1xj
t
i} Full-rectified sine wave
A
: __ oA
1t_(-1-n2) ,neven
Cn = .
0 ,nodd
0 T2 T, ' '
fii) Pulse-train
i = v —3
. ) ' - C, =.A1_ sinc(nfyr)e 2™
- o —To
—>| 1 |«
0 : '
To _
iv) Square wave o
2A
A [} = ,n=11, 45, ..
' ' Cp= 2A
i - t ) njm  ,n=83,47, ...
A T

0 ,n even
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Chapter 4 : Fourier Transform (F.T.)

4.1 INTRODUCTION:

- Fourier Transform (F.T.) provides-@ frequency domain déscription of time domain signals
and is extension of F.S to non-periodic signals.

-> CTFT expresses signals as linear combination of complex Sinusoids

- Transformation makes the analysis of signal much easier because certain features which may
be obscure in one form may be obvious in other form .

->-Spectrum of F.T. is continuous whereas spectrum of F.S is discrete.

F.T (or) spectrum of a signal x(t) = X (®) = f x()e g . (1)
NN
Inverse FT. AR T isx()= . JX(@)e 3O ey e (2)
> XM= +}°x(t)e—j2nf1dt : l x(t): f;( e prft ge
X(t) > X(0) '
<« X{f)
<« X(jo)

P4.1.1 Ifx(t) is a voltage waveform, then what are the units of X (f)?

P4.1.2 For the signal x(t) shown in figure, find 4 X®
a) X0
N 2
b)) o o I\
O [ x@) do : 11N
' 1 012 3 !

Convergence of F.T.:-
’ +c0
1) F.T. is defined for all stable signalsi.e., [{x(t)|dt<co

®

2) Periodic signals, which are neither absolutely integrable nor square integrable over an infinite
interval, can be considered to have F.T. if impulse functions are permitted in the transform.

3) x(t) have a finite number of discontinuities and finite number of maxima and minima within
any finite interval. ’

M.L. NARASIMHAM
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F.T. Of Standard Signals:

1) Decaying exponential
-at
xM=eut), a>0 «—— _ |

e

1IX@)|

2) Increasing exponential

eu(-t) — 1

a-jo

3) C.T. impulse function 8 (t) «— 1

\4
e

—]——*t H
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4) Rectangular (or) Gate function:-
x(t)= Arect.(tT) (or) Am (t/T) «—> AT SinC(oT/2)
| | AT | xX(@)]

A x(t)

2 0 2 t 4RIT -1RIT 0 T AT

/T

AT ST ) ant W

.T -7

4. 2 PROPERTIES OF F.T.:

1) Linearity:- x(t) «— Xi(®) and x;3(t) «—> X2(®)
then a x; (t)+ b x; (t) +—> aX; (@) +bX; (®)

P4.2.1 rind the F.T of the signals Hx®H=°¢€" At 1 Two sided exponenuaq
(i) x (t) = Sgn(t) [ Slgnum function]

2) Time — Scaling:- x () +—> X (®) then x (at) «—> l___IX (®/a)
a

Expansion <> Compression

Linear scaling-in time by a factor of “” corresponds to linear scaling in frequency by a
“factorof “1/a” : .

P4.2.2. Find the F.T. of the signals’
(@) x () = Arect(t/2T) (i) x2 (= Arect. (2t/7D

© Wiki Engineering
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2, y®

P4.2.3. Find the F.T of the signal
shown in figure? 1

3) Duality (or) Symmetry:- _
X X (@) then X ()¢ 27 x(- 0)

P4.2.4. Find F.T. of the following signals:
o x@wy=1 (i) -x(®) = 1/@+j) (i)x@®) = 2a/@+1) @)x®)=1/m

P4.2.5 Find the F.T. of x{t) = u(?)

4) Time — Shift:- x(f)y«—> X(@) then x (t—t))«—> € X (@)
Time — delay in a signal causes a linear phase shift in its spectrum

P4.2.6 Find the F.T. of the signals
S (@)x@e) = _C_".Jtu -1 (i) z()= c[(t-1)/2] (i) y®)= G2le2l

5) Frequency — shift (or) Modulation: -
Ifx (<> X (@), thenx(t)e!™ +—> X (®-@)
Modulation spreads the signal spectrum to higher frequencies -

P4.2.7 Find the F.T: of the following signals ? .
" (i) Cosagt (i) Sin gt (m) e™Sin mctu(t) (iv) A rect.(t'T) Cos @t

P4.2.8. Find the E.T. of y(t) = 4 Cos2t

+1

6) Time — reversal: - x (t) " X(®) then x(-t)+— X(- ®)
Only phase spectrum changes :

P4.2.9. Let x(t) =rect. (t-%2) { whererect.(x) =1 for-% <x<%} then
“if Sing(x) = Sinnx_. E.T.of x(t) + x(-t) will be given by
TX,
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7) Differentiation in time:-
x(t) «—> X(0), then dx(f) <—>jo X(w) c)
dt ' ys(t) 4 1 Ya(®) .
Differentiation accentuates the HF components of the signal 1+ Sinmt
Differentiation destroys any d.c. component of x(t) i.e., E.T. of the differentiated signal at @ = 0 is zero
t
P4.2.10 Find the F.T. of the signal x(t) shown in fig? A ¥ ] t ; t
¢ -1 0 T
! ;V‘ t . -1 L .
;T 0 T : . .
P4.2.11 Find the E.T. of the signal y(t) = d_ [u(t-2) +u(-t-2)] X(®)
d j\jﬂ
P4.2.12. For the spectrum X() shown in figure, N ) - Ye(t)
find _d x(t) att=0 ? ' -1 0 1 o _ ¢) . L
it . ys(t) _ B 2 g
-jin T /_—
8) Frequency Differentiation:- ' T ! ¢ ' t
‘ o -1 0 l : 1 0 1
x(t) «—>  X(0) thén -jtx()«— d_ X(®) o E . _
; a0 ) : 1 '
P4.2.13.Findthe F.T.of y(t) = te™u(t) '
P4.2.14 Find the F.T. of t ¢ 1"}, hence find the transform of __4t _ : . o ®
. 1+ 2 )2 ) ~ - ) yi(t) - Ys
P4.2.15 Given x(t) > X(w), express the F.T. of the following signals in terms of X(®) ? g h)
‘ . . +1
CDx@) = x@-9+x(-2) (i) x (1) = x(3t-6) _ _ 1 - LT -
Giyx @) =& x(=3) (V) x4 (©) =t dx(t) ) - — t S — ,
dt dt 0 4
. . -1
P4.2.16 Givenx (t)= | 1;]|t|<1 «—» 28in® Find the F. T of the following signals?
0 ; elsewhere (V]
~ 9) Convolution in time:
a) , iy b) ¥2(6) ) : X(t)+—>X(0), h(t) «—» H(w), then x() * h(t) «— X(0) H(®)
2 L .
= Convolution in one-domain corresponds to multiplication in frequency domain
.t .t - F.T. of impulse response, h(t) is known as frequency response, H(e)
0 2 -2 6 2 = Since h(t) completely characterizes an LTI system, then so must ﬁ((n)
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P4.2.17-Given y(t) = x(t) * h(t) and g(t) = x(3t) * h(31) such that g(§) = Ay(BY), find A & B

P4.2.18 An L.T.I system is having LR. h(t) = Sin 4t for which the input applied is
Tt
(t) Cos2t + Sin 6t, find the output ? ?

P4.2.19. Consider a causal LTI system with frequency response ] .
H(®) = _1 Find the input such that the output is y(t) = & 'u(t) -€ lu(t)

jo+3
o - jo+4d
P4.2.20. A causal & stable LTI system has the frequency response H(w) =m

a. Find the impulse response? « o _
b. What is the o/p when the Up applied is x(t) etu®)—te  ut)?

P4.2.21 Consider the system shown in fig(a). The F.T. of the input signal shown in ﬁg (b)

Find F.T. of y(t) given w(t) = Cos (5 7t) and h(t) = Sin (6mt)

Tt X(@)

-m T
w(t) Fig(a) Cos(5nt) Fig(b)

10) Frequency Convolution:-
() <> X;(@) and xx(t) «—>X;(0) then x;(t) xa(t) <——> 1 [X((a)* Xz((n)]

n
- P4.2.22 Find the F.T. of y(t) = x(t) Costqt ? ]
11) Integration in Time:- N
K x(t) <> X(®@), then I x(7) dt «—> X(®) ifX©0)=0
) io
<« X(@) + nX(0) §w) ifX(0) #0
jo it

P4.2.23 Findthe F.T. of jSianﬂ:t[dt
° mt
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12. Rayleigh’s Energy theorem (or) Parseval’s Power theorem:-
It states that the energy (or) power in the time domain representation of a signal is equal
to the energy (or) power in the frequency domain.

—> The power (or) energy spectrum of a signal is defined as the square of magnitude Spggt[}-l:l_"l_:l:___‘

[ 1X@)Pda . -

-

*E.S.D. (or) P.S.D

+o©
[ x@®Pde =_1
- 2%

If x(fy+—* X(@), then

P4.2.24 Find the energy in the signal x(t) =Sinat ?
Tt
P4.2.25 Find the energy in the spectrum shown in fig.? X(@)

T Vn

Vn/2 l

-1 -0.5 0 05 I

v
e

P4.2.26 An input signal x(t) = e ™ u(t) is applied to an ideal L.P.F with frequency response
characteristics H(w)= [;]0|<0,
0;| 0] > 0
Find Oc, such that energy in the output is half that of Input energy?

P4.2.27 Consider x(f) <+ X(®). suppose we are given the following facts
i) x(t) is real and non negative

F' {1 +jo)yX (@)} = Ae¥u(, where ‘A” is mdependent of t

+ o0
iii) ,[ | X (@) ] do =2 T, find a closed-form expression for x(t).
-© +o0
P4.2.28 Find the value of the integral I 8 do,
To(@? +4Y

www.raghul.org



ACE ACADEMY S & S—Fourier Transfo‘rm (601 ' [61] S & S - Fourier Transform ACE ACADEMY
Fourier Transform Of Useful Signals: Fourier Transform Properties :
PROPERTY X(f) - form X(@) - form
X(f) form X(w) form
Signal, x(t) ® Linearity Lo
1 1 axy(t)+bxa(t) aX(f)+bXa(f) aX,(@)+bXyw)
e™u(t), a>0 a+j2nf atjo. - .
Time-Scaling - )
1 I x(at) VjaX(fa) 1/jafX(@/a)
eu(-t), a>0 a-j2nf a-jo
Time-reversal
- - “x(-0) XD X(-0)
a(t) 1 1 :
Tiime-Shift 2w o
“X(t-to) M X() 1% (@)
A, Constant AS(f) 2nAS(0) B
- Frequency Shift
eqx'(t)e,%m X(E-£y) X(©-00)
A rect(t/T ATSinc(fT) ATSinc(wT/2) -
“n d x(t) <> j2afX(f) d x(®) <> joX(o)
: - Differentiation in time dt dt
Sinc(t Rect.(f) Rect.( @ /27) :
0 _ -j2mtx(t) <> d_X(D) [jx@® <> d X(@)
22 2a Frequency Differentiation df do
&M a*Hn’f a+o?
Convolution in time
‘ 5 XO*O) X(OHO X(@)H(@)
Sgn(t) jrf 2/jw g . . .
u — _ Freqqen:y conv;)lution Xi(* Xalf) 1 Xi(0)* X2(0)]
\ 1 +058(/) 1 +7d(w) ' X1 X2 oz
uH j2rf jo Integration
S(f-fy) +8(F+Eo) t :
Cosagt 2 T3(@ -0 o}t 80 @ o)] fx(pdt X + 05X(0)5(f) X(®@) + 1X(0) 8(c)
o j2nf jo
S(f-fp) -3(f+io) i e
Sin,t 2 Wj[8( - o)- 8( +o o)] Parseval’s theorem +o "t
£ | i3 T ofMa ﬁz(t)dt LGRS 12 fix(@)fd ®
éa _a— e- ? fQ/a a - e ™ 00 -0
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4.3 DISTORTIONLESS TRANSMISSION:

In several application such as signal amplification or message signal transmission over
communication channel, we require that the output waveform be a replica of the Input waveform
- Transmission is said to be distortionless if the input and output have identical waveshapes
within a multiplicative constant (or) a delayed output that retains the input waveform is
considered to be distortionless.

- For distortionless transmission, the input x(t) and output y(t) satisfies the condition

1({)=_kx(t¥to) '

HO)= Y(@) =Ke™® H(®) = 0 (0) = - oty
- X(w) .
{Hw) | =k
. _ - =
, R - e Slope = -,

o
-> For distortionless transmission, magnitude response must be a constant, phase response

must be a finear function of @ with slope —tg, where t, is delay in output with respective to
input. :

> If the gain is not constant over the required frequency range, we have amplitude distortion. If
the phase shift is not linéar with frequency, we have phase distortion as the signal undergoes
different delays for different frequencies.

<> Ideal filters are noneausal, unstable and physically unrealizable.

> Fér"a’physically.realizéble system, h(t) must bé Causal i.e., ht)=0for t < 0. In the frequency
domain, this condition is known as Paley — Wiener Criterion which states that the necessary
and sufficient condition for the amplitude response | H (® )] to be realizable is

+o0

]

-

do® < o

In H(»)|

1+

source to destination the amount of delay caused is known as phase delay.

H(0)=-68(@) -
(0]
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- Phase delay is not necessarily the true signal delay. A steady Sinusoidal signal-doesn’t carry
information. Information can be transmitted only by applying some appropriate change to
Sinusoidal wave. Suppose that a slowly varying signal is multiplied by a Sinusoidal wave so
that resulting modulated wave consists.of a narrow group of frequencies. When this
modulated wave is transmitted through the channel, we find that there is a delay between -
envelope of Input and received signal. This is known as envelope (or) group delay (True
signal delay) s

@ = -do@ia ]

P4:3:1-For a linear phase channel, what is t,& t; ?

P4.3.2 The system under consideration isan RCLPF with R=1kQ & C=1pF
a) Let H (f) denote the frequency response of RC LPF. Let f; be the highest frequency
component such that 0 <|f|<f;, [H{f)] 20.95 thenf; (in Hz) is
' tHOI
a)327.8 b) 163.9 €)52.2 d) 104.4

b) Let t, (f} denote the group delay of RC LPF and /> = 100 Hz, then t, (f; )in.msec, is_
a)0.717 b) 7.17 c)71.7 - d)4.505
P4.3.3 Consider a distortionless transmission system H(e) with magnitude and phase response -

as shown in figure. If an input signal x(t) = 2Cos 10xt + Sin 26 = t is given to the system
., H)

the output will be ) .
. __' 1
a)4 Cos 10 nt + Sin 267 t ——-|—' —-—

[} [ - [l o

+Si
b) 8 Cos 10 Zt.l. Sin26m t -40% -20x 20n 407 © (rad/sec)

¢)4 Cos (10 xt - w/6) + Sin ( 26m t—[13 7/ 30]) ”

d)8 Cos (10 nt - n/2) + Sin (26m t— /2 ) :

-30n 30n ®

P77 BEETEEEER —

P4.3.4 An RC LPF with a time constant of 16 msec is excited by a modulated signal
x(t) = Sin (2at) Cos(20at). Find the phase and group delays at 10 Hz?
Ans: 12.54 msec, 7.95 msec
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P4.3.5 Suppose a‘-transmission éystem has the frequency response as shown in figure. For what
range of frequency there is no distortion ?

| Lol
- [ -
Arg H(H 7 30 50 f, kHz
T -90°

4.4. HILBERT TRANSFORM: (I{.T) :
) The Hilbert transfor.m is an operation that shifts the phase of x{t) by - n/2, while the
amplitude spectrum of the signal remains unaltered. An ideal H.T. is an all pass 90° phase shifter.

H.T. is used in number of application such as representation of band pass signals, phase shift
modulators, generation of SSB. '

]
X(t) nt ——> XM =x() * | /7t
Frequency response of the H.T. = -jsgn(w®) : ‘ﬂm)
| H(w) | o g ' - n/2
R o (O]
- o ,
- : . T-n/2
Properties of H.T: ___ B —

1) H.T. doesn’t change the domain of a signal
2) H.T. doesn’t alter the amplitude spectrum of a signal

3) IEX(1) is H.T. of x(t), then H.T. of X(t) is — x(t)

4) x(t) and x(t) are orthogonal to each other.

P44.1 Find HT.of (1)x()=Cos@ot  (2) x(t)= Sine gt
@ -
(3) x() = X2, Cos nwy t + b, Sin negt
n=1 ) e
(4) x(t) Cos ( 2nf.p), where x(t) represents a signal band limited to B, f. >B
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P4.4.2 For the system shown in figure il x(t) = Cos t and h(t) = (1 / t), then the output y(t) is __

X o ] 1 | 0 }— 0

a)Cos t b) - Cost d)--Sint . 7
e
4.5 CORRELATION: _
> It provides a measure of the similarity between 2 waveforms as the function of search
parameter. ' T

-> An application of correlation to signal detection in a radar, where a signal pulse is transmitted
in order to detect a suspect target. If a target is present, the pulse will be reflected by it. If the
target is not present, there will be no reflection pulse, just noise. By detecting the presence or
absence of the reflected pulse we confirm the presence or absence of the target.

