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Assume suitable data if necessary.

What is periodic and aperiodic signal? Find the necessary condition for the signal x[n]
= cos (2nfon + 8) to be periodic.

Determine whether the given signal is energy signal or power signal. x(t) = e™ a>0

Derive an analysis equation of continuous time Fourier series representation of any
signal x(t).

Describe the time shifting and frequency shifting properties of continuous time
Fourier series. Find Fourier series coefficient of signal x(t) = A cos(wot).

State and prove Parseval’s relation for continuous time periodic signals.

Find the Fourier transform of the signal x(t) = e %%, @ >0 and also plot the
frequency spectrum.

Find the Fourier transform of the given signal.

xfn]=1 for-N; £n<N;
= () elsewhere

Show that the convolution in the time domain results multiplication in frequency
domain using discrete time Fourier transform,

State and prove conjugate and frequency shifting properties of discrete time Fourier
transform.

Derive the convolution integral for continuous time system signal.

Define linear time invariant system. Fxplain causality and time variance properties of
continuous time system.

Find the output of the LTI system with impulse response h[n] = 2"{u[n]-u[n-3]} and
x[n] = 8[n] + 8[n-1] + 8[n-3]. Also verify the answer.

Define frequency response of the discrete LTI system. Derive Formula to calculate
the impulse response of continuous time ideal low pass filter.

Find the convolution between signals x[n] = {1,2,2,1} and hin] = {1,2,2,~1}}.
Choose your own origin.

Define sampling theorem. Determine the Nyquist rate and Nyquist interval for the
given continuous time signal.

i
x(t) = 5 cos (4000nt) cos (10007t)
Find impulse response for the DT system given by the following linear constant
coefficient difference equation. y[n] - -j: yin - 1] + %y[’n - 2} = 2x[n]
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Define even and odd signal with necessary diagram. Check whether the following

signal is energy or power signal. (i) x(t) = 5A cos(wt + ¢) (ii) x[n] = sin @ [3+4]
Prove that discrete time complex exponential is periodic if its frequency is rational. [4]
Derive the exponential form of the Fourier series of a continuous-time signal. [6]
Find and plot the Fourier series coefficients for the following signal with period N. [5]
x[n] = 1+ Sin (-21—:5) n + 3Cos (%'—)n + cos (5;-‘11 + 3'2-)

State and prove Parseval's relation for Discrete Time Fourier Series. [3]
Find the Fourier transform of signal x[n] = a™u(n), 0<a<l [6]
Derive and explain the expression of energy density spectrum for a continuous time

aperiodic signal. [6]
Derive Fourier transform pair equations of a discrete-time signal. [6]

List out the properties of Discrete Time Fourier Transform. State and prove the
convolution property of Discrete Time Fourier Transform. [6]

State and prove the sampling theorem. Find the Nyquist rate and Nyquist interval for
the signal [3+3]
x(t) = (1/27) cos(4000zt) cos(1000mxt)

Derive the transfer function of a RC low pass filter and plot the magnitude and phase. (5]
Find the output y(t) of LTI system if the impulse response h(t) = e~tu(t — 3) and

input x(t) = u(t — 2). (51
Describe the frequency response of a continuous time LTI system. [5]
Derive convolution sum of a discrete time signal. [5]

Find out the frequency response of the following signal
y[n] = 0.5 x[n] - 0.5x[n — 1]

h[n]=§farn=0and—%forn=1 [5]
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. a)

b)

a)

b)

Define energy signal and power signal. Determine whether the signal x(t) = e 3" is
a power signal or energy signal or neither energy nor power signal.

Define continuous time unit step signal. Derive the necessary condition for the signal
x(t) = e/t to be periodic.

Derive the trigonometric fourier series expansion of a continuous-time periodic signal

x(t).
State and prove the time-scaling property for continuous-time fourier series pair.
State and prove frequency shifting property of discrete time fourier series.

Find the fourier transform of the signal x(t) = ¢™; a > 0 and also plot the frequency
spectrum.

Show that the convolution in time domain results multiplication in frequency domain
using continuous time fourier transform.,

Determine the discrete time fourier transform of signum function (sgn[n]) and use it to
find the DTFT of unit-step signal u[n].

a)
b)

a)
b)

a)

b)

State and prove the linearity and time shifting properties of DTFT

Define sampling theorem and Nyquist criteria for sampling. Find the Nyquist rate for
the signal: x(t) = 20 sin(500mt) + 10 cos(300mt) — 50 cos(1000mt)

Derive convolution integral for continuous LTI system.

Find convolution between the signals x[n] = {3,5,6,9} and h[n] = {-1,3,5}.
Choose your appropriate origin. Show the output signal.

Derive the expression for impulse response of RC filter and plot the magnitude and
phase response.

Find the frequency response (e/“), plot the magnitude and impulse response hn] for
a system characterized by linear constant coefficient difference equation
y[n] = 0.5y[n — 1] + x[n]
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a)* Define energy and power signal. State whether the given signal is periodic or not? If

signal is periodic, find its fundamental period. x[n] = cos(T)sin(3) [6]

b) Explain time shifting, time scaling and time inversion of a continuous time signal with
example, [3]

a) What is Fourier series representation of a signal? Derive an expression for analysis

and synthesis equation of the Fourier Series for a CT periodic signal x(t). [6]

b) Consider a Signal x[n] = sin(won) with period N = 6. Find the Fourier serigs
coefficient of the given signal x[n]. Plot spectra. Also find the average power. i [6]

. a) Derive Fourier Transform of discrete time aperiodic signal. Also, prove that DTFT is
periodic with 27, [4+2]

b) State and prove that convolution in time domain is equivalent to multiplication in
frequency domain. | [5]
a) Explain duality property of continuous time Fourier transform with derivation. [1.5+3.5]
b) Find the Fourier transform of the signal (t) = e~2tcoswo(t) , a> 0. [5]
Find: a) Inverse Fourier Transform of CT unit impulse signal 8(w) [2]
b) Fourier Transform of DT signal coswo(n) : [4]

¢) Show that the multiplication of a signal x(t) by t is equivalent to differentiation -

of its Fourier Transform. _ | : [4]

