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Review

-
Ch.1 Electromagnetic field and electric circuits

Metals: super-screening material

(but not superconducting. The difference is importantin
designing superconducting circuits.)

Local electromagnetic field

— Lumped constant Circuilts (& & %ka )
local magnetic fields (parts) are connected by

metallic wires — Circuit diagrams
Resistors, Capacitors and Inductors

N\

Ch.2 Introduction to linear response systems



Outline Today
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Transfer function (f=2EJ%X) (continued)
Representative passive devices In the linear
treatment

Impedance, admittance and other
parameters in the linear treatment

Power sources

Circuit networks

Four terminal (two terminal-pair) circuits

. Circuit theorems



Linear response: Transfer function
response Input

EI(?) _ BT - % { /_ Z w(t)5(t — t’)dt’} _ / T ()Rt — )Yt

—Oo0

_ / > W(tVE(E — )t = / > ult — V() impulse response

—00

Transfer function

X@ = [ s@e il W) = U

Laplace:

X(s) = /OOO e "tz (t)dt Wi(s) =U(s)=(s)

Expansion to the complex plane: S — 0 + 1w
On the imaginary axis (the frequency space)

W (iw) = U (iw)=(iw)



Impedance

Current to voltage Viz = Rf” o resistor
Vi, = Al Vie = %,) =3 / I5(t")dt'  capacitor
- Vie = L% inductor
’ /_ " et RS()] dt = N ——
=) = / T g [ / 5(t dt] — c srpvadiion
| /_ st [L o o(t )] dt = iwL inductor
v

Impedance Z(iw)




Admittance

\oltage to current

J(iw) =Y (iw)V(iw)

Admittance Y (iw) Y (iw) =




Example of equivalent circuit [ Z&{fi[=1E& | D4l

Spring pendulum (I&X43#kYF)

4 X b e = e
M dr T (t)

RLC circuit with electromotive force

R EiEzx R L-RLC[E )
d? dg 1
V(1) “eq p,4 -
L% Lo+ R+ =g =V(D)
C Parallelism

VAN

4 174 T 57




2.2 Power sources

An active device: electric power source, electromotive force
Realistic power source: ideal power source + non-ideal factors

Ideal voltage source

—0 —O
— @ —> o0, C— o0, Vz%zconst. N
—0 ——o0
\oltage source | R TR J= V R
+resistor — T R+ R; Vout = R; + R

Ideal current source

R — 00, V = o0, J:%:const.




Power consumption

Energy dissipation per unit time: P = V]

Vo [ w Electric power consumption

V(iw) = F{V} =2nVid(w — ')

= W
Z (iw)

ezw t

o Z(w') Z(w)

dv Vo e VI(W,1)

5(&) . w/)eiwt

J(W't) = 27r/
V =Vycosw't W, t)=V(W,t)J(W,t) = Vicos*wt/Z (W)

Complex instantaneous power

L Effective power
T Ve  PW)=ReW(W)  (fzhdED)
Ww') = 57

(W) N o T [T Reactive power
QW) =W e




Power consumption (2)

= cos |arg(W (w'))| = cos ¢

Moment (F13K)

¢ Phase shift between voltage and current

W(w') = |W(w')|e"® :generally holds

W (W) = V*(w')J (W)

2R —02 . effective value



2.3 Circult network

2.3.1 Kirchhoft’s law

At all nodes Z Ji = 0 Kirchhoff’s first law

(/

T Charge conservation % + divd =0
—
For all looping paths ZVj =0 Kichhoff’s second law

J
T Single-valuedness of electric potential



2.3 Circuit network (2)

From Kirchhoff’s law, synthetic admittance and impedance are

n n —1
for parallel connection:  Yige = » Vi,  Zit = (Z Zf)
i=1 i=1
1

n o n
for series connection: Yig = (Z Y;1> . Zew= Y 7
1=1 1=1

EX.)

1 - 1
Z(tw) = (E + iwC’) ;Y (iw) = 7 + wwC
. 2
VO % ! P(w) — ‘% (3052 wt, Q(w) = wCVOZ COS2 Wt
P 1
ﬁ = —— =tano : Dissipation factor

(w wCR




2.3.3 Superposition theorem

Network: node, (directional) branch : directional graph (digraph)

All the branches: electromotive force E;, resistance R,

Ji By Ry
AR | =] ¢ R=| :
I E., R,

Superposition theorem:

The total current distribution is the superposition of those for
single electromotive forces.



2.3.4 Ho (Jl) — Tevenin’s theorem

Pick up two nodes in the network under consideration.

