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EC6303 SIGNALS AND SYSTEMS LTPC3104

OBJECTIVES:
_ To understand the basic properties of signal & systems and the various methods of
classification
__To learn Laplace Transform &Fourier transform and their properties
__To know Z transform & DTFT and their properties
_ To characterize LTI systems in the Time domain and various Transform domains
UNIT | CLASSIFICATION OF SIGNALS AND SYSTEMS 9
Continuous time signals (CT signals) - Discrete time signals (DT signals) - Step,
Ramp, Pulse, Impulse, Sinusoidal, Exponential, Classification of CT and DT signals -
Periodic & Aperiodic signals, Deterministic & Random signals, Energy & Power signals -
CT systems and DT systems- Classification of systems — Static & Dynamic, Linear &
Nonlinear, Time variant & Time-invariant, Causal & Noncausal, Stable & Unstable.
UNIT I ANALYSIS OF CONTINUOUS TIME SIGNALS 9
Fourier series analysis spectrum of Continuous Time (CT) signals- Fourier and
Laplace Transforms in CT Signal Analysis - Properties.
UNIT [l LINEAR TIME INVARIANT- CONTINUOUS TIME SYSTEMS 9
Differential  Equation-Block  diagram  representation-impulse  response,
convolution integrals-Fourier and Laplace transforms in Analysis of CT systems
UNIT IV ANALYSIS OF DISCRETE TIME SIGNALS 9
Baseband Sampling - DTFT —Properties of DTFT - Z Transform — Properties of Z
Transform
UNIT V LINEAR TIME INVARIANT-DISCRETE TIME SYSTEMS 9
Difference Equations-Block diagram representation-Impulse response -
Convolution sum- Discrete Fourier and Z Transform Analysis of Recursive & Non-
Recursive systems

TOTAL (L:45+T:15): 60 PERIODS
OUTCOMES: Upon the completion of the course, students will be able to:

_ Analyze the properties of signals & systems

_ Apply Laplace transform, Fourier transform, Z transform and DTFT in signal analysis
_ Analyze continuous time LTI systems using Fourier and Laplace Transforms

_ Analyze discrete time LTI systems using Z transform and DTFT

TEXT BOOK:

1. Allan V.Oppenheim, S.Wilsky and S.H.Nawab, “Signals and Systems”, Pearson,
2007.
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Discrete”, Pearson, 2007.
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4. M.J.Roberts, “Signals & Systems Analysis using Transform Methods & MATLAB”,
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Unit - |

Classification Of Signals and Systems

Part — A

1.What is meant by signal? [CO1-L1]

Il SEM

A signal is formally defined as a function of one or more variable, which conveys the

information.

independent variable.

2.What are the types of standard signals? [CO1-L1]

1. Unit impulse

2. Unit step

3. Unit ramp

4. Real exponential

5. Sinusoidal signal

3.What are the classification of signals? [CO1-L1-May/June 2012]

1.
2.
3.
4.

5.

Continuous — time signal and discrete — time signal
Periodic signal and a periodic signal

Even signal and odd signal

Deterministic signal and random signal

Energy signal and power signal.

4. What are the types of basic operations on signals? [CO1-L1]

1. Amplitude scaling of signal

2. Addition of signals

It is a physical quantity that varies with time in general or any other

Electronics and Communication Engineering Department 5 Signals and Systems
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3. Multiplication of signal

4. Differentiation on signal

5. Integration on signal

6. Time scaling of signal

7. Reflection of signal

8. Time shifting of signal.

5.Define unit impulse and unit step signals. [CO1-L1-May/June 2010]
Unit Impulse signal:

Amplitude of unit impulse is 1 as its width approaches zero. Then it has zero value at all
other values.

Unit Step Signal:

The unit step signal has amplitude of 1 for positive values of independent variable and
amplitude of O for negative of independent variable.

6.What is meant by continuous — time signal? Give one example. [CO1-L1]

A signal x (t) is said to be continuous — time signal if it is defined for all time t. For
continuous time signals, the amplitude of the signal varies continuously with time.

Ex: the speech signal is a continuous — time signal
7.What is meant by discrete - time signal? Give one example. [CO1-L1]

A signal x (n) is said to be discrete — time signal if it defined for discrete instant of time.
For discrete — time signal, the amplitude of the signal varies at every discrete value n,
which is generally uniform spaced.

Ex: crime rate for all year.

8.Write expression and graphical representation for the impulse function of CT
and DT signal.[Dec2013]

The expression of CT signal is given by

Electronics and Communication Engineering Department 6 Signals and Systems
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T S5(t) dt =1

d(t)=0fort=0

The expression of DT signal is given by

ié (n)=1

d(n)=1forn=0

9. Write expression and graphical representation for unit step function of CT and
DT signals. [CO1-L1-May/June 2012]

CT Signal

1 when0<n<ow
u(n)= i
0  other wise

Dt signal

1 when0 £t <w
u()= .
0 otherwise

10.Write expression and graphical representation of unit ramp function of CT and
DT signals. [CO1-L1-Nov/Dec 2014]

CT Signal

f(0 = t when0< t<
0 otherwise

DT signal

n when0 < n <w
r(n)= .
0 otherwise

Electronics and Communication Engineering Department 7 Signals and Systems
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11.State the two properties of unit impulse function. [CO1-L1-Nov/Dec 2014]

1) Shifting property:
j .-_ur};ﬁunn:.u[n
11) Replication property:

I (1) 8(r—1) dt = x(1)
12. Find the fundamental period of signal [CO1-L1-Nov/Dec 2010]

= si m +t)
x = sin (. 3
Solu:

x(t) = sm( 1
w

time period T =
_Tm
Y73

&
= — sec
7

13. Check e time whether the discrete signal sin 3n is periodic? [CO1l-H2-
May/June 2013]

The frequency of the discrete time signal is 3, because it is not a multiple of 1.
Therefore the signal is Aperiodic.

14. Distinguish between deterministic and random signals. [CO1-L2-May/June
2011]

Random Signal:

It has some degree of uncertainty before it actually occurs. The random signal cannot
be defined by mathematical expressions.

Electronics and Communication Engineering Department 8 Signals and Systems
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Deterministic Signal:

There is no uncertainty occurrence. It is completely represented by mathematical
expressions.

15. Determine the period of the signal[CO1-L1-Nov/Dec 2011]

x = 2cos(nm/4)

Solu:
2nfn =nm/4
m 1 1 /0
= — ¥ — =
f 4 2w /

We know that. i=1/T
So T = 8sec

16.Write expression and graphical representation of real exponential function of
CT signals. [CO1-L1-Nov/Dec 2009]

A real exponential signal is defined as x(t) = Ae™
where both A and a are real.
Depending on the value of ‘a’ we get different signals.
If ‘a’ is positive, the signal x (t) is growing exponential.

If ‘a’ is negative, the signal x (t) is decaying exponential. For ‘a’ =0, then x (t) is
constant.

17.When is a system said to be memory less? Give an example. [CO1-L2-
May/June 2010]

If the system output does not depend the previous input, it only depends the present
input. Then the system is called memory less or static system.

Eg:

y(t) = 2x(t) + x(t)
y(n) = x(n) + ‘-.n'r.x(n}

Electronics and Communication Engineering Department 9 Signals and Systems
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18.What is mental by periodic and Aperiodic CT and DT signals? [CO1-L1-
May/June 2009]

A continuous — time signal x (t) is said to be periodic if it satisfies the condition.
X (t) = x (t+T) for all t.
Where T = fundamental period

If the condition does not satisfy for at least one value of t, then the CT signal is
Aperiodic

A discrete time signal x (n) is said to be Periodic if it satisfies the condition.
x (n) =x (x +N) for all n
Where N = fundamental period.

If the condition does not satisfy for at least one value of n then the discrete — time signal
is Aperiodic.

19.Define energy and power signals. [CO1-L1-Nov/Dec 2010]

Energy Signal:

A signal is said to be an energy signal if its normalized energy is non zero and
finite.

For an energy signal, P=0.i.e., 0<E<w
Power Signal:

A signal is said to be the power signal if it satisfies 0 < P < =
For a power signal, E = «

20.What is meant by symmetric (or) even signal and anti — symmetric (or) odd for
CT signals? [CO1-L1-Nov/Dec 2009]

A continuous — time signal x (t) is said to be symmetric or even if it satisfies the
condition x (-t) = x (t) for all ‘t’

Ex: x (t) =Acost

Electronics and Communication Engineering Department 10 Signals and Systems
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A continuous — time signal x (t) is said to be anti — symmetric (or) odd signal if it
satisfies the condition x (-t) = -x (t) for all't’

Ex:x () =Asint
21. What is meant by energy and power CT signal? [CO1-L1-Nov/Dec 2011]
A continuous — time signal x (t) is called an energy signal if the energy satisfies 0 < E <
oo for an energy signal P =0

:
E = lim [Ix@F dt joules
T

A continuous — time signal is called an power signal if the power satisfies 0 < P <w. For
an power signal E = «

.
P = lim—t j|x (P dt watts
Toow 2T k8

22. What is the classification of system? [CO1-L1-Nov/Dec 2009]
The classification of systems is,

(). Linear and Non-Linear systems

(ii). Time invariant and Time varying systems.

(iif). Causal and Non causal systems.

(iv). Stable and unstable systems.

(v). Static and dynamic systems.

(vi). Invertible and non invertible systems.

y(&) = x% g |inear and

23.Verify whether the system described by the equation
time invariant. [CO1-L2-May/June 2010]
The system is linear since output is direct function of input.

The system is time variant since time parameter is squared in the given equation.

Electronics and Communication Engineering Department 11 Signals and Systems
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24. Draw the signal x(n) = u(n) — u(n-3) [CO1-L1-May/June 2011]

um} | N |

Thih

o
uln—23)
[ !
—1

| O

A.-
E
E—
5
.."'.’:

L Thus x(n) = {11 1} _
v T PN e O NI RS, Lt T R B

25. Check whether the following system is static/dynamic and casual/non casual
y(n) = x(2n) [CO1-H2-Nov/Dec 2009]

If n=1, y(1) = x(2). This means system requires memory. Hence it is dynamic system.
Since y(1) = x(2), the present output depends upon future input. Hence the system is
non casual.

PART - B

1.Check for linearity, time invariance, causality and stability for y(n)=x(n*)[CO1-
H2-Nov/Dec 2010]

Solution:

Electronics and Communication Engineering Department 12 Signals and Systems
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Test for linearity:
For an input x,(n) and corresponding output v,(n)
yi(n)=x,(n%)
1%y, (n)=x,(n%)
ayy (n)+by, (N)=ax,(n*)+bx,(n%)
ayy (n)+byz (n)= ayy(n)+by, (n)

Therefore Linear system
Test for time invariance:
Y(n)=T[x(n)]

=x(n?)

Output due to delayed input by k unit,
Y(n, K)=T[x(n,-k)]

=x(n® =Ry —> (1)
Delayed output is,
Y(n-k)=x(n — k¥@—>
0 -0
Therefore System is time variant
Test for causality:
Y(n)=x(n")
Y(0)=x(0)
Y(-1)=x(1)

Y(1)=x(1)

Electronics and Communication Engineering Department 13
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Y(2)=x(4)

The output depends on future values of input . Hence system is non-causal
Test for stability:

Gn: y(n)=x(n")

Let x(n)=6(n) and

Y (n)=h(n)

h(n)=d(n?)
n=0== h(0) =6 (0)

=1
n=1== h(1)= &(1)

=0
n=-1== h(-1)=5(1)

=0

Tr . |h(n)|<e
Therefore system is stable

2.x(n)={0,2,-1,0,2,1,1,0-1} what is x(n-3) x(n-1) ? [CO1-L1-Nov/Dec 20111]

%(n}

Electronics and Communication Engineering Department 14 Signals and Systems
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%(n-3)
2 2
10 1 2 3 a 5 6 7 3 9 n
1 1
x(-n)
2
| ‘
-4 3 2 1 o 1 1 3 4 5 n
%(1-n)
) 2
1
-3 2 1 0 1 2 |3 4 E 6 n
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3. Explain the Classifications of Continuous time signals with Examples. [CO1-L2-
Nov/Dec 2014]

A signal is a quantitative description of a physical phenomenon, event or process. More
precisely, a signal is a function, usually of one variable in time. However, in general,
signals can be functions of more than one variable, e.g., image signals. Signals are
functions of one or more variables.

Classifications of Continuous time signals:
Periodic and non-periodic Signals

A periodic function is one which has been repeating an exact pattern for an infinite
period of time and will continue to repeat that exact pattern for aninfinite time. That is, a
periodic function x(t) is one for which

X (t) = x(t+nT)

for any integer value of n, where T >0 is the period of the function and -~ <t <~ . The
signal repeats itself every T sec. Of course, it also repeats every 2 T,3T and nT.
Therefore, 2T, 3T and nT are all periods of the function because the function repeats
over any of those intervals. The minimum positive interval over which a function repeats
itself is called the fundamental period TO.TO is the smallest value that satisfies the
condition x (t) = x ( t+T0). The fundamental frequency f O of a periodic function is the
reciprocal of the fundamental period f 0=1/TO. It is measured in Hertz and is the number
of cycles (periods) per second.The fundamental angular frequency w0 measured in
radians per second is w0=2TO= 2mf0. A signal that does not satisfy the condition in
(2.1) is said to be a periodic or non-periodic.

[ I Deterministic and Random Signals

A deterministic signal is one which can be completely represented by Mathematical
eguation at any time.In a deterministic signal there is no uncertainty with respect to its
value at any time.

Eg: x(t)=coswt
x(n)=21rfn

A random signal is one which cannot be represented by any mathematical equation. Eg:
Noise generated in electronic components, transmission channels, cables etc.

