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Basic Signals & Systemg
‘ e —
. Basic Signals & S
Introduction to e :
Continuous Time ]
Signals and Systems Fourier Transform
UNIT (Important Formulas) l Analysis
LN
e [ e M J (Important Formulas)
1. Energysignal, E = j;l x(8)|* dt 1. Trigonometric Fourier series :
2 Power signal, P= }iﬂ—z-lr—il:dﬂfdt | : x(t) = %"“Zﬂ (a, cos nwyt + b, sin nwt)
-r 2n
where, W, = F

2. Exponential Fourier series :

.:{!)=Cﬂ+ i C_e'j-"

ans0

1'-

lk.r ) , oT
o= Ix{t)e ' dt Cy= {x{r}dr

3. Fourier transform

where, C_ =

x(jo) = I x(t)e /™. dt forall ®

5. DTFS (Discrete time fourier series)

x[n) = Nf D,V

Ny-1
D, = NL E xlnje /"

0 k=0

6. DTFT (Discrete time fourier transform)

Flzlnll =X(@Q)= ) xin]e™/™
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Basic Signals & Systemg Basic Signals & Systems

I

Laplace Transform
Analysis

R v (Important Formulas)
/

State Variable Analysis
(Important Formulas)

1 Tendsrmatiy, L2 = CBI-Al-'B

1L L&plﬂCE transform ‘ U(s)
Rs)= [f@®)e ™ dt _ CadjlsI - A
- =
. EEy
2 Convolution theorem : If ft) and g(¢) are two functions, 5 —
then fit) * gt) = !f(r)g(t-t) dt x = Ax + Bu
3. Initial value theorem y=0Cx
- - - g, |
lim fit) = lim sF(s) 8. Disgoualimen st Tnr
1= 30 4. State transition matrnx
4. Final value theorem : ot)=L-'[sI-A]-'=L""[§s)]
lim £(¢) = lim sF/(s) where ¥s) = [sI -A]-!

5. Total solution,
x(t) = x (t) + x(t)
where x (¢) = ¢(t) x(0)
and complementary solution

x (t) = Iob(t — 1) Bu(t)dt
t
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2. Inverse Z-transf: and Characteristics
o Transformation of Independent Variable
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and - | B KT LR HIRE T IPOIELL vt e e S S aNanis 1-2D
X@) = X(re™) = 2. [x[nlr"] e son B. Long and Medium Answer Type Questions ............ccccoeeeeeue.... 1-2D

Pal't-z L L T L T T T T T T T P ps—— (l“lBD tO 1_241))

- 1 n-
x[n] = ‘2—{}:£X(z)z ' dz

Introduction to Various Type of System
3. log, (1-x)= [—x—--';—i—%i_f‘_ ______ ] Basic System Properties \
F .
A. Concept Qutline : Part-2 ...........ccoueeeeeeeeeeeeeeeeeeeeeeeeeseeessnssnns 1-18D
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Ao
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6. Final value theorem : Force-Voltage and Force-Current Analogy
: _ Modeling of Mechanical and Electro-mechanical Systems
X(@) = lim x[n] = lim (- 1)X(z) Analysis of First and Second Order Linear Systems by Classical Method
A. Concept Outline : Part-3 .........oooeeeeveoeeoeeeooooooo 1-25D
B. Long and Medium Answer Type Questions ...............oeoeeun..... 1-25D
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1-2D (B2
(EN-Sem-3) Introduction to CTS & Systems

| PART-1 |
4 quﬂm 50 Continuous Time and Discrete Time Signals,
C‘:lfm" of Signals with Their Mathematical Representation
and Characteristics, Transformation of Independent Variable.

S

L CONCEPT QUTLINE : PART-1

Signals : [t s a physical quantity that vanies with time, space

'10;1’ any other independent variable or variables. It gives the
ormation about behaviour or nature of the phenomenon.

Basic continuous time signals :

Uit step

Uit ramp

Unit impulse

Relation between step, ramp and impulse signals :

.

o B p

: o _ _
i Eirmnmgmlhstepmmhf: (impulse signal) dt

* The basic operations done on signals are :
1 Time shifting 2 Time reversal

3. Tome scaling 4 Amplitude scaling
5. Signal addition 6. Signal multiplication

. Sigflll n_odeling :'The representation of a signal by
matihematicz] expression in known as signal modeling.

‘}“l.l. I Define and give the classification of continuous-time

Continuous-time signals :

1 The signzls that are defined i i
. S for every instant of time are known as

Basic Signals & Systems 1-3 D (EN-Bem-3)
2. Continuous-time signals are also called analog signals.
3. For continuous-time signals, the independent variable is time. They are

denoted by x(¢). They are continuous in amplitude as well as in time.
4. Fig. 1.1.1(a) and (b) shows the graphical representation of continuous-

time signals.

Discrete-time signals :
1. Thesignals that are defined only at discrete instants of time are known

as discrete-time signals.
2 The discrete-time signals are continuous in amplitude but discrete in

time.

Classification of continuous and discrete time signals :
1. Deterministic and random signals
2. Periodic and non-periodic signals
3. Energy and power signals
4. Causal and non-causal signals
5. Even and odd signals

A XV ) x(t)
T - ANVIAA
I VA AV
(a) b)
&x(n] +x(t)
| ]
I ]_ﬁ -6 -5 -4-3-2-1 IIIIT
2 -1 |0 1 2 n 'll ll 012345 ¢ n
(c) )

2 14-‘-; P

Unit step : Signals which start at time ¢ = 0 and have magnitude of
unity are called unit step signals.

They are represented by a unit step function u(?).
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}:4 : (EN-Semwg) Introduction to CTS & Systemg
They are defineq mathematically as : =4
“w= 1o} 1o
u(t) 4
1
= >t

Unit ramp : Signals which start from zero and are linear in nature with
a constant slope m are called unit ramp signals.

They are represented by a unit ramp function r(2).

They are defined mathematically as :

HE) = mt; t20
0; t<0
4 r(t)

| r(t) = mt

m=tan 6

g e

3. Unit impulse : Signals which act for very small time but have large
amplitude are called unit impulse functions.
They are represented by ().
They are defined mathematically as,

8(¢) = 0; t=0
1; ¢=0

Tﬁ(t)dt =1

x(t)

3(t)

~t=

>t

Basic Signals & Systems

:l | E}nté ai#nul : A rectangular pulse as shown in Fig. 1.3.1 is called a unit
gate function and is defined as :

¢ (;) 1 ; forltl<t/2
A = oo (;J:n ) |0 : otherwise

A (/)
‘1
- {
-1/2 0 - 13.2

2. Unit ramp : Refer Q. 1.2, Page 1-3D, Unit-1.
3. Unit impulse : Refer Q. 1.2, Page 1-3D, Unit-1.

Que 1.4. | What is unit parabolic function ?

The continuous-time unit parabolic function p(t), also called acceleration
signal starts at ¢ = 0, and is defined as :

. for £20
p(t) = _2" ’ or t 2
0 ; for t<0
$2
or p(t) = Eﬂ(ﬂ

?p(t)

=
0 t

/Fig. 1.4.1. Unit parabolic sigy
ﬁ"?i What is the significance of an impulse function ? What
does the impulse response mean ? Explain.

o
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1-6 D (EN-Sem-3) Introduction to CTS & Systemg

Importance of impulse function : _

1. Byapply.ng impulse signal to a system one can get the impulse response
of the system. From impulse response, it is possible to get the transfer
function of the system.

2. For alinear time-invariant system, if the area under the impulse response
curve is finite, then the system is said to be stable.

3. From the impulse response of the system, one can Eﬂﬁ_ﬂ-‘f get the_ step
response and ramp response by integrating it once and twice respectively.

4. Impulse signal is easy to generate and apply to any system.
Impulse response : The impulse response function of a dynamic system
is its output when presented with a brief input signal, called an impulse.
It is the reaction of any dynamic system in response to some external
change.

Que 1.6. ] What are deterministic and random signals ?

Answer I
Deterministic signal :

1. A signal exhibiting no uncertainty of its magnitude and phase at any
given instant of time is called deterministic signal.

2 A deterministic signal has a regular pattern and can be completely
represented by mathematical equation at any time. Its amplitude and

phase at any time instant can be predicted in advance.

x(t) x(t)
NN A /.
j \ A U NV

(a (b)
m;. 1.6.1. (a) and (b) Deterministic signals.

Random signal :

1. A signal characterized by uncertainty about its occurrence is called a
random signal.

2. Arandom signal cannot be represented by any mathematical equation.

3. The pattern of such a signal is quite irregular. Its amplitude and phase at
any time instant cannot be predicted in advance.

x(t) x(t)
t WW’ t
(a) (b)

Fig. 1.6.2. (o) and (b) Random signals.

Basic Signals & Systems 1-7 D (EN-Sem-3)
W Define periodic and non-periodic signals.
Answer |

1. Signal which has a definite pattern and which re:'peats itself at regula,:
| intervals of time is called a periodic signal, ‘W:hlth doe_s not {epest a
regular intervals of time is called a non-periodic or aperiodic signal.

9. Mathematically, a continuous-time signal x(t) is called periodic if and

only if
x(t + T) = x(t) for all ¢, i.e., for -0 <f <>
where ¢ denotes time and 7 is a constant representing the period.

Continuous-time signals Discrete-time signals
2 x(t) xin) 4 sin 2n
& - Im I
a [\t(\[\i__ i ol ol o
2 ot | LU n
g Mo Y Flants
) (b)
A (tﬂx{t) . x(n)
M hnTlanH-—;_
[0 => t HN.P, n
(c) = (d)
+x(’t.) \ x{]ﬁn
0T Tt 0 T ~n
(e)x{t) 1(21)
atln, .
T 1o T ¢t T 0 T n
@) (h)

' Fig. 1.7.1. (a), (), (c) and (d) periodic signals;
.- (e), (N, () and (h) non-periodic signals.

%3%3‘;‘“1 Explain what are power and energy signals ? Explain
their relationship with periodicity. AKTU 2012-13, Marks 05 |

‘Answer I |

e

Energy and Power signals : Signal having finite energy is called
energy signal.

T @
E_= 1 * di = 2
» %‘_I.';_Ux(”l dt le(tﬂ dt
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1-8 D (EN-Se
m-3) Introduction to CTS & Systemg
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it e .
Signal with finite and non-zero power is a power signal.

P T/2
To=T 19
. g:lagnnship with Periodjc; tﬂ;d power signal at the same time,

. nsi
(). m:ri;';:]o be the voltage across a resistor R producing a current
taneous power p(t) per ohm is defined as :
2
B 2(j'v? R
2. =itRi(t) =i4t) R
- . &y E and average power P on a per-ohm basis are :

E= [ i%@®)adt joules

1 T/2
P= lim = j i2(¢) dt watts

T
_””T-m

3. For an arbitrary continuous-time si i
- signal x(¢), the alized
“content E of x(¢) is defined as - e e

T
E-= %-’ﬂ _[sz(t}dt

4 The nurmahzed average power P of x(¢) is defined as :

T/2

T
P= = 22(t) dt
T'"“T-!fz

5. Similarly, for a discrete-time signal x(n), the normaliz
E of x(n) is defined as : = P

x

E = Z ]:r(n)iz

6. Tbe normalmed average power P of x(n) is defined as :
- 1 X
P=tim L 3 Ly

n=-N
7. x(t)(orx(n))is said to be an energy signal if and i
f) said to onlyif 0 < E < w0, and
P = 0. Non-periodic signals are example of energy signals. RS

8. x(¢) (or x(n)) is said to be power signal if '
_ : e p and only if 0 < P < w, th
implying that E = o. Periodic signals are example of power sign::l. ©

Qu 1-9,4] Prove the following :

Basic Signals & Systems 1-9 D (EN-Sem-3)

a. i’roﬁf : The power of the energy signal is zero over infinite time :
1. Let x(t) be an energy signal, i.e.,

E= [|x®)F dtis finite.

2. Power of the signal

1 T
- 11.“—-'[T|z(tlfdt
= B L Ii ilx(t”’dg =]_i1:|:1—1 i|x(t)l’dt
- T-= 2T T—hﬂ_r T-= 2T =
1 . T
- T_m—[E]lismceE=ilet)fldt]

3. Thus, the power of the energy signal is zero over infinite time.
b. Proof: The energy of the power signal is infinite over infinite

time :
1. “Tet x(¢) be a power signal, i.e.,

. 1 %
= Tm — t) [ dt is finite.
P= lim 2T_-Ll:( )P dt is finite

2. Energy of the signal
E= [|x® dt

3. Let uschange the limits of integration as— T to T and take limit T' — =.
4. This will not change the meaning of E,

T T
- it 4 2 = - 1
ie., E = 1'1‘.1_1[|_1;_1$JT| x(t)|" dt = 11_1_%[21" ﬁ_jrl x(t) P dt]

. _— .
- Ez&**[mﬁ_j?uun dt

T
= _‘]__iﬂ2TP= @ {sinoeP=% Tlet)F dt]

5. Thus, the energy of the power signal is infinite over infinite time.
Que 1.10. I Explain briefly :

i. Causal and non-causal signals.
ii. Even and odd signals.
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Introduction to CTS &
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_causal signals- _
caalx{!}iﬂsaid to be causal ifx(t)=0fort <

al x(t) is said to be non-causal if x(t) =0 for 4 | 0

d odd (nnn-symmetric) signal :
() is said to be an even (symmetric) s; "

| C;ausal and non

- yuous-time S1g1
A continuous-time sign
Even (symm etric) an

A continuous-time signal x

it satisfies the condition

x(t) = x(=t) for all ¢ _

9 Acontinuous-time signfﬂ x(t)is said to be an odd (non-symmetric) g;

if it satisfies the co ‘ton Signa]
x(-1) = —x(t) for all

I{t]‘ I(t}

N AN
vALVARCEWALY LAV
®)
{ﬂ) — — — —
‘Fig. 110.1. (a) Even signals, (5) 0dd

Que 1.11. | What do you understand by transformation of the

ihdependent variable ?

T

Transformation of independent variable :

During the processing of signal several manipulations involving
independent variable are required. It means that for analysis of signals,

transformation of independent variable is required.
The basic operations on signals are as follows :

Time shifting :

i
1. Mathematically, the time shifting of a continuous-time signal x(¢) can be

represented by

yt) =x(t-T) «=(L1%.1)

2. The time shifting of a signal may result in time delay or time advance.
3. Ineq.(1.11.1) if T'is positive the sifting is to the right and then the

4.

shifting delays the signal, and if T'is negative the shift is to the left and
then the shifting advances the signal.

An arbitrary signal x(¢), its delayed version and advanced version are
shown in Fig. 1.11.1(a), (b) and (c¢).

R

Fig. 1.11.1. (a) Signal, (B!
- - e g - “y A
il e reversal :

Basic Signals & Systems 1-11 D (EN-Sem-3)
‘I{t} ‘I(t-T) ‘x(t+T)
j A A A

0 6 t [0 T T+«6 t -T 0 _T+6 ¢t

Time reversal, also called time folding of a signal x(t) can be obtained by
folding the signal about ¢ = 0. This operation is very useful in convolution.

It is denoted by x(—¢).
It is obtained by replacing the independent variable ¢ by (). Folding is
also called as the reflection of the signal about the time origin¢ = 0.

Fig. 1.11.2(a) shows an arbitrary signal x(¢), and Fig. 1.11.2(d) shows its
reflection x(—¢). |
x(-t)

A x(t) ?
A

:\" -4/13'2:1\0'1
3 4 t g o
(b) b
¥

b
L

A
01 2

o
t

8s810n.

Time scaling may be time expansion or time compre
x(t) can be accomplished by replacing t by at

be expressed as :

@ P
iii. Amplitude scaling:

r
by y(t) = Ax(t) ﬂﬂ/ﬁl%
where A is a constant.

Y(t) = 2x(t)
2
Apon o O
AWAWIY .
0 t 0
VAV.VAVASRRVAVIITAY
T-2
‘Fig. 1113, Plots of o ot, (5)y(t) = 2603
iv. Time scaling:
92 The time scaling of a signal
in it. Mathematically, it can

1. The amplitude scaling ofa continuous-time signal x(¢) can be rep
. j? /
f.lt]
L
y(t) = x(at)
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Introduction to CTS & Systenm

1-13 D (EN-Sem-3)

1-12 D (EN-Sem-3)
afactora andifa < 1,it results Basic Signals & Systems

| 3. Ma>l,itresultsid i mﬁﬁﬂﬁﬁuh that transformation a point
tor 4. Fig. 1.11.5(c) is the addition of x,(t) and x,(t) and Fig. 1.11.5(d) is the

in time expansion by a fae t at ¢’ in y(0).
es a poin substraction of x,(¢) from x,(¢).

at ‘at’ in signal x(¢) becom i i
x(t) vi. Signal multiplication
/{————\ ¢ 1. The multiplication of two continuous-time signals can be performed by
multiplying their values at every instant.

Z[ W — 2. Two continuous-time signals x,(¢) and x,(#) shown in Fig. 1.11.6(a) and

- To1 2 8 ¢ -5 115 ¢ (b) are multiplied to obtain x,(t) x,(t) shown in Fig. 1.11.6(c).

(@) (&) ForO<t<l  x,(t)=2andx,(t)=1
4 Hence x,@®x()=2x1=2
4 , For1<t<2 x,(t)=1landx,()=1+(-1)
\ Hence xx,)=(D1+¢-1D]=1+(@-1)
2 - ‘2 fi - .‘t Txl{t) ‘Ia(t) ‘xlit)xg(t)
2 21 2

(c)
Fig. 1.11.4. (a) Original signal, (6) Compressed signal, (c) Enlarged signal.

v. Signal addition :
1. The sum of two continuous-time signals x,(¢) and x,(t) can be obtained

by adding their values at every instant of time,

2. Similarly, the subtraction of one continuous-time signal x,(f) from
another signal x,(¢) can be obtained by subtracting the value of x,(f)

from that of x, (¢) at every instant.
3. Consider two signals x,(¢) and x,(¢) shown in Fig. 1.11.5(a) and (b).

*KI(U ‘lzﬂ}
2
1 1
? —- /j_.—l—'
0 1 2 3 4 ¢ 0 1 2 8 ¢ 't
(a) (b)
3
2 9 AREWeE
t) X, (t) = x.(t) 1. Signal shown in Fig. 1.12.2 starting from ¢ = 0 with a sl '
1 X(t) + xy(t) ) 1 2 signal /) t), ng a slope A/t, is ramp
- rit)
N
7
I
I
|
0 t,
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p—— Introduction to CTS & Syfte___;lla Basic Signals & Systems 1-15 D (EN-Sem-3)
-14 ] =
- o5, So, we have to multiply it With uni &1,
2 Att:tl,signaltermmn X "{”
signal u(-f + t))- dut+ty) :
| l =t
1
— L
N 0
‘x(t)
1.514+
1= ]
= 5 4P-'|:
_ Sketch the waveform from the expression :
ok
0@ =u@)+ Y, (-1 3ut-k)
k=1 - _
| T L Here(t + 6) is shifted by 6 in Fig. 1.14.2.
o(t) = u(t)+ Y, (- 1) 3ult—k) $15
k=1
=u(t)-3ut-1)+3ut-2)-3ult-3) +......
3u(t - 2) . —t
u(t) o B -4 =2
Fig. 1.14.2.
l - t 1 -- t 2.  Then x(t + 6) function is expandted by 2 as shown in Fig. 1.14.3.
x(3+9)
&
| B . T 10
Att=0,v(t)=1 =1 —>
Att=1,v(t)=1-3=-2 -12 -8
Att=2, v(t)=-2+3=1 .
At =3, plt)=1-3=-3 3. -. Fig.1.14.3isthe required waveform.
s ——

Scanned by TapScanner



-‘\-..

Introduction to CTS & Ey!tem!
—_Ms

1-16 D (EN-Sem-3)

— . ig‘nnll
Que 1.15. , Sketch the 8
r (t] +r (1~ 2)

yt)=rt+2)-
su (t-1)-2u (¢=2)

yt)=u(t)+

).-.r(r+2)-r(”+‘"“'2)

y(t)
41 /

yit

y(t)=u )+ 5u(t—-1)—2u(t-2)

y(t)

A

q4 | =
!
I
I
.
2

) =rt+2)~2r(t +1) + 2r(t) = H(¢t = 1) — (¢t — 3)

T T TR T W TR W varmee s

Basic Signals & Systems 1-17D (EN-Sem-3)

bty A x(-t)

— 5 Y ,

-2 -1 0.1 2 3

1. Even component :

A x(t) + x(~t) x,(t)
] G x(t) + x(—t)
| § S 5 S )| S *
0 1 2 o1 2 3 =
1 1 3
x(t)= - ult+3)+ —r(t+2)— = rt+1) +2r(t)
2 2 2
3 1
~3 rit—1) + 2 r(t—2)— u(t-3)
2. 0Odd component:
x(t)
$ 2t - x-t) y JE=5 0
2
3 B i
1 1 1
x(t)= ——-ult+3)+=rt+2)-=rt+1)
° 2 2 2 .

1 1 1
+=-rt-1D=-=rt-2)- = u(t-3
2!‘( ) r( ) u( )

What are periodic signals ? Find the fundamental period

| AKTU 2013-14,

Pl

" Periodic signals : Refer Q. 1.7, Page 1-7D, Unit-1.
Numerical :
2n . s LR n . . 3m
1. x(n) = cos—n +Jsm?n+msTn+;san

Note that there are two different frequencies.
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1_1an(EN.sem-3>
1
2 ﬁ—:—-‘ N =3
2#‘111: —aﬁﬂﬂlel 3: ;

g &
3
In b—:- N=8
afyn= 3TN, T8

and |
: &:E is the ratio of two integers (i.e. rational), the signg) .
3. Since N, 8
amental period is LCM of 3 and 8i.e. N=24.
waveform is shown in Fig. 1.18.1. Write an equatiop,
functions.

)
?“ 1 —= t (8eC)
0 1 ¢

v(t) = 10[r(t) —r(t = 1] - bu(t — 1) — bu(t - 2)

[PART-2
tion to Various Type of System, Basic System Properties. Y

— ——————

CONCEPT OUTLINE : PART-2

e System:Itisa physical device used to generate a response or

output signal for a given input signal.
e Classification of systems :
i. Linear and non-linear systems.
ii. Time-invariant and time-varant systems.
iii. Instantaneous and dynamic systems.
iv. Causal and non-causal systems.
v. Continuous-time and discrete-time systems.
vi. Analog and digital systems.
vii. Invertible and non-invertible systems.
viii. Stable and astable systems

Questions-Answers

Basic Signals & Systems 1-19 D (EN-Sem-3)

.| Explain system and its classification. _

1. A system is represented by a block diagram as shown in Fig. 1.19.1.

> . —>
Input impulse response h(t) Output

2. An arrow entering the box is the input signal (also called excitation,
source or driving function) and an arrow leaving the box is an output
signal (also called response).

3. Generally, the input is denoted by x(¢) and the output is denoted by y(¢).

4. Mathematically, y(¢) = T [x(¢)]
which represents that x(¢) is transformed to y(¢). In other words y(t) is

the transformed version of x(¢).

Classification :
Continuous-time system : A continuous-time system is one which

transforms continuous-time input signals to continuous-time output
signals.
Discrete-time system : A discrete-time system is one which transforms
discrete-time input signals to discrete-time output signals.

Que 120. | Discuss various types of systems.

Static and dynamic system :
A system is said to be static or memoryless if the response is due to

present input alone, i.e., fora static or memoryless system, the output at
any instant ¢ (or n) depends only on the input applied at that instant
¢ (or n) but not on the past or future values of input.

Example, y(t) = x(t)

y(t) = x*(¢)
2 In contrast, a system is said to be dynamic or memory system if the

response depends upon past or future inputs.
Example, y(t) = x(t - 1)
y(t) = x(t) + x(t + 2)

Causal and non-causal system :
1. A system is said to be causal (non-anticipative) if the output of the

system at any time ! depends only on the present and past: values of the
input but not on future inputs. Causal system are real time system.

Example, y(t) = x(t — 2) + 2x(¢)
y(t) = tx(t)
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causal (anticipative) if the outpyt of the
mnl on future inputs. They do not exist

9 A system is said to be

. in“?al exampl
system at any time t depe ples.
time. y(0) = xit + 2) + 2x(¢) wer
Example. yit) = () + ex(t + 1) Linearity : Systems having proportional output to their input satisfying
_ : additive property as well as homogeneity property (also called scali

d non-linear gysiem “y: : property), are called li rste i

Linear an - ~iple of suwrpOSltlﬂn and pnnmple periy), lnear sy ms.
1 A system which obeys the princiP of

i. Additive Property :
ho neity is called a linear syster. o f e A- B
oes u:hir:h does not obey the principle of superposition ang B
* ;Smugeﬁw;ity is called a non-linear system- D
ein . tmdﬁm&vmmmm: A+C'—¥B+D

px® pye® A —{ System |———» B

C —{ System }b—» D

A+C—>»{ System |———» B4+D

_/\ Fig. 1.21.1.
&

>, "[T t If inputs A and C are acting separately on a system then the output of
0 _ the system is B and D respectively. But if both A and C act simultaneously
a Time-invanant > then output is B + D, this system is said to be additive.
o ii. Homogeneity Property :
AXt=T) pye-m A B
kA — kB
A —| System |}—sj
A kKN — & System p——— kB
. "t
0 T t 0 T Fig. 1.21.2.
A TR TS T L Ifthe input A is increased k times, the output also increases k times, this
"Fig. 130.1. Time-invariant ﬂ | property is called homogeneity.
1. Time-invarianceis the property of a system which makes the behaviour Linearity = Additive + Homogeneity
of the system independent of time. This means that the behaviour of R x
the system does not depend on the time at which the input is applied. kA +kyC > kB + kD
If x(t) = y(t) A—»{ System p——» B
then (t-T->yt-1
o . ; : . . C System & D
A system not satisfying these requirements is called a time-varying
system. kA +k,C —— System *k,B + k,D

Time invariance : Refer Q. 1.20, Page 1-19D, Unit-1.
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1 i w':::-ltg vnth bounded-input and bounded-output is called stable if for
- ;n:\ bounded input x defined by
|x] sk
the corresponding outputy is also bounded defined by

MEL”

where, &, and &, are finite real constants.

y(t) = x(t) cos ot

L o

R — . ———

3 InFig 1.214,
-~ |cos @ t|< 1, we have |y(t)| = |x(?) cos ot HEG]

4 Thus, if the input x(¢) is bounded then output y(¢) is also bounded and
the system is BIBO (bounded-input bounded-output) stable.

F‘ What is LTI system ? Check the linearity of the system
¥,

LTI system : A system which is both linear and time-invariant is called
2 linear time invariant (LTI) system. That is, a system for which the
principle of superposition and the principle of homogeneity are valid and
in addition, the input/output characteristics do not change with time is

called an LTI system.
Numerical :
dy(i.
Given : ":tj + y(t) = 8x(t)
To Find : Linearity of system.
1. Let an input x (¢) produces an output y,(®).
a5\ 4 y,(8) = 5z,(¢) ..(1.22.1)

2  Similarly, if input x,(¢) produces output y,(¢), then

g Y I T | B v

Basic Signals & Systems 1-23 D (EN-Sem-3)
DD 4y, (0 = B (0 (1.22.2)

3. Linear combination of eq. (1.22.1) and (1.22.2),

Ed_;:ﬂ +ay,(t) + Eﬁ‘-’gﬂ + by, (t) = ax (2) + bx ()

d

i lay () + by,(0)] + lay () + by, (1)) = ax,(t) + bx (t)
4. This equation follows superposition theorem. Hence system is linear.
qums. What are causal systems ? Check the causality of the

following system :

i ym=x(-n)

ii. y@=x()cos(t+1)
where z is the input and y is the output.

g

Caﬁ;ﬂ ‘system : Refer Q. 1.20, Page 1-19D, Unit-1.
Numerical :

Given: pestm T
Forn=-2 y(=2) = x(2)

Forn=0 y(0) = x(0)

Forn =2 y(2) = x(-2)

For negative values of n, the output depends on the future values of

input. Therefore, the system is non-causal.

gEo

il Given: y(#) = x(#) cos (£ +1) | S o2
-  y( = x(n) cos (n+ 1)
y(2n) = x(2n) cos (2rn + 1)
As the output depends on the input that occurs later, the system is non-
causal.

Que 1.24. | Check whether the following properties hold good for

the system y(¢) = atx(t) + bt*x( -2) :
i. Static or dynamic

ii. Linear or non-linear

iii. Causal or non-causal

iv. Time-variant or invariant mﬁmm
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i. Static or dynamic :
1. Put t=0
y0) =0
2. Put (=1
yl)=ax(l) +bx(=1)
J d
Present input  Past input
Since system depends on past input means this system has memory, go
it 1s dynamic system.
ii. Linear or non-linear:
1. Let x (¢) produce an output y, ()
2 y,(0) =atx )+ bt'x(t-2)
2. Let x(¢) produce an output y,(¢)
=S ¥,(t) = a t x,(t) + bt* x,(t - 2)
3. The weighted sum of output 1s
py,(0) + @v,(t) = plat x,(t) + bt* x (¢ - 2)] + qlatx,(¢) + bt*x (¢ - 2)]
4. The output due to weighted sum of inputs
y,(t) = px,(t) + qx,(¢t)
5. Since superposition principle is not satisfied. Therefore the given system

iii. Causal or non-causal :

L

1v.

-

SN

H‘L

1s non-linear.

Fort=1 y(1)= ax(1) + bx(-1)
Present Past
input ~ input

Fort=2 y(2)= 2ax(2) + 4bx(0)
Present Past
input input

—-ax(-1) + bx(-=3)
Present Past
input input

N

Since system is not dependent on Yuture value, so it is a causal system.

Time-variant or invariant :
y(t) =atx(t)+ bt’x (t-2)

The output delay due to input delay by T sec is

y{t’ 2") =y(t)lxﬂ)-txﬂ-n
=atx(-T)+bt2x(t-T-2)

The output delayed by T sec

ye-T)=y@®)|,.,_ »,
=a(t-Txt-T)+bt-TPx(t-T-2)

. y(t:r n # J!(t =y ﬂ
Therefore, the system is time-variant.

Fort=-1,y(-1) =

’il ”‘J G R L R Ll

1-25 D (EN-8em-3)

Basic Signala & Systems
s |

-

PART-3
vical Elements, Force-Voltage and

- Linear Mechar .
f Mechanieal and

logy, Modeling o
e lysis of First and Second Order
assical Method. 4

Anafﬂgﬂuﬂ System
Force-Current

Electro-Mechanical Systems : Anu'
Linear Systems by Cl

CONCEPT OUTLINE : PART-3

e : Sum of external forceg and forces
y in any given direction 18 zero.