- In digital communication, the important thing is that ls.and 0s in the data stream be
distinguishable from each other so the receiver can reproduce the bit pattern that was transmitted.
-> Auto correlation function of an energy signal x(t) is

+% +o

R (D) =] x(® x(t-T)dt = | x(t+T) x() dt

ACF of power signals is
1% 17
Ry@)= Lt E—.Ex(t)x(t -7dt=1Lt 2—T:£x(t+t) x(t)dt

Properties of ACF:-
1) ACF is an even function of T i.e., Ry(T) =Ry (-T)
2) ACF at origin i_ndicates"e_ither energy (or) power in the signal

3) Maximum value of ACF occurs at origin i.c., R(T) S | R{OI VT

HR(D=x(D*x(-T)
5) F.T. of ACF is known as ESD (or) PSD

R(T) +—> Si(0)ESD/PSD

6) For an LTI system
Y (o) = X(@) H() X LTI | YO
| Y(0) = [X(@)Ho)! System h(t) .

Sv(@) = Sx(@) [H(@)}
output spectral density = { input spectral density ] [ o)l 1
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P4.5.1 Find the auto correlation and power in the signal
x(t) = 6 Cos ( 6 nt + w/4)

P4.5.2 Find the ACF of x(t) = &> u(t)

P4.5.3 Consider a filter with H(®@) =

and input x(t) = e u(t)
1+jo :

a) Find the ESD of the output" :
b) Show that total energy in the output is one-third of the i mput energy"

P4.5.4 A power signal x(t) whose PSD is shown in fig. is applied to . ”7Sx((0)
an ideal differentiator, find the mean square value of the k
output of the differentiator.

»(0
(0

- -2nB 27B

P4.5.5 A power signal x(t) whose PSD is a constant K is applied to a RC Iow-pass filter. Find

the MSV of output?
P4.5.6 Find the C.C.F of x(t) = ¢ u(t) and y(t) =e™ u(t)

E.T. of Periodic signals:

+o
)= X Coet™
pEee F.T.
+ o
Xp(m) 22X G ¥(0-nw) S T
F.T.ofa periodic Signal consists of a sequence of equidistant impulses located at harmonic

frequencws of the signal
2n/Ts

- <—.—>
2T, -% 0 T, 2T 2w W 0 Wo 2w
to 4o
T B(t-nTs) = > 21t Y 8o — Q)
n=-w n=-o
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4.6 SAMPLING THEOREM:-

Digital transmission of analog signals is possible by virtue of sampling theorem and the
sampling operation is performed in accordance with the sampling theorem.

"(lj Ideal sampling:- describes a sampled signal as a weighted sum of impulses, the weigits
being equal to the values of the analog signal at the impulse locations.

X S1ult)
x(t) Brut) multipéy

1T

T 0 2T, 3Ts
Analog signal & its spectrum Sampling function & it’s spectrum

X(@) 2n/Ts e
Convolve /\ /\
— w 1 .

-0, On . W 0 @ -coo om  ©q

0 T

ldeallv sampled signal & it’s spectrum

- An aﬁalog signal band-limited to a fréquency ®y, can be sampled without loss of
information if the sampling rate 2 20,

- To reconstruct the original signal, it is necessary that the B.W. of the original continuous
signal being sampled is smaller than half the sampling frequency [ ‘Nyquist frequency’]

-> Critical sampling rate is known as Nyquist rate NR = 20n

- If ©,< 20, (under sampling) causes spectral overlap, aliasing & irreversible loss of
" information

P4.6.1 Find the Nyquist rate & Nyquist interval for-each of the following signals?

Sin 2007t Sin 200nt]| 2
(a) (0 = t ®) x, ()= nt

(©) x3(t) = 5Cos1000zt Cos4000nt d) x4 (t) =€ “* u(t) * Sinat

Tt . R
P4.6.2. Let x(t) be a signal with Nyquist rate ®, Determine the Nyquist rate for each ofthe
following signals. .
(a) x(1) + x(¢-1) {b) d_ x(t)
v dt
(©)x(31) (d) x(t) Cos @t
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P4.6.3. Two signals x,(t) & x; (t) are band limited to 2 kMz & 3 kHz respectlvely find the
Nyquist rae of the following signals?
(@) x: (29 (b) x2(+-3)
(d) xi(t)x2 (1) (e)x; (1) * x2(1)

(©) x1 (1) + x2(t)
(f) x; (t) Cos(1000xt)

P4.6.4. A Signal x (t) = 100 Cos (247 x 10°t) is ideally sampled with a sampling period of
50 p secs & then passed through an ideal LPF with a cut-off frequency of 15 kHz.
Which frequencies are present at the filter output?

P4.6.5 The frequency spectrum of a signal is shown in figure U@) . .
if this signal is ideally sampled at :
intervals of | msec, then the frequency
spectrum of the sampled signal will be

© kHz

(a) (b

© @

o |

P4.6.6 A signal with 2 frequency components at 6 KHz & 12 KHz is sampled at the rate of
__16 KHz and then passed though a LPF having a Cut-off frequency of 16 KHz. The o/p
signal of the filter is
() is an undistorted version of original signal
(b) contains 6 KHz & spurious component of 4 KHz
(c) contains only 6 KHz components
(d) contains both components of original signal and 2 spurious components
of 4 KHz & 6 KHz

P4.6.7 A signal x(t)= 6 CoslOnt is sampled at a rate of 14 Hz to recover the original signal,
cut-off frequency-of the LPF should be
(a) 5<f.<9 ®)9 (c) 10 d14
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4.7 PREVIOUS QUESTIONS :-

(1). The F.T of the signal x(t)=e™ is of the following form, where A & B are constants

ST e o BEH GATE
“iayae B ©A+BIF  @Ae BT @Ae -

2) Let x(t) be the input to a LT] system. The required output is 4x (t-2). The transfer -
function of the system should be _ _ _ GATE
a)4e)4nf b)ze—jsm c)4e—j4nf . . d)zejﬂnf

3) Let x(t) and y(t) [with F.T’s X(f) and Y(f) respectively] be related as shown in figure. Then
Y({)is GATE

Yy
-2 .-l 0 .
t .
....... ﬂ_ 1

2)-12X(f2) e P b-12X ) e ™ o-X(@E) e d-X@)e’

4) The output y(t) of L.T.I. system is related to its input by the following equation

Y1) = 0.5% (t - e+ T)+ X (t—t) +0.5x (t~ta~T) GATE
The filter transfer function H(w) of such a system 'IS given by
a) (1+Cos@T)e 4 b) (1+0.5 Cos®@T)e?*"
¢) (1+Cos@T)e 74 d) (140.5 Cos@T)e""
5) For a signal x(t), the F.T. is X(f). Then LF.T. of X(3f+2)is . - GATE
A 12x@e”™  b1BxE@d)e™
03x@e™™ dyxGt +2)
6) Match the following :- ' o IES
List [ (CT function) List IT (L TFT)
A) €y : 1y et
1,]til — )
: | 0, lt>1 3 1
C)d x(t) I+ jo
dt
4) 28in®
: D) 2° o
s
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7) In the figure shown m(t) = 2Sin2mt, S(t) = Cos200xnt and n(t) = Sin199nt. The output y(1)

wittbe t t GATE
X VAR _ LPF ~ —> y®
m(t) :
- _ I Cut-off frequency=1Hz
: ‘PBgain=1 "~ - S
—s(t)— n(t) s(t)
. +
8) Consider a sampled signal y(t) =5 x 10%x(t) ¥ &(t- nTs) GATE

where x(t) = 10Cos (87 x 10%) and Ts = 100psec. When y(t) is passed‘ through an ideal LPF
with a Cut-off frequency of 5 kHz, the output of the filter is

9) Let x(t) = 2Cos(800mt) + Cos(1400nt) and x(t) is sampled with the rectangular pulse train
shown in fig. The only spectral components (m kHz) present in the sampled signal in the

frequency range 2.5kHz to 3.5kHz. GATE :
3 (PO '

a)2.7,3.4 b)33, 3.6
€)2.6,2.7,33,34,3.6 d)2.7,3.3

— : 4 —>t
T, T6 0 Ty6 T
T=10"sec
10) Which of the followmg is /are not a property/properties of PSD? GATE
(a) Sx(®) is real function of ® b) S¢(®) isan even functlon of ®
) S,(®) is non+vei-e., S, (®) <0 d) All the above
11) Match the following o IES
) List T (Application of signals) List IT (Definition)
(a) Reconstruction (1) A sampling rate is chosen
significantly > the Nyquist rate
(b) Oversampling (2) A mixture of continuous & diserete
‘ ) Signals
(c) Interpolation (3) To convert discrete sequence back to
_ continue signal & then resample
(d) Decimation (4) Assign values between samples &
: signals.

© Wiki Engineering

12) FTofx(tyis 2Sinno then F.T of x(t) €™ is IES
[0)]
13) What is the LF.T. of u(®w) ? 1ES

14) Match the following ,
IES ’
List I (time function List II (Fourier spectrum/F.T)
(a) periodic function (1) Continuous spectrum at all frequencies
(b) aperiodic function .26 ()
©) 8 (t) " (3) Line discrete spectrum
(d) Sin a5t @ 1

iS) A Signal represented by x(t) = 5 Cos (4001'& ) is sampled at a rate of'3-0.0'samples / sec.
The resulting samples are passed through an ideal LPF with cut-off frequency of 150 HZ.
Which of the following will be contained in the output of LPF ? IES

(a) 100Hz (B) 100 Hz, 150Hz (c) S0Hz, 100Hz  (d) 20,100,150 Hz

16) LE.T of X(@) = 278() + n8(w - 47) + n8(e + 4) is ISRO’

-(a) I+cosdnt (b) m(l - cosdnt) (c) 2n(1 - cosdnt) . (d) 2n(1 + cosdmnt)

17) Ifa C.T. signal x(t) = 2 + cos (50nt) is sampled with a periodic pulse function, aliasing
occurs when-the sampling period is : DRDO

(a) 0.01 sec (b) 0.015 sec (c) 0.019 sec . _ (d) 0.025 sec

18)Ifa CT‘signal x(t) = - 2+ cosS0nt is sampledwith a p'er'iod" pulse function of period :

of = T sw< 7 ((DS is the angular frequency) & 0 otherwise, the reconstructed

signal the o/p of the LPF will be DRDO

(a) 2 + cos30nt (b) 2+cosd40nt (c) 2+cos50nt (d) 2+cos80nt
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4.8 Practice Problem Set:-

4.8.1) Let X(®) =rect] @ - I}Find the F.T. of the following signals?

a) x(-0) b) tX(0) X (2t+4)
t
d) x(2t-1)e? e) x(mdt

-0

4.8.2) Given U/ Ty<—=>TSinc(fT). Obtain F.T. of the following signals.

x() X0
1 11
- — t
) " - -1 o 1
2 10 1 2 2 2
T x)
5
1
.,
0 1 2 3

4.8.3) The F.T. of 2 signals x(t) & y(t), are defined as
X(t) = Cos(nfyn(f) and Y(E}=X(f - fo) + X(f+ fo).
a) Find closed-form expressnon for x(t) and y(t)? :
b) Design the system shown in the block dlagram in terms of choosmg the
parameters A, f; and f; so that the output is y(t)

HO,
" it -
Cos(2nfat) .
4.8.4) Find the LF.T of the following :
) Xid= by Xe(f= Costfe™
1+41:2f2 1+j2nf
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4.8.5) A signal x(t) = 8 - 8Cos” (67t) is passed through an ideal LPF. The filter biocks
frequencies above SHz. Find the output?

4.8.6) The transfer function of a system is H(®)= 2+2j®
, : 4+4jo - @2
Find the output if input is x(t) = & u(t)

4.8.7) The signal x(t) = Sinc(0.5t) + Sinc (0.25 t) is applied to a filter whose impulée response is
h(t)=A Sinc(at). For what values of A & o will the filter output equal x(t)?

4.8. 8) Find the frequency response & impulse response of a ﬁller_whose input - output

relation is described by the following equation Y(t) = x(t) 2 I y(A)e™ u t-a)da

-0

4.8.9) Find the output y(t) for each cascaded.system. Do the 2 systems yield the same output?

2) X(t)=Cos(tty———> [Phaseshift of - /2] [Squarer | ¥

b) x(t)=Cos(nty ISquarer Phaseshift of - /2 |———> ¥(©)

4.8.10) The input to the system shown in figure has the spectrum shown.
Let P(t) = CosWqt, W>> @
Find the spectrum Y(@) of the output if hy(t)= Sin@pt t
- ﬂ't
Consider the cases ®0,,>®g and Oy < Op.

R @ S o @ N 4«); -

p(t)T P(J

1 X(w)

Hi(o)

o Y
v

I 1) - T
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43.11) The input signal x(t) = Sin@yt + Sinast, ©;<0; is applied to the system shown in
figure. t t

. H(w)
find y(t) if a) 0<w/<®;
o b) 0,< W< ©2
- 0 Lo
¢) < @y of O
4.8.12) Find x(t) if X(@)=j d 4 o2
1+j(w/3)

4.8.13) For the F.T. X(w) shown in figure, evaluate the following quantities without

calculating x(t)? X()

+o0
a)  Ix@fdt
®

b Ix(®eMdt

) x(0) dy arg{x(t)}

4.8.14). Find the LE.T of X(®) = [X(0)[e"™, where
1X(0)} =2[u(0+3)- u(®-3)] and X(®) = -3@+x
2

4.8.15). The output & input of a causal LTI system are related by the

DE _dvtiz_) + .JD + 8y()=2x(t)

(@ Findthe LR? (b) Find the response if x(t)=te> u (¢

4.8.16) A casual LTI filter has the frequency response H(e) shown in figure. For each of the

input signals given below, find output? o)

(a) x(t)=Sin Wot u(t)

............ 2i

) X(o)= I T )
jo (6tj0)
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4.8.17) The F.T of a triangular pulse /() shown in figure is F(@) = e g(oe’“’ using this find

the F.T of the signals shown in figure? o’
 f© fi® £()
{ t t
o lo | 2
fi(t) fit) fs()
]
. — 15-
/ . N t
t - t -
- b -1200 12 0 2

4.8.18) What percentage of the total energy in the signal £{t) = € ™ u(t) is contained in the
frequency band | ® | <7 rad./sec ? Hint: Rayleigh’s theorem.

4.8.19) If the inputto a system is Cos 10zt +2 Cos'_201t t, tell what kinds of distortion, if any, a
system introduces if its output is
(a) Cos(10xt-m/4)+5Cos(20t-x/2)
() Cos(10mt-n/4)+2Cos(20 mt-n/d)
() Cos(10mt-n/4)+2 Cos (20mt - n/4)
(d) 2 Cos (10mt - /4) + 4 Cos (207t - 7/8)

4.8.20) Consider a fixed, finer system with amplitude and phase responses as shoWn
Obtain the output for the following input & tell what type of distortion .1f_;my results.
-2) x(t) = Cos 20mt + Cos 60t

(b) x(t) = Cos 130t + Cos 2207t 1 “@aeg
| ol ———— L
/ i1 g }
r L 60 60 f(Hz)
! [
80 30 30 80 qHy) VY B

4.8.21) Find the average auto Correlation of x(t) = Cos2nt + 2Cos4nt
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4.822) A signal x(t) = € u(t) is passed through an ideal LPF with cut-off frequency
®,, = Irad/sec. Find the ratio of output energy to input energy?

4.8.23) Find the average power at the output of the circuit shown in figure, if x(t) is a finite

~—power signal with PSD : 10
i) Sx(w) =k © —AW —o
(i) Sx (@) = 7[5 (® + 2m) + 5(® - 2m)] l
' x(®) c=IF YO

4.8.24) The P.S.D of a signal is shown figure
(a) Find the normalized average power of the signal.
(b) Find the amount of power contained in the frequency range 5-10 KHZ. .

SX (ﬂ

10° 1*

—_

-10kHz _ 10kHz

4.8.25) The input to RC N.W shown in figure is x(t) = 1 + 2 Cos @ot + 0.5 Sin @t

Assume that the 3-dB frequency of the N.W. is fc = 2fp. R
(a) Find the input & output spectral densities o —WH —o
(b) Find the normalized average power content of y(t). l
x(1) - I<C y(@®)
O— - —0

4.8.26) Find the F.T of the periodic signal shown in figure?

x(t)

4.8.27) 2 signals x (t) = 10 Cos 1000zt and x (t) = 10 Cos 50xt are both sampled with
f;=75Hz. Show that the 2 sequences of samples so obtained are identical?
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4.8.28) A signal x(t) = Cos 2601ct + 2 Cos 320xt is ideall
. : : y sampled at £,=300Hz of th
signals is passed through an ideal LPF with a cut-off frequency of 250Hz Whaet sempld
frequency components will appear in the output? ’
Ans :- 100, 140, 160 & 200 Hz components.