Electronics and Communication Engineering Department 16 Signals and Systems
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Energy and Power Signals:

The signal x(t) is said to be power signal, if and only if the normalized average power p
is finite and non-zero. ie. 0<p<e

A signal x(t) is said to be energy signal if and only if the total normalized energy is finite
and non-zero. ie. 0<E<e

E= j_’fx|x(t;.|3 dt
P=lim; __ 1;’iji.i|l‘[t)|2 dt

Even and Odd Signal

A continuous — time signal x (t) is said to be symmetric or even if it satisfies the
condition x (-t) = x (t) for all 't

Ex: x (t) =Acost

A continuous — time signal x (t) is said to be anti — symmetric (or) odd signal if it
satisfies the condition x (-t) = -x (t) for all't’

Ex:x () =Asint
Sinusoidal signal:
A continuous time sinusoidal signal is given by,x(t) = ACos(00T + )
Where, A — amplitude _- phase angle in radians
Exponential signal:
It is exponentially growing or decaying signal.

Mathematical representation for CT exponential signal is,x(t) = Ce* where C,a € C

4. Find whether the following signals are periodic or not. [CO1l-H1-May/June
2013]

(i) x (t)=2cos (10t +1) —sin (4t —1)
(i)x (t) = cos 60 wt + sin 50 =t

(iii) x (t) =2u (t) +2sin 2t

Electronics and Communication Engineering Department 17 Signals and Systems
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(iv)x (t)=3cos4t+2sin2mt

(V)x(t)=u(t)-1/2

() Given x1 (t)=2cos (10t + 1) —sin (4t -1)

Time period of 2 cos (10t +1) is T = i—g =%sec

Time period of sin (4t-1)is T, = 2T”:%sec

Ratio of two periods is % = _é

2

NN o N

Is a rational number. There fore the sum of two signals are periodic and the period is
given by

T=2T,=5T, ==n sec

(if) Given x; (t) = cos 60nt + sin 50xt

2

Period of cos 60nt is T, _or 1
60z 30
Period of sin 50 nitis T, = 2z_1
50 25
1
The ratio 1230 _2
T, 1 6
25

Is a rational number hence x; (t) is a periodic signal.

The time period = 6T, = 5T, = %sec

Electronics and Communication Engineering Department 18 Signals and Systems
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@iii)x (t)=2u (t) + 2 sin 2t

Period of the signal 2 sin 2tis T, = 277[ =

The signal 2 u (t) is aperiodic
There fore the signal 2 u (t) + 2 sin 2t is an aperiodic
(iv)x (t)=3cos4t—-2sinmt

The period of signal 3cos 4tis T, = %Tﬂ :%

The period of signal 2 sin ntis T, = 27 _ 2
T
The ratio of time period ~* = zi2_=z
T, 2 4

Is not a rational number

Therefore the signal is not periodic
(V)X ({t)=u(t)-%

This signal is not periodic

5. Find the even and odd components of the following signals. [CO1-H1-May/June
2012]

(i) x (t)=cost+sint+costsint

(iyxn)={2,1,2,-1,3}

() Given x (t) = cost+sint+costsint
X (-t) = cos (-t) +sin (-t) + cos (-t) sin (-t)

X (-t)=cost—sint—costsint

&mzévm+um

Electronics and Communication Engineering Department 19 Signals and Systems



S.K.P. Engineering College, Tiruvannamalai

Il SEM

1 . : . .
Xe () = > [(cost + sin t+ cost sin t) + (cost —sin t — cost . sin t)]

Xe (1) = % (2 cost) = cost
Xe (t) = cost

mm=§v®—um

1 : . . .
Xo (t) = > [cost + sin t +cos t sin t] + (cost + sin t —cost . sin t)]

Xo (t) = %[2 sint + 2 sin t cost]

Xo (t) =sint + cost sin t
(i) Given x (n) ={-2, 1, 2, -1, 3}

n=-2,-1012
m«0=§bum+xcm]
Atln=0

XA®=%V@+MQ]

Xe (0) =§ 2+2]

Xe (0) =2

Atn=1

XAD=%VGHXHM

Electronics and Communication Engineering Department 20
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[-1+1]

N |~

Xe (1) =0

Atn =2

xaa=§v@wmom

1
=5 32

Xe (2) = 0.5

= %e (N) ={0.5, 0, 2, 0, 0.5}
xOm):étx«o—xcm]
Atn =0

xumzév@—um]

Xo (O)=%(2—2)=0

Xo (O) =0

Atn=1

xun=§vur«cm

xnnzérru

Xo (1) =1

Atn =2

xuazév@r«cm

Electronics and Communication Engineering Department
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Xo (2) = % [3+2]

Xo (2)=§

— Xo (N) ={-2.5, 1, 0, -1, 2.5

6. Find which of the following signals are energy signals, power signals, neither
energy nor power signals. [CO1-H1-Nov/Dec 2011]

(i) x1(t) = e u (1)
_ T
(i) x2 () =/ @+ )

(iii) x3 (t) = cost
i) Given x (t) = e u ()

The energy of the signal

]
— L 2
E = lim j x, (O dt

.
— hL -3ty 2
E—Hmi@) dt

T

E= Lim e dt
£ = tim| 1
T—ow© _6
E = [e*];
-6
E = E
—6

Electronics and Communication Engineering Department 22 Signals and Systems
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E:l
6

The power of signal

I N
P—pg;;ﬂ&@lm
]
lennj;je“dt
Tow 2T s
-6tqT
p= fimL [t
22T —6
P _ 1 [e-ﬁt ]g
2(0) -6
P=0

The energy of the signal is finite, and the power is 0. There fore the signal x; (t) is an
energy signal.

(”) X2 (t) — ej (2t+ m/u)

The energy of the signal

]
— L 2
E—ggym®|m

T V.4
. j(2t+=)
E= Ilmj ey dt
T
T
E = lim[2T] =<

Electronics and Communication Engineering Department 23 Signals and Systems
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i@+
u

:

The power signal [ e

j@t+~

= nm[—]j dt

.1
=lim—[2T]=1
p Tow 2T[ ]

Il SEM

The power of the signal is finite and the energy of the signal is infinite. Therefore Xx,(t) is

a power signal.

@iti)  x3 (t) =cost

.
E :lim cos®t dt

E= 1I|m _[(1+c032t) dt

1 T
E= =lim dt+||m cost2 dt

T%oo
E="[0o+0
2[ 1
E=wx

P= I|m—J'cos t dt

Tow

P= I|m—j(1+cosz t)dt

T—w

P= lim {@-{-0}
4T

T

Electronics and Communication Engineering Department 24
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P= Iim(lj
T 2

P=%
The signal energy is infinite and power of signal is finite. Therefore x;(t) is power signal.

7. Check whether the following signals are energy or power signal. [CO1-H2-
May/June 2014]

(i) X1 (n) = [%]“u(n)

(i) x> () = & (%m%j

(i) X3 (n) = cos (%n]
mxum:(¥)wm

3

N
E= Liﬂn;‘|x(n)|2

© 1”
E= -

5(s)
1

- 1-1/9
E=9/8
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" !IILTJOZN 1ZI of

N n
P fim—t zﬁ
N-o 2N +143\ 9

® 1 n
P= =
eisls)
o_ 98
o0
P=0

The energy is finite and power is zero. Therefore x; (n) are energy signal.

(i) Xo(n) = & (Tzn %j

N~>oo

~ lim L(zN 1)
Now 2N +

P=1

The energy is in finite and power is finite. Therefore x, (n) are power signal.
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(i) xs(n) = COS(%n)

N T
E= lim Z cos’ (Zn]

N
E= lIim (1+cos%n)

2 Noow ¢

- Yiimen+1)

2N—>oo

N
P= iIim 1 Z(cos Znjtlj
2 N2 2N +1 £, 2
1
P= —Ilm—[2N +1+0]
2Neoo2N
P=%

The energy is in finite and power is finite. Therefore x5 (n) are power signal.

8. Explain the classifications of System with an Examples. [CO1-L2-Nov/Dec 2015]

A system is a set of elements or functional block that are connected together and
produces an output in response to an input signal.

Eg: An audio amplifier, attenuator, TV set etc.

Electronics and Communication Engineering Department 27 Signals and Systems
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CT systems are classified according to their characteristics as follows
(). Linear and Non-Linear systems

(i). Time invariant and Time varying systems.

(iif). Causal and Non causal systems.

(iv). Stable and unstable systems.

(v). Static and dynamic systems.

Linear and Non-Linear systems

A system is said to be linear if superposition theorem applies to that system. If it does
not satisfy the superposition theorem, then it is said to be a nonlinear system.

The continuous system is linear if,
Flalx1(t) + a2x2(t)] = alyl(t) + a2y2(t)
The discrete system is linear if,
Flalx1(n) + a2x2(n)] = alyl(n) + a2y2(n)
[JOtherwise the system is non linear.
Causal and non-Causal systems.

A system is said to be a causal if its output at anytime depends upon present and past
inputs only.

A system is said to be non-causal system if its output depends upon future inputs also.
Eg. for causal system.
Y(t) = x(t) + x(t - 1)
Y(n) = x(n) + x(n - 3)
Eg. For non causal system,
Y(t) = x(t+3) + x2(t)

Y(n) = x(2n)

Electronics and Communication Engineering Department 28 Signals and Systems
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Stable And Unstable Systems.

When the system produces bounded output for bounded input, then the system is called
bounded input, bounded output stable.

A system which doesnot satisfy the above condition is called a unstable system.
Time Invariant And Time Varying Systems.

A system is time invariant if the time shift in the input signal results in corresponding
time shift in the output. A system which does not satisfy the above condition is time
variant system.

Examples of time-invariant systems:

[T The RC circuit considered earlier provided the values of R or C are constant.
v(n) = x(n—1)

Examples of time-varying systems:

[ 11 The K circuit considered earlier if the values of R or C change over time.
v(t) = x(2t) since

x(t) = x(2t) but x(t —t,) = x(2t—1t,)
Static And Dynamic System.

A system is said to be static or memoryless if its output depends upon the present input
only. The system is said to be dynamic with memory if its output depends upon the
present and past input values.

Examples of memory less systems:
v(t) =Rx(t) or y(n) = (2x(n) —x*(n))"
Examples of systems with memory:

vit) =%f_:c x(t)dt ory(n) = X(n—1)
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9. Determine whether the following systems are time invariant or not. [CO1-L1-
May/June 2012]

i) Y(t) = tx(t)

i) Y(n) = x(2n)

Solution:

1)

Y() = tx(t)
Y() = T[x(t)] = tx()
The output due to delayed mput s,
Y(t.T) =T[x(t- T)] = tx(t - 1)
If the output 1s delayed by T, we get
Yt-T)=0¢-T)x(t-T)

The system does not satisfy the condition, y(t.T) = y(t — T).

Then the system is time invariant]|

Y(n) =x(2n)
Y(n) =x(2n)
Y(n) =T[xm)] =x(2n)
If the input 1s delayed by K units of time then the output 1s,
Y(n k) =T[x(n-k)] =x(2n-k)
The output delayed by k units of time 15,
Y(n-k) =x[2(n-k)]

Therefore, y(n k) 1s not equal to y(n-k). Then the system 1s time vanant.

8. Check whether the following system are linear on not [CO1-H1-May/June 2015]

@i) y(n)=Ax(n)+B

(i) y(n) = n x(n)

(@iii) y(n) =2x(n) +

x(n-1)
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(iv) y(t) = e
(V) y(t) = x*(t)
(vi) y(0) = £°(t)
(i)

given

y(n) = Ax(n)+B

yl(n) = Axl(n) +B— (1)
Y, (n) = sz(n) +B— (2)
Y,(n) = Ax;(n)+B — (3)

Adding equation (1) & (2)
y.(n)+Y,(n) = A[x,(n) +X,(n)]+ 2B — (4)
equation (4) # equation (3)
Then, the system is non-linear
(i) given

y(n) =nx(n)

yl(n) = nxl(n) - (@
Y, (n) =nx,(n) - (2)
Y3 (n)= NX, (n)—(3)

adding (1) & (2)
y,(n)+Yy,(n)=n [Xl(n) + Xz(n)] —(4)
equation (3) = equation (4)

Them the system is linear
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(iii)
y(n) = 2x(n) + X
yl(n) = 2X1(n) + X (n _1) - (1)
given !
yz(n) = 2X2(I’]) + X (n _1) - (2)
y5(n) =2x,(n) + x.(n-1) —(3)
adding (1) & (2)
1 1 . :
y.(n) +Y,(n) = 2[x,(n) + x,(n)] + D) + D — (4) Equation (4) # equation
3)
Then the system is non-linear
(iv)
y(t) = e
y(t) =
yl(t) =enl @
Y, (t) =e*l (2)
Ys (t) =e®® (3)
adding (1) & (2) y,()+y, (1) =V + e 5 (4)
(3) become

y,(1) +Y,(t) = 070 5 (5)
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equation (4) # equation (5)

Then it is non-linear

(v)

y(t) =x*(1)

y,(8) =x; (1) > (1)
Y, (1) =%3(t) > (2)
Ya(t) =x5(t) > (3)

adding (1) & (2)

Yo (1) +Y, (1) = XE (1) + X5(t) — (4)
(3) becomes

Vi) + Y, (1) = [x,(1) + x,(1)]” > (5)
equation (4) # equation (5)
Then it is non — linear
(vi)

y(t) = (1)

Y, (1) = "%, (1) > (D)
Y, (1) = "%, (1) > (2)
Ys(t) = X4 (t) > (3)

adding (1) & (2)
Y.(D)+Yy,(t) = t? (Xl(t) +X, (t)) —(4)
(3) becomes

Y, (1) = X,(t) + X, (t)] = (5)
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equation (4) = equation (5)

Then, the system is linear

UNIT -1

Analysis of Continuous Time Signals

Part — A

1. Write down the exponential form of the Fourier series representation of a
Periodic signal? [CO2-L1-May/June 2012]

J.'EI’) — er_,".'«:'.-.':'
1 T
Wherea, = -x(t)e™ /%",

here the integration is taken from O to T.

The set of coefficients { ak} are often called the Fourier series coefficients or spectral
coefficients. The coefficient ao is the dc or constant component of x(t).

2. Write short notes on dirichlets conditions for fourier series. [CO2-L1-May/June
2014]

X(t) must be absolutely integrable
The function x(t) should be single valued within the interval T.

The function x(t) should have finite number of discontinuities in any Finite interval of
time T.

The function x(t) should have finite number of maxima &minima in the interval T.

