Transmission Lines
Steady State

Phasor Notation
V(z,t) = Re(V (2)e')
I(z,t) = Re(i (z)e’™)

Voltage Wave
V(z)=V e +V "e” =V _“e”(1+ I (z)) for lossy lines

m

V(z)=V e +V “et¥# =\ *e (14 T (z2)) for lossless lines

Current Wave ) A A
I(2) = z e’ z e’ = Vz e ”?(1- I (2)) for lossy lines
[(z) = VAZm; e I _ \%e”ﬂz = \7Zr“0+ e ¥ (1- T (2)) for lossless lines
Wavelength

Af =u where u is the propagation velocity; g = 27”

Propagation Constant
7=a+ jf=(R+ joL)(G + jaC) = jo-/LC for lossless lines

Characteristic Impedance

Z, = M - \/Efor lossless or low loss lines
G+jec \C

1 )
= \/— for lossless or low loss lines
HE

Phase Velocity

Total Wave Impedance
. V(@ , 1+ I'(2)
i@ T°1-T(2)

Reflection Coefficient
Voo
\7+m

['(z)= e = T (')e¥“ for lossy lines

Note: The symbols R, L, G and C refer to resistance, inductance, conductance and
capacitance per unit length. In the textbook, these are written as R’, L’,G’andC’ while in
the class lessons these are written as r, |, g and c.
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L ei? - T'(2')e'? D) for lossless lines

I (z) = —
@= G
Reflection from load T, = —t— Zo
Lz, +2,
Reflection f Zg~ %
eflection from generator I' . =
: 0" 7,+ 2,

Input Impedance of a Transmission Line of Length d with load Z,

Z (z=0)=2 Z, + Z, tanhyd for a lossy line
mit o Tz 4+ Z, tanhyd y

Z + jZ_ tanpd
Z (z=0)=2,== )% P for a lossless line
Z + jZ, tanpd
Z, is real when the line is lossless

Average Power
1 AL s
Pae (2) = 5 Re(V (7)1 (2))

Standing Wave Ratio
owr o Mol _low| 241
Nmin 1_ |F|
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Low Loss Lines (for the usual case where G can be neglected and R << al)
7 - Rtjel  [Rtjol Jjeb | R zi(l—jij
G+ JaC jaC jaC joL \C 20l
y=a+if=y(R+jel)G+ jeC) = R+ jal)(jeC) = \/(jol)(jeC) L=k

. . R R
~ jovLC and a ~ o LC(—) -
1p= e GENT2ul) T2z,

Note: The symbols R, L, G and C refer to resistance, inductance, conductance and
capacitance per unit length. In the textbook, these are written as R’, L’,G’andC’ while in

the class lessons these are written as r, |, g and c.



Transients

Lossless Wave Equation

oV oV
2 = LC 2
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Voltage and Current Waves

V(z,t):V+[t—ViJ +V(t+ij =V +V~

ph Von

\ARERA

1(z,t) = -—

(z,1) Z "z

Z, is also called the surge impedance
Bounce or Lattice Diagram
£, WL
£ _ T
ar _ |z
A =T
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Note: The symbols R, L, G and C refer to resistance, inductance, conductance and
capacitance per unit length. In the textbook, these are written as R’, L’,G’andC’ while in
the class lessons these are written as r, |, g and c.



