: ~ Mechanical Systems Laboratory
Freqnency Response: Sine wave in, sine wave out with different amp!xtude and phase

Overview:
If we input a sine wave to a stable linear system, the output will be a _g/pe wave of the same
frequency with different gmplifude. and ohcz §e .
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For the signals shown x(t) Iag g u{t) by ¢, and this means that ¢_¢ 0.

Mathematical model of the system:
How can we predict the output amplitude and phase? Consider a general n' " order linear system:
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A(s) is called the chamcfen‘sﬂh P..@.{}a.@zubtf of the system, and we can write it in factored form:
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The system is stable if Re(s)) < 0, where s; are the *roofs of the ¢ m& vk FQIEF flomit / j\(s}
Assume we have a stable system, and we apply a sine wave to the system:
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Since A(s) is siable, the contribution of the response due o the initial conditions decays to zero. Use
partial fraction expansion to find the inverse Laplace transform.
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The inverse Laplace transform has the form: ( Trick: ;_
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The terms ¢ decay to zero, because Re(s;) ___<,0. Use partial fraction expansion to find K; and K.
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We can write G(jw) in polar coordinates as: G(jw) = G(jw)|e’”, where ¢ = £G(jw). So that we can
express G(~ _}W) as: (hint: G(~ jw) is the complex conjugate of G( _]w)) G C-jw) s [ 66w / e?
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But using Euler’s formula: sin(#) = jia;(e"‘i' - e”"'g), we get an output of the form:
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Summary:

If we input a sine wave of amplitude a to a stable linear system, the output willbea _sfne  wave of
the same frequency with different a/m?{g{ui,q and %[m 32 .

Uis) X(s)
. N €6 >
u=a- s wi) x=h-sin{wt+o)

The output amplitude b can be computed as:

b=a @G(jw)i
The output phase can be computed as:
@ = LG(jw)
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The output amplitude b can be computed as:
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The output phase can be computed as:
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