Explain the Nyquist Criteria for sampling and aliasing effect. Find the Nyquist rate for the
signal x(t) = 30 sin(100xt) + 40 cos(400mt) sin (3007t). [4+4]
a) Derive convolution sum for a LTI system. _ [6]
b) Find the output of an LTI system, for input x[n] = {%,—1, 2}and h{n] = {2,%,-2}. - [6]

Find the frequency response and impulse response of the system characterized by linear
constant coefficient difference equation y[n] = 0.5y [n-1] + x[n]. [8]
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1. Determine whether the signal x(t) = e is a power signal or energy signal or neither
energy nor power signal. [4]
. . e VB o 5 -
2. Determine whether the signal x[n] = 5Sin [?n—E]—2Cos[T2—n] is periodic or not. If
the signal is periodic, calculate its fundamental period and fundamental frequency. [4]
3. What are the significance of Fourier series coefficients of a signal? State and prove time
scaling and conjugation properties of continuous time Fourier series representation. [2+6]
4. Tind the Fourier series coefficient of the signal. [6]
i ol BT 2n 4n
XMnl=1+Sin[| = |n]+3Cos[| — [n]+Cos[| — |n
m=t+sing( 2% ) ([Z)a ((£]a
5. Explain the convolution properties of continuous time Fourier transform. [6]
6. State and prove Parseval's theorem for continuous time aperiodic signal. [2+6]
7 TFind the Fourier transform of continuous time Rectangular Pulse and Constant amplitude
A. State Prove Duality property of Continuous Time Fourier Transform with suitable
example. E _ [4+4]
8. Consider an analog signal x(t) = 3cos 200 mt + 2sin 300 7t -3cos 500 nt. [Sj
i) Determine the minimum sampling rate required to avoid aliasing.
ii) Suppose that the signal is to be sampled at the rate of Fs = 400 Hz. What is the
discrete time signal obtained after sampling?
ii) Find reconstructed signal x(f) from sampled signal calculated above in [ii].
9, a) Find the convolution between the signals [6]
x(t)=1for-1<t<1
0 otherwise
and, h()=1 for-1<t<1
0 otherwise
b) Evaluate the Step response of RC filter [5]
10.2) What is the condition for LTI system to be causal? [2]
b) Determine if the following system is Linear
y[n] = ax[n] +b 3]
¢) Check if the system is time invariant
y[n] = nx[n] — x[n-1] [3]
11.a) Perform convolution sum of signal x[n] = {1,2,0,-1} and hin] = {2, 0, 2} [6]
LN Tvavion ammanditian crim eanation for discrete time linear system. [3]
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1. a) Draw the following signal x[n] = u[n+2] — u[n-3] + nu[n-3] — nu[n-6]. [3]
. . - o : c k _
b) Determine the period of x[n]= Zkzﬂw( 1)*8[n-Kk]. [2]
¢) Forx[n]={l1,2,0,-2, 1}, find x[2n - 3]. [3]
2. a) Derive the Trigonometric Fourier Series expansion of a continuous-time periodic
signal x(t). [5]
b) State and prove the time-scaling property for discrete-time Fourier series pair. [4]
* ¢)“Find the frequency domain representation (both magnitude and phase plot) of a
periodic signal defined as x[n] = {1, -0.5, 0, 0, 0.5}, with period N = 5. [6]
3. a) Find the Fourier Transform of the signal x(t) = et l; a > 0 and also plot the frequency
spectrum. [5]
b) Show that the convolution in time domain results multiplication in frequency domain
using continuous time Fourier Transform. - [5]
¢) Determine the discrete time fourier transform of signum function (sgn[n]) and use it
to find the DTFT of unit-step signal u[n]. [4+8]
4. Determine the 4-point DFT of the signal x[n] = u[n] + u[n-1] - u[n-3] - u[n-4] using linear
transformation method. [5]
5. What is aliasing and how can it be prevented? [6]
6. a) Find the convolution between the signals (8]
x(t)=1 for-1<t<l
0 otherwise
h(t)=1 for-l<t<l
0 otherwise
b) Evaluate the step response of RC filter. [5]
7. a) What isthe condition for LTI system to be causal? [5]
b) Determine if the following system is Linear y[n] = ax[n] +b. (3]

c¢) Check if the system is time invariant y[n] = nx[n] - x[n-1].
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a) Define energy and power signals with examples. 4]
b) Derive the necessary condition for the signal e/«" to be periodic. ' [4]
a) Calculate and plot magnitude and phasé spectrum of the following periodic signal. [8]
L3 Ax(0)
1
0.5
-4 -3 -2 -1 0 1 2 3 4 ft
-05
b) State and prove Parseval’s relation for discrete time periodic signals. [6]

State-and prove the complex conjugation property for continuous time a periodic signals.
Also show that if the CT signal is purely real, its Fourier Transform is conjugate

symmetric. [4+4]
a) Find the Fourier Transform of discrete time signal [n] = au[n],0<a<1. [6]
b) Compute the 4-point DFT forx[n] = (3,-2,1}. [6]
State Nyquist’s sampling theorem. Find the Nyquist _rafe for the given CT signal [2+4]

x(t) = %—;cos(SOm) 003(50011’:)

a) What is an LTI system? Find the output of the LTI system Wlth 1mpulse response

1 5 :
h(t) = e u(t) when the input to the system is { ] |< [2+8]
. otherwise
b) Show that ideal low pass filter is not practically realizable. ‘ 7

Find and plot the convolution sum of the signals x[n] = {- 0.5, 1, - i 0.5} and
yln]={1,2,-1,0,2,-1}. , : (8]

For a system® characterized by linear constant coefficient difference equation

y[n] = 0.4 y[n — 1] + x[n], find and plot the transfer function and impulse response of the

system. [7]
k&%
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a) Differentiate between continuous time and discrete time signals with examples.

b) Determine the fundamental period and fundamental frequency of the periodic signal.
7
x[nj= 331’)’{-—£n - 2]+ cos(ﬁn + 2]
9 13

a) "Even if a signal is periodic, its Fourier series might not exist." Justify the statement
using three different examples.

b) State and prove Parseval's relation for Discrete Time Fourier series.