'Alembert’s Principl
resisting motion of a bod

ie. f+fm+fﬂ+fx= 0
f— External force

f.=? Inertial force
fp— Damping force
fx — Spring force

where

Questions-Answers

-

Long Answer Type and Medium Answer Type Questions

Explain the force-voltage and force-current analogies.
[ARTU 201515, Maris O8]

Force-voltage analogies :

Each junction in a mechanical system corresponds to a closed loop

tion sources and passive elements

1.
which consists of electrical excita .
analogous to the mechanical driving sources and passive elements
connected to the junction. '

2. All points on a rigid mass are considered the same junction.
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wh.ni AasIC
M cal system Electrical system | o
Force, f Voltags: 2 — | | | T
Velocity, v . - e, i, R C
<L Current, { ' . o
DiSPlacement, X Charge, g ] i(t) L R i il l
Mass, M Inductance, L 1 _ .
» E = - — T a *r -"ﬂﬁ
__Damping coefficient, D Resistance, R G " Fig. 1.25.3. Force-current analogous circuit.
Compli . E = F .current analogies :
phiance, VK (stiffness, K) Capacitance, C . E::;?ui:tinn R ——— T ode which joins
Example : . electrical excitation sources to passive elements analogous to tl]:]:
1. Consider the hani . hanical driving sources and to passive elements connected to t
Serastinn o tﬁec amcal‘system shown in Fig. 1.25.1. The diﬂErEntia] ]‘::iitian
; mech:::cal system is written as, ) JAH poini;s on & rigid mass are considered the same junction.
x . _
MF+DEE+M = flit) (1.25.1) 3. Omterminalnfthecapacitanceanaloguustoamassmalwaysmnnected
2. Consider the electrical circui o to the ground.
. _ circuit shown in Fig, 1.25.2. ; t Anal
dJEEmnhal Eq'uatign is Wntten fur tth El Eﬂtl‘ic al cu'm_ut 'Ilhe f“u““ﬂng TﬂblE 1-25-2. Fnrce-Curren ‘ ogy .
L-f'f_i + Ri . Mechanical system Elec‘rical system
2 TR+ E‘[ dt = e(t) .(1.25.2) . Corrent i
dx
3. — i ) : Voltage, e
. dt 2P laced by v, the velocity, eq. (1.25.1) could be written as Aoyt :
d Displacement, x Flux linkage, ¢
U
MEE + Dv + kjudt = ft) (1.25.3) Mass, M Capacitance, C
4_ . senl L, 2
fi:mtgemtwmgu €q. 2-25-2) a:lld (1.25.3), we see that the differential equations Damping coefficient, D Conductance, G
system are identical.
5 Stiffness, K (compliance, 1/K) Inductance, L
S'l;h;ea;ove analogy is called force-voltage analogy and it is called the loop B 1
xample : * _
1. Consider Fig. 1.25.3. For this electrical network, the differential equation
WL R is written as
VW de
D L!J K ) %Iedt + -;; + CE = i(t) ..(1.25.4)
C) e(t) C5= 2. Comparing eq. (1.25.3) and (1.25.4), we see that the differential equations
i for the mechanical and electrical system are identical.
3. The above analogy is called force-current analogy and it is called the

nodal system.

ﬂg’.l&ﬁ.zfmwl age W . What do you understand by analogous systems ? Also
i B-.Ilﬂlogous;circmtij :"r mention the F-V and F-I analogy in analogous system.

KTU 2014-15, Marks 3.5
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T Basic Signals & System?
£ 3 . _.___._—I—""-'_‘_-_P-_._._-
Answer I : .. K e X,
KI ____.t: 1
Aﬂa](_*s‘ﬂun system : If there exists a similarity between the equiliriyy, 000 o M, |— (1)
equation of electrical and mechanical system, it is possible : N __ﬂ._ M —'i}
. Todraw an electrical system which will behave exactly similar to the ip ,,rD/zf 77 /7@?77777‘
w,.,h;;?w
No friction

given mechanical system.

b.  To draw a mechanical system which will behave exactly similar to the Fig. 1.28.1.
- ARTU 2011-12, Marks

given electrical system.
|-

¢.  Both the above systems are called analogous system of each other. ARTU 2015-16, Marks
F-V and F-I analogy : Refer Q. 1.25, Page 1-25D, Unit-1.
Que 1.27. l Explain D' Alembert’s principle. W-‘l _
ﬁ | Differential equation is written a5,
Answer o " i dx _ng.t_L +K2(12_x1)=ﬂt)
1. It states that sum of external forces and forces resisting motion of g ¥t 7 dt cf: D dx, _ 0
body in any given direction is zero. M d’x, D E'fl_ _D, —2 + K,(x, —x,) + Kx,+U, dt
f+hha+lp+fx=0 . t g T tar o de ent analogy,
2 Differential equation based on force-curr
de, fl.-il—+—1— (e, — ) dt =)
C, T + R, L I 2 :
—_— Vv 1 - dt = o
X | g fewd gl
v = L 3. Analogous electrical circuit based on force-current analogy is :
/ * L,
|
o -
—MWW—
R,
2 i(t) T Cz Cl — Ll Rl

3. Damping force, f,=-Dv

129, | Determine x:’; f the given system shown in Fig. 1.29.1.
8

t
4. Spring force, fr=-K [Iudhx(O)J
" Lo

¢
5. Now, M%+Dv+£[fudt+x(0}J =f
0

.| Draw the force-current analogy of the mechanical
system given in Fig. 1.28.1.
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Let D and D, be the damping coefficient and K be spring Constany

L - Mdu(1) e
[nertial force, fy = d; | Mechanical equivalent of system :
2. Damping force, fp=- (D, + D,) v(t) - __i} =
)
3. Spring force, fx =-K [ I v(t) dt + r(ﬂ)] /\ D,
0
4. Using D’ Alembert's principle £ M ¢
Py M, | |L—JDp, ’
Dl L,I | D!

2. Differential equation,

M
V vy 2 e
fit) x(t) vit) fit) = M1%+DI-E‘-+D2%—D2% -.(1.30.1)
Md(t) ‘ oo m. ¥ . pd pd g (1302
fit) = 5 +(D,+D,) v(t) +K Iv(t) dt + x(o)J = M2~ 2 2”7 G d
Md? 2 ’ 3. Converting eq. (1.30.1) and (1.30.2) in KCL form using force-current
fit) = dﬁx +(D, + D2)E+ Kx (129.1) analogy, eq. (1.30.1) becomes,
F(s) = Ms? X{s) + (D + Dz) sX(s) + KX(s) dt R1 Rz "R,
HS) = (M32 + (D + Dz)s + K)X(S) 4. Eq. (1_30_2) becumes,
X(s) 1
= _ o dey(t) eg(t) el(t)
_ F(s) Ms>+(D,+D,)s+K O~ ‘& R, LJ‘ dt ..(130.4)
Que 1.30. ] Draw the mechanical equivalent of the system shown 5. Using eq.(1.30.3) and (1.30.4), equivalent electrical analogous circuit is
in Fig. 1.30.1. Obtain the electrical analog system using the force- " drawn s, ;
‘ e e R, e
§777 | ~, e
K
i C*) 7 C, R, - C2 L

1 Obtain the F-V and F-I analogous system of the

e\ﬁg

e H:ﬁwfﬂ ¥

mechamcal system shown in Fig. 1.31.1.

Scanned by TapScanner



1-32 D (EN-Sem-3) Intrﬂductiun to O &
"—.' X,
K, LI S
7 mm M, K, M, ¢
7 L) (N - L)t ]

dx,
+Kx,+D a".)d"‘:’+1‘L'2(.1::1 -x,)=0

dt dt

dx
M, i +K,,.1c2 +Ddr’—Dd—;—Kt1=ﬂt)
2. Differential equation based on F-V analogy are,
le"+R(z, 11)+—I:,dt+—-f(zl -5,)dt=0
L1 R -3)+ 1[G, ~i) de = el
dt C,

3. Hence F-V analogous system is

4 Dlﬁ'erentm.l equation based on F-I analugy are

C£+5' +L,I£l dt+%j(el-ez)dt =0

2

2, R ng‘(ﬂ*2 e)dt = i(t)

;M{I;&i’ 7 ”’/// i J ’ ﬁrﬁ;”_’

1-33 D (EN-Sem-3)
Basic Signals & Systems
€1
'ﬂz R
(08 L
— C
it) = C2 1 L;
Discuss first order and second order linear systems by
clﬁssiéal method.
Answer \
First order systems :
1. First order homogeneous differential equation,
= constant
dy®) | pye) = P
dt
ii.:’_'(_"’l = — Pdt
; O
Integrating,
Iny(t) = —Pt+k,
k,=Ink
Iny(t)=lne ™ +Ink
In y(¢) = In (ke™)
y(t) = ke
k = constant
9 First order non-homogenous differential equation,
O, pye)- @
P = constant

Q = function of independent variable, or a constant

P PPy =Qe”

- -—

g;[ﬂ)'ﬂﬁ] = Qe [d(x.y) = xdy + ydx]

y®) P = [QePdt+k
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y(t) = P_HJ.Q E‘Pfdf +he M Basic Sigﬂﬂlﬂ&Syatemﬂ
o v stem 7
! @ = constant, Q.4. What are causal and non causal sy

. Refer Q. 1.20, Unit-1.

Y0 = e Q-+ ke tability.

Explain the concept of linearity and s
Refer Q. 1.21, Unit-1.

s 9 4% rrent analogies.
y(t) = pt ke Explain the force-voltage and force-cu

Refer Q. 1.25, Unit-1.
current analogy of the mechanical system

B RS §
= o 4

Second order systems :

Second order differential equations, Q.7. Draw the e
Ad? given in Fig. 1.7-1
¥(t) g O
a? T g TOW®=0 . By B 2 9
1 ___fM\__«
s T | ) - ::"‘ ‘mﬁ M M:Z > fit)
ral solution : y(¢) = ket + ket :__I:I_ . __—||——
L J p .
1> Rg = constants ;/}f//,*/ﬂxfx.///{//!?//!fff
P,, P, = roots of quadratic equation N?'f'l'-m'tmp '
AP24+BP+C=0 —
B 1 ARE. . 1.28, Unit-1.
P B= g Jpl LA Refer @ ignal i
2A 2A Q.8. Find the even and odd components of the si shown in
= Fig. 1.8.1.
VERY IMPORTANT QUESTIONS
Following questions are very important. These questions '
may be asked in your SESSIONALS as well as ' t
UNIVERSITY EXAMINATION. % —% .

- it-1.
Q. 1. Define various elementary continuous time signals, gate Ang Refer Q. 1.16, Unit

si . .
gnal and parabolic signal. Q.9. Check whether the following properties hold good for the

Aug Elementary continuous time signals '
; : Refi % b X = 24(t-2) :
Gate mgt‘nal.: Refer Q. 1.3, Unit- 1‘311 er Q. 1.2, Unit-1. | systn'am y(t) = at.r(‘t) + bt?x(t - 2)
Parabolic signal : Refer Q. 1.4, Unit-1. i. Static or dynamic
ii. Linear or non-linear
2. Explai :
= ,.elatlia;::;?: ';::E po W:hand energy signals ? Explain their iii. Causal or non-causal
ABE Refer Q. 1.8, Um_t_l'pen e iv. Time-variant or invariant

. ARE: Refer Q. 1.24, Unit-1.
Q. 3. Discuss time-variance

and time-inv 3
ABZ Refer Q. 1.20, Unit-1. e
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Q. 10. Draw the m

force-current an alogy.

: echanical equivalent of
\ t
Fig. 1.10.1. Obtain the electrical anal

et uui':::h in
the

AEE Refer Q. 1.30, Unit-1.

L ".1-"1.:_.“ &
1. "y

CTS
he am

y ¥/ /; .7 i - e
iy I f f ; ’ I_J’! ¥ {,J',"/f ¥ ? ";’/ J .'f_‘ ;f-, ;!m
f } / / ey ! 4 4 'f :' A ‘- '*_‘I_"H -_ .I'I, . : | ¥
J / 'f""i: / ‘{// 'g‘{"/'r‘ /"-” fdfﬁ , .-"’{'Ir / 'r'; #‘f P ‘/ ‘ s

. I
Fourier Transform
b Analysis
PATL-1 1.ccrnssessssssssasssssssssassssasssnssssrsssasennsssssssnscsssmmsssimees (2-2D to 2-15D)
Exponential form and Compact Trigonometric form of Fourier Sanj
Fourier Symmetry |
A. Concept Outline : PAFE ooemsansuonopisisssissisisasssssesnansmamanyrassssssssdios 22:33

B. Long and Medium Answer Type QUESLIONS «.cevveueeevuvucncazazacasesee:

Fourier Transform : Properties
Applications to Network Analysis :

A. Concept Outline : PATE-2 .......ccocvcveeeisiamssasescsnsiasasscacasmsessees
B. Long and Medium Answer Type QUESLIONS ....courvevemensanennees

Pal"t-3 --------------------------------------------------------- sesasssassessan (2“30D tﬂ 2_37.0)

Definition of DTFS and DTFT
Sampling Theorem v *

A. Concept OQutline : Part-3 .........ccoccevumnmeseisnsessssnmissssssssssnsse:
B. Long and Medium Answer Type QUESIIONS ........cocuvwureinnnee:

2-1 D (EN-Sem-3)
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PART-1 e
% " L] 2
Exponential form and Compact Trigonometric form where, o e ~

Ry . N
Series, Fourier Symmetry, a,, a, and b, are the Fourier coefficients given by :

FT P e S, .; 1
CONCEPT OUTLINE : PART.; — ag= o [ x(t)dt
n

* Fourier series : The representation Dfsignm
Certaiy a

interval of time in terms of the linear combination of orthog,
on

2 dt
E In x(t) cos nwyt

functions is called Fourier series. It is only applicab]q 2
periodic signals. for b, = = IT x(t) sin nwt dt
1 : ' ; g 7 . )
L RO IR ::  Harmonic Fourier series : Another form of Fourier series
g 5

; rj-’épresﬂﬂtati“" of a real periodic signal x(¢) with fundamental period 7,

1. Trigonometric form
2. Harmonic form is :
3. Exponential form x(t) =cy+ i‘ c, cos (nwyt —0,),
* Dirichlet’s condition : The conditions under which a Periodic n=l
signal can be represented by a Fourier series are known g4 2n
Dirichlet’s conditions. They are as follows : where, ®g = E*ﬂ_

¢, = DC component

1. The function x(¢#) must be a single valued function.
c, cos (koyt—6,) = ntt harmonic component of x(t)

2. The function x(¢) has only a finite number of maxima and
N ' % oy g Y
3. The function x(¢) has a finite number of discontinuities. €= 57 G=V%h T O 2.
4. The function x(¢) is absolutely integrable over one period, \yi/Expnnen tial Fotsier saries s
T . ] " - -
that is I | x(t)|dt < o - ; 'I'hf; exponential Fourier series is the most widely used form of Fourier
0 series.
o 2. Inthis, the function x(¢) is expressed as a weighted sum of the complex
exponential functions.
Questions-Answers _ )
¥ wW)=Cu+ ) C, ™
Long Answer Type and Medium Answer Type Questions ned
1 b.r
- = ~jnagt
« Que2.l. l Briefly explain the three forms of Fourier series. where, G = T ! x(t)e "™ dt
b.r
Answer C, = % [ =) at
Three forms of Fourier series are : ‘n
L -/Tdénﬂme“'i“ Fourier series : The trigonometric Fourier series Que2.2. '”" Give the derivation of exponential form of Fourier
representation of a periodic signal x(#) with fundamental period T}, is Wi Wieigiie
given by : series.
x(t) = 04 Z (a, cos nogt + b, sin nwt) Answs;'w l
1.  The set of complex exponential functions

n=1]1
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(e n=0,11,%2,...)

f;rms a closed orthogonal set over an interval (¢,, ty +
(2w,) for any value of ¢,, and therefore it can be used as a “her,

series.
Uri,
2. Using Euler’s identity, we can write

{nmt..lavﬂ.i_*_ = Jinmglf+ 8, )
A, cos (nayt +6,)=A [GJ 2E J

3. Substituting thisin the definition of the cosine Fourier Tepresentgy:
Qtiop
x(t) = A, + Z g" [N sl

n=1

=A,+ i %[e’”"' e’ +e "™ g7

=A0+Z[A" nw‘ﬁ)J,_Z[ oot 'ﬁ)

n=1 n=1

e S[Bes)em (A ern)e

4. Letn =-kin the second summation of the eq. (2.2.1), we have

(2.2)])

x(t) =Ay+ Y (%ef“-) sy ( %e‘“*]e”‘""‘ (2.29)
. n=1 k=1
5. On comparing eq. (2.2.1) and (2.2.2) for x(t), we get
A =4,;(8)=6, n>0k<(
6. Let usdefine
Co=4,;C, = %eﬁ', n>0
& & x(t) = Ay + i %H-H"‘" + Z A" il
n=1 n=-1
xt)= ) C.e™™
where | = = I . x(t)?
- Discuss waveform symmetries.

OR
Define odd and even function. Also find Fourier coefficient for odd

and even function.

Basic Signals & Systems

E: B: ™ N

2-5 ) (EN-Sem-3)

Even symmetry : | N
A function f(x) 18 aaid to have even symmetry if flx) =fl
Fven function shows even symmetry.
ature is preserved on addition of a constant.

Even n -
Sum of even functions remains even.

xample:
e ) fx)

i
/

flx)

LA J

—
X

N
4 flx)

NN,

Fig.23.1.

Fourier constants for even function :
o T/2

- _J‘ f(t)dt

A %)

A 4

2
iy
0

T/2
_|' f(2) cos nwt dt

b

Odd symmetry:
A function flx) is said to have odd symmetry, if flx)

If Ax) = — A—x) function is an odd function.
Addition of a constant removes odd nature of the function.

=—fl—x).

Sum of odd functions remains odd.

Example :
A f(x) flx)
—- e
X X
_ flx) A fx)
>
| x R
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2-6 D (EN- .
D Sem-3) Fourier Transfory, An
al
Fourie . Yaiy
r constants for osld function ! \ Basic Signals & Systems 2-7 D (EN-Sem-3)
aD — e T ——
al‘l = 0 - - -
e Que 24. 1 Give the properties of continuous-time Fourier series.
b, = 7 [ f@®)sin not dt ” |
S. Half symm o Answer.
A :::“ . E‘try ; ; 1 Linearity property : ;
periodic function is said to have half wave symmetry if| " The linearity property states that, if
Ax)=-fx= 7/2) x.(2) «2—C, and x,(2) «—=—>D,
EIRIIlp]e . 1 2 AC BD
fix) flx) then Ax (1) + Bx,(t) «— + LU,
2 Time shifting property : .
? ? . The time ghifting property states that, if
_«/g ™ —i #(2) g
x AR/—‘ X then x(t = ty) By ™G,
3. Time reversal property : _
ﬂx}* ha 4 The time reversal property states that, if
x(f) "__rs';_’cn
” then x(~t) «—— C.,
—=
= ' L : 4 Time scaling property : )
: if
| The time scaling property states that,
_ Fig. 388 () «Z>C,
Fourier constants for half wave symmetry : then at) «BC with @, - a0,
n odd n eyen % - ;
a,=0 a,=0 5. Time differentiation property : _
T/2 The time differentiation property states that, if
a, = ;-I f(t) cos nwt dt a,=0 x(t) «=—C,
° ' dx(t .
4 T2 then _Et_) B jno, C,
b = — [ ft)sinnotdt b,=0 ,
L% - 6. Time integration property : '
4 Quarter wave symmetry : The time integration property states that, if
If signal has following both properties, it is said to have quarter wave x(t) «——C,
—— symmetry - _ , ” C. '
i, Eiskalfwevesymmelric. | then [0 de < e, W C=0)
i It has symmetry (odd or even) about the quarter period point. - ‘
State and prove Parseval’s relation.

fit) !
[

Answer
Statement :

If x,(t) «——C,  [for complex x,(2)]
and x,(t) «—— D,
then, the Parseval’s relation states that

[for complex x,(¢)]
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T j x,(t)x; (t)dt= Y C,

‘nf
& Am-m la
'ﬂf
b

|

T
x, (t) e/ dtJ

= T o
= Y G %- % (B) e ™™ dtJ 2. Clpt

A==-m

A=-x

157 & AP
F I Il(t)x;(f}dt= Z C,D,

A==

Que 2.6. I Explain the three forms of Fourier series. Derive the

GIPOI.IEIItiﬂl. form of Fourier series. Find the exponential form of
Fourier series for a triangular wave of maximum value 1 and time

period 2 seconds. AKTU 2012-13, Marks 10
Three forms of Fourier series : Refer Q. 2.1, Page 2-2D, Unit-2.

Derivation of exponential form of Fouri ies :
Paga el tis ourier series : Refer Q. 2.2, -

Fourier series of triangular waveform :
x(t)
1

—-

2-8D (EN-Sem-3) Fourier Transfory,
. . 9 D (EN-Sem-3)
E.; I x, (1) x,(t) dt = Z C'D: [for complex x,(t) ang Basic Signa]!! & Systems 2~
L Ae-m - 4 “H N
2
and Parseval's identity states that - EHL § ~hste
T . 1. x(t) = ~t+1 ; 0O<t<l1
7 | 1xOPde= T 1C, 11 ifx® = = o
Proof': ) o 2. Ap=Co= 3
: o
Parseval's relation : g C, = —;—Ix(t)e"“" dt
LHS 1 tﬂjr 1 'qj'.r i C ﬁlﬂu‘\ o( )d 1 00 j— jneot d
= — [ x(0x @)dt=— 7 | xo(8)dt ) _( (¢ + De- "t dt + [~ (¢ = De " dt
T % 2 T L Ln--t‘ J . 2 FJ‘II 0 J
Interchanging the order of integration and summation in th 0 1 ]
e . ool
I — 21 -3 0 0

i

1 Y 1%
1 Juemsae-femea] o =t a

| ) 1
1]le et (— jrwyt —1) _[E- J"”ﬂ’(—._;nmnf—l):la +0
2 (—jmn)z . (-Jﬂ)n)z

- -nt _E—M(_ntil)_
[, [te ™ dt = -

1[ -1 e (jnw, —1) 1 e ™ (- jony —1) 1
~(nw, )’ * (nw,)” 2 ~(nw,)* (ne, )* 4

2
1 2 52 (@m0 _ g imon) (/@ 4 o= )
= — now =
2| (no,)* i (no,)’ J (no,)?
_1f_2 . (zjxjnfn]sinnmu —2cosnw,
2| (nw,) (nw,) .
_ 1-cos nw,
(no,)”
0 ; forevenn
Ca = = > ; foroddn
(nw,)
1 = 2 .
x(t) = —+ i
2 néd (nmn)2
where, o,= 2r _2m _ %

T 2

. ;“& - - -
ue 2.7. LI Determine the Fourier series for the sawtooth waveform

of unity magnitude. 'AKTU 201112, Marks 05
i~ =5 . _.' E 3 .

SRS LU il 2 AL . |
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2-10D (EN-Sem-3)

——-"_lr rev
—wer dic and continuous for 0 < ot < 2n. The Dirj,

1 The waveform is pel'lﬂ od. The analytical form of the function A¢) giv

conditions are satisfied ven
by |
- T ot;0<ot<2n
flot) o
A flot)
-1
> ot
—4n -2n 0 2n 4n .
Fig. 2.7.1. Sawtuuthgni,%
2 ap= 2:'1 /'((mt)d(mt)=-— [ ( ]d(mt)
2z 1
3. a, = ;In [2—n&)tJ cos n (ot) d(wt)
: 2n
_ 12 [-—s' oy cosn;mt)] .
2n n 0
" b, = % J.:uﬂ(mt) sin n (of) d(ot)
1 [ ot 1 . ]2" 1
= i— -—cosnot+—smmnot | =— —
2n n n 0 nm

5. Thus, the Fourier series is

/ ﬂt)-05*z—“- sin n wt

n1

28. l Find the Fourier series of the function given in Fig. 2.8.1
d is represented by :

0-
f(t)={ ; for 0<t<T/2

A; for T/2<t<T

o’

\a

hleg,

A —————e e — —————EEEEENRTERETTYT VYT e 0
Basic Signals & Systems 2-11D (EN-Sem-3)
Answer

1. Fourier series expresaiun

f(&) = 2“0+ Z an mﬂ‘“t}“'z,b sinogt  ..(2.8.1)
n=1
2 TIZ
2. %= = [ode+ | Adt]
0 T/2
25~ E[At]::;z 2,;} [T—%] =%K%= A ...(2.8.2)
2 [ T/2
3 a,= E_Iﬂcursnmtdt+TLAcusnm tdt]
= 2 [ Asinnw,t ’
& TI- ﬂ{l}n /2
@n= [Siﬂ "q]ﬂt]:fz
no, T’
it
a,= o, T smnmu sin nw, — 5
92A (nm T+nmn'121] ( no,T - nmn::-\J}
a,= — Zc_nst 2 .?.1.11k )
. 4A (Srzm T) ( T)]
= sin ...(2.8.3)
%n nw,T [cos 4 4
2 Eyi
4. b,= — _[ 0 sinnw,yt dt + I A sinnaogt dt
T s TI2
= E I A sinnwt dt]
TI_T.-'E

2A [-— cos (n mut)]T
T L T/2

2A f
no T [-— cos (nw,T') + cos [m'-"u —2—]]—,

b .
_ 4A [3nan) (10T
— ——ﬂ—Tsm 4 sin 4

5. Now put;ting eq (2 8.2), (2.8.3) and (2.8.4) in (2.8.1), we get

ft) = { 3’“::: )Sm(na:,T) cos nwyt +

...(2.8.4)

n-=1
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Fourier Transform
212D (EN-Sem-3) A“al.‘-'sia
e W [ nomT) . (”‘“uTJ ]_Ramc Signals & Systems 2-13 D (EN-Sem-3)
———8In 1 8in
w T 4 4 o ¢ - - jax
n; = ’ 5. Hence C. = 2e = 2 - 1__8 .
-3 | 3nw, ) (" 0 Jcnsnmt+ . P s ST
6. ﬂt}=fi+j% ;l-[ms[ 4 o ’ 6. 1—e/"=1-[cosnn—jsinnn]=1-cosnn, since sin nn =0
2 el j2 ; for n=1,3,5,...0dd
s SnOmT) . ( no, T\ . =
sin 4 Silk 4 Jsin n‘“n‘J 0 ; for n=0,24,6,..even
ri - for n=13,5,...0dd
"'"_" i 1 i : 7. C ={jan ’ B s
e o ‘h nent]al Fourier series rEpr&sﬁntatmn n
hn Find the expo . Fig. 2.9.1 o | 0 ; for n=0,2,4,6,...even
the infinite square Wn?e:h::‘}“’n 1 = A 8. Hence, exponential Fourier series is
b = . 2 .
x(t) = X(n)e™ = — 77
— = 2 B o
>t Que 2;104.5_1 Explain the trigonometric and exponential forms of
0 % i Fourier series representation of periodic signals. Find the
-1 trigonometric Fourier series for the periodic signal shown in
S Fig. 2.10.1.
Fig. 281, =0
AKTU 2018-14, Marks 10 1 -
. i
Answer | =5] -8 a_Ji
1 ; for 0<t<T,/2
1 x(t) = T
-1 ; for 2<e<T, g — —
g~ AKTU 2015-16, Marks 10]
T/2 T,
2 cﬂ=Tij1dr—f1de=o 5 |
- DD, € LB
lur 0 " Trigonometric and exponential forms : Refer Q. 2.1, Page 2-2D,
3 o= _ f x(t)e™ ™ dt Unit-2.
i i Numerical : '
1[m2 7 | Assumption : Shift the signal upward by 1 unit.
o] o T,/2
1 [ E_jw ]Tafz [ e-jnw ?B
Ty |- Jno, 0 —Jnw, o/2
o g Mede2 _ 0 minagTy _ - jneyTy /2
. = ¢ (2.9.1) "5
—Jnw,T, =Jnw,T;
4 Si e - -
5 m—mﬁ ‘_.--TT » mﬂ To = 2}[ ’ eq. (2.9.1) Wﬂ.l be
0
r 8

| -Jjn2r  —jn2n —Jjn2n 9. Fundamental time period = 4
7% = cos (2nn) - j sin (2nn) = 1 for all n.

C =7 -1 er* g/ MMl /™
L -
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Fourier Transforp, -

916D (EN-Sem-3) — sy

- . \
r/’/”x;u} = I.r(t)f'*“" dt for all (1)

x(t) = 51; IXU'm) e’ do for all t (2)

Eq. (1) transforms the time function x(¢) to frequency functioy,

X(jo) and so it is called Fourier transform.
nverts the frequency function to time function g

(2)co :

li?nce it is called inverse Fourier transform.
\J
T _—-_—-'-'""""'-

Questions-Answers

Long Answer Type and Medium Answer Type Questions

——

Que 2.12. , State and derive the following four properties of Fourier

transform :

i Duality

i Time shifting

iii. Frequency shifting

iv. Scaling

AKTU 2012-13, Marks 10

OR

State and prove duality property of Fourier transform.
AKTU 2015-16, Marks 05

Duality : In spectrum analysis, the duality between the time and the

L
frequency is exhibited. The duality property states that
if () <, X(o)
then X(t) <—£T—>2n x(- »)

Proof : By definition,
1 7. ..
x(t) = 5;{ X(jo)e™ do

2 mx(t) = f X(o) e™ do

or 2mx(-t) = I X(0) e™”™ do
Interchanging ¢ and ©, we have

|

R T T A W [} ::1

Basic Signals & Systems 2-17 D (EN-Sem-3)

2nx(—o) = I X(t) e /™ dt = F[X(¢t))

F[X (t)] = 2n x(—w)

i.e. X(t) 4—-FT—> 2n x(—w)

For even functions,
x(— o) = x(w)

X(t) 2L s O x(w)

ii. Time shifting: The time shifting property states that if a signal x(¢) is
shifted by ¢, sec, the spectrum is modified by a linear phase shift of slope

-ty Le.
if

then,
Proof : By definition,

Flat —t)) = [t —¢,)e™ dt

x(t) <Ly X(o)

x(t—ty) T, o™ X(jo)

-

t'-tn:p
t=p+t,and dt =dp

Flx(t—t)] = [ x(p)e™™***' dp

Let

= g /%% J' x(p)e’® dp

= e'_"“"X(m)

x(t —t,) XL 5 ¢ X(h)

Similarly,  x(t +¢,) > ™ X()

ijii. Frequency shifting : Frequency shifting property :states that the
multiplication of a time domain signal x(¢) by e/*¢ results in the frequency
spectrum shifted by w,, i.e.,

2(t) — 2 X(w)

if
then, e x(t) T 5 X(o -0,
Proof : By definition, :

Fle™*x(t)] = Ie’”"‘x(t}e"-"“‘ dt

I

= X(o — ®,)

™ x(t) «Ir 3 X(w -0,
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Basic Signals & Systems 9
¢ =~ 1) "'E—-’ Xl + m'} — 19D (EN-Sem-3)
: [Ax(tl+Bx(t)l¢LlAX (o) + B X,(jo))
t"‘ W x{r’n’ f_ﬂ—w‘ ‘lflm) Pl‘ﬂ:lf: : l ,Um
¥ . 1y ( .2‘1) 1. Letx(t)=Ax(t)+Bx,t)
then. xat) ld I a 2. X(ow)= I:x(tk““" dt =I:[A x,(t) + B x,(t)) e /™ dt
Proof : By definition, =A [ x(t)e’™ + B x,(t)e "™ dt
Fisan) = [ sta)e’ ™ d! 3. X(jo) = A X, (jo) + B X,(jo)
b ii. Time differentiation :
Let et =Pp y If () <5 X(jo)
t = _E and dt = ';E then
- dt)  FT _, joX (jo)
[ _otpre) GP dt
Fix(at)] = J"ﬂp)e a ‘ Proof :
. ;8 Flx®) = L (" X(jw)™ do
- 1.[-1-'(}1} e dp 25 ==
ﬂ_. dx(t) jm ] ‘ ool o &
- 2. Fl— = &= | X(jo)™ do =jo X(jo)
Case 1: Whena >0, dt D™
17 N g - 1 (E) 3. dx(t) T, joX(jo)
Flx(at)] = EI»"(P)E dp aX a dt
o — - : 4. Ingeneral
| | 1% . 17 F[ d" x(t) | _ (o) X(jo)
Flat] = — I x(p)e/®'*? dp=— _[ x(p) e~ /F @I gp dt" |
6 ¢ jii. Time integration :
1 x( m) If Flx(2) = X(jo)
" a a then
_ 1 X(ﬂ) F[J';x('r) d‘tJ = }1; X (o) + nX (0) § (w)
lal . Proof:
x(at) < L 1 X (E] 1. IfX(0) = 0, this property can be easily proved by using integration by
la| \a parts as in the case of the differentiation property.
! ‘; State and prove : 2. Bydefinition, 8
L Linearity _ 1 [ X jot g
. Time differentiation diiita 2n _'[n (w)e ®
— - o 3. Replacing ¢ by a dummy variable 1, we have
iswer 3 8 _
i Linearity : 2(1) = - L X(0)e™ do
i x,(t) {__F'_I‘___’ X (jo) 4. Integrating both sides over — « to ¢, we have

x,(2) L X, (jo)
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Fourier Trangf,
'm Ap.

