Transmission Lines

Transmission Line Model

R ¥ distributed resistance (/m) .
L & distributed inductance (H/m) !
G ¥ distributed conductance (1/9 - m)
C ¥ distributed capacitance (F/m) |

TL Equations
aV(z,t) dI(z,t) al(z,t)
Y 0z C oz

TL Wave Equations + Solutions
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—(R+jwL)(G +jwC)V(z) =0 V(z) = Ve P2+ Vye*

—(R+jwL)(G + jwC)I(z) =0 1(z) = Ife Y2+ I5etY?

Transmission Line Parameters
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Characteristic Impedance:

Complex Propagation Constant: y = @ + j = /(R + jwL)(G + jwC)

JRG — w2LC +/(R? + w2L2)(G? + w2(C?)
a =
2

g = J—RG + w2LC ++/(R? + w212)(G? + w?C?)

Lossless Lines
(R=G=0):

a=0

Distortionless Lines
(RC = LG):

Types of Transmission
Lines

3
open two-wire"

microstrip coplanar stripling™~ slotline
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Transmission Line Behavior

Load Impedance
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Reflection Coefficient
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Lossy Line
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Lossless Line
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Standing Waves
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Load Impedance
ZL = 0

Reflection Coefficient
FL =-1

Lossy Line
Zin(®) = Z, tanh y#

Lossless Line

Standing Waves
Vimin = 0
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Vs |
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Standing Waves

Impedance Transformation

General Case (with Loss):
Zy, + jZytanh y?
Zin(® Loy———
in(6) = ©Zo + jZ tanhy?
Lossless Case:
Zy+jZytan P
ll'l(f) = ZOL—O
Zy+jZytan gt

Load Impedance

Reflection Coefficient

Lossy Line
Zin(®) = Z, cothy?

Lossless Line
Zin(f) = Zy tan gt Zin({))
—jZy cot ¥t

Load Impedance
ZL = ZO

Reflection Coefficient
FL = 0

Lossy Line
Zin(£) = Zy

Lossless Line
Zin(la) =27

Standing Waves
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