Derive expression for Fourler transform of continuous time periodic signal. Find Fourier

transform of signal x(t)=¢*sin(t).

a) State and prove convolution properties for continuous time Fourier Transform.

b) Compute discrete time Fourier transform of the discrete time signal
n—1
. x.[n] — [é} ; u.[n_— I ]

a) Derive the convolution sum.

b) Find the convolution between the fellowing sequences.
h[n]={2,1,5,7}
x[n]={1,3,5,9, 6}
Choose origin as per your choice.

a) What is impulse train sampling? How do you reconstruct original signal from its
sample?

b) Derive and plot the impulse response and frequency response of a system
characterized by the different equation.

y[n]+055y[n-1]=x[n]

a) What do you mean by impulse response of a LTI system? Derive formula to calculate
impulse response of continuous time ideal low pass filter.

b) If the impulse response of a discrete LTI system is h[n]=u[n] and input to the system
is x[n}=2"u[-n], determine the output y[n] of the system.

a) State and prove commutative property of continuous time LTI system.

b) Explain Invertibility of LTI system and derive the necessary condition for two LTI
systems to become inverse of each other.
ok ok
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d)

b)

a)

.b)

.

b

Given: x(t) = sin(t). Is this s1gna1 pcnodlc‘? Is it an energy signal or power signal or
neither?

“Combination of two connnuous-txmc periodic signal might result in an aperiodic
signal.” Justify this statement using any numerical example.

Derive the formula for synthesis equation and analysis equation of Fourier series.
Mention the three conditions that guarantee the existence of Fourier series.

State and explain four properties of discrete time Fourier series.

State and prove Parseval’s relation for finite encrgy mgnal Describe ‘any three
applications of Fourier Transform. :

Calculate Fourier transform of a constant DC functlon What are the physical
meanings of Energy spectral Density and Power spectral Density?

How do you calculate the Fourier transform of perlodic sequence? Explam with
necessary steps.

Explain practical sampling method using a circuit diagram. Describe hand-pass
samplmg theorem. .

Elaborate the physical meaning | of convolution integral usmg suitable example.

Derive convolution sum., Provc that an ideal low-pass ﬁlter 1s a non-causal system.

" Define transfer function and impulse response in dlscrete-tlme Bneﬂy explain the

procedure of drawing a bode plot, _ o
State and explain any six properties of a dxscretc-t:lme LTI system _ w85
Determine the range of a and b for which the gwen LTI system becomes stable whose

-impulse response is:

h[n] = &™ U[n] + ™ U[-n]
where, U[n] is discrete-time unit step function.
dkok
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a) Define energy and power signals with examples. 4]
b) Derive the necessary condition for the signal e/m to be periodic. - [4]
a) Calculate and plot magnitude and phase spectrum of the following periodic signal. [8]
L5 Ax(0)
1
0.5
4 3 .2 1 0 1 3 8 s
-05
b) State and prove Parseval’s relation for discrete time periodic signals. [6]

State-and prove the complex conjugation property for continuous time a periodic signals.
Also show that if the CT signal is purely real, its Fourier Transform is conjugate

symmetric. _ [4+4]
a) Find the Fourier Transform of discrete time signal [n] =au[n],0 <a<1. [6]
b) Compute the 4-point DFT for x[n] = {3, =2, 1}. [6]

State Nyquist’s sampling theorem. Find the Nqust rate for the given CT signal [2+4]
x(t) = zicos(SO‘n:t) cos(SOOﬁt) :
i

a) What is an LTI system? Find the output of the LTI system w1th unpulse response

1 t
h(t) = ¢ u(t) when the input to the system is { ’ | |<5 [2+8]
. otherwise :
b) Show that ideal low pass filter is not practically realizable. _ .[7]
Find and plot the convolution sum of the signals x[n] = {- 0.5, 1, -1, 0.5} and
yln]={1,2,-1,0,2,-1}. : (8]

For a system® characterized by linear constant coefficient difference equation

y[n] = 0.4 y[n — 1] + x[n], find and plot the transfer function and impulse response of the
system. [7]
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a)

b)

a)

b)

Define energy signal and power signal. Determine whether the signal x(t) = e 3" is
a power signal or energy signal or neither energy nor power signal.

Define continuous time unit step signal. Derive the necessary condition for the signal
x(t) = e/®* to be periodic.

Derive the trigonometric fourier series expansion of a continuous-time periodic signal
x(t).
State and prove the time-scaling property for continuous-time fourier series pair.

State and prove frequency shifting property of discrete time fourier series.

Find the fourier transform of the signal x(t) = ¢®"; a > 0 and also plot the frequency
spectrum.

Show that the convolution in time domain results multiplication in frequency domain
using continuous time fourier transform.

Determine the discrete time fourier transform of signum function (sgn[n]) and use it to
find the DTFT of unit-step signal u[n].

a)
b)

a)
b)

a)

b)

State and prove the linearity and time shifting properties of DTFT

Define sampling theorem and Nyquist criteria for sampling. Find the Nyquist rate for
the signal: x(t) = 20 sin(5007t) + 10 cos(300mt) — 50 cos(10007t)

Derive convolution integral for continuous LTI system.

Find convolution between the signals x[n] = {3,5,6,9] and h[n] = {-1,3,5}.
Choose your appropriate origin. Show the output signal.

Derive the expression for impulse response of RC filter and plot the magnitude and
phase response.

Find the frequency response (e/®), plot the magnitude and impulse response h[n] for
a system characterized by linear constant coefficient difference equation

y[n] = 0.5y[n — 1] + x[n]
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- a) Briefly explain CT unit impulse, unit step and unit ramp signal. What is the

relationship between unit impulse, unit step and unit ramp signal? [4]
b) Sketch the signal x(t) = Scos(t). State whether the given signal is energy signal or
power signal. (4]

Write down the condition of convergence of continuous time Fourier series. Find the
Fourier series coefficient ay for the continuous time period signal, [3+5]

1.5, 0<t<l
X(t):{-I.S, 1<t<2

State and prove:

a) Parseval’s theorem for a DT aperiodic signal. [4]
b) Convolution property of the CT Fourier Transform, 4]
a) Derive the expression of Discrete Time Fourier Transform for periodic Sequence. [7]
b) Differentiate between energy and power spectral density. [4]
- a) How does Nyquist criteria prevent aliasing? Explain with diagram. [4]
b) Find the Nyquist rate and interval for the following signal: [4]
x(t) = 2cos (100mt) cos (300nt)
a) Derive the convolution sum for an LTI system. (6]
b) Determine if the following system is linear y[n] = ax[n] +b [4]
a) Derive the expression for impulse response of ideal low pass filter. 5]
b) Define LTI system. Explain the properties of discrete time LTI system. [6]
Find the output of an LTI System given by: x[n]=8[n] + 28[n-1] - §[n-3] and
h[n] = 23{[n+1] + 28[n-1]. [8]

