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Frequency Response

uit) = A sin (ot + 6) Linear System Yss(t) = AlH(j2)| sin(et + € + <H(j))
> H(s) ’
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|H(jew)| is a "slice" of the
" |H(s)| surface along the
imaginary axis of the s-plane.

...‘

esponse is the T.F. evaluated at s=jw
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H(®)

Frequency Response and Damping ratio
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Frequency Response and Pole Zero Plot

H(jw) =K

(Jw = 21)(Jw = 2) - .. (Jw = 2m—-1) (Jw = 2m)

JA

Tj@f

(jw = p1)(w = p2) .. (Jw = Po=1)(Jw — Pn)
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Frequency Response and Pole Zero Plot

m o a ) ™ ...Tm
H(jw)| = Kn:fl‘(?"" z)| H(jw)| =|K
[Tiz) [Gw — pi)] - n
LH(jw) = Z Ljw —zi) — Z L(jw — pi)
i=1 1i=1
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Frequency Response of a First Order System

A system with pole at s=-1/t
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At low freq - thée gain is finite. Phase has a lag.

As freq increases = gain decreases, phase lag increases
At ver high freq = gain 0, phase angle approaches pi/2
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High Frequency Response

Magnitude Response

jo
. ...y l @
[H(jw)| = K—— - N —
G ... Gn G}L%‘H(]*'N_Kwﬂ_m
Phase Response Iy Al vectors have approx.
the same length ( = @)
) . . 2) All angles are approx.
(H(jw) = (01 + ...+ ) — (6 + ... +6,) 2
: . 'l
lim /H(jw)=—(n—m)=
Ww—00 2
n>m n=m n<m | \ I
hmd)_,:,o ‘H(]JJ) 'U K o0 X & » T

|
lim,_ o /H(jw) ||=(n — m)7/32 0 (m —n)m/2
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Low Frequency Response

Magnitude Response

L Al . T

H(jw)] = KL

ql P q:ﬂ_
lin% |H(jw)| =10 if there are zeros at the origin
lin’%] |H(jw)| =|oc if there are poles at the origin
. L ... Tm )
lim |H (jw)| =| K ———7 otherwise
w0 Qi ---n

All real axis lhp poles and zeros contribut O rad.

Each complex conjugate pole or zero contriobute a total of 2pi rad.
A pole at the origin contributes -pi/2 rad
Phase Response A zero at the origin contributes pi/2 rad
y4

A r.h.p. real zero contributes pi rad

ZH(_}JJ :(Ql‘f—---_"@m)_(Hl+---+9n)

N, M number of poles and zeros at the origin.
lim /H(jw) = (N — j”i + L7 rad L: number of zeros at the r.h.p. real axis.

]

w—0
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Frequency Response of poles and zeros close to
Imaginary axis

[H(jw)

ne | HHUw) = =00+ 02

The magnitude has apeak close to the freq near the pole.
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