Chapter 3 - Non-Harmonic Excitations & Impact

So far, we've only looked at:
* Free responses (to initial conditions)
- Steady-state responses to harmonic (pure sine or cosine) inputs

In reality, we often have non-harmonic inputs and/or care about transient
response.

This chapter addresses those points. All of the techniques we'll learn are
based around superposition.

Q: What is superposition?

Most simply put:
If f(x1) = y1 and f(x2) = y2, then f(x1 + x2) = (y1 + y2)

A — = Al Response TIA — = Al Response
L P A2 Response
04 A, \ 04 A, \ Ay
] [} o N
\ \&a,
g 02 | ’\ g 02 |/ v/ % 2
o) [] \ / \ P g \ " “ / \ "-\
=1 \ - " [ . ’ . ” \ P,
g ol ]\ N 2 o YW N v W
ol \ ! v/ ‘ooz &~ \ A ,k-‘ Ao
02 \ N \_ v 02 \ R AR
\ } \ /] ‘e
04 | \ \' | | | | | '04 | \, | |
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5
Time Time
0.6 A —==A1l Response
S A2 Response
0.4/, Ay —Total Response
s N
l' ‘| =~
.E 0.2 | "l |“ ” \ '-\
~Nad -
og O [] |‘|’ \\ "' \“ , \ "-_.‘
= ——
\ I . ¢ \ /7 N\ -7
'0 2 B \ / . l' \ & =
\ / ‘\_o'
\ /
'O 4 | | < | | | | |




Fourier Series (Sec. 3.2)

We can use superposition to get information about a system's
response to "non-pure” harmonic excitations.
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Q: Can we use this fact to represent an arbitrary input?



Fourier Series (cont.)

Mr. Fourier showed that we can represent and well-behaved
periodic signal as a infinite sum of sines and cosines.
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Q: What are challenges to implementing this?

Need an infinite number of terms.

In practice, we can get good approximations (and sometimes
exact solutions) with far fewer.
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Fourier Analysis in One Figure
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Figure 3.3 Schematic of how Fourier analysis works