Find impulse response for the DT system given by the following Linear Constant

Coefficient Difference Equation. y [n] - %y[n “ T & %y[n ~ 2] =2x[n]. (8]

o ke
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1. Define Power and Energy Type continuous Time signal with suitable examples. Check
whether these signals are Energy or Power Type with required calculation.

a) x(t)=u(t)
b) x(t)=0(1)

2. Derive the expression of Fourier Series Coefficient in exponential form for Continuous
time periodic signal. Describe the condition for existence of Fourier series with suitable
examples.

3. a) Find the Fourier Transform of the signai x(t) = c_a!t'; a > 0and also plot the frequency

spectrum.

b) Show that the convolution in time domain results multiplication in frequency domain
using continuous time Fourier Transform.

4. Derive the expression of Fourier Transform of Discrete Time aperiodic Sequence.
5. Define sampling theorem. Determine the Nyquist rate for the continuous time signal, x(t).
x(t) = 1+ Cos (2000 nt) + Sin (4000 nt).

6. What are the properties of system? Determine whether the given system is time-variant or
not.

y (t)=Sin [x (V)]
7. a) Describe different Properties of Discrete time LTI system with suitable example.
b) Convolve the signal x[n] = {3, 1, 5} and h [n] = {1, 4, -2, 3}
8. a) Describe bode plot with example
b) Derive the expression for impulsive response of ideal low pass filter and discuss.
9. a) State and prove the Time-Scaling property for discrete-time Fourier series pair.

b) Find the frequency domain representation (both magnitude and phase plot) of a
periodic signal defined as x[n] = {1, -0.5, 0,0, 0.5}, with period N = 5.

10. What is aliasing and how can it be prevented?

LR

[2+4]

[5+3]

(3]

[5]
(8]

[2+4]

[2+5]
[5]
[5]
[4]
[5]
[4]

[6]
[6]
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Show that any signal can be decomposed into an odd and even component. Is the
decomposition unique? Illustrate your argument using the signal.

x[n]=1{2,3,4,5, 6}

a) Derive the Trigonometric Fourier series expansion of a continuous- time periodic
signal x (t).

b) State and prove the Time- Shifting property for discrete — time Fourier series pair.
a) State and prove convolution property of discrete time periodic signals.

b) What is Parseval's relation? Prove Parseval's relation for continuous-time periodic
signal.

-ah

a) Find the Fourier Transtform of the signal x(1) =e ™" ; a >0 and also plot the frequency

spectrum.
b) Obtain the Fourier transform of the continuous—time signal.
a) What is convolution? Obtain the expression for convolution sum.

b) Find and plot the convolution between

_Jinf -2<n<2 [2n; 2<n<5

xn] = { 0; otherwise and y[n]= i 0; otherwise
a) What do you mean by aliasing? Compute Nyquist rate for

x ()= 5cos (150071 ) — 2 sin (2000x ¢t ) + 3 sin (18507t ).
b) Evaluate the Step response of RC filter.
a) What is the condition for LTI system to be causal?
b) Determine if the following system is Linear

y [n]=ax [n] +b
¢) Check if the system is time invariant

y [n] =nx [n] —x [n-1]
a) Define energy and power signal.

b) Determine the energy of the signal
X (t) = Scosmt + sinSnt, -o<t < o

& R

[3+5]

[5]
[4]

[2+3]

[2+3]

(5]
(6]
(6]
(8]

[2+4]

[3]
(3]
3]

(3]

2]
[4]
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. a)" Define energy signal and power signal. Determine whether the signal x(t) = e'5'u(t+2)

is energy signal or power signal or neither energy nor power signal. [3+4]

b) x(t) and y(t) are continuous time signals defined as:
x(t) = sin 67t and y(t) = cos 8t
Determine whether:;

(i) x(t) is periodic.
(i1) y(t) is periodic.
{iii)x(t) + y(t) is periodic

If periodic, find the fundamental time period of x(t), y(t) and x(t)+y(t). 3]
a) A continuous time Fourier Series is evaluated over infinite duration while a discrete

time Fourier series is evaluated over one time period only. Why? [2]
b) Obt%;in fourier series coefficients of the signal:

x[n]=1+3co 2—;?—3+ -;E]

Where,

N is the fundamental time period of x[n].

Also, Plot magnitude and phase spectrum of the coefficients. [2+242]
¢) Derive exponential form of Fourier series for discrete time signal. [4]
a) Derive the Fourier Transform equation for discrete time aperiodic signals. Also prove

that the DTFT is periodic with period 2x. [4+2]
b) Given discrete time signal is : -

x[n] = a"U[n], |al<1
Given that Fourier transform of x[n] is continuous in nature,plot magnitude and phase
~ response of the transformed signal. [4]

a) State and prove duality property of continuous time Fourier Transform. [5]
b) State and explain Energy density spectrum. [5]
a) Derive the convolution integral. [4]

b) Find the convolution between the following sequences.
h(n]={2,0, -1, 2}
xfn] ={1,2,-1, 3}
Choose origin as per your choice.

