INDIAN INSTITUTE OF TECHNOLOGY ROPAR
EE201 - Signals and Systems
First Semester of Academic Year 2023 - 2024
Mid-Semester Examination

Duration: 2 Hours Maximum Marks: 50 Date: 20" Sep., 2023

Instructions: Calculators are allowed. Calculator exchange is not allowed. Mobile
computing devices are not allowed. Specify units properly. Begin each question on a new
page. Attempt all questions. No query related to this question paper would be entertained

during the exam. In case of any doubt, specify the same in the answer script.

1. (a) Sketch the following signal (5]

x(t) = —u(r+3) +2u(t +1) — 2u(r — 1) +u(t —3)

(b) The sinusoidal signal [51
T
x(t) = 3cos(200¢ + —6-)
is passed through a square-law device whose input-output relation is defined by

y(r) =x(r)
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® x(t —1t)—x(t+1)

3. (a) Let x(¢) be a periodic signal whose Fourier series coefficients are [5]
1 2y o)
P Rl O
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Answer the following questions with proper justification: i
. (i) Ts x(r) real?
el W ii ?
L T (i) Is x(r) even
L % ~ (b) Let x(r) be a periodic signal with fundamental period T and Fourier series coeffi- [5]
4 % : cients a;. Derive the Fourier series coefficients of each of the following signals in

r series coefficients are given as a; and by, respectively

N-1
Zn] = X[r]y[n =
Denve‘ﬁe{Founer series coefficients of z[n] in terms of aj and by.
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Instructions: Calculators are allowed. Calculator exchange is not allowed. Mobile
computing devices are not allowed. Specify units properly. Begin each question on a new
page. Attempt all questions. No query related to this question paper would be entertained

during the exam. In case of any doubt, specify the same in the answer script.

L. (a) The raised-cosine pulse x() is defined by the following equation. Determine the [5]
total energy of the signal.

l —
x(1) = slcos(@r) +1], —m/o<i<n/0
0, otherwise.

(b) A signal is given as x(r) = e=%u(r) * ﬂ‘fu—w'-) [+ depicts convolution]. The signal is [5]

‘ : » sampled with sampling interval 7.
5‘& & hl > TQ“‘"‘. " y

Detzanjne the bound on 7;, whiGh cuarantee that there is no aliasing.

(i1) Draw the spectrum of the discrete¥tigpe sequence generated when the signal is
sampled at twice the Nyquist rate.

2. (a) Sketch the frequency response of the system described by the following impulse [5]
response. Characterize the system as }0Wpass, bandpass, or highpass.

(b) A system is described by the following sys
H(jo)=

Determine the differential equation des

domain representatio



(8) You are given <] = n(})" 277 X (c/0) Without evaluating X (¢/%), find yln] 3t (5]
i Y(e/®) = ¢~ HOX (/)
- ii. ¥(e/?) = Re{X(e/)}

L 4. (a) A system has the indicated transfer function H(s). Determine the impulse response, (5]
assuming (i) that the system is causal, (ii) that the system is stable.

252 +25—-2
s2—1

{(b) Determine (i) whether the system described by the following transfer funcnon is [5]
p both stable and causal and (ii) whether a stable causal inverse exists?

H(S) =

_ (s1)+2)
f He) = oD@ +2+10)

5. (a) A causal system has input x[n] and output y[n]. Use the transfer function to deter- [5]
mine the impulse response of this system.
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y[n] = 8[n] — ;5['1 —1]
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