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Transmission Lines – Smith Chart & 

Impedance Matching 

(Intensive Reading) 
 
1 The Smith Chart 

Transmission line calculations − such as the determination of input impedance using equation 

(4.30) and the reflection coefficient or load impedance from equation (4.32) − often involves 

tedious manipulation of complex numbers.  This tedium can be alleviated using a graphical 

method of solution. The best known and most widely used graphical chart is the Smith chart. 

The Smith chart is a circular plot with a lot of interlaced circles on it. When used correctly, 

impedance matching can be performed without any computation. The only effort required is 

the reading and following of values along the circles. 

 

The Smith chart is a polar plot of the complex reflection coefficient, or equivalently, a 

graphical plot of normalized resistance and reactance functions in the reflection-coefficient 

plane. To understand how the Smith chart for a lossless transmission line is constructed, 

examine the voltage reflection coefficient of the load impedance defined by 

 refl 0
re im

inc 0

L
L

L

V Z Z
j

V Z Z

−
Γ = = = Γ + Γ

+
, (1) 

where reΓ  and imΓ  are the real and imaginary parts of the complex reflection coefficient LΓ . 

The characteristic impedance Z0 is often a constant and a real industry normalized value, such 

as 50 Ω, 75 Ω, 100 Ω, and 600 Ω. We can then define the normalised load impedance by 

 0 0/ ( ) /L Lz Z Z R jX Z r jx= = + = + . (2) 

 

With this simplification, we can rewrite the reflection coefficient formula in (1) as 

 0 0
re im

0 0

( ) / 1

( ) / 1

L L
L

L L

Z Z Z z
j

Z Z Z z

− −
Γ = Γ + Γ = =

+ +
. (3) 

 

The inverse relation of (3) is 
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1 1

j
LL

L j
L L

e
z

e

θ

θ

+ Γ+ Γ
= =

− Γ − Γ
 (4) 

or 

 re im

re im

(1 )

(1 )

j
r j x

j

+ Γ + Γ
+ =

− Γ − Γ
. (5) 

Multiplying both the numerator and the denominator of (5) by the complex conjugate of the 

denominator and separating the real and imaginary parts, we obtain 

 
2 2

re im

2 2
re im

1

(1 )
r

− Γ − Γ
=

− Γ + Γ
 (6) 

and 

 
2

im

2 2
re im

2

(1 )
x

Γ
=

− Γ + Γ
. (7) 

 

Equation (6) can be rearranged as 

 

2 2

2
re im

1

1 1

⎛ ⎞ ⎛ ⎞Γ − + Γ =⎜ ⎟ ⎜ ⎟+ +⎝ ⎠ ⎝ ⎠

r

r r
. (8) 
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This equation is a relationship in the form of a parametric equation 222 )()( Rbyax =−+−  

in the complex plane re im( , )Γ Γ  of a circle centred at the coordinates , 0
1

r

r

⎛ ⎞
⎜ ⎟+⎝ ⎠

 and having a 

radius of 
1

1

+r
. Different values of r yield circles of different radii with centres at different 

positions on the reΓ -axis. The following properties of the r-circles are noted: 

• The centres of all r-circles lie on the reΓ -axis. 

• The circle where there is no resistance (r = 0) is the largest. It is centred at the origin and 

has a radius of 1. 

• The r-circles become progressively smaller as r increases from 0 to ∞, ending at the 

re im( 1, 0)Γ = Γ =  point for an open circuit. 

• All the r-circles pass through the point re im( 1, 0)Γ = Γ = .  

 

See Figure 1 for further details. 

 

1=r

∞=r

0=r (short)

(open)

0 10.5

imΓ

reΓ

 
 

Figure 1: The r-circles in the complex plane re im( , )Γ Γ . 