320D (EN-Sem-3)
.2-1— j: X(w) e’ dtJdm
n

- WP - 0

(] )
I ,ﬂﬂ d'l' = I [
5 Interchanging the order of integration, we have

j.t'{t}dt = élrr_ IX(N)(;[’EM df) do

= 1 IX(m)[i-I do
o G SO )=

1 f [—-—-—-X_(M}Jef“ do = F! [____X-(m)]
o2n ° | JO® Jo

Jo

F[ f x(t)er - 1 x@)

-71-]{(01)

I H1)dt
-—= Jm

6. IfX(0) =0 thenx(?) is not anen

of I 2(t) dt includes an impulse function, that is

J

F [ [ =@ dtJ = L X(0) + nX(0) 8e)

Que 2.14. I State and prove convolution and Parseval’s theorem.

Anewer |

Convolution theorem :
Let y(t) = x(t) * h(t)
Fly(t)] = Y(jo) =X (jo) H (jo)

Proof :
¥ = [ 2@kt -1)dr

2 Fly()] = (o) = [ [ [ x(0) At — <) dx | e it
3. Interchanging the order of integration, we get

Y(o) = J’:x(:) [ Eh(t —1)e dz] dt

4. By time shifting property, the term inside the brackei becomes

e”H(jw).

w

ergy function, and the Fourier transform

7 T T T —Y — 1T 10— —" e o T AR ¥ T e

Eamc Signals & Systems 2-21D (EN-Sem-3) |

Y(o) = [ x(v) e’ H (jo)d

= H(jw) Ex(‘r) e’ dr
Y(jw) = Hjw) X (jw)
Parseval’s theorem :
If x,(¢) e~ X (w) and x,(¢) VI L X, (o)
then, the Parseval’s theorem states that

[x@®x@adt = 2_111_ [ X, X;() do

for complex x (¢) and x,(¢)

Proof:
Parseval’s relation :

+ b s Ix,(t) x,(t) dt = I{‘ZJE IXl(m}ej"' dm} x,(t) dt

Interchanging the order of integration, we have

2
T J-’-l(t) I;(f) dt = -2% T Xl{m]JI x;(z) /™ dt} do
- [ %@ 4:_[&:2(#) e dt} do
- L [ X, (X,() do=RHS
2r .,
t . : 1 T .
3. [x@®x@adt = EEJ; X,(0) X; (@) do

-

following

¢t | Derive the Fourier transforms of the

) g
functions :
i. Unit impulse function
ii. rect(?)
iii. e- 2|t]

iv. sin 2¢
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Fourier Ty
922 D (EN-Sem-3) 208form, Any
| . o U 3 B Bl N Basic Signals & Systems 2-23 D (EN-Sem-3)
o) = 0 ; for t=0
- f = —1' T(eﬂ' —-e’/*)e ™ dt
= dt=| 8(t)e ™ gy J2
Xo)= | xt)e
“len _J; -o " i F[e;‘m e_m}
=E_M’I-0=l ) J2
. FIs(t)] = 1 = = (2150 -2 - 2150 + )
ii. rect(®:
A ; 0<t<T F(o) = = [0 -2) - 8o +2)]
A) =10 . otherwise J
< BT . foeﬂ.lggl Find the Fourier transform of rectangular function
FIAD) = Fo) = [ f® 7™ dt = [(aem gy shown in Fig. 2.16.1.
-l _ _ ,-jot x(t)
=A[EF_ 1]=A[1 ° ] | ¢
-] JO A —
W
_ Ae"'[g[e Jw(zj.—e (3)
Jo - {
5
_ Ee_. g] EJ [2} —e Jo 5 : _ AIBe &I 0nle __ . __
([ sin (27)] Answ
= ﬁe"“’@ sin“’? = ATe "2 mT‘?_ A 3 TI2<t<T
= | (”2_ & =19 3 0xt<T13
J
T -
: o '_A - ol
Aw) = ATe7*T2) ginc -—Z—E % - X)) = I Ae ™ dt =}%—["-' T
T/2
s -2t .
L e : _ i[e_jmr_eﬁjnrfﬂ]
. ) 0 © W
o)== | eHergs = [ 2-jox ~(2+ jo)t J
:£ -L e dt + ! e dt ~ _.A_ e_mffz i —jaT
| . Jjo Jo
H2-jalt ~«(2+jo) ] . :
) [ (; jﬁ))]o +[ %__)‘] | 2A - jsetsa [e;uru .. -ﬂr{‘]
—_ = — +jCIJ' " - ; 2}.
_ [ 1-0 | [_0-1 ] 2+2 2AT _j3urse[sineT /4
2-jo)| [-2+jo)|  (2%+a? == oT/4
|Flo)| = = 4 - - %T_'e'f”“""“ sinc oT' /4
2 + @
1V, linzt: h
F‘Biﬂm}znm)_-_- Iainme-ﬂtﬂ
o
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994 D (KN -Som-3) e SUrlOr Tranafyry, An
o, e R —— ‘\.]’.I.
.
EW l Pasic Bignals & Systems 2-25 D (EN-Sem-3)
Given | ) w e utet) B
To Find : Fourier tranaform, Xiw). | ‘ﬂ - _1{ Rl B [ g T I
| \ta) = Me* ut- 0] . 2/ -Jw-w,) 2j| ~jo+w,)
. ) 1 -1 1
- L eul e ™ dr-_['. p""l"dr = E[fm—-m)+(m+m ,]
0 KU _I' o N g -
" v y fmz—me
i pmli 3 l -
v , ':2 'ﬂﬂL -2 jl‘l; Eut 2.10. l Write the Fourier transform of step and impulse signals
! for system analysis.
m Find the Fourier transform of the following signaly . -:-—“er _ ]
. cosoftu(d) M B
= i. Unitstep:
i sino fu )
1 2 £20
i . £) = ult) = '
Given x(t) = ult) {0 ; ok .

Since the unit step function is not absolutely integrable, we cannot

i cosao tu():
directly find its Fourier transform. So, expressing the unit step function

Xlw) = Fleos o (1)] = I cos o te "™dt in terms of signum function as
0
1 1
o /o : t) = —+—sgnl(t)
[
: | . Fig. 2.19.1 represents %sgn(t] and u(¢).
e /" r
. I — —dt+ I‘? Swim ) gy x(t) = u(t) = 0.5 + 0.5 sgn (t)
0 0 ‘0-5 1
l'_ ¢ Jiwm - N ¢ FICTE N [ —f-
B - ———— e ¢} - —— e L " -
2(-Jjlw-w,) -J(m+m,)l ,0 r
[ 0 0
L ey it . l' m+m§ to-o, ®) ()
2 jJlw-w,) Jw+w,) 2) o -o w

Xo)=w 2
N ﬂﬂl' ~,) x(t) = u(t) = -21— (1 + sgn(t)]
Now taking Fourier transform on both sides,

i sinotu@):
X(@) = Flsin ot u(t)) = I sin ot e ™dt X(o) = Flu(t)] = F[%J+ é‘. F [sgn(t)]
0
| et i  F(1] > 2n8(w))
= I e~ | R Now, F|=| =ndw) [ - 2ny @
0 2) 2 ]
. 1 | 128 1
[2 =3 jo Jjo

1 1
. — ¢ Jim -'ldf s .jt...‘"
2)! 2_,'1' dt
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2-26 D (EN-Sem-3) Fourier Transfop,,

%

1
Flu(t)] = nd(m) + }a

1
Similarly, Flu(-1)] = () = J—[ﬂ-

i Unit impulse : Refer Q. 2.15, Page 2-21D, Unit-2.
Qﬂml Determine Fourier transform of the following -y

functions :
i u®e™ ii. e
. A ;lt|l<T/2
fv, D)= { :
ul. a 0 ;le|>T/2
L pFpS vi. CO8 ®©
v. sga®=4, ., o - of
1_
L fit) = u(t) e
2 o) = I u(t) e e /™dt = Ile'{“*j‘“"dt
-0 0
3, Fo)= —1
a+jo
i
L fit) = e
e _ 0 0
2 Hm)= Ie'ﬂlﬂ eJm‘dt - Ie{ﬂ—jm” dt+je“{ﬂ + ja)t dt
_ 2
a? + »?
11L.
L fit) = A
2 Fif) = [ Ae /™ gt
I T !
3 Em[?)
' Fif)) = lim Ar| —2/| - lim 2nAx
11—, E T
- - 2 -J
4. Since hmm = 2%

w_ignalu & Systems b 2-27D (EN-Sem-3)
and lim (A1) = A¥(w)
. IHence, Fifit)) = 2nA ¥ w)
il\l'- Fourier transform of gate function
Glw) = j 2(t) e ’™dt
/2 ,
2 Glw) = I Ae /™ dt
' -1/2
= A (pmiz_ g-rzy 24 i (11 2)
Jo W
sin (v t/2) . (m-:"
= A - A
" T wi/2) Teme J
I. This function is not absolutely integrable. So we cannot directly find its

Fourier transform.

9. Therefore, let us consider the function e ~° It] sgn(t) and substitute the
limit @ — 0 to obtain the above sgn(#).

3, x(¢) = sgn(?) = lim e 2!l sgn(t)

= l_i]:nu e u(t) —e* u(—t)]

4. .. Xo)=Flsgn(t)] = j [Enu e u(t) —e™ ul— t)]] e ™ dt

-=

lim I e ® e ™ u(t)dt - I e e ™ ul(- t)dt]
a—=0 e =

=

Lim j’e—t¢+j-u dt — i'elc-pi dt

a—=0
1]

Lim J-E-fa-tjull dt__]'e-u-;-h dt

a—=0
0 0

—

]im E—In»j-]t B e-{l-,,'-!
a0 || —(a + jo) -(a - jo)
T =

lim IE:l:_e'.'l ~ e:_eﬂ
e=0| —(@a+ jo) -(a-jo)

=
i [ ]LL_
sxlja+jo a-jo| jo -j)o jo
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Fouriey 7
9.98 D) (RN-Bem-3) e or Try
PR—— S ——— o n.ruhh An. z_” D (‘NW’
\h\ la & Hyut'm. - i
vi, fInmic Signa i e ——————
Given x(t) = cons myf
_\1{“' = Ph“]] '-Fh‘"‘ n]'“f' -F l (F"‘" M"" ‘ §e lmmal“*”m[“z’m‘V.ﬂ' *"
© Given! Re100 L=10mH C=50uF
. T ':I 'l H
o LR 4 Fle ) RO vattags, ¥
2 L rmsv 4 Irm
currpnl. ; ' &
| ; W r m.umﬁ in circuit, P.
[2n5(m ~ @) + 2n6 ( iii. Powe )
-2 oo — o, o+ w,)| , = 100 sin 314¢ + 25 sin (942¢ + 60°)
e nld o + m") + Mo -~ m“)] . _ 1007 + 25° .
- 2
m Use fourier transform to find the output voltage y " "
= * . - 8
the Fig. 2.21.1. | " 1. Calculation of current at o, = 314r
_ .+ T 1 _ =63.70Q
1 \ " R m|c"314x50110'
iV =eult) (A I LF Vﬂ(t’) XL1=WIL=314I 10 x 10-3=3.140Q
J — — Z1=R+j(XL1"XCIJ=10+J{3'14_b63'7) |
m _ Io_J*ao_sﬁ=g,.3§A;&Q.521Q
J R=100 L=10mH C=50uF
— .
i

V. o) V, (jm) . [1+3jmj!
 KC o) . 2 0 =V (jo) v
1. ByKCL, I(jw) 3 4 1/ jo olJ 3
3 1 b
2 Here, No)e == .. Fig. 2.22.1.
T jobo 10020 __;63,8062°A
3. e jm)[ : -’“’] 17 Z  61.38£-80.62
+ JO 3 . i 9 Calc;.llﬂtiﬂn of current £2 at o, = 942 rad/s \
g . 1 1 -21230 \
Vo) = _ 3 : - _.2____2_ Xeo = mzc=942x50x10_.
1+ jo)(1+ j3w) %4—_;'01 1+ jo XL2=m2L=914>‘10"10‘3=9'14Q
& . .
3 3 Z,=R+] X -Xc))
4. Taking inverse Fourier transform V(?) = — e - 2 e’ = 10+ (9.14 - 21.23)
s — 10—,12.09 = 15.69 £ —50.40° Q
5-' 222 I A voltage v = 100 sin 314f + 25 sin (942 ¢ + 60°) volts i N 25 / 60° _ 160, 110.4° A
. o = — = = .
applied to a circuit consisting of a resistance of 10  inductanced 2 Z 1569<- 50-44‘: S
1 1 . ' =1 = 1.63 sin (314¢ + !
10 mH and a capacitance of 50 uF connected in series. 3 . 1=1 tiy + 1.60 sin (942¢ + 110.49) A

Find the:
i. rms values of the applied voltage and current that will flow. . [ = (1.63)* + (1.60)° - 1.62A
; ms 2

ii. Power consumed in the circuit.
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Ang),,..
iii. Total consumed power \%

pP= (1_‘;’. S 153) cos 80.62° + (EE . 1.60

V2 \/—2_ \/5 Tzk] €08 5() 4+
13.28 + 12.75 4
26 W

2-30 D (EN-Sem-3)

PART-3
Definition of DTFS, and DTFT, Sampling Theorem

CONCEPT OUTLINE : PART-3
- - __-.-‘--“-“‘.

* DTFS (Discrete time fourier series) : For a discrete-t;
signal x[n], DTFS of x[n] is defined as B

N -1
.r[n] = D e’m"" )
?; k (1)
D l Ny-1
= -JkQn
& N, im0 e wid)

Eq. (1) and (2) are called discrete time fourier series pairs

e DTFT (Discrete time fourier transform ) : F 1
b b e : For a discrete-

@x

Fxln)) =X(Q) = ) xn]e™
n=-w
* Condition for existence of DTFT : For existence of DTFT
sequence should be absolutely summable i.e., ‘

@x

Z Ix{n]l <

* Sampling theorem : A band limited signal of finite energy

which has no frequency com 1
: ponent higher than f_ can be
completely described and recovered back if the fsmampling

frequency is twice the highest frequency of the given signal.

Questions-Answers

o :
ng Answer Type and Medium Answer Type Questions

Que 2.23. | Defi
e I efine DTFS. What are the different properties of
screte time Fourier series ? v

g

(EN-Sem-3)
Basic gignals & Systems i -
sic SI8T"
S

- - - ]
DTFS ( Discrete time fourier series) : For a discrete-time signa
FS of x(n] 18 defined as,

x(n], DT
N, -1
x[n] = Z Diejw
k=0

...(2.23.1)

Ny-1
Dy = o & dnk (2.23.2)

o k=0
Eq. (2.23.1) and (2.23.2) are called discrete time fourier series pairs.
Properties of
Linearity property : |
Let x, [n] and x,(n] be two periodic signals with fundamental period N,
o g to linearity property the linear combinations of these two
signals is also periodic with the same fundamental frequency N,

discrete time fourier series:

Axlln] + szln] ‘_ﬂ_) ADH + BDIE

2 Time shifting property :
If x[n] is time shifted by n,,
x[nl.

then the periodicity of x[n — n,) is same as

7K N

xln —n,) e € &

3. Time reversal property :
If x[n] with fundamental period N, is the time reversal, the ﬁ;ndamenf.al
period is not changed but the Fourier coefficient changes its sign.

x[-n] LS D,

4. Multiplication property :

If x,[n] and x,[n] are two DT signals
D,and D r then the Fourier series coefficient of Z[n]

with Fourier series coefficients as
= .rl[n] X :rz[n] is

Ny-1
Dk - z DIDI*-—Q

g=0

5. Conjugation property :
According to this property, the discrete time Fourier coefficient of x*[n]
conjugate and time reversal of that of x[n],

x*[n] =5 D,*

. | Find the discrete Fourier series representation of

x[n]=cos 0.2n n
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Fourier T"anﬂf’nrm
Ang, . gignals & Systems 2-33 D (EN-Sem-3)
}lu Basic Sign
e —
- nd x,(n] < X(Q)
1 I[?I] =cos 0.2rn OTFT
=0.2 then, a,x,[n] + azxylnl «———a,X,(Q) + a X, ()
Q,=0.2n pPeriodicity : The DTFT is always periodic with period 2.
Nﬂ = 21‘”’(10 =10 2" Mﬂt_hemﬂtif.ﬂ-“}’n
2 cos 0.2mn = [e”*™ + e /*™]/2 . xln] «—Z, X(0)
(22, - X(Q + 2nk) = X(Q)
Also, cos 0.2mn = (/™" + ¢ "]/ 2 " ] 9 Shifting property: This property can be discussed in two ways :
4,24 Time-shifting
3. Comparing eq. (2.24.1) and (2.24.2), we get 4 ;' Frequency-shifting
D, =12 ._ Time-shifting : This property states that if a discrete-time signal is
D .=D =D.=1/2 shifted in the time-domain by an amount of ‘n,, a factor ‘ e/ is
-17F 110 9 multiplied with X(Q).
4 cos(0.2mn] = [¢’™ + e *%)/2 Mathematically,
= = i m L
5. ms[02m:] - [e_r.zn + ej].ﬂm]fz if x[n] € » X{n)
then, xln —nol ——— e X(Q) P
jue 2.25. td . uency-shifting : This property states that the multiplication by
Que I What do you understand by DTFT ? What i, the b. E:gnr oHor in time domain sequence bl Its shift in fr -0

condition for existence of DTFT ? X(Q) by an amount of Q.

Mathematically,
Answer l DTFT

. < > X(Q)
DTFT : It stands for discrete-time Fourier transform which giy ! ; o DTFT
description of x[n] in frequency domain. It is giv b sl then, /%" x[n] < > X(Q-Q) : ;
| given hy 4 Time-reversal : This property states that if a discrete-time signal is
- - . =7 folded about the origin in time, its magnitude spectrum remains
Flxlnll = X(@) = Z x{[n] e~/ unchanged while the phase spectrum of this signal undergoes just
Condition for existence of DTFT : Since the DTFT is given as ;];aat?lgellsﬁs:agun},
@ - DTFT
XQ)= Z x[n] e/ if x[n] <———>m X(Q)
n=-w then, x[- n]l e——— X(-Q)
Now, we know that 5. Scaling: Mathematically,
T e =1 if x[n] 22 5 X(Q)
e A(Q) can exist only if x[n] is absolutel summable. DTFT 2
. 4 = then, yn]l=xlkn]e——— Y(Q)=X (—k-)
Z jdn]l <o 6. Differentiation in frequency-domain : Mathematically,
— T if xln] <25 ()
m l What are the different properties of DTFT ? then, nxln] «—21 5 j dXd‘()ﬂ)
Answer I | 7. Conjugation and conjugate symmetry : Mathematically,
Tl}e D’I"FI‘ has following properties : if x[n] — X(Q)
L L‘:n;:l‘lt)t : The DTFT is linear in nature. then, x*[n] T , x%(Q)
matically, 8 Convolution: Mathematically,
. x [n] 5 x ()
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fm Determine the DTFT of the following signals :

I ]
. xI[nl= [5) uln - 2]
y[n] = 2" (uln]-uln-6))

ii.
p— - ] = [1]n uln - 2]
. Convolution property : . . ;. Given, xln]= 2
Let k(n) be the impulse response of discrete time system. Thep, freque By using the time shifting property, we have
response of system oy = & 1" _j0
il =20 5 ) [-1—] uln - 2] =" ”/*? DTFT of [[E] ulnl} = ——
DR %() g
¢ >
Input, x[n Therefore, the DTFT of the given signal is
and, output yln] < > Y(Q) " 1 i
Then. Y(Q) = X(Q) H(Q) [1] uln — 2] < DTFT 41 ‘
Proof: 2 1 == e /0
: yln] = xln] * Aln] 2
: e [ o ii. Given, x[n] = 2"[uln] — u[n - 6]]
= ~An = st ~J - ] - :
Y(Q) = ';t ylnle ..;ELZZ_:E hlk]l x [n k]}g o Q) = Z on i _ Z on =0
Put n — k = m, for fixed k, m goes from — oo to oo. 0 : 6
= - < 1 2EE-JEQ 1 - 26 E-Jm
YiQ) = ) ; hlk] x{m] e~/ **™ T 1 20 1_270 1_2.7
_ i i Rlk] x[m] e~/ o=/ >( Que 2.29. ‘ State and prove the sampling theorem and also explain
m=—e ke its applications.
= ) xlm]e™”™ [Z h[k]e‘-'m] Answer |
- JES) HQ) . Sampling theorem :
3 Periodicity property: A band limited signal of finite energy which has no frequency component
DT alwap P; s ey higher than £, can be completely described and recovered back if the
X(yé = 97) = X Ll sampling frequency is twice the highest frequency of the given signal.
+27) = X(Q) Proof:
= p— 1. Consider an arbitrary signal g(t) of finite energy, which is specified for
. s (N+2x) '
Proof: X(Q+2n) = ‘;:{n] e’ all the time. |
- g(t) = x(t)5t) ~(225:1)
= 3 et el -
Eﬂ o 54t)= ) 8(t-nT,) ...(2.29.2)
= 2 dnle”™ x1 = X(Q) T 2
ne— 2. 8p,(t)iscalled sampling function, T, as the sampling period and o_ = T

is the fundamental sampling frequency.

f" : il oo N e AN ¢ BGh
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2-36 D {EN-SG‘III-S) Fourier 'r’(‘anﬂ rﬁm An
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3. Thisis also called radian frequency and is related to cym Bosi Eﬁ._gialn & Sy 2-37 D (EN-Sem-3)
: ; uﬁnt -_—
o, = '217:3 = 2#; y W 1 AG(w) 0,> 20

where /, = -117 is the cyclic frequency.

’

4 The sampled signal g(t) shown in Fig. 2.29.1(a) consistg of i

spaced every T seconds, which is the sampling interva]. § T(:)np“l&ea -
expressed as a trigonometric Fourier series as Can 14G@)  ©a<Om
1
)= —[1+2cosmt+2cos20t+2cos3 :
le T; 3 s mst + --] ‘(2‘293]
g(f} = x(¢ t) y 2N L EN it W, G | N
1)61'( _zlmﬂ -—(ﬂa Oiuﬂ—mmmmmmi
= — [x(t t -
T. lx(¢) + 2x(¢) cos ot + 2x(t) cos 20)’3 + ..} ”(2294) (d) aliasing
, _— Fig. 2.29.2. Continuous signal, impulse train sampled signal spectrum.
= 7 Toreconstruct the continuous time signal x(¢) from sampled signal g(t),
) " we should be able to recover X(») from G(w). This recovery is possible of
1 T x T there in no overlap between successive G().
o >t -t + * g g From Fig. 2.29.2(c), thisis possible if o > 2w_ or
8T, -2T,-T, 0 T, 2T, 8T "¢ =Y. (2.29.7)
(a) (b) 9. The minimum sampling ratef, = 2f,_ is called the Nyquist rate of x(t) and
5. From Fourier transform of continuous time signal, the followig the corresponding time interval T, = A is called Nyquist interval
equations are written : 4 ot s
of x(¢).
Lo X(o) 10. Samples of a signal taken at its Nyquist rate are the Nyquist samples.
2x(t) cos ot «2T 5 X(w - o)+ X(o + o) Applications: _
2x(t) cos 20t T 5 X(w - 20,) + X(0 + 20,) The sampling theorem is used in analysis, processing and transmission
‘ gt) <« G(o) (2.295) of signals.
6. Substituting eq. (2.29.5) in eq. (2.29.4), we get '
1
Glo) = = X(0) + X(© - 0) + X(© + 0,) VERY IMPORTANT QUESTIONS
+ X(o - 20,) + X(o - 20,) + ...] ...(2.29.6) Following questions are very important. These questions
1 ¢ may be asked in your SESSIONALS as well as
Glo) = = 3 X (@-nw,) UNIVERSITY EXAMINATION.
. Sqlw)
- | 2r A * Q.1. Briefly éxplain the three forms of Fourier series.
o J T T T T T Ams: Refer Q. 2.1, Unit-2.
—uﬂ 0 mm _3‘“ _20) - & 0 .
(a) * = =9 ?b) 0y 20, 3o, Q.2. Give the derivation of exponential form of Fourier series.

AN Refer Q. 2.2, Unit-2.
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ssssssssssssase (3-—2D to 3-..,1 ID]

P.ﬂ 1 - —H—H-i!---—IllI-“-i.-—i"M'l FETRRFETERRESSR -
= -

& Review of Lapiace Transform
» Properties of Laplace Transform

b Initial and Final Value Theorems

usveses (3-12D to 3-16p

B Y T P Y]

® Inverse Laplace Transform
® Canvolution theorem
® Impulse Response

A Concept OQutline : Part-2 3-12D
B. Long and Medium Answer Type Questions 3-12D
Part-3

p RSk s e — (3-16D to 3-36D)

- W . Sy '
® Waveform Synthesis and Laplace Transform of Complex Wa vefomlJ

veeeee 3=17D
. 3—-19D

3-1D (EN-Sem.3)

Laplace Transform Analysis

P

PART-1

Review of Laplace Transform, Properties of Laplace Tran
Initial and Final Value Theorema

g

PART- 1

i
— CONCEPT OUTLINE :

— .+ Bilateral Laplace Transform :
F(s) = I_:f(t}e_" dt

1l (o+jm
t) = — F(s) e
fit) 25 Jo-se (s)e” ds

¢ Unilateral Laplace Transform :
F(s) = I:f(t} e ™ dt

D = — [ F(s) e* ds
Jj2n Jo-j0
e [Initial Value Theorem :

A0) = B0 Ap) = lim ()]

¢ Final Value Theorem :
Ao) = rlim f(t) = lin:tl] [sF(s)]

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 3.1. l What do you understand by “Laplace Transform” ? Also
mention its advantages and disadvantages. Enlist applications of

Laplace transform.

Answer I

Laplace Transform :
1. Laplace transform of a time function At) is define as :

F(s) = LIAD) = [ f(t)e"dl

where, s is a complex variable and is equal to o + jo.

-(31.1)

2. The Laplace Transform as define in eq. (3.1.1) with —o as the lower limit
for the integral is called the ‘two-sided’ or ‘bilateral’ Laplace transform.
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. Systems 3-3 D
Basic Signals & 9 - ———— W,
is changed to 0’, we get the Une'"id“d'np - ,j-

’ imit
the lower limi ~J
3 {iplﬂﬁa transform. un""t{-,
he one-sided Laplace transform g4 : )

Hence, we define !
Rs) = LIAD] = [£(te “dt
0

The two-sided Laplace transform is useful to get a better insigh
lnlnu"

4

5}'51 em.

Advantages:
. sents continuous time signals
t ransform repre S1n termg, f cﬂmple,

1. Laplace
exponentials, i.e., ¢~. Hence Laplace transform can be used t,
functions which are not absolutely integr able an;ﬂm

the signals or
Continuous time system are also analyzed more effectively using 1, X
P

¢ransforms. Laplace transform can be applied to the analysis “fU-nsta
bl

b

systems also.

Disadvantages :
The integral representation of Laplace domain is complicateq

2  Time functions varying in negative values of times, prior to zero, mg
bv-passed by introducing some artifice to simulate or appmxi_mat; effi:

pror to zero. .
3. Unsuitable for the purpose of data processing in random vibratiopg
Applications of Laplace Transform :
L It is a technique mainly utilized in engineering purposes for Syste
modeling in which a large differential equation must be solved. ;
2. Itcan also be used to solve differential equations and is used extensjye;
in electrical engineering. '
3. Itis used in electrical circuits for the analysis of linear time-invariay
sysitems.
ﬁi Define Laplace transform and write its properties.

| AKTU 2014-15, Marks 34

Laplace transform : Refer Q. 3.1, Page 3-2D, Unit-3.
Properties of Laplace transform :

L Multiplication by a Constant :

Let Fls) » Laplace Transform of fit)
k — multiplication factor
~ Lik fit)) = kF(s)
4. Sum and Difference :
Let
F\(s) > Laplace transform of f,(8)

;

Laplace Transform Analysis

q-4D (EN- N

LIf,(t) £ [,()) = F\(s) £ F(s)
Time Shifting

jii.
If
Then for

iv.

If

Then Lifit) €)= F(s —s,)
Time Differentiation Property :

If
Then

and

vi. Time Integration Property :

2

and

vii. Frequency Differentiation :

viii. Frequency Integration :

ix. Scaling:

Laplace transform.