3. State Time shifting property in relation to Fourier series. [CO2-L1-Nov/Dec
2012]

x(t —ty) = a, e TF

Time shifting property states that; when a periodic signal is shifted in time, the
magnitudes of its Fourier series coefficients remain unaltered.
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4. State convolution property in relation to Fourier transform. [CO2-L1-May/June
2011]

Y(H)= x@®)*h(t) =Y (jw)= H{jw)X(w)

Convolution property states that convolution in time domain corresponds to
multiplication in the frequency domain.

5. State parseval’s relation for continuous time Fourier transform. [CO2-L1-
May/June 2012]

If x(t) and X(jw) are a fourier transform pair then

x(£)?dt =—|X (jw|*dw

6. What is the use of Laplace transform? [CO2-L1-Nov/Dec 2009]

Laplace transform is another mathematical tool used for analysis of signals and
systems. Laplace transform is used for analysis of unstable systems.

7. State the time shifting property for Laplace transforms. [CO2-L1-May/June
2012]

Let x(t) X(S) be a laplace transform pair.
If x(t) is delayed by time #,,then its laplace transform is multiplied by ™=
LTx(t—t,)=e " X(S)
8. State initial value theorem and final value theorem for Laplace transform.
[CO2-L1-May/June 2012]
If L[x(t)]=X(s), then initial value theorem states that x(0)=lim____ SX(5)

If L[x(t)]=X(s), then final value theorem states that x(==)=lim.__,5X(5)
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9. What are the difference between Fourier series and Fourier transform? [CO2-
L2-May/June 2010]

S.NO | Fourier Series Fourier Transform

1 Fourier series 1s calculated | Fourter Transform 1s calculated for
tor periodic signals. non-periodic as well as periodic

signals.

2 Expands the signals in time | Represents the signal in frequency
domain. domain

3 Three types of Fourier series | Fourier transform has no such types.
such as trigonometric, Polar
and Complex Exponential

10. Find the Laplace transform of the signal x(t) = e *u(t)[CO2-L1-May/June
2013]

We know that,

X () Zf_Zx(t)e—fﬂt dt:f

— 00

[ [

e u(te 2 dt = f e~at g=J2t q¢
0

— (P p—(atjo)t gp e e _ 1
J-0 € at [—(a+m) —(a+m)] a+jn
1
X(ﬂ)_a+jﬂ

11. Define the Fourier transform pair for continuous time signal. (Or) Give
synthesis and analysis equations of CT Fourier Transform. [CO2-L1-Nov/Dec
2012]

Fourier Transform: X(w) = [~ x(t)e™“*dt
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Inverse Fourier Transform: x(t) = if X(w)e™ dw
2wy —ee

12. Find inverse Fourier transform of X(w)=2mwd (w). [CO2-L1-May/June 2015]

Inverse Fourier Transform: x(t) = — [~ x(w)e’** dw

r OO

1 )
x(t) = EJ 2nd(w)e’™ dw

=1 since d(w)=1forw =10
Ofor w=10
13. State the time scaling property of Laplace Transform. [CO2-L1-May/June 2013]

It states that If LT[x(t)] =X(S) then,LT[x(at)] = =¥ ()

14.Define region of convergence of the Laplace Transform. [CO2-L1-Nov/Dec
2012]

For a given signal the range of values of S, for which the integral filx(r)l dt converges

is called the region of convergence. i.e [__|x(¢)e /™| dt < w

15. State the relationship between fourier transform and laplace transform. [CO2-
L1-May/June 2015]

The Laplace Transform is given by X(5) = j_'*; x(t)e™ dt
The Fourier Transform is given by X (w) = [ x(t)e™/“* dt
The Laplace Transform is same as Fourier Transform when 5 = jw

16. State any two properties of ROC of laplace transform X(s) of a signal x(t).
[CO2-L1-Nov/Dec 2014]

Properties of ROC:

No poles lie in ROC.
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ROC of the causal signal is right hand sided. It is of the form Re(s)>a.
ROC of the non causal signal is left hand sided. It is of the form Re(s) < a.

The system is stable if its ROC includes j w axis of s-plane.

17. What is the condition to be satisfied for the existence of Fourier transform for
CT periodic signhals? [CO2-L2-Nov/Dec 2011]

The function x(t) should be absolutely integrable for the existence of Fourier transform.
e/ lx(t)ldt <o

18. Determine Fourier series coefficients for signal costrt [CO2-L1-May/June
2012]

jmt —jmt

B~ T8 -
Cosnt =

Fourier series is given as,

x(t) = i X(K)el*™®
19. State parseval’s theorem for continuous time a periodic signal. [CO2-L1]
Let x1(t) and x»(t) be signals with Fourier transform x,(jQ2) and x»(jQ2) respectively.

Then we have

T 2 17 ; 2
[IXOF dt=— [ |x(jQ) [ dQ
e 2r °,

20.State time shifting property and Frequency shifting property of Fourier
transform. [CO2-L1-May/June 2015]

Time Shifting Property

If F[x(t)] = x(jQ) then F[x(t-to)] = x(jQ2)e *®
Frequency shifting property

If F [x(0)] = x () then

F [x(t) €% = X[Q - Q0)]
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21. State time differentiation and Time integration property of Fourier transform
Time Differentiation[CO2-L1]

IfFx )] =x(Q) =x(Q)then

FD x(r)dr}

—o0

- inx( jQ)+1X(0).5(Q)

Time integration

IfFFx @] = x (Q) =X () then

FD x(t)dr}

—o0

1 .
= o x (jQ) +mX(0).S(Q)

22. Define the Laplace and Inverse Laplace transform. [CO2-L1-Nov/Dec 2014]

The laplace transform of a signal x(t) is defined as

X(s)= T X(t)e 'dt

—o0

where s is complex frequency denoted by s = 6+jQ

G+]joo

x(t)=2iﬂj J' X(s)evds

G—jo

23. What is the condition for convergence of the Laplace transform? [CO2-L2-
May/June 2010]

The necessary condition for convergence of the Laplace transform is absolutely integral
of x(t) . That is, X(s) exist if

<o

]g |x(t)e"’t

24. Obtain the Fourier transform of x(¢) = e™* u(t), a = 0[CO2-L1]
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X(w) = Jr_i x(t)e 27t ¢

_ J"‘c o5t E—_.I'Eﬂfrdt

1
a+jinf

25. State any two properties of continuous time Fourier transform. [CO2-L1]
Convolution In time domain
It states that,
N FT . .
x (*y(t) ©X (2)Y(Q)
Frequency shifting

It states that.
. FT
x (1) e/l &X(1Q-112,)

Part — B
1.Find the inverse Laplace transform of F(s) =5I,j:i_|3 [CO2-H1-May/June 2013]
Solution:
512
F(s) ~is+1)]
S'Zzi—i—%— - -
5 5= (5+1)7 (5+1)%

S-2=A(5+ 1)+ B(5)(S+ 1)+ C(S)(5+1)=Ds

Put s=0 Put s=1
-2=A -3=-d
D=3

Equate the coffe of s*
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0=A+B

0=-2+B

B=2

Equate the coffe of s*
0=A(5*+1+35+35)+B[S(s*+1+25)]+C
0=A(5®+35*+35+1)+B(S*+5+25%)+cC
0=3A+2B+C

0=3(-2)+4+C

0=-6+4+C

C=2

X7+t ot e

X()= -2u(t)+2e " ult) + Ere‘*u(t)+§e‘*u(r)

2.State and derive the formula for Fourier series analysis of continuous — time
periodic signals. [CO2-H1-May/June 2009]

A periodic signal is one which repeat it self periodically over - «© < t <. For example, a

sinusoidal signal x (t) = A sin Q.t is a periodic signal with period T :;—7[. Now let us

0

consider a signal x (t) a sum of sine and cosine functions whose frequencies are
integral multiple of Q, as shown below.

x(t)=ao+ Zk:[ancos (nQ,t) +b,sin (NQ,t)]

n=1

Where a,, a1 . . . ... axand by, by ... ... by are constant and Qg is the fundamental
frequency

x () = (t+T)

Electronics and Communication Engineering Department 41 Signals and Systems



S.K.P. Engineering College, Tiruvannamalai Il SEM

k
X (t+T) = ag + > [a, €0 NQ, (t+T) +b, sin nQ, (t+T)]

n=1

k
X (t+T) = ao + ) [a, cos (N t+2n7) +b, sin (NQ,t+27n)]

n=1

X(t+T)=ap + Zk:[an cos (nQ,t) +b, sin (N, t)]

X (t+T)=x(t)

This series of sine and cosine term is known as trigonometric Fourier series and can be
written as.

X (1) = a0+ 3 [a, cos (1) +b, sin (19,H] - (1)

Evaluation of Fourier coefficient

The constants ag, a; .. .an,and by, by, ... .. b, are called as Fourier coefficient.

To evaluate ap we shall integrate both sides of equation (1) over one period (to, to+T) of
X (t) at an arbitrary time t,.

Thus

to+T to+T W o
j X (t) = a, _[ dt +a, j {Z[an cos (NQ,t) +b, (sin nQot)]}
to n=1

to to

to+T to+T to+T to+T

j X (t) dt=a, T+§:an j cos (1) dt+> " b, j sin (NQ,t) dt — (2)

to to to

Each of the integrals in the summation in equation (2) is zero since net areas of
sinusoids over complete periods are zero to any non — zero integer n and any t,.

Thus we obtain
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to+T

- j cos (NQ,t) dt =0
Ix(t)dt =a,T| °

to+T
f o | sin (nt) dt=0

to

Then

l'£0+T
ao= = [ x(t)dt

to

To find Fourier coefficient a,, multiply equation (1) by cos (n1 Qot) and integrate over
one period. Thatis

to+T to+T

I X(t) cos (mMQ,t)dt=a, .. _[ cos (mgy,t) dt
to to
© to+T

a, J' cos (nQ,t) cos (MQ,t) dt
=1

to

—+

>

to+T
b, j sin(nQ,t)cos (MQ,t) dt — (3)

to

+

NgE

1l
=

n

The first integral on the right — hand side of equation (3) is zero because we are
integrating over are integer multiple of periods.

Then

to+T T
j X (t) cos (MQ,t) dt =a,, .

to

Re arrange, we get

to+T

am= = {[ X (t) cos (m€,t) dt
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to+T

a, = T J' X (t) cos (NQ,t) dt To find b, multiply equation (1) by sin (mQot) we
to

to+T to+T

j X(t) sin (mQt) dt = j a,sin (MQ,t) dt
t to

© to+T

obtain.+>a, I cos (NQ,t) sin (MO, t) dt

n=1 to

o to+T
+>'b, j sin (nQ,t) sin (M) dt

n=1 to

This time the only non zero integral is

2 to+T .

b = = J X (t) sin (mQ,t) dt
2 to+T

by = = J X () sin(nQ,t) dt
Note: -
e 0 m=#n
j cos (nQ2,t) cos (MQ,t) dt =
; T/2 m=n =0

to+T
J' sin (n€2,t) cos (m €,t) dt= 0 for all m, n

to

t,+T

0 0O m=#=n
sin (nQ, t) sin (mMQ,.t) dt =

J sin (02,0 sin (0,1 {T/2m=n¢0

to

3. Find the trigonometric Fourier series for the periodic x (t). [CO2-H1-Nov/Dec
2011]

For the given signal the period T = 4 for our convenience we choose one period of the
signal from t = -1 to t =3 rather than from t =0 to t= 4 to reduce the number of integrals.
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The fundamental frequency Qg = 2 2% %

T 4 2

And x (t) =ao + ) [a, cos (%t}t b, sin(%rtj
n=1

) 1for-1 <t <1
Given =x (t) =
-1 for 1<t <3
lt0+T 13
ao=— | x@)dt== | x(t)dt
0 th0 ) 4£ ®

ap

1 1 3 1
ZHdt +!(-1) dt} =5 10-01-@-1)]

1
ag=—=(2-2)=0
0 4( )

ag=0

to+T

an = = tj; X (t) cos (nQ,t) dt

3
a, = iIx (t) cos [n—”t}dt
2 2

17 nx : nx
a, ——_[cos —t dt+j(-1) cos | —t |dt
27 2 1 2

Electronics and Communication Engineering Department 45

Il SEM

Signals and Systems



S.K.P. Engineering College, Tiruvannamalai

to+T

2 .
b, = = J X () sin (nQ,t) dt

3
b = ijx(t) sin (”—”t]dt
20 2

SHE IRl

1 -2 1F/4 (1F/4 2 3nrx 3nrx
b, ==| —| c0S—-C€0S —— [+—| COS———C0S——
Z{Hﬂ[ 2 2 } nﬂ'( 2 ﬂ

b, :1[‘—2[0]+i[01}
1V/4

2\ nx
1
b. ==[0
" 2[ ]
b, =
0 n=even
a =2 sin T ] 4 h-159, 13
nz 2 nz
-4
—n=3,7,11,15
nrx
There fore
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X ()= > a, cos nTEt
n=1

X () = 4 cos | Zt _4 oS 3—”t +i oS 5—”t
Vs 2 2 2

3z

X (t) = 4 [cos (%tj—%cos (%t}%cos(%t} ..... }
T

4. Obtain the inverse Laplace transform of x(s)=

[CO2-H1-Nov/Dec 2012]

Solution:

1
£2e3542

X(S) =

1=A(S+2)+B(S+1)

Put S=-1 Put S=-2

A=1 B=-1

X®) =55~ 5

For ROC: -2<Re[s]<-1 Re[s]>-2
Re[s]<-1 e mtu(t)
-~ u(t)

X(t)=—e"*u(—t) — e Fu(t)

Electronics and Communication Engineering Department

47

Il SEM

—— , ROC: -2<Re{s}<-1

Signals and Systems



S.K.P. Engineering College, Tiruvannamalai Il SEM

5. Find the trigonometric Fourier series for the periodic signal x (t) as shown in
fig. [CO2-H1-May/June 2009]

X0

Y

b
[
ot

-1 0 1

From the figure we find that T =2 and Qg = 2?7[:71. For our convenience we take the

integration interval fromt = -1 to t =1. During this interval x (t) =t

x (t) = a—2°+i[an cos (nzt) + b, sin (nzt)]

to+T

a0=% [ x@®dt

to

1 1
a, = E:‘;t.dt
1 [T 1[1 1]
a, = = | — == =—=
2 2], 2L2 2
a, =0
to+T
a, = = tJ; X (t) cos (nQ,t) dt
21
a, = Ef(t) cos (nQ,t) dt
-1
a =L [sin nzt]" +i[cos (n;zt)]l
" nx T ng? -1
a,=0+0
a, =0
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to+T

2 .
b, = = tj X (t) sin (nQ,t) dt

2%
bn—zj;tsm (nzt) dt

-t 1 1 1
b, = E[COS (nzt)], + 2 [(cos (nzt)],

-2
b, =— cosnz
nz

bn = E |:ﬂ:|
n

T

Substituting ag, a, and b, values in general Fourier series we get.

