2. Transmission Line

2-1.Transmission-line equations

dV (z)

V(iz+Az)=V(z)+ Az

dl (z)

z

Az

I(z+Az)=1(z)+

V(z)=(Z,Az)I(z)+V (z+Az) (Z,=R+ jolL)

dv(z) .
o - Zd)
dld @) _ yye (Y, =G + joC)

These equations result in the following differential equation
(transmission line equation).

d*V(z
e A0
~V(z)=Ve” +V,e™

Y s - . | +
I(Z)=Z—(Vle”—Vze”)=?(Vle’z—Vze”)

d c



Propagation constant & characteristic impedance

propagation constant : y=AZ,Y, = \/(R+ja)L)(G+ja)C) =a+jf
characteristic impedance : Za =\/Zd =\/R+J:wL =7,
Y Y, G+ joC

in the case of lossless transmission line;

y = \/ja)Lja)C = jo~LC = jp

7 - |joL _ /£:Rc
joC C



2-2 .Reflection coefficient and input impedance

Use a coordinate y directed from load to source, then
V(y)=Ve” +V.e”

1
1(0)= (Ve Ve ") = 1e" + 1.

load impedance :
Vo)y=v,+V,

I(O)ZI—(VI_Vr):]z+]r
Zc
z VO, VitV
1(0) V.V

l r

the reflection coefficient :

Ve _Zu=2c _ S (0) mmm) matching condition: Z, =Z,
v, Z,+Z.

AL
S(y)= S = 5(0)e

Ve”

1



Input impedance

The impedance observed at an arbitrary position is given by

7 A4
Z(y)—Ly)_Z Vie” +V.e _ 1+S(y)_Z Z, +Z_tanh ypy

CI(y) ‘Ver-Ve” T°1-S(y) “Z.+Z,tanh py

in case of a loss-less transmission line :
Z,+ jR_ tan By
“R_+ jZ, tan By

normalized representation :

Z(y)=R

z, —1

S(0) =

z, +1

z, +tanhyy

z =
») 14z, tanhpy



2-3. Standing wave

e
Consider a loss-less transmission line.
V(y)=V.e™ 1+ S8(0)e ’?™)

JBy
Ve (1- 5(0)e ")

I(y) =
the ratio of max. to min. voltage along the line : standing wave ratio

Ll _1+]s o)
(Dl 115 00)

min

at the position where V(y)\ takes the max. value,

Z =R__ = ‘V— =R, L ‘S(O)‘ =R p (resistance)
7 1-[5(0)|

min

at the position where V()| takes the min. value,

Vi
Zl.n:Rminz‘ = =RCl (resistance)
U p

max



2-4. \/4 transformer

Consider a loss-less transmission line.

2(1) = z, + jtan Bl
1+ jz, tan fI
: A
z(l+£)= ZL+]tan'B(l+4) _Jjz tan pl+1 1

1+sztan,B(l+j) jtan pl+z, - z(l)

y)
2(l+7)z(1) =1

s Z(+ %)Z(l) =R’
M4 segment of transmission line R is connected to R,
ZuR,=R;

Connect this segment to a line with R, reflection occurs in general.
No reflection occurs, if Z, =R_

m=) R =./RR,



2-5. Smith chart

Map the reflection coefficient on a complex plane, and show the

correspondence to an impedance.
g z—1 _ (r=D+ jx _U+ ¥
z+1 (r+D+ jx

(i)map r on a complex plane

r ? 1 ?
oo
r+1 r+1

r
a set of circles centered at (——,0) with a radius of —
r+1 r+l

(ilmap x on a complex plane

e ]

a set of circles centered at (1,;) a radius of ﬂ
X

Plot z, =7+ jx, then you will find  S(0Q)

Rotate S(0) byanangleof —-20y=-27(2y/A),
then you will find the impedance measured at this position 7'+ jx/
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