Answ_er l
i

LIfit —ty)) = F(g) e™
Frequency Shifting :

L'@} = sF(s)-f(07)

L{d f(t)} = s"F(s)-s"1f(07)-s"2f(07) -...- f*N07)

j f(z) dt} = S0

0

| State and prove initial and final value theorems of

Initial value theorem : The initial value theorem states that if F(s)is
the Laplace transform of fi¢) then,

}5‘2{3) —» Laplace transform of f,(t)

F(s3) — Laplace transform of fit)
t,>0

F(s) — Laplace transform of fi¢)

F(s) - Laplace transform of f¢)

dt

dt”

F(s) —» Laplace transform of f{t)

s
f
f(r)dr
¢
§ e = F0, =
s s

dF
Litf@®) = B0

fO 7
L’T] = !F(s)ds

L{f(at)} = iF (i—)

Scanned by TapScanner



A

38D (

Basic Signals & Systems __,_____-_,_-._%

AOY) = him f{r’iwlmuﬂﬂ

=1k

Proof': ‘ _ o
Consider the Laplnw transform of the real differentiation,
L| a0 | | « s Ms)-FO
L dt |

Taking limit ass > on both the sides

im L d’:: al _hmr sRe)-FO )J (33, &
_ . L - "
Consider the left hand side of eq. l‘*i;l 1
aru .
hm L/ “;u h:.u f ¢ l }df (by definition of Lapl ]
B —=bN L 1
~ *] .
limLL—;;;ﬂ =0 &8 !111;1 e~ 18 zero “‘(3-32]

Putting eq. (3.3.2)n &q. (« 3.8.1), we get
0= lim [s As) . (Un)

&

ie. A0)=lim sAs)
e = f0%) i.e. the initial value of

But as the function A?) is continuous, A0

g xR

Final value Theorem : 'Ihe final value theorem states that if )
the Ln;lm eransform of A¢) then the final value of the function f¢) i

given by, |
f(x) = im Af) = }iﬂ sRs)

=

Ao
: £(0%) = lim At = lim sRs)

Proof: ) o
Consider the Laplace transform of the real differentiation,

d"“J = s Fs)=f(0)

Takinglimitass—&{}un both the sides

hml’ dd:t lim(s F(s)-£(07)]

Consider the left hand side of eq. (3.3.3),

..(3.3.3)

[df()] [ 2 df(2)
hml dt "...J .dt = ! 7 .dt as lim ™ =1
= [FOF = Lim AH) - £(0") (334

4 Puttingeq.(3.3.4)in eq. (3.3.9), we get

P_{Eﬂﬂ fto—]—hmsﬂs} A0
hlﬂﬂ”: Pnzsns)

==

80 tEN‘?,"E) Laplace Transform An alysis

/'a"—' Write the Laplace transforms of :

{/nit impulse
ii Unit step
" Unit ramp and

i lmrnlmlin functions.
iv. gind the Laplace transform of the truncated ramp function as

v ghown in Fig. 3.4.1.

j fit)

i

1

>t

i Unit ¢ impulse :5(5) |
fit) = 8(2)

L) = F(s) = [8(t) e™ dt i
» ol |

F(s)=e|,_,=1 [-- &t)=1onlyt=0] 1’

ii. Unit Step:u(?) ii

At) = u(t) |
L) = Fs) = [u(®) e™ dt .‘
0

ao

Ie"" dt [+ u(®)=1fort> 0]

0

=
-st
es

-

t=0
|

F(s) = L
S

ili. Unitramp : 2 u(f)
At) = r(t) =t ut)

F(s) = L{t u(?)} = Ite"“'dt [—L Il -—dtl
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3-7D (EN
nale & System® ___— -&%-ﬂ
pasic Sigoale & VT2 N 4.8 D (EN-Sem-3) Laplace Transform Analysis
Qs . ) P e
I ol dt - — ' of 1
e - Je R} L
- (001 ¢ : .{[ s I . X 'a;m Find Laplace Transform of following functions :
: don ! *f'-lﬂ i o™ il. u(e)
. Wchmt‘“:?\ et ) : i, win of iv. cos ot
, . .. sinhat vi. cosh at
M) = LN u(O) = [Re% e d vii. € sin ot viii. e cos ot
) 0 . ix. e cosh bt x. e ginh bt
2[© ® st xi. 1 xii. Ae ™ gin (bt + 0)
3 - (2t *—at OR
= Rk ¢ - - he La 1 tr f 1 :
-sl 9 s Calculate the Laplace transform for the function f(t) = e sinh bt.
ok T AKTU 2016-17, Marks 10
CR0-01+— [te at
st c“" ® "
- k(e r Il_dj] ; L (e®) = Ieate o ¢ Ie—(l-—d]ldt_ 1
ol Io o O 0 0 s$—-a
$ $ 0 | o . 0 s
% o[ 2k f iii. L {sin ot) = L,L{e?-"“'i"t —e'j""}
=-"3 = "'"3" 2.’
s s, s
v. Given Fig. 3.4.1 can be constructed using following functions ; = 1.( 1' _ 1. )= o
; 2j\s-jo s+jo) s*+o?
f,ntl* fot) 4 fit)d ;
kp--x S I iv. L (cos ot} = -L{ej‘“‘+e'j""}
_/ + - / / 2
- > - >t 2 >t _l[1+1‘1_s
2\s—-Jjo s+ Jjo 22
: v. L (sinh at} = %L[e"’ —e‘“‘]:%:L{e“} ~L{e}]
f,(t) = - [u(t) — u(t - a)] _ l[ 1 1 j _ _Ga
fij{t)=ku(f_u) - 2 Ss—a Ss§s+a._ B sz_az
0 =£)+£, 5
" vi. L (cosh at) = %L[e‘" +e?|= %[L{e"‘} +L{e""}]
=7 W) -ut-a) + ku(t-a) )
kt . _1f1 1 ] __S
=:H(ﬂ+; (G*I)u(t-a) 2:3—11 s+a $ -af
.. tu(t)- 2 wil. L{e*sinot} = L|e™ {L (e’ —e‘j“‘)}
[mwm a - (t-a) u(t-a) | L: 2) |
s T __]'_[e—(a—jmll _e—{a+jm)l‘j|
Rs) = Lmtn = kR 1 k e % k _2j [

ll--'.-'---'-_
e,
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Basic Signals & Systems 3-9D (EN.
W
. d . 1 J_: o
= 2J (3+ﬂ}“jm {5+ﬂ)+Jm m
i Lfeeosar] o Lo [few e )]
J 2
_1f 1 . ! ] - S+q
T 2Gra-jo Gratjel T (siar
i bt bt |
[ _-at —at f;_f_i_]
ot Lie coshbt}= L_e ( 5 7
1
1 b-alt u{bm)t = I ~(a-bx o—lax
- EL[ e' 2 [ bl:]
1r } __S+a
- $reh D) G
i bf__ -bt “{ﬂ-—b] —la+
x. Lie sinh bt) = L e*"[e 23 ]J= EL[" g
1: 1 1 ]_ b
- §_s+(a—~b) s+(a+0) (s+a)? - b2
xi. Lt = [(¢") e at
0
Integrating by parts
Let ="
dv = e dt
du = nt™!
= ( -H{ﬂ‘:he_
U IE‘ 5
L[t"] Iudu=uu[u Iudu
0
= _f_ -st |® n-1 _-st
s [E ]ﬂ +;j‘t dt
- nm”’l -5t n-1 ﬂ( -1) i
-~ 4 dt- L t = — — n-2
| [¢] i Ll

xii. L[Ae™ sin(bt + 9))
As, L[Asin(bt+0))= A L(sinbtcoso +8inBcosbt|

*

Laplace Transform Analysis

AT
_ A[bcu&9+nsin9]
B 2 +0% 8%+
bcosH (8+a)sin®
-at gin(bt +0)| = A +
go, L[ Ae™* #in( ] (s+aP +b2 (s+aP + b

bcosP+(s+a)sinb
= A e
(s+a) +b

" | pind LI[#? sin ot] using the following relation :

d F L T " . 5
Litf0l=- —-FG).  |AKTU2011-12, Marks 05 |
-d
| We know, L{tf@®)} = EF(S)
dZ
2 qi = (- 2..._
9 L{t*sinwt} = (-1) 132 L { sin ot}
_4a ( ® ] _ 2035 -0?)
ds’\s* + o’ (s? +0?2)?
Que 3. - | Find the Laplace transforms of :
i, sin mt
ii. e sin of
iii, te™ | AKTU 2013-14, Marks 10 |
Auswer |
i, sin of: Refer Q. 3.5, Page 3-8D, Unit-3.
ii. e sin wt: Refer Q. 3.5, Page 3-8D, Unit-3.
iii. te™@f:
1
Lit) = —
{t} 2
Liteot} = —1 (using shifting property)
(s +a)?

Que 3.8. I State and prove Initial value and Final value theorems.
Find the final value of the function £ (¢) = 2 + e~ cos 2¢.

AKTU 2013-14, Marks 10

Imtlal and final value theorems : Refer Q. 3.3, Page 34D, Unit-3.
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Basic Signals & Syste™? LLIC TN
Numerical :
Given ! fir) =2 +e¥oos 2
'lbnld'uplmtnwm.ﬂl) "
1. Using Laplace transform,
| 2 s+3

P 1
9  Using final value theorem, we get

. 2 §+3
= lim = lim s|—+ —
Ax) = lim sF(s)=1h [s (s + 3)° +4]

s—=0 s—>0

2 .. s+3
- .—+ lim
s i Rl DWW
=24+0=2

e38. | Find the Laplace transform of the following signa)s ,
i = te~ u(t)

it x(t) = te= ult)

2 - Liu@) = 1

S
3 Lie? u(?)) = 3

s+1

d( 1
4 Lite= u(®) = <]D*-Z
{te u(t)) = (1) ds[“ 1]
1
5. P L tt-‘ —
N etulo) (s+1)
o 1 x(t) = te=% sin 2¢ u(t)
. 2
2 - L'l b =
sin 2f u(t)) =
3. Lie? sin 2t u(t)) = — 2
i (s+2F +4
4 LiteZ gin 2t u(t)) = (1) i[ 2 ]
ds\(s+2)* + 4
. ._1[ -225+4) | 22s+4)
(6+2°+4) | = (s + 4+ 45+ 4)

b L{u—ﬁ sin 2¢ u(t)) = 4(s + 2)

(s* + 45 + 8y

12D (EN-Sem-3) _ _[:ij_lnce Transform Analysis
| PART-2 | Rt

i Inverse Laplace Transform, Convolution Theorem, ;
Impulse Responge, Ay

— CONCEPT OUTLINE : PART-2
F___.__._,__..----—"_'____ -
. Inverse Laplace transform : Given a function ({s), a funetion
g(t) such that L[g(¢)] = G (3) is called Inverse Laplace transform
of G(s).
In this event, we write
g(t) = L1 [G(s))

1
For example L-! [:E] = e

! 1 s
g L Lz - 1] .
¢ Convolution Theorem :
Convolution theorem states that if there are two functions given
by f,(¢) and f,(t), which are zero for ¢ < 0 and their Laplace
transforms are

!
l
4
|

L[fl (t)] — Fl{ﬂ) and
then L1 [F\(s). F)(a)l = f,(t) * f5(t)
s Im])u]sfemlwnse:Theimpu]seresponse of LTI continuous
system, is defined as the response of the system to a unit impulse
as input when the system is in ground state.

Lif, (9] =Fy(s)

Qneutipnl-Anlwm

Long Answer Type and Medium Answer Type

Que 3.1(_):' What is inverse Laplace transform ?

- =

It is us;d to convert frequency-domain signal time-domain
signal fit). It is given as, et

fit) = L [F(s))
1 o+ jo

=5 | - Fs)e*ds
o- jo

m State and prove convolution theorem.
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Basic Qignals & S}?tfml

Convolution theorem states that iflht‘r}t" l?l'l‘l:‘\'? functinnn E‘i\run h}’f
and /., which are zero forf < 0 and their Laplace trmfﬂrm o n

8
LU f()) = F\(s) and LUf,(0) = Fy(s)

then,
L (F(s). Fy(s)l = " f,(t)
PlWl : B
1. Let Mo = LAl = [ e™ f®)dt  [Assuming e
| 0
- Gio) = Lig)= [ e gt)dt [Assumingf, )
0

be the two Laplace transfnnps.
Lets convolution of At), g() 18 de

fAO*gt)= If(f)g(f")d'f
0

r the convolution would be,

noted as :

ro

3 Thus the Laplace transform fo

4+

(o \
Lrotgw = | | £ f5) gt - dr |

0

= | [ e f(glt-1)dradl
0 0

4 Let t-t=p,thendt=dp
5 - Lo * gl = [ fO] &p)e™? dudp

- !: f(t)e" dt j-: g(p)e ® dp = F(s). Gs)
6 LIf (1) * g (1)) = LIfit)). Lig(t)) = F(s) G(s)
hm‘ Find Laplace inverse of the function : [2 28+ g J

§“+5s8+3
[ARTU 2011-12, Marks 6
s+4 s+4 A B

1 Fs)= = == +
252 +55+3 (8+1¥2s+3) s8+1 (25+3)

g-14 D( EN-Sem-3) Laplace Transform Analysis
il
3 5
3. Fua)= s+]1 2s8+3
& Taking inverse Laplace transform on both sides, we get

-3
k)= (34:" ~5/2e 2 ']um.

_verse Laplace transform of the following function using the
ution theorem.

F(s) =

inv
1 | 3
8(s* +28+4)

o Cﬁr.ﬁ;llutinn theorem : Refer Q. 3.11, Page 3-12D, Unit-3.
Numerical :

1
- el s(s> +2s +4)
F()-l
2. (8)= s
fl(t)=u(t)
i e 1
where, a=-1+ J3i

T 1 1
B=-1-3i = — [s_u s—B]

: | 1 -1+ ¢ -1+ V3¢
% f2(3)=2@[e(1ﬁ} _Eun]
¢ ; 1 alt-t) -t
5. At) = _!f,(t) f,(t—vdt = { u(t)z—@[e S am

1 X 1 t
=l dx—- e* | e™dr
203 ¢ !E TTolE £

ed_reﬂj['_ e’_[e"‘j[
2J3il a b 2J3i| B

'E"_-e‘“—l]_ e’_[e"'—l]
2J3il -a | 2J3i| -B
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s rems 3.
h’fw—a‘? e n~‘5N\‘ g.lﬂn‘EN'M'EL__ Laplace Transform Analysi
R s Aot o L0 AL Sl TS WY TN ";'—;. :
; | s ¥ For mp™ x(t) = 51)
State convalution property of Laplace trapyy, 1 X(s) = 1
Snd the inverse Laplace transform of the function Using i, &l\ Yis) = His) X(s) = { 5
‘ 2+2)s +3)

1
W= feen b
s (s 9  Using partial fraction,
— 1 1 ]
W 'Y{')=5[1+2-l+3J

Convolutron theorem : Refer Q. 3.11, Page 3-12D, ypiq.
:‘ anvod : mt.3, 3. Taking inverse Laplace transform,
Numervoal ' y(t) = 5% ult) - 5% yy) ‘

1
1L Grea Xis'= T jii. For step response :
$ s+l 1. Input signal, x(t) = ult)
2 Le X =X X ' 1
1 1 Xr” = ;
where X is) = ) and X (s) = — 2. Then, Y(s) = H(s) X(3)
o = 5 3
o) — -1 1 - Y( = -
2 @=L ?—_-—rulﬂ " s(s* + 53 + 6) s(s - 2¥s+3)
- 1‘ . 3. Using partial fraction,
== ! | = e ul(t) A B ¢
v s ] Ys)= —+ -
| R 8 8+2 8+3
4 Useag canvolution property of Laplace transform, we have 5 5
S Db s o 1 _ A=3sY(s),_, = L =2
L's=L XX, ) =L [mJ-xl(r)‘xz(t) [’4"2)(’:“3"-: 6 5
= B = 2 = 2 =— —
= jnxllr)x,(r—r)dt =I{:te*{"‘} dt WLV sis+3)__, 2
s iad : | 5]
=2 | dr—e®] ol [ = - 5 -
s e [re K d:] C=(s+3)Y(s)|_, - Rt
= f"'i-te’ -e‘]f,:':e" [te'-—e' +l] =t-1+¢" Y(s) = § }-—E 2 +-5— :
) T 1] 6s 2(+2) 3(s+3)
2 & s prwe— o [(2=1) + e u(t) 4. Taking inverse Laplace transform,
y(t) = g-u(t)-—g-e‘z’utth -g-e""u{t}
RNy 2
PART-3 ?
Application of Laplace Tra to Analysis of Networks, Wa
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Resistor :
igft) Io(s)
O > O— ——
wyit R —» Vgls R
c 8
KVL: Vi) =Ri () = Vels) = RIg(s)
ECL: izlt) = (UR) Vi) = I (s)=(UR) Vi(s)
Capacitor :
Io(s)
i) ;’L -
o— il
150 ——

vt Vel ——C Vcls) V{OVs C-i-)

o .
@) Capacitive =
element (6) Representation in series form

-Sem-3) La
¢-18D (EN place Transform Analysis
--"""_-———_
—_ IAs)
+ O >
vds) = f
1 CVA0)
- O
(c) Representation in parallel form
| 1¢.
| KVL: vt) = Ejlc(t}dt + Ve (0)= Vi (s)
| 0
| 1 Vo (0)
. s ] C
| <C c(s)+ .
CL: I AL) = Al
KCL: i(t) = C_E!t_ = Ic(s) = sCV,(s) - CV,.(0)
| Inductor :
ip(t)
+ O- — f— O- —-
T T IL{E)
| sL
I
?L{t) v (s)
| - B .
| Li; (0)
+
(a) Inductive b) REpmsentatiuﬁ
element in series form
(f—- - IL(S)
VL( B) UsL iL(O yﬂ
o s =
(c) Representation in
parallel form
h-__
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Laplace Transform Analysis

| An R-L-C series circuit is as shown in Fig. 3.17.1. The

3-17"
is moved from position 1 to 2 at ¢ = 0 after it remained in

1 for along time. Theinitial current at (f = 07) in the induct

KD = L d‘L —a, VL(s) = SLIL(S) = LIL (0)
VL (3)

Que

dt
ﬂwitc

1t . (0) = I,(s) = + 200)
o +1 L ia
i ()= L.[nVLdt L sL ¢ pag:tlzl:ld the voltage across the capacitor at that instant is 4 volts.
e is s fthe expression for the inductor current i(¢) for ¢ > 0.
i ; Fin o !
e : ons-Answers
Questions ¥ 2 %L =2H
' : Answer Type Ques +
Long Answer Ty'pe and Medlum 4 W Q tiﬂnﬂ V volts C) 10 C=2F
B
: == % R=20
Que 3.16. I Consider a series RL circuit shown m Fig. 3.16.1. The B s
—itch is closed at time ¢ = 0, find the current i) using Lap),,, T [axowE =05
transform. , R-100 0 ll,mgj
t=0 =
T porecr
=20V 5H | For switch position 2,

V1=10V _ C

1 Initial condition, #(0) =0
2. Using KVL,

R::(z)+5£=20

I -
- ——— i(t)
¥ig. 9,40.1. 7 2H
| AKTU 2011-12, Marks 03] : %

3. Taking Laplace transform, o Using KVL
o= 2 _odi 1%, i
10I(s) + 5[31(5) I(UH - . RI+LE+E£dt+VC(O ) - V}
101(s) + 5sl(s) = 20 (- i(0)=0 3. Taking Laplace transform,
s -
20/s 20 4 R+ Laite-Lioye 228, o0 2 5
I(s) = = = C s s "
_ 10+5s s(5s+10) s(s+2) )
4 Usingpartial fraction, [m Ls+i]1(s)-u(0')+ L
2 2 Cs 8 s
1(3) = = ———2 1 10 4
s s+
5. Takinginverse Laplace, [2+28+Z]I{8) = -8—+4—;~
i) = L [I(s)) = -] [E__2__ 1oy _B8+12
S s+2 1)2
4(3 - —J

i(t) = 2(1-¢72)
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Hasio Migonals & Hyateins h gy "(NN
Son
. |
Ha o 1Y LA
‘, l[”—’ l{"l.”"‘ ‘ll’i I . I' u - :”- . u
(o4} (a1 )’
|
N I M '
If T o]
[ntu [Hl'] (“|]"4'
| - | . =31 v |
- “’! (* l l‘) I r "Jt" L iur" l“r
‘ a (" ' u]

m we LN, I {, Ntate nnd prove the inftial and final valye theop,
f Illl

i, A pulse of width one second and magnitude one volg 4, app|
)

nerosn i worien K4 olvonit with B = Lohm and L < 1 honyy, Ming
ourrent (1) Aowing in the olrounit nw n funotion of time, Une | “lﬂlht
Aplyg,

transform moethod, m—w
Answer l

Lo Tadtial and fioal value theorem @ Rolor Q0.0 Pago 3 4D, Unit 3

I D&r3d
i, Given:R«1Q,L=1H,v= {0 i e
To find : Current, i(2). o
L. Applying KV, -
IHUHJ,TTIHNH
2 Taking Laplace transform,
i(t)
>
L=1H
v(t)
1 R=10

RI(s) + Ls I(s) = Lo(d))
(Assuming initial condition gero)

199 I)(IGN.F:.n‘ﬂ{I - Laplace Transform Analysis
i
Vig)= |l.e “dt » ip “ 1t
", % : |
) HF ,‘_-[, .-['E.._::Eﬂ]_ 1 E-'
Llesh L -8 ) 8 s
I8)[1 +8]= —-—
4. 8§ 8
I(8) = - 1 1 1 E-'+ e’

s(atl) s+1 8 s+l o 2+l

6 Taking inverse Laplace transform,
' ((t) = u() —e t ult) = ult —1) +e*¢-D gyt -1)

Que ‘:iﬂ. I In the cirouit shown in Fig. 3.19.1, the input is 0.4 u(f).
Irind 00 with the switch closed at ¢ = 0 assuming zero initial

conditions.
200 9 H

3o AWA T—

+
+ —lF

<
0
] |
|
o
o

Fig. 010.1

i Aﬂ .m initial conditions are zero, the s-domain network of the given
circuit is shown in the Fig. 3.19.2.
200  2s

2. Applying KVL to the loop,

5 e

I(s) = -
20+23+5_0 2s* +20s+50
S
02
s’ +10s+25

i-_._______ o ______-------IIIIIII‘
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Basic Signnls & S}'Stems
B 50 0.2

‘r.r {q} = @XI(S}=_X 2 = 10
c(8)= s s'+10s+25 m
10 A B C 5)
V.(s) = — * 2
¢ s(s+d)? s s+b (s+)H)

+Bs(s+5}+Cs=10
A=04, B=-04, C=-2

04 04 2

Vels) = s  s+b " (s+5)

0olt) = L Ve (9)] = 0.4 u(t) ~04e 5t =5ty

- As + 5
5. Comparing,

6.

Qma.ﬂl Find the expression for the currents i,(#) and () ;

F&g. 3.20.1 using Laplace transform method.

MWW
@ R i, (t) 5Q
2

Fig. 3.20.1.
The switch is closed at ¢ = 0 and the circuit is initially a relaxed ope,

AKTU 2018-14, Marks 10

100V

1 The initial current through the inductor is zero as the switch was open
before ¢ = 0.
i, (0)=0A

2 Applying KVL to the two loops we get,

-10;, _0.02%+0.02%2.4100 = 0

Loop 1, dt dt
s di, di,
10 +0.02—-0.02—= — = ...(3.20.
L 7 2t 100=0 (3.20.1)
. di, di, ;
5..-0.02—+0.02—= =
Loop 2, L 57 qt 0
. . di, dh'
i.e. 5!2——002?4-0.02 df =0 ...{3.20.2)
3. Taking Laplace transform of eq. (3 20.1) and (3.20.2),
0
107, (s) + 0.02 51, (s) - 0.021:, (07)-0.02 sfz (s) +0.02, (00) = -1-2—"

- 1,(s) [10+ 0.02 5] - 0.02 s I, (s) - 0.02 [£,(07) —i,(0" = -l—g-q

e —

5 ——

2

—_—

24D (EN-S‘“"S) Laplace Transform Analysis
3-
,f;;##ﬂﬂfﬁ_ i,(07) =i, (0)=0
100
.. 1,(s) [10 +0.025]) -0.02581,(s) = — .(3.20.3)
51,(8)— 0.02sI,(s) +0.02¢, (07)
2
+0.02 sI,(s)-0.02i,(07)=0
. _0.02 sI(s)+ I, (s) [5+0.02s] +0.02 [, (07) = i,(07)] = 0
but. 11(0_) = 12(0_) = 0
—0.02s1,(s)+1,(s)[5+0.02s]=0 ..(3.20.4)
AD plying Cramer’s rule to the eq. (3.20.3) and (3.20.4),
5 10+0.02s —0.02s
= | o0 00z =200
E_Q -0.02s 100
D,=|s = — (5 +0.02s)
0 5+0.02s
10+0.02s 208 100
D= s|=—x002s=2
—0.02s 0 .
e Do 100(5+0.02s) _ 6.67(s+250)
188)= ' = 75(50+0.3s) s(s+166.67)
roye Do 2 6.67
and 2'%)= ' T 50+03s (s+166.67)
A B
I, (8)= —+(+166.67)
_ 6.67(s +250) - 10
" (s+166.67) |,
B = 6.67(3+250) - 3.33
S g=-166.67

10, _(-3.33)
I(s)= 5V (5+166.67)

Taking inverse Laplace transform of I,(s) and I(s),

and

i, ()=10=885 198 A
i, (t) = 6.67 e 16667t A

Que 3.21. ] In the circuit shown in Fig. 3.21.1, determine the current

i(t) when the switch is at position 2. Th
position 1 to position 2 at £ = 0. Initiall

position 1 for a long time.

e switch S is moved from
y the switch has been at

<——d
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Basi('Signl]S&SYBtems
S 50
D . AW
t=0
@
WV 50 it 2H

Steady state current

i(0) = %=2A
2 When switch is at position 2, for ¢ > 0, we have
2é£—]+ () +5i(t)=0
2@ +1%:(®)=0
anr) . sii=10
dt

3. Taking Laplace transform, we obtain

sI(s)—i(0)+5I(s)=0
slis)-2+51I(s)=0

2
s+5

I(s) =

4 Takinginverse Laplace transform, we get

i(¢) = 27 u(t)

2. | Moved to position 2, find the current i(#) in the circuit.

_

20V——

P!
WW

2
5Q

i

PN

s ——————

s -3)
¢ D (EN-Sem Laplace
g 200 O Tronsorn Anly

A on switchis at Posif.inn 1, circuit achieves ste .
l‘)ve]lllaves as short circuit. ady state and inductor

_ 20
i1(0) = e 2A

switch at position 2,
9. When

. di S
5i + — =20

Taking Laplace transform,

- 20
5i(s) + sI(s) — i(0) = =

3.

BG+s)I(s)—-2= 20

S

20 2
(5+8)Is)= —+2= “:2"

20+ 2s E_ 2
s(s+5) s

$+5
4 Taking inverse Laplace transform,
| . i(t) =4-2%A

Que 3.28. \ How differential equation is solved ?

1 When the initial conditions are specified for the given differential
equation, they have to be accounted for when LT is taken to convert
the differential equation to algebraic equation. Thus

Kg) =

27
L[‘d—{ = sY (s) - y(0")
oy S
L %:% _ §7Y (s) - sy(0) — 7 (0-)
:day- : ,
L :i-tT =53Y(8)—82y(0')— sy{O—)- y(0)

The initial conditions y(0-), y (0-) and y (0°) are meanf: that the system
initial conditions are given just before the input is applied to the system.

The initial condition y(0*) indicates that the u:utml condition is g[i}r:ln z
the system after the input is applied which is not realistic. e

otherwise mentioned, y(0-) means y(0) (and y(0) is not y(.ﬁ*)). )
2 ‘.The zero initial conditions explained in step 1 are applicable to the
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R a «X1is) w0)

. for an input multiptied by w(f) implies that yy,

yone
initia! conditon o
3 mlk are pere pror to sl Pq“!“nn pnnlli“’ {Wo components
)

T™he {ifferen
S ton o the ¢

o du

) ~omsen 1 1 lh'l!" ﬁ“l“n'—‘ -

a9 ntcnﬂ\(‘d to be ahse

whe the input & &

an e "
gere input respen the response due to the input alone and ),
. nil s S
& \ﬁf‘ “i‘n‘;\“w
h 1“ [ ]

be zero. Such response is ca

3itsans here are assumed to be FETE:E lleq
1 x Iy

initwal condi

H.“'\ ﬂ!tl 'ﬂﬂ‘nw

e to the initial conditions op)
{ The response is called ),

tate response ¢ gero input response,
= pPTO E .

the gero initial conditions for verificatigy
sponse has to be considered apg
iSﬁ{'S th[' mltilﬂ c“nditiﬂm

The tols "i“ii““"“
’ od to find out
he pero input re
The total response sat

¢ [Hooe® interest
of the results. only t
pot the total response

s T
Mmi=x

solve differential equation :
— Using Laplace transform,

95 +7x «6x=0 - . ll,i’L _ E

{0 =0 x0=1
e d lications of Laplac
properties an applc : ¢
cransform solve the following differential

P I‘a.* £ -Th"'-"r:_"..'f_-g" e
J1£ - i?‘l‘l r'l._* i B :\'-.
e

Lapilace transform : Refer Q. 3.2, Page 3-3D, Umt-i
Apphcations of Laplace transform : Refer Q. 3.1, Page 3-2D, Unit-3.

Given :21 + 71 +6=0,x10)=0, x(0=1
Yo find : Output, x(t).
1 Takng Laplace transform,

24x0) o %(s)-7x(0)+ 6X(s) = 0

2dx(0)
dt

2:2Xm-2m01-—

2 Xis) (2% + 76 +6) = (25 +T)x(0) +

e ——

} "+7s8418
L : L'I[u-- __2‘ ;
(284 3)(s 49
map-tf- 2o 1
gr 3 84
2
- 2[8-1.51'__8_2,]
‘ A system is described by the differeniq o—_—
K e on

der "5 g 8y =z

dy(0)
dt

Fﬂl' the initiﬂ.l cﬂnditiﬂnﬂ, =2 and y(o) ol and
(ind the free and forced response of the system.

FT; ] 201418 3
] p—

Given :

input x(¢) = ulf),

d*y(t) . dy®) = x(t), 2O
——t-it—n—-lv- 574‘6}’(‘)—:“% -_df_=2' ¥(0) = 1, 1‘”'#

To find : Response of system, x(¢).

1. Taking Laplace transform

dy(0)
dt

] + 5 [sY(s) —y(0)] + 6Y(s) = X(s)

dy(0)
dt

[s’ Y(s) - sy(0) -

s?Y(s) — (s + 5) y(0) -

+ 5s Y(s) + 6Y(s) = X(s)

(s2+55+6)Y(s)=X(s) + (s +5) y(0) + dy(0)

dt
dy(0)
(S +95) J'(U) + [-I] . X{S]

s2+5s+6 s?+55+6

Y(s) =

2. The first term on right side of response depends only on the initial

condition and has no effect of input so it is called natural or free
response while second term is called forced response.
Substituting the initial conditions,

o, 2, y(0) = 1 and X(s) = :
dt s
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Basic Signals & Systems 3-20 ( ,
! %Qj
Vo)w SEQIE . g
s'+Bs+6 s +bs+6
__s+7 1
s'+Bbs+6 s(s" +b5s+6)
s+ 7 1

et dp = —
(s+2)(s+3) s(s+2)(s+3)

54 1111 1,
s+2 s+3 6s 2542 34,3

4 Taking inverse Laplace transform on both side

) =S¢ ult) —de 1 1= 1
» - u(t) - 4e uull + X u(t) 2 e u(t) + 3¢ u(t)
¥ + =
Free response Forced response
L |
v
Total response

_ A system has impulse response h(f) = e~ y(z). Find jy,
system function and the output if the input to the System i
_ =il is

() =e"u(t)

Given : (1) = e Xult), x(t) = e~ul?)