4.8.29) A signal x(t) = Sin (150mt) is ideall ibe the si
I y sampled at 80 Hz. Describe th: i
recovered if the sampled signal is passed through ribe the signat ):(t) thacis
@ Anideal LPF with cut-off £, = 100Hz. o
(b) An ideal BPF with PB between 60HZ & 80 HZ.

4.8.30) Determine wh 9] ST
: )causal 9 ether (or) not the C.T. systems with the following frequency response are

(a) H(H = Sinc(f) ®)YH() = Ae 2™ (c) H )= Sinc(f) e ™™

RE!!EW NOTES:
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Chapter 5. LAPLACE TRANSFORM

— L.T expresses signals as linear combination of complex exponentials, which are eigen
functions of D.E which describe continuous — time L.T.I systems.
— The primary role of the L.T in engineering is the transient & stability analysis of Causal
L.T.I systems.
— L.T provides a broader characterization of systems & their interaction with signals than
_is possible with F.T.
— In addition to its s1mp11c1ty, many design techniques in circuits, filters & Control systems
have been developed in L.T. domain.
— Consider applying an INPUT of the form x(t)=¢" (where s =& +jo then the output is
y(ty=¢"H(s) where H(s) is transfer function of the system.
+00
— L.T. of a general signal x(ty=X(s)=f x(t)e ™ 'dt——> (1)
-0

=F{x()e®"
—')‘ € may be decaying (or) growing depending on whether ‘c” is +ve (or) —ve.

x(t) «—X(s)
-. Region of Convergence (R.Q.C) of L.T:-

+0

The range of values of ‘S’ for which eq(1) is satisfied i.c., I | x(t) é"“] dt < oo is known as
R.OLCof L.T. -0
— L.T. calculated on the jw-axis (¢ = 0) is F.T.

5.1 L.T. OF STANDARD SIGNALS: -

1) x(t)=¢"u(t),a>0 «—» L Re{s} >-a

sta. ?
1
' -
i t
2) x()=-e"u(-) «—> 7 ; Re{s}<-a A o jo .

0 E

»1 :

& >0
M.L. NARASIMHAM
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3) x(t)=e™u(t) «—» i ; Re{s} >a
jo 1
1 l
e il

4) x()=-c"u(t) <« ;1;; Re{s} <a

0_ ot

5) unit impulse 5(t) «—1; ROC: entire s-plane

6) unit step function u(t) +—» —Sl— > Re{s}>0

Note: If the L.T. X(s) of x(t) is rational, then if x(t) is right sided the ROC is the region in the
s-plane to the right of the rightmost pole and if x(t) is left sided, ROC is left of the left most
pole.

5.1 PROPERTIES OF L.T

. Y Limearity: - If xi)-+—>X,(s) with ROC=R,
. - x2(t) +—>X;(s) with ROC=R, ,
then axl(t)+bxz(t) <+—>  aX,(s)+bX;(s) with ROC=R\NR;

—P5.1.1 Given X(s) = §223:T55+—6- , find all the time-domain signals?
P3.1.2. Find the L.T. of the following signals with R.0.C?

1) x(t) =e u(tyre u(t)

2) %) =e™u(tyreu(-t)

3)xa(t) = eu(-tyre™ug)

DHxgt) =1 v t

5) xs(t) = sgnlt)

www.raghul.org



ACE ACADEMY S & S - LAPLACE TRANSFORM {80 ]-

6) xe(t) =3 (3t)y+u(2t)
Nxt)=eM 0<a<l

P5.1.3 Consider the signal x(t)=e'5'+e'ﬁ[u(t) & its L.T. is X(s). What are the constraints placed
on the real & imaginary parts of B if the R.O.C of X(s) is Re {s} >-3?

P51.4 How many possible ROCs are there for the pole-zero plot shown in fig(1)?

2) Time-shifting: - x(t) «—» X(s) , ROC=R
Then x (t-tyy«—> € ** X(s) , with ROC=R

P5.1.5 Find the L.T. of the following signals?
a) unit ramp starting att=a --._  b) x(t) = u(t-5) c)y(t)= etu-t+3 )

e
P5.1.6 Find the LL.T. of Y(s) = +)E12)’ >-1
P5.1.7 Consider the si ignal x(t)=¢'u(t-1) with L.T. X(s)
a) Find X(s) with R.O.C.2
b) Find the values of ‘A’ &'ty’ such that the L.T. G(s) of
g(t) = Ae”u(-t-t5) has same algebraic form as X(s).
What is the R.0.C corresponding to G(s)?

3) Shift in S-domain:- x(t) «—> X(s) with ROC=R
thene tx(f)_(—b X(s-so) with ROC =R + Re{S;}

P5.1.8. Find the L.T. of 1) x,(t) = Coswotu(t) 2) xo()=te>u(t)  3) x3 (t) = €™ Sinwitu(t)
P5.1.9 Let x(t) be a'signal that has a rational L.T. with exactly 2 poles located at s~-1 and

s=-3 If g(t)=e"x(t) & G(w) converges, determine whether g (£1s
a) Left-sided (b) right-sided (c) two-sided (d) finite-duration.

4 Iimeseversal- x(0+—> X() theg x> X(9), ROE;R

P5.1.10 Let g(t) = x (t) + o x (-t) where x(t) = Pe u(t)&G(s)- -1<Re{s} £1,

Find o & $? 1
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Differentiation in time:- x(t) ©X(s) with ROC =R then d’;ﬁ ) > SX(S) with ROC=R

P5.1.11. Consider 2 rlght-51ded sngnals x(® &y related through the equatlon

dx(t) —2y(t)y+s(1) & YD dy“) Z " 2%() Find X(5) & Y(s) with ROCs?

P5.1.12. Find the LT of following signals with ROC?
. .
@ x(® =5t7[e‘3‘"” u(t-2)]

B xO=e" U]
Differentiation in S-doiain:-

x(f) <«—> X(s) RoC=R, then x(t) «» -d X(s) RoC=R
. ds

P5.1.13. Find the L_.T.-\Of D yx)= {zu(t.l) Q@ y)= te'aﬂl(t)
P5.1.14. Find the LL.T of X(s) = logE_':_g] 9

P5.1.15. Find the ILT of

@XO)=——— H)X@=e™ [ L ]

(s+2)(s+1) (S+1)

Convolutlon in tlme -

If x(t)<-—> X(S) with ROC Rl & h(t)<—> H(s) with ROC=R, |
Then x(t) * h(t}«—> X(s) H(s) ROC=R)NR;

L.T. of unpulse response is known as system (or) transfer function

e o]
P5.1.16. Solve the following DE.y()+ éfy(t)x(t-t)dt =x (+3(1)?

P5.1.17. Consider a signal y(t) = x;(t-2) * x; (-t + 3) where x;(t)=¢ 2u(t)&xa(ty=¢u(t).
Find Y(s) with ROC?

P5.1.18. Find the impulse response of a linear causal system describe by the equation.

1 .
9{11%)—_ +4y(t)+3 Iy(r)dr = x(t) Also determine response to anexcitation x{(ty=u(t}+6(t)?
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P5.1.19. Find the transfer function & impulse response of a filter whose input —output

t
relation is described by y(t) = x(t) + I y0) €3 Pu(t-r)dA.
-0

: ©
Frequency Integration:- Xt} <« I X(s)ds.
t s

P5.1.20. Find the LT, of SI¥0t y2
: ind the o u(t) ‘
: t
Integration in time:- fx(t)dt «—> _&sﬂ
0
5.2 UNILATERAL L.T.- x(s) = [x(t)e™'dt.
0

P5.2.1 Find the U.L.T. of the following signals & find the Roc?
@x (9= u(t+2) (B) x(ty = 8(t+2)

Differentiation in time:- —g—x(t) +—Syx(s)-x(0)
- X . .

2 | ,
%t,x(t) <«—S(5)-Sx(0)-x'(0)
P5.2.2 Solve the differential equation .

YOSy 46y 26 @y, X(0) = ut), yO)=13y'(0)=2
P5.2.3 Consider a system with transfer function H(s) = 752 Find the steady-state
response when the input applied is 8cos2t? siHdstd - '

10) Initial & final value theerem:-

0) = Lt SX = Lt §X
x(0) = LX) x(e) = Lt SX(5)
P5.2.4 Find the initial & final values for the following L.T.?
_ 2845 4S+5 12(s+2)
a) X S} = T b = el =
) s“+5s+6 ) X(S) 2s+1 i)_x(s) S(s +f1) —

P5.2.5 A LTI, Causal continuous time system has a rational transfer function with simple
polesatS=-2and Sk —4 and one of the simple zero at S =—1. A unit step u(t) is applied
asthe input of the syptem. At steady state, the output has a constant value of 1. Find the
impulse-response? -
P5.2.6 Find-the finil-vatue of the output a system whose transfer function is H(s) - zsi

when system fs excited by unit step input? SHstS
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P5.2.7 Find the S.S.R of a system Yo _ —21—
X(s) s +3s+2

A)0.5 B)1 015 D)0

when unit step input is applied?

P5.2.8 Consider a system described by the transfer function.” G(s) = —i—zf—ziggwhen itis
S S

subjected to an input of 10u(t), the initial & final values of the response are -éiven by

5.3. CAUSALITY & STABILITY:-
— For a Causal system h(t)=0;t<0 and thus is right-sided & the ROC associated with the
- system function for a Causal system is a right-half plane.
—> An LTI system is stable if and only if the ROC of the system function H(s) includes jo
axis. . | '

P5.3.1Given H(s) = —S<— _ Find h(t) for each of the following Cases -

T (sH)(s-2)
' (i) stable (i) Causal (iii) neither Causal nor stable,
P5.3.2 Given X(s) = Syi-g—6 & F.T. of the signal is defined then x(t) is

P5.3.3 Consider an LTI system for which we are given the following information

X(s) = §+22 and x(t) = 0,£>0 and output is y(t)=-§_ Cult) 4 L etut)

. 3
a)Find TF & R.O.C.2 )
b) Find the output-if the input is x(t) = evi?

P5.3.4 Consider an LTI system with input x(t) and output y(f) related as

2 .
F 30 - G G0

Find the T.F. of inverse system. Does a stable & Causal inverse system exist?

L.T. of periodic signals:- T .
. - I x(Hedt .
%0
: x(t)
Eg. Find the L.T. of the periodic '
signal shown in fig.?
t
0 ] 2 3 %+

WWW.raghui.org



ACE ACADEMY S & S - LAPLACE TRANSFORM [84)

5.4 PREVIOUS OUESTIONS'-
t .
—Z f
f(x)g(t- t)d‘t] .
D L{f(t)} = , L{g(H))= G+ 2)( then LL is GA_TE
| .
2) T.F. of a system is H(s) = 26-2) then LR. of the systemis ——_____  GATE
Aytrefut)y  B)(t*e™ut) C)teut)  D)te’u(t)
3) What does the T.F. of a system describe for the system? ' -—IES
A) Only ZLR B) Only ZS.R
C)Both ZIR & ZS.R D) neither Z.L.R nor Z.S.R.
4) What is thé_ L.T. of the waveform shown in Fig.? 1) o IES
A) Fg)= 14 & 2o
s-5 S 5
B) F(s)= I e 2
s s s

e’ 1
0 F(s)—l+ 42
s S8 S

=25
D)FE)=1-C 2= 01 2
S S S

5) For the signal shown IES :
A) Only F.T. exists cfu()
B) Only L.T. exists
C) Both F.T. & L.T. exists _
- D) Neither L.T.nor F.T. exists : — — '

2
6) An LTI system is having transfer function s+l
s?+2s+1
state. The output is sampled at e; rad/sec to obain final output {y(k)} which of the following
is true? GATE
A) y(*) =0 for all (B) y(e) #0 for all e
C)y(*) #0 for s> 2 but zero for 0s<2 (D)) y(#)=0 for vs>2 but nonzero for ;< 2

& input x(t)=sin(t+1) is in steady

7) What is the output ast —» oo for a system that has T.F.(G(s) = when
subjected to a step input? : 8- IES
A)-1 B)1 C)2 D) unbounded

8) L.T. of 8(t-1) i IES

IES

9) L.T. of x(ty=-€"'u(t)*tu(t) is
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. 17) In what range should Re{s} remain so that the L.T. of the function ¢

10) L.T. of the waveform shown in figlQ is
—l; (1 +Ae” +Be ™ +Ce™® +De ™ )
$

o 67 8
..th'enDis__.___ IES ) 133 4 % \E/>t
A)-0.5 B)-1.5 (C)05 D)2 R v
: . Fig. (10
1) ThOLLT. ofis X(5)= ot 10 — IES .
1) The LL.T. of is (s+1)(s—2)3
12) Given X(s)= e"[s(_ 2)} then initial & final values of x(t) are respectively
s+ o
A)0&1 B)0&-1 C)1&1 D)-1&0 " IES
ST )
13) The L.T. X(s) of a signal is X(s) = I—e , then waveshape of x(t) is
s IES
x(t) : x() .
A) 1 = B) 1 ;
x(t) : x(t)
0 D)
0 T > t 0 1 T > t
14) What is the impulse res ponse h(t) for a system specified by differential equation
' y sy’ OHYO= OO IAS

L 1 )
15) The response of a system to a unit ramp input is —Q——u(t) += e "'u(t) Then the

 unit impulse response of the system is IES

16) Let a signal a;sin(o;t+$;) be applied to a stable LTI system. Let the corresponding s.s
output be represented as a; F(@;t + ¢,). Then which of the following statement is TRUE?
. A) F is not necessarily a “sine” or “Cosine” function but must be peroidic & ®1=w,;
B) F must be “Sine” or “Cosine” with a;=a; GATE
C) F must be “Sine”, @)=, a1# a;,
D) F must be “Sine” (or) “Cosine” functions w1th =@y,
(a+2)t+5 u(t) exits?
A)Re{s}>a+2 B)Refs}>a+7 C) Re{s} <2 D) Re{s}>a+5 GATE
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5.5 PRACTICE PROBLEM SET:-

P5.5.1 Find the L.T. & associated R.O.C of the following signals?
a) x(t) = e u(t) + e u(t)

b) x(t) = e*u(-t) + ™ u(~t)

©) x(t)=e™

d) x(t) =eu(t) + e u(-1)

P5.5.2 Find the corresponding signal for each of the following L.T & their associated ROC?

a (b) (s+1) 1
,Re{s ,Re{s}>—
2 ~s+1’ ) 2
9 _S*1_ 3 Refs}<-2
s°+5s5+6 ]

P5.5.3 Given the transform pair Cos2tu(t) «—s X(s), find the time signals coffesponding to
the following L.T. -

a) (s+1)X(s)- (®) X(3s) () X(s+2)

as7KS) © SXE)
P5.5.4 Consider an LTI system for which the system function H(s) has the pole —zero pattem
shown in fig.(5.5.4)? Io{s}

a) Tndicate all possible RoCs

b) For each RoC of part (a), specify _ K—x | A Re{s}

whether the system is stable and/or Causai 2 - 1 2

' Fig5.54

P5.5.5 Find the LL.T. of X(s5)=-5- 2255 percis 3
T (s+3)s+57°
-P5.5.6 Solve the differential equation

4’y 45O
2 .
dt dt

Given y(0)=-1,y"(0"/=5 x(t)=e u(t)

+6y(t) = —4x(t)— 3d’;(‘)

P5.5.7 A-non Causal signal x(t) = e'J'ﬁ(t) +e'u(—t) is the excitation of a filter whose
impulse response is h(t) = §(t)—e ™" .Find the response?

P5.5.8 The step response of C.T. LTI system is given by (1-¢)u(t). For a certain unknown
input x(t), the output y(t) is observed to be (2-3e™+&>"u(t). Find the input x(t)?

"“¥$5.5.9 Determine the initial & final values of (), if they exist, given that

s? +10s+16 ' s?—2s+1
a) ()—h b) F(s)=
s+1)2 (s +2) ®) Fs) ls-2)s* +2s+4)

© W| i Englneerlng
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P5.5.10 Find the U.L.T. of the periodic signals shown in fig(5.5.10)?

FlgS.S.IO

P5.5.11 Consider a C.T.L.T.1. system for which the input x(t) & output y(t) are related by the D.E.
d Y(t) dy(t)
Td o dt

a) Stable (b) Causal

—2y(t) =x(t) Find impulse response, h(t) under the following conditions
(c) neither stable nor Causal

P5.512 The signal y(t)=eu(t) is the output of a Causal all-pass system for which the system

function is . H(s) = =
s+l

a) Find atleast 2 possible input’s x(t) that could produce y(t)?
b) What is the input x(t) if it is a stable signal?
P5.5.13 The relation between the input x(t) & output y(t) of a system is described by D.E.

o, d)’(t)

d? x(t) dx(t)
e e

@ O

+5) y(t)=——

a) Does this system have a stable & Causal inverse?

b) Find D.E. of the inverse system?
P5.5.14 A Causal LTI system has the B.D. shown in fig.5.5.14. Find the D.E. relating input
x(t) & output y(t) of the system, is the system stable?