The voltage between these two nodes is V.

Set all the electromotive forces to zero and measure the
resistance between the two nodes. The result is R,.

Now connect the two nodes with resistance R and reset the
electromotive forces to the original values. Then the current
through resistance R is

] =Vo/(R+Ry)




2.3.5 Tellegen’s theorem

i =1,---,n:index of nodes, j = 1,---,m: index of branches

1: ¢ is the start of j,

a;;j = —1: ¢isthe end of j, Incidence matrix
O : others

Vg : En:%- =0 :redundancy in{a;;}
1=1

— (n—1) X m matrix D : irreducible incidence matrix
Kirchhoff’s first law: DJ = 0 J;: current along branch |

W: W; electrostatic potential of node i, V: V; voltage across branch |
io—j>ok Vg =W; — W, = Cbz'sz' — akjWk:
V ='DW (*D: transpose) (Kirchhoff’s second law)

Y ViJi = (DW) - J = ‘WDJ =0 V.1J

=1



4-terminal (2-terminal pair) circuits 4% - [m] %

Terminal pair (G +-Xx1)
Current: circulation, no net current

J__ 5 ¢

Je—— o

2-terminal pair (4-terminal) circuit

j]'" “‘rnut

A B
' D Tynut

e
s
_h..
1




F-matrix of 4-terminal circuit

Vi) _ (A B\ (Vo) _ 1 (Vou = =
("Tin> B (C D) (Jouz) =F (.fguz> V:T_ F{C D] iot
(a) Jin Jout

Efin
vr:-ut

I“’in
Jc:-ut

Jin

(7

pout

() () (), o
Jq:nut.:ﬂ Vn:rut.:[] Jc'ut:l]

Vour | _ (A1 Kz (Vin) _ 7 (Vin
Joue ) o1 Koo ) \Jin) Jin
J: Jnut
* i —
L= {er }

VinT Y= { Y.{j } ‘Vnut
Al —— J_P"
(b} Jin out




Impedance matrix, Admittance matrix




Examples with impedances

A B C D
Z
—
1 VA 0 1
1
‘ 1 0 Iz 1
_l
7 Z;
1+ /1 L1+ ZoZqg+ Lo/ i 1+é
Zy Zo Zo Zo 79
Z1+ Zo+ Zs 1+ Z1
A VA Zo




Connections of 4-terminal circuits

Cascade .

Series

in

Jiin
Parallel —s=




Theorems for terminal-pair circuits

Superposition theorem

oIl IR en I

(a) J = Ji

Ho-Thevenin’s theorem

O S
oIl [ N OTI i

(b)

I

I~ |
N




Norton’s theorem

I~ |
<

Q1 |t O |

Js
Y +Y,




Duality AUt

[ERZEE5 i DIBZUEES T
Ea)iye RIS
H hid 255
FIVe Ry 70 2E0] | FberRy 7O 1R
&I EER
A E—H A VREIvAEVA
#Hi ARG R A
i R Y AVET R A
-7 7 > DOEH J—kVOEM




Duality

Series Parallel

Open Short

Voltage Current
Impedance Admittance
Capacitance Inductance
Electric field Magnetic field
Resistance Conductance
Ho-Thevenin Norton

Kirchhoff’s 2" law  Kirchhoff’s 15t law



Power Sources in Lab. EEOHERN:

AC Power from distribution board BBz 0> 6 O FE S 4G




AC Power from distribution board BCEAEH S DE 11

4

A

B IE AR a

HLFH 2 #f 2t i - -Wi ~141V

(100 V) Single-phase 2-wire

o b
(GND)
B LN1

i]f. Hl 3 I:I':\Jfr& .fl'«:. |_|| H g H

T T | -Th'lh'

\E# LN2

Single-phase 3-wire

v
54 :

3 3MN gy — 4 S
=4 !

Three-phase 3-wire



Japanese outlet tap definition

. Sl

AT

DA

Cold line P52

Hot line &£ #%

Ground %f@f@? :

B KT A —
Electroscopic
Screwdriver




DC Stabilized Power Supply E

3Zx
Series (Dropper) regulation
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Series regulator power supply
A
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Dual tracking

High precision Bi-polar current source
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Switching regulator power supply

Molecular beam epitaxy

Control panel
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Complicated power lines

Bin



Exercise A-1

Express J;, J,, J; with other parameters.

51 Lt
R, R, R,
Vi —— Vy ——



Exercise A-2

All the resistors have the
same resistance R. Obtain
the combined resistance.




Exercise A-3

Obtain the effective value of voltage for the saw tooth wave.