[6]



b)

What do you mean by causal and non causal systems? Derive the condition for a
continuous time LTI system to be causal. [2+3]

Prove, with necessary derivations, that an ideal low pass filter is not physically
realizable. Also derive the expression for step response of ideal low pass filter. [3+3]

Define Nyquist sampling theorem. Explain using frequency domain analysis of
impulse train sampling. [6]

Find the frequency response and impulse response for a system characterized by
linear constant coefficient difference equation y[n] = 0.5y[n-1]+x[n]. [4+2]

. Consider a continuous time system with input X(t) and output y(t) related by
y(t) = x(t-2)+x(2-1). Is the system Linear Time invariant? Explain. [5]
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a) Define even and odd signal in both continuous time and discrete time with examples. [4]

b) Explain time shifting, time scaling and time inversion of a continuous time signal with
example. [3]

a) Derive necessary condition for a discrete time signal to be periodic. Find the energy
and power of the discrete time signal x[n]=e™"u[n], where u[n] is unit step

function. [3+4]

b) Explain the behaviour of discrete time complex exponential x[n]=ca" where ¢ and o
are real. [4]

a) What is Parseval's relation? Prove Parseval's relation for continuous-time periodic
signal. [2+4]
b) State and prove time scaling properties of exponential fourier series. [4]
a) Derive Fourier series synthesis and analysis equation for discrete time periodic signal. [6]

b) Explain with necessary derivation that the discrete time Fourier Transform is periodic
in frequency with period 27. [4]

a) State and prove frequency derivative property of fourier transform. Use same property
to find fourier transform of x(t)=t*exp(-a*t)u(t), a>0 [3+4]
b) Find Discrete time Fourier transform of the discrete time signal x[n}=u[n-2]-u[n-6]. [5]

a) What is aliasing in sampling? Determine the Nyquist rate for the continuous time
signal x(t)=1+cos(2,000mt) + sin(4,0007t) [2+4]

b) Derive formula to calculate the impulse response of Ideal low pass filter in discrete
time. [5]
a) Derive convolution sum. [4]
b) Find the convolution sum of x[n}={1,3,4,3,1} and h[n]={2,2,-2} [6]
Write short notes: [3x3]

a) Frequency shifting DT FT
b) LTI system
¢) Bode plot
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. Derive necessary condition for a discrete time signal x[n}= e/Wolto be periodic.
_ o pr+sys
Determine whether the discrete time signal x[n]=3e 2 is periodic or not. [4+4]
Derive the expression to compute Fourier series coefficients of exponential Fourier series.
Explain Gibbs phenomenon. - [8]
a) State and prove Parseval’s relation for Discrete-Time Fourier Series (DTES). [5]
b) A periodic square wave as shown in figure below is defined over one period as: [5]
" A, <
X =
0 5 T] < It! < %

Determine the Fourier series coefficients for x(t).
x(1)
A

b S, T R 1

a) State and prove the convolution property of continuous-time Fourier Transform. [5]

b) Find the Fourier Transform of the signal x(t) = €™ u(t), where a is real constant. Also,
draw its amplitude and phase spectra. [6+2]

What is aliasing? Determine Nyquist rate for the continuous time signal
x(t)=1+cos(2,0007t)+sin(4,0007t) [2-+4]

Derive formula to calculate convolution integral for continuous time LTI system. Find

convolution between following continuous time signals x(t)=e ‘u(t) and
y(t)=eu(t~3) [5+6]

a) The impulse response of a LTI system is
h[n] ={1,2,1,-1}

Determine the response of the system to the input signal
x[n] ={1,2,3,1} [6]

b) Check whether the discrete-time system described by the following input-output
relation is linear or non-linear. [4]
y[n]=2xx[n] +5

Define invertibility of LTI system with suitable example if impulse response h[n] = U[n]
and inverse system h'[n] = 8[n] - 8[n-1]. Prove that their convolution must be 8[n]. [3+4]

Find the frequency response H(e™) and impulse response h[n] for a system characterized
by linear constant coefficient difference equation y[n]=0.3y[n-1]+x[n]. [7]

Hkk
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. a) Define 'continuous' and discrete time signals giving suitable examples.

b) Show that any signal can be decomposed into an odd and even component.

a) Derive necessary condition for a discrete time signal to be periodic. Determine

whether the following signals are energy or power signal f(t) = 5 cos nt+ sin 5 it

b) Explain the behaviour of continuous time complex exponential signal x(t) = ¢ e*.

State Parseval's relation for discrete time Fourier series. Find the average power of

discrete time periodic signal X[n]= sm[—j-—] using Fourier series coefficient.

a) Obtain the expression for analysis equation for DTFS.

b) Show that fourier series coefficient of discrete time signal is periodic in nature.

a) State and prove Time shifting property of continuous time Fourier Transform.

b) Find the Fourier transform of continuous time unit step signal.

a) What do you mean by sampling, state the requirement of sampling frequency?

Determine Nyquist rate for x(t) = -zl—cos(l 00nt)cos(300nt)
i

b) Derive the transfer function for discrete time low pass filter.

a) Determine whether the given system is linear or not.
Yt)=Ax(t)+B

b) Derive convolution integral of a continuous time signal.

Write short notes

i) Discrete data function
ii) Energy and power signal
ii1) Causal and non causal system
ok k

[3]
(4]

[3+3]
[3]
[2+5]

[6+4]
[6]
[2+5]
[5]

[2+4]
4]
[4]

[6]
[3x3]
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Define even and odd signals. Develop the even/odd decomposition of a general signal x(t). [4+4]
a) Derive the Fourier Serles Expansion of a continuous — time periodic signal x(t). (51
b) Find Fourier series coefficients and associated phase of the signal with fundamental (5]

frequency wo: x(t) = 1 + sin (wot) + 2 cos (wot) + cos (2wot + Tt/4)
¢) State and prove the time shifting property of Discrete — time Fourier series. (4]

a) Explain energy density spectrum of a continuous — time aperiodic signal with necessary {5}

derivation.
b) Find and sketch the Fourier Transform of exponential signal: x(t) = exp(-a|t|) u(t), a>0. {5
a) State and prove convolution theorem of discrete ~ time aperiodic signal. (6]
b) Compute four — point DFT of four — point sequence: x[n] = {0, 1, 2, 3}. (6]
il

Define sampling theorem and Nyquist criteria for sampling. Find the Nyquist rate for the

signal: x(t) = 20 sin (500mt) + 10 cos (300mt) ~ 50 cos (1000nt)
a) Define system. Explain causality and time variance properties of continuous — time LT [2+4]

system.

