2. Transmission Line

[
2-1.Transmission-line equations

V(z+Az)=V(z)+ d\;iz) AZ

1(z+Az)=1(2)+ di(2) AZ
dz

V(z)=(Z,A2)1(2)+V (z+ Az) (Z, =R+ jolL)
dV (z)

=—241(2)
dz
vV (¥, = G + jaC)

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

d*V(z)
dz’
~V(z)=Ve " +V,e™”

=Z,YV(2)

I (Z) = ZL (\/1('3_7Z _Vzem) = Zi (Vle_yz _Vzem)

d c



Propagation constant & characteristic impedance

propagation constant : y=+ZYy = \/(R +JoL)(G+ JoC) =a+ |B
characteristic impedance £ =\/Zd =\/R+ !“)L =Z,
Y Y4 G+ JoC

In the case of lossless transmission line;

y =+ joLjoC = jo/LC = jpB

Z, = !LL: /LZRC
JaC C
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2-2.Reflection coefficient and input impedance

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

1(y) :Zi(\/ie7y —-Ve?)=1e"+1e"”

load impedance :
V(0)=V, +V,

I(O):Zl V=V =1L+1,
_V@O© _, VitV
1(0) “°V, -V,

the reflection coefficient :

v — Z —2, =S,(0) - matching condition: Z, =Z,

L

r

V. Z,+Z

c

Ve
S = T = S(0)e ?”
(V) =5 =S(0)
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Input impedance

The impedance observed at an arbitrary position is given by

Z(y):mzz Ve” +V.e” s 1+S(y):Z Z, +Z, tanhy
I(y) “Vie”-Ve” "1-S(y) " Z.+Z tanhpy

In case of a loss-less transmission line :
Z(y) =R, Z, + _jRC tan Sy
R. + JZ, tan By
normalized representation :
_4
ZC

Z

z, -1

S(0) =
©) z, +1

Z, +tanh
2(y) =L
1+z tanhpy
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2-3. Standing wave

Consider a loss-less transmission line.
V(y)=V.e””@+S(0)e ')

V_ejﬂy
1(y)=—

the ratio of max. to min. voltage along the line : standing wave ratio

o VD 1+[S(0))
N Wn  1-[50)

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

1+|S(0)| .
; =R.p (resistance)
1-[s©) "

(1—S(0)e 27)

Z _R ’\/‘max —

in — " ‘max

1]
min

at the position where ’V (Y)‘ takes the min. value,

Z. =R V] = RC1 (resistance)

in min = ‘I‘
max p
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2-4. A4 transformer

Consider a loss-less transmission line.

2(1) = ZL—I-—Jtan,BI
1+ jz, tan Sl
: A
z, + jtan p(l+—) .
2(1+2) = 4’ _Jz tanpl+1 1

1+ jz, tan A(I +j) jtanfl+z, - z(l)

z(I+%)z(I)=1

. A _ p2
~Z(A+DZM) =R

M4 segment of transmission line R, is connected to R,
Z,R =R;

Connect this segment to a line with R, reflection occurs in general.

No reflection occurs, if Z,, =R

c

==) R =./RR,



2-5. Smith chart

Map the reflection coefficient on a complex plane, and show the
correspondence to an impedance.
S:z—1:U—D+qx:U+JV
z+1 (r+1+ jx
(Dmap r on a complex plane

ro\’ 1Y
r+1 r+1 .
. I . .
a set of circles centered at (——,0) with a radius of —
r+1 r+1
(ilmap x on a complex plane

vt ]

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

Plot z, =r+ JX, then you will find  S(0Q)

Rotate S(0) by anangle of —28y =-27(2y/ 1),
then you will find the impedance measured at this position '+ jX’
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