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6.1 Introduction

The steady state response of a system
to a sinusoidal input test signal.



» The frequency response of a system Is
defined as the steady-state response of the
system to a sinusoidal input signal.

 The sinusoid Is a unigue input signal, and the
resulting output signal for a linear system Is
sinusoidal in the steady state; it differs from the
Input waveform only in amplitude and phase
angle.



Input signal IS r(t) = Rsin wt

or R(S) = Aw Aw

S+ (S+jo)s— o)

For a stable linear system, we have
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All p; have negative real parts, so the steady-
state response of the system Is
AL A

Y(S)=— .
S+jo S— w

= y(t) = A[T (jo) [sin(at + @)
¢p=2LT(|w)
The steady-state output signal depends only

on the magnitude and phase of T(Jw) at a
specific frequency w.
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G(jw) = \G(ja))\ew = \G(ja))[cosH+ jsind1=U (o) + jV(w)
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"he advantage of frequency response method:

"he experimental determination of the system’s
frequency response Is easily plished, and the
transfer function can be deduced from the
experimental frequency response.

The transfer function describing the sinusoidal
steady-state behavior of a system can be
obtained by replacing s with jw.




The disadvantage of frequency response method:

B T he direct correlation between the frequency
response and the corresponding transient
response characteristics are somewhat tenuous.



The relationship between Fourier and Laplace transforms
m | aplace: F(s) = I

() = = [7 F(9)e¥ds
27T) do |

mFourier: Flio)=[ f(te i*dt

f (t) L F(jw)e“dw
27T

When £{7) is defined only for t>=0, as Is often the case,
the two equations differ only in the complex variables.
Thus the Fourier transform can easily be obtained from
Laplace transform just by setting s=j w.
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The Laplace transform permits us to
Investigate the s-plane location of the poles
and zeros of a transfer G(s).

However, the frequency response method
allows us to consider the transfer function

G(jw) and to concern ourselves with the
amplitude and phase characteristics of the

system.
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6.2 Diagram of Frequency Response

Polar plot (Nyqguist diagram)

Polar plot: The plot of frequency response G(jw) In the
complex plane as w increases from 0(-c0) to +oo.

G(ja) =G(s)|_ =R(@)+ JX

where : R(®w) = Re'
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Steps:
1. start point: @ — 0 magnitude and phase (angle).

_ K(zs+1)--- b s™+-..
s'(T,s+1)--- as"+---

G(s)

imG( j) = lim K
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2. end point:

w— +

W —> +

w— +

by
lim G(jo)= lim <22/ (n m)x90
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3. circumrotate direction:

4. intersection (A2 51 ) on negative real axis

IMG(jw) =0= w= ReG( |w)
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Example 6.1: Polar plot of a transfer function

1 - 1
G(s) = = G(jo) =~
) Ts+1 jaT +1
- 1
/G(jo) = arctan T [G(j@)|=-
start:limG( jow) =1£0°
w—>0 A Im
end: lim G(jow) =0£ 90°
W—>+ oo .
direction: 5 : >
0T 2G(jo) ¥ (0"~ 90,
clockwise

a=1/T



ao=1/T
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1. WEAT

1 . 1
G(S) = = G(jw) =
(s) (Jo) Tl
I
/ZG(Jw) = arctan Tw g
1 (=0 =0
G(jo)|= 0 1 RE

JT 200% +1

o=1/T
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