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Impulse Response

Dirac’s delta: I:u(r)§(t —r)d7 =u(t)

Integration is a limit of a sum

u(t) is represented as a sum of impulses

By superposition principle, we only need unit impulse response

h(t — Z') Response at t to an impulse applied at ¢ of amplitude u(z)

System Response: u(t) —— h

— Yy

y(t) = I:u(r)h(t )z
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Impulse Response

t-domain: ut) — h y()
Impulse response
y(t) = [ u(@h(t—)dz u(t)=5(t) = y(t) = h(t)

The system response is obtained by convolving the input with
the impulse response of the system.

Convolution: L{fu(r)h(t —)dz}=H(s)U(s)

Y(s)
Impulse response

Y(s)=H@SU () ut)=8t)=U(s)=1=Y(s)=H(s)

The system response is obtained by multiplying the transfer
function and the Laplace transform of the input.
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s-domain: U(s) H

Time Response vs. Poles
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Time Response vs. Poles

Real pole:

H(s)= ECHNEN h(t)=ce™® Impulse
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Time Response vs. Poles
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Time Response vs. Poles
Complex poles:

o’ 1) .
H(s) = n —h(t) =——"—e % sin(a,t
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Time Response vs. Poles

Complex poles: |
H(s) = “ ™ ht)

e "sin(w,t)
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Time Response vs. Poles

Complex poles:
2

Y(s)= @n i, y(t) :1—e"‘[cos(a)dt)+Gsin(a)dt)}

2 2 2
(s+¢w,) +a)n(1_§ )S Wy
2.0
i=0
1.8 | | 0.1 Step
0.2
1.6 i 3: Response
1.4 05
0.6
1.2
v 10
0.8
F =07
0.6 {(\f,s
0.9
0.4 AN 10
0.2 t
0
0 2 4 6 8 10 12
ahl
ME 343 - Control Systems — Fall 2009 93

Time Response vs. Poles

2

Complex poles: H(s)=— @n 5

S°+2w,S + oy,

_ @,

(s+¢o, f +0t(1-¢?)
CASES:
¢ =0: s? + a)nz Undamped
é’<l:(S+é’a)n)2 +a)§(1—§2) Underdamped
¢ =1: (s + @, )2 Critically damped

¢ >1: s+(§+ (2—1)a)nls+(cj— gz—l)g)n] Overdamped
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LHP

Time Response vs. Poles
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