Announcements

e Midterm Exam #2 Wednesday
— Lectures 21-36
— Homeworks 6-9
— Quiz 3-4
— Chapter 17 (17.1-17.5) and Chapter 14
— Experiment 2 (Review)

* Problems:

1. Inverse Laplace transforms of F(s)

2. Solve circuit transfer function including ICs
3. Inverse Laplace given input and system
4

For a system and input signal, decide if the output is
bounded







KNOXVILLE



——\ 1




MIDTERM 2 REVIEW




Frequency Response X7 _-v=) .2
U oy — sy oo = 1
> Vg R - + Y i()

—7 = 2,r % - & 2
2 R /OJC V(1) ,9 \',, v (1) ——C"'z@z“’(/
‘ Yo,
Jo = -
_— \"1' '3 Rl |
o ~~——
i,_,. ) | Co ‘Lo :Fw Paflﬂb""’ Some CoNpley
= T RCH T A’(‘L’ mm)é::ﬂl Tl v ”‘%mhw o
e (Bl ¥ LR A oo oo, e "
Rl = |~ = Tt P W)

» Re




Fourier Series

Assume we have some function f(t) which is periodic with period T, = 2n
corstomX” o @ wo Abd ve — Wo
& J f(t) can be expressed this way if
t) =ag+ Z axcos(kwgt) + brsin(kwgt 1. f() is single-valued
f(t) =ao kCos(kwot) + bysin(kwot) 2 [ o
3. f(t) had finite discontinuities and
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Fourier Series Representation

Assume we have some function f(t) which is periodic with period T, = i—n
0

00 . .
f(t) can be expressed this way if
t) = ap + Z a,cos(kwot) + bysin(kwot 1. f(t) is single-valued
f@O = a0+ ) agcos(hkaot) + bysin(kaot) 1 HQnwente
k=1 — 3. f(t) had finite discontinuities and
to+To oTlo max/min per period
2 2
ay = j f(t) cos(kwpt) dt| |br = T J f(t) sin(kwyt) dt
0 0
to tO

Alternate forms
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Input Spectrum
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Alternate View
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Non-periodic Waveforms: Fourier Transform
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The Laplace Transform y
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Impulse, Step, and Ramp Functions

5(¢)
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Example Slgnal Laplace Transforms
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TABLE 141 Laplace Transform Pairs

f)=2"{F(s)} F(s)=Z{f ()} [ =2"{F(s)} F(s)=2Z{f (0}
1 —al =t 1
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Operation fit) F(s)

Addition N = fH(e) Fi(s) £ Fafs)
Secalar multiplication k1) KF(s)
= N df :
= Time differentiation n sF(s) —f(07)
- &f p 0y 0
= s s°F(s) —sf (07) — f'(07)
= &
- d_r{ s7F(s) — s%f(07) — sf'(07) — £ "(07)
E , !
= Time integration / f(nde EF (s)
— J0”
= * 1 1Y
= / f(odt EF(S)+;/ f(Hdt
j Convolution J1(D) * falt) Fi(s)Fa(s)
:_‘_- Time shift flt—au(t—a),a=0 e~ %F(s)
i Frequency shift f(He F(s + a)
2 Frequency differentiation tf (1) - d]i"is)
Frequency integration @ / F(s) ds
8
_ 1 s
Scaling flat,a=0 EF (E)
Initial value F(0) lim sF (s)
8 —0o
Final value f(o0) 1iI‘I]1 sF (s), all poles of sF(s) in LHP
B ———————— R —
Time periodicity FO=f(t+nT), . : = F1 (s).
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Circuit Laplace Transform
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Laplace Transform of Diff EQs

Nt™ order circuit with sinusoidal input described by (M < N for causality)
N dM

d d
N , M .
dt dt
z b; ﬁvo(t) = z a; @Ui(t)
=0 =0

Then the Laplace transform of the circuit, neglecting initial conditions, is

N . M .
dt dt
c ;biﬁvo(t) - I ;aiﬁvi(t)
M
bistV,(s) = a;s'V;(s) rq’ﬂ"‘"
Z N ; ES( s
Rearranging: \ 1 R S\ Are
oo F /e ~|l - AT
54\:3./ o (“So\k V,(s) - H(s) = Z{VLO a;st W‘\
s V.(s) SV b;s!
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Laplace Circuit Solution Algorithm

1. Transform all sources, signals into Laplace
Domain

2. Transform circuit components (including
initial conditions) into Laplace Domain

3. Solve the circuit using 201 techniques

7 :
D=0 ;S

() = HEWGE) = S
i=0"™1

4. Inverse Laplace Transform to get back to time
domain
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Inverse Transforms
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Transfer Functi ns.',ﬁ8
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PFE: Repeated Roots .
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Repeated Roots: Equating Coefficients
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Repeated Roots: Differentiation
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Complex Roots: Complex Math
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Complex Roots: General Case
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Complex Roots: Table Lookup
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Unbounded ¢ ngnajs & Unst?ble Systems
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Laplace Explanation
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Poles-Zero Plot
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System 1/0 Relationship
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Convolution i T /
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The Convolution Integral ot Sord
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Graphical Convolution
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