X (t) = i%{_(_l)n } sin nzt

n

Xt
7 I >
0 m 2n 3 t

AsinQ,tfor0 <t<r

The signal x (t) =
g ® {OforﬂStSZﬂ'

The time period of the wave form is given by
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TzznandQO:Z_ﬂ-zz_”:l
T 2x
1t0+T
a, = — | x(t)dt
0 tho (

a, = ijAsintdt
27y,

a, = A [cos t]]
2r

a, = A (cos 7 - cos 0)
2r
A

a0:_

T

to+T

a = — | x(t)cosntdt
T{ (®)

.
a = i.[Asintcosntdt
27z0

o = A"f[sin (1+n) t+ sin (1- n) t] dt
"z 0 2
. = A|(_cos ”{-cos (1-n)tj”
"2 (1+n) ), 1-n o
_ A { 2 2} 2A

a, = — | —+—|= - forneven

2z | 1+n 1-n| #x(1-n%)

2A

a, = ——— forneven

7 (1-n%)
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to+T

2 )
b == | x(t)sinntdt
. tho )

b :iIAsintsin nt dt
27r0

b, = éj[cos (1-n)t-cos (1+n)t] dt
Ty 2
b _ A (sin(l-n)tj”_(sin (1+n)tj”
" 2z 1-n ), 1+n ),
A
b =—10-0
v=5 - [0-0]
b,=0
Forn=1
2 ¢ .
a, = —'[A sint cost dt
27y,
a = 2A nSantdt
270 2
-A[cos Zt}”
a=—
2 2 ],
a, =0
Forn=1

b, = iIA sint sint dt
2r s,

- éjsin2 t dt
T 0

éj(l-cos 2t) dt
- 2

%

|
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Alz T
=Z£dt-£coszmt

A
= —[xn-0
27{[ 1
A
b = —
)
Ao—aozéM
T
A
A = Jal+bl =—
1 1 1 2
A, = a2 ib? =22
7z (1-n%)

X (t) = A Beos [nt-Z )+ > 2A2
T 2 2 7 (1-n%)

n=2

Il SEM

7. Find the Laplace transform of the following signal. [CO2-H1-Nov/Dec2013]

(i) x(t) = e ult)
(i) x(2) = Sinwtu(t)
(iii)x(t) = Coswtu(t)

(i)
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X(t) = e u(t)

x(s):](i x(t)e 'dt
X(s) = Teatu(t)e“dt

X(s) = j e raldt
0

[e—(s+a)t}
L o

X(s)= —(s+a)
x(s) ==
( )_—(s+a)
X(s) = ——
s+a
(ii)

X(t) = sinwt u(t)

x(s)=]§> x(t)e s'dt

X(s) = J'sin ot e*'dt

1 _oo . o0 .
X(s)==| | e'e'dt - e"”teStdt}
T

X(S) — i J.e_(s_jm)tdt _Ie_(5+jw)tdtj|
2J 0 0

-(S—iw)tT “(s+jo)t °
e
— 1 |: 0 [e :Io
X(s)=—
2j| —(s-o) —(s+o)
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1[( 0-1 0-1
2j[\(s-jw)) \—(s+]o)

1 1 1
X(s)=— T - }

2j|s—jo s+jo
X(S):i-_sﬂoa—(s—j(o)

2 (82 + (02)
X(s) = = 22]0)

J(S + o )
()
X(s) =
(5) s? + @’

(iii)

X(t) = cosmt u(t)

X(s)=[ x(t)e~*dt

0
X(s) = J' cosomt e*'dt
0
o eju)t _ e—ju)t -
X(s)=|| ————— |e*dt
o-f[==)

X(s) = 1 _T eedt + Te"“"e“dt

2
X(s) = 1 Te‘(s gt + J'e‘(sﬂ“’)‘dt

2 L O

X(s) = = et ), L]

(S—co) —(s+ )

xe) =X L. 1.}

| s—jo s+jo

N| =
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2 (S +032)
1 2
X(s)= 2 (32 +w2)
X(s)=— > 2
S"+m®

Il SEM

8. Find Laplace transform of the following sequence. [CO2-H1-Nov/Dec2014]

(i) x(t) = u(t)
(i) x(2) = "
(i) x(t) = e sinwt
(iv) x(£) = e Cosewt
(i)

x(t) =1

X(s) = Tx(t)eS‘dt

X(s) = T(l)eS‘dt

o
0-1)

x(s) =

X(s) =

X(s) = é

(ii)
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x(t) =t"

X(s) = Tx(t)e‘“dt
X(s) = Tt”e‘“dt

na-st |° o st
x(s):[te }—J.e nt"'dt

-s o 5

X(s)=0+ E_[e‘s‘t“‘ldt
S 0

—st |® o —st
x(s)zﬂ{t”‘le—} LS (n -t
S -s |, sp -S
X(s) =[0]+.cerrenen.
Finally
n!
X(S)=—43

X(t) = e * sinot

L[e]-—2

s+a
(iii) L[sinmt] =

[sinot] o

Ll e™®sinot |= @

[ J (s+a)2+m2

(iv)
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X(t) = e cos mt

L[e]-—2

S+a

L[coswt]=

s? + o’

L [e"“ cos wt] ___sS+a

(s+a)2 +o°

9. Find the Fourier transform and sketch the magnitude and phase spectrum of
x(t) = e u(t) [CO2-H1-May/Jun2014].

X(t) = e *u(t)

X(jQ) = [ x(t)e *dt
0

x(jQ) = j e e 1t
0

x(jQ) = j e @Oy
0

X(jQ) = 1 ) [e’(aﬂmt J:

-(a+jQ
. 1
X(JQ):a+jQ
: 1 .
X(jQ)| = —|—Magnitude
(i) (% +0?)*

x(jQ) =-tan™ (%j —Phase

To sketch magnitude and phase spectrum, let us assume a=2; The values of |x(j©2)| and
X(jQQ) for various value of Q are tabulated as shown below and plotted in Figure.

Q 0 0.5 1 2 3 4 5 10 0

Ix(j)| | 0.5 |1 0.485|0.447 | 0.35| 0.27 0.22 0.185| 009 | O
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x(j2) 0 -14° - -45° - -63.43° | -68° - -
26.5° 56.3° 78.7° | 90°
Q -0 | -10 -5 -4 -3 -2 -1 -0.5 0

IXGQ)| | 0 | 0.09 [0.185| 0.22 | 0.27 | 0.35 | 0.447 | 0.485 | 0.5

x(i©2) | 90° | 78.7°| 68° |63.43°|56.3° | 45° | 26,5° | 14° 0°

10. Find the Fourier transform of an sketch the magnitude and phase spectrum of
x(t) =e[CO2-H1-Nov/Dec2015].

x(t)y=e™

x(jQ) = j e et
0o .

x(jQ) = _[ e'e 'dt + J' e ‘e dt
—o0 0

x(jQ) = Ie“ejmdt + je“e""‘dt
0 0

0

x(jQ) = Ie’(l’jg)tdt + I e Mgt
0 0

ool Ll ]

. 1 1
Q)= ——

()= "g* 1
. 2

X(JQ):1+QZ

x(jQ)| = 1+292 for all Q

x(jQ2) =0 forall ©

Qin 0 1 2 3 5 10 0
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(radian)

x(GQ)| | 2 1 | 04 | 0.2 [0.077] 0.02
For negative values of Q

Qin -00 -10 -5 -3 -2 -1
(radian)

xGQ) | 0 | 002 [0077] 02 | 04 1
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UNIT -1l

Linear Time Invariant- Continuous Time Systems

Part — A
1. Define convolution integral. [CO3-L1-Nov/Dec2015]
The convolution of of two signals is given by y(t)= x(t)*h(t)

The convolution integral is given as,y(t)= x(t)*h(t):j:c x(thh(t— 1).dt

This is known as convolution integral.

2. List the properties of convolution integral. [CO3-L1-May/Jun2011]
a. commutative property

b.distributive property

C. associative property

d.shift property

e. convolution with an impulse

f.width property

3. When the LTI-CT system is said to be stable and causal? [CO3-L1-
May/Jun2014]

A LTI-CT system is said to be stable if the impulse response of the system is absolutely
integrable.

Jih(r) dt < o

An LTI continuous time system is causal if and only if its impulse response is zero for
negative values of t.

if h(t)=0 when t<0
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4. Define LTI-CT systems. what are the tools used for analysis of LTI-CT systems?
[CO3-L1-Nov/Dec2013]

In a continuous time system if the time shift in the input signal results in the
corresponding time shift in the output, then it is called the LTI-CT system

The tools used for the analysis of the LTI-CT system are
Fourier transform
Laplace transform
5. What is meant by impulse response of any system? [CO3-L1-May/Jun2014]

When the unit impulse function is applied as input to the system, the output is nothing
but impulse response h(t). The impulse response is used to study various properties of
the system such as causality, stability, dynamicity etc.

6. State and prove Time scaling properties of Laplace transform[CO3-L1-
May/Jun2013]

[x(£)] =X(S) then
ir1
x(at) < —X(5/a)
a
Proof
LT=x(t) = f; x(t)e ™™ dt
= JFI;E x(at)e™ dt
putt =at; t =rt/a;at =T1adt = dr; dt = 1/adz
o

LT[x(at)] = = X(S/a)
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7. What is the overall impulse response h(t) when two systems with impulse
response hi(t)and hy(t) are in parallel and in series? [CO3-L1-May/Jun2011] For
parallel connection, h(t) = h1(t) + h2(t)

For series connection, h(t) = h1(t) = h2(t)

8. Check whether the causal system with transfer function H(s) = 1/(s-2) is stable
[CO3-H2-Nov/Dec2014]

Here the pole lies at s = 2. Since the pole of causal system does not lie on the left side
of jw axis, the system is not stable.

9. The impulse response of the LTI — CT system is given ash(t) = e * u(t).

Determine transfer function and check whether the system is causal and stable.
[CO3-L1-Nov/Dec2014]

h(t) = e™%u(t)
Taking laplace transform,
H(s) = 1/(s+1)

Here the pole lies at s = -1, i.e. located in left half of s-plane. Hence this system is
causal and stable.

10. What are the conditions for a system to be LTI system? [CO3-L1-
May/Jun2014]

Input and output of an LTI system are related by,v(t) = [*_x(t)h(t —t)dr

i.e. convolution

11. What is the impulse response of two LTI systems connected in parallel? [CO3-
L1-May/Jun2014]

If the systems are connected in parallel, having responses k1(t) and h2(t)then their
overall response is given as, h(t) = h1(t) + h2(t)
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12. Write Nth order differential equation. [CO3-L1]

The Nth order differential equation can be written as

Z d"“_v(r)_21 d*x(t)
g T LT e

o o

Here N= M

13.Determine the response of the system with impulse response h(t)=t u(t) for the
input x(t)= u(t) [CO3-L1]

The response is given as, v(t) = [0 h(Dx(t —1dr

=

= J_xm[r]u[r— T)dt

Here u(t)u(t — ) =1 for O to t. hence above equation will be,

» 1
J rdr =—1-
0 2

14. What are the three elementary operations in block diagram representation of
Dontinuous time system? [CO3-L1-May/Jun2013]

Scalar Multiplication
Adder
Delay Element
15. Determine the Laplace transform of a signal x(t)=u(t-3) [CO3-L1]
LT[x(8)] = [, x(t)e™ dt
= J’E‘c u(t—3)e " dt

= [ (1)e "t

= f;c et dt
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__1 [E—’-cs _ E—Ss]
5

— [0 — &3]

=5

E—Js

X(=)=

g

5

16. Determine the Initial value for the given signals X(s) =

el
Fats

Initial Value: X(0) = lim___. sX(s)

Ii g+ 2
=lim__.5
£== " clissts
‘1 2,
5'-\ L
X['::':l = lim_.:,; 5‘1—5%—
- 5":1—;—;!'_"

2
(142}

X E'D:',l = lim —ﬁ—

g=e (1+-+—]

PART — B

Il SEM

“2_ [CO3-H1]
SE+h

1.The LTI System is characterized by impulse response function given by H(S)

_ 1
Ts=10
input x(t)= -2e " **ul—t) — 3e"**u(t) [CO3-H1-May/Jun2012]
Solution:

1

Gn : H(S) =—— ,ROC: Re>-10

X(t)=-2e " u(—t) —3e " u(t)

3

5+3

X(S)= 5

5_
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Y(S)=H(S).X(S)

1 i 3

s+10° (5—: s—sj

Y(S)=- -——

(5+100(5+2) (S+10)(5+3)

Let Vi (S) = —— -

2=A(S+2)+B(S+10)

Put S=-2 Put S=-10
2=8B 2=-8A
B=- A=—:

n(s) = -3 () + 36

5+10 4°5+2
¥, [r]:—%[e_m’u[r)] + % [e~*u(t)]

3
(5 +10)(5+3)

v,(s) =

3=A(S+3)+B(S+10)

Put S=-3 Put s=-10
3=7B 3=-7a
B== A= —:

-3 1 3 1
‘JQZfFQ 5) TGS
y2(8) = 2 e u(e) +2 e u(e)

y(t) =y (n) — v, (n)
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= %e'iﬂru (t) + %e_zru (t) + 2emtory, (t) — ?e‘“u(r)

y(t) =

[e™%ult) —e ()] —%[E'ic'rii(r) —e7 3y (t)

N

Il SEM

2. Using Laplace transform, solve the differential equation [CO3-H1-Nov/Dec2014]

CRVCINC T P

dt? dt dt
it y(0)=2;
() _ land x(t) = e'u(t)
dt
Given

d’y(t) ., dy(t) _d
e +3 it +2y(t)_dtx(t)

Taking Laplace transform on both side we get

[szy(s) ~sy(0) —%y(o-)} +3[sy(s)-y(0")]+2y(s)
=sx(s)-x(0")
s’y(s)—2s—1+3[sy(s) — 2]+ 2y(s) = sy(s)
y(s)[s® +3s+2]=25+7+5x(s) — (1)
Given
X(t) = e'u(t)

then
x(s) = N
s+1

(2)in (1)
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Y(S)[s2 +3$+2]:25+7+i

s+1

Y(s)= 225+7 N S

s +3s+2 (s+1)(32+35+2)
Y(s) = (2s+ 7)2(s+1) +5S

(s+1)s“+3s+2

2

Y(s) = 2s +2105+7

(s+D(s”"+3s+2)

25> +10s+7
Y(§)=—F——

(s+1) (s+2)

A B C

(s)=

+ 5+
s+1 (s+1) S+2

O{(sﬂ)2 (252 +1OS+7)]

ds (s+1)°(s+2)
A= at s=-1
(s+2)(45+10)—(2s* +10s+7)
B (s+2)
A= at s=-1
A=7
2s® +10s+7
s+1)°(s+2
B :(s+1)2( ) )at =1
2s? +103+7/
_ 2
B= St at s=-1
B=-1
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2s® +10s+7
- (S+2)(s+1)2(s+2) [ s
C=5
Yis)= sil_(sjl)z _sfz

Taking inverse Laplace transform on both sides we get

y(t) = 7e'u(t) — te"'u(t) — 5e*'u(t)

3. Using Laplace, transform, solve the following differential equation

d’y(®) , , dy(@) ,
prrca e YO +12y(®) =x(1)

Initial condition are zero and x (t) = §(t). [CO3-H1-May/Jun2014]

Given

3 2
d>y(t) +7 dy(t)
dt® dt?