Fig. 5.5.14
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P5.5.15 A Causal LTI system with L.R. h(t) has the following properties.

. . . 1
i) When the input is x(t)=e*'V't, the output is y(t)= gez' vt

ii) The I.R. h(t) satisfies the differential equation , dh() +2h(t) = e"u(t) + bu(t) wherebis

dt
unknown constant. Find the transfer function? {constant b should not appear in the answer}

REVIEW NOTES:

© Wiki Engineering
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Chapter 6. DTFT '

o The DTFT describes the spectrum of discrete signals & formalizes that discrete
signals have periodic spectra. The frequency range for a discrete signal is unique over
(-m, +m) (or).(0,27)

X (@) = T x(n)e

n=-0

x(m) = 2l | x@%)ei*"do

x(Mm 7= X (€*) (or) X (@)
T 2= :

e X (&) is decomposition of x(n) into its frequency components.

Convergence of DTFT

A sufficient condition for existence of DTFTis T [x(n)] <o
. - =0
¢ Some sequences are not absolutely summable, but they are square summable.
o There are signals that are neither absolutely summable nor have finite energy, but still
have DTFT. :
1
a'u(n), fpl <1 «—> ——
- o fae™®

6(n)‘—" 1

Periodicity property:- X (¢ ') =X (¢

P6.1.1 Find the F.T. of the signal shown in figure? 3

oy

1/2

30002 .- 0 I 2 3

P6.1.2 Let x(n) = (1/2)" u(n), y(n) = ) & Y (e be the F.T of y(n). Then Y(is

M.L. NARASIMHAM
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Time — Shift: x(ny¢— X (¢'®) then x(n-no)+— (e 1™ ) X (¢i%)
P6.L3Findthe FTof (i)  yi(n)=(1/4)" u(n-3)

(i) y2@=38(n-n)

Frequency —shift :- x(n) +—>X (¢/®) then x(n) %" 5 XEJ(M"H

P6.1.4 Find the signal corresponding to the spectrum shown in ﬁgure”
"""" Y (e'a’ )

—+ 1

v
e

-3n/4 ~/4 /4 3n/4
P6.1.5Given X(€") = cos * (3w), then find the sum S = 3 (-1 x ()

Time —Sealing :- x(n) +——#X (¢’°), then x[n/k] <> X (ei°%)

1

P6.1.6 Find the LF.T of Y (/) =
C o 1-lRe W

P6.L7 If the DTFT of x¢n) = (1/5)" u(n+2) is X(€*) , find the s th
Given Y (0% oy s equence that has a DTFT
_ - d
Freguengx Differentiation :- ‘jn x(n)+—»—— X(ej )

[10)]
P618 Find the F.T. ofy(n) =na" u(n)?

P6.1.9 Find thevalue of 2,' n(1/2)"?
‘ - n=0 jnm
P6.1.10 Find the FT of x(n)=n€ 8 a™ u(n-3)

Convolution jn time : - X (@) «— X (e"”) then x (n) * h(n) «—> X (&' :
H(e
o - (¢°) HE™)
F.T. of impulse response is known as frequency response

P6.1.11 Consider x(n) = sin [1[% - 2c0s [% find the output if the impulse
8 4

sin(x n/6)

fesponse is h ¢n) =

© Wiki Engineering

P6.1.12 An L.T.I system is having impulse response

h(n)= | 4V2;n=2,-2
22 ; n=],-1
0 ; elsewhere
Find the output when input applied is x(n) = ¢ ™9

P6.1.13 Leth(n) = { a, [2 o } & the magnitude response blocks the frequency f= 13 &
pz{sées the frequency f = 1/8 with unity again. What is the D.C gain of the filter?

P6.1.14 What type of filter the following d_ifferer_iqe equation indicates?
(1) y(0) = x(@)-x(0-1) (2) y(n) =x(n) +x(n-)

P6.1.15 Consider the system described by the equation y(n) = ay(n-1)+ bx(n) + x(n-1), where
‘a’ & ‘b’ are real, find a and b such that JH(E®)| = 1V® ?

P6.1.16 An input x(n) with length 3 is applied to a LTI system having an impulse response
" h(n) of length 5, and Y() is the DTFT of the output y(n) of the system. If jh(n)|<L
& Ix(n)|< BVn, the maximum value of Y(0) can be ....
. (@) 15LB (b)12LB (c)8LB @ 7LB

P6.1.17 Consider a filter with [. R shown in figure. Find the group delay of the filler?
. ; .

012 34

Parseval’s relation ;- x(n) +—* X )

le(n)l ——2— [iXE*)P do

n=-x <2n> :

Parseval’s relation is known as conservation of energy theorem, because DTFT operator
preserves energy when going from time domain to frequency domain.

Sin w¢n _ 9

P6.1.17 Find the energy in the signal x(n) =
nn

ro qm[nxJ 8@

P6.1.18  Find the value of

2nn Smn
=0
Z nx(n)
P6.1.19 The centre of gravity of a sequence x(n) is-defined as C =22
Z x(n)
\vew.raghul.org
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And it used to measure time delay of the sequence find the value of * C * for the spectrum
shown in figure ?

Re {Xe")}
Im{X(@%. . .

/ o ' o T
{ - } @

w2 - R 7/} 0

P6.1.20 For the signal shown in fig,6.1.20, find the following quantities without calculatmg

DTFT?
(a) X(e) b) X(e )
© | X(@)do O | X (@™o
© 11X@) o n 1L x@o|? 9 [ X @
R de
_ x(n) :
2 9
Tt
-31-2 1 0 I 2 3 4 s ¢ |7 o
T -1
fig.6.1.20

© Wiki Engineering
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P6.1.21 Find the autocorrelationof x(n) = { 1,2,3,4 } ?

P6.1.22 A continuous time signal x{t) is to be filtered to remove frequency component in the
range SkHz < £ < 10 kHz. The maximum frequency present in x(t) is 20KHZ. Find
e minimum sampling frequency & find frequency response of ideal digital filter
that will remove the desired frequencies from x (t)?

P6.1.23 A sxgnél x(n) = sin (wen + ®) is the input to a LTI system having frequenc{ rcspunse
HE™. If the output the system is A x(n ng), then the most general torm of ge’“)
will be

(a) — nomp + P for any arbitrary real f

(b) - ngwo + 27k any arbitrary inter k

(c) newo+ 2mk for any arbitrary integer k
(d) —nowod

P6.1.24 A 5 point sequence x(n) is given by

- x(-3)=1,%(-2) =1, x(-1) = 0, x(0) = 5, x(1) = 1

ki d

Letx(n) €= X (e’“’) then the value of ' X@®) dois )

-

P6.1.25 An LTI system is having Impulse Response h(n)=(1/3)"-u(n). Find the response
when the input applied is x(n)=2+cos(nn+n/3).
P6.1.26 y(n) = x(n)—2x(n-1) + x(n-2) is a good approximgtion 0}
(A) HPF , (B) BPF passing n/8 < || < /4
(C) LPF (D) BSF passing 7/8 < |o| < n/4

6. 2 PRACTICE PROBLEM SET:-

P6.2.1 Compute F.Toof the following 51gnals ?

(@) x(n) =u(n-2)- u (n-6) (b) x(m)=(1/2) " u(-n-1)

Sin(nn/S)
cos(Tm2)  (d)x( = {-2,1.0,1,2}

(©) x(n)= —

_(e)x(m)=2"u(-n)
P6.2.2 Determine the signal corresponding to following transfotms ?.
(@)X () =cos?e - (b) X(&= {0 0 <ol <

: : 1, mo<ot<n sin3on |
© X =e?for n<o<n  (d)X(”) =cos4

-se®

Sinw 2

©XE") = ‘ -
-l/4e”-18e™

WWW.raghQI.org
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P6.2.3 Find & sketch the magnitude & phasc responscs of the following systems ?

(@) y(n) = 0.5 {x(n+1) -x(n-1)] (b) )'(n) =2x(n-1)-x(n-2)
(c) y(n) = x(n) — x(n-8)
- P6.2.4 A signal x(n) has the E.T X (¢°) = _
I1-a¢™
Find the F.T of the following signals ? .
(@) x(2nt+1) (b) e ™ x (+2)  (c)x(n)cos(0.3nn)  (d) x(n) * x (n-1)
P6.2.5 Consider the filter y(n) = 0.9y(n-1) + bx(n) ’

(a) Find ‘b’ so that {H(o)| =1
(b) Find the frequency at which [H(®)| =12

P6.2.6 For the system shown in figure, let h(n) be the unit sample responsé of an ideal LPF
with cut-off frequency ®. = n/4. find the overall frequency response ?

o ® | hm | ®  v(n)
| tar , _T,(-n“

P6.2.7 Find the group delay of the system that has a frequency response
1-%e ¥

H()=
€ 1+1/4 ¢ ¥

P6.2.8 What type of filter has a unit sample response

h(n)=8(n) - sin (7 n/3)

n

P6.2.9 Consider a D.T ideal HPF whose frequency response is specified as ™~

H ()= {1 (-0 <loj<xn

0lo|<n-a

If k(n) is the impulse response of this filter, determine a function g(n) such that

b= {20 o)
P6.2.10 Find the LF.T of X (&) = [X(¢'*)| o X
Where [X(¢*)] =] T';0<|o|<n/4 X(®) = -30/2.

0; /4 <|oj<n

P6.2.11 An LTI system with impulse response hy(n) = (1/3)" u(n) is connected in parallel
with another causal LT system with LR. hy(n). The resulting parallel
© Wiki Engineering
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interconnection has the frequency response -

. <12+ 5¢4¢
HE™) = 12—7ed94e i , Find hy(n) ?

P6.2.12 Find the 1.R corresponding to the frequency response

HE®)={ 5;0<o<n Ans;-h(n)=J 2/nm joddn
j;-m<o<0 ‘ Ojevenn

P6.2.13 Let x(n) =28 (n+2) ~ 3(n-+1) + 38 (n) - 8 (n—l) + 28 (n-2) evaluate the following
quantities without solving DTFT x

@XE@) O © IX(e“)dm

(@) X(e™) © I lX(e’”’)l do

P6. 2 14 For the DTFT spectrum shown in figure, ﬁnd the value of centre of gravxty of the
signal x (n)

X(o)

- ‘C = Znx(n)

n=-=c

Fig6.2.14

3 Xn)

n=-

(N1

P6.2.15 Calculate the output of a system for which mput isx(n)= ( 1)"V n & the impulse
response is h(n) = (1/2)" u(n) . .
P6.2.16 Find the autocorrelatlon of the sequences
) x(n)={1,2,1,1} (i) y(n) = {1,1,2,1}

Is there exists any relation between auto correlations? —_—

P6.2.17 Find the cross correlation of the sequences
xm)={1 3,1,2} &yn)={1213}
"P6.2.18. Find the IDFT of spectrum shown in. ﬁg 6 2 18? X
2

Fig6.2.18

-3n/4 /4
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P6.2.19 The DTFT of a sequence is X (") =.___z____'__
_ (1-08e7)°
Evaluate Y x(n)?
LR .-ej,,)_
'P6.2.20 Evaluate the integral I o do?2_
. 1-03¢

-
. _ 1
P6.2.21 Given that the frequency response of a system is given by H (¢ )= — —
. - . 1+3e7¢
- Find & sketch ) S _
(DRe {(HE)} () HE™) (iii) Im {H(e")}  (iv) [H(E?)

P6.2.22 Determine whether or not the DT systems with these frequency response are causal?

Sin(70/2) Sin (30/2)

@ He = ——— ®) H@)= e
' Sin(w/2) Sin(@/2)

©) H(w)=c B0+t

© Wiki Engineering
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Chapter 7. Z - TRANSFOR.M

7.1 INTRODUCTION TO Z-TRANSFORM

. = Discrete-time counterpart of L.T. is Z.T.

- ForaD.T.L.T. I_ system with impulse response h(n), the response y(n) of the system to a
complex exponential Input of the form Z" is y(n)=Z"H(Z) where H(Z) is known as transfer

. function of the system. : . S
Z.T. of a general D.T. signal x(n) is X(Z){iwx(n)Z'" —>® Il

|

Where Z=1¢*———> Complex Variable xm)<Z5X(@)
X(Z)=F{x(ny™} . Im{Z}
- Z.T. calculated on the unit circle is D.T.F.T. Z—pla;ne .
[ Re{z}

> The range of values of ‘Z* for which _eq@ is defined ) Unit circle

[nijx(n)r'“]<oo] isR.O.C.of Z.T.
= DTFT is defined only for stab]e signals where as Z.T. is defined for unstable signals also.

> ’_[’he.primary role of Z.T. in engineering are the study of system characteristics & the
derivation of computational structures for implementing discrete systems on computers.

Z.T. of standard signéls :- l .

a"u(n), 0<a<l€——> ! oL .izp
T Tz Mz (PPH

: Im{Z}
- 7
- ¢

M.L. NARAS_IMHAM
© Wiki Engineering ’
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1 - Z ‘
n l 1 7)<
-a"u(-n-1) &> =z (Of) ——Z 2 Z|<al

&) <—> 1;ROC: entire Z-plane
u(n) <—=>. 1/1-Z"" ;1Zp1

Note.:
1) For a finite length signal, ROC is entire Z-plane, except perhaps for Z=0 and /or Z=c0

. 2) For aright-sided signal ROC is outside a circle whose radius is largest pole in magnitude.
3) For a left sided signal, ROC is inside a circle whose radius is smallest pole in magnitude.
4) For'a two-sided signal, ROC is annulus bounded by largest & smallest pole radius.

P7.1.1 Determine all possible signals x(n) associated with the Z.T.?
L X@-=

. 1
1+12Z7'y1-327"
P7.1.2 Find the Z.T. of the following signats with ROC?
(a) xy(n) = (1/2)"u(n)*+(1/3 Yu(n) (b) xa(n) = (l/2)"u(n)__1f-(2/3 Y'u(~n-1)
- (©) x(n)y=(1/3)"u(-n~1)+(2)"u(n)
P7.1.3 Let x(n)=( ~1)"u(n)+a"u(-n—no). Determine the constraints on “a” & “ng”, given that
the ROC of X(Z) is 1</Z]<2

P7.1.4 Find the ROC of the ;following signals without finding Z.T.
(a) xi(n) = {1,42,3, -1 (b) x2(n) = (1/2)"[u(n) — u(n-10)]

| ©xan) = (2 + (34"} [u(n-10)

== " 72 PROPERTIES OF THEZT. =

1) Linearity = xyn) <—> Xi1(Z), ROC=R,
x(n) <—> Xi(Z), ROC=R;
thgn ax(n)+bxy(n) <—> aXy(Z)y+bXx(2), ROC=RinR;

P72 Findthe Z.T. of y(n) = o, jof <1

P7.22 The ZT X(z) of areal & right-sided sequence x(n) has exactly 2 poles and one of
them is at Z-= &2 and there are 2 zeros at the origin. If X(1) = 1, which one of the

following is TRUE ?
222 1 . 22 1
X@=—"7—7i7 1 b) X@y=5—:lz|> =
@ X@)= iy s &) X@ =y 312
27 27
X(@2)=—-——;|2|>1 D) . = -3 1
(c) X(2) @1y +2 [z]> D) X(2) 1 {z}>

www.raghul.org
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2) Time-shift :- x(n) <> X(Z), ROC=R

Then x(n-ng) <> Z ™ X(Z), ROC=R except fi .
- t age
deletion of 0 (or) ® 4 pt for the possible addition (or)

P7.2.3 Find the Z.T. of y(n) = (1/4)" u(n+2)

) 1;0<n<5s
P7.2.4- Consider the signal x(n)=< 0 el
; elsewhere

Let g(n)=x(n)—x(n~1). Find G(Z) with ROC?

= AR L
P7.2.5:-Given X(Z) = T;Z— & x(n) is left-sided, find x(n)?