To find :
L System function, T\s).
& Output, y(0).
i. 1. Taking Laplace transform,
1
H(s) =
-
2 Let x(t) = &(t)
X(s)=1
System function,
St ;{(@)L ( 12)
. _ s) (s+
. 1 Again, x(t) = e u(t)
Taking Laplace transform,
Xs)= 1
s+1

2 Output, Y(s) = Tts) x(s)

.Bem-3)
o 900 (BN-5¢ Laplace Trangs
. 1 WﬂlAna]y“.
Y(s) = ——
(8 + 1)s + 2)
Y(s) = - v . -
(8+1) (349
king inverse Laplace transform,
3 Ta y(t) =e ' u(t) - o2 ufe)
ﬁ';m] Using Laplace transform solve the following digy
2 eren
cquation: d;y:;)liiﬂq- Ed;)lr(md:l ;I@ft; = X0, i xt) » g, tial
2 a = 5 dy(0~ = - 1, and find auto. S 7 ult) and
y(07) correlation of
- _ Yequence

x{nl""l'l'—l)'

Answer |

d’y(t) _dy(t)
Given : — 53—+ 5 ¢ T4t = x(t), x(t) = e 2ult), y(0ry = - 2
dy0) _ _1 x(n)=(-1,1,-1)
dt
To find :

i  Output, y(¢).
i Auto-correlation.

i. 1. Taking Laplace transform on both sides,

I Y(s) — s (07) = ¥ (07)] + 5ls Y(s) - y(0)] + 4¥(s) = X(s)
2. Putting initial conditions,

[s? Y(s) + 25 + 1] + 5 [s Y(s) + 2] + 4Y(s) = L{e-2 u(?))
1
+2)

(s2 + 55 + 4)Y(s) = ( -25-1-10
S

(2 + Bs + 4)¥{(s) = (—i——<zs+u)
: S

+2)
Y(s) = 1-(2s® +4s5+11s+292)
(s+2Xs+1)(s +4)
(s+2)(s+1)s+4)

3. Using partial fraction,
A B C
Y( ) — = sy
HETAD G Gl

-@s'+16s+20|
(s+2Xs+4) L__l-

A= +DYG)_, =
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\ “&h“
—(2s” + 15s 4+ 27) e 2,-m
(s+1Xs+3) = =3 — ‘I—:;-dt
- | 5
= —{2s’+15.s+21) . o "
(s+1Xs+2) = -3 2e ik -
§ | | -s - B

Pasic Si nals & Systems
B

B=(s+ Q)Y(Si__’ =

C= (s+ 4“’{51'__‘

4 1 +I 1
}'ls‘l-'{s+l} (s+2) 6(s+4) - _3F_2¢-3._e-g.+l] 3 (6 3
Taking invers ace transform, L s s? g ="2"'(—+"—]r"
. S L.u;l” = — de~ u(t) — e u(?) + U6e™* u(e) § :
i Auto correlation . X.(s)= J(lz 3¢) e~ ™ d‘=I12¢'q‘dt 3‘[‘(
r.(k) = ‘z-:ox{nh(n = < B I'i - te= " ft-‘dt
r (2= (1D +(1X0) + 0 =1 = =11
r(-1=(-1X1) + (AX-1)+0=-2 5 ) *
nu” = (-1X-1) + (IXD) + (-1X-1) = - 12 e 3 e - 4o 2~ 2 E_'r
ro (1) = (-1X0) + (1X=1) + (- 1)(1)--2 ™ 3 iy
r_(2) = (-1X0) + (1X0) + (-1X-1) =1 G a L _
(r_(®) = (1,2 8,-2,1) =12[e e ]-3[2" e
s S s s 33 ’2
mﬁndtheh;ﬂnce transform of the following waveforp B Y G B merle
shown in Fig. 3.28.1(a) and 3.28.1(b). T o - —+ T
x(t) x(t) Ge™ 2s 3e" 4s 3¢~ 2s - '
. S‘L- o 6 =TS T8 &E
: B 6 . X(s) = X,(s) + Xy(s)
: - s el R +————3
¢ =3 - 2 4 >t st \s's s £ s
E—E—e'ﬂ"+ie""
ii. 1.Signal can be written as,

x(t) = Su(t) + 1.5¢ u(t —2) - 1.5¢ u(t —4) — 6u(t - 4)
2. Taking Laplace transform on both sides,
3 157 15" 6 s

| '..-_. " .~ J X(s)= -+ 2 2 3
i. 1. Here, x,()=3 , 0<t<2 2 3 s
x,(t)=-3t+c, 2<t<4 EObtainlap]aeetransfomdthefoﬂowingmph:
2. When t=2,x,(t)=6 i i
Hm, 6:—312+c *ﬂt)
“ E=12
3. x,(t) =-3t+12,2<t<4 b
2 2 ——
- Xl(‘)=_[ 3¢e“"dt=3]. te™* dt
0 0 - >t >t
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Basic Signals & Systems 333D (gy
t iv. 3 fit) \
p iii. g fit) [} .Sem-8)
. Function fit) can be defined as
¥ . {2
Om . 0 fit) = Asin (“Efjuﬂ)'*/lﬂin ETE (t - 'TJ ( T
/2 r T ~ 7
= 2 2)\ 2J
“"m Lif) {Bm T ¢ ““’}* AL{HIH-}E(I— g] u(:_%]l
Answe ._11_ - A(Z“"TL A(2r/T) T, /
i . F‘unctinn Canlm written as : 32 +(2T[1T)2 32 +(2n!ﬁ—e 2
fit) = u(t —a) — u(t -b) _ 7,1 A@2r/T)
L(At) = L [u(t —a) - u(t - b)] l+e 2 7+ @/ TP
n
- le-as _ _]_‘e—b! = 1 [e~% _E-bs] iv. Using gate function, we can write
s s s -2A(
ii. The sawtooth waveform is expressed as : fit) = —?é \t -~ %) [ult) - u(t - )]
f(t)=§t , 0<t<a = —2A"£ T) 2
=0 , otherwise U Y o ”*‘F[{f-—THszh(g..T)
Taking Laplace transform for the time function f¢), _ —2A (

' 2A
T \t — E)“(t)+['}"(f‘ﬂ+fl]u(t-ﬂ

o E Efa _
Fo)= [*Ztes de=—] te™dt
0 a "0 3 =
Lifn) = 24| 1 T}{“ éJe--‘f

a

In . . — —
tegrating by parts, ] T |s? 2s Ts? * -
E [e"] © el 24T
=—[t|—]| +[ =e* =22 a+e™-1g_,
F(s) o |5/ |, _L SB dt:l Ts [2 (1+e )-;(I-Eh)]
_E _-a L1 [e*"] a Quea«ao.:l Evaluate Laplace transform of following periodic
S al®T Tel\s waveforms :
El ae” e* 1 T4 e
= —|-— -+ | A
al s A AT "“/‘\ \
E (E E) _ 0 -t 0 .
Fs)= —; -2+ 2 | e /2 T 3T/2 \T 2T\
as s as® -
iii.
f,(t)
: 1 $ 0 Answer
\ : .
E.7_'\TJ'2 AN AN t=> ﬂ;—\ 1. Laplace transform of single half-sine wave is
-A - 0 T/2 0 :
1(3)— 2 2 1+e
s“+(2n/T)
(. ksl
A(E) l+e ’J
So, 1 T/\
F(s) = e FI(S) = ’\
ST e[ (2)
(1-e T J

i
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. .Benlﬁa:l
(1+e 2’] A@2r/T)
= B % T, e
(1+e . )(l—e . ] (32 +(2TU’T)2)
1 A2rn/T)
[ T X 3 e
(1+e 2’) (s +(2n/T)%)
i. Laplace transform of the following waveform for the first Periog
AT sy 1 '
= —| =1 -1 T
F,(s) Ts[z( +e ) S(1-e )]

Laplace transform of signal with period T
1
F(s) = L{f@®)}= 1™ Fy(s)

_2A|T(14e™) 1 =§é[2mth_'{s_ 1
Ts| 2\1-e ) s| Ts[2 2_“}

§

-_——s-m Determine the Laplace transform of the non-sinusojdy)

waveform in Fig. 3.31.1.
i. fit) ii. f(t)
A
L Jpe——
1 — 2
. a |2a |3a |4a =k : 1
a
1 O—m1 2 3 !
-] 4
| =
Fig.331.1.
- - _'a.r.l .. I-_ [
i. The mathematical description of the periodic wave with period 235
written as

fit)=1;0<t<a
=-1;a<t<2a
Let F,(s) be the LT of f,(t) for the time 0 < ¢ < 2a.

F.(s)= i(l = hud 2

F(s) = FIES)
(1 -]
_ (1-e*)?
ke 3(1 ~¢™2%)

: Lapla
3,380 (EN-Sem 3) place Transform Analysis
/:;;;;;e written as
n Fun fit) = u(t) — ult — 1) + 5ult - 2) — 3y(s _ 3)
o~ ~23 -33
L(fit)) = 5.2 +5E _3e

s 5 8 [

F(s) = .. [1-3e™" + 572 —3¢7%)
s

/-,;52":‘] Find the Laplace transform of the waveform shown in
@ YO

Q“ 3.32.1. It is to be noted that v(¢) =0for¢> 2T and t <0,
Fig- < v(t) 4
A
;s 2T
_ — t
0
—Ap————-

v(t) =Au@®) -2ult-T) + ult - 27))

-Ts
L{v(®)} = A{_l. 2 |1 e—m]

S S S

A i
= é[1-2.«5-*“'*“+,E--2T’] = ?(1-.3 T )R
S

VERY IMPORTANT QUESTIONS

Following questions are very important. These questions
may be asked in your SESSIONALS as well as
UNIVERSITY EXAMINATION.

Q.1. Define Laplace transform and write its properties.
AE Refer Q. 3.2, Unit-3.

Q.2. State and prove initial and final value theorems of Laplace
transform.
XBE Refer Q. 3.3, Unit-3.
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/—W.fom of following functions :
Q.3. Find Laplace ii. u(®)
i ’ iv. cos of
N sin @ vi. cosh at
v. sizh af ‘ viii. e cos ot
vii. e sin mb‘ x. e sinh bt
ix. e cosh xii. Ae~! sin (bt + 0)

Q.4 Find the Laplace transform of the following si :
i xif) =te” ull) gnals
i x(f) =te¥sin2tu(®)
xmx Refer Q. 3.9. Unit-3.
ve the Convolution theorem. Find the invers,

d pro
Q.5. Stateandp he following function using ¢,

Laplace transform of t
Convolution theorem.

1
)=
s s(s*+2s+4)

22k Refer Q. 3.13, Unit-3.

Q.6. F‘indl.nplaceinverseofthefunctiun:( s+4 3)
2s% + 58+

ZEE Refer Q. 3.12, Unit-3.

Q.7. An R-L-C series circuit is as shown in Fig. 3.7.1. The switch
is moved from position 1 to 2 at £ = 0 after it remained in

position 1 for a long time. The initial current at (£ = 0°) in the
inductor is 2 A and the voltage across the capacitor at that

instant is 4 volts.
Find the expression for the inductor current i(¢) for £ > 0.

1
2 L=2H
V volts
10 C=2F

ABE Refer Q3.17, Unit-3,

.

ction of time. Use Laplace transs
Refer Q. 3.18, Unit-3. OT™ method.

: A sygtem is described by the djffﬂenti.] .
!qmon
%_—ifl +5 ——dzi‘) + 6y(t) =x(f)

™ - [ ] ™ d (0)
he initial conditions, =2 _
Fortoe ¢ =2andy(0) =1 and inpye

x(¢) =u(t), find the free and forced re
Refer Q. 3.25, Unit-3. Sponse of the system.

Find the impulse response and step response of the

following system.
H(s) = 5/(8* + 58 + 6)

zu& Refer Q. 3.15, Unit-3.

Q 10.

Evaluate Laplace transform of following periodic
waveforms.

L fie)

Q1l.

il

fit)
A
o T T[—}m = ¢ \PV&\ e

AWK Refer Q. 3.30, Unit-3.

©OO
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LUNIT : 2
bessmrinded j State Variable Analysis
Part-1 el L o1 ) I TP ™
® Introduction
State Space Representation of Linear System
* Tronsfer Function and State Variables
A. Concept Outline : Part-1 ............... L 4-2D
B Long and Medium Answer Type Questions.............uee.......... 4-2D
Part-2 reeeeeeee (4-14D to 4-25D)
F State Transition Matrix 4
Pg:r'u:mr of State Equation for Homageneous and Non-Homogeneous
- stems
P lication of State Variable Technique to the Analysis of
| Linear Systems ;
A Concept Outline :Part-2 ... 4-14D
B. Long and Medium Answer TypeQuestions....................... 4-15D

4-1D (EN-Sem-3)

......
-

.on, State Space Representation of Linear System
ntrod et T  ofer Function and State Variabies |

e

Ca-r;l_é_E"PT OUTLINE : PART-

—

— 1;,1111 order differential equation 13 not generally suitable for

Ster solution; it is the best to obtain a set of n first-order

ential equation, using a set of auxiliary variabies called

ol variables and this approach is called State Variable Analysis

. Transfer Matrix : |
Y(s)

J—— - — Al-1
Transfer matrix = 7 = Clsl=A7"2

comp
differ

| Transfer Function : Transfer function is a ratio of two |
| polynomials of s. For a single input single output system, Y and |
scalars. Hence we get the transfer matrix which becomes |

,I U are

? scalar as

| C adjl(sl - A) |
| Transferﬁmction=C[sI—A]'lB= a'd:l{._Al ] i

« Diagonalization : Transformation of a matrix into a diagonal |
matrix so that the diagonal elements are represented by eigen
values is called diagonalization.

Questions-Answers

Long Answer Type and Medium Answer Type Questions _"I

Que 4.1. IDeﬁnestate,statevaﬁahles.mm-

Answer I
Si’.ataae:Stal;en::fea,s;y'stenzuist.hemim':.nur.nat:mum‘.o;t'iJat":)l'!:-‘-m‘-?llmlM&‘h"l
along with initial conditions at ¢ = ¢, and input excitaton so that future
response of system can be completely described at any ime ¢ > ty-
State Variables : A set of at least n variables x,(£), Tyl - x,\t), are
needed to completely describe how a system will behave in ﬁxturealm
With initial state and input excitation. These minimal set of variables
which can determine the state of a system are known as state variables.

State Vector : The set of state variables are the components of state
vector x(¢)

x(t) = [x,(8), 2y(8), ... x (1T
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Basic Signals & Syste™ Sy V'l 9 gy
S 0 0 ] : rO..
@oedl. | Discuss state space representation. A= | o0 0
' () 0 0 B =
Amswer | e, 2. b
. : . state variables are represente n A-1 Gy g ... _
1 In & ctate rmﬂbl'ﬁ' U_Vﬂ'em 8 . b}' xlf”. 11 Fﬂf nlh ordel' lingjﬁ input-ling]e fjutp.ut 'mm aIJ ‘1‘
x, (1) i ' X = Ax + Bu
2 Input mnnb]es by u, (1), ug(t), ---- -y
3 Output variables by ¥,(?), yolt) ... 4 —» Bystem matrix of order (n x n)
where [x,(1) | [uy(2) | [ 3,(t) 5 —» Input coupling matrix of order (n x 1)
%,(t) w,(t) ¥, (2) (' —» Output coupling matrix of order (1 x n
£?) = | x| ; ut)= | uy(t) | ;y() = | y3(2) _y State vector of order (n x 1)
_ : : Qealar input of order (1 x 1)
[x (1:)J u,(t) ) LYa(®) ] y = Scalar output of order (1 x 1)
4 So, dynamics of a system can be reprcsented by n'h order different; al 19 For multivariable system
eqruatmn x = Ax + Bu
5 n-1 n-2,(¢ dy(t) y=Cx
d “r‘.+al d );(t}'f' d n{: )... +an__] ___;t e ﬂn_‘)’(t) = u—(‘) ...(4-2.1) " 1 [F o
dr" dt"” dt Y1 x) u,
0 d"' Y2|.._|*
5. 'Ihel:nawledgeafuutmlcnndltmns ¥(0), d‘:; ),...,W%g—} , along with y=| . |ix= : ‘U= 4
the input u(t) for t 2 0, completely determines the future behavior of the [Yp | ([ %n | | U |
system. | (@ @ - q,]
6. Wetake y(t), d'; ”,..., ddt’f’(t) as a set of n-state variables. A= 21 Gz * Gy,
7. Letusdefine 1=y |
; py Gpy ann_]
X.=x g
1 2 r
I.=x t,3‘11 by - bim
2= *3
LA
- x 3-1'
ow from eq. (4.2.1 bn1 a2 bum |
X = X, +u i h
9. We can write this set uf equatmns m matrix ftler as, n I
2 =Ax + Bu o Co1  Ca2 Con
where,
EN (Cp1 Cp2 " Cpn
% f % | What is Transfer Function ? Also derive the expression
uml 5 1 °r transfer function of a state model.
X,
L %, i
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ﬁ] jon : Transfer functionis a ratio of two polyng

Transfer Funct |
s ]-‘,,.: saingle input single output system, Y and U are scalary, H
;zvl the transfer matnx which becomes scalar as
C adylisl - A))
. ’ 'l e \J d
Transfer function = ClslI-Al 'B=— ST A|

Mialy of
l"nm We

Derivation :

1 Let us consider a vector matrix differential equation
| xr = Ax + Bu
and output, y=0Cx ‘ . N
taking Laplace transform with zero initial conditions
2 Now <Xls) = AX(s) + BU(s)
Xis) = [s] — A BU(s)
and Yis) = CX(s)
Yis) = C [sI-A]" BU(s) |
3 Fora singie-input-single-output system, Y and U are scalars.
& Now transfer matrix can be given as
Transfer matrix = Z;:s; =Clsl -AJ''B
s
) g C adj([s - A])B
5. Transfer function = Clsl -A] =~ et Tl Al
6 Denominator parti.e. |sI-A]is called the characteristic equation.
|sI-A|=0 ‘
7. n'® degree characteristic equation |sI —A| = 0 has n roots or eigen
values.

F‘ 4A. ]E:pl-indmninﬁon.

agonal matrix so that the diagonal

1 Transformation of a matrix into a di _ : he d
elements are represented by eigen values is called diagonalization.

9  Matrix A of order n x n with distinct eigen values is given by :

[0 1 0 e 0
0 0 1 -0
A=| :
0 0 0 SO |
|8, O, G, =N |
3. The transformation x = PZ, where P is the similarity transformatio?

matrx

- _

P S Ly
v [ 1 I e
0o ’,
Pa|8 o - &
AR o

g, >N distinct eigen values.

99 ” tr ansform the matrix A into a diagonal matrix as
This Wi 5, 0 0 0 .. 0
0 s, 0 e )
A=PlAP=|. "
(0 0 0 s,

where, A — Dlagonal matrix.

m()btain the state space representation of the system

,6j+11y+6y=0u

y
wher® y—)output
u — input
1. Let
x,=Yy
2. Then X,= Y [=%
xg= § ;X =Xg
3. Now, %y = —6xg—1lx, — 6x, + 6u
4. Inmatrix form,
x =Ax + Bu
y=Cx
,] [0 1 Ofx| (O
| =[0 0 1jx +(0|u
x-s _"‘6 —"11 "6_| _xa_' hﬁ_ﬂ
]
pl=[1 0 0] x
b H

n Obtain the state variable representation of the system

described by the following differential equations:
: f+45'+5j+2y=u
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i __+_____+4dr+4x.ul(t)+3u.(t)+4u,(t)

d%
« 4254y
dr V™

dl

e g +4u,+u,

»n=

i Given: yY+4y+5y+2y=u
To Find : State variable representation.

1. Let
x,=y
2. Then Xg= ¥ % ,=x,
3=y X=X
3. .i‘3+4.t3+5r2+2_r1=u
4. Inmatrix form x -A.t+Bu

nl [0 1 0][x] [0
_i,'.z =14 1 Xy |+ 0|u
'iS_, _—2 -5 —4_“_1:_” _l_J
= Cx
I'_.rl
bI=[1 0 0] x,
X3
. dx 3d%  dx
i Given: Oy +4-d—t+4x=ul(t)+3uz(t)+4u3(t)
dx
(¢)= 4—
7 dt +3u,
d2
¥,(t) = -&t—-:+4u2+u3
To Find : State space representation
1. Let X, =x
:i?l= x =x2
I PLEA

2. Then,
i3+3xa+4x2+411 — ul+3u2+4ua

*

o @S Vit At
. ‘ X3= -313-4x’_411+“1+3'ﬁ+4u1
gtat "p"cemﬂtm!.
9 %4 0 1 o x, 00 ¢ r"‘l
%1=10 0 1(x(+0 o 0|,
Xy -4 -4 -3z, 134%
Outputs
n] [0 4 0™ 3 ¢ 1@
[sz [0 0 le’ +[0 4 1}“’
= 3

Derive the expression for the transfer function of a State
M gdel F‘n'.ld the transfer function of the system given by

a5 2L ]
MR

'ﬁ-a_nsfer function of state model : Refer Q. 4.3, Page 44D, Unit-4.

Numerical :
1. From the given model,
0 3
A= cexlt Y e B
-2 -5 1 11° 1 0
2 TF=C[sI-A]! = L2dilsI-AlB
|sI- - 4|
s -3 s+5 3
3. Al e
[s I-A) {2 s+5]‘ad”“ Al [_2 .:J
® ISI‘AI=32+53+6=(3+2)(3+3)
3+5 3[([0 1 s+8
5. 1 1 s s-2
(3+2J(3+3) - (3+2)(3+3)
[ s+6 3s+14 |
b T F= (s+2)(s+3) (s+2)(s+3)
3 s+8
[ (s+2)(s+3) (s+2)(s+3)]

eds, Fmd the transfer function from state variable

re
p""entatiun Also determine the roots.
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. < Ana
Basic Signals & Systems 49D (EN.g, V . _“"‘“-———-—-_._____l’_f
- \M X ,= - 6x;-1lx, - 62 46

¥ +5Y +6y=um

9 aca[ﬂﬂtrixr
Rowwer | g Sute®? i = Az + Bu
_ (5] [0 1 0]x] [o
v +5¥ +6y=u L(=10 0 1|x|+0|a4
Given: Y +9. :
ToFind: 1 Transfer function. | X3 _ (_,‘_6 -11 ‘6_,}34 6
i Roetsie., eigen values. Bﬂdtheoutputs J Wi o
x
1 Let -"1=-'-*'.andx2=il y=[100] |
¥ = S | %3 |
Xy +5xy + 6x,=u Characteﬁstic equation, ) q
x9=—0x,—6x; +u 4 s -1 0
2  State space matrix, [sI-—A|=dEt 0 s -1 =’3+&2+11‘+8=0
.i.'l:' [0 1:'[::1] [0] 6 11 s+6
. = + [H] . - -
o 46 S5]lx] (1 s Eigenvalues are,
y=Cx | ==, gy==d, 5y==3
6. Thetransformation matrix, )
bl =[1 o][:} i 1L 1|11 x 1)
P=|s, s, s:|=|-1 -2 -3
| . CadjlsI- AlB . & 2
8. Transfer function = C[s[-A]"'B= T4 s? o s3] L1 4 9
1 o+8 1]° gl ® =
_ -6 ._9__1 : 1 Pl= —2" 6 8 2
[3 -IJ s?+55+6 e |~2 =3 =L
. Hence, di matrix
6 s+5 1. Hence, diago o
Transfer function = — = 6 -5 -1f0 1 o1 1 1]
s*+5s+6 e 8 200 0 1[-1 2 -3
ii. Characteristic equation, | : =—2;' 0w all & 8
-2 -3 -1 -
sI-Al=|.  |=s2+55+6=0 e _ AL
6 s+5 -1 0 0
Eigen values are -2 and -3. -0 -2 0
w“ 1 Transform the system into diagonmal form of 0 0 3
. 1 ) et rat
representation, y + 65+ 11y +6y=6u . ) P 6 -5 -1}0
8. B=P'B="-|6 8 2|0=|-6
Anewer | 2| 5 3 -1l |3
1. Let x,=y  Then x,= %, | i, 1 A
Let x,:_fr Then x,= %, 3 é:cp=[1 0 0]-1 -2 3(=11 1]
and Ia=y 1 4 9j
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Basic Signals & Systems 4-11p BN
0. Vector matrix differential equation of transfi \M (Eﬂ'sem'w State Variap)e :
10. : s ormed System . plw \A"“ml
& -1 0 0][2] [3] / y(t) = [0 0 8]g(¢)
2|=10 -2 0 |2|+|6(u P,,-allel decomposition :
[ 2 | 0O 0 -3 | 2q | 3_1 i _}:{;92 = 8
11. Output: ' I Us)  s(s+2)(s+3)
y : l. ; i
EN, , Using partial fraction, i B 0
y=M11]z e v e " avd
.. (%] A = sT(s),,
Que 4.10. | Derive the state equation of a system having trgp,, ) 8 4
function as follows : & T (s+2(s+3) "3
Y(sVUis)=8/s(s+2)(s+3)
s B=(s+2T()_, - 8 e
i. Cascade and s+3)
8 A
C=(s+3)T(s)_, = s
) 27 s(s+2) 3

. Parallel decomposition.

B s 31-(332)+§(341-3)

g, = x(t) = Og, + 0g, + Og, + x(t)
g, =—2q, +x(t) = 0g, - 2q, + Og, + x(t)
= Og, + Og, —3q; +x(¢)

8
U(s) s(s+2Ns+3)

I 1 1
8 =H\(s) Hy(s) Hy(s)

T s(s+2) (5+3)
2 Let q'z = x()
y(t)
3. R @
: The state equations are given as :
git) =1 -2 0 [q(t)+|0]|x(2) T T
121 =3 (o gt) = |0 -2 0 |qt)+|1|x(t)
0 0 -3 L
e —
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1

8
=|—- -4 —|q(t)
¥ [3 S:IQ(

Obtain the state model of the electrical circuit sh
. 0
Fig. 4.11.1. iy

(t) W\l_
._—

()

I=ipc+1;
dVC _ ‘-1.
2t C‘L"‘ e -(4.11))
2 Applymg KVL,
Ldi :
VC= dtL'l‘RIL
di 1 R).
IL = (Z) Ve +(_EJ i ..(4.112)
3. Usingeq.(4.11.1)and (4.11.2), state model of electrical circuit is,
r 2 ) -0 _1—
V.| c |[Ve " 1/C ;
.| |1 -R| 0
L2l (L L)
vV,
L

Write the state variable formulation of the parallel RLC

-
llﬂ'l“!inm
ewer |
© cLatnode A, .
A KCLB iR+£C+lL=Iumnd
CdV,(t) .
Edﬂ+-1£IVc(t)dt+ ~C= =I;sin ot
R . G
Differentiating w-T- t. t and dividing by C,
2
1 dVe®, Ly .28 _le .,
RC dt LC dt C
2 1 dve@) 1 _ I
%EQ*EE ;t + 25Vl = g cos ot ~(4121)
Let, Ve(t) = xy(2)
x 1(2) = x,(2)
Eq. (4.12.1) becomes,
xo(t) = -ixz(t)—ixl(thﬁ‘ﬂmamt
. RC LC c
State space representation
; 0 1| 1 0
-3 2
Bl = 0
——cos of
2 |zc ®rel' 0™
Output

Ve=[1 0][11]

X2

-

PART-2

State Transition Matrix, Solution of State Equation for
Homogeneous and Non-Homogeneous System, Application of E
State Variable Technique to the Analysis of Linear Systems.
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e State Transition Matrix :

= i
ey | ._;
@{ﬂ'—lf-: T
r=0 r:

) = L1 [sI-A)' = L [¢(s)]

X (8) = Ax(t) + Bu(t)

LlstEN‘
| CONCEPT DUTLINE : p}

* Homogeneous and non-homogeneous system : The
equation of a linear time-invariant system is given by

Case 1: If A is a constant matrix and u(¢) is a Zero vector, ;
control forces are applied to the system, then thig Eé
represents a homogeneous linear time-invariant System
Case 2:If A is a constant matrix and u(¢) is non-zero VECt(;r i

control forces are applied to the system, then thjs Equa!ti?
represents a non-homogeneous linear time-invariant S}'Stemn

. 4

J

S

State

'E*1 l}n
Uﬂtinn

;

Questions-Answers

o~

Long Answer Type and Medium Answer Type Questiong

—_— |

——

—_

pu& l What is the State Transition Matrix ? Derive i,

expression. Enlist its properties with proofs.

OR

AKTU 2013-14, Marks @

Define state transition matrix. Explain the properties of state

transition matrix.

AKTU 2011-12, Marks 0g

OR

What do you mean by STM ? Also mention its properties.

AKTU 2014-15, Marks 3.5

OR

What is state transition matrix ? List the important properties of

state transition matrix.

'AKTU 2015-16, Marks 05

State transition matrix : The matrix ¢(¢) = exp (A¢) is an n x n matrix
and it helps in transition from initial state X(0) to any other state x(t) for

t >0, hence ¢(t) is called state transition matrix.
Derivation :
1. Consider homogeneous equation, with u(¢) = 0

m-3) St&tev .
¥ i = Ax
fﬂ'rm’

trans
I;ﬂplace 3X(3

) — x(0) = A X(s)

(s - A) X(8) = x(0)

[ Ideﬂ;r{ﬂplace operator

_» Scal ides by [sI—A]-!
s 1ving both side
Multiplyin8 20 (e — A1 x(0)
: X(s) = ¢(s) x(0)
where #(s) = [sI-A]1
1[, AT' 1 A g2
= — I s — o —
" 3[ 5‘] 3+32+33+
. :verse Laplace transform of X(s)
3. Taking inVe x(t) = L™ [X(s)] = L [s] - 4] x(0)
2
= L1 |:£+ %-!—-AT-!-] x(0)
s s g
2
= [I-+M+ At < ] x(0)
x(¢) = A x(0) = ¢(¢) x(0)
te transition matrix,
4 N () = Lt [sT- Al = L [g(s)]
5. So, state transition matrix (STM) can be given as,
' At l.aa 1 .94
= =I+At+—At"+—A
o) = e 2 + 3 t" +
Pmpel'tiES of STM :
L {l)(O) =ptl =]
Proof : $(0) = eA*0 =1
2. o~1() = ¢(=12)
-1 1
Proof : “¢) = =—— =e M =¢(-¢)
roo ¢ o) A !