+16 y(t)+12y(t) X(t)

Taking Laplace transform on both side we get

S%y(s) + 7s%y(s) +16s y(s)+12y(S)=X(S)
Y(s)=|s° +7s” +16s+12 | = X(s) - (1)

Given
x (t) = (1)
There
X(s) =1 -2 (2)
(2)in (1)
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Y(s)=[s®+7s° +16s+12] =1

1
s® +7s®+16s+12

Y(s) =

Synthetic division method for get roots of
s® +7s* +16s+12

-3/]1 7 16 12
0O -3 -12 -12
1 4 4 0
=5° +78° +165+12=(s+3)(S* +4s+4)

Y(s) = 3 2 !
S +7s°+16s+12
1
Y(e)= (s+3)(s* +4s+4)
Y(s)= 5
(s+3)(s+2)
o)A B C

s+2 (s+2)2 +(s+3)

e gy
A_ds_ (s+3)(s+2)
B at s=-2
dly
_ds[s+3
A= at s=-2
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(S+3)(0)—7
32

A= 63 at s=-2
A= (s+3)/

(s+2
B (s+3)(s+ 2) L

( /
3 2
C= (s+ )(s+ 2

-1 1 1
+ >+
S+2 (s+2) s+3

Y(s)=

= |y(t) = —e*'u(t) + te *'u(t) + e *'u(t)

4. A system is described by the following differential equation [CO3-H1-
May/Jun2013]

Y0, £ DY)
dt? dt

+12y(t) = x(t) Determine the response of the system to a unit

step applied at t=0. The initial Conditions are y(0)=-2 2—{(0‘) =0

ddi’gt) +7 d?j/it) +12y(t) = (1)

Applying Laplace — transform on both sides
od_, _
{§W9—wm)—aw0ﬂ+7bw$—w0ﬂ+HWQ=m$

Substituting
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Y(@©)=-2

d—y(O‘) =0, we obtain
dt

S?y(S) +2s + 7sy(s) + 14 + 12y(s) = y(s)
(s* +7s+12)y(s)+2s+14=x(s)  —(1)

For a unit step input

x() = u ()
Then
X(s) = = @)
S
@ in (1)

|52+T5+12|y(5)+25+’14=%

|53+T5+12|y(5):%—(25+’14)

1 25+14
MEIE > - E )
Sis*+7s5+121 (s°+7s5+12)
1- 25" —14s
Yis)=—=
SIS +75+12)
1- 145 - 25°
l“fj =
(s) S5is+31s5+4)
oo B, C

5 5+3 s5+4

- 1-25" - 145
A= SI5+3)5+4]
a s=10

1
fLE
12
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1-2¢F ~143
B_(5+$5m+3ﬂs+{%//
B 5=-3

Il SEM

— 2 —
(s+4) 1-2s°-14s
C= S(s+3)(s+4)
at s=-4

_ 25
4
_ 1 25 N 25

12s 3(s+3) 4(s+4)

Y(s)

Taking inverse Laplace transform

1 25 _3t 25 -4t
f)=—-—e t)+—e " u(t
Y= -5 Y+ )

: : + :
5. For a system with transfer function H(s):25—5F|nd the zero-state
S“+5s5+6

response if the input x (t) is e™'u (t) [CO3-H1-Nov/Dec2011]

Given
S+5
H(S) = —7——
() s°+5s+6
Y(s)  s+5
X(s) s*°+5s+6
Y(s) s+5

X(s) (s+2)(s+3)
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s+5
given
x(t)=e'u(t)
then
X)=C 5 - (2)
(2)in (1)

s+5 1
vie)= (s+2)(s+3)'{(s+3)}

Y(S) = LZ
(s+2)(s+3)
Y(s) = A B C

+ +
S+2 s+3 (s+3)°

(s+2). >T°
A= (s+2)(s+3)
s=-2
s+5/
32
A=6+9 S=-2

_ —2+5
(-2 +3)°

S+2 - 5+5/
_ s+ 2
B= at 5=-3
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(S+3)2L2
C= (s+2)(s+3)
s=-3
s+5/
-S+2
C= s=-3

C -3+5 _ -
-3+2
C=-2
Y(s) = 3 3 2

s+2_s+3_(5+3)2

Taking inverse Laplace transform

y(t) = 3e?'u(t) — 3e*'u(t) — 2te *'u(t)
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6. Relaize the following in direct form[CO3-H1-May/Jun2014]

d’y(t) 4d’y 7dy(t)
dtd dt? dt

Sd?x(t) 4dx(t)
dt? dt

sy(t)

+ Tx(t)

SOLUTION:
s?y(s) + 457y(s) + 7sv(s) + 8y(s) = 557x(s) + 4sx(s)1H+7x(S)

s¥v(s) — 55%x(s) + 4sx(s) + 7x(s) — 45°v(s) — 7=v(s) — 8v(s)

5x(s) | 4x(s)  7x(s) 4v(s) B 7v(s) 8v(s)

vis) = 5 -
5 5= 5* Ly g= g%
Direct form -I
x(=) vis)
Direct form-Il
= wis)
S
1.5
= -
1/s
7 4
( =
1/s
| 7
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7 .The systems is described by the input Output relation

d*y(t) dy(t dx(t
yE ), dy( )—3}:[:): x( ]—Zx[tj
dt* dt dt Find the system transfer function

frequency response and impulse response [CO3-H1-Nov/Dec2015]

Solution:

To obtain system transfer function: frequency response and impulse response
Taking Laplace transform of differential equation (with zero initial conditions)
s7y(s) + 4sy (s) + 3v(s) = sx(s) + 2x(s)

v(s)[s? + 45+ 3] = x(s)[s + 2]

)
1=
HE) =TT

To obtain frequency response:
S=jw

Joo + 2

(w)? 4+ 4(jw)+3

H((w) =

To obtain impulse response:

512 5+ 2
H(s) TS i4s+3 (s+3)(s+1)

Using partial fraction method
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o342 _1
T_gs1 2
1
A=-
2
B=(5+1) 5_5'5_1 S=-3
_-1#2 _1
T-1s3 2z
HO=3+ 1

Tacking inverse Laplace transform,

hit) = [%E'_"“ + %E_:]u(l‘)

8. Find the impulse and the step response of the following system [CO3-H1-
May/Jun2013]

10
H(S)=———=
() s?+6s+10

10
H(s) = 5————
(s) s?+6s+10
Y(s) 10
X(s) s®+6s+10

10
Y(§)=—— X(s —->(1
(s) s +6s+10 (s) 1)

For impulse response x(t) = 5(t)
Then X(s)=1 =2(2)

(2) in (1) we get
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10

YO = s 0™
10
YO = srapar

Taking inverse Laplace transforms impulse response

- |y(t) =10e* sint

For a unit step input

X(t) = u (1)
1
X(s) = = 2 ()
S
Equation (3) in (1) we get
10 1
Y(s)=——" [ =
) s*+6s+10 (sj
10
Y(s) = >
s(s®+6s+10)
Y(s) :§+ZBS—+C
S S °+6s+10
10 A(s? +65+10)+s(Bs+C)
s =
s(s®+6s+10) s(s®+6s+10)

(A+B)s®+(6A+C)s+10A =10

Computing coefficient S and S and constant we get

A + B = 0
6A + C = 0
10A = 10
A=1
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1 + B = 0
B=-1 and
Y(S):i+2—s——6

S s°+6s+10

1 S+6
YO =< Tee o

S s°+6s+10

1 S+6
Y(s):———2

S (s+3) +1
Y(s):i— s+3 N 3

S (s+3)2+1 (s+3)2+1

Taking inverse Laplace transform

y(t) = u(t) - {e* cost+3e* sint

9. Find the impulse and the step response of the following system. [CO3-H1-
Nov/Dec2011]

. s+2
I_|(S)_sz+55+4
S+2
N = Siss+a
Y(s) s+2
X(s) (s+1)(s+4)
Y(s) = %.X(s) S5

For an impulse x(t) = &(t)

Xs) = 1 >(2)
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S+2
Y(S):m(l)
Y(s) A~ B
(2) in (1) we get s+l s+4

Y o ti(er /
A= (5+1)(5+4) at s=-1

3
(s+ ) S+2
B (s+1)(s+4) )
at s=4
3
1 2
YO =36+ 3(s49)

Taking inverse Laplace transforms impulse response -

1 2 4
y(t):ge u(t)+§e u(t)

For step input x(t) = u (t)

X(s) = > (3)

vl

(3) in (1) we get
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Y(s) = i(i}
(s+11s+4di\s

vie- A, B . C
5 s5+1 544

. S+ 2
. Sis+1s+4)
- 5=10

5+ 2
(s+1
B- 5|5+1||5+4/
B 5=-1

1
B=—_—
3
(et d 547
ol sis+1is+4
- 5=-4
[::_1
5]
1 1 1

v(s)

=§E_3G+1f_&5+4|
Taking inverse Laplace transform
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10.Find the convolution integral of the given signal x(t)=e™*u(t), h(t)=u(t). [CO3-
H1-May/Jun2015] [May2015]

Solution:

Convolution integral is given by,

0)=/"_x(D)h(t —1)

x(r)=e~*u(r) , h(r)= u(r)
Time axis:x(r)=0 to =

h(r) =0to

Hence the time limit is (0, =)

y(t) :f; x(t)h(t—1)d Tt
=f, e~ (1)

0 -
_ g_ﬂl. r
= i 5

— ‘?1 [E—at . E‘G]

Y() ==[1—e ] 0<=t<=co
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11. Find the inverse Laplace transform of x(s)=

(i) ROC Re(s)>3

-3

(il) ROC Re(s)<-1
(iii)ROC -1<Re(s)<3

Solution:

35+ 7
2 A -

ST maT T

X(s)=

Take partial fraction of the given signal.

3z+7

X(s)=

3s+7=A(s-3) + B(s+1)

If s=3, we get

If s=-1, we get

Therefore,

iii.
i.e., s>-1, s<3

P —
F°—25—3 i

3547 E
= +
(s+1)(s—3 s+l F—3
B=4
=1
1 4
= — 4+ —
XO)= 1t S
Re(s)>3

X(t)=-e Fu(t) + 43 u(t)

Re(s)<-1
X(t)= e ~Fu(t) - 4e¥u(t)

-1 <Re(s)<3

X(t)=- e "fu(t) - 4e*u(t)
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UNIT — IV

Analysis Of Discrete Time Signals

Part — A
1. Define impulse response of a DT system. [CO4-L1-May/Jun2011]

The impulse response is the output produced by DT system when unit impulse is
applied at the input. The impulse response is denoted by h(n). The impulse response
h(n) is obtained by taking inverse Z transform from the transfer function H(z).

2. State the significance of block diagram representation. [CO4-L1-May/Jun2009]

The LTI systems are represented with the help of block diagrams. The block diagrams
are more effective way of system description. Block Diagrams Indicate how individual
calculations are performed. Various blocks are used for block diagram representation.

3. What is the condition for causality if H(z) is given. [CO4-L1-Nov/Dec2015]
A discrete LTI system with rational system function H(z) is causal if and only if
|.The ROC is the exterior of the circle outside the outermost pole.

li.When H(z) is expressed as a ratio of polynomials in z , the order of the numerator can
not be greater than the order of the denominator.

4. What is the condition for stability if H(z) is given. [CO4-L1- Nov/Dec2010]

A discrete LTI system with rational system function H(z) is stable if and only if all of the
poles H(z) lies inside the unit circle. That is they must all have magnitude smaller than
1.

5. What is the relation between Z transform and Fourier transform of discrete time
signal. [CO4-L1-May/Jun2010]

X(Z)==xmn)Z™"
X(w) = x(n)e v

X(Z)atZ=e™ is X(w)

Electronics and Communication Engineering Department 84 Signals and Systems



S.K.P. Engineering College, Tiruvannamalai Il SEM

When z- transform is evaluated on unit circle (ie.| z |= 1) then it becomes Fourier
transform.

6. Define region of convergence with respect to Z transform. [CO4-L1-
May/Jun2015]

Region of convergence (ROC) is the area in Z plane where Z transform convergence .In
other word, it is possible to calculate the X(z) in ROC.