3) Exponential multiplication (or) Scaling in Z-domain:-

x(u) <—> X(Z) with ROC =R then a"x(n) <—> X(Z/a) with ROC =a| R

P7.2.6:- Find the Z.T. of y(n) = Cosaonu(n) i Im{z}
P7.2.7:- The pole-zero plot shown in ﬁ for a sig HEVE TN
. g.Oraﬁgmﬂxn. 7 P Re {z
Find the Z.T. ofy(n) = (1/2)nx(n)? ( ) Y, { }
-

4) Time-reversal :- x(n) <> X(Z), then x(-n) <> X(Z"),' ROC=1R ~

P7.2.8:- Find the Z.T. of y@)=2"u(-n)? |

5) Differentiation in Z-domain :- 1X(n) <—> _ZT%X(Z) ,ROC=R

:"P7.2.9:- Find the 1.Z.T. of X(Z) = log(1+aZ™), |Z[>Ja|'?
P7.2.10:- Find the Z.T. of y(n) = na"u(n-1) ?
6) Convolution in time :-
x(n) <> X(Z) with ROC=R, and h(n) <> H(Z) with ROC=R,

then x(n)*h(n) <> X(Z)H(Z) with -ROC=RnR,

Z.T. of impulse response is known as system (or) transfer function

P72.11 A sequence x(.n)ée X@)=2'+7"-27 +.2 ~3Z"is applied as an Input to a LTI
system with impulse response h(n)=25(n-3). The Output atn=4 is

© Wiki Engineering
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P7.2.12 Consider a signal ym) =xi(n +3) ¥ xo(—n +1)
Where xi(m =(1722)"u(n) & x(n)= (1/3)"ua(n)  Find Y(Z) with ROC?

P7.2.13 Find the response of the system y(n) = 5/6 y{n-1) —1/6 y(n-2) + x(n) to the Input
signal, x(n) = 3(n) -1/38(n-1)

P7.2.14 Find the impulse response & step reéponse of the system described by the D.E.

y(n)+ 1/4 y(n-1)-1/8 y(n-2) = x(n) — x{n-1).

o’

112,15 G(Z) = aZ"'+B Z'° represents a digital LPF with linear phase if and only if
A)a=p Ba=p? Ca=-Pp D)o =-p"”

P7.2.16 The following is known about a D.T.L.T.I system with Input x(n) & output y(n)
1. If x(n) = (=2)" Vn, then y(n)=0Vn :
. 2.1fx(n) = (1/2)"u(n) Vn, then y(n)=5(n)+a(1/4)"u(n) Vn Where ‘a’ is a constant.
a) Find the value of ‘@ b) Find the response y(n) if the Input is x(n)=1 Vn.

P7.2.17 A system with T.F. H(Z) bas LR. h(n) defined as h(2) = 1, h(3) =-1 and h(k)=0
otherwise, consider the following statements '
S1: H(Z) is a LPF :
$2: H(Z) is a FIR filter
a) only S2 is true
b) both are false
¢) both are true and S2 is the reason for S1
d) both are true but 52 is not a reason for S1

7. Accumulation :- x(n)<> X(Z), ROC =R

Then & x®@<—> —’l‘%%— _ROC =Rn|Z{>1

UNILATERAL Z.T.:-|(U.Z.'I’) x(z)=n§0 x(mZ”

"P7.2.18 Find the U.Z.Tof the following signals?

() xa(m)=(1/4Y u(n+5)

= (@ xi(0)=2u(-n)
. (d) X4(n)={2’47f7790$1 }

(c) x3(ny=3"u(-n~-1)
3. Left-Shift:- x(n+l)<—> ZX(Z)-Zx(0)
9. Right-Shift:- x(n-1) <> Z'X(Z)+x(-1)

' e x(@D2) € ZX(Z)+Z ' x(-1)+x(-2)
10. Initial Value Theorem: x(0)= Lt X(z)
o™
11. Final Value theorem. x(0) =Lt (1- Z1)X(@) (or) Lt (Z-1)X(Z)
Z>1 Z>1

P7.2.19 Find initial & final values of the transform

1+Z'
(1-12 2714327

X(D)=
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P.7.2.20. Given X(Z)= Toz_sz—‘_ . Itis given that the ROC of X(Z) includes the unit
circle. Then x(0) is :
1;n even

P7.2.21 Apply F.V.T. for x(n) =, 0:n odd

. Assume the signal is right-sided?

P7.2.22 Consider a system whose Input x(n) & Output y(n) are related by
y(n-1)+2y(n)=x(n). Find the Output of the system if x(n)=_(1/4)“u(n) & y(-1)=2.

7.3 CAUSALITY & STABILITY :-

<> A D.T. LTI system with rational system function H(Z) is causal if and only if (a) ROC is
exterior of a circle outside the outermost pole (b) with H(Z) expressed as a ratio of
polynomials in Z, order of Nr. Can’t be greater than order of Dr. -

> AnLTI S);stem is stable if and only if the ROC of H(Z) includes the unit circle.
3

P7.3.1 Find the corresponding impulse response for the given Z.T. HZ) ='——ﬁ-
if the system is 1103727+

i) Cansal

i) Stable

P7.3.2 The step response of an LTI system is S(n}=(1/3)"'2u(n+2).
a) . Find the system function & impulse response? -
b) Check if the system is causal & stable?

P7.3.3 Consider an LTI system whose pole-zero pattern is shown in figure

_a) Find the ROC of system function, if it is known ' m {2}
to be stable? ’

b) Is it possible for the given pole-zero plot to a causal
& stable system?

¢©) How many possible ROC’s are there?

P7.3.4 The impulse response h(n) of a LTI system is real. The transfer function H(z) of the
system has only one pole and it is at z=4/3. The zeros of H(z) are non-real"and
located at }z|=3/4. The system is : : )

(a) stable & causal (b) unstable & anticausal -
(c) unstable & causal (d) stable & anticausal
’ i 1
; Xy=————75—
P7.3.5 Find the first 3 samples of X(Z) 1-1.5771+0.572

for(a) |Z| > 1 (b) |Z| < 0.5 using power series expansion methad?

-1
P7.3.6 Given H(2)= i*_z if the ZT converges on the unit circle find impulse
© Wiki J;ngiﬁé‘e‘?ing‘ z
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7.4 RELATION BETWEEN S-PLANE & Z —PLANE:-

io z= e ,1 Im
s+jQ=8 . -
/ 4 1S PIJ ne Sl éIne
N S /
4 A | Rt
/C[\ it C rrc_le,
/ & the left-haif plane

The j Q axis in the S-plane should map into the unit circle in the Z-plane

of the S-plane should map into the inside of the unit circle in the Z-plane. Thus a stable

analog filter will be converted to a stable digital filter.

2= 0=0T

Table : Mapping of frequencies from the S-plane to Z-plane

| S—Plane | Z - Plane
0 0
Qs/4 n/2
Qs/2 T
3 Qqfd 125=
1.25Qs n/2
1.5 Qs .
1.75 Qg 125w
2Qs 27

Example : The pole-zero pl

is shown in fig. The corresponding imp‘
get the discrete impulse response h(n). Fi

z-plane.

www.raghul.org
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7.5 REALISATION OF DIGITAL SYSTEMS

Realization structures for IIR digital filters:: .

Realizatiog involves converting a given transfer function H(z) into a suitable filter
structure. Blogk dlagram_s are used to depict filter structures & they show the computational
procedure for implementing the digital filter. The basic elements of realization structures are

(1) Multiplier (2) Adder/Accumulator (3) Delay
xm] k Kxnl x[n] X[n} +w{n] x[n] - x [n-1]
win]

General form of IIR filter is

N . M ZN b.z ¥
y@=Y bxin-kl-Yayn-k, M2N _  H@)=-ef®
k=0 k=l 1+ Z:; az*

. Direct form realizati(')'!n of IIR filter

X[n]

1
kg
vZ

-a @ bz

b, +bz™" +b,z7?
i+az” +a,z”

Ag

ﬁ,bN P

Suppo_se H(z) =

x[n] bg . @ y[n]

© Wiki Engineering

Canonic II order section:-
w[n] bo

x[n] ) ‘ R gz\/ yln]

> S
»

w(n)= x[n] - Y 2, w[n-K] yn= Y bywin-K]

Canonic section is the most popular because it has a good round off noise property & requires
minimum number of storage elements but it is susceptible to internal overflow.

Cascade & parallel realization structures:

To implement higher order filters we are using cascade & parallel structures. In cascade
realization the transfer function is factored into N 1 order factors.

2
H(z)= 1"—”1 by + blkz'I + bmz'2
LU 14a,z” +a,z”

1 Ni(@)

= N is assumed to be even
12D, 15 assines.

H(z)=C : =
@ g 1+akz” +ake”

Three difficulties arise with cascade realizations:

(1) How to pair the numerator factors with denominator factors

(2) Order in which individual sections should be connected ) .
(3) Need to scale the signal levels at various points within the filter to avoid the levels

becoming too large or too small.

2 [bok +bkz +bkz? ]

www.raghul.org




ACE ACADEMY S &S -Z TRANSFORM - [106]

In parallel realization an Nth order transfer H(z) is expanded using partial fractions as
N2
H(z)=C+ ZH,(_(Z)
k=t

C=bylay
-1

H,(2)= by, ‘:blkz -
I+a,z" +ayz
In parallel realization, Numerator coefficient for Z7 is zero and order in which the section is
conneeted is not important. Scaling is easier & can be camried out for each block
independently zeros of parallel structures are more sensitive to coefficient quantization errors.
Most available -software packages produce coefficients for cascade realization but not for
parallel structure.

_» From a practical viewpoint, parallel & cascade forms using low order filters minimize

‘the effects of finite word length. .
» In the canonic direct form structure with large'N, a small change in a filter coefficient

due to parameter quantlzatlon results in a largc change in location of poles & zeros of

the system.
» Ina parallel reallzatlon a change in coefficient will effect only a localized segment.

A7

In cascade realization, higher — order filters are designed using string of II order filters
because these lower order filters are easier to design, are less susceptible to coefficient
quantization errors-& stability problems & their implementations allow easier data
word scaling to reduce potential overflow effects of data word size.

C

—pn

bo:

xfnl
L

~az

-azn

© Wiki Engineering
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Example: - Obtain DF 1, DF 1, cascaded & parallel structures for the system
y[n} =-0.1y [n~1] +0.2y[n — 2] + 3x[n] + 3.6x[n —1] + 0.6x{n ~ 2J?

Soluton ()= Y _ 31+1.27” +027%)
X(Z) 140127 —022‘2

DFI:- x[n]

3, vl

DF11:-

3(1+02z)1+z7h

Cascaded:- H(z)=
(1+0.5z")(1-0.4z7")

‘X[n}

05 .02 o 04

1
www.raghul.org
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. 7 1
Parallel form: H(z)=-3+ _
1-0.4z" 1+0.5z”
7.6 PREVIOUS QUESTIONS:-
- Z'(1-27%)
(1) Z.T. of a signal is C(z)= Z(T——-S- Its final value is GATE

@4 0 @©1 @«

) IfIR. ofa D.T. system is h(ny= — 5™ u[-n-1], then the system function H(z) is equal to__

-z
(a) — & is stable (b) _Z_S & is stable
_ 7~

e I
© _Zg & is unstable (d)——- &is uhstable
R

. (3) A casual LTI system is described by the D.E 2y(n)—ay[n-2] -2x[n] + Bx[n-1]

The system is stable only if
@lal=2,1B1<2 (®)lof>2,i8|>2
@lof<2,anyp (@ IBj<2,any o

@ TheROC of Z.T. of the sequence ( ) u(n) - ( ) u(—n —1) must be

@z <56 ®[z>56 (c)56<[z <6/5

-3

+Z
6 If X(Z) P then x(n) series has...

{(a) alternate 0’s  (b) alternate 1°s (c) alternate 2’s

© Wiki Engineering

(d) 6/5<|z] <0

(d) alternate -1’s

GATE

GATE

GATE

[109] . S & S -Z TRANSFORM ' ACE ACADEMY

(6) For the system shown, x(n)—KB(n) and y(n) is related to x(n) as y(n)-— y(n 1) = x(n).
S

What is y(n)? x(n) y()

() If x(n) (—) X(z) then Z.T. of x(n-2) & x!n/Z] willbe
(@) 2°X(z), 2X(22) )z X(Z), X(22) - . DRDO .
(¢) X(z-2), X(12) @ 7X@, X(@)

(8) Given X(z) 473 +327" + 2627+ 22 It is apphed toa system with a transfer function
H(z=3z"-2. - _ GATE
__Let the output be y(n). Which of the followmg is TRUE"

() y(n) is non Causal with finite support
(b) y(n) is Causal with infinite support
© ¥(@)=0; |n|>3
(@) Re{Y(2)} z=¢ =~ Re[Y(2)].- e
Im{Y(2)} z=¢" = {Y(@)},~";T1<0<TI

(9) The R.O.C of Z.T. of x(n) = (1/3)" un) (1/2)"u (-n-1) is GATE
@ <az|<— (b)|z|>1" <c)|z1<1 @ 24z1<3

(10) The unit impulse response of the system described by y(n) y( n-1)= x(n) x(n-1)is
@38m  (®)u@) @1 @0 IAS

(11) Pole-zero plot of a DF is shown below. What is the type of the filter? ISRO

(A) LPF

(B) HPF
(C) BPF
- D)APF

(12) H(2) is a discrete rational TF. To ensure that both H(z) and its inverse are stable its
(A) Poles must be inside the unit circle and zeros must be outside the unit circle.
(B) Poles must be outside the unit circle and zeros must be inside the unit circle.
(C) Poles and zeros must be inside the unit circle.
(D) Poles and zeros must be outside the unit circle. GATE

-1 -3
Po+Pz” +PZ” | ing DFI and DFII realizations of IIR the

(13) A DF having T.F. H(z) =

1+d,2”°
number of delay units required in DFI and DFII are, respectively ....... GATE
(A)6 &6 B)6&3 ©3&3 D)3&2
- (14) Consider X(z) = 522+ 477" +3; 0 <|z] <oo. The LZ.T-x(n) is GATE -

(A) 58(n+2) + 33(n) + 43(n-1) * (B) 58(n-2) + 35(n) + 48(n+1)
“(C) 5u(n+2) + 3u(n) + 4u(p-1) (D) Su(n-2) + 3u(n) + 4u(n+1)

www.raghul.org
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(15) An analog signal is sampled at 9 KHz. The sequence so obtained is filtered by an FIR '
filter with T.F. H(z) =1 — z5. One of the analog frequencies for which the magnitude

response of the filter is zeross ........ GATE
(A) 0.75 KHz (B) 1 KHz (O) 1.5KHz (D) 2KHz _
(16) Consider a DTS shown in fig. where LR. of H(z) is h(0)=0, h(1)=h(2)=1, _ T
H3)=h4)=........... =0. The system is stable for range of values of k is GATE
{A) [-1,1/2]
@) [ 1]
©)[-122,1] .
(D) [-1/2,2]
7.7 PRACTICE PROBLEM SET:-

IRALIICE PROBLEM SET:-
(1) Find the Z.T. R.0.C, and the location of poles & zeros of the following signals?
- 1Y 1 "o ‘

<a)x<n)=(5] u(n)+(5) u(w) (d)x(n)=[;‘1—_) (o)~ u(n -5}

n n n+l
) x(n) = ('?1) u(n)—(%) u(-n -_1) ©xm)= é— " u(n+3)
©)x(n) = (2/3)" (O x(m)= % u(3~n)

{2) Using properties of Z.T., find the Z.T. of the following signals?
(@) x(n) = (%) u(n)*2"u(-n-1)

) y(n)=(:zl) u(n)jG) u(-n) -

{c)x(n) =a"cosw,nu(n),}a <1

(3) Find the time —domain signals corresponding to following ZT?

1+Zz“I

1
ﬁlLl——szE
(157 [1+2")

2 3

(b)x(z)=_z_3_z’l<| 2|<2
2,3 2
z +—2-Z—1

@X@@)=

OX@=2"+2 +3+227 +7* 04z

© Wiki Engineering
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@I H@) = 11 - &h(n)=Aja,"u(n) + A;0,"u(n).find the values of A, Az, a; and oy?

l-=2"
) -z )
- {5) The system function of causal LTI system is H(z) = 3 if the input to the system is
- k 1+=2"
x(n) = (‘13') u(n)+u[-n -1] Find LR & output. Is the system stable? 0
o | a2t ez

(6) A causal LTI system has the system function H(z) = (

[ -
1+§? 1)(l—z ')
(a) Find impulse Response, (b) Find out if input is x[n] =e™*2?
R : - . o .
(7) If the intput of an LTI system is x[n}=u[n]}, output is y[n}= (*‘) u[n+1}
(a) Find H(z) & h[n],  (b) Is the system causal & stable?
(8) When the input to an LTI system is x[n} = (l) u[n]+(2) u[-n—1]the output is

y(n)=6(—;—] u[n]—s(%] ulnl

(a) Find H(z) & indicate ROC b) ﬁnfi impulse Response
(c) Write the difference equation that characterizes the system
(d) Is the system stable & causal?

(9) Compute the response of the system y[n] = 0.7y [n-1] - 0.12y [n-2] +x [n-1] +x [n-2} to
the input x[n] = n u[n]. Is the system stable?

(10) Determine the impulse & step response of the following causal systems & determine
““which of the systems are stable.

@slnl=2yin=1)-3in-21+xia]  ®)ylal=06yln~1]-008yln~2)+x(a]

i (L n—zu[n+ 2]
(11) The step response of an LTI system is s[n]= 3
(a) Find system function H (z) & h{n]? Check if the system is causal & stable?

