Course Content

 Magnetically Coupled Circuits (Ch 13)

e Sinusoidal Steady-State Analysis (Ch 10)

e AC Circuit Power Analysis (Ch 11)

e Circuit An Analysis in the s-Domain (Ch 14)
* Frequency Response (Ch 15)

e Polyphase Circuits (Ch 12)
 Two-Port Networks (Ch 16)




Transform Domains

—  Circuit with inductor(s) Diff. EQs ~ Sinusoidal steady-state
and capacitor(s) solution
Phasor b
Transform Inverse phasor
Phasor Transform = Transform
. Phasor-domain Algebraic EQs Phasor-domain
f (t) o Acos(a)ot T (P) circuit - solution
~  Circuit with inductor(s) Diff. EQs time-domain
and capacitpr(s) - solution
Fourier Transform Fourier .
- Transform Inverse Fourier
Transform I
f (t) = 2 Cncos(na)ot + gon) Frequency-domain Algebraic EQs .~ Frequency-domain
_ circuit solution
—  Circuit with inductor(s) Diff. EQs time-domain
and capacitor(s) = solution
Laplace Transform Lapliice
Transform Inverse Laplace T
- Transform
f(t) = | eStF(s)ds . | .
s-domain Algebraic EQs - s-domain
circuit solution
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Ch 13 — Magnetically Coupled Circuits

o > Ji Defining Equations Dot convention
o e |l x| e O dl dl ® Current into the dot on one
o F K v(t) =1L -1 + M -2 terminal produces a positive open
1 1
o) d_t d_t circuit voltage w.r.t. the dot on the
o Ly L, v, di, di,
= vy () = M—=+L, — other
< dt dt
o o— )
o 1 ;
3 ’p k ‘s Coupling Coefficient Recall
© L —J° M  Equivalent circuits
Lp L LL,
N{:N
- I, 1 2 I,
3 — n — - , _ _
- el Defining Equations Coupled inductors with:
qg +° o ﬁ _ ﬁ _ * no energy stqrage (L— o0)
E Vv, g H E V, N; N, * Perfect coupling (k=1)
I_
E - ; 0= NIy + NyI, + -~ Recal
§ o Z/V/I reflection
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Ch 10 - Sinusoidal Steady State

Time Domain | Phasor Domain Phasor Notation
_ I
e i 1! Acos(wt + @) © AL
v() SR i VER _
_ : _ = Re{AeJ(wt+<P)}
1
v(t) = i(t)R i_ V=IR = Re{Acos(wt + @) + jAsin(wt + @)}
1
o AR ¢ Impedance and Admittance
V() gL I v gjol . ]
) di i ) Z=R+jX
v(t) = La : V= ioLl / 1 \
_____________ .}--_---.].----‘ Impedance Resistance  Reactance
ST 1
V()= " H ye= . Y===G+JB
- T i ‘T / Z t T~
= _J Admittance Conductance Susceptance
i(t) = - V=—I
et ar _ i ______ 90 __
i) i) 1, 1, . :
— {)— e Circuit Analysis
v(t;%{?gvm i v %;:E . * Real circuits always have all real signals in the time
A P ey domain
u i * All 201 analysis techniques apply
151 ly N . _ .
vy () = Ly—-+ M —= V, = joLd, + joMI, G|ve§ only forcec'j/steady state/particular response,
© - Mﬂ L di, V, = joMI, + jwl,I, for single sinusoidal source
Vel = My T g * Phasor superposition
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Ch 11 - AC Power Analysis

to+T
Average (DC) Power: P = jp(t)dt For periodic signals: P = j p(t)dt
— 00 2 to

o Iy
Average power in a resistor: P, = \/j i(t)2dt| R For sinusoids: [rys = ﬁ

)

)\ {

Sinusoidial Power Lrms = legy
p(t) = [V cos(wt + @y)]lI4 cos(wt + ¢p)]
Vyly Valy V4l
_ 474 _ ala
> cos(2wt + @y + @) + > cos( @y — @) LR VA
\ J \ J
Double—fr'equency DC = aJerage
Complex Power .
S=P+j0Q
2 Vimslrms Complex [VA] Real/Avg [W] Reactive/Quad. [VAR]
V4ly P
Apparent Power: |S| = — = Vemslrms Power Factor: PF = m (leading/lagging)

Impedance match for max power transfer: Z, = Zy,"
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Ch 14 - Laplace Transform

Unilateral Laplace Transform:  F(s) = L{f(t)} = j e Stf(t)dt
-
F(©) = LHF()} = =
= S = —

Inverse Laplace Transform: 2Tj , 0 in ROC
(to the right of all
poles in complex

Complex frequency = Laplace variable=s = o0 + jw plane)

Laplace transform is a linear transformation. Other properties and transforms in tables
Inverse Transforms: Long Division — Factor —» PFE — Tables

PFE Special cases:

N(S) kl kz
Repeated: (5152 =S1% + G5 1 5)2 (Differentiation or coefficient matching)
Complex: N(s) B kis+ k, _ k4 kl*