7. State the initial value theorem of Z transforms. [CO4-L1-May/Jun2010]

The initial value of the sequence is given as, X(0) = lim, - X(Z)

8. What is meant by aliasing? [CO4-L1-May/Jun2015]

When the high frequency interferes with low frequency and appears as low then the
phenomenon is called aliasing.

9. Define Nyquist rate and Nyquist interval. [CO4-L1-May/Jun2010]

When the sampling rate becomes exactly equal to ‘2W’ samples/sec,for a give
bandwidth of W hertz, then it is called Nyquist rate .’

Nyquist interval is the time interval between any two adjacent samples. Nyquist rate
=2W Hz & Nyquist interval=1/2W seconds.

10. Define unilateral Z-Transform or one sided Z-transform [CO4-L1-
Nov/Dec2011]

The unilateral Z-Transform of signal x(t) is given as,

X(2) = Z X(m)Z"

n=0
The unilateral and bilateral Z-Transforms are same for causal signals.
11. State the final value theorem for z-transform. [CO4-L1- Nov/Dec2012]
The final value of a sequence is given as,

X(w0) = lim (1 — Z™Hx(Z)

Electronics and Communication Engineering Department 85 Signals and Systems



S.K.P. Engineering College, Tiruvannamalai Il SEM

12. Define DTFT pair. [CO4-L1- Nov/Dec2014]

Xlw)=X"__x(n)e™" Analysis Equation

x(n) = :1—__ f:_ X(w)e*"dw Synthesis Equation

13. State the sampling theorem. [CO4-L1- May/Jun2014]

A bandwidth signal of finite energy, which has no frequency components higher than W
hertz, is completely described by specifying the values of the signal at instants of time
separated by 1/2W seconds.

A band limited signal of finite energy, which has no frequency components higher than
W hertz, may be completely recovered from the knowledge of its samples taken at the
rate of 2W samples per second.

14. What are the Properties of ROC? [CO4-L1-May/Jun2013]

The ROC of a finite duration sequence includes the entire z- plane, except z= 0 and |z|=
1.

ROC does not contain any poles.
ROC is the ring in the z-plane cantered about origin.

ROC of causal sequence (right handed sequence) is of the form |z| > r. v. ROC of left
handed sequence is of the form |z| <.

ROC of two sided sequence is the concentric ring in the z plane.
15.State convolution property of Z transforms. [CO4-L1-May/Jun2011]

The convolution property states that if
X1[n] =X1(2)
ET
x2[n] =X2(Z) then

x1[n] *x2[n] X1(Z) X2(Z)
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That is convolution of two sequences in time domain is equivalent to multiplication of
their Z transforms.

16. State the methods to find inverse Z transform. [CO4-L1]
Partial fraction expansion
Contour integration
Power series expansion
Convolution method
17. State the condition for existence of DTFT? [CO4-L1]
The conditions are
If x(n)is absolutely summable then
Ix(n)]<ea

If x(n) is not absolutely summable then it should have finite energy for
DTFT to exit.

18. State parseval’s relation for discrete —time Periodic and Aperiodic signals.
[CO4-L1]

The perseval’s relation for discrete — time periodic signal is given by

N—-1
1 —j:?kn
C, = m Z X(n)e W
n=0

The parseval’'s energy theorem for discrete time Aperiodic signal is given by

Y kol = (e e

n=—oc

19. What is mean by Aliasing[CO4-L1-Nov/Dec2014]

Aliasing is a phenomenon where the high frequency components of the sampled signal
interfere with each other because of inadequate sampling fs < 2wm. Aliasing Aliasing
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leads to distortion in recovered signal. This is the reason why sampling frequency
should be at least twice the bandwidth of the signal.

20. What are the properties of frequency response H(e'®) of an LTI system? [CO4-
L1]

H (e!) is a continuous function of
The frequence response is periodic with period 2n
The Magnitude response |H{e/“| is even function of ®

The phase response angle |H(e/~| is odd function of

21 State time shifting and frequency shifting properties of discrete time Fourier
transform. [CO4-L1]

Time Shifting If DTFT [x(n)] = X(e’“)
Then

DTFT [x(n— K)] = e /“*x(e/*)
Where k is an integer
Frequency Shifting
If DTFT [x(n)] = X(e’)
Then

DTFT [x(n)e/™e] = x[ele™e)]

22. Find the Discrete time Fourier transform of unit impulse sequence. [CO4-L1-
May/Jun2015]

l:whenn=20

Unit impulse sequence &(n) = 0: otherwise

DTFT [6(n)] == _.. §(n)e /*" =1

DTFT [6(n)] =1
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23. Find the discrete — time Fourier transform of unit step sequence. [CO4-L1-
Nov/Dec2013]

l:whenn =0

Unit step sequence  u(n) = 0; otherwise

DTFTu(n)] =Zi—_.. u(n)e /=¥
=X, leTwF

= | L g L g7 1L
1

1—g—ju

DTFT[u(n)] =

24 Find the discrete — time Fourier transform of 8(n-k). [CO4-L1-May/Jun2011]

Liwhenn=k

il S| —
G(n —k) 0: otherwise

DTFT[8(n — k)] =E=__. 6(n— k)e /"

DTFT[6(n — k) = (1)e™/“*

25. Find the discrete — time Fourier transform of the following x (n) ={1,-1, 2, and
2}.[CO4-L1]

x(n) =41, -1, -2, 2}

The sequence values are x(0) = 1; x(1) =-1; x(2) = 2; x(3) = 2

oo

X(el¥) = Z X(m)e~iwn

n==—0o

=1— e7/% + 2e7/%% £ g7
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Part — B
1.Find the inverse Z-transform of x(z):ﬁ |Z]|>1 [CO4-H1-May/Jun2014]
Solution:
22
X(z)= |Z]>1

(z—0.5){z—1)2
Using partial fraction expansion

X(Z) z
Z (z—0.5){z—1)2

x(z) A B, B,
= (Z-05) (Z—-1) (Z-1)°

a=(z-05%2| z=05
=2 _| z=05
(Z-1)
05 05
T (05-1)2 025
A=2
B, = (Z—1)° ; 7=1
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z

= EZ - lj__l:Z—E-E_'-I:Z—'l_'-:- /=1
— Z —
=z70s| £71
_ 1
T 1-05
B, =2
_ g 2 xlz] —
By = (z ) z=1
_ 8 e aa2 = —
Tz (_ :I (z—0.5)(=—1)" 2=1
=2 = _|z21
dz Lz—0.5)
e
(z—0.50(2)
B=-2
x(z) -2 2 2

z :—G.S_[:—lj_(:—l):

0.5z 0.5z 2z
z—05 (z—1) (z—1)°

x(z) =

Tacking inverse z-transform on both side

x(n) = 2(0.5)"uln) + 2(1)"u(n) + 2(n)"u(n)
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2. Find the DT Fourier transform of x(n) = sin(%nj.u(n) [CO4-H1-May/Jun2011]

x(n)= sin(n?nj.u(n)

0

w

N=—0
x(e"”) = sin
N=—0
R L
) v lpi g 2 )
e i=" : e
nd 2
| ek s
] I=—_
E.I _n-EI

n=0

_m B - _E_.W
;{uej‘*‘uzl ".T‘e[JEJ]n—T‘e[ : J]n
21| a0 oy
" 1 1 1

xie il=—
2| 4_ g 5 e
L 1-&7e T-e te
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LT .TC
—j= i = i
1| 1-e 2e-1+e2e™

x(e) ==
&) “] (1— ej;ej‘”](l— e_jgej‘”j

gl (ej; - e_jzj
()=5

LT LT
. = —j= .
1-e (e 21 2J+e12‘°

el [ejg ~ e_ng
)4

T __jo -j2o
1—Zcos§e lo 4 @712

3. Find the DT Fourier transform of x(n) :cos(%n

x(e‘“’) = nicos(%nju(n “lon
o) _ S TC_n —jon
x(e' )_;cos( 2 je j
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jmn jmn
0 3 3
x(e”)=>" €7 FE€ 7 leion
n=0 2
1[ & & » i
X(e]m)__ Ze 3 e_jmn +Ze 3 e—i(x)l"l
2 _n:O n=0
oy 1] & (Boh & (ol
x(e'w)zg e +Yye ?

J'E ) ,jE )
|1-eB%e™ 1-e 3%e™” ]

-J= e

- =
il T—e 3e™ 4+1-gie

}{lejﬁ' |l = —
2 i = —jx %0
1-e™|e?+e ¥ |+

2—ge Z(COS EJ
3

}{lej'”lz_

—jen 1 —jd
1-g” 2c05§+e 12

i T
1—e™ cos=
}(.ej“‘.: 3

i N —iTe
1-g™ 2c05§+e 1

o 1-0.5e
X(el ) Tl fejz‘”

4 .State and prove the properties in DTFT. [CO4-L1-Nov/Dec2015]
(i) Linearity

(ii) Time shifting
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(iii) Frequency shifting
(iv) Time reversal
(i) Linearity:

State:

DTFT[x,(n)]=x,(e")
DTFT x,(

Proof:
DTFT[alxl(n) +a,X, (n)] = Z[alxl (n)+a,x, (n)] g ion
n=0
:ali x,(n)e " + azi X,(n)e™"
n=0 n=0
=a)x, (€")+a,x,(e")

(ii) Time shifting:

State:

If DTFT [x (n)] = x (")
Then

DTFT [x(n-k)] = e x(e")
Proof:

Put p = n-k then
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DTFT[X (n-k) ] i x(n-k)e™"

—00

DTFT[x(n-k)]= Y x(p)e ™ (p+k)

p=—x

=g ok i x(p)e

p=—oc

DTFT[x(n-k)]=e7x(e")

Frequency shifting:

State:
If DTFT [x (n)] = x (")
DTFT [x(n)€"°o"] = x[e ()]

Proof:

DTFT[x( e‘“’O“] i x(n)e g hoon

i (0-00)n
(“’ "30))

Time reversal:

State:
If DTFT [x(n)]= x(ei‘”)
DTFT [x(-n)]=x(e™)

Proof:
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=3 x(m)e

DTFT[X(—I’]):I =_x(e‘j°°)

5 .State and prove the properties in DTFT[CO4-L1-May/Jun2015]

(i) Differentiation in frequency
(it) Time convolution

(iii) Frequency convolution

(iv) Parseval’s theorem.

(i) Differentiation in Frequency:

State: If
DTFT[x(n)]=x(e")
DTFT[nx(n)]= j%x(ejw)

Proof:
x| el n:DTFT[){-ﬂ-]: i ¥ (g Ten

Differentiate with rt. @ m both side

dxie® | = _
d = T‘_I—Jnl){lnle_'lmn
@ i,

T —tc
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deie®| = .
=5 nxinye™n
dao —
ch | e |

(a

Time convolution:

State:

If DTFT[ x,(n

Then

=—jOTFT [m{un :|

)]=x,(e") and DTFT[x,(n)]=x,(e")

DTFT[xl(n) * Xz (n)] = Xl(ejw)'XZ (ejm)

Proof:

Xl(n) X, (n) -

DTFT[x,(n)*x

2. X(k)h(n-k)

)= 3| 3 x(9h(n-i

—00

Interchanging the order of summation we get

DTFT[x,(n)*
put n-k=p, then

o] S e e

DTFT[x,(n

DTFT[x,(n)*x

x,(n)]= 2 x(k) X h(n-k)e "

k=00 n=—wo

p=—x©

= i x(k)—|(e‘“’).e““”k

k=—00

DTFT[xl(

n)=x,(n)]= H(ei“)x(ejw)
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Frequency convolution:

State:
If DTFT[x,(n)]=x,(e")and DTFT[x,(n)]|=x,(e")

then DTFT[x,(n).x,(n)] x, (") x,e"do

2m 5

Proof:

o0

DTFT[x,(n)x,(n)]= > x,(n)x,(n)e ™"

n=—cw0

:z xz(n){z—ln | xl(ej")ej"”de}

2n

Enter changing the order of summation and integral, we obtain

DTFT[Xl(n).x2 (n)} = 2_]7-1211 xl(eje)[ i X, (n)e—i(w—e)n}de

n=—c0

1 . (o
=— [x (e").x,e“de
21t21T 1( ) 2

Parseval’'s theorem:

State:
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Proof:

Z|x | = > x(n)x*(n)

n=— n:_oo

-3 x(n)[z—ln i x(eiw)ejwn}*dm

-7

Inter change the order of summation and integration yields.

T

E :2—17c x*(ejm){ i x(n)e‘j‘”“}dm

—r n=-%

U
Z|x ——jx (e”)x e”’)d(o——‘ e”)
-7

doa

6. Verify Parseval’s theorem for DT sequence [CO4-H2-May/Jun2011]

[May2011]

Given

L.H.S

Il SEM
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- 1

x(e*)=—F——

(") 1,
2

Jo 1
x(e")= ———
1-0.5cosw+ j0.5sin®
./ 1
X" (jo) = ——
1-0.5cosw—j0.5sinw

o) y* (@io) — 1
x(e )'X (e ) (1—0.500503)2+(O.55ino))2

o . o 1
x(e‘ )'X (e' )=1.25—COSc0

R.H.S
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A1
2m: 1.25-cosm
:2i| 1 mdm
L 1—tan® =
1_25——33
1+tan® =
2
x 1+tan? 2
_ 1 2 de

2ﬂi=a.25+2.25tan2§

_ g T+t Zat
2n’ 02542257 1+t
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LH.S =R.H.S proved

7. Find the convolution of the signal given below using Fourier transform

X,(n)= (%jn u(n); x,(n)= (%}n u(n)

Given

Electronics and Communication Engineering Department
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- 1
X, (e*)=
(e”) 1,
2
. 1
X, (e*)=
.(¢") 1.,
3
DTFT[xl(n)* X, (n)} = xl(e'“’) X, (e“”)
DTFT[x,(n)*x,(n)]= f . f
1—§e‘j‘” 1-=ele

jo jo
[x,(n) =, (0)] =DTFT*| &
S ("= 22) (e 1)
=DTFT"| Y (e”)]
o ao
Y(ejm)z . e .e :
(e"-2)(e" - %)
Y e | _ i
ejw _ue""""—énej‘*—%u
vietl o oa B
e _lei“'—12|+|ej“'—%|
Y ieh |- 3el* 2ek

ej“—é_ej“—%
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Taking inverse Fourier transform

wn:?{iJ mm—?(i] Ly
2 2

Il SEM

7.Find the Z- transform of X(n)=n u(n) and x(n) = a'™[CO4-H1-Nov/Dec2013]

Solution:

nx(n) 5 -Z ix(z)

Z-transform of u(n):# =—

=z—1

From the multiplication by n property,(or)By differentiation property,

ZInx(n)]-Z Zx(@)

Similarly,
Z[nu(n)] = -Z= (=)
=z
=-Z [
(z)
Z[nu(n)] =~ ==

@iy x(n) = a'™
Solution:
If ‘n’ispositive x(n)=a™ ,n<0

If ‘n” is negative x(n)=a™" ,n>0
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It is infinite duration and non -casual signal.