 

Similarly, (7) can be rearranged as 

 

2 2

2
re im

1 1
( 1)

x x

⎛ ⎞ ⎛ ⎞Γ − + Γ − =⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

. (9) 

Again, (9) is a parametric equation of the type 222 )()( Rbyax =−+−  in the complex plane 

),( ir ΓΓ  of a circle centred at the coordinates 
1

1,
x

⎛ ⎞
⎜ ⎟
⎝ ⎠

 and having a radius of 
1

x
. Different 

values of x yield circles of different radii with centres at different positions on the re 1Γ =  

line. The following properties of the x-circles are noted: 

• The centres of all x-circles lie on the re 1Γ =  line; those for 0x >  (inductive reactance) lie 

above the reΓ -axis, and those for 0x <  lie below the reΓ -axis. 

• The x = 0 circle becomes the reΓ -axis. 

•  The x-circles become progressively smaller as x  increases from 0 to ∞, ending at the 

re im( 1, 0)Γ = Γ =  point for an open circuit. 

• All the x-circles pass through the point re im( 1, 0)Γ = Γ = .  

 

See Figure 2 for further details. 
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reΓ

imΓ

 

Figure 2: The x-circles in the complex plane re im( , )Γ Γ . 

 

To complete the Smith chart, the two circles' families are superimposed. The Smith chart 

therefore becomes a chart of r- and x-circles in the re im( , )Γ Γ -plane for 1Γ ≤ . The 

intersection of an r-circle and an x-circle defines a point which represents a normalized load 

impedance Lz r j x= + . The actual load impedance is 0 0 ( )L LZ Z z Z r j x= = + . As an 

illustration, the impedance 85 30LZ j= +  in a 0 50Z = Ω -system is represented by the point 

P in Figure 3. Here 1.7 0.6Lz j= +  at the intersection of the 1.7r =  and the 0.6x =  circles. 

Values for reΓ  and imΓ  may then be obtained from the projections onto the horizontal and 

vertical axes (see Figure 4). These are approximately given by  re 0.3Γ ≈  and im 0.16Γ ≈ . 

Point scP  at re im( 1, 0)Γ = − Γ =  corresponds to 0r =  and 0x =  and therefore represents a 

short-circuit. ocP  at re im( 1, 0)Γ = Γ =  corresponds to an infinite impedance therefore 

represents an open circuit. 
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reΓ

imΓ

re 1 lineΓ =

 
Figure 3: Smith chart with rectangular coordinates. 

10

Constant

Resistance r

Constant

Reactance x

reΓ

imΓ

 
Figure 4: Direct extraction of the reflection coefficient re imjΓ = Γ + Γ along the horizontal 

and vertical axes. 

 

 

Instead of having a Smith chart marked with reΓ  and imΓ  marked in rectangular coordinates, 

the same chart can be marked in polar coordinates, so that every point in the Γ-plane is 

specified by a magnitude Γ  and a phase angle θ . This is illustrated in Figure 5, where 

several Γ -circles are shown in dashed lines and some θ -angles are marked around the 

1=Γ  circle. The Γ -circles are normally not shown on commercially available Smith charts, 

but once the point representing a certain jxrzL +=  is located, it is simply a matter of 

drawing a circle centred at the origin through the point. The ratio of the distance to the point 

and the radius to the edge of the chart is equal to the magnitude of Γ  of the load reflection 

coefficient, and the angle that a line to that point makes with the real axis represents θ . If, for 
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example the point 6.07.1 jzL +=  is marked on the Smith chart at point P, we find that 

3/1=ΓL  and °=θ 28 . 

 

Each Γ -circle intersects the real axis at two points. In Figure 5 we designate the point on the 

positive real axis as PM  and on the negative real axis as Pm. Since x = 0 along the real axis, 

both these points represent situations of a purely resistive load, LL RZ = . Obviously, 0ZRL >  

at PM where 1>r , and 0ZRL <  at Pm where 1<r . Since 0/ ZRS L=  for 0ZRL > , the value 

of the r-circle passing through the point PM is numerically equal to the standing wave ratio. 

