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Incremental model (1)
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Incremental model (2)

Kirchhoff's laws : ( ) ( ) ( ) ( )
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Incremental model (3)
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Incremental model (4)
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Incremental model (5)

wave length :  λ=2π/β

Phase velocity : vϕ=dz/dt=ω/β=λf 
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Lossless transmission lines
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Terminated lines (1)
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Terminated lines (2)
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Terminated lines (3)

Losses due to mismatch : 1020log dBRL = − Γ
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Terminated lines : VSWR
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Terminated lines : VSWR
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0 0 01 e 1 e 1 e j lj z j lV z V V V θ ββ β −+ + − += + Γ = + Γ = + Γ

( )max 0 1V V += + Γ ( )min 0 1V V += − Γ

( )
( )

max

min

1
1

VSWR
V

+ Γ
= =

− Γ



21



22

Terminated lines : input impedance
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Terminated lines : input impedance

Thus, using 
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Terminated lines : short circuit
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Terminated lines : short circuit
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Terminated lines : open circuit
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Terminated lines : open circuit
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Generator and load mismatches
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Generator and load mismatches

Input impedance (at l) looking towards the load :

2

2
1 e tan

tan1 e

j l
l l o

in o oj l o ll

Z jZ lZ Z Z
Z jZ l

β

β
β
β

−

−
+ Γ +

= =
+− Γ

with
l o

l
l o

Z Z
Z Z

−
Γ =

+



30

Generator and load mismatches

Amplitude of the incident wave from the generator : 
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Generator and load mismatches

Power delivered to the load
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Generator and load mismatches

If the load is matched (Zl=Zo)
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Generator and load mismatches

optimum power transfer 
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Impedance matching

Aim : achieve maximum power transfer

ZL
Matching
networkZo

A narrowband matching network can always be found
for a passive load
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Quarter wave transformer
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Quarter wave transformer
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Quarter wave transformer
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L sections
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Example

Example:  we want to design an L-section matching 
network  to match a series RC load having an impedance
ZL =200-j100 Ω, 
to a 100 Ω line, at a frequency of 500 MHz.
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L sections
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ZL =200-j100 Ω
Z0=100 Ω
zl=2-j
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ZL =200-j100 Ω
Z0=100 Ω
zl=2-j

yl=0.4+0.2j
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ZL =200-j100 Ω
Z0=100 Ω
zl=2-j

yl=0.4+0.2j
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Example
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Example

Zo
ZL=200-100j

38.8 nH

Zo
ZL=200-100j

2.61pF

46.1nH

0.92 pF

C=c1/ω/Zo =0.3/ω/100
L=l1*Z0/ω=1.2*100/ω

L=Zo/ω/l2 =100/0.7/ω
C=1/c2/Z0/ω=1/1.2/100/ω



46

Single-stub tuning

Yo Yo

Yo

YL

open or
shorted
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open or
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Single-stub tuning
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Single-stub tuning
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Single stub tuning
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Example: Single stub tuning
Example: 
match an antenna
Zin=44.8 - j 107 Ω to
Zo= 75 Ω
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