Lecture 1 : Systems

- Systems

A2 U0

INTRODUCTION

tem is defined as an entity that acts on an input signal and transforms it into an output
: 0 be defined as_ set of elements or functional blocks which are
I 1 al» Thc response or
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™

nd the outpt
e e
o m;g f(())peratipn on x(®)
B
Mathematically, | y(1) -ethE‘J(’( ),]) oy
‘ which represents that x(f) is transformed
assified as under

| e » roadly 1
t },ike signals, systems may also be b

| (a) Continuous-time systems
i i i stems
(b) Discrete-time sy

The relation between

ther words y(1) is the transfory, .
Vere
oy
)

‘1\ z _time system S Y ) i . .
‘\ ﬁorct;;m:;sm | :;t'“f’mali ss one which transforms continuous-time input sk i“h
;l‘?,‘ oonunll;o;?;;n;‘:) l;tx?: oilfpl:xt (;f a continuous-time system are x(7) and y(f) then we N
! that x(r) is transformed to y(t). That is, )
‘ ' Yy = Tx0]

| and differentiators are the examples of continuous

Amplifiers, filters, integrators, : mple
s-time system is shown in Figure 2.2,

systems. The block diagram of a continuou

(1)
Output
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,. N = . oystems | 11§
~ gable and unstable systems.

7 [nvertible and non-invertible systems

g FIR and IIR systems

|7
QPSi
Oy 224 Lumped Parameter and Distributed Parameter Systems

ped eter systems are the systems in which each component is lumped at one point
) space. These systems are described by ordinary differential equations. Distributed
I efer systems are the systems in which signals are functions of space as well as time

Thcpm se systems are described by partial differential equations.

) i L «

ny 222 Static and Dynamic Systems
n Sy A system is said to be static or memoryless if the response is due to present input alone, i.e.
for a static Of memoryless system, the output at any instant ¢ (or 1) depends only on the input

lied at that instant ¢ (or n) but not on the past or future values of input.
For example, the systems defined below are static or memoryless systems.

y(t) = x(1)
Y= x*(t)
y(n) = x(n)
¥n) =2x* ()
stem is said to be dynamic or memory system if the response depends

gas

‘ﬁlm

d by a differential equation or any discrete-time

~dynamic system. o .
system, whereas an electric circuit having

“a discrete-time system with memory. A

ems are dynamic or not:
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Solution: )f"l‘f 3 T)h refore, the system is dynamje
| (a) Given ast value
i The output depends on P y(tz,;mp?:t) Therefore, the system is dynamj,, !
(b) Given future vﬂ]ue
| The output depends " == dz" LEURSEO)
[ (¢) Given | a ﬁfe rentiﬂl equation. Therefore, the systey,
i The system is described bY
ic. n+2) :
dxna;m y(n) = x(flnpﬂf Therefore, the system is dynan,
(LY depeads on the TitamD VAL
‘ ut
‘ | ” 'élh:e:utp . o y{"zﬂu’; g}) input alone. Therefore, the sysien g
| TRA (<)t t
i sotecs) -V omput dcpends Ll 'he‘ p"'sen
! st_atlc. 3 & 2) 1 x(ﬂ)
| e R e x(n he system is d
\ 1‘ “ 'i?h;as&stem is descnbed bya dxffmnce eqwnon lgrefore, the Sy Ynamic,

. output of the system at any time
but not on future inputs. In other
output does not begin before the.
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U]DDC"H l ll I
o n example of a continuous-ti
us-time causal system. Image processing systems
non causal systems.
Check whether the following systems are causal or not:
(1) + x(t—4) (®) ¥(1)=xQ2—1) +x(t - 4)
d f)i= L
@ 0 x(2)
% (0 yn)=x(n)+x(n-2)
i (h) y(n) =sin [x(n)]
Tj¢,
() =2 (0) + x(t = 4)
Vig W-2)=x2(-2) + x(-6)
(0) = x*(0) + x(-4)
hic W2) = x*(2) +x(-2)
| the output depends only on the present and past values of input
fore, the system is causal.
y(t) = x(2 —1) + x(t —4)

B SR y(=1) = x(3) + x(=5)
her STy - 4

W(0) = x(2) + x(—4)
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ééistem is non-cmlsal
(@) 'Gim ot -;‘, {4 o35 Wy

sent value of input
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" eneity property means a system which prod i
ﬁf; an output ay(f) for an input ax(r). produces an output y(r) for an input x(f)
L tion»PmPe“‘y means a system which produces an output y,(7) for an input x;(1)
t yy(f) for an input xy(7) must produce an output y,(1) + y(z) for an input x,(?) +

ol 2 'P“
aold: comblm“g ;hgm w; tcr:an say tlt'lat a system is linear if an arbitrary input x,(f) produces
. T e e e
mpws@‘:”;g weighwd e s output ay;(t) + by,(t) which is
the > Tlax (1) + bx, (D] = aT [x,(1)] + bT [x,(1)]

for i screte-time linear system,
N Tlax; (n) + bxy (m] = aTx; ()] + bT[x;(n)]
. we can say that a system is linear if the output due to weighted sum of inputs is equal
weichted sum of outputs.
 In general, if the describing equation contains square or higher order terms of input
;;g;:andlor product of input/output and its derivative or a constant, the system will

(efinitely be non-linear.
"~ Few examples of linear systems are filters, communication channels, etc.