WKT X(2)=2 __ x(n)z™"

—"

a "zTh4EI_, az

I
g
I
T

Gl 3 (az™ )"

i 31 =)

=2, (@) ET (az)"

=Y _(ax)"+ Y7 (az™H)"

: ) _ . . . 1
R (since,X*_, a® = — and Zizd” =)

l-e= 1-ag=z"" —a —a

X(2) =

az afz
+

1-az 1-afz Im(z)

Region of convergence is:

laz|<1 la/z|<1 -a f'\ a
lzl< | lzPlal \_/ Re(2)
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8. Find inverse Z-transform of x(z) T sty using partial fraction method.[
[CO4-H1-May/Jun2011] |
Solution:

Step1: Multiply &divide by =*

=5

2 [(14+=z"2)01-=7207]

X(z) =

Tlzl1#=2][z (1-2"Y) = (1-2"2)]

==

(=+1) (z—1)(=-1)

X(Z): = 1:3{-3—‘1
Step2:
- (z+1) (z—1)% 2.1

z?=A(z — 1)7 + B (z-1)(z+1) + C(z+1)

C=1/2
Put z=1,1=c(1+1)  w===p
. A=1/4
Put z=-1, 1=A(—-1-1)"
Put z=0, 0=A-B+C
B=3/4
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B=A+C === B=1/2+1/4

Step4: Therefore Eqg.1 becomes,

xiz) _ 1/4 + 3/4 + 1/2
=z (z+1)  (z—1)  (=z-1)*

= =D =3

= + + =
X(2) (z+1) (=z-1) (=-1)*
1/4 3/4 1/2

= + +
X(2)= o+ 2

Step5: Taking inverse Z-transform, we get

X()== (1)"u(n)+ = (1)"u(n) + > (1)" nu(n)
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UNIT -V

Linear Time Invariant-Discrete Time Systems

Part — A

1. What is recursive and Non recursive system? [CO5-L1-May/Jun2011]

If the present output is dependent upon the present and past value of input then the
system is said to be recursive system

If the present output is dependent upon the present and past value of input and past
value of output then the system is said to be non recursive system.

2. What are the different types of structure realization? [CO5-L1]
i. Direct form |
ii. Direct form 1l
iii. Cascade form
iv. Parallel Form.

3.List the steps involved in finding convolution sum? [CO5-L1-May/Jun2013]

v. Folding
vi.  Shifting
Vil. Multiplication
viii.  Summation
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4. Give the direct form Il structure. [CO5-L1-May/Jun2012]

,:-\ winl by
x[n] J.L-", ~ i > >Q ! |‘r:]

-0

fl_.'h -1 |}-'I~,.'_ 1
Q.. > >
4

lr-‘_-._'

=
-

A

5. Define LTI system is said to be causal and stable system? [CO5-L1-
Nov/Dec2015]

A LTI system is causal if and only if ,h(n) = 0 for n<0.This is the sufficient and necessary
condition for causality of the system.

The bounded input x(n) produces bounded output y(n) in the LTI system only if,
2i—_.. h(k) = «o. When this condition is satisfied, the system will be stable.

6. States the properties of convolution. [CO5-L1-May/Jun2009]

Commutative property of convolution

x(n) * h(n) = h(n) * x(n) = y(n)
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Associative property of convolution

[ x(n) * h1(n)] * h2(n) = x(n) * [h1(n) * h2(n)]
Distributive property of convolution

x(n) * [n1(n) + h2(n)] = x(n) * h1(n) + x(n) * h2(n)

7. If x(n) and y(n) are discrete variable functions, what is its convolution sum.
[CO5-L1-May/Jun2013]

The convolution sum is, Xi-_ .. x(k)h{n— k)

8. Determine the system function of the discrete time system described by the
difference equation. Y(n) = 0.5y(n-1)+x(n) [CO5-L1-May/Jun2012]

Taking z-transform of both sides,
Y(z) = 0.5Z271Y(2)+X(2)
H(z) = Y(2)/X(z) = 1/(1 - 0.5271)

9. A causal LTI system has impulse response h(n), for which the z-transform is
H(z) = (1+271)/(1-0.5Z "1)(1+0.25Z ~1). Is the system stable? Explain. [CO5-L1-
May/Jun2010]

H(z) can be written in terms of positive powers of z as follows:
H(z) = Z(Z+1)/(Z—0.5)(Z + 0.25)

Poles are at p1 =0.5 and p2 = -0.25. Since both the poles are inside unit circle. This
system is stable.

10. Check whether the system with system function H(Z) = (1/1-0.5Z ~%)+(1/1-22 %)
with ROC |z| < 0.5 is causal and stable? [CO5-L1-Nov/Dec2013]

H(z) = Z/(Z—05)+ Z/(Z—2).

Poles of this system are located at z = 0.5 and z = 2. This system is not causal and
stable, since all poles are not located inside unit circle.
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11. Is the discrete time system described by the difference equation y(n) = x(-n) is
causal? [CO5-L1-May/Jun2013]

Here y(-2) = x(-(-2)) = x(2). This means output at n=-2 depends upon future inputs.
Hence this system is not causal.

12. Consider a system whose impulse is h(t) = e-|t|. Is this system is causal or non
causal? [CO5-L1-Nov/Dec2011]

Here h(t) =='~*
=e " fort=0
=e"fort=0
Since h(t) is not equal to zero for t < 0, the system is non causal.

13. Find the step response of the system if the impulse response [CO5-H1-
May/Jun2011]

h(n) =6(n—2)—-6(n—1)
Sol/n:
¥(n) = h(n) = u(n), since x(n) = u(n),step input
= 6(n—2)=u(n) - 6(n— 1) = u(n)
u(n—2) —uln—1)
14. Obtain the convolution of a) x(n) = 8(n) b) x(n) [k, (1) + hy (1)] [CO5-L1]
Sol/n

a) x(n)+d(n) =d(n)
b) X(n) *[hy(n) + hy(m)] = x(n) = hy(n) + x(n) = b (n)

15. Consider an LTI system with impulse response h(n)= &(n-n,) for an input x(n),
find ¥Ye/~[[CO5-L1]
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Here is the spectrum of output. By convolution theorem we can write,
Vel = H[E*"“Jj X[E“"“’j
Here H{e’“)= DTFT[0(N-ng)]=e #“"
Vel¥ = g7iwne X(E“"“Jj
16. Define Transfer function in Block diagram? [CO5-L1-May/Jun2010]

The z — transform of the output is product of Transfer function and z — transform
of input which we conveniently represented by

Y (z)=H (2). X (2)
17. Define poles and zeros of a transfer function. [CO5-L1-Nov/Dec2011]

The transfer function of a system is the ratio of two polynomials. The not of the
numerator polynomial are called the zeros of the transfer function and the root of the
denominator polynomial are called pole’s of the transfer function.

18. What is the over all impulse response h(n) when two system whose impulse
responses hi(n) and hy(n) are in parallel and series? [CO5-L1-May/Jun2012] [May

If the two system whose impulse responses hi(n) and h,(n) are in parallel, then overall
impulse response is

h(n) = hy(n) + ha(n)

If the two system whose impulse responses h;(n) and h,(n) are in series, then overall
impulse response is

h(n) = h1(n) * ha(n)

19. What are the elements generally used in block diagram?[CO5-L1-
May/Jun2013]
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diddition

wylre] vyple] + vs] e

- — = Sealar Muliplication

- o = [elay Element

o v —1]

20. Define FIR and IIR system? [CO5-L1]

The systems for which unit step response h(n) has finite number of terms, they are
called Finite Impulse Response (FIR) systems.

The systems for which unit step response h(n) has infinite number of terms, they are
called Infinite Impulse Response (IIR) systems.

21.Convolve the two sequences x(n)={1,2,3} and h(n)={5,4,6,2}[CO5-L2-
Nov/Dec2014]

Y(n)={5,14,29,26,12}

22. Write expression for General Transfer function of system realization. [CO5-L1]

y(2) 20"

H(z)= = =0

>

M
X\z -
(z) - daz"
n=1
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23. Draw the Direct form | realization for the Transfer function[CO5-L1]

_1-zt

H(z)= —=
(2) 1+227  x(z) R é? ;CD 1 L YD

\

y

A 4
A

24. Draw direct form Il (non-canonic) structure for transfer function [CO5-L1]

H(z) = 32 D —(
1-4z" X2) % 1 ¥ Y@

ozt ]

>
-

3

A

25.How many number of addition, multiplications and memory locations are
required to realize Direct Form-l and Direct form-Il realizations. [CO5-L1-

May/Jun2014]

Direct Form-I Direct form-Il

Addition: M+N M+N

Multiplications:M+N+1 | M+N+1

Delay:M+N Max{M,N}

Part — B

1.Realize Parellel form block diagram of the follow system function [CO5-H1-
May/Jun2011]
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1
H(Z):-' 1 1.."1—]'2—1'.
H1-z ]

|_.j_ =+ 52- Sl —

Solution:

1.Direct form relalization

2.cascade form realization

H(Z) = 1 1
1—%z‘i] (1—%2‘1]

H(2)=——— , H(D)=
\1—5:‘1-' (1—

H(Z)=H,(Z).H,(Z)
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X{"}=x|{n:} =% (n)
_@ I — Jﬁ\ :
- z-1
102 1o
H, HZI"Z:
_ i
= =
| Z—T' ':z—_}__.'
H(Z) _ Z
z 1 1
fE + Ej (£ - 1:'
2 1
= i, 3
pn
H(Z): :-1_%-2"'— - 1—%2’_:

H(Z)= H,(Z) + H,(Z)

)

e
|E’i|
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2. Determine the response y(n),n>=0 of the system describe by the second order
difference equation Y(n)-3(n-1)-4y(n-2)=x(n)+x(n-1) when the input sequence is
X(n)=4"u(n) [CO5-H1-Nov/Dec2014]

SOLUTION:
Taking as a z transform

Y(2)[1-4z 71 +427] = x(2)[1-z7Y]

__ 1 -1
- 1—;..3—'—_'-(1 27
1-z7%
Y(Z)_-:i—;.z—'-_'--:1—;..z—'-—;.z‘='
v(z) _ z(z—1)
z (z —4)(z? —4z+4)
_3_ =(z—1)
= (z—4)(z—7)°
¥ _ A B ¢
= (Z-4)  EZ-2 @ (Z-2
A=SE  z-4 (724
A=3
¢ (22 o oyl 4=
= [(7) -7 z=2
:':23—1_"::3—7_'{3: -z} 7=2
lZ—=
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C=-1
y(z) 3 —2 -1

z (Z-4) z-2 (z-2)7
v(z) = 3z B 2z —z

(Z—4) Z-2 (Z-2)°
Taking inverse z transform
Y(M)=[3(4)" = 2(2)" = Zn(2)"]u(n)
Y(M)=[3(H)" - 2(2)" — n(2)**Ju(n)

3. Find the impulse response and step response for the following systems.

y(n)-%y(n -1) +%y(n -2)=x(n) [CO5-H1-May/Jun2015]
Given
3 1
y(n)-Zy(n-1)+2y(n-2)=x(n)
Taking z — transform on both side, we get

3_ . 1,
y(z)—zz y(z)+§z y(z)=x(2)
y(2) 1

- >
3_, 1__
X(z) 1 3,1,1,2
4 8
For impulse response
x(n) = &(n)
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x(z) =1 2(2)

(2) in (1) we get

(@)= —m——

= +
z , 1,1
2 4
z
e
A= (z - 1) 2
2
A=2
z
I
B=|z-—
3]
B=-1
'-_.I.l'l £ 3 2 B ’]
7z 1 1
Z—-—— IZI——
2 4
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27 z
"_.I."IzI:—_’]—
- -

|
] =

Taking inverse z- transform we get

y(n)= 2(%)1 u(n) —(%)n u(n)

Step response

27 32

y(Z) = z? z
I
(z 7173

YiZI i

= +
z z-1 1 . 1
2 4
z!
z=-1|z- 1 Z- 1
2 4 8
A=(Z-1 = _
z=1 3
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4. Find the output y(n) of a linear time invariant discrete time system specified by

the equation. y(n)-gy(n-1)+%y(n-2)=2x(n)+gx(n-1) If the initial
condition are y(-1) = 0, y(-2) = 1 and input x(n) = (%J u(n) [CO5-H1-
Nov/Dec2011]

Given

y(n)-%y(n-1)+%y(n-2) = 2x(n)+gx(n-1)

Taking z — transform on both sides
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y(z) —%[z‘ly(z) + y(—l)] +%[z‘2y(z) +z7y(-1)+ y(—2)]
=2x(2) +%[z‘1x(z) + x(—l)]
we have

y(-1) = 0; y(-2) = 1 and x(-1) =0

y(z) —%zly(z) +%[22y(z) +1] = x(z)[Z +%zl} — (1)

For input

()= (2
4

(2) in (1) we get

y(z)[l—gz‘%lz‘z}:_—1+;(2+EZ‘IJ
2 2 2 (1_12_1j 2

2 22[22+—]
H_.I.-'|Z|: +
2 3 1 I | PR P
2[2 2z+2] [1 42 ](1 2z +EZ ]
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'-_.I.l'lzlz'-_.l.l'1|z|+'3.l'2|z|
2

—Z
'-_.I."1|Z|= 1
2z-1z-=
=)
'-_.l.l'1|z|_ -7
z 2.2—1.(2—1]
2
'-_.I.l'1|z|_ Fiy B

