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5.3 IMPULSE RESPONSE

When the input to a discrete time system is a unit impulse §(n) then the
output is called an impulse response of the system and is denoted by h(n)

~Impulse response h(n) = H{5(n)}
5(”) —s — h(irl}

Impulse response of interconnected systems
Parallel connections of discrete time systems (Distributive property)

Consider two LTI systems with impulse response h1(n) and h2(n)

connected in parallel asshown in Fig

Slha(n) Y2

yin)  ___ x(n) vin)
x(n)—> System 1 g\kﬁ > — —>h(n)=hy(n)+hy(n) >
>hy(n)
y2(n)
System 2

Fig Parallel connections of discrete time systems
Cascade connection of discrete time systems (Associative property)

r ?1_) vin I[:H)
X(E, hy(n) _...}1( h,(n) _:.:. ) — —»{h(n) = hy(n) * hy(n) ()

Systeml Svstem2

Let us consider two systems with impulse hi(n) and h2(n) connected in cascade
as shown in Fig

Example 1 : Determine the frequency response and impulse response

y() ~ £ y(n— 1)~ <y(n—2) = x(n)
Solution:
1 1
y(n) ~<y(n—1) —Zy(n—2) = x(n)

Applying DTFT
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v (@) %e—fwy(efw) - %e—my(eiw) _ x(e@)

Frequency Response

H(el®) v(e/?) 1 g2jw
el¥)=——= = = — .
X(el®) 1 _ie—jm _ig—zjm gliw _lgpjw _ 1
H(el®) el® A B
ejw T pZjw —éeﬁ” —%_ elw — 1 pjw +3

Atel® =2
w __ 1
1 _pf 1 _ 1 . _ 2 Ate’ =3
s=B(—=-3) ., ~B=3 L (11 4
s=AGHS) ~3
3 jw 2 jw
; 5 5
Hlel®”) = — .
(e7%) eJ® — 2 @ 2

Applying Inverse DTFT,
c Thiy 2 T
LORHOORHEHRIO
Example 2:Find response of system using DTFT.

h(n) = (%)n u(n),x(n) = (Z)nu(n).

Solution:

h(n) = (%)n u(n), x(n) = (Z)num).

. 1 . 1
HE) =1 & X)) =155
2 %+
v(ef?) = H(e/)x(e?)
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. 1 1 el®  gl®
v(e/?) =— T T T
1 —Zej@ 1 —Zejw gl _ - pjw _
. 2 4 2
v{e/®) el __ A B
T (] et e
el® = A (E‘jm —E) + B (ef‘” —i)
4 2
: - s
Atel® == Atel? =2
=433 ca=- t=BE-) , oB=3
vr(e’) -2 3 | —2el@  3ele
— +— => YV(e/®) =— +—
1 3 1 3
eljw eljw —3 elw —3 elw —3 elw 3
Applying DTFT,

n T

y(n) = -2 (%) w(n) + 3 (Z) u(n)
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5.5 LTISYSTEM ANALYSISUSINGDTFT

Output of LTI system is given by linear convolution
y(n) = Y=o h(k)x(n — k)
Let the system be excited by the sinusoidal or phaser e/«™,
v x(n) =el" for —co < n < o

Hence the signal is complex in nature .It has unit amplitude and frequency is
‘w’.The output is given by

y(n) = X% _ ., h(k)e/om=k)

== z h(k)e/®n, gjwk

k:—OO

= l Z h(k)ej“’k‘ glon

k=—c0

= H(w)e "

T z h(k)e @k

k=—oc0

H(w) is the Fourier transform of h(k) and h(k) is the unit sample response. H (w)
is called the transfer function of the system. H(w) is complex valued function of

o in the range —m < w < m.The transfer function of H(w) can be expressed in
polar form as

H(w) = [H(®)[e/
|H(®)|is the magnitude of H(®)

L H(®)is the angle of H(®)
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LTI SYSTEM ANALYSIS USING Z-TRANSFORM

The Z-Transform of impulse response is called transfer or system function
H(2).

Y(2) = X(Z)H(Z)

General form of LCCDE
N M
Y a, yin-k]= Zbﬂ"[" ~k]
K= k=0
N M
Zak:'*Y(:) =)h 2 X(z)
= =

Computing the Z-Transform

Example 1: Consider the system described by the difference equation.
yir] =[] + £ xfn ~11+ 2 yin 1] - L yfn =21+ == yin - 3]
: 3 4° 2° 16

Solution:

s =xrl+ 3 ofn =11+ 2 =11-3 pn =21+ 13 3]
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Here N =3, M =1. Order 3 homogeneous equation:

5 1 1
- yn-1+=yn-2]-—yn-3]1=0 >2
Mn] 4.»{'1 ] 2}{71 ] ] 6}{'1 1 n
The characteristic equation:

1—%42" O S e

2 16
The roots of this third order polynomial is: @) =a, =1/2 a;=1/4 and
1 1 1
Yaln]=hln]= 4, (5)" + -42’1(5)" +4; ("i)'l , n22

Let us assume y{-1]= 0 then (3.52) for this case becomes:

a, 010 _ by i 1 01 0] " 1 _ . o
[al a, [.}{l]]]— b1] [—5,"4 l][}n]] [l:"3] }{0] l- ,}{1] 19/12

with these we have the impulse response of this system:

== y 430,y T

— )", n20
2 3 2 3
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