
~nnw:. .... .t>.9.\.~_ ..... ................ Entry No.: ..... \..\?i.:::1.4-, _......_,,, ............. . 

INDIAN lNSTITlJTE OF TECIINOJ ,OGY ROPAR 
ER.!O I - Si~nuls and Sysfrms 

Dura11011 · 2 I/om ., 

Firsl Sl•mt•sh'r of Amdt·mi,· Yt•,ir 2023 - 2024 
l\ li,1-St·nH·sfrr Exnmim1! ion 

M,l\'i11111111 Mads: SO /Jotr,: 20 '1' ')r,p,, 202J 

ln,tnh·th,n~: C.1k11/arors arc allow<'d. Calculator C'Xtfwnf{<' is not al!OM'd. MofJ,fr, 
compu1111~ d11\'ll'<'., are not allowed. Spec(f.y units properly. Begin each question on a nPW 

page. Auempt nil questions. No q11ery related to this question paper would be entertwned 
duri11~ the exam. /11 case of any doubt, specify the same in the answer script. 

l. (a I Sketch the following signal 

x(r) = -u(t+3)+2u(t+ l)-2u(t- l )+u(t-3) 

(b) The sinusoidal signal 
7t 

x(t) = 3cos(200t + 6) 
is passed through a square-law device whose input-output relation is defined by 

y(t ) = x2 (t ) 

Determine the 

(i) DC component of y(t), 
(ii) Amplitu~e and fundamental frequency of y(t). 

; (a) Consider an LTI system with input and output related through the equation 

y(t) = /
1

00 

e-(t-t)x(1:-2)d1: 

Whal i~ the impulse response h(t) of the system? 

(b) Determine the response to this system when the input x(t) is as shown hrlt,w. 

◄ t 

x(t) 
2 

Figure I: Q. 2th) 
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3. (a) Let x(t) bt.' a periodic signal whose Pourier series coefficienLs are 

ak -
{

2, k 0 

J(½)lk l, otherwise 

Answer the following questions with proper justification: 

(i) Ts xtf) real? 

(ii) Is x(1) even? 

[5] 

(b) Let x(r) be a periodic signal with fundamental period T and Fourier series coeffi- [5] 

cients ak. Derive the Fourier series coefficients of each of the following signals in 

terms of ak: 

(t) x(t - to) - x(t + to) 
(ii) x( 4t) 

4. (a) Find the Fourier series coefficients for the signal x[n)y[n], where 

x[n] = cos(nn/3) 

and 
y[n] = sin(1tn/6) 

The signal is periodic with period 12. 

[5] 

(b) Consider two discrete-time periodic signals x[n] and y[n] with period N and their [5] 
Fourier series coefficients are given as ak and bk, respectively. Define a sequence 

z[n] given as 
N-1 

z[n] = L x[r]y[n - r] 
r=O 

Derive the Fourier series coefficients of z[n] in terms of ak and bk. 

5. (a) Determine the frequency domain representation of 

( ) j •t sin(21t-c) 
X t = --'-----'-d't 

-00 7t't 

(b) Using Fourier transform pairs and properties, determine the time domain represen­

tation of 1 
X(jro) = . (. 2) - n6(ro). 

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

x(t) = {½ [cos(oor)+ 1], 
0, 

- rc/ oo 5: r 5: rc/ oo 

otherwise. 

(b) A signal is given as x(t) = e- 61 u(t) * sinrt) [ * depicts convolution]. The signal is [5] 
sampled with sampling interval Ts. 

(i) Determine the bound on Ts, whicb guarantee that there is no aliasing. 

(ii ) Draw the spectrum of the discrete-time 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 lowpass, bandpass, or highpass. 

h(t) = ~(t)-2e- 2'u(t) 

( b ) A system is described by the following system function. 
[51 

2+ 3( · ) 3( · )? H(joo) = ~ JW - JW -
I+ 2(Joo) 

Determine the diffcrcnlial equation description for tlw systt'm. 

f d . . . ,·c"·nl al ion of a d1'sc. t . . I . . l 3. (a) The requcncy (lflHllll rep ,.. ' ICC lllllC s1g11a IS gt\'l'll ))' 
[51 

. 1· rW J()IINL . Determine the conesponding 11 ·-...n signal. 



l i)l111 1'' 1 ' \" ( /ll w111io111cv;1luatincX(,,J'i,,fmd'\,11 If l'-1 \bl '11111 .m~ r,1,cn, 11 11(.1 \ ➔ • , , ) 

1 1 {,,,n) c- 14nX(,~Ju) 

11. l'le'11 ) - Rc{:\' (,•10 )} 

tn) A :--y,1em has 1hc indicaled tran~rer function //(s ). Dcterm_ine the impuli,c rc~poni.c. 
a-.:--ummg (1) that the sys1em is causal , (i1J that the system 1s stable. 

2s2 + 2s - 2 
H (s)= s2-1 

15 j 

(b) Determine (i) whether the system described by the following transfer function is i5] 
both stable and causal and (ii) whether a stable causal inverse exists? 

Hs _ (s+l)(s-,-2) 
( ) - (s + 1 )(s2 - 2s + 10) 

~ , a) A causal system has input x[n: and output y[n]. Use the transfer function to deter- :SJ 
mine the impulse response of this system. 

x[n] = o;n] + io[n - I] -i-8[n - 2] 

3 
y[n] = 8[n] - 48[n - I] 

<b) Use the following clues to determine 1he si~I x[n] and rational z-transforrri"X'~'J: --V:J ~--
X(z) has poles at z = 1/2 and z = -1, x[ l] = 1, x[-1] = 1, and the ROC includes 
the point z = 3/4. 

6. (a) For two continuous-time periodic signals (x(t) and y(r)) with period To. its periodic {5] 
convolution is given as z(t ). Derive the Fourier series coefficients of ;:(r) in tem1s of 
the Fourier series coefficients of x(t) and y(t). 

(bJ Determine the time-domain signal x/11] whose discrete-time Fourier Series coeffi- [51 
dent jf) 

00 

ak= L (-1)"'(8[k - 2m]- 26lk+3m]) 
"'-oo 
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