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Sreq.intro Introduction

The §requency response Sunction H(jw) is o
complex Sunction that relates a system's input u
to its output y in terms of the input's jrequency
content. Given a trans§er Sunction Hls) (which
also relates u to y), the Srequency response

Sunction can be jound by the substitution
Hjw) = H(S)’S—u'w'

1t can be shown that, jor a system with input

u(t) = Asin(wt + ), with A, w,p € R being the

amplitude, angular §requency, and phase of the

input, and Srequency response Sunction Hjw)
the steady-state output is

Equation 2 Srequency-dependent

sinusoid.al response

where |H(jw)| and ZH(jw) are the magnitude (ie.
norm) and phase of H(jw), respectively. There are
three striking aspects of this equation:

1. the output is also a sinusoid at the same
Sreguency as the input;

2. the output amplitude is the input
amplitude scaled by ]H(Jw)]; and

3. the output phase is the input phase plus
ZH(jow).

With Fourier Series and Fourier Trans§orm
representagions of signals, we can consider the
input to be composed of sinusoids. For LTI
systems, the principle of superposition allows us
to construct a corresponding output

representation.

§requency response §unction
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In Lec. jregbode and Lec. §regnyquist, we
introduce the two primary ways H(jw) is
plotted. Lec. jregnystab explores what we can
learn about system stability Srom Hjw) and its
plots. Finally, we learn how the diS§erent
time-domain and §reguency-domain
representations o5 o system are related

Lec. Sreg.Sregtime.

The Srequency response methods of this chapter
were actually developed bejore root Locus
methods, and are equivalent in many woays. We
learn these methods §or two reasons: §irst,
they give us a deeper understanding of control
systems and second there are a. jew situations
Sor which §requency response methods are

preSerred.:

1. when constructing a transfer junction
Srom measurement data,

2. when designing a. controller Sor transient
and steady-state response charoacteristics
with lead compensation (sans lag
compensation), and

3. when determining the stability o a

nonlinear system.