'Pugs.

' 2.3 Check whether the following systems are linear or not:

nput.
(b) 21’;—‘) +5y(0)=x* ()

@ »o=xt)
(® =20

() ym= n*x(n)

y(n)= 2x(n) +4
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g:l Signals and Systems ____—
Let an input . (D) Pmdm w@ :

‘Then

es

.-'l 5 AReres 1) ons g'iv
ve e‘l‘m“
Linear combmauon of the ab g 3 ﬁly (f)'" attx O+ b’ x, (1)

d" : ) (t)"‘t [axl(t)+bx2(t)]
t +2f DY hted sum
ie. ”% Weighted e inputs .
(2} o OUtY
oL OUtpHS m produces an output Wh1
: its to the syste ch
This shows that the we(xlghﬁed mg;pto each of the individual inputs. Therefore }
- isequal to the weighted sum OF S h
© the system is linear. puts and LHS is function of

- Note: If RHS is function of weighted s‘mlxiln:aftm
 weighted sum of outputs, then the systémi&

o

(b) Given" AT
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xp(t) produce an output ya(f).

dy, (1)
dt

f gombg\anon of the above equations can be written
as:

+ () = x, (1) 22 dxz(f)

() dy, (1)

.-;[‘___ﬁay, ©+ 5 (t)] " [ay‘ {)tbys (t)] - ["xl () —2 ( ——+bx, (1) == dxﬁ(z)
Weighted sum weltghwd sum ik

of outputs outputs Not a weighted sum
of inputs

'RHS is not a weighted sum of in iti

L uts, s , principle i

. Therefore, the system is non-linear. ’ SRR e
¥(t) = x(t*)

il ‘put x,(¢) produce an output y;(1).

i) = 5

't xz(t) produce an output y(?).
yat) = xo(P)

ymbination of the above equations can be written as:

- ay; (t) + by, (t) = ax, (%) + bx, (1)
h__._w.——l

Wex hted sum
of inputs

itputs and the RHS is a function of
rinciple is satisfied. Therefore, the
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‘ ‘ 3'.‘5"““" ¢
‘I (a0 () + b @Oldz

-0

Given

For an input x,(7),

For an input x(7), e ek
(0]=2x5(0)

The weighted sum o

i
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weighted sum of inputs ig:
= Y3(0) = Tlax; (1) + bx, (1)] = el@a O+bxy 1))
@ #Fant) + by, (1)
sum »671.:‘ outputs i§ not equal to the o "
rposition principle is not satisﬁed.u'}’:::r:fz:et?h: ?5:;3 j: m;xo‘:)xf
y(n) = n’x(n)
y(m) =T [x(n)] = n* x(n)
put x(n) produce an output y;(n).
n(m) =T x, ()] =nx, (n)

x,(n) produce an output y,(n).
Y, () =Txy(m)] = n’x; (n)
ed sum of outputs is:
) + by () = aln’x, ()] + b’ 1,0 = n*axy () + by ()]
jue to weighted sum of inputs is:

) =Tlan( + br ()= nfax,(n) + b, (m)

yy(n) =ap(n) + by, (n)

outputs is equal to the outp
is satisfied. Therefore,

ut due to weighted sum of inputs.
the given system is linear.
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The output due to welghwd B s o) __,_...-——l—ﬂ
a%:“  bx ';v")]d" 2ax, (n—2) +bx;(n-2)]

yy(n)=Tlax, (n)+bx, (W] —[.,‘,‘. i
(n)a*ay,(n)-l-byz(ﬂ) 1 the output due to weighted sum
V3! sum of outputs is “ndt equal tt“r:s,ﬁed Therefore, the given Syst

vy . 21

‘The weighted ot
mpe:ns 'I?:e superposition pnllclpl is
non-linear.
() Given  ym= ZX(") )
| y(n) = T[X(n}] = Z'x(n) =+ 4

T 1R

For an input x;(n), . (n) T[xl )= 2x, (m+4

For an input x,(n), R, & L
T TlamI= 2w+
The weighted sum of outputs is: & Al

‘3}’1{7&)‘*’5)’2(") "a[2x,(ti)+ 4]"“’[2 2 (n)

