Convolution Integral

Impulse Response h(t): output of linear system when input is a delta

function

Linear Time-Invariant Circuit
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y() =x(t) xh(t) = [x(l) h(t — L) da.
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y(0) = h() Output

y(t) =h(t—21)

y(t) =x@) h(t = 2)

v(r) = [ x(X) h(t — i) dr
/ y(#) cannot depend on excitations

occurring after time t

yv(r) = fx(k) h(t — 1) da

0 \ Assumes x(t) = 0 for t < 0O

Definition of convolution



Transfer Function
I

In the s-domain, the circuit is characterized
by a transfer function H(s), defined as the
ratio of the output Y(s) to the input X(s),
assuming that all initial conditions relating to
currents and voltages in the circuit are zero
att=0".

Y(s)

H(S) — %

H(s) = Y(s), (when x(r) = 8(1)).



Transfer Function (cont.)
N

Excitation Linear Response
circuit
Time (1) e M) | = W) =x(1) * A(2)
domain t x(t) = h(r) <= X(s) H(s),
s-domain  X(s) === |H(s)| == Y(s)=X(s) H(s) T T
Convolution in  Multiplication in
(a) any x(1) time domain s-domain
Impulse Linear Impulse response
circuit
Time O(t)  w | A(D) | = (1) =0(2) * h(1)
domain t = h(t) h(t) <=> H(s).
(impulse response) (transfer function)

s-domain 1 == |H(s)| == Y(s)=H(s)

(b) x(7) = (1)



Convolution Integral
N

0 Can be used to determine output response entirely in
the time domain

0 Can be useful when input is a sequence of
experimental data or not a function with a definable
Laplace transform

0 Convolution can be performed by shifting h(t) or x(#):

f 4

y(t) = x(t) xh(t) = fx(k) h(t —X) dhi. v(t) = x(t) x h(t) = /x(t —A) h()) da.
0 T 0 T

h(t) shifted x(#) shifted
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MATLAB
>>n=[251]; r
>>d=[123]; t‘[‘@\l\n’\é%'/f %}V\/\Uhm/\"
>> tf(n,d)/

Transfer function:
2s"2+5s+1

s"2+2s+3

>>tf([2 5 1], [12 3])

Transfer function:
2s"2+5s+1

shM2+2s+3

>> Lo
>> pole(tf(n,d)) / ?D

ans =

-1.0000 + 1.4142i
-1.0000 - 1.4142i

>> zero(tf(n,d)) & ‘ZCTDS
ans =

-2.2808
-0.2192
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>> t = tf(n,d) < %{\rmg\s,( %uw\wnw

Transfer function:
2s"2+5s5+1

sh2+2s+3

>> pole(t) < po\e/a

ans =
-1.0000 + 1.4142i
-1.0000 - 1.4142j

>>zero(t) & '\DV‘{‘D %

ans =

-2.2808
-0.2192
>>

>> pzmap()€——— P 2D Wk

>> grid
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>>num =[11]

num =

>>den=[122]
den =

1 2 2

>>H = tf(num, den)K t‘{ S%’f

Transfer function:
s+1

Sh2+2s+2

>> pzmap(H) €<= P 'D\‘Q, Z,QJYD NL\P

Pole-Zero Map
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0.8 r

0.6

0.4r

Imaginary Axis
=
=

- | 1 | | | | | | |

-1 059 -0.8 0.7 06 0.5 0.4 -03 02 01
Real Axis

Lect64 Page 8



Lecture 64 - Page 9

impulse(H) €— —I_YW!OM MM’

step(H)e

Sthp veapeo

[
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Bode(H) < %0&.2, Pm
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