3. ¢(t2 - tl) d)(tl - tﬂ) = ¢(£2 == to)
Proof : §(¢, - EDP(E, — t,) = ARt AEL-t0) - pAUZ-141-00) - AE2-10)

=4ty - )
[$(O1* = (ke)

Proof : g(¢)* = ¢(£).4(2) ... & times = eA* . eA* ...k times = e4* = §(kt)

S+ ) =4(t) ¢ (t,) = o(z,) &t,)
Proof': ¢, + ty)) = A1 +12) _ AN (A2 _ oA2 AL (1) §E,) = §lEy) . 8E)
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v

4+-17p

W*&;

ﬁ' 1&11{-' What are homogeneous and non-hg
mo

systems ? Derive the solution of the two systems in ¢
e

Rﬁnnnu'

Homogeneous system : If in a state model of g system, the
G ; » Lthe may..
a constant matrix and input control forces zero, then the equati“{:hﬂ ia

the form, X(t) = A X(f), such an equation is called hopg N taky,
0

equation and the system is called homogeneous system Behegy,q

Nnn-homngepeous system : If in a state model of 5 system :
constant matrix and input control forces are applied to the g n;, A g,
the system is called non-homogeneous system. T, then

Solution of homogeneous state equation :

X = Ax)

Taking Laplace transform

sX(s) —x (0) = A X(s)
Hence, [s] — A] X(s) = x (0)
where ] is identity matrix and s is the scalar Laplace operator.
Premultiplying both side by [s]-A]~} |

X(s) = [sI - Al x(0) = ¢(s) x(0)

Taking the inverse Laplace transform of X(s)

x(t) = L1 [l + :;2 + %3 + ...]x((})

s
x(t) = ¢(¢) x(0)
#(t) = €A is (n x n) matrix and is called State Transition Matrix.
¢(t) is unique solution of
do(t)

i =A¢t),4(0)=T1

Solution of non-homogeneous equation :
Consider state equation

x (t) = Ax(t) + Bu(t)
U(s) = L[u(t)]
X(s) = L[x(¢)]
Taking Laplace transform,
sX(s) —x(0) = AX(s) + BU(s)
[s] — A) X(s) = x(0) + BU(s)
Premultiplying by [s] —A]~!
X(s) = [sI-A] x(0) + [sI - A]~* BU(s)
Taking inverse Laplace transform
x(t) = L7 1(X(s))

{u(t) = 0 for homogeneoys equatioy

State Var

gN-em-3) Analysiy

80 A(gf - A} =
e = L 'l "'AI x(0) 4+ ], I[""Ai"lﬂf’il
/8)

!
2(t) = HO20)+ [ §t—1) Bu(z) g4,
0

I
- e‘"xfOHIe‘“” "Bult)d+
0

ime is other than zero, say ¢, then

if the initial ¢ r
x(t) = em-mz{thIeA“-nBude
i
= &t —t,) x(t,)+ [ 94t —7) Butz) iy
ty
x(t) = x (1) + xp(t}
6. . x ()= ¢(¢t) x(0)
F]:EL omplementary solution of the state vector
15 ‘
d x,(t) = {w-—r) Bu(z) dx
is a particular solution of vector.
m(’btﬂi“ the state transition matrix of the following
gystem ¢

x=[1 _15]XwithX(0)= [;] [ARTU 201112, Marks 5
Raswer |

Given:

e X(O)-l
o A ~ 10

To Find : State transition matrix, X(¢).

L 1 0 0 17_:5 51
sI-Al=slg 1[1-6 5|76 s+5]
T .
2. Loy Al s+5 -6 =s+5 lj
Adj [sI A]..[ 1 s] [-e s
* |sSI-A| =s2+5s+6=(s+2)(s+3) 1
[ s+5 1 |
4. [s]—A]- = Adj [sI - Al| (s+2Xs+3) (s+2Xs+3) - ls)
ISI—AI —6 s :
(s+2Xs+3) (s+2Ns+3) |
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_Bnmc?ngnalu & Systems 4-19 (BN o9 (EN,Beﬂl State Variabje A
\B"m - ¥ -1 8+ 3 \
2.2 1 17 ~ ¢u®= L (s+1)(a+_2")]=51[i [ 1
. eA'= LV sl -A)'= L HER BES BED l =2 -2 “1]*[4 [;:EJ
6,6 -2 3
§+2 s+3 s+2 ;:EJ ¢12(t)= —I[L“'l(sil)__vl(__}__)]
6. oAl = [ 8¢ —2¢7™ e g7 b =—ef4e 2t ki
| —Be® +6e 20 | go-n 1
Se ¥ 2 e _p9t] s+1 ;’:"2‘ =2{e"._rm)
7 Xt)= A X(O0) = | o o . 1 b
-Be™ 8™ Be™" 43t [0 bya() L_l[ 2 ] -1
= i ==, -2t _
8. X(t) = [ 3¢ —2¢™ 1 “ 444 (Hl]“ze =i
—6e +6e™ ,: 20t _ g2 ety ~2
, ition matrix, ¢(¢) = -
hu& What is the state transition matrix ? What . 8 Gtate transl . . £—2t) Ze_m_e_t]
R A e . Te it
properties ? Find the state transition matrix for a system matri, Obtain the response of the system :
[0 -1 .
A= ! . AW s ol . r 0 1 2 l
2 - SJ | AKTU 2012 1&@ X=|_o _ 3] X+ [0 l] U), X(0) .[0]
; 0
Answer | - [10
S "a " and Y(t)= X
tate transition matrix and properties : Refer Q. 4 -l 1
Page 4-15D, Unit-4. " (t) (t
Numerical : o the following input U(¢) = it ™ M
u,() | e u(t)
Ga " 0 _1 » | [ -
iven : A= o ity where, u(¢) is a unit step function. AKTU 2012-13, Mﬂ
To Find : State transition matrix, ¢(¢). BKTU 2013-14, Marks 10
L sl-aj=|® 1 [AKTU 2014-15, Marks 06 |
-2 s5+3 m
2. (s7-A)1= 2dils] - A] 1 s+3 -1 "0 1
dEt[SI-A] 32+33+2 2 s A: _-2 _3]
3. ot) = L1 (s] - 4] | | :
- 3 \ ( e [SI—A]= S 0_ 0 1=S -1
L‘l(( 3; -1 -1 0 s| [-2 -3] |2 s+3
s+1Xs+2 2))
o 9 ): ;(S+1}(S+ )1 [sI-A)1= 1 [s+3 IJ_ 1 [s+3 l]
= ( -1 s - _ T o2 -2 s
! (s+1Xs +2), - (s + 1)s + 2)/ neEda] -2 81 Al
- +3
_[011® ¢15(0) a - ’
 [9210) 4gp() (s+1D(s+2)| -2 s
. 22 &) = L1 [s]-A)?
;
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Basic Signals & Systems ""MD(EN gN-Sem-3) State V..«
s8+3 1 . Y "/// M
(s +1)(8+2) (8+1) (559 T A D N
- I : g )(!1-2) 54..-43 - 2 2 ~2%"
- S
‘(3.4-1)(5 + 2) (um 3,-5-8"‘- -?-'+§e—3¢
(2 1 1 1 5 . j. ¢
_g|s41 842 841 g49 0= ] -4 Vdes [ gereny
L 2.2 2 9 0 ‘;[ T £ Bt o0 g,
8+]1 842 s8+1 842 ¢
[ 2 - ¥ e e u £ de B0 g,
-2t +2 ¥ _et 490U " ' 2t ,2¢ 34 £
¢ 5_41 E—le‘ld‘r+4£ e~ o2 d‘t—3£ e—wte-zrdr+4l % e gy
5 x(t) = (1) x(0) + [ ¢t - 1) BU(x) de 0 . ! )
0 " " T e Xt )
0 0 =l [e‘]o+4e [2]:)—38" [_—-?:[.—42 2‘[m“L
6. (1) x(0) = 0 0
-+ 2% [e* - 1) P s
t t %—(l-—ﬂ _E_,_zu_ﬂ e_“"t} '-2(1'_1] i =-4£ [e"'l] + = - 2 [e —ll-ﬁ‘ﬁ [e-t_ll
(4 I Q(t-t)BU(t}dt-I[ ) B e 3 3
° o | —2e + 2e —e” -7 L 902y __A+4et+2-2%+ 2 e~ — > et -4 4 42
2 1w ] 5 5
-t = A
[0 1]{8'3':1(:) dr =-2+ -2—e + 2e ze
i [~ de (t - t}_2e'3(!—t) 38-“-,1}-28_2{‘-11 H(T) (t) -3_§e_¢_e_z+1e_:h .
= x —
o|—4e TV 4+ 4e7 MV _8em (1) | om -0 || 73 y(q) & 10. . xm:[ l(t)] ) 25
e [ 4{—{! -t}_2e~2(r-t1+3E—{l—t+3t}_28-—2(t-t]—3t & *2'*"2_!_"*'22_2_%!4
.':[ 4otV 4 4o 2t-0 _g,-(t-1+31) +4e-2t+2:-3:] dt 1. .. Output response, ]
-i [ e -7 _9p2t-1) | g,-(t+20) _g,-(2t+1) o Y& = [i 0][3’1(1‘;]
o __4“-“-1] +4e-2‘{f—t) _3e~{f+2t}+4e—(2f+‘ﬂ 1 Iz(t _
t t t t 1 0 5—§.c3"—e'2'+1¢!_3't
8. x(0)=] 4et-9dr— [ 2%-9drs [ e+ g [ 220 . 2 2
0 0 0 0 11 _2+_5_E"+29"‘—§e'°'
t t t ¢ L 2 2
-4I c"c‘dt-_[ 2e‘2‘e2‘d1:+j 3e‘*e“2‘dt-_[ 2% e dr [ 5 1 _g]
0 0 0 0 B Y 3-—-2-'3“_3"2' +—2-e-
] g+ ¥ _27%

2t -2t -1
=4¢_'[£t]::-2e'2'{£—— +8et[E—| —2%| -
2 -2 | -1

=de e -1] - [e¥-1] - —g— et 2 —1] 4 2e% [ 1]

m Obtain the state transition matrix of a system given by

A=[‘“2 -5/2
1/2 —q/2
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28D I N
EN-Q‘! -5/2
o N‘ﬂ] $,,(t) L™ (5+1)(s+3
ﬁm:- I %
0 ~ -6/4 5/47 _ 5 5
-1/2 _5,2 - s+1 8+3 =Tehr+"'fh
Given : A= - 4
1/2 -7/2 g [ - 112
To Find : State transition matrix, (). b0 (6+1)(s+ 3JJ
0.
1. &) = L [Sf*—Al'l 1 = L-} rl,4*‘————lf4:l=-l.e'_hl ¥
2 Wl-a)< [$+1/2 . 6/2) O+L e8] 4" ~3
A -1/2 -.'5’4-7f2J ¢22(t)=L_l s+1/2 =I! "1)"4 5/4
(s+7/2 1/2 1 (6+1)(s+3) T R
3. Co-factor of [s7-4)= b 3
| -5/2 s+1/2] _—-l—e"'+§-e*"
_ 7 4
72 -5/2
4 i [s] — Al = 5.3 -
adj [s] - A] 172 s+1/2 EE"—-I—E“" :—ge"-i-.s_e"'
(1 T Y-8 W= |4 % 8
C e (DO . ot
N AT T & 4" TE" L
_ 7s s 7 5 8 12 _ oee )
= s: Sl i= s24+ 22 = Que 419, Define controllability and observabjij; ty in state variable
=85"+4s5+3
: W —— analysis with suitable example. AKTU 2011-12, Marks 05
6 3 1/2 s+1/ OR. :
LEI-'A] = = 2 - —= What do you mean by cuntrollablhty and uhsewability in state
C $+7/2 < B variable analysis of system ? AKTU 2015-16, llqhaﬁj
(s+1) (s +3) (s+1)(s+3) —_—l
= Answer
1/2 s+1/2 )
Controllability :
7 o) = i_(f [+ID (s :3) (s+D(s+ 3) L Asystem is said to be state controllable if there exists an input that
- sl -A] brings the system from an arbitrary initial state x(0) to the zero state in
[ s+7/2 ~5/8 | afinite time.
=3 (541)(s+3) (s+1)(s+3) 2 Inorder to be able to command the given dynamic system under control
172 s+1/2 input, the system must be controllable.
(+1)(s+3) (s+D(s+ 3) | 3. The state equation is,
- [¢ll(t) ¢12(t) .
$,,(2) $,,(2) . x = [A] [x] + [B] u(t)
. g [ 24772 ~ This condition is satisfied if the controllability matrix
Wtk ((8+1) (s+3)J 5 F (@] = [B] [AB] [A%B] ...... [A"-1 B] be of rank n.
| AL, B - "output controllability, the matrix,
(841 s5+3 [M] = [CB] [CAB] [CA?B] ...... [CA™~" B] be of rank .
6,0 = L (5/4 1!4]___§e_, P
(8+1 s+3| 4 4

:;
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Observnbility : |
s said to be observable, if the ]nfumﬂtiun

VERY IMPORTANT QUF‘STIONq e

1. A system] to e

ﬂtimatp

iti * ailable by observing the out . questions are very importans - - !
initial state x(0) is made avail Put reg ' th |~ ing 4 | ' PRPOTtant, The,, . Sy
::input for a specified time interval. Pong, WitE Fgﬂm;ay be ashked in your SESSIONA LS e IUestion,

1.
UNIVERSITY EXAMINATION 0% |

o In order to see what is gntnglnn inside the system undey obsery, .
the system must be observable. at'ﬂn,

pefine state, state variables, state vector.
b Q. 4.1, Unit-4.

3 The above situation is satisfied if the matrix
(0] = [CN [ATCT) ...... (AT~ 1T
i< of the rank n’ and ‘T" stands for transpose.

4 The necessary and sufficient conditions for complete ohg

i; i cti
that no pole zero cancellation exists in G(s). ewa_b'ht}' is Q2 Model. Find the transfer function of the 'Y!te: ;::::;te
Example: "j:l‘ _—0 3}[-‘]]_‘_[0 1 u,
o j:i"__z-ﬁx, 1 1||lu,
Ll [0 1 0ffx] [0 :qu 2 1] x,
L x| = 0 0 1 xz + 0 u ¥, - -1 0 x’
I., |~ 6 -11 - '6_ __x3_ _1_ ﬂ Iiefer Q 4.7, Unit-4.
L, o q.8. Derive the state equation of a system having transfer
a2 " function as follows :
> 3 y=[20 9 1] |=x, Y(s)/U(s) = 8/s(s + 2)(8 + 3)
% Use
- - - i, Cascade and
0 1 0 0 ii. Parallel decomposition.
3 A= 0 0 1}[Bl=[0|,[C1=[20 9 y x5 Refer Q. 4.10, Unit-4.
B -6 -11 -6 1 Q.4. What do you mean by STM ? Also mention its properties.
4 The controllability matrix a5 Refer Q. 4.13, Unit-4.
” ke 1 Q.5. What are homogeneous and non-homogeneous systems ?
Cu=IB AB A°Bl=|0 1 -6 Derive the solution of the two systems in terms of the state
1 -6 25 variables.
5. The raljl::h 1::‘ this matrix is 3 and hence the system is completely state AEE Refer Q. 4.14, Unit-4.
contro 5 :
. ] Q.6. Obtain the state transition matrix of the following system :
6. The observability matrix 0 1 1
0, = [CT ATCT (ATYCT) X= [ P _5]X with X(0) = [0]
(20 -6 -18] ARE Refer Q. 4.15, Unit-4.
=19 9 -39
1 3 -9 Q7. Obtain the response of the system :
7. The - ix i : : 0 1 2 1 0
rt::e of this matrix is 3 and hence the system is completely X =[_ 5 _ 3] X + [0 l] U(t), X(0) -[0]
; - ———
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Basic Signals & Systems 427D (EN
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1 0]
and Yt) -{l 1 X
@) | [ ue)
to the following input U(#) = Ly (8) e ”u(t)J //
where, u(?) is a unit step function. F

AEE Refer Q 4.17. Unit-4.

Q-8 Define controllability and observability in state var]
analysis with suitable example. ab)e
ABE Refer Q 4.19, Unit-4.

OO0

cent of Z-Transform
g:;pfrtws sz- TTﬂnSfOJ"m )
7.Transform of Common Functions
ne : Part-1 .. N
4 Concept Outlf,n:e N e
3 Long and Medium Answer Type Questions......... .~ g-gg
PAIE-2 covensrsssssscassscssensensransansnssessarannasesensassssssnsnneeness, (5-18D to 5-29D)
Inverse Z-Transform
Initial and Final Value Theorems ]
A.Concept Outline : Part-2 TR | 8, || )
B.Long and Medium Answer Type Questions 5-19D
PAIES cvscesssssassssrsssssssssssassassssessossssmmmmness oo s (5-29D to 5-37D)
&pplfcations to Solution of Difference Equations j
A Concept Outline : Part-3 ... 5-29D
B. Long and MEd e T —
tum Answer Type Questions ... 5-30D
5-1D (EN-Sem-3)
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Z-Trﬂngfurm Anaw
N

Hniﬂ,\'&ﬂ*s‘

—_—

| PART']

=

i& Concept of Z- Transform, Properties of Z‘mns i
7.Transform of Common Functions.

- CONCEPT OUTLINE : PART-1

" Z.transform : It is the discrete counterpart ufl.apiacem

7-transform converts difference equations nfc%imete time S¥Sten
to algebraic equations which simplifies the discrete time System,
analysis.

ROC : ROC stands for region of convergence. The values of » in
the complex z-plane for which the sum in the Z-transform equatigy,
converges is called the region of convergence.

Questions-Answers \J
Long Answer Type and Medium Answer Type Quesﬁnns:]

[_—""—'—-! r--‘-uu-.

e

-Queﬁ.l. I Discuss concept of Z-transform and ROC.

Answer ]
Z-transform :
1  Z-transform is the counterpart of Laplace transform for
discrete-time systems.
2 It converts difference equations into algebraic equations.
Differential Z Algebraic
equation Yo equation
3. Z-transform provides a method for the analysis of discrete—t;ixfle systems
in the frequency domain, and is more efficient than time domain analysis
4. Consider the discrete time sequence
x[nT) or x[n]
5. Z-transform is given by
Xz)= ) xzIn)z™
R=—x
zln] — X(z) ,
6. Z-transform is an infinite power series, it exists only for those values
z for which this series converges.
B —

0 POy

i Ix

2D EN-Sem-
rgence :

R"ioﬂ f values of z or equwalently- the set of points ¢, 2-plane, fo
1he €t ° | convergesis ca_]led the region of convergence ‘ROC“;.{}; r
Xz value of z(i.e., no point in the z-plane) fo, s 2).
) sequence x[n] is said to be having no Z-Traanx.z,
_{,nﬂ‘rger'es of Z-transfﬂrm S ' Slorm.
converts the dl_fference equationsof a discrete-time ysten
y/ trmﬁf*;r algebrﬂjc equations so that the analysis becomes i

F""/ F of ConVve

gmpl:;tiﬂﬂ :n the time domain converted into multiplication in 2-doma;
> Convo _mexists for most of t.}:le signals for which discrete-time Fourier
] Z-t,-ansfﬂ (DTFT) does not exist.

> transfor®
= 'tatiﬂn: )
Frequency domain res

/‘SE:—I Enlist the properties of the ROC in Z-transform.
qQue
AKTU 2012-13, Marks 05

ponse cannot be achieved and cannot be plotted.

Tower |

properties of ROC:
The ROC1is @ ring or disk in the z-plane centered at the origin.

The ROC cannot contain any poles.

[fz[n] is an infinite duration capsal sequence, the ROCis |z| >a,ie., it
is the exterior of a circle of radius a.

[n] is an infinite duration anti—causal‘ sequence, the ROC is
|z| <B,1-e., it is the interior of a circle of radius B.

Ifx[n] is a finite duration anti-causal sequence (left-sided sequence),
the ROC is entire z-plane except at z = .

Ifx[n) is a finite duration two-sided sequence, the ROC is entire z-plane
except at z = 0 and z = .

Ifx[n] is an infinite duration, two-sided sequence, the ROC‘cnnsi‘sts ofa
ring in the z-plane (ROC ; a < |z| < B) bounded on the interior and

exterior by a pole, not containing any poles.

-

8 The ROC of an LTI stable system contains the unit circle. |
5. The ROC must be a connected region. If X(2) is rational, thenits ROC s

bounded by poles or extends up to infinity.
0. z[n] = 5[n] is the only signal whose ROC is entire z-plane.

%5-3' l Show that for a stable system, the ROC of a system

function includes the unit circle.

PR
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A 'T ,ﬁqﬂn] . and sufficient ‘conditinn for a causal linear time i“"&rian
Lo e o be BIBO stable is: :

gystem to be

= ilh{n]l-m
=0

tem function of a causal LTI system is:

H(2) = Z h[n]z-n
n=0

rmis:

2 Thesys

3 The magnitude of the Z-transfo
|He)| = 2 Al | S |Alnl] |27 |
n=0 n=0

The evaluation of | H(z)| on unit circle yields

ao

|H)| < 2 lAlal[<o (o
n=0

Therefore, for a stable system, the ROC of a system function inclygeg

4
|z| =1 for unit circle)

the unit cirgle.
fine the properties of Z-transform.

Answer l
Properties of Z-transform :
1. Linearity:
If x,[n] <& X, )

z,[n] <2 X, (2)
then x[n] = a,x,([n] + a,%,ln] —=— X(2) = a,X,(2) + a,X,(2)
2 Multiplication by a constant :
i xln] <= X(z); ROC=R

then  axln] «Z— aX(z): ROC=R
where a — constant
3. Time shifting :

If zln) <255 X(z)

t‘hen-n I[n—k] (—Z_T_) z—‘X(z}
4 Scaling in Z-transform :

zln) 2L, X(z) ;ROC:J"I-::.xz:--r-:i"2
ZT
a"zln] —— X@'z) ;ROC: la|r,<z< |a|r,

b ™ xlﬂ] "'"'Z_T-__) X(z) : ROC:R
x,[n] (—-——'ZE:—"} X(z*) ;ROC =R
niugﬂtf“n :
¢ ; ROC=R

7‘ . x[n] i'—'—'_'_'ZT > X(z)
x*[ﬂ] +—£T—+ X*(z*) ;ROC:R
. 0] value theorem :

g 10 ists, then

‘mit
- A = kG
. 1g] value theorem :
g Fin zlo] = limxln]=limz-1) X(z) |
0. Differentiation in the z-domain : |
1 If x[n] 25— X2
. zr 2 dX(z)
then nx[n] € b=

1, Convolution of two sequences :
' zr
xl[n] «— X,(2)

If
x,[n] o X,(@)
the, xln] = x,[n]* x,[n] < X(2) = X,(2) X,(2)

ROC : intersection of X,(2) and X,(2)
Que 5.5. I Derive the relationship between Laplace and

Z-transforms.

Answer l

L Let x(¢) be a continuous signal.

2. The discrete version of the signal x(t) is x*(2).

J. 1*(t)is obtained by sampling x(¢) with a sampling periﬂ_*d 0
1¥(t) is obtained by multiplying x(¢) with a sequence of imp
apart.

T second, i.e.,
ulses T'second

x*(t) = i x[nT15 [t - nT]

n=0
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.Sem-3)
i..sD (EN-Se ‘ ﬁ‘"al} |
ace transform of x*(#) is given by iy

Lix*(t) = L[ Z x[nT]6 [t - nT]J

n=0

4 The Lapl

in

Eﬂ AnTIL Bl ~nTN= 3 xinp) ,on,
A= e’

5 The Z-transform of signal x[n77 is given by
Zx* (1) = Z(x[nT)) = Z x[nT)z ™"

n=0

6 So the relation between Laplace transform and Z'trﬂnsfﬂrm,' ‘
L(x* () = Z(x*(t)) with z = ¢*T 8

Que 5.6. , What is the difference between the Z-trangfuml and
the

AKTU 2012-13%

Z-transform

Laplace transform ? Explain.

o

]sm Laplace transform

1 | It is used to analyse LTI
J[ continuous-time systems.

|
) | It converts diffareniinl

equations which are in time
domain into algebraic
equations in s-domain.

It is used to analyse LTT
time systems.

dchrete_

It converts difference equationg
which are in time domain jnt,
algebraic equations in z-domajy,

It is also a simple and systematic
method and the complete solutiop
can be obtained in one step and

one step and also the initial | also the initial conditions can be
conditions can be introduced | introduced in the beginning of the

in the beginning of the | process itself.
process itself.

3. | Itisa simple and systematic
method and the complete
solution can be obtained in

Z-transform also may be one-sided

4. | Laplace transform may be
two-sided

o_ne—sided (unilateral) or two- | (unilateral) or
sided (bilateral). (bilateral).

5. The_- range of values of s for | The range of values of z for which
which X(s) converges is X(2) converges is called ROC of

called ROC of X(s). X(z).

6. Thl_e ROC of X(s) consists of | The ROC of Xi (z) consists of a ring
strips parallel to jo axis in | or disc in z-plane centered at the

s-plane. origin.

S
: ﬂlﬁ&' ¢
i e real part ofs,1e.0=0, | Ifthe Magnityde ofz,ie |z]

e
- th
W : n the Laplace tr'ansfurm then the Z—trangfn =1,
’ thﬂ mes the continuous- DTF'I' m bemmes
t{if: Fourier transform.
ti .

Main jg

HJ_..A""’ Cﬂnvnlu I 4 . . M
tiplication in | e ;
' p qual to multiplicay;

a. Prove the convolution theorem of Z-trangf,
rm.

VO
m b. Find the Z-transform of cos onuln] .
AKTUMIB.M

An C nvol“tiun Theorem : The convolution Property of Z'transfnrm
0 he Z-transform of the convolution of twq signals is equal to

a that t
gtates tiplication of their Z-transforms, i e.

the mul ;
i x,[n] 2T X,(2), with ROC =R

x,[n] <% 4 X,(z) withROC =R
and 2 2
then z,[n] * x,[n] 2 X\ (2) X,(z), withROC =R~ R,
Proof :
We know that

z,[n] * x,n] = 2 %[kl xy[n k]

k=-m

2. Let x[n] = x,[n] * z,[n]
3. We have

Zx[n]) =X@) = ) xlnlz™"

n=-—-a

4 Z(x,[n] * x,[n]) = Y [ D x[k] -‘rzlﬂ—k]Jz"'

n=-x| k=-o

= Y Y nlklxn -k

n=—xk=-x

5. Interchanging the order of summations,

X(z) i i xl[k] z—i Z xE[n - k]zu["ij

h=-x n=-%

6 Replacing (n — k) by p in the second summation, we get
X@z) = D, xlkl z* Y xlpl z”?

po=m

j:-—m

Scanned by TapScanner




Ly v

Z- Tra Nef,

W

5-8 D (EN-Sem-3)

- "-I‘:} -l‘-’l.r]
x,in] * x,(n] —T 5 X|(2) X (2); ROC = R, A R,

b Z-transform of cos o nu(n]:
1 xin] = (cos wyn) uln)

1

& 1
= —¢ uln]+ 2® T™N%uln) [

=4

2
2 X(2) = 1Z':"J"""""'ul ]l+iz{ - Jeyn
.y - 9 { Rl ) e ulnl}
S Let
1-¢e/™21 ROC . l:r|:_1
and e /" Ir 1
uln] =, 1—el™,-1 ROC. l2| 5,
. 1 1 1 1
4 X(iz) = = +—=
2(1-e 7™z 2(1—8'*’“*’2_‘_1-; ROC: 2| >
Xi2) = l[m“’"")”{z ¢ )
2| (z-e™)Nz-e"™)
~ _1[ z{2z2—(e '™ + /™)) _ Z(Z“Cnsm}
2[Z*-z(e™ +e™)+1 -z“—zzmsmoﬂ
0
1-z"'cos
X(z) = 20
1-22'1ms%+z‘2 ROC lz] 51

m Find the Z-transform of the following :
L x(n]=a"uln]
i xin]l=b"ul-n-1]

AKTU 2011-12, Marks o5

OR
Define ROC of Z-transform. Determi
x Ilne Z-transform
x,(t) =a*ul[n] and x,[n] = - a*u[-n - 1] and also indicate their regi::

AKTU 2014-15, Marks 06

of convergence.

OR
?ind the Z-transform of following functions :
L x[n]= a*u(n)

i zxln]=-brul-n-1J
Region of Convergence : Refer Q. 5.1, Page 5-2D, Unit-5.

L Given : z[n] = a» y[n) :
To Find : Z-transform of z[n), X(z2).

/

V=

X(z) = Za"z' Z{M—I’.
n -0 n =)
Ifjaz’'| <1
|z| > |a]
hen x 1-az”
thet (ROC), i :
- of convergence ), i8 the exterio, of circle . .
Ving radig

al-

Fig. 5.8.1. ROC of X[z,

=x[n] =-b" u[—-ﬂ. - 1]-

L ST

g:v;\il;;d : Z-transform of x[n], X(z),

= o * .}
Xiz)=- Z ®")z" = _Zl{b JE el Z (b7zp

n=—x o R=0

X@)=1- - .
1-b7"2 1-p27'-.

Since, |b7' 2] <1
or |2| < |B]
ROC is interior of circle having radius |5 |.

f Im(z)

|
 Fig. 5.8.2. ROC of X(a).

Find the Z-transform of the following sequences :

' Yn)=(2,0,3,6, 8)
T
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Gvon =B OSQ S
L :
1
. Z]. Z(x‘n]) - -1
To Find : 1 1-az ROC .
2)=23+32+6+ 81 '|z|"|ﬂ|
ASEC | Zinxln]) = -2dX(z)  qz!
i Given:ulnl g N (-ar'y ROC: 2] > |q)
Find : X() | _ : :
To s fntn m Find the Z-transform of the signal x(5) . n2%(n). Also
1 =0: forn <0 Qv C ART ; —
a0 ” - find the ROC.
. Xt = Zaln) = Zuln)) = 2, ulnle
2 ve n=0 Answer
- 2"uln]
=R _ -1 -2 . ] = nsa"u
= ..Zolz HED P A 2 N Gi"'ﬁ;d xin Z-transform of x[n], X(2).
" | 10 i L ROG
z
= 1 z"l - | . From the deﬁmtlﬂﬂ ufZ-transfurm,
L = e -
The above series converges if |z] <1,i.e. ROCis |z] >1.8 X(z) = xln]z"=) n2'z" _ -1
. is the exterior of the unit circle inthe z-p ..ie. | 0, the R @) ,.Zq. ; En 2z°F
=0+ 122 ) +22:1)2+3(2 184
=2 1(142(2)+3 (2124, )

4

sa] > —=
z-1

- Find the Z-transform of x[n] = na™uln).

_1 _.ROC=|z|>1

)

fesiz ©

Im(z)

|z|=1

Re(z)
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Z*Tranﬁfur
i .l _
e
.ransform of the following Sequence, . 7 & fisid the Z-transform of the following .