1 n
(12) The input to a causal LTI systemis  x(n)=u[-n-1]+ (E) u(n)
: -1 -
The Z.T. of the outputis ~ Y(z)= _T2___ v
(1 -7 )(1 +z7) )

(2) Find system function with R.0.C? (b) What is R.0.C of Y{z) & find y(n)?
www.raghul.org
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(13) Find the signal x(n) with ZT. X(z)= 1 3
4,2

circle? 1- 32 +z

if X(z) converges on the unit

(14) A causal L.T.I system is described by the D.E. y(n) = y[n-1] + y[n - 2] + x[n -1]
(a) Find the T.F. with R.0.C?
(b) Find the unit sample response?
(c) You should have found the system to be unstable. Find a stable (noncausal) unit
sample response that satisfies the difference equation?

(15) Consider the Z.T. X(z) whose pole - zero plot is shown in fig. 15

(a) Determine the R.0.C of X(z) if it is known
that the F.T. exists.

(b) How many possible two —sided sequences
have the pole — zero plot shown in figure.

(c) Is it possible for the pole — zero plot to be
associated with a sequence that is both stable
& causal? Fig 15

(16) Explainl the condition of BIBO stability in z— domain. A LTI system is characterized by

-1
the system function H(z) = ___1142_ specify the ROC and determine h(n),
1-3.5z7 +1.527? )

when (i) system is stable (ii) system is causal

(17) Consider the digital filter structure shown in fig.17

(a) Find transfer function for this causal filter

x(n)

(b) For what values of ‘k’ the system is stable?

() Find y(n) if k=1 & x(n)=(2/3)" ¥n. Fig. 17

(18) Show that the following systems are equivalent? .
(2) y(n)=0.2y[n-1]+x(n)-0.3x[n-1]+0.02x[n-2] (b) y(n)y=x(m)-0.1x{n-1]

(19) Determine the I.Z.il‘ . (?f the following?
1--z"
(@) X(@= :1; ,X(n)isright - sided=> long Division
1+ g Z—l

) X(2)= ,X(n)isstable=> p.f.expansion

(©) X(z) =In(1-42),|z |<% = Power series— d) X(2) = Jz[>3 7"

1--z7

© Wiki Engineering

(20) Find y[n], n > 0 for the following difference equation?
@ylnl= %)’[ﬂ ~1]+x{n], x[n]= G) ufn],y[-1]=1
| Oyl yia-114y-21=0, )= =1

(21) Consider a causal L.T.I. system whose input x(n) & output y(n) are related thyough the
block diagram shown in figure? '
(a) Determine a difference equation
relating y(n) & x(n)
(b) Is this system stable?

Y 1/4

(23) Consider a sequence x[n] for which X(z)= - + Y
- 1 . .

and for which the R.0.C

includes the unit circle. Find x[0] using initial value theorem?
(24) Determine a sequence x[n] whose Z.T. is X(z) = ¢* + e z20

(25) Find the R.0.C of Z.T. of output Y(z), given X(z) & H(z)?

1 1 1 1

@X@)=—7—lz|>-&H(@)= slzt>—

1 -1 2 1 -1 4

1+-z 1-—z
2 4
1+3z" 1
(b)X(z) = 1 ;l <Jz|<3 H@)=—:lz]> =
1-227 |1+32) 142z 3
.3 - 3

1
{1+022 1-0227f

27) Given x[n]© (_z-|-4—(:5_)2_’ {z>0.5. Find Z.T. of the following signals &"specif)i ROC?

(26) Find the LZ.T. of X(z) =

a) yin) = x(n-2) Dy m)=2"x@) c)y;{n)=nx(n)
d) y4 (n) =n" x(n) e) ys(n) = (n-2) x(n) f)ys (n)=x(-n)

www.raghul.org
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22 +0.25

{28) The transfer function of 2 cascaded systems Hy(z) & Hy(z) isknown to be H(z) =

It is aiso known that the unit step response of first system is [2+0.5)"Ju(n).
Find Hy(z) & Hy(2)?

(29) Apply LV.T & F.V.T for (i) X, (z)
il 025 ‘15

L= =)

REVIEW NOTES

© Wiki Engineering
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z'-025"

Chapter 8. DFT & FFT

8.1 Introduction To DFT

— The Fourier series describes periodic signals by discrete spectra, whereas the DTFT
describes discrete signals by periodic spectra. As a result, signals that are both discrete and
periodic in one domain are also periodic & discrete in the other. This is the basis for the
formulation of the DFT.

- Samp.led version of D.T.F.T. spectrum is D.F.T.

K4

——

N=f —j2llka.
> The N point DFT of a signal  x(n) = X[k] = Zx(n)e » K= 0,1,...(N_—1)
n=0

]ann

IDFTof  X[k]=x(n =-ZX[k]e N_ n=0,1,..(N-1)

me——

— The DFT & its IDFT are also periodic with period N, and it is sufficient to compute the
results for only one period (0 to N-1). '
N-]

N-1 - - .
x[k]=2x(n)wN"“ Ix(n) = - z X{k]Wy, ™ where Wy, =¢ """ is the phase factor.

Perlodlclty w,* K1 Symmetry:- W, K43 = -wr

P8.1.1 Ana.log data to be spectrum analyzed are sampled at 10 kHz & DFT of 1024 samples
are computed Find the frequency spacing between spectral samples?

P8.1.2 Find the 4 point DFT of x (n) {0,1,2,3}?

Note: - For direct calculation of N point, we require N2 complex multiplications and
N (N-1) additions.

P8.1.3 Let x(n)«-~2-5> X[k], then prove the following statemenits.
i) Ifx(n) = - x [N - 1 -n), then X(0)=0

i) Ifxm)= x{N-1-n], withNeven, X[—I\l]=0 ¢

5 - .
P8.1.4 Fig.8.1.4 shows a finite length sequence X (n). Sketch the SIgnals 4 3 X(n)
@x([n-2]) |
®x((n+1Ds n

© x (- s 0123
FIG (8.1.4)

P8.1.5 The first five points of an 8 point DFT of a real — valued sequence are
{0.25,0.125 ~j0.3018,0,0.125 —j0.0518, 0}. Find other 3 points?

M.L. NARASIMHAM
www.raghul.org
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8.2) PROPERTIES OF DFT:-
() Cireular shift:- x[n-n,]), «—se § " X[i]
x[n-ng(-;)* X[k
(2) Modulation:- x(n)e‘izTHkon > X[k~k,]
e XK=
(3) Circular Convolutioxiii(n@h(n)eX(k)H(k)

(4) Central ordmates -
-N-1

X[0]= ZX(D) ' x[0]= ZX(k)

N-1

[-1 e Neven x[—1=—2(-1)*X(k)

5) Parseval’s relation:-
N-I 1 N-1
2,1 x@)F = N X®F

P8.2.1 Givenx (n) = {1, -2, 3, -4, 5, -6}, without calculating DFT, find the followmg
quantities.

@XO) B IXO  ©OXO) @ ZlX(k) P (e)iéi)"x(k)

P8.2.2 The two 8-point sequences x;(n) & x3(n) shown in fig(8.2.2) have DFTs X,(k) &
Xz(k) respectlvely

[

a fc fe xile) Te b ]
a
T J l
.1 2345¢ 'n 0 II 5-3:‘];17 4nFIG(_8.2.2)

Find the relation between X;(k) & Xa(k)?

P8.2.3 Consider the sequence x(n) shown in fig 8.2.3. Find y(n) whose six — point DFT is

Y(&) = W,"X(K), where X(k) is the six-point DFT of x(n).

4
) . x ()
Fig. 8.2.3

012345 n

© Wiki Engineering
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P8.2.4 Two finite length signals x(n) & x,{(n) are defined as x;(n) ={1,2,1, 1,2, 1, 1, 2} and
x2(n)={0, 1, 3, 2}. Let x5(n) be eight point circular convolution of x;(n) & xx(n) i.e.,
x,(n)=x,(n) %2 (n). Find x;(2)?

. P8.2.5 Figure 8.2.5 shows two finite — length sequences. Sketch their N point circular

convolution for N=6 and for N=10.

6 1
J I 4, 1 xi(n) (o)
| [ | R o )
012345 n FIG825 0 12345. g

P8.2.6 2 sequences x,[n] & xa[n] are shown in‘figure and their resultant 4 point clrcular
convolution is y[n]. The value of x,{n] at n = 3 is unknown, find ‘a’? :

N

’ %) o1 ], Xim) | i ¥(n)

|

01 23 5133 ol 23
8.3 LINEAR CONVOLUTION USING DFT -1

n

The circular convolution of 2 sequences, of lengths Ny & Na, respectively, ¢an be
made equal to the linear convolution of the 2 sequences by zero paddlng both sequences 50
that they both consist of (N; + N, — 1) samples.

xi(n) Zero padding X, (n)‘ Xi®)
(N2 ~ 1) samples DFT
N, samples . _ R
Xa(u) Zero padding X, () X)) ¥ oy ()
Nosamptes | (N1~ 1) samples » DFT [ * ®_—’ IDFT - %
() () xm)

Let us consider the computational efficiency of calculating a convétution using the
DFT rather than the direct method. In calculatmg the convolution of two N — element
sequences using DFT method, we required ?,Nlog2 N L ON Complex multiplications where as
direct convolution of 2 sequences requires N* complex multiplication. .. DFT method is more
efficient for N > 32.
P8.3.1 Find the linear convolution of x (n) = {1, 2} & h (n) = {1, 2, 3} using DFT method?

1) Overlap ~ Add method

2) Overlap — Save method

Some times we have to process a long stream of incoming data by a filter
whose impulse response is much shorter than that of incoming data. The convolution of a
short sequence h(n) of length N with a very long sequence x(n) of length L >> N can involve
large amount of computation & memory. ;

8.4) CONVOLUTION OF LONG SEQUENCES:- <

www.raghul.org
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(1)©verlap — Add method:-

Suppose h(n) is of length N, and the length of x(n) is L = mN (if not, we can
always zero pad it to this length). We partition x[n] into m segments Xo(n), xi(n) ...Xm.(n),
each of length N. We find the regular convolution of each section with h(n) to give partial
I'CSllltS yo(n), }’l(ﬂ)s «or Ym- l(n)

© y(0) =yo[n] + yi[0-N] + Yma[n-(m-1)N]
Since each regular convolution contains (2N - 1) samples, we zero — pad h(n) and each
section xi[n] with [N - 1] zeros before finding yx[n] using the FFT. Splitting x(n) into

- equal - length segments is not a strict requirement.

" Example: - Let x(n)={1, 2, 3, 3,4, 5} and h(n) = {1, 1, 1} using Overlap — add method find
ym)? :
Solution:- L=6 & N=3. xo(n) = {1,2, 3} h(n)={1,1, 1}
' x1(n) = {3, 4, 5} :
yo(n) =xo(n) * h(n) = {1, 3, 6, 5, 3}
_ yi(n) =xi(n) * h(n) = {3, 7, 12, 9, 5}
Shifting & superposition results in the required convolution
y(n) = yo(n) + y1[n-3]

g NEIGEE)
i [B[7]009]5]

y(n) = {l’ 3; 6: 83 10’ 127 9’5}

(2) Overlap — Save method:-

If L > N and we zero — pad the second sequence to length L, their periodic
convolution has (2L — 1) samples. Its first (N —1) samples are/contammated by wraparound,
and the rest cotrespond to the regular convolution. eg. Let [=16 & N=7. If we pad N by 9
zeros, their regular convolution has 31(or 2L-1) sémples with 9 trallmg zeros (L-N=9). For
periodic convolution 15 samples (L —1=15) are wrapped around. Since the last nine
[or L — N] are zeros, only the first 6 samples of the periodic convolution are contaminated by
- wraparound, which is the basis idea of this method.

' - First, we add (N-1) leading zeros to the longer sequence x(n) & sectxon it into k
overlappmg {by N - 1} segments of length M. Typically, we choose M =~ 2N.

Next, we zero-pad h(n) { with trailing zeros} to length M, and find the periodic
convolution of h(n) with each section of x(n). Finally, we discard the first (N-1)
[contaminated] samples from each convolution & glue(concatenate) the results to give the
required convolution.
Example: - Find convolution of x(n) = {1, 2, 3, 4, 5} & h(n) = {1, 1, 1} using Overlap Save
method?
Solution: - First add(N - 1) =2 zeros to x(n) = {0, 0, 1,2, 3,3, 4, 5}

Take M =2N -1 =5, section into K overlapping segments of length M(5)

xom)={0,0,1,2,3} Zero pad h(n) to length M =5 samples

Xl(n)={2, 3’ 3:4,5} h(n)={17 l, 1703 0}
!

x(n) = {4, 5,0,0,0}
© Wiki Engineering :
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xo(n)(® h(n) = {5,3, 1,3, 6}
xa(n)f®) h(n) = {11, 10, 8, 10, 12}
xm)@ h(n) = {4,9,9,5,0}

We discard the first 2 samples from each convolution & give the results to
obtain y(n) = {1, 3, 6, 8, 10, 12,9, 5, 0} o

" 8.5 FFT:- Fast algorithm reduce the problem of calculating an N-point DFT to that of

calculating many smaller-size DFTs. The computation is carried out separately on even —
indexed and odd-indexed samples to reduce the computational effort. All algorithms allocate
for computed results, The less the storage required, the more efficient is the algorithm. Many
FFT algorithms reduce storage requirements by performing computations in place by storing
results in the same memory locations that previously held the data.

3 stages in an 8-point DIT-FFT :- ‘
x[0}—2 point X[0]

x{4— DFT [— Combine - X[1]
2 point : \
x[2— 2 point DFTs :
x[6]— DFT Combine | !
: 4 point !
— - DFTs :
x[1 2 point : :
X[S]—1_DFT - Combine ‘
2 point :
" x[3}— 2 point DFTs - —xm
x[7l——_DFT :
Stage 1 Stage 2 Stage_3.
Typical butterfly for DIT — FFT algonthm '
' A ama— — A+BW"
B-—@“’ b : 1 A A-—BW'

DIT algorithms for N=2,4, 8:-

I xlﬂ]><x[0]
x() wi X

N =2

N =4

00 x[0] X10] 00

10 x]2] w“ x11] 01
o1 st ' ‘xmlo
WI

11 a{3¥w°

X[3) 11
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[120] - " S&S-DFT &FFT ACE ACADEMY

ACE ACADEMY S &S-DFT & FFT [121]

DIF algorithm for N =2, 4, 8:-

={0] xi0)
X
A S xm

Feature N-point DET N-point FFT

Algorithm Solution of N N/2 butterflies/stage
equations in N ~ m stages
unknowns . Total butterflies=m(N/2)
Multiplication N per equation 1 per butterfly
Addition N-1 per equation 1 per butterfly
Total multiplication N’ N/2 log™s
Total additions -~ N(N-1) Nlog ",

Bit — reversal using Bruneman’s algorithm:-

(1) Start with {0, 1} multiply by 2 to get {0, 2}

(2) Add 1 to the list of numbers obtained above. Now it is {1, 3}.

(3) Append the list in step2 to that in stepl to get {0,2, 1, 3}~

(4) The list obtained in step3.how becomes the starting list in stepl. The steps-are repeated
until the desired length of list is obtained. s

0 1
—e
Ix2
0 2—13
ixZ»A_h
0 426—31537

- )

—V

Ix2
084122106 14— 19513311715

© Wiki Engineering

P8.5.1 Let x[n] be a real 8 point sequence & let X(k) be its 8 point DFT
7
(A) Evaluate %ZX(k) & | n=9 intermsof x(n)
k=0

(B) Let w(n) be a 4 point sequence for 0 <n<3 & W(k) be its 4 point DFT.
If W(k) = X(k) + X(k+4), express w(n) in terms of x(n)

S

(C) Lety(n) be an § point sequence for 0 <n <7 and Y(k) be 8 point DFT.
2X(k) - k=024,6

If Y(k) ={ 0 for k=135 , express y(n) in terms of x(n).

P8.5.2 Consider the butterfly shown in fig. which was extracted from a SFG implementing
an FFT algorithmf ‘Choose the most accurate statement from the following:
(A) The butterfly was exiracted from DIT-FFT
(B) The butterfly was extracted from DIF-FFT
(C) It is not possible to say from the ﬂg which
kind of FFT algorithm the butterflycame from. =~ Wx" !

P8.5.3 The bﬁtterﬂy was taken from DIF-FFT with _N=16, where the input sequence was
arranged in normal order. ‘A 16 point FFT will have 4 stages (m=1,2,3,4). Which of

the stages have butterflies of this form. Justify your answer.