3
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ariant (or shift-invariant) if its j / :
\ - (or X L 1ts input/output char: isti
a time shift in the nput results in a conesgohdiné m::;

::' - gure 2.4, ie.
: x(1) — y()
x(t —T)— vyt —T)
y(@)
Time-invariant l
system
y(&—1) ‘
B e ) |
m is . i |
- 0] s ;

Time-invariant system. |
| a time-varying system (of shift

an be tested as

. iéf;;:“lti‘l‘il.;-lonsftime system €
o Baditoss 2
vhn’pi’l_t"ﬁ'delayed by 7 units.
. RS | ; 7 2 T).
1 output for the delayed input x(
e O

A=

. ssible values
: : .4 input for all po
o delayed 1P
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dlfﬁn'entlal equation, the time-ip,
i erential equation. If the coefficis
: / e e ! yswin is time-invariant. If the coefficien
t ummn are cons!
?uli:l:i;f::e:f m:: then the system IS .ume-vanant.
The system ‘described by
228, 2"” © 44y =5x®
dr?

stem because allv‘ther:'coefﬁclents are constants.

e Ztﬂg + 3t’y(t) =4x(t)
ystem because a:ll thé;.cnefﬁcient_,s are not constant. (Two are function

x 'p l_‘;,perty is called shift invariance. The
can be tested as follows: 3

yed by k units.

e delayed input x(n — k).
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isfying both linearity and time-invaﬁ

M’ﬁ““m or simply LTI systems. ance properties are popularly known as

- 2.4 Determine whether the following systems are time-

il invariant or not:
B =1 x() (®) y(t) = x(t) sin 107
"':n: ) () y(0) = x(=21)
Mg PR ) y0) = x(ni2)
( ; (n) =x(n) (h) y(n)=x*(n-72)
fﬁ«’)‘ y@sx(nﬂ nx(n-2)
e
) (3) Given ¥(®) =‘12x(t)
T T ¥() = Tx(t)] = > x(1)
The output due to input delayed by T sec is:
Wi DY = Thocke <D= Lo pgory =1 %@ =T)
of § AN L _g%tpuf delayed by T sec is:
e Wt =T) = YO iorir = =TY x(=T)
v, T) £y -T)

ed output is not equal to the output due to delayed input.
system is time-variant.

y(t) = x(t) sin 107t

—T)sin 10z -T)

-0 4 =
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The output delayed by T sec is:
ye-T)= >’<'>L=z— A

i.e. the delayed output is not equa;n tto
Therefore, the system is time-vari |
Yo =520

I d) Gi
! ( ) ven y(t) _ T (t)] = —x(—'zt )

layed by T 5¢¢ i

. i de
. The output due to input =2t —-T)
“‘ : 300, T)=TIx(t = T)I’ y‘”‘"’"""‘n
.‘ %
" ut delayed by T sec is: Loy'+2T)
x The outpt y(x i y(t)lm = 2(t T)] x( 2
| - XN :
| A y(t’ e atput due to delayed input.

| i.e. the delayed output is not equal f tfl: 101~1' ‘

Therefore, the system is time-varian

, (g,) @iven i
wp.;mlsb ol wb W :
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i delayed by k units is:

, -k
yin-k=ym)|,_, .= x(" 2 )
ek yn, k) # y(n—k)

ayed output is not equal to the output due to delayed mput.

e the de]
‘I‘heﬁfo"e' the system is time-variant.
y(n) = x(n)

@ ¥(n) = TLx()] = x(n)
The output due to input delayed by k units is:
k) =Tx(n = )] = Y0 )y = X1 =)

The output delayed by k units is:
y(n=k) = y(n)] yapp = 2x(n—k)

y(n, k) = y(n — k)
ie. the delayed output is equal to the output due to delayed input.
The::efore, the system is time-invariant.
yn) =x"(n-2)
‘ ‘ y(m) =Tx(m] = x *(n-2)
‘The output due to input delayed by k units is:
W v
L R =T - Bl =00 Ly =X - 2-F)

'rﬁ@ outpnt delayed by k units is:

O
Lol

’ =x% (n-2-k)

due to delayed input.
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{ 0 for 1<

e ] .. ooriant system we have g o
Solution: To show that a given system is a linear HmeABvEE ¥ O shoy,
Separately that it is linear and time-invariant. o gyt B TR

‘
(a) Given y)=x (‘2')

T I f" :

‘ h(,‘-)ﬁ-" X3 '2‘
The weighted sum of outputs is: i |
¥ etk ol nhliness ¢
ayx(t')+b,>zz(€»,ln=~%.(f ;

The output due to weighted sum of inputs is:

For inputs x;(r) and x;(1),
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