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Fifth Scoeater B, Degree Exantination, Dec. 2018/ Jan. 2019
Signals and Systems {

Time: 3 k. M, Marks: 80

Note: Amvwer any FIVE il questions, choosing ene fll qeesthon from cach module.

Module-t '
1y Comtlmwsan ind RDisviaiy Siine sipisin
i) Even and Odd signsh
1) Periods; and Nom-periodic signals
Iv) Deterministic asd Random signaly

V) ey and F'omur sigimls (18 Markes
Dietermine nnd sketch the even ad odd pars of 1he shgnal showy s 1'ig Q1d)

e10)

8, Dsinguish between

Fig Qlib) (06 Markoy
OR
Pretormine whether the Suliew (g signals are peciodic, If petkodic determing U (wndammntad
period U x(1) = cox 2t < ain B Gl adal = con {q’!] du{'—':;) 98 Maih)
Lising coavolution imegral, dutenmine and sketch output of LTI system whose mput and
Impabe responss (s st = ¢ Tate)— o1~ 2]and hit) =& uix) (4 Muarks)
Musdule:-2
Dhebermitions the ComvOlutbon i of Two ssjuonsos
n{nl-{g. 2.0 Z}mi CE ‘is.;.L 2}. (U8 Marky)
. Find the siep response of an L T| system, if bnpolse responses are
; LA
=17 it ﬁ)hln]-l ',*] ufn ] 103 Murky
.4
OR

Find the vurpor response of tye aystem described by & differentinl equation
4, .,532 S = () The inpot signal xith = € ult) and inkis] condiioen

dt
mw)az.ﬂ’;‘}’l:;. P
Oraw the duocs foem | ard direct form |1 lmplemomation of the following differential
eqution ‘-'-:i"}')- ' .19;.'.' ¢iltn ".:;.".‘.'. ; 4..:'2) e
Chuck whether-tha mspons w1 1TY apanm  yfn} e Iufe + 1) idnfng < sto < 1) & ool snd
stable? e

teofl
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State and peone the Sollowing propenics in comimeots time Fourier trans%ar i) Linesity

i) Tione whift i) Tame difGcentiation. C (10 Marks)

Pl the Fourker Transformation of sty = o* wlth o > 0, 000 Marks)
OR :

Using partial fraction expunsion wnd limearity to desormine the loverse Fourier transform of

= e s 3 e 2 ' Mo

Fied the freywency rospons and impulse espone of the system described by the
differential eputinon

?
w«jmoly(l)-ﬁhm + (1) (8 Marks)

I\l i h
State and prove the SoBowing properties in Pisceete time Fourier trams foven _
1) Freyuency shit i) Parseval's theorem. (0 Marks)

b Find DTFT of the folowing ~ignal
[} h(nl-[-;-] ' (11 C1 I Y 8 VAT Y | 16 Murky)
R . )
Usisg DTFT, find the weal s btion 1 the differonce oquation foe discrote time n = 0.
Syta s 2)—évin =10+ yinh = (0.8)" uin) (08 Marky)
Detenmine thy difference vivation description for the system with the following imgwlse
mpooqcbin]aﬂnlai-:-lnmn(:;-') wn) (0N Marka)
7 _ Medebed
Wial i ceglon Of convergeine’! | st any 5 properties of ROC. {07 Marks)
Find 1he zotranviorm and RO of the signal o) = <bu-n -1} {05 Medds)
State and peove tene shidl poogstiy, 104 Masks)
OR
Determing the anverse z-transloom of az)
,- - n" -.v 3

‘u'":—f};—'?‘(ljz" B ‘pLIq”‘L e
Conaidir u ol diserese th o soquence whose oetput y(n) and xin) are related by

y(nb-i)‘m - l)#—é){n- 1" AL)
1) Find s systens function o) Find ks knpalse response hin}. (10 Marks)
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1(a)

A If'ruu'l.-u|u|r1.-£-.-ur.-- -ul.rrru.' (S 5'-1=l|.::| “.|.'||:|:~||: uﬂh:‘l-l'lludn: l.'.]lich. -|_'|'|r|lu1|..|-:y|.|\|_-.- weith ke, 1.¢ [ATRE L]
the wmplitude and e are continuoowss overs heir respective infervaks, In odber words, a sigmal
wirk is sawl to e o contimomoas-tims signal G i ks defined for all emee 0