P8.5.4 The butterfly was taken ﬂ'oxﬁ DIT-FFT with N=16. Assume that 4 stages of the SFG
are indexed by m=1,2,3,4. Which of the 4 stages have butterflies of this form?
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PREVIOUS QUESTIONS
.. 01. How many adders are required to realize a 256 point radix-2 FFT using DIT?
(a) 256 "(b) 1024 (c) 4096 (d) 2048

02. 4 point DFT of real D.T. signal x(n) of length 4 is X[k},
k=0,1,2,3.1f X[0] =5, X[1] =141, X[2] =0.5. Then X[3] and x[0] respectively are
(a) 14, 1.875 b)1-4, 1.5 (c) 14, 1.875 (d)0.150.1,1.5

03. For an N point FFT algorithm with N = 2", which one of the following statements is
TRUE? o ' '
(a) It is not possible to construct a SFG with both I'p & o/p in normal order
(b) The no. of butterflies in the m" stage is N/m
(c) In-place computation requires storage of only 2N node data
(d) Computation of a butterfly requires only one complex multiplication

04. The 4 point DFT of a DT sequence {1,0,2,3} is
(a) [0, -2+2j, 2, -2-2j] (b) [2, 2+2j, 6, -2-2j)
(€} [6,1-3j,2, 143 ] (d) [6, -1+3j, 0, -1-3j]
05. x[n] is a real-valued periodic sequence witﬁ period N and its DFT is X[k]. The DFT Y[k]

of the sequence y(n).= % Ex(r) x(n+r)is
Nt N1 ' :
@XOE @ %_;xw'xwkn) © FLXOXG+) @0

06. x[ﬁ] is-a real — valued sequence given by {x[0], x[1], x[2]), x[3), x[4]1, x[5], X[6]}. If first
4 DFT coefficient of X[n] are X[0], X[1], X[2] & X[3] the coefficient X[4] is equal to
@XQ2 ®XT.- (9X3] (d) X[3]- ‘

07. Slippose N =32 FFT algorithm has a “twiddle” factor of W3,? for one of the butterflies in
. its fifth (last) stage. Is the FFT a DIT (or)DIF algorithm: .

8.6 PRACTICE PROBLEM SET:- N

SO LILE T ROBLEM SET:-
(1) Calculate the DFT of the following sequences?
. (a) x(n) = 8(n) (b) X(n)=8[n-ny), 0 <ng < N-1 -
1 neven 0<n<N-1 o '
© X(n)={0 nodd (d)x(n)=a,0$nsN-l
1 0<n SE -1
(©)x(n)=
0 —<n<N-1
2

2) Let X(&*) denote the DTFT of x(n)=(1/2)" u(n). Let ¥ (n) denote a finite - duration
“sequence of length 10ie., y(ny=0 forn <0 & n>10. The 10 point DFT of y(n) is Y(k).
Which is ¥ (k)=X{e”™"} find y(n)?

© Wiki Engineering

(3) Sketch 6 point circular convolution of the following sequences?

5 6
4
L2 1 x(n) xa(n)
I I I ) 1 —»n n
01 2 3 435 01 23 s
(4) Find the circular convolution of x,(n)={1, 2, 3, 1} & x(n)={4, 3, 2, 2}

(5) Consider the sequence x(n)={2, 1, 1, 2}. The five point DFT of x(n) is X(k). Find the
seqhence y(n) whose DFT is Y(k) = W, *X[k]?

(6) Let x(h) be an N - point rg:al sequence with N — point DFT X(k) (N-even) and x[n]

satisﬁes til_c: symmetry x[n +§] =-x(n) n=0,1,...4-1 property i.e., upper half of the

sequence-is the negative of the lower half show that X[k] =0 for even k.

(7) Figure shows a sequence x(n) for which the value of x(3} is an unknowx‘i c:)nstant C.
Let X;(k)=e>™** where X(k) is 5 point DFT of x(n). Find the value of ‘C ?

2 2 2 x@m
i ]I[
[[ » N | 3_ gn
0 112345“5' 0 1<_21_L45

(8) Given x(n)={2, 3, 2, 1}. Find the 12-point signal described by y(n)={x(n), x(n), x(n)} and
12-point zero - interpolated-signal h(ny=x[n/3]? -

© HINT- Replication in one domain corresponds to zero interpolation in other. If a signal

is replicated by M, its DFT is zero interpolated & scaled by M.
{x(n), x(n),........ x(n)} & MX[k/M]

M-fold replication
x[vM] ©{X(k),X(K),.-..... X&)}

M-fold replication
Ans:- Y(k)=1{24,0,0,-6,0,0,0,0,0, 6,0, 0}

H(k) =ﬂ{8’ -j2, 0, .'27 8> 'j27 01j2s 8, -_]270;j2}
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(%) Given two four — point sequences x{n] ={1, 0.75, 0.5, 0.25] and y[n} = [0.75, 0.5, 0.25, 1]
express DFT Y(k) in terms of DFT X(k)

(10) For each DFT pair shown, compute values of the boxed quantities, using properties.
{ ,3,-4,0,2} & {5-1.28, —j4:39, ,8.78 1.4}

(11) Let x(n)={1, 2, 1} & h(n)={1,2,1,3,2,2,3,0, 1, 0, 2,2} find their convolution using
(a) Overlap-add method
(b) overlap-save method

REVIEW NOTES

© Wiki Engineering
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CHAPTER 9. ADDITIONAL QUESTIONS

___—__—__———

01. Which of the followinz could not be the Fourier series expansion of a periodic signal?
(a) 2 cost + 3 cos 3t b)2cos0.5t+3cos3.5¢
(€) 2 cos 0.25t + 3 cos 0.00054t (d) 2 cos™ t+ 3 cos2m t

(a) sin3t B (b) (sin3t)/t (c) sin3 @o

03. The value of the integral Iﬁ(l —t)( +4)dt is ------mmmmeeees .

- -

(@0 ®)3 . (5 (d) not defined —

_ 04. Given the signal x(t) = 2 cost + 3 cos3t + 4 cos4t. Then power in x(t) is--------- watts

(@10 (145  (© 29 (d) none

- 05. The signal x(t) = te” u(t) is----------~

(a) Energy Signal (b) Power Signal (c) neither energy nor power (d) none

06. The integral value I[é(r +2)-8(-2pris. o

(a) rect(t/4) (b) rect(t/2) ©rectt)  (d)4

" 07. Consider an energy signal x(t), over the range -3 < t <3, with energy E=12]. Then the

signal energy in 2x(t) is ---------

(a)24]) by 12 (c)48)J de6]J
08. The fundamental period of x(n) =¢" " +&7"*"* i _
(a) 10 (b) 20 (c)non penodlc (d) none

09 The signal x(n) ( i
* (a) Periodic with funtlamental period N=8 (b) Periodic with fundamental penod N=4

(c) Noti periodic (d) None

10. The differential equation y 1(t) — 4y(©)y(2t) = x(t) is
(b) linear & time — variant

(a) linear & time — invariant
(c) nonlinear & time — invariant (d) nonlinear & time — variant

11. Considgr the sinusoidal signal x(n)= 10cos[%~+—5—] . Then fundamental period of x(n) is
(a)31" (b)3172 (c)4n/31 (d) none
12. The system y(n) = 2x(2") is

(a) Time — invariant & causal
(c) Time — invariant & causal

{b) Time - variant & causal
{(d) Time - variant & non causal

M.L. NARASIMHAM
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13. The vahue of 8(t) * 25(1-1) * 35(1-2) is
. (2) 28(t-2) b)65(t-2) () 8(t-3)  (d) 68(t-3)

14. Convolution of ¢ u(t-2) with 8(t+2) is

(@) e u(t)y  (b)eZut)  (c) e Pu(t+2) (d) eu(t+2)
15. An LTI system with impulse response h(n) = 5"u(3-n) is

(a) Causal & stable (b) non causal & stable

(c) Causal & unstable (d) non causal & unstable

. I(r—The impulse response of a system is h(n) = a"u(n). The condition for the system to be
BIBO stable is
(a) ‘@’ is real & positive (b) ‘a’ is real & negative (c) faj>1 (@) laj<1

17. When impulse response of an LTI system is integrated over whole time - domain, it gives
(a) Steady - stable response of systemi  (b) d.c response of system
(c) transient response of system @ steady — stable error of system

" 18. A periodic signal which can be expa.nded in Founer series
(a) is power signal - -
(b) is neither signal
(c) is neither a power nor an energy s1gnal
(d) can be either a power or an energy signal depending on the nature

19. The convolution of u(n) with u(n4)atn=>5is
@S w2 ©1 @0

20. Given x(n) = x;(n) + xa(n) where xl(n)'——-. x,(n+18) & x3(n) = xx(n+54), then x(n) is
(a) periodic with periodic of 54 (b) periodic with periodic of 27
(c) periodic with periodic of 18 (d)non per10d1c w1th per10d1c of 187

21. Ihe ideal LPF i is not reallzablebecause itis ] .
(a) non-causal  (b) non linear (c)unstable (d) time-varying

22. The inverse L.T. of ¢ ¥/s is ' —_—
@)e? ®)ut-1)  (c) §(t-1) @) (1) u(t-1)

23. An analog ECG signal contains frequency upto 100 Hz. This signal is sampled at a rate
250 samples/sec. The highest frequency that can be represented uniquely at this sampling

rate is .
(a) 125 Hz (b)200Hz (c)100Hz (d)250Hz

24. If the result of convolution of 2 infinite duration signals is causal signal, then
(a) both the signals are anticausal (b) one signal is causal & other is anticausal
(c) both the signals are causal (d) one signal is causal & other is non-causal

25. Assume z(t) = ?X(—t + aj h(t+1)dr. Given y(t) =x(t) * h(t) then z(t) in terms of y(t) is
(a) Y@Wiki Engiheer(®) y(t-2) () y(t+a) (d) y(-t-a)

[127] 'S &S—ADDITIONAL QUESTIONS  ACE ACADEMY

26. For an LTI system, the response-of the system to an input x{t) =u()—u(t-1) is yi(t). Then
response of the system to the input x,(t) shown in fig. in terms of yy(t) is )

(@) 2y1(Otyi(t+2) ® y:_(ffrl)f:2yl(t) 4 1
© N2 @ZEO T
27. If y(t) =x(t) * h(t) then which of the following statement is correct o

(a) y(3t) = 3x(3t) * h(3)
(©) Y38 = 1/3x(3t) * h(3t) -

() y(3) =x(3t) * h(3t)
@y()=1/9%G) * hG3r)

28. leen an LTI system with impulse response h(t) = ae™" u(t) > 0, and s1gna1 sx(t)
=sin’2t, Then the output signal has d.c. value as

(@) 112 ()0 ©1 @a |
29. Given the penodlc signal X(t) = Z“(‘ 3n)—u(t-3n- 1) Then d.c. component of this
signal is (I"I:'” en)
(a) 1/6 13 ©% (d) None
30. Given [I(t/T) <> T sinc(fT). Then F.T. of the signal shown in fig js -
(a) 2sincf cos(3nf) (b) sinc2f cos(3nf) 1
(c) sinc3f cos(xf) (d) None

31. The value of the integral fﬂcos(t_ -T)d(z+ 3)dt]
[
(a)cos(t-3) (b) cos(t+3) 0 (d) None
32. The system y(t) = m with input x(t) & output y(t) is

(a) nonlinear, time-invariant (b) nonlinear, time-variant
(c) linear, time-invariant -(d) linear, time-variant

33. The system descnbed by the equation y(l) J‘Cx(‘t(t) + y(to) is--mmev-o- to<t)
. _ S
(a) memory & causal (b) memory & noncausal
(c) static & causal - (d) statlc & noncausal

34. Consider a CTs whose mput & output are related by y(t) =jx(t),t <b for a fixedb. This
system is with 0,t>b

(b) memoryless & time-variant
(d) memory & time-variant

(a) memoryless & time-invariant
(c) memory & time-variant

35. Consider a DTs described by the advanced form difference equation
2y(n+3)-y(r2)+ 3y (ot 1=x(n+3)+2x(n+1). If we simplify the equation then its order is
@3 )2 - (91 (d) None _

36. The difference equation y(n)+2y(n-1 Fx(n-1)+3x(n-2)-x(n-3) is

(a) FIR filter (b) IIR filter  (c) either FIR or IIR (d) None
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37. The D.E. describing the Network shown'in Fig. is

2Q
@) 4" ® +y' + 2y =x'() NW— |
b) y' (1) + 4y'(t) + 2y(t) = x'(®) * lT
®y ( Y_( y(t) =x( x@)@ H o
(©) y"'(® + 2y(t) = x(t) -
(d) None l

38. Given a periodic signal x(t) = 3 + sin6t — 2cos6t + 7tsm9t cos12t. The amplltude of II
harmomc of positive exponent term is

(a) 1.57 (b) 1.12 (©05 ()3

39. Consider the transfer function H(s) = # Then zero frequency response of the
system is s*+5+100. 25 :
(a) 0.02¢" 1) 0.01e¥  (c) 0.07¢™? (d) None

40. Given the signal x(t)—l6cos(201tt+1t/4)+6cos(30m+1t/6)+4cos(40m+1t/3) the power
contained in the frequency interval 12 Hz to 22Hz is

(a) 2W (b) 26W (c) 10W - (d) 20w
4 1 Given x(t)=25in2(2500m) cos(2x10* nit), then the average oower is
(a) 0.75 watts (b) 0.5 watts (©) I watt (d) 2 watts

~ 42, If the input to a system is cos10nt + 2co5201rt, then the type of distortion (if any)
introduced by the system if output is y(t)= cos(10nt-n/4)+2cos(20nt—n/4) is

@ Amplitude (b) Phase (c) Both (a) and (b) (d) None

43. The initial value of X(s )_S_*'S.S_ﬂcls T : s
' +3s5+2 -
@1 ®)2 (©35 (@0

44 Consider an LTI system with input & output related through the equation
y(t)= Je'("’)x(t 2)d1: The impulse response of the system is
(a)e 2 u(t) (b) e u(t-2)
45. Define the area under a continuous time signal v(t) is

A, = Tv(t)dt if y(t) = x(©)*h(t), then A, =

(©)¢€ "“ 2 u(t-2) @ e'z("zix(t)

(a) AcAn ) AAn () Ax-An (d) (ActAR?
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46. Given input of system is x(t) = &(t) — 28(t-1)+3(t—2) and impulse response h(t) is shown .
in fig(1). Then output of the system is

t
@ 2 1) —I O
1 . o
4
i
- y()
¥(®) /
®) I © Jr / \
] L1, | e
0Tz 4t O 23 4
(d) None
47. The impulse response h(t) = &' u(-t-1) is
(a) Causal & stable (b) Non Causal & Stable
(c) Causal & Unstable (d) Non Causal & Stable
48. For the system shown in figure L(n), o y(n)=
System stability is guaranteed ‘
when o is 7 ]
1 (@oa>1 ®a<0 Delay
i ©0<a<l (d) None T
.‘ ) . : figure
49. Given y(t) = |x(t)| where x(t) = cost. Then amplitude of d.c. component of y(t) is
(@0 (b)2 © 1/2 (d) None

50. Consider an LTI system with impulse response h(t) u(t). Then output y(t) for input

x(t) = ZS(t-n) Is

n=—o

(a) U(d+jnm)  (b) 1/(4~jnm) © V(@d+n@my2) () 2+jnm)

a"3(t—kT),|oi<l is
(©) 1/1-0e™*

51. The Fourier transform of x(t) = _
@ N+ae™ &) e™1-ae?™ (d) 1/1+qe™
52. The Fourier transform of x(t) = uy(t) + 28(3-2¢) is
{where uy{t) is the differentiation of an impuise } _
@)1 +e™? ®)2+3e" (©) jw+ P2 (d) jw +2¢°
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53. The inverse fourier transform of X(w(= M is
o (w-27)

@x@®=€"";<3

©x(h=c"; |t <3

b)x®)=1;1t<3
(d) Data is not sufficient

54. A real, continuous time function x(t) has a F.T. X(w) Whose maguitude obeys the relation
In} X(w) | = - |w|. Then the signal x(t) is an even function of time is
(@) V14t (b) -n/1+¢ () Un(1+t%) (d) -1/n(1+6%)

55. Let X(w) denotes F.T. of the signal X(t) shown in fig. x(1) -
The phase of X(w) is | x(w)= _ 2
(@ -w (b)+w ©e™ (DD (or)tz 1 ot

56. In the above problem (55), the value of IX(W)dW is -1 lo1 23"

-

(a) 2n () 112n () 4n (@) /4%

57. The output y(t) of a causal LTI system is related is the input x(t) by D.E. dy/dt + 2y(t) =
x(t). If x(t) = €* u(t) then output of the system is
(@) et u(t)+ 172 e u(t) () ' u(t) ~1/2 ™ u(t)
()~ u(t) — 1/2 €2 u(t) (d)2¢* u(t) - e u(t). .