For the example where 6.07.1 jzL += , we find that 2r =  at PM , so that S = r = 2.  

 
 

Figure 5: Smith chart in polar coordinates. 

 

 

Example 1:  

Consider a characteristic impedance of 50 Ω with the following impedances: 

Z1 = 100 + j50 Ω Z2 = 75 − j100 Ω Z3 = j200 Ω Z4 = 150 Ω 

Z5 = ∞ (an open circuit) Z6 = 0 (a short circuit) Z7 = 50 Ω Z8 = 184 − j900 Ω 
 

The normalized impedances shown below are plotted in Figure 6. 

z1 = 2 + j  z2 = 1.5 − j2 z3 = j4 z4 = 3 

z5 = ∞ z6 = 0 z7 = 1 z8 = 3.68 − j18  
 

It is also possible to directly extract the reflection coefficient Γ on the Smith chart of Figure 6. 

Once the impedance point is plotted (the intersection point of a constant resistance circle and 
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of a constant reactance circle), simply read the rectangular coordinates projection on the 

horizontal and vertical axis. This will give reΓ , the real part of the reflection coefficient, and 

imΓ , the imaginary part of the reflection coefficient. Alternatively, the reflection coefficient 

may be obtained in polar form by using the scales provided on the commercial Smith chart. 

 

Γ1 = 0.4 + 0.2 j 

     = 0.45 ∠ 27° 
Γ2 = 0.51 − 0.4 j 

     = 0.65 ∠−38° 
Γ3 = 0.875 + 0.48j 

     = 0.998 ∠29° 
Γ4 = 0.5 

    = 0.5 ∠0° 
Γ5 = 1 

    =  1 ∠0° 
Γ6 = −1 

     = 1 ∠180° 
Γ7 = 0 

    =  0 

Γ8 = 0.96 − 0.1 j 

     = 0.97 ∠−6° 
 

Z1

Z2

Z3

Z4

Z5

Z6

Z7

Z8

 
Figure 6: Points plotted on the Smith chart for Example 1. 

 

The Smith chart is constructed by considering impedance (resistance and reactance). It can be 

used to analyse these parameters in both the series and parallel worlds. Adding elements in a 

series is straightforward. New elements can be added and their effects determined by simply 

moving along the circle to their respective values. However, summing elements in parallel is 

another matter, where admittances should be added. 

 

We know that, by definition, Y = 1/Z and Z = 1/Y. The admittance is expressed in mhos or Ω−1  

or alternatively in Siemens or S. Also, as Z is complex, Y must also be complex. Therefore 

 Y G jB= + , (10) 

where G is called the conductance and B the susceptance of the element. When working with 

admittance, the first thing that we must do is normalize y = Y/Y0. This results in 

1/y g jb z= + = . So, what happens to the reflection coefficient? We note that  
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( 1) / 1 11

1 ( 1) / 1 1

z z y yz

z z z y y

⎛ ⎞− − −−
Γ = = = = −⎜ ⎟+ + + +⎝ ⎠

. (11) 

Thus, for a specific normalized impedance, say 1 1.7 0.6z j= + , we can find the 

corresponding reflection coefficient as 1 0.33 28Γ = ∠ ° . From (11), it then follows that the 

reflection coefficient for a normalized admittance of 2 1.7 0.6y j= +  will be 

2 1 0.33 (28 180 )Γ = −Γ = ∠ ° + ° . 

 

This also implies that for a specific normalized impedance z, we can find 1/y z=  by rotating 

through an angle of 180° around the centre of the Smith chart on a constant radius (see Figure 

7). 

 

 
Figure 7: Results of the 180° rotation 

 

Note that while z and y = 1/z represent the same component, the new point has a different 

position on the Smith chart and a different reflection value. This is due to the fact that the plot 

for z is an impedance plot, but for y it is an admittance plot. When solving problems where 

elements in series and in parallel are mixed together, we can use the same Smith chart by 

simply performing rotations where conversions from z to y or y to z are required. 