7 _uz—%+[zzi]
2
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yl(z)zz 1 2£Z—;j
yl(n)=—u(n)+0.5(%jnu(n)
Y,(2) 8 28 10
s

y(n) :%%@)%@n u(n)_%@jn u(n)

5. Using z — transfer determine the response of the linear time-invariant system
with difference equation. y(n)-2rcosBy(n-1)+r’y(n-2)=x(n) to an
excitation x(n) = a" u(n). [CO5-H1-May/Jun2010]

Given
y(n)-2rcosBy(n-1)+r?y(n-2)=x(n)
Taking z — transform and both side and applying initial conditions to zero yields.

y(z)-2rcos6z'y(z)+r’z%y(z) = x(z)
_y(@) 1

= 1
x(z) 1-2rcos@z+r’z -
For
x(n)=a"u(n)
1
= 2
X(2)= s >(2)
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2)in (1)
1

v(z)= (1-az*)(1-2rcosbz ™ +r°z?)
y(z)= 1 j(} 1 Jjoo1

(1-az )(1—re z )(1—re z*)
v(z)= (z-a)(z-re®)(z-re™)
e
z  (z-a)(z-re’)(z-re™)
y(z) A B C

z (z—a)+(z—reie)+(z—re’j°)

Z2

z —a)(z—re‘“)(z ~re’”)

Z=4a

A:(z—a)(

a2

a’ - 2arcosf+r’

B=(z-re’) (z-a)(z-re")z- re‘ezew

el
B = i io -jo
(re —a)(re _re )
[2p-120
(re’je _ a)(re"'6 - reje)

C=B'=

2 a [ z J+ ‘g™ [ z j+
Y C#—2ac0s5+P \z-a iref —a|1ef —re? |\ z—1e”
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Fe® ( z J
re?—are® —ref |\ z-re’

' rdnin+1i8-ashin+2 8
& —2arcosEHI-

}J. i

Il SEM

6. Find the impulse response of the difference equation Y(n)-4y(n-1)+3y(n-

2)=x(n)+2x(n-1) [CO5-H1-May/Jun2015]
Solution:

Given difference equation

Y (n)-4y(n-1)+3y(n-2)=x(n)+2x(n-1)

Taking z transform of difference equation
Y(2)—4z " v(z) +3z7%v(2) = x(z) + 227 x(2)

viz)[1—4z"1+ 327 =x(z)[1 + 2271

¥iZ) _  142Z7°
H(Z)z;-:{z_'- T q-ap-iigr-l
H(Z)  Z+2
Z  Zl—47+73
H(Z) — Z+2

Z  (2-3)(Z-1)

Using partial fraction method
H(Z) A B
zZ z-3 Z-1

A= 5(2-3)|2=3

Z+2
(2-3)(=z—
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B=——— _(z-1] z=1
(z-3)(z-1)

_1:2 _ 3

Ti-z 2

B=—2

H(Z)=1—3:2'1 B 1—:2"—

Taking inverse z transform
h(n)= —%[3)”1:[}1:) - %u[n]

7. Find the response of y(n) + y(n-1) — 2y(n-2) = u(n-1) +2u(n-2) due to y(-1) = 0.5;
y(-2) = 0.25. [CO5-H1-Nov/Dec2013]

Given
Y(n) +y (n-1) — 2 y(n-2) = u (n-1) +2u(n-2)

Take z — transform on both sides

"_.I."|Z|—|-|:Z_"'_.I."|Z|+'3.f|—1|:|—q:z_2'3."|2|+Z_1"_.I."|—1|+'3."|—2|:|

A

-z -7

T z ZzZ+2
[z =2 = 2 =
vzt =T ta 121 Z-NE1z=2)
ra N ra N

47 -2F 22 +z-2

"_-.-'"Z'=

'-_.I.I'|Z|='-_.I.l'1|z|+'-_.l.l'2|z|
z

"_-,-"1IEI=IE+2”Z_1I

"_'."'1'2'_ 1
z _|Z+2HZ—1I
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'3.l'1|Z|_ iy E

z  7+2 7-1

1 f//
[Z+21Z=1
A=(Z4+2 '

A__1
3
1
B:(Z_l)(ZJrZ)(z—l)Z_1
1/
— 2
B=2% z=1
gl
3
y.(z) -1 1
= +
z 3(z+2) 3(z-1)
-z yi

3
- z(z+2
Y (2) (Z—Q@2+ —@
z(z+2
()= 02 2)
V.(2)=—
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Y, (n) = nu(n)

y(n) = 3u(n)+nu(n)-3(-2)"u(n)

8. Solve the following difference equation for y (n) using z — transform and the
specified initial condition. [CO5-H1-Nov/Dec2011]

y(n)-y(n-1)+%y(n-2)=x(n) n>0

%)n ;y(-1)=2andy(-2)=4

where x(n) = z(

Given
y(n)-y(n-1+5y(n-2)=x(n)

Taking 7 - transform on both sides.

Y(2)-[2y(2)+y(-1] +5 [ (2)+ 2 (- +y(-2)] - x(2)

y(z)[l— z* +%22}—2+%zl+1: x(z)

1
X(z)=2 —>(2
(2)-2| —— 2)
1-—-z
8
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(2)in (1)
y(Z{l—Z4+}zi}:l—0524+ i
4 1-=t 71
8
1-0.5z* 2
(2)= 1 1 1
1-z'+>2° (1—z4+24j(1—z*)
4 8
z(z-0.5 27°
()= 220, 2
22 -z+~ (22—2+J(2—J
4 4 8
y(z)__z(z—(lS) 278
()
y A z--||z-=
2 2 8
z 27°
+
y( ) (Z_lj 2_12 2_1
2 2 8
¥(2)=y.(2)+y.(2)
z
yl(z)_ 1
Z_i
2
1n
(=[5 uo)
27°
e
z--||z-=
2 8
y,(n) 27°
)
z--||z-=
2 8
() __ A B _C
z 1 1)\ 1
Z—— z—= y A
2 ( 2) 8
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y [nj—1E ! n|_|-r1|+ 4[] n|_||n|+2 ! nuunl
2 g |2 3)l2 gla
Yinl =y ini+y |n|—25 1 r-I|_||r'||+Br'| 1 r-I|_||r'||+2 1 r-I|_|r'|
1 2 g |2 7 L2 als

9. Solve the following difference equation for y (n) using z- transform and the
specified initial condition [CO5-H1-May/Jun2014]

y(n)=0.5y(n-1)+x(n)

x(n)= cos(gnj.u(n); y(-1)=0

y(n) =0.5y(n—-1) + x(n) n>0

Applying z — transform on both side and substituting y (-1) = 0 yields.

y(z)=0.5z"y(z)+x(2)

y<z;[1—0-5f1=x<z>
) o e
For
x(n) = cos Znu(n)
(2-5"2% L

(2) in (1) we get
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z°-0.5z
(22 -Z+ 1)(1— 0.52’1)
z’(z-0.5)
72 —z+1)(z—0.5)

y(z)=

y(Z):(

Z
y(2) A Ax

z [2-(0.5+0.866)] ’ [2-(0.5-j0.866)]

z

A=|z-(0.5+0.866) [2-(0.5+0.866) ][ z—(0.5-0.866)]

A =0.5-0.288

lllly B=0.5+j0.288

z [2-(05+j0.866)] [z-(0.5-]0.866)]
y(2)= (05-0.288)z  (0.5+]0.288)z
z-(0.5+0.866) [z-(0.5-]0.866)]

y(z) 05-j0.288 [0.5+]0.288]

y(n)=(0.5-j0.288)(0.5+j0.866) u(n)+
(0.5+j0.288)(0.5-j0.866)" u(n)

y(n) =1.155in{n(nT+l)}u(n)
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10.A Causal system is represented by the following difference equation
y(n)+%y(n-1):x(n)+%x(n-1)[C05-H1-May/Jun2013]

Find the system function H(z) and give the corresponding ROC.
Find unit sample response of the system

Find the frequency response H(e'®) and determine its magnitude and phase.
(a) Given

y(n)+%y(n-1) = x(n)+%x(n-1)

Applying z — transform on both sides and assuming initial condition to zero we get

y(z) +%zly(z) =x(2) +%zlx(z)

1,0 ,,1
y(z):1+22 :z+2
X(2) q,1,0 501
4 4
1
z+5
H(z)= T
Z+—

As the system is causal the ROC is |z| > Y4

(b)
For unit sample sequence x (n) = 3(n)
X(z) =1
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1
a2 Y@ _
(Z)_ (1) 1
zZ+-=
4
1
H(z)=y(2)=—"+—2
1 1
Z+= Z+-—
4
1 _
y(z)=—= oz Z1
z+-= z+=
4 4

Taking z — transform on both side we get

y(n) :(_%jn u(n)+%(—%)n_lu(n—l)

(c)
The pole z = - % is inside the unit circle, therefore the system is stable and the
Fourier transform H(e*”) can be found form H(z)

H.ej‘*.zH'z/ .
Z=g"

High

Hi ej"“’

o 1
COs @+ 5N .:.;;.+§

Hlejwlz 1
t:cnsm+j5mca+E
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1

1 2
(c05m+§] +5in? @

|H|ej°°' i|=

2
(cos o+ %J +5in? @

— 1 %
2 a2
_ COS“®+COS®+ — +SIinN“®
‘H(e'“’) = 4
) 1 1 i
COS“®+—-COSw+—+SIN“ ®
L 2 16
_ 5 %
_ Z+c03co
Jo \| _
‘H(e ) =%
~——+0.5cosm
16
H(e“”) —tant—2N® g SIN®
0.5+cosw 0.25+cosm

11. Find the output of the system whose input and output are related by y (n) =7y
(n-1) — 12y (n-2) +2x (n) —x (n-2) for input x (n) = u (n). [CO5-H1-May/Jun2015]
[May2015]

y (n) =7y (n-1) — 12y (n-2) +2x (n) —x (n-2)

Taking z — transform on both sides with zero initial condition, we get

x(z) T 1-77'+127°2

)
)
) y(2) 2-z"
)
)

z 2z° -1
LAG S — (1)
xX(z) z°-7z+12
For input x(n) = u(n)
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:X(Z):z_—l —(2)
(2) in (1) we get
~ 2(222—1)
y(z)_(22—72+12)(z_1)
y(z): 2722 -1
2 (@D (z-a)(z-3)
A B C
z-1 z-4 z-3
(22 -1)
A=(z-p(EIE-AE-2)/ L
(227 -1)
B:(z—4)(Z 1)(2—4)(2—3)224:%1
(22*-1)
c=(e-3)2 NE-Hz2)/ 7
023 3

12.Find the impulse response of the system whose input and output relation is
given by y (n) -4y (n-1) +3y (n-2) = x (n) +2x (n-1). [CO5-H1-Nov/Dec2014]

Given

y(n)—4y(n-1) +3y (n-2) =x (n) +2x (n-1)
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Taking z — transform an both sides

y(z)-4z7'y(z)+3z7%y(z) = x(z)+2z7'%(z)
y(Z): 1+2z*
x(z) 1-4z7"+3Z7
y(z)= z(z+2)
x(z) (zz—4z+3)
y(z)  z(z+2) N
(@) eoes Y
For a impulse
X(n) = d(n)
X(z)=1 >(2)

(2) in (1)
- z(z+2)
2= 0 z-3)

y(z) z+2

z  (z-2)(z-3)

y(z) A N B
z z-1 z-3

y(z) 3 5

z  2(z-1) 2(z-3)
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13. Consider a causal and stable. LTI system whose input x(n) and output y(n)
are related through the second - order difference equation. [CO5-H1-
May/Jun2013]

y(n)-<y(n-1)-2y(n-2)=x(n)

(a) Determine the frequency response H(e'®) for system
(b) Determine the impulse response h(n) for the system.
Given

1 1
y(n)-<¥(n-1)-<y(n-2) =x(n)
Taking Fourier transform on both side

Y(e") ‘%e“’“’y(ejm)‘%e_jz"’y(ejw) =x(e")

b

The frequency response

jo Y(ejm) _ 1
H(e )_ X(ej“’) 1 1 e lo 1e*jw2
] ejZm
H(elw) B oi2o 1e“” 1
6 6
H(ej“) el®
e
2 3
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H(ej‘”)—§ e” +E e”
2 3

impulse response h(n)=DTFT™* [H(e"“’)}
h(n)= %(gjﬂ u(n)+ %[—%}n u(n)

14. Obtain the cascade form realization of the system described by the difference

equation. y(n)-%y(n-l)-%y(n-Z)=x(n)+3x(n-1)+2x(n-2)[C05-H1-
Nov/Dec2013]

Given
y(n)-%y(n-l)-%y(n-z) =x(n)+3x(n-1)+2x(n-2)

Taking z — transform on both sides we get

y(2) —%z’ly(z) —%z’zy(z) =x(z)+3z'%x(z)+2z7'x(z)

1, 1 _ _
y(z)[l—zz 1—52 2sz(z)[1+32 ty2z 2]
y(z) 1+3z*'+2z7

x(z) B 1_124_}[2
4 8

(1+z7*)(1+227%)

o)

H(z)=H,(z).H,(z)

H(z)=
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where

Now the cascade realization of H(z) can be obtained by cascad

X(2)

Il SEM

ing Fig (1) and Fig (2)

Y(2)

U
A

Y

<
<«

A

1/2 1

1/4

15. Obtain parallel form realization of the system described by the difference

equation.

y(n)-%y(n-l)-%(n-Z)=x(n)+3x(n-1)+2x(n-2)

y(n)-%y(n-l)-%y(n-z): x(n)+3x(n-1)+2x(n-2)

Taking z — transform on both sides we get
_lz’ly

y(z) 2 (z)—%z2y(z):x(z)+321x(z)+222x(z)

y(z) _ 1+3z"+2z°
x(z) 1_12_1_12
4 8

-2
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16

iz’2 —iz’1 (222432141
8 4 + ) L
227°—-477+16

() ) 0O

7z1-15

-15+7z"

H(z)=16+——1'2
(2) +1+ 3z1+2z27

~15+72"
(1— z‘l)(1+ 22‘1)

H(z)=16+

22 37
- 1
1+z7t' 1+2z%° _>( )

H(Z) =16+
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