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Announcements

* Quiz4
— Added 5 points due to incorrect subscript in part (c)

* Experiment 4: Frequency Response
— Individual, optional, extra credit
— Posted after midterm — requires Section 15.9
— No report, just turn in MATLAB and LTSpice files and a screenshot

* TNvoice Open
— Please fill out
— +5 pts EC on final for 100% response rate




Material for Midterm 2

¢ Midterm Exam #2 Friday Apr 261
— Lectures 20 - 33
— Homeworks 6 - 9
- Quiz3-4
— Chapter 17 (17.1 -17.5) and Chapter 14 (all)
— Experiment 3

 Problems

— Inverse Laplace transforms of a few F(s)

— Inverse Laplace given input and system \ Condibrons
— Solve circuit transfer function including ICs.
— For some systems and input signals, decide if the output is bounded
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Transform Domains

Circuit with inductor(s)

Diff. EQs _ Sinusoidal steady-state
and capacitor(s) o solution
Phasor
Transf Inverse phasor
Phasor Transform = ranstor Transform
_ Phasor-domain Algebraic EQs Phasor-domain
u(t) - Acos(a)ot + ('0) circuit o solution
Circuit with in.ductor(s) Diff. EQs . Steady-state solution
and capacitor(s)
Fourier Transform Fourier ,
- Transform Inverse Fourier
Transform
u (t) z Cn CcoS (na)o t+ gon) Frequency-domain AlgebraicEQs ~_ Frequency-domain
circuit . solution
Circuit with 1n.ductor(s) Diff. EQs . Solution
and capacitor(s)
Laplace Transform Esiliic
l'[mns form Inverse Laplace T
-
u(t) Z K esnt Transform
n s-domain AlgebraicEQs s-domain
circuit o solution
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Transforms Visualized

Fourier Series Fourier Transform Laplace Transform
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Power Spectrum
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Limitations of Phasor Analysis
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Bode Plot — Frequency Response
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Fourier Series

Assume we have some function f(t) which is periodic with period T, = Zn
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Symmetry in Fourier Serif\as

Even functions
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Frequency Domain Interpretation
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Fourier Series Representation

Assume we have some function f(t) which is periodic with period T, = z

Wo
*© f(t) can be expressed this way if
f@t) =ap+ z acos(kwyt) + bysin(kwgt) 1. f(t) issingle-valued
- 2 fto" °|f(®)] dt exists
k=1 3. f(t) had finite discontinuities and
2 to+To 2 to+To max/min per period
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Non-periodic Waveforms: Fourier Transform
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The Laplace Transform
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Complex Frequency
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Impulse, Step, and Ramp Functions
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Example Signal Laplace Transforms ..
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Properties of the Laplace Transform
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Initial and Final Value Theorems —
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TABLE 14.2 Laplace Transform Operations

TABLE 141 Laplace Transform Pairs

Operation ft) F(s)
Addition S+ fH(1) Fi(s) = Fa(s)
Scalar multiplication Kft) kF(s)
d,
Time differentiation d_j: sF(s) —f(07)
d*f
—_— s2F(s) — sF(0~) —F'(07)
= )~ 07) £
&’f 3 2000 "(0— "i0—
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Time integration
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Circuit Laplace Transform
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Time Domain Phasor Domain s-Domain
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Laplace Transform of Diff EQs

Nt order circuit with sinusoidal input described by (M < N for causality)
dav d aM

d
bN AtV vo(t) + -+ bl dt vo(t) + bovo(t) = aQy == AtM vl(t) +--+a;— dt vl(t) + aovl(t)
N . M .
dt dt
z bi—7v. () = Z a; =7 vi(t)
i=0 =0

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

N . M .
dt dt
L Zbiﬁvo (t) = L Zaiﬁvi(t) L athes
i=0 i=0 cadial € )
“ \e<. N "56
N M S( e r{?\u-
Ybisihls) = Y ) ! O] \ n
i=0 i=0 e o A(y) . e
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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

& N\S“ﬁ‘ ¥ .»:G;‘\ corditors
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i=0"i

—
4. Inverse Laplace Transform to get back to time domain




Example Laplace Circuit Analysis
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Inverse Transforms
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Partial Fraction Expansion / Decomposition 1 <v d“""“’"" do )2’4\
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Repeated Roots: Equating Coefficients
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Compl\ex Roots: Complex Mat'hz e
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Complex Roots: General Case
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Complex Roots: Table Lookup
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Comparison to Simulation
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Laplace Transform of Periodic PWL Signals .
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Pole Locations x =Ny + Ny
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Unbounded Signals & Unstable Systems
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Laplace and Fourier Revisited
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Fourier Transform: F(jw) = j e—jwtf(t) dt
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Laplace Explanation
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Example Functions

_ t.: t . -
f(t) = e'sin(t) F(t) = e /10sin(t) f(H)=e t/ssin(t)
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Pole-Zero Map

(s+(-1+¥2) (s + (-1-v2))

F(s) = —
) G+ 1/)G+26—2)

Pole-Zero Map

3
X = pole
i O — 2er
Tg -
§ 1 w1
@) 8
e 0
E 2 (A
.§i1 w1
E’ o
= v
-3 =
2 -1 o 1 2 3 4
MATLAB: Re{s} Real Axis (seconds™")
[R,X] = meshgrid(-2:.01:4,-3:.01:3);
s =R + 13*X; MATLAB:
Fs = (s.7"2-2*%s+43)./(s.”2 + 4)./(s + 1/2); s = tf('s");
[C,h] = contourf(R,X,abs (Fs)); Fs = 2/(s"2 + 4) - 1/(s + 1/2);

pzmap (Fs) ;

h.LevellList = [0 .05 .1 .25 .5 1 1.5 21;
h.LineStyle = 'none';
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Poles-Zero Plot
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The Convolution Integral
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Graphical Convolution
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