 

2 Smith Charts and transmission line circuits 

So far we have based the construction of the Smith chart on the definition of the voltage 

reflection coefficient at the load. The question is: what happens when we connect the load to a 

length of transmission line as in Figure 8. 

 
Figure 8: Finite transmission line terminated with load impedance ZL. 
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On a lossless transmission line with β=k , the input impedance at a distance 'z  from the load 

is given by 

 
2 '

0 2 '

1( ')

( ') 1

j z
L

i j z
L

eV z
Z Z

I z e

− β

− β

+ Γ
= =

− Γ
. (12) 

The normalised impedance is then 

 
2 '

2 '
0

( ') 11

11

j z
i iL

i j z
iL

Z z e
z

Z e

− β

− β

+ Γ+ Γ
= = =

− Γ− Γ
. (13) 

Consequently, the reflection coefficient seen looking into the lossless transmission line of 

length z′  is given by 

 2 2j z j j z
i L Le e e

′ ′− β θ − βΓ = Γ = Γ  (14) 

This implies that as we move along the transmission line towards the generator, the 

magnitude of the reflection coefficient does not change; the angle only changes from a value 

of θ  at the load to a value of ( 2 )z′θ − β  at a distance z′  from the load. On the Smith chart, 

we are therefore rotating on a constant Γ  circle. One full rotation around the Smith chart 

requires that 2 2z′β = π , so that / / 2z′ = π β = λ  where λ  is the wavelength on the 

transmission line.  

 

Two additional scales in /z′Δ λ  are usually provided along the perimeter of the 1=Γ  circle 

for easy reading of the phase change 2 z′βΔ  due to a change in line length z′Δ . The outer 

scale is marked in “wavelengths towards generator” in the clockwise direction (increasing z′ ) 
and “wavelengths towards load” in the counter-clockwise direction (decreasing z′ ). Figure 9 

shows a typical commercially available Smith chart. 

 

Each Γ -circle intersects the real axis at two points. Refer to Figure 5. We designate the point 

on the positive real axis as PM  and on the negative real axis as Pm. Since x = 0 along the real 

axis, both these points represent situations of a purely resistive input impedance, 

0i iZ R j= + . Obviously, 0iR Z>  at PM  where 1r > , and 0iR Z<  at Pm where 1r < . At the 

point PM we find that 0i iZ R S Z= = , while 0 /i iZ R Z S= =  at Pm. The point PM on an 

impedance chart corresponds to the positions of a voltage maximum (and current minimum) 

on the transmission line, while Pm represents a voltage minimum (and current maximum). 

Given an arbitrary normalised impedance z, the value of the r-circle passing through the point 

PM is numerically equal to the standing wave ratio. For the example, if 1.7 0.6z j= + , we find 

that 2r =  at PM , so that S = r = 2 .  
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Figure 9: The Smith chart. 

Example 2: 

Use the Smith chart to find the impedance of a short-circuited section of a lossless 50 Ω co-

axial transmission line that is 100 mm long. The transmission line has a dielectric of relative 

permittivity 9=ε r  between the inner and outer conductor, and the frequency under 

consideration is 100 MHz. 

 

For the transmission line, we find that 2875.600 =εεμω=β r  rad/m and 

19993.0/2 ≈=βπ=λ  m. The transmission line of length 100z ′ =  mm is therefore 

/ 0.1z ′ λ =  wavelengths long.  

• Since 0=Lz , enter the Smith chart at a point Psc. 

• Move along the perimeter of the chart ( 1=Γ ) by 0.1 “wavelengths towards the 

generator” in a clockwise direction to point P1. 

