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Lecture 39 — QOutline

* Lossy Transmission Lines (material not included in final exam)
* Class wrap-up

Reading assighment
Prof. Kudeki’s ECE 329 Lecture Notes on Fields and Waves:
39) Lossy Lines



Exercise:
Design a stub line with a given
normalized input admittance
using the Smith Chart



Example
Ystub =~ _j 0.55

Short circuited stub

-10.0

Irai w ()}

normalized admittance

maE

0.174




Example
Ystub ~ _j 0.55

Short circuited stub

y — o0
SHORT
CIRCUIT



Example
Ystub =~ _j 0.55

Open circuited stub

10.0

0.0

-10.0

Iraiy ()}

narmalized admittance

d . 0.421




Example
Ystub = _j 0.55

Open circuited stub

CIRCUIT

Lgpup ~ 0422



Example
Ystub =~ ] 0.55

Short circuited stub

10.0

-10.0

Irey 7 ()

normalized admittance

mdar

0.324




Example
Ystub ~ ] 0.55

Short circuited stub

y — o0
SHORT
CIRCUIT



Example
Ystub =~ ] 0.55

Open circuited stub

10.0

.0

-10.0

Irai v (e}

narmalized admittance

MmaeE

0.084




Example
Ystub = ] 0.55

Open circuited stub

CIRCUIT

Lgpyp ~ 0.082
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Lossy Lines (not on final exam)



Lossy Transmission Lines — Distributed impedance model

L dz R dz

1

I (z)

I (z)+dI

V (z) V (2)+dV

.
L

The impedance parameters L, R, C, and G represent:

‘__‘ dz

L = series inductance per unit length
R = series resistance per unit length

C = shunt capacitance per unit length
G = shunt conductance per unit length.
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Lossy Transmission Lines — Equation

Telegraphers’

equations

Telephonists’

equations

Propagation
constant

dV_ .
| F (JoL+R)I
k@:_(ﬂDCJrQV
a4ty
——=((JoL+R)(joC+ G)V
de
2
d<7 . .
— =(JoC+ G)(Jo L+ R)I
de

Y =J(oL+R)(joC+G)=a+ jp
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Y =J(oL+R)(joC+G)=a+ jp

Viz)y=V"e " +V e'”

1(7) = \/(;mm G) FTe )

(jo L+R)

—(V+ 1L _pTel?
Z

Characteristic impedance 7o = (j(DL + R)
(complex) 0 (jﬂ) (C + G)



Y =J(oL+R)(joC+G)=a+ jp

Viz)y=V"e " +V e'”

1(7) = \/(;mm G) FTe )

(jo L+R)

—(V+ 1L _pTel?
Z

Characteristic impedance 7o = (j(DL + R)
(complex) 0 (jﬂ) (C + G)



d

rd)y=vtel v e

I .
I =—(r'e-red)

) =1l (1 +Tp e‘z'*’d)

V+ }"yd

€ | —2vd
I(d) = (1—r ¢ 2T )
Z, K
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[(d)=Tp e 214

V(d)=V"e" (1+T(d))

~ Jyd
I(d):V  (1-T(d))
A

For the general lossy line

. & .
2 2
Zy 7, ZO \zo\ RO + X§

_ K _
Go = 2 2 By = 2 2
RO+XO RO+XO




Let’s review the impedance-admittance terminology:

Impedance =

7 =

Resistance + j Reactance

R + X

Admittance =

y =

Conductance + jSusceptance

G + jB
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An important practical case is the low-loss transmission line, where

the reactive elements still dominate but K and G cannot be
neglected as in a loss-less line. We have the following conditions:

ol >> R oC>G

so that

Y =J(oL+R)jolC +G)

= |[joL joC 1+'i 1+_i
Jo L joC

< joIC le2 O X0
joL joC o> LC

The last term under the square root can be neglected, because it is
the product of two very small quantities.

The low-loss line is analogous to EM wave propagation in imperfect dielectric.

The standard Smith chart can still be used without modifications in this case. 20



What remains of the square root can be expanded into a truncated

Taylor series
Y = jov L {l+[R+Gﬂ

JjoL joC

o feofEfmi
=i[R\/§+G\/EJ B=oVLC

so that
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The characteristic impedance of the low-loss line is a real quantity
for all practical purposes and it is approximately the same as in a
corresponding loss-less line

R+ jol |L
Zy= OF L=
G+ joC \C

and the phase velocity associated to the wave propagation is

V

_o 1
P B JLC

BUT NOTE:

In the case of the low-loss line, the equations for voltage and
current retain the same form obtained for general lossy lines.
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The characteristic impedance of the loss-less line is real and we
can express the power flow, anywhere on the line, as

(P, 1)) =;Re{ ) I'd))

- Re {V%fﬁd (1 +T e‘f'zﬁd)
7 R

7(V ) e—fﬁd(l FR —;2[3(1) }

2y
1 2
. \rR\
27, 220
Incideﬁt wave Reflected wave

This result is valid for any location, including the input and the load,
since the transmission line does not absorb any power.
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In the case of low-loss lines, the characteristic impedance is again
real, but the time-average power flow is position dependent
because the line absorbs power.

1 i
(P@.1)=Re { vd) I (d) }

— é Re { pretderBd (l+ FRe_zyd)

1 pey* ad ~jBd —2yd Y|
ZO(V)E,“U (1 [ pe ”J’)[

2

| 2 | _

% 27,

T

Incident wave Reflected wave

The formalism and the physical interpretation are more complicated for the
case of the general lossy line, due to the complex characteristicimpedance 24




Example — Standing Wave Patterns of a low-loss transmission line

LOWi-LOSS APPROKIMATION
o= 06BET13 [Mefm]= 0.2 [MNei %]

—

Z,=1000+j0.0 & a0 +p0.u
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589,75 o | V| =252362 [mV] d =004 =00m 2[VH expl el
RACYE
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Class wrap-up

Review of Transmission Line topics

Behavior of loss-less lines
Characteristic impedance
Line impedance
Reflection coefficient
Short and open circuited lines
Standing wave patterns
Smith Chart
Impedance matching