~b) Find output y(t) of LTI system If input x(t) = exp (-at) u(t) and impulse response h(t) = u(t). (5
c) Derive the conditions for distortionless transmission for continuous ~ time LTI system, 41
{5}

a) Derive the convolution sum for discrete ~ time LTI system,

b) Perform convolution between signals: xifn] = {1, 2, 1, -1} with origin at second position 151
from left and xz[n] = {1, 2, 3, 1} with origin at first position from left.
¢) Find H(e™) and h[n] for a discrete — time LT) system with difference equation; {5}

y[n] = 0.5 y[n - 1] + x[n]

% % ok
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power signal Show by giving suitable example 8

is infinite. [2+5]

ate between energy signal and " i
y signal is zero and energy of the power signal _
time signal to be periodic. (3]

[#]

gnals are periodic or not

Differenti
that power of the encrg
cessary condition for a discrete

a) Derive ne
whether the following discrete time si

b) Determine
(i) SPn3n
- [i’nn) {2nn]
(if) cos{ — |+ €08 =5~
- 7
fficients of exponential Fourier
[5]

a) Derive the expression to compute Fourier series coe
(3]

series.
b) Explain the Diriche
us time Fourier

| Conditions for convergence of Fourier series.
e time shifting and time scaling properties of continuo
(4]

a) State and prov
series.

b) Find Fourier series coefficient 0
2n

x[n] = sinwyn where wg =—I:]-_—
[4]

f discrete time periodic signal

Plot the signal when N = 5.

How do you find the Fourier transform of periodic signals? Find the Fourier transform of

continuous time rectangular pulse and constant amplitude A and explain the result.

in time domain results multiplication in frequency domain using
Fourier transform of the

(5+5]

Show that convolution
continuous time Fourier transform. Determine discrete time

discrete time signal x(n) = 2" U[n] and also plot magnitude and phase spectrum.
State and prove frequency shifting property of Fourier transform.
What is aliasing? Determine the Nyqui i
yquist rate for th i i
x(H)=1 +¢0s(2,000mt) + sin(4,000mt) PN M
a) Derive convolution integral for continuous time LTI system. [6
b) Compute convolution sum of signal x[n] = {1, 2, 0, -1} and hn] = {2, 0, 2} [%

u .}{,‘.

response of the system.

[5+5]
[2+3]

[2+4]

_ {61
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1. Define Energy signal and power signal. Determine whether the signal x(t)=e™' is a

power signal or energy signal or neither energy nor power signal. [3+4]
2. Derive the necessary condition for the discrete time signal x[n]=e™"to be periodic. [4]
3. Derive the expression of continuous time exponential Fourier series x[n]= A sin@,n [6]
4. Find Fourier series coefficients of signal and plot the coefficients. (5]
5. State and prove the frequency shifting and convolution properties for discrete time
Fourier series pair. [3+3]
6. State and prove the Parseval's relation for energy density spectrum. [2+4]
7. Find Fourier transform of signal x[n]=a"u[n](where0<a <1) and plot magnitude and
[3+2]

phase spectrum.
8. What is aliasing effect and how can we overcome it? Determine Nyquist rate for a
continuous time signal x(t) = 2sin40nt+10cos200nt +5co0s100nt . [3+3]

9. What is LTI system? For LTI system, describe the properties: (a) linearity (b) stability
(c) time invariance and (d) causality.
10. Derive the expression for impulse response of RC filter and plot the magnitude and phase. [4+2]

[2+8]

11. What do you mean by convolution? Derive the expression for convolution of two discrete

time signals. [2+6]
12. A discrete time LTI system is defined by the impulse response h[n]= {n ’ —25ns2 If
0 ; otherwise
the input to the given system is x[n]= ?,—0.125,0,—1,0.5,-0.5}, find and plot the output of
the system. ' (7]
13. Find the Fourier Transform of the unit step signal. [4]

%k ok
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1. Differentiate between continuous time and discrete time signals with examples. Show that
Uln]= ) 8[n-k] [2+4]
k=0
2, Calculate the fundamental period and fundamental frequency of the periodic signal
X[n]=3sin L n+ —ﬂ [4]
;D 2
3. Derive the expression for finding even and odd part of signal x(t). Explain time scaling
and time folding. [2-+3]
4. Define discrete time complex exponential signal and its different types of behavior. [2+3]
5. a) Derive the expression for Fourier transform equation and inverse Fourier transform
equation for continuous time aperiodic signals. (8]
b) State and prove Frequency shift property of the continuous time Fourier Transform. 3]
6. State and prove Parseval's relation for the Discrete time periodic signal. [5]

7. What are the differences between Fourier series and Fourier Transform? Find the Fourier

]

transform of the discrete time signal x[n]= a“{lg!:; & [2+6]
8. Derive the expression for convolution integral for continuous time signal. (6]
9. What is LTI system? In a LTI system show that convolution operation is commutative,

find y[n] when x[n] = ”,2,3,4}&111(:1 n[n] = {2,;,2} [243+5]
10. What is sampling? Determine the Nyquist rate for the following signal: [2+3]

x(t) =1+ cos(200nt) + sin(40007t)

11. Derive Formula to calculate the impulse response of continuous time ideal low pass

filter. Is this system practically realizable or not. [4+2]

12. Write short notes on; [3x3]

i) Energy and power signals
it) Invertibility of LTI system
1ii) Nyquist theorem

EE



31+ TIIBHUVAN UNIVERSITY I Bram. GGG w2l
1By ! | Full Marks | 80

INSTITUTE OF ENGINEERING | Level
Examination Control Division { 'P_l_'ngramme | BEL, m_ v, ; Psuss ’r‘é\ntl&.ﬁ ; %
2072 Magh | Year /Part | U1/ Thme | 3t

o'

Subject: - Signal Analysis (EX651) "f._‘"’._f_ff_' B

Candidates are required to give their answers in their own words as far as practicable,

v
v Attempt All questions.
V' The figures in the margin indicate Full Marks.
v' Assume suitable daia if necessary.
1. a) Define even and odd discrete time signal. Derive the periodicity condition for discrete
time signal. [2+3]
B) Define discrete time delta function or signal. Show the relationship between delta
function and unit slep function. _ [2+3]
2. a) Derive Fourier series representation for discrete time signal. {5]
b) Find the Fourier Series coefficient of the following continuous time periodic signal. i5]
X(6) 1.5 0=<t<«l b fund il
= ame uency .
13 e vfn n nq{ equency 1
ol 3. a) Derive the cxpression for Fourier trangform of continuous time periodic signal. s}
b) Find the Founer transform of the signal x(t)=e s 5]
[2+4]

=z 4. a) State and prove thc convolutzon pr0perty of continuous-time Fourier series.

