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Main formulae for Part 3 Advanced circuit theory and technology

Complex numbers
z=a+jb=r(os0+ jsinf)=r/0,
where jZ=—1 Modulus, r =|z|=./(a® + b?)

b
Argument,  =arg z= tan—!—
a

Addition: (a +jb)+(c+jb)=(a+c)+ j(b+d)

Subtraction: (a +jb) — (¢ +jd)=(a—c)+ j(b—d)

Complex equations: If a+jb=c+jd, then a=c and
b=d

If z1 =r1 £6; and zp =r /6, then

Multiplication: z1z2 =r1r2Z(61 +65)

and Division: L = r—14(01 —02)
22 r

De Moivre’s theorem:

[r£01" =r"Zn6 =r"(cosnf + jsinnd)

General

\% .
Z=7=R+J(XL—XC)=IZ|4¢
where | Z| = /[R*>+ (X, — X¢)?*] and

L=2nf C=327C — +j
Series: Zr=Z1+Zy+Z3+---

Parallel ! ! + ! 4 ! +
arallel: — = — —_ —_—
Zr Z1 Zr» Zj3

P=Vicospor P=I3R S=VI Q=Vising

R
Power factor=cos¢ = =

IfV=a+jband I =c+ jd then P=ac+bd
Q=bc—ad S=VI*=P+jQ

R-L-C series circuit

1 oL 1 1L
fr=27r\/(LC) 0=k “wcrR _RVC
N _Ve__ S
VoV ph-h
fr=V(f1 f2)

LR-C network

1 1 R? L Ic oL
=—J/l—-=) Rp=— 0=—=
= (LC L2) b 0

LR-CR network
PR \/ R} —L/C
"2 JO)V\ RZ - L/C

Determinants
ab
c d
a b c
de fl=a
ghij

=ad—bc

e f d f 'de
| —=b NS
h j ‘gf g h

Delta-star
ZAaZp

=—— — etc.
Za+Zp+Zc

Z

Star-delta
L1y + 2o 23+ 737,

Z
A Z

etc.

Impedance matching
= () 1z
= N2 L
Complex waveforms

12 472 4 ...

1 [7 r.m.s.
isz—/ id(wt)  form factor=
T Jo

mean
P=Volo+ViIjcos¢y +Valrcosgp+--- or P=1I>R

P
power factor= —
VI

Harmonic resonance: nwL =

nwC
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Fourier series . 1
Parallel representation: tand=
RywC),

If f(x) is a periodic function of period 2z then its

Fourier series is given by: Loss angle 9= (90° —¢)

Power factor= cos¢ ~ tand

o0
fx) =ao+ Z(a” cosnx + b, sinnx) Dielectric power loss = V?©C tand

=1 .
" Field theory
where, for the range —z to +x:

2 \%
fa Coaxial cable: C = T E0Ey F/m E=—— V/m
b b
ap = —— f(x)dx In — rin —
2z ) » a a
1 g I — HOoMr 1 1 b H/
an = — _ﬂf(x)cosnxdx n=1,2,3,..) = 4_1+ n- m
1 [ . Twin line: C= %" F/m
by = — f(x)sinnxdx (n=1,2,3,...) | D
T ) _n n—
a
If f(x) is a periodic function of period L then its Fourier [ = HOkr (1 +1n 2) H/m
series is given by: T & a

~ Energy stored: in a capacitor, W = %C V2T,
2nnx . [ 2nnx . . 1rq2
f(x)=ap+ Z a, cos 3 + b, sin 3 in an inductor W= 511" ]

n=1 in electric field per unit volume,
L IL 1 1 2 D? 3
here for th ——to+—: =>DE=> E-= J/
where for the range 3 o+ 3 wf=5 FE0Er s m
in a non-magnetic medium,
L/2 5
ag = — fx)dx _ 1 2 3
L L2 a)f—jBH—jﬂ()H —%J/m
2 L2 2rnx
an =7 f(x)cos 2 dx (n=1,2,3,...) Attenuators
, 5 (L2 s (27rnx)d ( 25 Logarithmic ratlos:P y ;
= — x)sin x (n=1,2,3,...
"L _ip L in decibels=101g = =201g— =201g -
Py Vi I
Harmonic analysis in ne ers—lln&—lnﬁ—lnl—2
y P 2P Vi I