= = +
s?2+4  s?2+4  s—j2 s+j2
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Ch 14 - Laplace Circuit Analysis

po(£) = v;(£) * h(E) = j vyt — D)
i oo

Im{s}
Poles and Zeros: SO T +wy
F(s) N(s) Zeros: roots of N(s) 9
S =
D(s) Poles: roots of D(s) = > Re{s}
Circuit Transformation: |
Inductor Capacitor | Xt —w,
I(s)
ll(s} 16 [1®
* I ‘T‘Z(S)=L .
Zes)=sL + ' > Convolution:

V(s) Vis) Z(s)=sl_c = "N CD v v(0°) Time domain

_ “h l ‘ x(f) —»|  h(f) F— y(t) = h(t)xx(t)
| | Inv!rse
N f . . Japlace -éap.'ace ,L’aplace
%.h Transfer Functions: Poles of H(s) define “form” of terms in | \ |
% +@ﬂ' V,(s) natural response of the circuit X(s) —>| H(s) [—> ¥(s)= H(sS)X(s)
b ol B HE) = i
. requency domain
RN —— = ‘(S) Poles of V;(s) define “form” of terms in ©
oo = +-{nuﬁ forced response of the circuit
T B
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Ch 15 - Frequency Response

Frequency Response: H(s — jw)
* Circuit response to sinusoidal inputs
* Valid if all poles in LHP

Bode plot: mag-phase plots on log-log axes
. * [|[H(Gw)llgg = 201og(|H(jw)|)
Re(s} 5¢ = Im{s} ° 5— H (] (1))

5

0

Templates and Approximations:

_1/20

o =10 T
Il Gljo) g T 0° - 002G 0
NGl 1
* A
0B T 0dB 119 LG .
0.5f, f _
-10dB —90° —90°-\
1 f(') :I 180Q deg/dec
-20dB + —~20dB/decade —40 dB/decade
~30dB | _180° . ~"‘««,|—18O :
Van
Filter Design

* Bandwidth, graphical analysis, Chebyshev and Butterworth, Sallen-Key Amplifier
* Resonant circuits
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Ch 17 — Fourier Series and Transform

Fourier Series:

For periodic f(t) with period T, = Z—n
- 0
% f(t) =ay+ Z aycos(kwgt) + bysin(kwyt)
k=1
5 to+To
a = j f(t) cos(kwyt) dt
0 g
https://en.wikipedia.org/wiki/Fourier transform 7 to+To
b = — f £(6) sin(kwot) dt
To
Fourier Transform: to

For periodic or non-periodic f(t) _
o0 * Frequency content of a signal

_i Gives mag/phase of sinusoids
= = Jwt
Flw) = Ff () j ¢ f(e)dt that add up to original signal

(o) = f-l{F(w)}=% j IO (o) da
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FUTURE TOPICS
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Power Systems
 ECE 325 -- Electric Energy System Components

3
o )
220kV ) e
T Tz 10.45kV
5 & Xp.u.=0.185
Line 2 )

| |
| I )

LrYTy (
Q 3ph Load 10.45kV
110kV Absorbs BTMVA

T4 @ 0.6pf (lag)

NS
Y

90 MVA
2zkv
Xp.u.=0.18

4\ A
Y Y

Ti:  BOMVA 22/220kV  Xp.u=0.10
T2: 40MVA 220/11kV  Xp.u=0.06

T3: 40MVA 22/110kV  Xp.u= 0.064
T4: 40MVA 110/11kV  Xp.u.=0.08 1]
Line 1: 48.40hms (total)
Line 2: 65.430hms (total) PEguru.com 2
i Lr ]
Zi
7 *

L
¢
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Nonlinear Circuits
e ECE 335 & 336 — Electronic Devices

: Iogma)
- b Ohmic I~ Saturation Region
. 35— -
kv n-channel eMOSFET
30 ’ Vas = +6.0V
Io 25 Viaxws50
. ss=+5.0V
Symbol D 20 Vas = +4.0V
- Vas = +3.0V
G ) l = Ves " —
- o Vas = +2.0V
5
Ves Vas = +1.0V
5 Cut-off
,/ Ve = 0V

0 12 s 16 Vos(V)

Bias circuitry Differential-input Common-source
first stage second stage
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Closed-Loop Control
 ECE 316 — Signals and Systems

Classic Control

Root Locus: How poles and  Nyquist Plots: Frequency
zeros move as you change  response in the complex plane

X(S)+'% , G(s) Y(s)  feedback o |
H(s) = /;\ N

Modern Control

x(t) = A(t)x(t) + B(t)u(t)
y(t) = C(#)x(t) + D(t)u(t)

H(s)= C(sI-—A)™'B+D
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Digital / Discrete Time Signals
 ECE 315 —Signals and Systems

Cont. time ZA"d —1,(t) = md—mvl(t) £ ZAnS"V (s) = ZBmsmV (s)
Y Al ZBmu[k ml = ) AT @ = ) b @
T B 2 o R
e - iy mmﬁlé |l111,,... AR II :

e R (P s £ e
Sampling and aliasing: Gjﬂe’ “"f)m” Cj“’ fﬁlllm

AS, el AS L]
\1/ AL T




