Lecture 2

- Linear / Non-linear Systems

— '.1'["]

yz D\-] - T{}

- ‘Jg_["]

A%+ bxfn) »| T

> @ Ym + b Yu[¥)

B T{ontn+ bata) = oTiam) + bT{xp1]

for sl o and b, then the System s Iinear.

Example : — Z
Yy = 2 %[
| S

Accumulator 975 tem

-
hndiad * .4

n n
ym = 26, Y= 2 xlg

Xy = A%l + bx(m

%3 [n] = Z 9(3[!(] = Z

= 00 k

n

{ax,Lk] + bxa)

i

o Z-'Xs(:k] + b Z?Oz[kj

—

& ﬂt[’q t b%;f}ﬂ

The system s linear.

- Time-Invariant (Tl) Systems

v | T =y
%) = Xln-nJ~ = Y0} 2 Yln-ns)
¢ n L3
arbitmry If = then

integer #o0 Shift- imvarignt or T-1

n
Example : Yy = 2 xK)
K=-oo
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%My = xXMh-n3 Y= 2 %0 = s x (k-ny)

—

k=-00 k: - 09

Let k= k=M
Since - o0 <k g0, cxS ki=k-1n0& n-p,
nte Gz
Yy = 2 xk) = Yln-n) = > %)
kj=- o0 = k=-00
. 7
Stnce ‘j[‘“\) = X (k7
k=-o0

Yes, the system is T-1,

Another example : ﬂl:‘ﬂ = % [2n)

%0 = xln-n3, y,0) = %Er) = x02n-nd = o2 (n- n))

Check if Y1) = Y(n-n) = x [2(n-n)
*

Hence , the System S Time - Vavjant ( NoT T-1),
- Stability (BIBO)

&Oundeo\ O\A{'yu‘l’
Bounde d L\P\A’r

W x| S by, ond |y} s By, both Bx 4 B <o
then +he System s Stable .
Bargle: g = (X007 v Chor all n velues)
¥ ool b, lyom) = |eony ={!x(v\3k}‘s B= By
Yes, Stuble.

7N
Arother example: Y] = S xk)  non- shable,
. o ‘nz __{o n<o
Pick an input %M = uf) , |up| s, Y0I=2ua={e o
K= -00 s 7

n—~o, Y= nH oo
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- Causality

If the output of the system depends on the current or previous inputs only,
then the system is causal.

Exampe : y[m) = ) ~ x(n-1] Causal
A A
(urvent Current previous .‘hPu,f
ymy = %I:V,i‘“] = %(n) Non - Causeal
future

- Convolution Sum

- Linear Time Invariant (LTI) Systems h(“] = T{ 8[“]}
Yy = %) * hin) = 2 %X0x). hOn-k3
"\ k=woo
DOVnVolwh‘ov\ Sum oo
= hin) % qn) = kZ hCk3- xCn-k)

Interpretation of Convolution Sums

- Superposition

ym = 2 %K hin-1y
k=-00 l — sequence (o Shidted version of M,n])
XK} : const

= %0} -h(h} + x0)- hln-11 + X[2]. h(n-2) +..-

+ x(-\- h(n-n] + %x(-2]- k(ytn,] RN

- Computational (flipping, shifting)

Yym = S x(X) - h(n-x3

k= -0o —~ Shi{:{'l'nﬁ
h (-G-w)

{I;PP)‘Vlg
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F‘»’ppfng Rxomple ©  Z[) = { ,=3,-2,-1,0,1,2,3, .Y
1\
h= -3 '1;— j; g T tg
ztms {3, 20 0,9 23 L]

epen =1 o

1\Slr\iﬂed version of 2 (n)
A~

deloyed by one time point

—~

E)(ample 211 (PP 27)

— [ 0S8
lr\[n] = uhy- uln-nNnJ = { ° SN N-/
0, Q/‘Sewkerc
e.q.) N=2 2t 0 1 a "
Win) - wln-27 v 0,0,0, 1, [, L, - Uf]
_ {, osnsg 2~i=1 .0, 0,0,0D,0, L\, uln-2)
O, elsewhere 0,0,0, (' 1, O 0 -.. u[”]-ucnw]

Inpm‘ xhy = (L"u(n) = {an) nzo
o, etsewhere

ee=2= 0 I 5 ... ™M
e.q., (| =o0.5% x(wy =~0,0,0, 1, 05, 0.25 ,--

2

Derivation yny = Z?ka]'h('\*k)
k=-00 C—

focus on h{n-x) #0

For hn-k) =1, oS Nn-k < p-|

= {kin
k= n=(N=1) > k= N-N+)

= N-N+1 Sk Sy

How abowt % (ky 2 kzo, x(k)+0o ; otherwice %(k] =0
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{ l:‘ppul — h (-Q<-n)) o hjn - k]

1 e

E
] {

x x[#]
<~ Qctl‘\] = Q,"U(V)]

%
%
w
o
‘|fo
L Tiiis
=
|||I|
lap

I

n—iN-1]

—> Shiftin g by n

TAR
LT

o

n—-iN-1)

&
b

=

Derivation (a,\gq,bm‘(,) (umi'«l) :

SK 0 e
= nax(0, n-Nv+1) S k S0
Sk sn

lj[n] = Z %Di:\ lr\[n—kj

kK=-0o0

Cases : 0
e B

() n<o , mex(o0, n~-N4)) § kSn<o
'X[k] h[""k] =0, lj[ﬂ =0
@ o<nsN=l, M- S0 thes max(o, n-0v-) = o

\/\("/
Thus  0< k € NS N~
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o
Yy = X&) hln-k)
k=- o
n N
= 27‘(“}\ = ZQK = (+atae*+.-+ "
k=0 k=o

L (=" 1=
B l-a

geometrc series =

3 n»nN-1 = n-(-ND>0 = Max (0, n-(N-1)) = n-Q-)

Thus  n-(u-1) Sk §n

n aﬂ-/V-H n+)
Yy = X of = — &
K: "ﬂsw‘ )) l - Q
No N
In (’jene,m\, S of = 0" - gNet)
~_--‘--~~_‘
- , Mzw,
k=N,
In Survmnary
0, N<o

n+l

(n] = l-a 0SSN SN-/
Yin l-a °
n-n —aN
Q +/( | —a ) 7’17/V~/

e/

- Matlab function conv() :
IiI;\ I.uli‘.d\":\« JIr=~|]|rt::||\lnll Illnkli’l' Window Help

>>n=0:20; ,
>>x = (0.5).”n; a0
>> h = [1; 1; 1; 1]1 )

>>y = conv(x, h);
>> stem(y); grid
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