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Behavior of reflection coefficient

• recall the reflection coefficient at a load is just
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• how does rho behave as “load” varies?
– Zload = 0   (short)    Õ rho = -1

– Zload =  ∞ (open)    Õ rho = +1

– Zload =  purely imaginary number
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Relationships between rho and Z

• note relation between rho and the “normalized impedance”
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• consider rho in complex plane

• so the relationship between the normalized impedance and the 
real and imaginary parts of rho is
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Relationships between rho and Z

• from the real part:

vju ⋅+=ρ
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Plot of reflection coefficient in complex 
plane
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• plot rho as a function of r
– these are circles!
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Plot of reflection coefficient

-1

1

u, Re(reflection coef.)

v,
 Im

(r
ef

le
ct

io
n

 c
o

ef
.)

1•j

-1•j

vju ⋅+=ρ

• plot rho as a function of x
– x = ± ∞

– x < 0

– x > 0

– x = 0

• from the Im part:

( )
2

2
2

0

1

0

1
1 =





 −+− vu

( )
∞

=






∞±
−+− 11

1
2

2 vu

curves of constant x = Im(Z)

( )
( ) ( ) 2222

22

1

2

1

1

vu

v
j

vu

vu
xjr

+−
⋅⋅+

+−
+−=⋅+

u = 1
– these are also 
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Plot of reflection coefficient in complex 
plane

u, Re(reflection coef.)

v,
 Im

(r
ef

le
ct

io
n

 c
o

ef
.)

curves of constant r = Re(Z)

curves of constant x = Im(Z)

( )
( ) 1

1

+⋅+
−⋅+=ρ

xjr

xjr

• the Smith Chart is 
a plot of the 
reflection 
coefficient in the 
complex plane, 
with contours of 
constant load 
resistance and 
load reactance 
superimposed
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Notes on rho

• for any non-negative value of Re(Z) (i.e., r �����DQG�DQ\�YDOXH�
of Im(Z) rho falls on or within the unit circle in the complex 
rho plane

• recalling that the reflection coefficient for a lossless
transmission line of length l terminated by impedance ZL is

Zin = Zo ⋅
ZL − j ⋅ Zo ⋅tan β⋅ l( )
Zo + j ⋅ ZL ⋅tan β⋅ l( )

( ) ll β−⋅
+
−=−ρ 2j

Lo

oL e
ZZ

ZZ

– so in the complex rho plane you trace out a circle of constant 
radius as l varies

– radius of circle is just

– recall the input impedance was

– you can read the values right off the Smith chart!
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Plot of reflection coefficient in complex 
plane

u, Re(reflection coef.)

v,
 Im

(r
ef

le
ct

io
n

 c
o

ef
.)

curves of constant r = Re(Z)

curves of constant x = Im(Z)

0
.2

5

0.30

0.350.40

0.
45

0
.4

9

0. 20

0.150.10

0.
05

0
. 0

1
0

0.29

0
.28

0
.27

0.2
6

0.31
0.32

0.33

0.34

0.360.370.380.39

0.41

0.42

0.4
3

0.
44

0.
46

0.
47

0
.4

8
0.

02
0.

03
0.

04

0.0
6

0.07

0.08

0.09

0.11 0.12 0.13 0.14

0.16

0.17

0.18

0.19

0.21

0. 2
2

0.2
3

0
. 24

ne
gative

reactive
com

ponent

po
si

tiv
e

re
ac

tiv
e

co
m

po
ne

nt

w
a

ve
le

ng
th

s
to

w
ar

d
ge

ne
ra

t o
r

w
av

el
en

gt
hs

to
w

ar
d

lo
ad

( )
( ) 1

1

+⋅+
−⋅+=ρ

xjr

xjr