#

g
507!}
)= (1, 3'3'"5_0,71

\/[ I[[n]: 2"3‘?

jii. 8(nl

-:;-'_—' gwer
i ” n+d
1] uln+3)

- (1234507 .
i Gh'!’ﬂ:rilﬂl- (1,2 4, AT ,_'
Filld'x (2). : _ jven xlnl = 3 i;
=L xD=25 @ =% ¢ 1d : X@). |
. 1 :gb i .: l':.‘“ 5 .t‘l {5]-— 0 'tl (GJ =7 TOFin.d . |
1
lz-. [—) u[n]{ >
o Bydefinition, X(2)= Z o ; [ 1-%-{‘
= X [nlz'" n+3 : 3
s ; 1 (i me shifting, (_1.) uln+3] «Z— zl
g, Byu 3 1_52-1

1+21+322+423+52*+ 0254 7,6

for x, [n].X,(2) =
L Ble 1 1 2 2 4 5 T )
in z-domain, n-‘l?l[nli—g—)-zz}fl(z)

X, @)= I gt 5t et s o
: 3 By dj_ﬁ‘erentlatlﬂll
i &-m:leﬂ] - [l: 21 31 4! 5’ 0’ 7} | 1 n d z‘a
0 n[_S-] uln+3l«=—-z T
To Find : X,(z) " 1-37°
1 1,(00=4,x,(1)=51,(2= 0x2(3)—7 and 3 ‘
.r2(—1J 3, xz{-2) 2 x2(—3)— . X(2) = _zi{ 21 }=_z%{%\,
- -1 -
2 X(z)= szln]z 73 3
3. Putting for x,[n], X,(z) = 1 23+22 +321+429+ 5271 #0272+ 7270 (z—%)4za—z‘(1) 24(4/3-32)
_z3+222+3z+4+f+zl - ( 1]2 T (z-1/9)
PO
_ . 3
iii. Given:zx [n] =3[n] |
To Find : X(2). | ii. Given:x[n]=n?u [n]
L #a] = 1 _—— To Find : X(2).
= 0; forn#0 - ZT 1
:. 1. b u[n]('—__*-_—-:l-
2. X(z)=2Zx[n)) = Z(5[n)) = 25[.'1]2'“ =1 (for all 2) i d( 1
=0 : oo ey
% By differentiation in z-domain, nulnl«=—=2 dz[ 1-2 —1)

Le., the ROC is the entire z-plane

8ln) «ZL, 1 forn < —z % Applying differentiation again,
d(_1 ]
n.lnuln]] = —zg;['z'd;(p " ]
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Z-Ty . mals & Byste™” 5-15p
}.I‘D(EN&NJ) anﬂfnrmA i SV_ W
1 S - | - " (z - 1/4X
Xie) = —-r;[ rdz[l_z .] —edf_,dr /4Xz - 1/8)
4 . i e~ | l
d[ (2-1)x1-¢] dar s xln]l = 20{Z G‘_mr_‘lﬁ_ﬁ]}
= —2—|—8—— =—p | __ 2 Z = =
dz z-1DY | "%q, ‘ﬁFJ s z-1/85)
-1)"x1- - ' =20(_) T ) e
i _z{(_z 1)?x1 zlx):?(z 1)_}(“11‘}=£:_£ [4 uln llu(EJ u[n-ll]
(e- (2<1)¢ domain method :
2{34‘1} u* Time i n
= <t = 500 = S bz
k=0

| Find the convolution of sequences,
| x, [u} = (1V/4)"uln] andx,[rl] = (1/5)"2uln - 2] using :
i C om'nlutmn in Z-transform

ii Time Domain Method.

T

n-2
Given : x,[n] = lZ ) uln] , x5[nl = (1) uln - 2)

ToFind:1  X(2) using convolution in Z-transform.
i Xlz) using time domain method.

i Convolution in Z-transform :
1L Z-transform of x,[n] is given as,

Zx,[n]) =

z
z-1/4

4 Using convolution thegrem -3 2(z-1/5)
Xz) = XI(Z)Xz(z)

d 1

~1/4) z(z -

1/6)

n-2 A n-2-k
= E(ﬂ "[k](‘é] un -2 p
u-2(1
Z.\—

|
r""-—""\

- uln-1]- :%)H [%)H uln - IlJ
3 e

[i] "-lu[n-ll-(é—).-l u[n-uj
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5-16 D (EN-Sem-3)

i Given: x(n]=7 [;-r uln] - 6 (2

Te Find : X12).
To Draw : ROC

-R.f'lrzj

- l L] a n m"s.ls'l.
=  f n_ 1 _ 65-8D, Unit-5.
.gn [3 ‘ ngue(EJ 2™ i Refer @ 5.8, Page .
1 ol a ,ﬁ‘f"‘, Determine the Z-trangform of the signaj
= ?{1*-—-?[4-(-—) z‘z.;.(l) 2 a" . n
3 3 3 x[n] = {a » fornzg
-b" ’ fOl‘nS-I
OR
x[n]-a"u[n]+b"u_ -
=i .
X() = Z ~b" zn +Zaﬂ zn
RA=-x n=()
B 2-b z-q (z-a)z-p)
(1_1{)(1 i 2 ROC:|a| < |z| < |b|
- ~52 3. Pole zero plot and region of convergence,
_3 4
X(z) = il
1-—~—Z‘J(]_—-—1-z-1)
- 3 I L 2 = Re{z}
F(z) Fa(z) i
3 1 _ 1 .
TheROCOTFl(z)ls}-—z 1 {lansztz)isIEZ 1 o

 Fig.5.16.1.

0, Compute the convolution x[n] of the signals
xl[n] = {lg "'2, l}

x.[n] = 1; 0<n<s5
2 0; otherwise

) | X(2)=1-214 52
Xy(z)= 1421 +2 242342448
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5-18 D (EN-Sem-3) Z-Trangg,

m A"th.
3 X(2) =X1(2}X2(z}= 1—-2—1__2-HN

(Using cnnvnluti“n
x[n] =(1,-1,0,0,0, 0, -1, 1)
i

Determine the Z-transform of the f““‘lwin
g ﬂl‘“t
®

durntinn signals :
i. x[n]={1,2,5,701)
il x,[n]=(1,25,7,01)
r
iil. x4(n]={0,0,1,225,70,1)
iv. x,[n]l={24,57,0,1)
|

V. xgln]=38[n]
vii x[n]l=8[n-k], k>0
vii. 2.[n]=8[n+k], k>0

X.(2)=1+2s145224 7234 ,-5
ROC : entire z-plane except z = 0.

ii. X2)=22+2:+5+ 7z 1422
ROC : entire 2-plane except z =0 and z = o,

iii. Xi(2)=224+2:3 452744 725 4 -7
ROC : entire z-plane except z = 0.

iv. X (2)=222442+54+ 7z 14,3
ROC : entire z-plane exceptz=0and z = .

v. X2) =1 ie., 5ln] 251

ROC : entire z-plane.

vi. X2)=z* e, 8ln—k] <25
ROC : entire z-plane except z = 0.

VIi. X 2)=2* e, 8ln+k] «ZL

ROC : entire z-plane except z = o,

PART-2 | ' ]
: o
Inverse Z-transform, Initial and Final Value Theorems. '{

CONCEPT OUTLINE : PART-2 |

*  The process of finding the time domajn signal x[n] from its
Z-transform X(z) is called the inverse Z-transform which is

2ln] = 2 (X(z))

—— i’i?mF! ]

:1Ej

jk:E;JF”t‘!llili

i mal® 5~19p
o — N

(. WE h ave ~rail

I[n] — T{}j@cX{Z)zn*ldz

where the syl'l'be] {ﬁc denotes mtegratinn around th
dius |z| = in counter clockwige direction 2
rac is the Direct method of ﬁndjng iNverge 7.
ggficﬂny there are four methodg to fi
. power series method or long divigion met
o Partial fraction expansion metheg
b. Complex inversion integra] method
:;: Convolution integral method.

Circla of

Z-tr
nd invErH:naforﬂl OfoZJ.

2 Z-tr

(Residue megpq)

[nitial value theorem : x[] = {iﬁx[n] = th X(z)

Final value theorem : x[x] = !EE zln] = lim (5 _ DX(z)
i Z—a]

== ooy
Questions-Answers

P
T

P-I;ng Answer Type and Medium Answer Type Questions
B

S

—

states that, for a causal signal x[n]

if - xln] <5 X(z)
then lim x[n] = x(0) = im X(2)
n—0 I

Proof
L For a causal signal

Z(xln)) = X(2) = 3 alnle™ =2(0) +x(D) 27 + 222+ ...

n=0

x(1) x(2)
= x(0)+ e + 2 + sus

& Taki“ﬂ the limit z — o on both sides, we have

x(3)
lim X(2) = lim [x(0)+ 1(1)+I:f)+—3—+---J

n—w z z
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" Z-Ty igna® 21
0 D (EN-Sem 3) ansfo, ; D :
E— - - An“'y,i - sem‘3)
=x(00+0+0+.... =x(0) . / zZ)=

x (0) = lim X(2)

This theorem helps us to find the initial value of x[) from Xt
taking its inverse Z-transform. 2) wilhnm
Final value Theorem : The final value theorem of z‘t!‘angf

that, for a causal signal 0
if x[n] <> X(z

and if X(2) has no poles outside the unit circle, and jt Bagin
higher order poles on the unit circle centered at the Dr?;;lu r]E s

3.

H““DR

z-plane, then
Im x[n] = x(0) = lim (2 - 1) X{(2)
n—x z—1
Proof:
1. For acausal signal

Z(x[n)) = X(2) = Zx[n]z"‘

2 Zix[n +1]) = 2X(z) — zx(0) = ix[n+1]z"'

n=0

Zixln + 1]) - Z(x[n]) = 2X(2) - 2x(0) - X(2)
= Z x(n+1]z™" - Zx[n]z""
n=0

n=0

o
N

X(z)=[-‘—1-]+[l) 2 +(l z
4 4

te.(z-1) X(z) - zx(0) = ) [xln+1] - x[n]]z™"
n=0
7 Taking inverse Z-transform,

(z-1) X(2) - 2x(0) = [x(1) - x(0)]z - © + [%(2) — x(1)] 21 +

- [x(8) — x(2)] 2-2 =

4 Takmg limit as z — 1 on both sides, we have . seah b xin] = (T] oln) + i- 2" uln) + %" 2" u(n)

Lm (z - 1) X(z) - x(0) = [x(1) = 2(0) + x(2) —=2(1) + 2(3) - x(2) + __

2
+2(00) — x(c0 - 1) i. Given :X(2)= =
—— (o0 — 1)] ii. Given :X(2) ( . 3)
x(x) = lim (z - 1) X(z) e
5. This theorem enables us to find the stead ] To Find : x[n].
. : y-state val f ,L.e.
without taking the inverse Z-transform of X(z). e
' : . | ! X(z) _ 82
;hm- Determine the inverse Z-transform of the following z  822-10z+3
functions :
L X2)=-1/z2-4z4+4) X(z) _ = 1?: >
i Xa)es2iad. —— ; _ = - 14z -
= SE = - S+ 38) /AKTU 2016-17, Marks 10 * Using partial fraction,
Answer ’ X@) __A D
_ C(2z-1) 42-3)

L G:ven 1 X(z)=(2 - ©

o Famdsstag < T M | . PR () L 1N

' = (2z- z -r-lﬂ_ (42‘“3),..131
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B= (42-9 -‘th?{
4 §
. { =12
m‘”n-ﬂ
X(2) -8 12
5 e T @2-1 (42-3)
ST N
& Xiz) = Az-12) 4z2-3/4)
v mmlm
xin] = -3(;] "lﬂ)+3(13-) u(n)

-Mﬁehmgmsfmmoffoﬂowing;

1

A =
: 4 3 . :
L \-}w a—l-l)(l'l“xl_l), ROC' '2'}2
i X(2) = log, (1 + az™);
1
1-=z"
i Given: =
nz}_(l—z'x:i-i-k"')' ROC: |z] > 2
To Find : zin].
L 1- o~ B
I(z)::( 2 - -
1-3)(1+3
(142
3z-1
NSO
E:_IJ(2+2J
z 2
z2(3z-1)
Iz-1)(z+9)
XG) 1[ (3z-1)
2 Using partia) g 3(2-1)(z+2)]

"‘!;;},'i )

'y |

& Systems
O ~5D
z 3|lz-1 Z‘;“g]
Aa 32-1 =.?.
.‘:4#2]'_I 3
B = 3z-1 17
z-1 i 9
X(z) _ 1[2/3 743
= P
g z 3lz-1 z+2]
X(@2) = 2 2/3:"+-——_.___7"(3‘z
3_2-1 2+ 2
1[ 2/3 7/3
il e 2 —_—
3_1"21 1-{-22"‘]
. For 1z] > 2,
: 1
x[n] = §[2f3 u(n) +7/3 (-gy u(n)]
Given: - X =log,, (1 +az); RoC. i
* ToFind:slnl. | Sk e
g X(2) = log,, (1 + az!)
_log, 1 +az)
"~ log, (10)
1 [ a_@27) (@) (az') (s
log, (10) 2 3 & 3 "“‘}

ab @

(—az’')" (—a)"
- ,.Zl n log, (10) - ,;1 n log, (10) ¢
2. Therefore, the inverse Z-transform is
x[n] - ':0, a o (12 ﬂ3 ~ m
log, (10)" 21og,(10)’ 310g,(10)" 4log, (10)""
(-a)"

n log, (10)

u(n-1)

Que 5. Find the inverse Z-transform of the following function :

X(z) = -

frROC (i) 2| » 1, (i) I
Yarious RO,

1-1.5z'+0.5z"*
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1
Gifeni X(z) - 1 1'52- 1 + 0 52
i xlnl for ROC |z] > L
1’oli'ind= x[n] for ROC |z| < 0.5.
;L «[n) for ROC 05< |z] <1
1
X{z) = (1 _z-l) (1 _ % & 1)
. 5
Usingpartlﬂlﬁ'actm : 1
X(z):-' El__z-l) [1_12_1)
2
1, both signals must be causal.
i. IF;(:;EEOC i x[n] = (2 - (0.5)") uln]
| Im(z)
2] =1
'Fig. 6.22.1,

ii. For ROC |z|<0.5, both signals must be anti-causal.

x[n]= [2+(—;—)u] u(-n-1)

Im(z)

Re(z)

Re(z)

Find the inverse Z-transform of the follo

Wing functiﬂn :

X(z) 1

J

.
X(z) =
@)= e o
X(2) = z!

2 (z+1'(z-1)

X(z) A B C
v +
z (z+1) (z+1)*' (z=1)

1d . X(2)
l!dz[(2+l) , ]l..-:

_ d| 2
dz|z-1 -

-2 2z _3
- " 4
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Z‘M
s %D F .
B:tr*l I ':hv*-l
s | -1
=L, 2
X(2)
e &~ \—Trl
s | _1
=:_£F=r-l-4
\ 34 ___12 5 14
I - @D @-D
S ) () 1 =z 1 2
X =z+1 2@+ 4G-D
) . < z_mﬁm'm-
g TeiomX | 3 v_ln(—l)' +l(1r]li)
z(nl = Z{'l 2 4 "

1
Gives: R = o 05%z-D
To Find : finl.
e Fz:_ 1
L 2 24z+0.5)(z-1)
9 Usingpartial fraction,
Fe) _A B  _C
",z (z+05) (z-1)
A=M - : =—1
z |,_o 2Az+0.5)(z-1)
_ F(z) 1 2
4 B—(z+0-5) TL=__0-5_22{Z+1) 3
F(z)‘ 1 1
5. — —_ = —
C=G-1 z Lat 2A4z+0.5) 3

:,,ds"s” 57
- Dma
* 1
Fiz) _ -1 3 =3
z z +(,z«w{}_;'s]"“;a_,‘l
$ 2 1
Fz)=-1+ 3 __, 3"
z2+05
_ invﬂ-gez-mnsform.

2
fin) = =8ln) + 305 wmy L

7] petermine the inverse Z-transform of

Scanned by TapScanner

£ in region of convergence
I\I""m
i Fafpnn .1
i lzl)l ﬂ-lzl 3 m;’:{lzl‘tl
T =
GivEll: 2= 1322_424_1) .
ToFind: L x(n] for |z] > 1.
i x[n] for |z]| < V3. |
i xn]forB<|z|<L _;;
X@) = ——
T (3z-1z-1)
' | z
3(2-1)(2-—%]
Xz _1 -
= 3(2—-1)(2—-%)
By partial fraction,
Xz _1[3 1 38 1 =l_1_.1.- 11
z 3|2z-1 22_% 2|z- 2-3
1[ z z
sz)=§ - z-}_]
d 3
L For |z|>1,




i M!rl-';.

. Par;—-:'!:l-rl,

Given : Xiz2)= ]_n( 1 )

l—n"z
To Find : z(n).
Assuming ROC : |z]| < |a].
- ]
L X(z) = ln(l_a_]zjz_]n(l_a-lz)
= “'["ﬂ IZ—-(a IZ)Z_ (a-l z)a ( =4 z)‘
2 3 a ]
2 X(z) 3 s I
)
3. Hence P

P

T - “'M.
& '___,.-""f g -
J 3-24
XI_:}- 7 ;“---Q..._
give®’ -2
. £in) for (2| > U3
faﬁ’d' ;_ £in) for V4 < |2| < 3.
g xinl for |z| < VA
vizl fractaon.
e Lo : ,
Xlz)= T 5 :
1";2 1-:"'2
xin) = z4(n] + z,in]
—l: 1 ;’1_‘:
x,ln]l = 2 ;1‘12_1 \2) wn) ot > )
4 | 4
-1 2 (1)’
z nl = 2 I 1 |=2 7} ulal; 2> =
11___2-1f 3/
" 3" J
, B f, =
x[n]:[l u{n]-—2?‘11 uln];
\3/
|
xln] = (B uln]+2 [ ulnl’ ‘zl}E
- (n} 2[1\. [ -1l 1 <|z| 1
x[n] = (—] uln] -2(3) ¥ : :

(1\®

E
xlnl = ( } ul-n-1] -2 \3/

PART-3 , i

Applications to Solution of Difference Equations.

1
-n-1; |2| <=
ul-n ‘ :

l
CONCEPT OUTLINE PART-3 Aﬁ

Solution of Difference Equatmns Using mum :
To solve the difference equation, first itis conve algebraic

equation by ta.kmg its Z-transform. P
The solution is obtained in Z-domain and the time

solution is obtained by taking its inverse Z-transform.
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ystems 5
—____Bap
—

gor the discrete system 4, wcribed 1, "
L] diﬂ

r"""h
~Any,
= 0.6yln ~ 1] - 0.08y (n-2)4x(n) 4

e —————

500D (KN o 8! —r

a— L of the sywslem "'"l‘l "'l ':',l""’- olone whay, Lh 3

1 ':.lmum are nagiected la calied Lhe foread LT :,""hu > atlo? 3::: jmpulse response sequence hin) Yermine

j = ) _ th, |I el ou ¥ .
i'| :;.:hl‘:-'ﬂjﬂumr of the aystem o ':' ”l’:l"l “'"'“”""H nll‘nm I o utep l‘ﬂlponw AKTU i —
| i [ In "ﬂ"hu'li'll In Ill”l"l'l I he o0 Or n"tllr"' e hl“." rrhﬂ
, phe Ingw f "”’”Ilm of i
f the aywieitt [ | Initinl ¢ /“l
r e mrnee due 1o Input i “”"““Hlln ' 'r
et ol enpon ey | 0BTy 08 10
f ;t'hru il i @ unil Ilnpulm- Inpult, the FOBRpOnne In [,"“' leﬂn d: i Unit impul.g response h[nl } +.th|
| f ey rea[ONSS of the system nnd whon (e Input % od (,, 1o Find: e response, $la), ) :
| i:”'r |n|rul TS A "I"'“”' i ““l." ”'" "“'p l"'l'ﬂl.lﬂll,fuq ﬁrl.hu,,, 2 "HI[ %

we "MYnbog, ylnl = 0.6 yln —1] + 0.08 y[p _ g _

_ both si ] =x(n|
1, ., 7-transform on both sides, i
Questions-Answers 9 )-0.62 Y(z) + 0.08z7“ Y(2) = X(2)
o R T ;(g)(l__o.ez"' +0.0827%) = X(2)
Lang Anwwer Type and Madium Answor Type Quontion, i) =~ B 1
X(z) (1-0.627 40,08,
22

H(z) =
3 (1002* - 60z + 8)
The unit impulse response sequence, h[n) :

solve the following difference equation
yinl-Ayln 1]-4yln -D)=0,nz0 )
- ( 1= dy(-2) =0, unit impulse input,
given y 1)« Bandy 1, For <lnl = 8ln]
Roswer | X(z) =1
' _ 9, Then impulse response,
Given 1 yinl v-b'ln-ﬂ-(vln—ﬂl-o.yl-ﬂ--d;y[gaj.o 2
To Find i yvinl. v Y(z) = H(z) X(2) = 0007 605+
I Taking 7 transform of the given diflorence Y(z) _ & =—]:. .
Yier Me 'Yieroyt Dl 4l 'Y ()1 y(-Dz "+ y(=2)]=0 «(0.28,)) ¢ z (6z-2)(202-4) 4|(5z-2X52-1)
¢ Putting the initial conditions in eq, (6,28,1), Y(2)
Yie) Me "Ya)eb] 4|z "Y(2)16z ' 10]=0 A= (52"2)TL_3
Y-8 "' de’)- 206 "' -16-0
o)l e 2°)-208 "-10+( P . 1
4 Vie) 16120z _#(1b62+20) = 2(52_1)'-?"‘ 10
1-387" 45" 4'-95-4 6
p V) | 16120 162420 1 16 B (6z—1) Y%
¢ Va4 (e-D(z-4) 241 2-4 2 e
h Vo) w . ° HI:_I I 16 _l z =_—1-
MY RS R P A e " 46z-2|.7
1 ¥ 4 1 1 %,
z 10 (52 -2) 20 (6z-1)

0 Taking inverse Z tranaform,
yinl w < (<" 4 16(4)" Juln|
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5-33D (EN .
e i & 1 M ~ MDM
, Y&) = 795z -2 20 (5z—1) = . 4
- B 7&: o 2 5} m‘:\_ & :
.. - s Z-transform W so—
Yie) = 55 (z-26) 100 z—1/5) ing 0™ " i) = (-0 -1
50 (z - ‘ Tak yln] = (=0.013 (0.4 +Qm5 (02n
E " Wm z.tf'ﬂndnmi ) . LTI H +0.Mll-’
6. T-mgmﬂ"l _ hln] = 0.0200.4)" uln] = 0.01(0.2)" yin) 4‘1 A causal system is describeg " the g uln)
" <o
: ; Nce
ﬂ, Tbe step mpom rqll’uon ’[ﬂ] = "{"_1] * b ll'l—ﬂl i.r[n_l]

P input, function, impulse
_". 1. Forstepinpy <[n] = uln] system P response ang
e §) Step resp

z ﬁud‘h
9 Xiz) = ;“l' /-I
. 5 Yiz) = Hiz) X(2) ) - yial =yln <1+ 2y a9 e
% - z z (i Find : i System function, Hiz) U
E (100z* - 60z + 8) (z-1) To i. Impulse response, Aln).
| Y(z) _ z iii. Step response, y(n],
4 7 4(5z-2X6z-1Xz-1) .
5. Using partial fraction, - yinl = yln-1] - 2y [n-2) u 4|
A B C | X(n-1]
Y2 " . | Tﬂﬂz.gmfnrm on both sides, we have
z (6z2-2) (Bz-1 (2-D : }-_,_,3111:\--2:’}1:1-: ' X(2)
i' A-w;-zrm'}[. 1:.-:11-:‘-2#"”'-\'01
i z L.} ; mmformmmuftho systoem H(z) is:
i.f = __J' J = __l_ MHiz) = Yiz) - : ! ?
46z-1z-D| » 15 X(2) 1-g Vg3 " T~ ___
3 -2~ G-Ge
e impulse response of the system (s :
Y(z) >
Be= (ﬁx-ll~~;—- : : Alnl = Z “(HG))
: o |
| S 1 -Z '[ - -Z'K‘L ' 4
'«5:-211;-1»"_.'30 it~2!i:¢llq l-2+2f1
’ '
_ : 2/3 1/3 2/3
b Y(z2) - zl[‘"'-'*-—-—- .zllh*] zl[_l_’_?_
1 C.{‘-‘l}“‘*;‘*l'l ’_‘ I’IJ 1“2 + l*l
i ?
. 2" " dn-1s = (-1 uln-
45z - 2X8z - 1) “ o 3@ dn-Us SV dn-1)
l i
’ = E l "“lmllﬂl lﬂl.ﬂl
6. !l_"_)_ —— 1 1 * 1 B 1 Xz) = &
: 15(52-2 80(5z-1) 48(z-1) 8=}
¢ Octpa, Yu) = Huo) Xy s —2 . 2
z-2@z+1 -1
~ =
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- \‘l}'&ia
}lﬂ. o e . B -
2 @-D@+D@-D 2-37 o7+
|
Y(2) 2/8 1/6 _l{g_
: " sl AL B

. _-',.J_l & ] 1l a
Na) = 81:—2 6lz+1 2lz-1
S Taking inverse Z-transform on both sides, we have
yinl = 271 (¥2)

 J— 1 1
yinl = 3@ uln] - E(‘U. uln] - 5 uln]

GRRESI] Discuss the significance of the difference equatio,
mnns’ difference equation using the Z-transform methog ':“

sl
:?:f:-’ﬂ—ll.l_\-{n+l]-0.3y[u]-r[n+l]+r{n]

where, rin] = Ula]
w0 =Q and (1) =0, r(0) = 0

S.gnxficance of difference equation : A difference equation is solved
either recursively or by using the unilateral Z-transform. The reqy ive
method however, does not yield a cluse@ form expression of x[n) i,
corms of 7. while the Z-transform method yvields a closed form expression

Given : yln + 2] =01 yln + 1] =02 ylal=rln + 1] + rin)]
rinl = ulnl. cln] = 0, (1) = 0, {0) = 0
To Find : v(al. ;‘3‘&'-

1 Taking Z-transform,
(22 ¥iz) — 2Y10) = »(1)) = 0.1 {z Y12) — (0)) - 0.2 Y(2)

= zR(z) - (0) + R(2)
(22 Yiz)) - 0.1 {z Y(2)) - 0.2 Y{2) = 2R(2) + R(z)

(22-0.12-0.2) = £ 3
3 Y i=-01z- " e

F 4 b 4
s (z-l)(z’-—ﬂ.lx-ﬂ.ﬂ)+(z—l){z'—0.lx-0.2}
Y2 _ 10 . 10z
2 (z2-1M102-2-2) (z-1X10z*-z-2)
Y(2) 10 . 10z
T G-X2z-15z+2) (z-1X2z-1X5z+2)

i _
| = [E;i_%(%) +%%(“§).]dn1

i; i 1 the response of the system

Fin 2] _8fin+ 1] + 2fin] = 3[n])
hjﬂ all initial conditions are zero,
whe itial and final values of the sequence fin)

. pind the ini i
> ‘i\1‘ﬂF(l}-2+3‘ I""‘l"

ver |

given: fln+2l- 3fln + 1] + fln] = §[n]
‘ [nitial conditions are Zero.
To Find : flnl.

Taking Z-transform,
AR -2 M2 +2R2) =1

£
1 K
K4

"d“, - ‘.
77 ial fraction, W
art!
! Y@ _ of 1 .
: '-—;" - T(I—Bhﬁ"“ht__ 25
+10["‘--!.__ . 2

1 1
EM= z’—3:+2- (z-1Xz-2)
F(z) 1 _ 1 1 : 1
T2 Zz-1z-2 2 Az-1 Az-2)
Fz) _ 05 _05 05
z z z-1 z-2
05 05

Rnz) = 0'5-1-3" b

! Taking inverse Z-transform,
f [n] = 0.58(n] — 0.5uln] + 0.5 2* ulnl

f [n] = 0.55[n] - 0.5(1-2% uln
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5-96 D (EN-5 ~Lrmy,
ﬂ~1=2+3:"1+4t*’ M}""-!

Initial value, 2(0).

L

ﬁ ﬁﬂd : " F'}nﬂ-l ‘.HIUE‘ ﬂﬂ:"].

lingfln] = lim F(2)

) =
L [nitial value, 0 2
= lim(2+3z'+4z%)=2
. = |
x eatedes, M= RTINSOl

lim(1-z"")2+32714 4272

F= |

” . 2 3 -1 ‘-2__ -1 2
Iim(2+327" +427“ -2, ._322__42%}

z—1

=0

Que 5.33. ,A LTI system is represented by the fﬂllﬂwing -
equation 3y[n] = 5y[n - 11 - 7yln - 2] +4x[n-1lforn>q Dete,.::%
Ine

4 Impu]se respons&, h[n]'
i Obtain cascade and parallel form realization for discre¢ ¢
€ imE

system. AKTU 2016-17@
b} m

Answer l
Given : 3yln] = 5yln — 1] = Tyln - 2] + 4x[n - 1
ToFind: i  Impulse response, A[n].
i  Cascade and parallel form realization.
Taking Z-transform on both sides,
3Y(z) = 5271 Y(z) — 7272Y(2) + 4z X(2)
Y(z) _ 4z7!

Transfer function, H(z) = =
¢ X(z) 3-5z71+722

L Impulse response A[n] :
L Forimpulse response, X(z) = 1.
-1
2 H(z) = 4? = E
3-5z"1+72z2% 322-5z+7

3. By long division method,

Basic gignals & Systems
B e 537D (EN-Sem.3)
322-62+17)4z ( 4,1, 20 16

Taking inverse Z-transform,

4.

4 20 16
= =8ln-1]+=§[n-9, 16 340
hin] = 3 8ln —11+==8(n 2t o7 S -31-"din-4)...
i He) = —2
32° -5z +17
- 4z71
3-5z71+7272

Cascade / parallel form realization :

X(z)
——>—(-P - + —Y(z)
-3

1
5
O——1—
+
4 i
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o VERY IMPORTANT QUE!’\TIONN Detefﬂliﬂ'ﬂ the inverge . (EN'SGI-!)

- i — = Q_ 9- ﬁﬂnﬂ . .Illfnrm uf
i A , - func the tq)
o anestions are ver) _”‘”"N : f.”” {. These Quegpy . X(z)=(z- /(22 - 4z 4 4) . '“"rinl
Mm:if !: asked in your Sh:ﬁbf().\.ll,S as wel} u;f\ﬁ i i(‘) %= e s 3
UNIVERSITY EXAMINATION. ’:" Refer Q. 5.20, Unit-5,

" « b - s N . .
e \ q.10. Determine the inverse Z-trangform S

Q.1. Enlist the properties of the ROC in Z-transfory, z ) -

amx Refer Q. 5.2, Unit>. awE 3z —4z+1) | rolon of convergence

Q3 Deﬁnetshjlzf;l:imesofz'mm i |z1>1 ii. Izl<—;- i, 1

amw ReferQ 94 ' Refer Q. 5.25, Unit-5. 3<lzl<1

3. What is the difference between the Z-trangf,
. IApI;m transform ? Explain. and th,
gax Refer Q. 5.6, Unit-5.

_11. Solve the following difference ¢ &
Q y[ﬂ]-sy[n-ll-h[ﬂ—Z]aﬂ,nzo -
giveny (-1) =5 and y (-2) = 0.

Q4 AWK Refer Q. 5.28, Unit-5.

a. Prove the convolution theorem of Z-transform_ )
b Find the Z-transform of cos o nu[n). Q.12. For the discrete system described by the d; .
amx Refer Q. 5.7, Unit-5. yln]=0.6y[n - 1]1-0.08y [n - 2] + x{n), determine: T o0
L The unit unpulse response Sﬂlnenee, l[.]_ .
Q.5. Find the Z-transform of the following : ii. The step response.
i xin]=a"uln] aux Refer Q. 5.29, Unit-5.
i x{n]=-b"ul[-n-1]

Q.6. Find the Z-transform of the followin g .
i 5,[n]=(1,2,8,4,5,0,7) Tranences:
i x,[n]=(l.3,3,‘fr,5-0.7)

il §[n]
ZBE Refer Q. 5.12, Unit-5.