b) What is Parseval's relation? Prove parggval's relation for discrete-time periodic signal. [2-+4]
5. Find inverse Fourier transform of the rectggguiar pulse. [6]
X(jw) =1 ~We <W< W, ~
=0 other wise
6. What do you mean by convolution? Derive convolution sum expression. [2+5]
2

7.. a) What do you mean by sampling? Explain.
b) The szgnal is sampled at the rate Fs = 300 samples/sec. Determine the frequency of

the discrete-time signal x[n]=x, (nT),T =1/F, [4]

8. What are the properties of LTT systems? Determine whether the given- system is linear or
not? y[n] =" [4+5]
f8}

9. Consider a system with impluse response

-. b[n]={1,2 2,5}
Determine the output y{n] for input x{nj = {1,3}

1 2 iy = :ft . L ¥ e P | . e
10, The szgnal %{n] =cos§n is a penodic signal. What happens if the fundamental requenc

of this signal is uIC;EBELSﬁ’? by 277
o
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Vv Assume smmb!e data if necessary.

. 8) Define energy signal and power signal. Determine whether the sxg:nal is a power 5
[3+

signal or energy signal.
x(t)=e™ for a>0
b) Define discrete time unit step signal. Derive the necessary condition for the signal

x[n]=e"™" to be periodic. [1+3]
_2._a) Derive exponential form of Fourier series for continuous time signal. (5]
(5]

b) State and prove Parseval's relation for the Discrete time periodic signal.

3. Derive the expression for Fourier transform of continuous-time periodic signals. Using
“=="this expression obtain the Fourier transform of periodic signal. - =[]
. -:;-w--x(t) =1 for 0<t<T,0 otherwise

4. a) St:ate and nrove the linearity and time shift properties of discrete time Fourier series
= e -—ﬂrepresentanon SR P

b) State and prove the conjugation property for continuous time Fourier transform. Show
<'that if the signal is real valued in time domain, its spectrum is conjugated symmetric.

5. Obtain the DTFT of the signal x[n]=(n+1)a" u[n],0<a <1

- 6. What is convolution? Obtain the expression for convolution integral.

7. What is impulse train sampling? Explain the aliasing effect that may occur in impulse
train sampling. How do you reconstruct original signal from its sample? [1+2+3]

x ﬁ__"_B._'_MaLis_.L'II.system? Explain the commutative, associative and distributive properties of

[4+2]

(6]
[2+6]

discrete time LTI systems. _ [2+6]
9. The impulse response of a discrete time LTI system is h[n] = {%, i, 2, -1} if input is
""""""" x[n}= {} 5 find the convolution sum and sketch the output y[a]. - {6}
10. Find -thc frequency response H(e™)and impulse response h[n] for a system
e 48

characterized by linear constant coefficient difference equation y[n]=0.5y[n-1}+x[n].

e s e wls
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I Find the encrgy and power of the signal x{n] = " uln]. uln] is unit step function. What
/ N
o e ; = {4l | P 4
is the period of signal x[n]= cosf ~=—n 7 [6]
\ '
> " - -y 2

2 Plot the signal x{1) = t(u(t + 3) - u(t - 3)). {1
3 Find Fouricr series coefficients for periodic rectangular pulses with unity amplitude.

Draw the magnitude spectrum. [S+1]
4. Derive the expression for discrete time Fourier serics representation of the signal x[n}

periodic with period of N {7
3. Determine the expression of Fourier Transform for continuous time aperiodic signal. 17]
6. Perform the convolution and draw output v[n] x[n}={l 2 2 3} and h{n]=1{1 4 3. {7}
7. State and prove Parseval's theorem for continuous time aperiodic signal. {24}

What is aliasing effect and how can we overcome it? Determine the Nyquist rate for a

[343)

8.
continuous time signal x(t) = 6 cos 50 xt + 20 sin 300 =t~ 10 cos 100 nt.
b5 for D<t<h

c
and

9. Find convolution between two  signals  x(1)=
0 otherwise

h) {1 fori<t<3
e _ZG otherwise (7}
10. Derive the expression for impulse response and step response of ideal low pass filter. [4+4}

11. For the LTI system, describe following properties: (a) linearity (b) causality (¢) stability
{d} time invariance. e B R ol o

12.1f ihf: impulse response of continuous time linear time invariant system is h{t) = ¢ "u(t -~ 3
and input to the system is x(1) = u(t - 2), determine the output y(1) of the system P n

i3. Describe bode plot with example.
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\\'\‘\i

time scaling of a
[3+4]

i8]

signal.
Derive convolution integral for continuous time LTI system.
16}

3. State and prove Parseval’s Relation for Continuous Time Periodic Signal.

Explain aliasing that may occur in any arbitrary band-limited signal x(t) with band-width
s (5]
Derive the expression for continuous time Fourier serics in exponential form. (7]
(6

Define energy and power signal with examples. Describe time shifting,

—

Explain the convolution properties of continuous time Fourier transform.
Discuss the following properties of continuous time Fourier series. (a) Time shifting (b)
[6]

Time scaling (c) Conjunction.
Derive the expression of Fourier transform for continuous time signal. (8]
(3}

Derive the expression for impulse response of ideal low pass filter and discuss.
(51

Find the Fourier Transform of a continuous time unit step signal.
Discuss different methods to reconstruct a signal. Determine the Nyquist rate for a

—E];cos(200m)005(390m)-

10.

11.
[4+4)

16}

continuous time signal x(t)

Convolve the signals x[n] = {1, 2, 1} and h[n]= {!f’ 23

12,
13.If the signal is periodic, find the fundamental period of the signal
B3}

x[n]= cos( ZE n]. cos( % n ]

% % %
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10.

i3.

11. Derive the impulse response for ideal low pass filter with cutoff frequency ..
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Assume suitable data if necessary.
ven below:

Caleulate the total energy and total average power of the signal gi
x(t) = (3+4)) e u(-1)
[3+1]

Also state whether the signal is encrgy signal, power signal or neither.
is periodic or not. If

: ; . |- 3T
Determine whether the signal x[n]= Ssm(T{ n-— Q_J ——2cc:5L--—nJ
its fundamental period and fundamental frequency. [4]

ally related exponentials? State and
[4+4]

[6}

the signal is periodic, calculate
How could you represent a signal x(t) with harmonic
prove conjugation and conjugate symmetry property of CTFS.