Comtinuous-time  signals arise noturally when a physecal waveliorm hke hght wave or
acoEsin wave s Comveried bivids an elevirical 1.l!_lr|:|[

A efiscrete-toree sepeal s defined only 8 diserere eastants of tme. Sioce o descecte -time
sdgnil s defimed an diserese tirmes, B is olten identifled as oo sequence oF aumbers demoted by |y, )
o wle], where wois am anteger. A discrcte-time signal ajn] can be derived from & continueoaes-tane
signal by samplis it gl & uniform e,

Exumprles ol afiscrete-thmke sipmals inclusk: the raintall in all the meonhes of o wenr, Hee number
ol goods produced by B company every yoar @i

A signnl oif) or din] s osaxd w0 be an even signal af 0 sabsfies the condifson;
¥ i=F = o)  Tor all &
a[—n] = x[n]  Tor afl w.

A 'h.ij_'rll]l i) o xfo) s snndl B be an owdd signal f 1 satsfies the conditpons:
wl—fh = —v(rh o all r,

-] = -|1,r|| ERT 11T

A signal which repeats alter every time interval T is called a periodic signal. Mathematically.
a signal xfr) 1% called periodic if and only i
X+ Ty = x(ey Fforall ¢
where ¢ denotes time and ¥ is g constant, The smallest valoe of 7 thar satisfies this condition is
called the fundamental period or simply period of x(r).
The reciprocal of fundamental period 7 is called the fundamenial freguency fof o, e

1
r=
The angular frequency is given by
M= 2gf = 2—;:
T
T 2x
o)

A signal v for which there is no value of ¥ satisfyving the condition v(f = ¥ = vir) is called
non-periodic or aperiodic sigral.

A deterministic xignal is the one where no uncertginity occurs wer.t, its value al any nme, They
are modelled by explicit mathematical cxpressions. For cxample,

i) = W) sin 300 (Continuous case)
Al = 100 sin 30n  (Discrete case)
A random signal 1% the one about which there s some degree of uncertainty hetore it

actually oecurs, They must be modelled probabilistically. For example. the output of & TV /radio
receiver when tuned to g frequency where there 15 no broadeast,

. The signals Tor which the total enerey s Tinite (0 < £ < oo) are called energy signals,
They have zero average power. Liamples include deterministic and non-periodic signals.

2. The signals for which the average power is finite (0 < £ < =) are called pawer signals,
They have infinile energy, Examples include, random and periodic signals,

3. Both the energy and power signals are mutually exclusive.

4. Signals that satisfy neither property are referred to as neither encerey signals nor power
signals,



(b)
Solution: We have (9 = 1{x(0) + #(-0)
x.(t) -=-%-x(t) +-;—‘x(-t)

. The signal x,(t) consists 2 terms. i.¢. Y x(t) and ¥ x(-t). The signal % x(z) is ob
from x(t) by multiplying its strength (amplitude) by ¥ at all 't’ as shown below'in fig p

= o} 1 2
Fig P1.5.1

Similarly, the signal % x(-t} is obtained by taking the mirror image of x{t) to ot
{-t), then multiplying its strength by %4 at all '’ as shown below in fig P1.5.2

2/¢ % of - 2 ) E

Fig P1.5.2
Adding % x(t) and ¥ x(-t), we get x(t) as shown in fig P1.5.3

Similarly, we have x,(t) = 1{x(¢) - (-]

50 =29 - Sty
Substracting % x(~t) from % x(t), we get x,(t) as shown below in fig P1.5.4

x(t)

coed Vo




2(a)

'I‘) YIE) = Cas ol 4 2un 2 - ¥

axp, = 2

A &
’F‘=f?i"f i A

LAfy - B Py & Ta= 2
ax

e i
e 2 5,

1

oy
|

b9 \w

2T = &To
S KK Box 2N,

Given x[n] = COS(—Is—atn) sin (—%fn:n)
[sinAcosB — -;—{sin(A+B)+sin(A—B))]
a — P PR |
- x[n] = {sln—,s n + sin$E n}
Angular frequency ofsin%n : £2, —%
— 2 __ 2nx.4
~N is
m =4 & N = 15
Fundamental period IN, = 15. 3
Similarly fundamental period ofsin%n I INL=15
N 1S __ 1 :
™, 15 1
I.c.m. of the denominator [ =1
. Period of x[n] N=IN, (1)