Q.7 Fi[nd the convolution of sequences,
. 5inl= (V)" uln] & x,[n] = (1/5)™2 y[n - Ing:
i C:onvolution in Z-t;rs|.|:u:f"I orm -
L. Time Domain Method.
AEE Refer Q. 5.14, Unit-5.
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Basic Signals & Systems (2 Marks Questions)
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L/

3
.

SQ-1D (ENg,,

e ——

Introduction to
Continuous Ting
Signals and System:

12

(2 Marks Questions)

Memory Based Questions

What is g signal ?

A signal ig defined ag g

independent variables wh
with tj
repres

' O TTTHAS
: St [ one ord
single-valued function o

: an. [0 vanes

ich contain some mfurnml.u"lll}l may e
: : ,

Me, space or any other independent vnf-mhln !

énted in time domaijn or frequoncy domain.

Explain different types of signal.

Signals can be broad]
Continuous-timo
exhibitg finite
contin Uous-tim
A signal that ¢
called diﬂtr{ete-timn signal.,

O and Digita] g;
value gyer a contiy

vri g varying amplitude
A signal which g defined

ich are finite
pcﬂﬂdi(* and A

and D
values for ,

¢ signal.

Periodic gj nals ;
after 4 fixed time .

. interyy)
Bignalg which dg

)
AT 3016-17, Marks 0

classifiod into following : ‘ —_—
y iscrote-timo signals ..I{":"r:]l-fl
' continuous poeriod of ti

It
) b luos 0
xhibits finjte values only at discroto v

in an
gnals : A signal that can nl.tu::ﬂ‘“j
'Bous period of Limo i.e., it is continu
i callod an analog signal. fu
only for discroto vnl“‘_'“." [ nigonl
in numbors is cul:m' dllnﬁl'::l""lmm 1L
Signals whic
are called poriodic nignals.

| that
u cnlle

jme 1"

finte

me hviF

l "l.tl
interv?
. 1Ot repeat itwelf after o fixed Ltimo
BPeriod o Bignaly

Energy and p

I.L-u_irmlnint
ANnot he

Biligg i,
Manng !
Fdlﬂnlul : I s

TRl

ul wh

robubiligtie signale 1 A Nil:"'"“

T muthomuatical form or u
e wignnl., |
il

“omplotely detormined hul-; ::1 -
h as tholr menn valt

Blgnalg

.I|l|'1ll

et
Hmlllll“'”

vl
H,"
X anuly A

i
are 8

ly

SQ-2D (EN-Sem-3)

Introduction ¢, CTS & Systoms
S ———
1.3. Discuss basio mmtinuoun.um“

OR
stop and unit ramp signals with pProper sketoh,

signals.
Define unit

' ' ' “conti time signaly
Ang Those aroe of four types of continuous i
i, Unitimpulse : It is dofined as

(0) 1, for =0
i 0, for ¢t»0

x(t)
8(t)
{ ~ e
il. Unitstep: It is dofined as
1; for t20
uié) = {(); for t<0
u(t) *
1 R R RERE=,
o --*Il't
0 S

i,

Unit¢ ramp : It is dofinod as

t; ftor 20
rt) = {0 v for t<0
r(t) = mt
m = tan ¢
0 e

0 {

- Vnie lmruhnllﬁ t It in dofined as
' /2 for
0; for

t20

ﬂ{tlh t\o
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Marks Questiona)

T

Basic Signals & Systoms (2

A p(t)

ll"'_
X T M W T
- - s -

.Po“r ulg;ﬁ“"‘x

3 | " E:l“!_m\- E nf-’:ligluﬂ .1'(” ig dﬂﬁﬂ(‘d
as

K= le{r)l'dt

Average powor P of contj

=8
signal x(¢) 18 dofined o "Uoug

T2

! :
P= l-“,‘} = J' |1'{fl|‘dr

Tia

2 | x(¢)issaid to be an energy signal
if and only if 0 < E < o, and

x(t) is said to be POWer signal i
and only if 0 < P < 0, and

P=0. E=w.
3. | Non-periodic signals are energy | Periodic signals are power signal. |

15 What is the relation between impulse, step, ramp and

parabolic signals ?
OR

What will be the derivative of a step function ?

b s Ve
L ) = tu(t)
2 ¢!
p®) = Z_ u(t)
2
3. u(t) = I 5(8) dit
L6. What is an invertible
EEE Inverti
its input and out
Non-invertib]
relation be
system.

and non-invertible system ?
ble system : A system which has a unique relation betwee”
put s called an invertible system. .

e ﬂyﬂtam : A system which does not have a unqu®
tween its input and output is called a non-inver

u@e) = & o

dt
2

d
t) = — plt
u(t) d‘,p()

)= L uo
dt

tible

gD &

1.7.

1.8,

1.9.

1.12.

N-Sem-3)

Intrmlu{!tiﬂn to T8 & Hyulu
ma
¢ is time lnvll‘ilnt and time vn"}""ll nynt !
Lem

Time invariant system : A time

Invarinnt N
whose input /output charactoristics yntom

do not chiung wit
Timo varying systom : A aystom is anid (
input/output charactoristics chango with

N0 Hynlom
h time,

) bo time varying if its
time,

Discuss evon and odd signals,

A continuous-time signal x(¢) is said to bo evon if

x(—=t) = x(¢) , forallt
x(¢) is said to be odd if
X(—=t) = - x(t)  forallt

Explain statioc and dynamic systoms.

Static system : A systom is said to bo static if the response is due
to present input alone,

Dynamic system : A system is said to bo dynamic system if the
responso depends upon past or future inputs,

. Briefly explain causal and non-causal system.

A continuous-time signal x(¢) is said to be causal if x(¢) = 0 for ¢ <0,
otherwise the signal is non-causal.

Discuss time shifting.
The time shifting of a continuous-time gignal x(t) can be represented
by

y(t) = x(t -T)

The time shifting of a signal may result in time delul_:' or l:ﬁlzl ﬂ?ﬁi
I£ T i positive, the shifl is o the right and then tho S5 FECTE
the signal, and if T is negative, the Atk 40 80

shifting advances the gignal.

Explain time reversal.

) d time folding of asign s
E}I?ti?;;iﬂ;?;aﬁgutt — 0. It is denoted by x(~ t).Itiso

; -1).
by replacing the independent variable ¢ by (=)
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ks Questions) SQ-5D
< & Systems (2 Mar (E'c.ge.k3

Basic Signals & SY¥F |
N e \ 8Q-6 D (EN-Sem-3) Etredurt i e CTR 2 S
1.13. What is time ' — 2w U & Sosems
. : ) time - . ; )
: mgmﬂybenmeexpanmonqr compressm& 1.17. Em'mﬁeﬁm signal in | )
aax Time Ufasigng]x{ﬂ(ﬂﬂtﬁﬂmmphShﬂibyrEpladwbe&;:;nh iy erms of sep mpnads
It can be expressed as: It J
y(t) = xlat) : ! [ 1
Ifa>1itresultsintimecompressionbyafamamdifu d | ]
. time expansion by a factor a. <Ln i
resultsn o) _ ' .
114 Differentiate the force-voltage analogy and fume_cw
analogy. AKTU ‘Ni&l’!,h[m
ans T A MO =)+ 22— 1) — 2oz - 2
ls,rh. Force-voltage analogy Force-current ana? 1.18. Sketch the waveform from the expression :
| | Each function in a mechanical | Each junction in 2 me i ) =150-e*)ulf) - 151 -« 25 gz _@.1)
I s mechanics] u(f) and ulf - 0.1) ; :
l | system corresponds to aclosed | system corresponds to 2 node. - are unit step fonctons.
| loop.
l 2 | Forceis analogous to voltage. | Force is analogous to current

‘1

‘\
pook

_ﬁi
-

! (2) 4
E—-—-t.
115. What will be analogous of damping in f-v model ? K‘

|AKTU 2011-12, Marks 02

ZBE The analogous of damping in f-v model is resistance. (c) 1 A 1505
: -
] -
Application Based Questions i
L16. Check the periodicity of the signal x(¢) = &/'*. (e) D

AKTU 2015-16, Marks 02

/

g

!d

x(t) = &™™ = cos 10¢ + J sin 10¢ w
Ht+T)=e"™+D = co5 10(¢ + T) + j sin 100t + T)
= ¢08 (107" + 10¢) + j sin (10T + 10¢)

= cos 10f +j sin 10¢ - (i)
=efmf

He) = x(t + T)
- *(t)is periodic,
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Baaio Sgnals & Systoma (B Marks Questions)  BQ-TD (kg
AT n. ; . ol ‘ m

4Q-8 D (EN-Som-3) Fourier Transform Analysis

b LA =e D) - 0,1)
‘ h — - Bl

\
1 L — —-—--d}li—*‘*"w-—""ﬂ‘b

J— - > E———

graph () graph(d), gives

Fourier Transform
Analysis
B (2 Marks Questions)

Memory Based Questions

21. What is Fourier series ?

Ang: The representation of signals over a certain interval of time iIn
terms of the linear combination of orthogonal functions is called

Fourier series.

292 Write Dirichlet’s conditions for the existence of Fourier

series. AK1U 2015-16, Marks 02

A®E: The conditions under which a periodic signal can be represented
by a Fourier series are known as Dirichlet’s conditions. They are

as follows :
In each period,
i, The function x(¢) must be a single valued function.
i The function x(¢) has only a finite number of maxima and minima.
iii. The function x(¢) has a finite number of discontinuities.

iv. The function x(¢) is absolutely integrable over one period, that is
T

flx®)|dt <o

0

23. Discuss even symmetry and odd symmetry.

AWE: A function x(¢) is said to have even symmetry, if x(¢) = x(=2).
A fﬁﬂgting i(t) is said to have odd symmetry, if x(—2) = —x(2).

2.4. What is half wave symmetry ? What is its Eﬂ'etj‘t ?
ANE A function x(¢) is said to have half wave symmetry, if

T
x(t) = —x[t - —2-]
When it exists, only odd harmonics will be present.

Fourier transform ?

2.5. What do you understand by
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Basic Signals & Sys

tems (2 Marks Questions)

ey

or transform is a transformation technique which trang

Ans Ei{;:lr;l“ from the continuous-time domain into frequency dé‘gg?s
w - n
ﬂﬂd \,"](‘G Vversa.

Mention the merits of Fourier transform.

s : 11 be uniquely recovered f :
The original time function can ly d from jt,
Convolution integrals can be evaluated using the Fourier transfor,
The Fourier transform is the most useful tool for analysing signal,
‘nvolved in communication systems because here the amplityd,

and phase characteristics are readily known.

26
xmE Merits of Fourier transform :

1.

8

3

27. Differentiate between Fourier series and Fourier transform

Fourier transform

1 | Therepresentation ofasignal | Fourier transform is g4
over a certain interval of time | transformation technique which
| in terms of linear combination | transforms signals from the
| of orthogonal functions is | continuous time domain to
| called Fourier series. corresponding frequency domain
T and vice-versa.

1

i
) —_—
1

2 : It is anly applicable for periodic | It is applicable for both periodic

| signals. and non-periodic signals.
3 ._Thf-‘ spectrum 1is discrete in | The spectrum is continuous in
| Dature. nature.
: Give the applications of Fourier transform.
Applications of Fourier transf .
1 Analysis of LTI systeme orm :
2 Cryptography
3. Signal analysis
‘i“ Signal processing
<. AStronomy
29. What is the -
relation betw . form and
— Laplace T etween Fourier trans

Laplace . ‘
tr ﬁi&forrzrg?:fﬁolrmncti a complex Fourier transform. The Four€®

, ction can be obtained from its Laplace transfor™
b replacing s by jo, i ., Fourier transform is the Laplace transfor™

evaluated . i
along the Imaginary axis of the s-plane.

2.10. Prove ;
the frequency shifting property of Fourier t

. ' -
I{' N o :- 3 | ._{-— b
| ¥ i'.—"‘ =9 i .;_ 4

10D (EN-Sem-a)
o

AXiR:

2.11.

2.14,

o
Ourier Transfonn Analygis

Frequency shifting property stateg t \\
domain signal x(¢) by e/ ragy g in tl;laet ft':e Mmultiplicatiy,
by ©g,i-€., quency gpe

if x(t)(-—r—r—-) X(m)

then e’ -’C(t)q-_ﬂr___.,x(m -t,)
Proof: By definition, :

of a time
Ctrum shifyaqd

Fleo x(t)] = [ e x(t) g gy

an

I x(t)e‘ﬂmr-mulr (it =X(m = mo)

- 0

e 4" X0 - o,

Similarly, e’ x(t)eFT_, X(o + ®,)

What is sampling theorem ?
A band limited signal of finite ener '

_ gy which has no f;
component higher than f» can be completely d:;:nrggc‘im :ncg

recovered back if the sampling frequency is twice the highest
frequency of the given signal.

What are the applications of sampling theorem ?

The sampling theorem is used in analysis, processing and
transmission of signals.

Define DTFS pair.
DTFS (Discrete time fourier series) : For a discrete-time signal
x[n], DTFS of x[n] is defined as
Ny -1 |
x[n) = Y, D™ .(2.13.1)
k=0
.(2.13.2)

1 Nyg-1
D= — ) rnle

0D k=0 | -
Eq. (2.13.1) and (2.13.2) are called discrete time founer series
pairs,

What are the necessary and sufficient conditions for

existence of DTFT ? | o

: -4+ na for the existence O DTFT
Th sary and sufficient conditions e, That is
18 31:5 l‘:.‘]:Ef:a seq::nce <In] should be absolutely summs

ilx[n”c:n
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215, Find the Founer transform of v/ - 1 ).

AKTU 2016-16, Marks g3 |

ABE Let the function is x(f = 1,).
© Fatt-tg) = [x-t)e ™ dt Memory Based Questions

Let t—ty=p i 1
. 3.1. What is region of convergence (ROC) ?
- - -jmﬂp+rn]dr !
Flx(t - t,)] j x(p)e AKTU 2016-17, Marks 02]
" | | gus: The set of points in the s-plane for which the Laplace transform of
= oI I x(p)e ™ dt = e ™ X(o) x(t), i.e., the function X(s) converges is called the ROC.

State initial value theorem.

Rt-ty)= e’ X(o) 3.2.
ang; The initial value theorem states that

216. Find the inverse Fourier transform of X(o) = e-l®|, _. lim x(¢) =x(0)= lim s X (s).
t—0 g @
fse Fle-I'l) = : £ z ' This theorem is used to calculate the initial value of a function x{z).
+® __

Using duality property, we have

2
F(l + zi] =2nle=l] = 2nelol

33. State final value theorem.
A% The final value theorem states that

lim x(¢) = x(x) = P_ﬁ sX(s).

(=Y. ]

erlol = %F(I 2;‘2] This theorem is used to determine the final value of a function x{£).
n +
Fllelolj= 1 _2 1 - 34. Give the advantages of Laplace transform.
) - | ARE Advanta f Laplace transform : _
S Roe tz) L. Sig::lllls :lf::ho arepnut convergent in Fourner transform are

convergent in Laplace transform. . ultiplication in s-
@@@ 2. Convolution in time domain can be obtained by
domain. can be converted mto

3. Integro differential equations of 8 systZﬂ can be analysed easily
simple algebraic equations. S0 LTI sys

using Laplace transforms.

of Laplace transfort:
AME Disadvantages of Lﬂphwmo;miﬂis complicated.

f—§ 35. Write the disadvantages
| :

j L. The integral representation
|

|
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SQ'“/PE’SG LAplace Tranuform Ay

' (2 Marks Questions) SQ-13D (EN.Se
Basic Signals & Systerm? it

ANE , _
he system cannot be drawn or egt; ekt - i —
2. Frcqu‘il"”ylm:}f: nl;fe{i;m psl}:,t can be drawn, eStimateq ";1:1;:______ Fourler traafors _*Eﬂf_’“‘;_ transform |
Injfff:]ﬂin T:::‘; only for ginusoidal steady-state analysis, _,,,.i""‘ - ﬂpplj‘lad for SO!Ving Itis also applied fu;np;ll:n:“""""'
o, k= ‘ Lapl Gt differentm} equations that differentinl cquationg l.hnl.“
38. Mention the n?ﬁcl:tl:;: rt;i gfnl:-:lc? ransform, relate the input and output, relate the input and output,
ications of Laplace LEa S — S
ﬂT ﬁ;;f;l:;}::i que mainly utilized in e'nmneenng_ purpose for gy by _,.-é-—-"“ It does not have any It has n convergoneo factor
, (;d('““g in which a large differential equation must be solyeq | convergence factor. and 80 is moro general,
o leo be used to solve differential equations and s 1 - . il
2. It can .-ln o il enginsatitg useq 3 It cannot be used to analyse [t can be used to analys
wely inele : -
3 1'I:.:t lt: ::ieij electrical circuits for the analysis of linear time invarians unstable systems. even unuiﬁle aystem.
| gystems. 4 Fourier transform is the Laplace transform of x(¢)
Laplace transform evaluated i8 the Fourier transform
47 State convolution theorem. | AKTU 2011-12, Marks 02] along the im}gmarwxa(m)sl of Et;:m' e“—‘}ae.,
: :  —— " e, i.e., X(o)=X(s)|, . . (t)] = Flx(t) e
amg Convolution theorem states that if there are two functions give, e AN i

by ,(t) and £,(), which are zero for ¢ < 0 and their Laplace transforms

3.12. State Parseval’s theorem.
w L{f, () = F(s) and L {f,(t)} = F,(s) ams: The Parseval’s theorem states that
s if oz < X,(6)

L {F (s). F(8)) = f;(8) * £,(t) and x,(t) I X,(s)

i ]

L] 1 ' - L]
then I x,(¢) x,(¢) dt & L 2 .rX,(s) X, (-5 )ds

LoD a=jo

What is a right-sided signal ? What is its ROC ?

A signal x(t) is said to be a right-sided signal, if x(¢) = 0 for ¢ < z,
For a right-sided signal x(¢), the ROC of X(s) is Re(s) > o,, where o,
is some constant , i.e., the ROC is to the right of the line o =0,. A
causal signal is a right-sided signal.

&

(for complex x,(¢) and x,(¢)]

3.13. Write the properties of ROC.

39. What is left-sided signal ? What is its ROC ? Ans; Properties of ROC: vo infinity.
ABE: A signal x(t) is said to be a left-sided signal, if x(¢) = 0 for ¢ > T,.For 1. The ROC of X(s) is bounc_led by po:es or extends up
a left-sided signal x(t), the ROC of X(s) is Re(s) < o,, where o, 1S 2  The ROC does not contain any poles.
some constant, i.e., the ROC is to the left of the line o = 5,. An anti- 3. The ROC must be a connected feglont;;jm the imaginary axis of s-
causal signal is a left-sided signal. 4 The ROC of an LTI stable system con |
lane. , - to the intersection
3.10. On which factor does the transfer function of a system 5 l’;‘he ROC of the sum of twoor more signals is equal
Sppeine 7 of the ROCs of those signals. -
REE The transfer function of a system depends only on the coefficients form of & fun ction () e:ut
of the differential equation, i.e., only on the parameters of the 3.14. When does the Laplace g (0), i.e., X(s) exists only if

f a function

system. It does not depend on the input signal or the initial energy Ang: The Laplace transform of @

storage,

3.11. Compare Laplare transform and Fourier transform. |
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ROC cannot contain any poles because at a pole, the vy

aus The N AdROC is defined as that region of the s-plane i yp;
Xis) =

Yis) converwes.

316 Denve Laplace transform of sinh af.

Il

DD | et
R e |
4]

|| ot
(=]

|

]

4 |
R
L—

Similarity, L {Snhefl= >

§ 0

31%7. Find the Laplace transform of x(#) = u(—¥) and find its ROC.
B Gyen X)) =ul-1)

- (1]
LX) = Xis) = [d—rk‘dx: jme* dt
'hd:meimegmlmmifﬂe(s)-:o,q

i _|e" %2 _3
--EI.:)-L-_—; = - = ;ROC:Re(s) <0

F 4
t
A= ppoosat _ 1 _
=8 0

SQ-16 D (EN-Sem-3
Q- ) Laplace Transform Analysis
" . COS at
Since !1_{101 : does not converge, the Laplace transform of
cos at
c_loes not exist.

3.19. Find the Laplace transform

ﬂ.lmp vy of y(t) = r(36), where r(t) is the
ASE Given, ¥(t) = r(3¢)
r(t) = tu(t)

and Ll = 1

S

Using time scaling property, we have
- IFel=ct .3

3(s/3F ¢
3.20. Find x(w) if X(s) = — 2
8§ +3
AmE Given,  X(s)= __°
s°+2
The poles (s=ijJ§)ar81ytngunthehnag:'naryan's,thereﬁJre,
x(0) is not defined.
3.21. Find the inverse Laplace transform of 3 .
(s+1+1
1
x| Given, X5} = G+l
- 1
= J! =72
I{f)—L [X(s)] L [{5_1}:_._]]
1 ’
=E4L‘1 (S: ‘J=e“smtn(ﬂ
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State Variable Analysis

i

___.:ﬂ-'rr,—]l

State Variable Analysis
UNIT (2 Marks Questiong)

4

Memory Based Questions

4.1. Define state.
aus The state of adynamic system is the minimal amount of information

required together with the initial conditions at ¢ = ¢ and inpyt
excitation to completely specify the future behaviour of the system

for any time ¢ > ¢,.

Define a state variable. AKTU 2011-12, Marks 02

These are the smallest set of variables which determine the state of
the dynamic system. If at least n variables, x (¢), x,(¢), ...., x (t), are
needed to completely describe the future behaviour of the system,
together with the initial state and input excitation, then these n
variables x,(t), x,(¢), ..., x (t) are a set of state variables.

i

What do you mean by state vector ?
The n state variables can be considered the n components of the
state vector X(t), described in n-dimensional vector-space called
the state space. The state vector :

X(t) = [x,(@), x,(0),..., x ()7

He

44. Give the equation of transfer matrix in state variable 4.10.

analysis,

ZBE Transfer matrixg = —:—;—((-8—;- =C[sI-A]"'B
s

e
ok
-

where, A is the system matrix of order (n x n).

g 'ia ﬂge input coupling matrix of order (n x 1). AR

18 the outpyt coupling matrix of order (1 x n). L

' . : near 2

45. List the advantages of state space representation of line ,

0N

Advantages of state space representation :

It is applicable for non-linear as well as time varying system.

It is easily applied to multiple input multiple output systems.

The method takes into account the effect of all initial conditions.
The vector matrix notation greatly simplifies the mathematical
representation of the system.

It can be conveniently adopted for digital computers as it involves

matrix algebra.

Mention the disadvantages of state variable analysis.

Disadvantages of state variable analysis :
This technique is complex and it involves extra code com plexity.

It is more time consuming because many calculations are required.
Greater difficulty to model distributed systems with state space

technique.

. Define diagonalization.

The transformation of a matrix into a diagonal matrix such as the
diagonal elements are represented by eigen values, is called

diagonalization.

Explain homogeneous system.
If in a state model of a system, A is a constant matrix and input
control forces are zero then the equation takes the form,

X(¢) = A X(P, such an equation is called homogeneous equation
and the system is called homogeneous system.

Discuss non-homogeneous system. | |
If in a state model of a system, if A is a constant matrix and input

control forces are applied to the system, then the system is called
non-homogeneous system.

Explain state transition matrix. | AKTU 2016-17, Mar} Q{’
(A?) is an n x n matrix and it helps in transition

The matrix ¢(f) = exp to any other state X(¢) for # > 0, hence ¢(¢) is

from initial state X(0) '
called state transition matrix.

e the properties of state transition matrix.

Writ tio
Prrl:perties of state transition matrix :
$(0) = e*’ = I
-1(¢) = (=)
fit ¢+ t)=explA(t+ t,)] = exp (At,) exp (At)
T ¢ (2,) §lt) = 8(t) §(t,)
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Z-Transfﬂrm ADEIYEIE

Z-Transform Analysis
(2 Marks Questions)

Memory Based Questions

5.1. Define Z-transform.
Z8& The Z-transform of a bilateral discrete-time signal x(n) is defined

as
4I2 For the state space matrix X)) = Zz‘(n)z"
=g -9 1=} ’o] The Z-transform of a unilateral discrete-time signal x(n) is defined
= | = n
= L0 -4fj=] |1 as

Xz)= 3 dn)z"

where z is a complex variable.
B T =-CI-4—R

What are the advantages of Z-transform ?

52
- £=9 -1 -!1_0] ZBE Advantages of Z-transform :
L0 s=4)i1] 1 They convert the difference equations of a discrete-time system
i 1 1 ) into linear algebraic equations so that the analysis becomes easy
- — and simple. o
=0 0 £29 G=9G=9]0 2 Convolution in time domain is converted into multiplication n 2-
0 1 |1 domain.
L s+4 3. Z-transform exists for most of the signals for which DTFT does
I 3 Ty not exist.
— = 1 0__ 1
(85909155 9) .1Jh(s+9)(s+4) 53. Give the limitation of Z-transform.
- 1 ZBE The limitation of Z-transform is frequency domain response cannot
- £ +13g:38 be achieved and cannot be plotted.

cee
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Basic Signals & Systems (2 Marks Questions)

SQ-BID(En.sem_a}
__-—--"""—-.
S =
L Unit step function :
gr)=1 for n20
20; for n<0

L X@)= Zixt)] = Zlu(m)] = 3 uln) 2

a={

ot
514
a=0

b A
=1z l42-24 ... =

The ROCis |z] > 1.

r—_—

z-1

2 Unit Impulse function :
dn)=1; for n=0
=0; for nz0

- =}

- X@)=Zlxn) =ZBn) = Y ()" =1

: (for all 2)
The ROC is the entire z-plane.

0; for n<o

X(Z) = Z‘.I(ﬂ)] — i nz™"

n=0

=04L270 422724 2 11425143224 )
- 4

(z-1)

The ROCis |2| > 1.

56. What is the condition for Z.

transform t ist ?
EEE The condition for the Z-tr oy

ansform to exist is the sum

o | x(n) | must be absolutely summable.

p—

6.7
AfiS.

am
oo Y

5.9.

5.10.

5.12.

5.13.

Z—T‘ransfnrm Analysig
What is ROC of Z-transform 7 o

The range of values of |

of X(2).

| for which X(») converges is called ROC

Mention some properties of the ROC

for Z-t
Properties of ROC ; ransform,
The ROC is a ring or disk in the »- 1 o
plane centered
The ROC cannot contain any poles. red at origin.

The ROC of an LTI stable system contains the unit circle
x(n) = d(n) is the on .

ly signal whose ROC 1S entire 2
-plane.
The R.OC must be a connected region. If x(z) is rational, then its
ROC is bounded by poles or extends upto infinity.

Discuss linearity pProperty.

It states that Z-transform of a wel

equal to the weighted sum of indivi
states that

if

and

ghted sum of two signals is
dual Z-transforms. That is, it

xl(n) (_EI—> X:l(z)
x-z(n) f‘ﬂ-) XE(Z)

then ax, (n) + bxy(n) « T aX,(2) +bX,(z)

State time shifting property.

The time shifting property of Z-transform states that
if

x(n) «* X(z) with zero initial conditions
then

x(n-m) <= 2" X(2)

Give the time reversal property of Z-transform.

The time reversal property of Z-transform states that
if x(n) «Z— X(2)

then x(-n) «Z 3 X [5

State convolution property.

It states that the Z-transform of !;he convolution ﬂ_f two signals is
equal to the multiplication of their Z-transforms, i.e.,

if x,(n) « & X, (2)

xy(n) T X (2)

then x,(n) * x,(n) «—— X;(2) X,(2)
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Rasic Signals & Systems (2 Marks Questions) SQ-23 D (EN

“Sem.g,
________“'----_

OR
State the initial value theorem of Z-transforms,

T
1L Imitisl vslve theorem :
I it exasts then,
xf0] = liﬁxin]=limX(z)
b 3 F’innltt}uethem
xlx] = lim:in]=lin:11(z—1}X(z)

314 Discuss Parseval's relation.
&BE Tbe Perseval’s relation of Z-transform states that
- ] x(n) « = 5 X (2) and x,(n) « & X, (2)

= . 1
then ; x.(r)x, *(n) = Eé X @X; (212 d2 for complex

x,(n) and x,(n)
315 Define transfer function of a system.

&BE The transfer function of a discrete-time 1
: ‘ system is d
T250 of the Ze-trags‘fcfrm of the output to the Z-tralfs%::f: z?' tﬂg
mput when the initial conditions are neglected. The transfer

funetion of a2 syste m is also defined as the Z-trans
: 3 -t
mpulse response of the system. " RSl the

-338 What is the necess g :
’ B ary and sufficient conditj
stability of discrete-time systems ? b K
< mma.nﬂ_ sufficient conditio

7-Transform

Analysls

e

—
e o —

1t is used to analyse LTI
continuous-time system.

__'I‘_hu range of values of s for

which X(s) converges is
called ROC of X(s).

il

It s uned o nnalyse 1,71
discrote-time Aynlomg

The range of values of z for which_

X(z) converges in called ROC of
X(z).

Convolution in time domain
is equal to multiplication in
s-domain.

S S T ST

Convolution in time domain is
equal to multiplication in
z-domain,

It converts differential
equations which are in time
domain into algebraic
equations in s-domain.

————

It converta differential equations
which are in time domain into
algebraic equations in z-domain.

strips parallel to jo axis in s-
plane.

The ROC of X(s) consists of

. e —"

The ROC of X(z) consists of a ring
or disc in z-plane centered at the
Origin.

|

Application Based Questions

5.18. Find the Z-transform of

i. 8(n-4)
ii. nd(n -2)
AnE
i. Given, x(n) = n - 4)
dn-4)=1 ;
=0 ’

forn=4
otherwise

-

4- -4
XGz) = Z[sn - ) = 2, Mn-42" =2

n=—a

'ROC is entire z-plane except at z=0.

ii. Given,
dq(n-2)=1
=0 ;

x(n) = ndn —2)

forn=2
otherwise

- - 2
X@) = ZI8n - ) = 3, ndln-2z" =22

[ TR

ROC is entire z-plane except at z = 0.

5.19. Find the Z-transform of x(n) = u(- n) using properties of

Z-transform.
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Basic Signals & Systems (2 Marks Ql_mal..lnl'qlfl) B NQ-26 D (WNﬁHum“m

AR Given, x(n) = u(-n)
|

2 i
Zlun)] = —7 . ROC s | 2] =|

Using the time reversal property,
2 1/z | |

s rr—— - . = - w
. - e ] p—

Zlu(-n)] = 1 "1/z)-1 1-z z-1

g=(1/8)

ROCis |z| < 1.

520. Prove that the initial value of x(n) for
X(2) =2%(z-1) (z - 0.2) is unity.
1

BB = hm — -
me EI—*T [1-(Q1/2)][1-(0.2/2)] :

521. Determine the inverse Z-transform of X(2) = s ROC is

Al /

1z]| > a.

; 1 -
AnRs Given, X(z) = p— , ROCis |z| > a

1

— . — re—1)=1
z1-azl) % (1-az™)

=z'(1+az 1+ a%2+0%3+ )

= Y. uln 1)
n=1

x(n) = a" 1 u(n - 1)

OO

Scanned by TapScanner



