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Announcements

* HW 6 posted, due Wed 3/27

— Half assignment, two problems on Fourier Series

* Experiment 2 due today




Frequency Response
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Application: Digital Communication
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Applying Superposition
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Simulation Verification
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Frequency Domain Interpretation
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Fourier Circuit Analysis

Cireuit with 1gductor(s) O EOH » Steady-state solution
and capacitor(s)
Fourier
Transform Inverse Fourier
Transform
Frequency-domain Algebraic EQs Frequency-domain
circuit o solution
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Complex Form of Fourier Series
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Fourier Series Representation

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

Wo
*© f(t) can be expressed this way if
f®) =ao+ z arcos(kwot) + bysin(kwot) L f(8) s single-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
= - f f (@) cos(kwot) dt| |by = T f f () sin(kwyt) dt
0 0
to tO

Alternate forms

o) Ak = ’akz + ka
ft) =ay+ z Aycos(kwot + @) {
- _1 [ bx
k=1 P = tan (-)
ag

1 .
Ck = E(ak — Jjby)

oo

t) = z cekwot 1 .
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Fourier Series & Frequency Domain







Fourier Series of a Pulse Train
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Example Matlab Calculation

2
f=200Hz | —
T=5ms = -‘S: 151 Fourier Series Approx |
T=2ms 1
T 057 R
0 T T T T T T T T T T T T T T T A A T
051 B
Fourier Series Approx 4
-5 0 5
f = 200; t/T
A =1;
tau = 2e-3; oal ' ' ' ' ]
t = linspace(-1/f*5,1/£*5,100000) ; 03F 1
a0 = A*tau*f; .
.\%0.2- g
sum = a0*(t./t); hm_ i
kmax = 200; ' | |
for k=1:kmax 0 |l'I ||II IlII I I II|I II|| I'll
ak (k) = 2*A/k/pi*sin (k*pi*D); ) ) ‘ | | ) . .
sum = sum + ak(k)*cos(k*wO*t) ; 20 15 -10 -5 0 5 10 15 20
end ks w/wo
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Example Matlab Calculation
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Example Matlab Calculation
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Example Matlab Calculation
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Alternate

f=100 Hz
T=10 ms
T=2ms
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Non-periodic Waveforms: Fourier Transform
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Fourier Series of Impulse Train
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Applications of Fourier Transform

* Imaging — Modeling sampled systems
— Spectroscopy, x-ray (A/D & D/A)
crystallography — Understanding aliasing
— MRI, CT Scan — Speech recognition
* Image analysis * RF Communications
— Compression — AM & FM Encoding

— Feature extraction
* Signal processing

— Audio filtering

— Spike detection
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Chapter 14
S-DOMAIN CIRCUIT ANALYSIS




Transform Domains

Sinusoidal steady-state

Circuit with inductor(s) Diff. EQs .
and capacitor(s) o solution
Phasor
Inverse phasor
Phasor Transform = asiim, Transform T
_ Phasor-domain Algebraic EQs Phasor-domain
u(t) o Acos(a)o t+ ('0) circuit o solution
Circuit with iqductor(s) Dff. EQs . Steady-state solution
and capacitor(s)
Fourier Transform Fourier .
Transform Inverse Fourier
Transform
u (t) E C nCOS (na)o t+ (pn) Frequency-domain AlgebraicEQs ~_ Frequency-domain
circuit o solution
Circuit with 1n.duct0r(s) Diff. EQs . Solution
and capacitor(s)
Laplace Transform lLaplace T
Transform Inverse Laplace
= Transform
u(t) z K,esnt . .
s-domain AlgebraicEQs s-domain
circuit . solution
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The Laplace Transform




Complex Frequency




Impulse, Step, and Ramp Functions

JON
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ol 128
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Example Signal Laplace Transforms




TABLE 141 Laplace Transform Pairs

f@)=2"{F@s)} F(s)=Z{f (0} S @) =2"{F(s)} F(s)=Z{f (0}
1 —al _ ,—pt 1
o(t) 1 B — a(e eu s+ a)(s+ p
1 . w
ult) S sin @t u(t) S,_+—w2
tu(t) i cos @t u(t) L
s? s + o?
— 1 ) ssind + @cosf
mu(t),ﬂ— 1,2,... F sin (@t + 6) u(r) 2+ o2
1 scosf! — wsind
—at
e~ %u(f) N cos (wt + @) u(r) R
1 w
te— Tyt _— —at g fult ——
e~ u(t) G+ ay e™* sin wt u(t) s + @) + o?
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Properties of the Laplace Transform
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Operation f{t) F(s)

Addition AB+ HB Fi(s) £ Fa(s)
Scalar multiphication ki) KkF(s)
0
c - o df
[} Time differentiation — sF(s) — f(07)
- dt
2 2f
8 = S?F(s) - 5 (07) —f'(07)
o dt
d3
§ —{ s7F(s) — % (07) —sf '(07) —£"(0")
(] dr
=
vi t 1
% Time integration / f(odt —F(s)
- - s
= 0
8 ' 1 e
4 / fdt ;F(s)+;/ f(oadt
E —o0 —oo
S Convolution F1(2) * fa() Fi(s)Fa(s)
{\! Time shaft flt—au(t—a),a>0 ¢~ F(s)
<
E Frequency shift FHeat F(s + a)
-
g Frequency differentiation tf(1) —@
P ds
Frequency integration @ f F(s) ds
£l
; 1 s
Scaling flat),a>0 ;F (;)
Tmitial value fi(0%) lim sF (s)
5 —*o0
Final value fioo) lino] sF (s). all poles of sF(s) in LHP
B
. o 1
Time periodicity fH=f(t+nD), ]_TFl (s).
— e_ 5
n=12 .. THE UNIVERSITY OF
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Circuit Laplace Transform




Differential Equation Laplace Transform




Transfer Functions
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Midterm Exam

Midterm 1 Grade Distribution i Mean: 67.4%
12
* Median: 68.2%

IIIIII o
-.

<30 (30,40] (40,50] (50,60] (60,70] (70,80] (80, 90] >90
Grade Range

o

(4]

S

Number of Students
)

N

THE UNIVERSITY OF

TENNESSEE [ §

KNOXVILLE




Trends

* Direct Solutions ‘/—

— Any source + 3-4 2-terminal |mpedances ‘ Z3
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