58.The Hilbert transform of x(t) = cos 3t is :
© (a) —cos3t (b) sin3¢t (c) —sin3t (d) none

59. Consider the Differential Equation of an LTI system is d” y(t) / dt +6dy(t) + 9y(t) = &
x(t)/dt + 3dx(t) / dt + 2x(t). Then impulse response is
(a) 8(6) - 3¢ u(f) + 2™ u(t) ®) 80 + 3¢ uty~2e™ u(t)
(c) 8(t) + 3™ u(t) = 2¢> u(t) (d) none of these

" 60. A signal x(t) of finite energy is applied to a square ~law device whosé dutp{lt is y(®). The =

spectrum of x(t) is limited in frequency interval —w < £ < w. Then limits of spectrum of
y(t) is -

(@=2ws<f<2w  (b)-wsfsw  ()-w<f<2w (d)=2wsf<w
LE>0, o
61. The Fourier Transform of a signal g(t)«> G(f) = V2.5 =”6hen signal g(t) is
0,f<0 -

-1 1 -1 1
® G +2%0 ®) 77 2%0

© -j%i-%ﬁ(t) _(d) None of these
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62. The frequency response of the linear system shown in Fig(4) is

x() ()
Delay ¢ |D e';ay
T
o " Fig
(a) T? SinC(fT)e T (b) T SinC*(fN)e ™"
() T SinCY(fT)e ™™ (d) T SinC(fT)e™™"
63. The average value of the signal shown if Fig. is
(@)-1.75 ' 4
3
0
(c) 13
(d) None - _ »t

o‘l_n/z nL 2 "

64. A harmonic signal x(t) = 3sin(4t+20°%) —4 cos(12t+40°). Then the amplitude of II
harmonic is

@0 ®)3 (c)4 -1
65. The exponential fourier series coefficient for the signal shown in Fig, is
(@) ‘242 (oddn) () —2—22(odd n) ®
' n'x n‘n e
© I’,;:Z (oddn) . (d) None of these b o >t
Fig
66. If energy of first 4 harmonics of the signal Ax(t)
shown in fig. is equal to 1.28 Joules. What is 2
the energy contained in the rest of harmonics?
(@272 () 4] o
©1281 @17 | | R R

. y . ——._-{ -2 . _—‘ 2t .
67. Consider a filter with frequency response H(@) = 1/(1+jo) & input is x(t) =e™ u(t). Then
Energy in output is

(@13 )2 © 12 (d) Data is not sufficient
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68. For the system shown in fig., the relation between input & output is described by D.E.

@ 330 dy(® _3dy(t)

o ———=+2y(t) = x(t)
dy® , 3dy(®
() —5= —a T tH0= x(®)

© YO y(t) L)
dt

() 44 d“"(‘) 3 dy“) 2 4 290 = x(1)
dt?

69. A discrete —time system is described by the II order differential equation
ylk+2]-1.5y[k+1]+y[k] = 2x[k]. Given y[~1] = 1, y[-2] = 2. If a unitstep sequence is
applied asinput then y[k] atk =2 is
(@) -0.125 (b) 0.125 (©)-1.75 (d) 125

+2y(t) = x(t)

70. For an LTI system the input signal -i(t) & impulse response h(t) are shown in Fig. the
output observed at t =3 sec is
@0 4+ x@) h(®)

.1 2 2
©-1
d-32 .

» t t
0 2 2

71. The impulse response of the system shown in Fig. is .
(@) te" () —M\N——-
(®) te' u(® 2 1H l
() etu) + +
d) (2) e* u(t) ({3

72. -The laplace transform of sin’ ot u(®) is '
(@) of[s* + o] ) 0 [ss*+ 0] ()20 +40D)]  (d) 20¥[s(s’ + 207}
73.IfX(s) = (=35 + 2) / (s° + 5% + 35 + 2). Then the initial value is
(@)-3 ®)3 ©0 @1
-—74. Given X(s) (55~ 1) /s’ = 35— 2). Then inverse Laplacetransform is
(a) (" +2te” +e3‘) ut) - () (-e" +2te* +e ) u(t)
(©) (—e* + 2te +e*') u(t) (d) Ge™ + 2te®) u(t)

75. A LTI continuous ~ time system has the impulse response cos2t + 4 sin 2t. Then the

-t -8
responseto the input [E— 1% ]u(t) is
7 7

(@) (—cos2tte u(t) . (b) (—cos2t—")u(t) (c) (sin2t—e)ut)  (d){-sin2t+e™) u(t)
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76. A LTI continuous ~ time system has the transfer form H(s)={s(s+1) / (s*+2s+4). Ifh(t) *
wt) = (1), Then v(t) is
(@) (-3(t)-4-3¢" ut) b) (4-3e") ut) () (3(t)+4-3¢*) u(t) (d) None of these

77. A discrete time signal x(n) has Z - transform X(z) = (z + 1)/ [z{z-1)]. The value of
x(10, 000) is

@17 ()1 @2 @0
78. If x(n) = u(n) & h(n) = nu(n) then x(n) * h(n) will be '

@Fum G (-2 @ (672) (u(e))
79. The signal x(n) = sin® [an /12] is )

(a) Periodic with period = 1/6 (b) Periodic with period =12

(c) A periodic (d) None of these

80. The Fourier transform of 8[t-1o] / a] is _ "
(a) [a] & () (1/1a] ' (©) do-ag) €™ (@™o

81. The Fourier transform of f(l+ b} is
a . .
@ (/™ Faw)  (b) Ja] ™™ Faw)  (c)fale™  Flaw)  (d) fa] ™ Flaw)

82.1f ﬁequency response of the, system is -3¢7°, then the response if the input is u(t) + §(t-3)
is .
(@) 3u(t=2) + 38(t=5) (b) -3u(t-2) -35(t-5)
() —3u(t=5) + 35(t-2) (d) S3u(t-2) +35(t-5)

83. The output of the  system shown in ﬁg.
If the in })ut iste2 u(t) is
(@)1 £ € tu(t) +
e ug)
©ER) e(2 uy. x(t), _ _
(d) (2) e u(t) - | -

84. The Z — transform of & is ] .
@IVZ  OZ/Ze™)Z>1  (©ZZ~)|Z>1 () ZAZ+e") 12> 1

 85. The Z — Transform of the system shownin figure is

TR e -
(c)z /1-—22
(d)z /1+22

86. A LTI continuous — time sg'stem has transfer function. H(s) =1/ (s + 1). The output when
input applied is cos(t + 457) u(t) is

@W/2 feost—¢™ )u(t) ®){cost—e )U(t)
() 1/4/2 Jcost + ¢ )l(t) (c)(l/ﬁ X— cost—e™ )u(t)
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87.

88.

89.

91.

92.

93.

94.

95.

S & S - ADDITIONAL QUESTIONS | [ 1.3'4]

A LTI continuous — time system-has frequency response H(w), it is known that the input
x(t)=1+4 cos(2nt) + 8 sin(3m—90°) produces the responsé y(t) = 2 — 2sin(2nt). Then
H(w) at ® =3n is ' .
®0 (0! (¢) (1/2) €™ (d) None of these

A-continuous time signal x(t) has F.T.-X(®)=1/(jo+b) Whete b’ is Constant. Then F.T. of

1Kjt-b) is : :
b -be ’ :

@2 u(-0) - Ob)2reu@)  (0)-2ne™ u() (d) None of these

The Nyquist rate for the_signal, x(t) = Sa(4t) + 2Saz(3t). is . SRR o

{a) 6 rad/sec (b) 8 rad/sec ... (c) 12 rad/sec (d) 24 rad/sec

.-Given h(n) = {1, 2, 1, 0, 2} Then system is

(a) Causal & stable}

_ (b) Non — Causal & stable
{c) Causal & Unstable ) bl

(dyNon — causal & unstable

A signal x(t) with band width B is put on a carrier cosm,t with >>B. 'T-he' modulated

signal x(t)coso.t is then applied to the system shown in figure. The frequ
+the filter in the system'is given by e auency tesponse of

H(oy {2,-B<w<B X{t) cosact "Q '-Y(t‘ B
(@) x(t) 0 ;elsewhere S T Filter -
33 g{ﬁ; x() Cos(oct+0)
(d) () N '

A recursive fllter is described by y(n) =0.7y[n~1] - 03 y(n-2) - 6x[n-1]. The static gain
of the filter is HINT: Static gainis Hz)atz=1. = . )
{a) 10 o1 (©0

(d) None of these

The difference equation is described by y(n) = (1/4) x(n+2) +(1/2) x(n+1) + (1/2) x(n)
+(112) x(n—1)+(1/4) x(n~2) where input is x(n) & output y(n) is . R

(a) Causal & stable (b) Causal & unstable

{¢) Non causal & Stable (d) Non Causal & Unstable

The power contained in the first 2 — harmonics of . riodic si if Fi

Pt ooy [ o pe signal shqwn if Fig. are.

) 0.33 watts

{c)0:67 watts

(d) 0:0308 watts =

For-the system shown in Fig. if input is e u(t), then fourier transform of output is

i -12w 4 ;
((:)) l:_ee-ikn )((ll“_;-;(z)))z . x(t) — . + =®——. e-l U(t) _)’Q»
©V (1+jm)2 . + :
(d)1+e2@/ (1+e) 4 _-e-Zja) ] I
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Lol . . & -
96. Let x(t) < X(o) =~{0 ‘l“’ ]|<1 Consider y(t) = S‘a’-t‘éﬂ . Then value of ly(®Fdt is
, |®1>1. +®

(a) 3/n )23 () 13n (d) 1/67

97. Consider a discrete — time LTI system whose system function is H(z) =z /(z-1/2) ;
|z| >1/2. Then step response of system is
(a) [2 +(1/2)" u(n) (b) 2 ~(112)"] u() ,
(©)) [1-(112)" T u(n-1) () [1+(1/2)"" T u(n) -

98. The initial & final values of x(z) = [22(z-5/12)} / [(z=1/2) (z-1/3)1 ; Iz > (172)is
respectively
(a)2&0 (b)0 &2 (©)0&1 ()1&0

99. The Z.T. of n(n—1) a*2 u(n) is
(a)2z/ (z+ay 5 14> 1ol

(¢) 22/ (z-a)’; 2] > |al

®b)z/(z+a) ;2 >a
“(d)z/(z-a);ld>a

100 Consider a continuous — time signal x(t) = €™ , t 2 0. Let the sequence x(n) be obtained
by uniform sampling of x(t) such that x(n) = x(nTs). Then Z.T. of x(n) is
(a)1/(1-€"2") ) 1/(0-""2z")  (©z'/(1-¢T2") (d)Noneof these

ASSERTION AND REASON

In questions, two statements A(Assertion) & R(Reason) are given mark the answer as
(a) If A & R both are true & R is the correct explanation of A.
(b) If A & R both are true and R is not the correct explanation of A.
(c) If A is true & R is false. o
(d) If A is false & R is true. -

1. Assertion (A): The L.T of ¢ sinat is o/(s+a)’ + o’
Reason (R): If the L.T of f{(t) is F(s), then L.T of fity e™ is F(sta) [B]
2. Assertion (A): All memory less systems are causal .
Reason (R): All causal systems are memory less [C]

3. Assertion (A): An LTI discrete system represented by the difference equation
y(n+2) -5y(n+1) + 6y(n) = x(n) is unstable
Reason(R) : A system is unstable if the roots of the characteristic equation lie outside the
unit Circle. B3 e
4. Assertion (A): The value of 4t 5(2t—4) is 8 8(t-2)
Reason(R) : Area under impulse function is one.

5. Assertion (A): The average power in the signal x(n)=6 7536 W.

PSR T R
Reason(R) : The average power in the signal x(n) is Pay = N->e0 2N+ FZ_J Xm)]
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6. Assertion (A): The differential equation y’(t)+2yz(t)=2x(t) —x(t) is nonlinear but time
invariant.
Reason(R) : An LTI system is causal if h(t) = 0; t<0

7. Assertion (A) : The periodic signal x(t) = 2+4 sin(67t) is havmg exponentzal F S
coefficients {j2, 2, —j2} e
Reason(R) : An odd periodic signal contains only sine terms

8. Assertion(A): Truncation in time- domain causes ripples.in frequency domain.
Reason(R) : For a periodic signal to have F.S. it should satisfy Dirichet condition [A]

9. Assertion(A): In the exponential Fourier representatio_n ofa rea1~valued periodic function
f(t) of frequency fo, the coefficients of the terms 2™ & ™™ gre
negatives of each other.

Reason(R) : The discrete magnitude spectruni of f(t) is even & the-phase spectrum is odd
[D]

10. Assertion(A): The stability of the system is assured if the ROC includes the unit circle in
the z-plane.
Reason(R) : For a causal stable system all the poles should be outside the unit circle in z-
plane [C]

11. Assertion(A): The Laplace transforms of the signal €2 u(t) and —2 u(~t) is 1/(S+2)
Reason(R) : The ROC for ¢ u(t) ROC is 6 > -2 and for e u(-t) is 6 < 2. {B]

12. Assertion (A): For a periodic signal x(t) = 3 sin{4t +20°)—4cos( l2t+40°) the amplltude of
Il harmonic is 3.
Reason(R) : For signal x(t), fundamental period is n/2 [D]

13. Assertion(A): F.T. of unit step function is 1/jo +18(w).
Reason(R) : L.T. evaluated along the imaginary axis becomes F.T. [B]

14. Assertion(A): For an LTI system fo be stable § [h(t)dt < oo .
Reason(R) : For an LTI system with system function H(s), ROC must include the
-imaginary axis. [A]

15. Assertion(A): F.T. of 1/rt is —jsgn(w)
Reason(R) : If x(t) & X(w) then X(t) © 2rx(-w) [B]

16. Assertion(A): Ideal filters are non causal -

Reason(R) : The condition for distortionless transmission is magnitude spectrum must be
linear function of frequency [l
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17. Assertion(A): Linear phase characteristics is must condition for FIR filter.
Reason(R) : IIR filters are generally stable iC

1) List1 (F(s))
10
A s(s-+100)
10
B. 574100
C s+10

(s +10)2 +100 .

D.10

. a)
b)
)
d)

PRGN
[PURN - TR v+
NN — -0

—_—p g

Match the following
List II ((t))

1. 105(t)

2. e cos10tu(t)

3. sinl0t u(t)

4. (1-¢"") u(t)

[d]

2) List1 (Input- output relation) ' List IT (property of system)

A) y(n) = x(n)
B) yn) = x(n’)
C) y(n) =x* (-n)
D) y(n) = x(n)

A
a 1
b 3
¢ 1
d 3

SIS &)

1. Nonlinear, noncausal
2. Linear, nonlcausal

3. Linear, causal

4. Nonlinear, causal

[b]

3) List1 (function in time — domain) List II (F.T. of the function)
A) Delta function

B) Gate function

1) Delta function
2) Gaussian function

() Normalised Qaussian function 3) Constant function

D) Sinusoidal function

A
a)
b)
€)
d)

W o= =
FNg SRR S o)
NI SE NS

D

— ) e

4) Sampling function

{v]
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4) The following table gives some time functions and L.T.

Kt) ' F(s)
1.5(t) s
2u(t) e s
3. tu(t) 2/s*
4.¢ u(t)_ 2/s3 _

Of the correctly matched pair is |
b)y1&4

(a)2&4

5) List1 (x(n))
A)a"u(n)

B) a"% u(n-2)

C) @ u(n)

B

<
Nwnwy

C
4
4
2
2

W o— = O

2
3
4
4

6) List 1 (properties)
A)f)+f(-)=0
B) f(t) - f(-) =0

C) f{t) + f(t-t/2) =0
D) f{t) f(t-t/2) =0

A B CD

ay- 4 5 3 1

b 3 41 2

€ 5 4 2 3

d 4 3 2 1
© Wiki Engineering

[2]

€)3&4 @DH1&2

List I1 (Z.T) X(z)
az

(z-a)*
ze

7) Zei-a

)

. z
—
)Z—a

List IT (characteristic of trigonometric form)

1. even harmonics can exist

2. Odd harmonics can exist

3. dc & cosine teerms can exist

4. sine terms can exist

5. cosine terms of even harmonics can exist

[d]

[138] [139] S &S -ADDITIONAL QUESTIONS  ACE ACADEMY
7) List I (signals) List II (transform)
A) g(t-2) 1)jd/dwG@)
B)tg(t) -2) 13 G(wf3) e
0) g(-t) 3)€™ G(w)
D) g(3t+1) ) G-0)
A BCD )
ay 1 4 32 '
| by 3 U 4 2 o |
‘ ¢ 3 12 4 ) !
d 1 3 4 2 '
8) List I (Z.T) List I (ROC)
A1l Dig<2
. B) % rightsided Nig>2
z-2
C) log (1+az™"), right sided 3)jz> 1a
D)_ZTIM_—ITS;T , stable 4)lz}>a .
:5) {2 >% -

A BCD

a 6 1 35
by 6 3 5 1
9 6 24 5

. d 65 4 2

9) List I (signal transform)

A —
(s+1)s+2)

S

B) (s-1)(s+2)

S
0 6-16-2)

D)

S(s+1)

A B CD
a 4 2 13
by 4 1 3 2
g 2 431
d 1 42 3

6) entire Z — plane

[e] -

List IT (characteristic)

-1. causal, unstable -

2. noncausal, stable

3. causal, marginally stable

fa]
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