Symmetrical T -attenuator:

Ro=+/(R}+2R|Ry)=/(Roc Rsc)

) 2 N-1 2N
b”%;ZykSi“”xk Ri=folyrr) =Py
k=1

1L 2L
QQ%;Zyk an%;ZkaOSnxk
k=1 k=1

Symmetrical r -attenuator:

Hysteresis and eddy current R \/( R\R}
0 = —_—

)=\/ (RocRsc)

Hysteresis loss/cycle= Aaf J/m? 2

or hysteresis loss = kv f (B;,)" W N2 -1 N+1
y f (Bm) Ro( ) R2=Ro( +)

Eddy current loss/cycle =k (B,,)* f2t> W N-—1

L-section attenuator:  R;=4+/[Roa(Roa — Rog)]

. . 5
Dielectric loss . \/ RoaR%y
Series representation: tan 5= RgwCs = 1/Q Roa —Ros
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ABCD parameters

Network

ABCD transmission matrix

Shunt admittance
h I
o > - ‘e}
2 Vo 10
Y 1
o e}

T-network
oO—— ——O
Z Z
2 Y Vo (1+YZy) (Z1+Z2+YZ12Zy)
Y (14Y2y)
O O

(Continued)
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ABCD parameters (Continued)

Network ABCD transmission matrix

Pure mutual inductance

h

‘ 3E

Symmetrical lattice

1
— 0
joM

o

Z1+ 27y WYAVAS
Vo Zy — 7 = 7y

2 Z1+ 7y
Z)— 73 Zy— 7y

|B
Characteristic impedance, Zo = C

Filter networks

1 L
Low-passTorn:fczm Roz\/E
1 Ry
C= L= —=
7 Ro fc T fc
o \2
Z()TIR()\/|:1 — (—) :|
oc
Ro
Zog =

1 L
High-pass T orw: fc= Ry = \/—

47 /(LC)
1 Ro
C= L=
47 Ry fc 4r fc

C

Low- and high-pass:
ZorZoxr =212, = R(%

1_121_221_3261’ =ea+jﬂ=ea4’3
L, I I

Phase angle f=w./(LC)

time delay = /(LC)
m-derived filter sections:

s [ (2]
High-pass m = \/ [1 - (%)2}

Magnetically coupled circuits

drn .

d
den de¢y Ly—Lp
M=N2 =N k(L) =
24, i V(L1 Lo) )
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Transmission lines P, (s _ 1)2
2 —_—=
Phase delay f=w./(LC)  wavelength 1= 7” Pi Gl
) ) ® Transients
velocity of propagationu= fi=—
B C—R circuit 7=CR
_ —ny __ —no. /__
Ig=ILe ™ =Ige™"*/—np Charging: ve=V (1 —e~W/CR)Y 4 —Ve=(/CR)
Vr=Vse " =Vse "* L—nf i=Ie—/CR)
R+ joL Discharging: v, =vg=Ve @/CR  j=[e=(/CR)
Zo=+/(ZocZsc)= GTioC L
J L—R circuit 7= R
y =VI(R+joL)(G+ joC)]
Current growth: vy = Ve~ (R/L)
Reflection coefficient, p = — = Zo—Zr = Y vr=V (1 —e (RI/L)
I Zo Vi
Standi . Insx _li+1l _ 1+]p] i=1(1—e"(®/D)
anding-wave ratio, = = = _ . _
: 4 Imin Li—1 1—|p| Current decay: vy =vg=Ve (R/L) j=Je—(Rt/L)
These formulae are available for download at the website:

www.routledge.c

om/cw/bird