• At P1 , read 0=r  and 725.0≈x , or 725.0jz i = . Then Ω=×= 3.3650725.0 jjZ i . 
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1P

3P

'3P

scP

ocP

2P

'2P

MPO

 
Figure 10: Smith chart calculations for Example 2 and Example 3. 

 

Example 3: A lossless transmission line of length 0.434λ and characteristic impedance 100 Ω 

is terminated in an impedance 260 + j180 Ω. Find the voltage reflection coefficient, the 

standing-wave ratio, the input impedance, and the location of a voltage maximum on the line. 

 

Given 0.434z ′ = λ , Ω=1000Z  and Ω+= 180260 jZ L . Then 

• Enter the Smith chart at 8.16.2/ 0 jZZz LL +==  shown as point P2 in Figure 10. 

• With the centre at the origin, draw a circle of radius 6.02 =Γ= LOP . 

• Draw the straight line 2OP  and extend it to 2P′  on the periphery. Read 0.220 on 

“wavelengths towards generator” scale. The phase angle θ  of the load reflection may 

either be read directly from the Smith chart as 21° on the "Angle of Reflection 

Coefficient" scale. Therefore 21 /180 0.120.6 0.6π πΓ = =j j
L e e .  

• The 6.0=Γ  circle intersects the positive real axis scOP  at 4== Sr . Therefore the 

voltage standing-wave ratio is 4. 

• The find the input impedance, move 2P′  at 0.220 by a total of 0.434 “wavelengths toward 

the generator” first to 0.500 (same as 0.000) and then further to 0.434− 

(0.500−0.220)=0.154 to 3P′ . 
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• Join O and 3P′  by a straight line which intersects the 6.0=Γ  circle at 3P . Here 69.0=r  

and 2.1=x , or 2.169.0 jzi += . Then Ω+=×+= 12069100)2.169.0( jjZ i . 

• In going from 2P  to 3P , the 6.0=Γ  circle intersects the positive real axis at MP  where 

there is a voltage maximum. Thus the voltage maximum appears at 0.250−0.220=0.030 

wavelengths from the load. 

 

3 Transmission line impedance matching. 

Transmission lines are often used for the transmission of power and information. For RF 

power transmission, it is highly desirable that as much power as possible is transmitted from 

the generator to the load and that as little power as possible is lost on the line itself. This will 

require that the load be matched to the characteristic impedance of the line, so that the 

standing wave ratio on the line is as close to unity as possible. For information transmission it 

is essential that the lines be matched, because mismatched loads and junctions will result in 

echoes that distort the information-carrying signal.  

 

Impedance matching by quarter-wave transformer 

For a lossless transmission line of length l, characteristic impedance of 0 0=Z R  and 

terminated in a load impedance LZ , the input impedance is given by 

 

0
0

0

0
0

0

tan

tan

tan(2 / )
.

tan(2 / )

+ β
=

+ β

+ π λ
=

+ π λ

L
i

L

L

L

Z jR l
Z R

R jZ l

Z jR l
R

R jZ l

 (15) 

 

If the transmission line has a length of 4/λ=l , this reduces to 

 

0
0

0

0
0

0

0
0

2
0

tan( / 2)

tan( / 2)

/ tan( / 2)

/ tan( / 2)

0

0

( )
.

+ π
=

+ π

π +
=

π +

+
=

+

=

L
i

L

L

L

L

L

Z jR
Z R

R jZ

Z jR
R

R jZ

jR
R

jZ

R

Z

 (16) 

This presents us with a simple way of matching a resistive load LL RZ =  to a real-valued 

input impedance of  =i iZ R : insert a quarter-wave transformer with characteristic impedance 

0R . From (16), we have 2
0( ) /=i LR R R , or  

 0 = i LR R R . (17) 

Note that the length of the transmission line has to be chosen to be equal to a quarter of a 

transmission line wavelength at the frequency where matching is desired. This matching 

method is therefore frequency sensitive, since the transmission line section will no longer be a 

quarter of a wavelength long at other frequencies. Also note that since the load is usually 

matched to a purely real impedance =i iZ R , this method of impedance matching can only be 

applied to resistive loads LL RZ = , and is not useful for matching complex load impedances 

to a lossless (or low-loss) transmission line. 