Find the Fourier series coefficients of the signal
X[n] = 1+ sin (2 I/N)n -+ 3 cos (2] I/N)n + cos (4] 1/N)n

Find the Fourier transform of a trapezoidal signal shown below

(8]
x(t) 4

Y T

2 1 0 1 2 3 4 5
{31

How can you generate Fourier transform for discrete time periodic signals? Explain.
5]

State and prove Parseval’s relation for discrete time Fourier transforms.
Compute 4-point DFT of a signal x[n] = {2,1+ j,1 - j}and plot its magnitude and phase
[4+2]
(6]

spectrums.
State and prove sampling theorem for low pass si gnals.
I 1

The impulse responses of two LTI systems are given by h(t)= e 2u(t)and
h, (t) = u(t) - u(t - 5). Determine the equivalent impulse response if these two systems are
[8+2]

connected in cascade. Also sketch the graph of equipment impulse response.
(3]

Given a system Y[n] = 0.5y[n-1]+x[n]+x[n+1]. Find out its impulse response and
{71

frequency response.
What are the properties of LTI system? Show that the output of an LTI system is stable if
_ 18]

the impulse response is absolutely summable,
* k¥
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Assume suitable data if necessan

\X{L/Whal do you mderstand by penodic and aperiodic signals? Explain with the help of
3 examples [4)

7. Determine whetber the following signals are energy or power sipnals. [4]

a) fi)= 3 cos (1)

(N
b x n]:ad \
In}=¢"6 )
" /Whal is the information pravided by Fourier series coefficients of a signal? State and
5 v prove time shifting and conjugation properties of continuous time Fourier series
representation. _ [146]
4 4,/ Find out Fourier senes coefficients of a periodic discrete time signal described over a
period as (5+2)

_ ~2; In| <1
x[n]-—{e; 1<nj1x 3

Using the Fourier series coefficients calculated above; find the Fouricr series coefficients
Ax

of the signal cr"’_“ x|nl.

5. Given the relationship y(t) = x(t)*h(t) and g(t) = x(31)*h(3t) and given that x(1) has th::K
Fourier transform of X (jo) and h() has Fourier transform H(jw), use Fourier transform
properties o show that g(1) has the form g(1) = Ay(B1). Determine the values of A and B. i8)

W Explain the Jinearity and time shifling properties of continuous time Fourier transform. (4]
5 \)& Find the Fourier transform of continuous time unit impulse and rectangular pulse. Discuss
the result. (6}
S \Eﬁ/ Find the Fourier transform of everlasting sinusoid X(t) = cos,t. (4
¢ \{ﬁ/%ai do you mean .by aliasing? Explain with the help of frequency domain analysis for
impulse-train sampling. [1+5]
E VQ(O What are the properties of systems? Determine whether the given system is time-vanan
or not: y(1) = sin[x(1)}. [243)

g \w. Let x(1) be the input to an LTI system with unit impulse response h(1), where, x(1) = ¢ ™
/ u(t), a> 0 and h(t) = u(t). Verify commutative law of LT1 system.

151




Lt?«\\f}m is distortionless transmission? Dezive the expression for wst step resporse of ideal
low pass filer. g5 5

13. A discrete time LT1 system has an impulse response as shown bedoss: {6+2]

. T » l

bi
T"JE
025 i
o —— » - - I — ey T $c:2 ® E3
n
2 1 0 1 p. 3 4 L 5

If the wnput to the given svstem is x[n} = {-0.25, 0.5,

o
‘Jl
g
&
I
[
“
=8
-]
(5]
2
=
o
2

the output of the system

Q@V'l)cfmc systems with memory and memory-less systems with examples. Explain the
causality property of discieie time LTT systems. [3+4]

‘?(3 LR & ]

|
|




o

21 VRIHUV AN CRIVERSITY | Baam,

INS TUTUTE OF ENGINVERING bevel L kg
Examination Control Divisiong | Programme | B PRI vnaf gk \ z.l- |
2009 Bhadra Yonr / Pand L/ | oy | 4 1A

Subject: - Sipnal Analysis (EX651

v Candidates ave required 1o give thely answers in their own words we far o pii Healide

V' Attempt Al questions.,

v The figures in the margin indicate Full Marky

v Assume suitable data if necesyary

1. Define energy and power type sighal with suitable examples, Sketeh and bl e il
y(1) = {0+ x(-Du) for given signal x(1) depicted below

NUE
1 )
l | . ; ! % [+ ...tl i -
1

2. Derive the expression for Fourier series representation of a signal x(1) perfodie with
period T,

3. Find the Fourier series representation of the signal x[n] }_”' On - IN,

4. State and prove Parseval’s theorem for continuous time aper iodic signal

5. ALTI system has input xtt) = ¢ fa() and impulse response h(1) t,-'n(- 1), Find output y(1)
of the system using Fourier transform of x(t) and h(1).

1 it

6. Compute discrete time Fourier transform of the discrete time gignal x[n) (’] ufon- 1

7. Find cirenlar convolution of the signal x[n] = { } 0,0, 1} and y{ ,r;‘ B i

8. What is sampling. How are spectrum of continuous time signal and its sampled version
related? Hlustrate with diagram.

9 Write about the following propertics of continuous time system: (a) Linearity
(b) Causality (c) Memory (d) Stability (¢) Time invariance,

10, Derive the expression for impulse response and step response of first order continuous

. ; : . dy(t) _
time system described by the differential equation t ,y..l({.). Py (1) = x(1).
* L

11.1f the impulse response of continuous time linear time invariant system s
h(t) = u(-u(t-3) and input to the system i x(t) = (tH4) ~u(t), determine the output y(t
of the system. ;

12. Find output of a LTI system using convolution sum, if the input signal is
x[n]=8[n]+25[n-1}-8[n-3]  and impulse  response  of  the  system 08
h{n] = 28[n+1] + 25[n-1}.

13. For a system characterized by Linear constant coefficient difference equation yin} -

0.5y[n-1}+x[n], find the frequency response H(e™) and impulse response hin]. Also plot
the frequency response magnitude *H(e-"‘” )

LS

]

[ 345)

18]

|6}

£5]
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