<,

= 15 (1)
2 = 1S5
c{ty
* -\
o 1 = s
Eig. PZ.319.7
b=y
¥ ‘\X
"""""" 3
o
g, PZOOS.2
We ko thao YT = x{() = ()

¥y = _r 2LT) Bic-TH) ST

——

2Ty =
- \

hi—Tt)—e>" &

0
“
Nfo

PBg. P2.14.3

- =
T=c g P23 %

Wher =0 .
2x(x) Biz-T3 = O

— (> = O
ard t==, G.e. O=x<2), W gct.
- &
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: e=0
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0
3
= C_J e dr
T

[ e
= g 2 ]o
y{t) = Y2 [1-ce @] c*

Whent>2

2
vty =Ic“"e"""dt
o

=t fe”' dz

o
e 2
-e—c[.ﬁ'_
=4,
¥(£) = Y= [1<e*j e

(¢}
- ow(e) = {16 (1-e e
¥2 (1-c e

The signal y(x) is plotted in Fig. P2.14.5
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7(a)
Frequency Shife: 1 x(n) e X(e)

then y(n) = g ifn x(n) (———-——" Y(°) = X(e"“"’

- -j2n
Proof:  We have, o) = 250 €

n=—w

S Y = 2 e




| S BYIEFE = T

If x(n) e—m—))((e"‘)

then Z |x(n)|2 = IIX(e’“)Ide ......................... (3.19) -

n__-w =ty .

i i 2.0, [X(e"’) |2 is known as energy densuy spectrum of the s1gm] x(n)
We know that the LHS of eqn 3.19is the energy of the s:gnal x(n). |

Proof: We have E="Z lx(n)|2'

n=-co

- Z x(n) x*(n)

n=-o0

_Zx(n) [2 J‘X*(e"’)eﬂ““dﬂ]

n=—°° 25

Changing the order of summation and i 1ntegrat10n, we get,

E __ fX*(e"’)Z x(n)e"Q“dQ

n—-oo

_ 1| x*e9). X(e9) dQ
Zn.". (0’).,‘(9’)

E.-.2_1 f | X(e) |2 dQ
T ox :

3 el = L [ xemae
n g,

iy * n-.oo

-



(b)
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9(a)

The range of ‘r’ for which this condition is satisfied is known as “region of

convergence” (ROC).
The set of |z| for which the summatlon in eqn. 5.9 converges is known as ROC.

Property 1: The ROC of X(z) consists of a ring in the Z-plane centered abouTt
origin.

Property 2 : The ROC does not contain any poles.

Property 3 : Ifx[n] is of finite duration, then the ROC is the entire Z-plane, except
possibly z=0 and/or |z| =ee.

Property 4 : If x[n] is a right-sided sequence, and if the circle |z | =r, is in the ROC,
then all finite values of ‘z’ for which |z|>r, will also be in the ROC.
i.e. the ROC of a right-handed signal is outside the circle.

Property 5 : If x[n] is a left-sided §equence and if the circle |z| =r, is in the ROC,
then all values of ‘z’ for which 0 < |z| < r, will also be in the ROC.
That is the ROC of a left handed signal is inside the circle.

Property 6 : If x[n] is two sided and if the circle |z|=r, is in the ROC, then the
ROC will consist of a ring in the Z-plane that includes the circle |z| =r,
is in the ROC, then the ROC will consist of a ring in the Z-plane that
includes the circle v|z| =r,. That is the ROC of a two sided signal is a
concentric ring.

roperty 7 : If the Z-transform X(z) of x[n] is rational, then its ROCis bounded by
~ poles or extends to infinity.
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10(a)

2(n) <=5 X(z) with RC

x(n-ng) «Z> zme X(z)  with R(
< - addition

Z[x(n)] = X(@) = ] x(m) =

n=-co > -Zx(l). z‘.z"_‘c.»
Z[x(E-110)T -Zx(n-nq)t’ z“: 5 s
i R s =z% > x(h) 2
Put n-n, = 1 - - ’ i
' =2 x®- =0 Zx(nng)] = 2 X(2)
-l-:-n . ‘
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