 

Example 4 

A signal generator has an internal impedance of 50 Ω. It needs to feed equal power through a 

lossless 50 Ω transmission line with a phase velocity of 0.5c to two separate resistive loads of 
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64 Ω and 25 Ω at a frequency of 10 MHz. Quarter-wave transformers are used to match the 

loads to the 50 Ω line, as shown in Figure 11. 

(a) Determine the required characteristic impedances and physical lengths of the quarter-

wavelength lines. 

(b) Find the standing-wave ratios on the matching line sections. 

 
Figure 11: Impedance matching by quarter-wave transformers (Example 4). 

 

(a) To feed equal power to the two loads, the input resistance at the junction with the main 

line looking toward each load must be  

=1iR Ω=1002 0R  and   =2iR Ω=1002 0R  

Therefore 

01 1 1 80i LR R R′ = = Ω  

 

02 2 2 50i LR R R′ = = Ω  

 

Assume that the matching sections use the same dielectric as the main line. We know that  

2

11

00

c
u

r

p =
εεμ

=
με

= . 

We can therefore deduce that it uses a dielectric with a relative permittivity of 4=ε r . 

=
π

==λ
kf

u p 2
15 m.  

The length of each transmission line section is therefore =l m75.34/ =λ . 

 

(b) Under matched conditions, there are no standing waves on the main transmission line, i.e. 

S = 1.  The standing wave ratios on the two matching line sections are as follows: 

Matching section No. 1: 

  1 01
1

1 01

64 80
0.11

64 80

L
L

L

R R

R R

′− −
Γ = = = −

′+ +
  

  
1

1

1

1 1 0.11
1.25

1 1 0.11

L

L

S
+ Γ +

= = =
− Γ −

  

 

Matching section No. 2: 
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  2 02
2

2 02

25 50
0.33

25 50

L
L

L

R R

R R

′− −
Γ = = = −

′+ +
  

  
2

2

2

1 1 0.33
1.99

1 1 0.33

L

L

S
+ Γ +

= = =
− Γ −

  

Single stub matching 

 

In matching of impedances, we are only allowed to use reactive components (i.e. equivalent 

to inductors and capacitors – no resistors). Recall that for short-circuited and open-circuited 

lossless transmission line sections of length l, the input impedance was given by 

 

 , 0 0tan tan(2 / )i sZ jZ l jZ l= β = π λ , (18) 

and 

 , 0 0cot cot(2 / )i oZ jZ l jZ l= − β = − π λ , (19) 

 

where 00 RZ =  is purely real. The impedances in (18) and (19) are purely reactive 

(imaginary), and therefore these transmission line sections act as inductors or capacitors, 

depending on the line length. We are going to make use of these elements (called transmission 

line stubs) to design matching circuits. In practice, it is more convenient to use short-circuited 

stubs. Short-circuited stubs are usually used in preference to open-circuited stubs because an 

infinite terminating impedance is more difficult to realise than a zero terminating impedance. 

Radiation from the open end of a stub makes it appear longer than it is, and compensation for 

these effects makes the use of open-circuited stubs more cumbersome. A short-circuited stub 

of an adjustable length is much easier to construct than an open-circuited stub. 

 

It is also more common to connect these stubs in parallel with the main line. For parallel 

connections, it is convenient to use admittances rather than impedances. In thee cases, we use 

the Smith chart as an admittance chart to design the matching networks. 

 

A single-stub matching circuit is depicted in Figure 12. Note that the short-circuited stub is 

connected in parallel with the main line. In order to match the complex load impedance LZ  to 

the characteristic impedance of the lossless main line, 00 RZ = , we need to determine the 

lengths d and l.  
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Figure 12: Impedance matching by single stub method. 

For the transmission line to be matched at the point B B′− , the basic requirement is 

 
0

0

1
.

i B sY Y Y

Y
R

= +

= =
 (20) 

In terms of normalised admittances, (23) becomes 

 1i B sy y y= + = . (21) 

where 0/ YYjbgy BBBB =+=  for the load section and 0/ YYy ss =  for the short-circuited 

stub. Note that )/2cot( λπ−= ljys  is purely imaginary. It can therefore only contribute to 

the imaginary part of iy . The position of B B′−  (or, in other words, the length d) must be 

chosen such that 1Bg = , i.e. 

 1B By jb= + . (22) 

Next, the length l is chosen such that 

 s By jb= − , (23) 

which yields 1)()1( =−++=+= BBsBi jbjbyyy . The circuit is therefore matched at 

B B′− , and at any point left of B B′−  as well. 

 

If we use the Smith chart, we would rotate on a Γ -circle in a clockwise direction (towards 

the generator) when transforming the normalised load admittance to the admittance By . 

However, according to (23), By  must also be located on the 1=g  circle. 

 

The use of the Smith chart for the purpose of designing a single-stub matching network is best 

illustrated by means of an example. 

 

Example 5: A 50 Ω transmission line is connected to a load impedance Ω−= 5.3735 jZ L . 

Find the position and length of a short-circuited stub required to match the load at a frequency 
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of 200 MHz. Assume that the transmission line is a co-axial line with a dielectric for which 

9=ε r . 

 

Given Ω== 5000 RZ  and 47 535 .LZ j= − Ω . Therefore 0/ 0.7 0.95= = −L Lz Z Z j . 

• Enter the Smith chart at Lz  shown as point 1P  in Figure 13. 

• Draw a Γ -circle centred at O with radius 1OP . 

• Draw a straight line from 1P  through O to point 2P′  on the perimeter, intersecting the Γ -

circle at 2P , which represents Ly . Note 0.109 at 2P′  on the “wavelengths toward 

generator” scale. 

• Note the two points of intersection of the Γ -circle with the 1=g  circle: 

o At 3P :  11 12.11 BB jbjy +=+=  

o At 4P : 22 12.11 BB jbjy +=−=  

• Solutions for the position of the stub: 

o For 3P  (from 2P′  to 3P′ ) λ=λ−= 059.0)109.0168.0(1d  

o For 4P  (from 2P′  to 4P′ ) λ=λ−= 223.0)109.0332.0(2d  

• Solutions for the length of the short-circuited stub to provide Bs jby −= : 

o For 3P  (from scP  on the extreme right of the admittance chart to 3P′′ , which 

represents 2.11 jjby Bs −=−= ): λ=λ−= 111.0)250.0361.0(1l  

o For 4P  (from scP  on the extreme right of the admittance chart to 4P′′ , which 

represents 2.12 jjby Bs =−= ): λ=λ+= 389.0)250.0139.0(2l  

 

To compute the physical lengths of the transmission line sections, we need to calculate the 

wavelength on the transmission line. Therefore 

 m5.0
//1

≈
ε

=
με

==λ
f

c

ff

u
rp

.   

Thus: 

 

mm5.29059.01 =λ=d  mm5.55111.01 =λ=l  

mm5.111223.02 =λ=d  mm5.194389.02 =λ=l  

 

Note that either of these two sets of solutions would match the load. In fact, there is a whole 

range of possible solutions. For example, when calculating 1d , instead of going straight from 

2P′  to 3P′ , we could have started at 2P′ , rotated clockwise around the Smith chart n times 

(representing an additional length of 2/λn ) and continued on to 3P′ , yielding 

..,2,1,0,2/059.01 =λ+λ= nnd . The same argument applies for 2d , 1l  and 2l .  
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Figure 13: Single-stub matching on an admittance chart (Example 5). 
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