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❑ THE SMITH CHART

The Smith chart is the most commonly used of the graphical techniques. It is basically a graphical indication of the 

impedance of a transmission line and of the corresponding reflection coefficient as one moves along the line

Used for calculations of transmission line characteristics such as 𝜞𝑳, s, and Zin.

By assuming that the transmission line to which the Smith chart will be applied is lossless (𝒁𝟎 = 𝑹𝟎)

The Smith chart is constructed within a circle of unit radius ( 𝚪𝐋 ≤ 𝟏) as shown in Figure 1.4.

FIGURE 1.4  Unit circle on which the Smith chart
is constructed.

𝜞𝑳=
𝒁𝑳−𝒁𝟎

𝒁𝑳+𝒁𝟎
 … … (𝟏. 𝟏𝟑)

The construction of the chart is based on the relation in eq. (1. 13); that is

or

𝜞 = 𝜞 ∠𝜽𝜞 = 𝜞𝒓 + 𝒋𝜞𝒊………………………(1.23)

where 𝜞𝒓 and 𝜞𝒊 are the real and imaginary parts of the reflection 

coefficient 𝜞 .
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Instead of having separate Smith charts for transmission lines with different characteristic impedances (e.g., Zo = 60, 100, 

120 Ω), we prefer to have just one that can be used for any line. We achieve this by using a normalized chart in which all 

impedances are normalized with respect to the characteristic impedance Zo of the particular line under consideration. For 

the load impedance 𝑍𝐿 , for example, the normalized impedance 𝑍𝐿 is given by

….(1.24)

Substituting eq. (1. 24) into eqs. (1. 13) and (1. 23) gives ….(1.25)

….(1.26)

or

Normalizing and equating real and imaginary components, we obtain

….(1.27) ….(1.28)
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Rearranging terms in eqs. (1. 27 & 28) leads to

….(1.29) and ….(1.30)
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FIGURE 5 Typical r-circles for r = 0, 0.5, 1, 2, 5, ∞.
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If we superpose the r-circles and x-

circles, what we have is the Smith 

chart shown in Figure 7. On the 

chart, we locate a normalized 

impedance z =2+j, for example, as 

the point of intersection of the r = 2 

circle and the x = 1 circle. This is 

point P1 in Figure 7. Similarly, z = 

1-j0.5 is located at P2, where the r 

=1 circle and the x = -0.5 circle 

intersect. centered at the origin 

with s varying from 1 to ∞.

FIGURE 7 Illustration of the r-, x-, and s-circles on the Smith chart.

The value of the standing wave ratio s 

is determined by locating where an s-

circle crosses the 𝜞r axis 

Typical examples of s-circles

for s 5 1, 2, 3, and ∞
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The following points should be noted about the Smith chart.
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Example 1 



Transmission Lines-by Asst. Lect.: Adnan Ali-2024-2025

10



Transmission Lines-by Asst. Lect.: Adnan Ali-2024-2025 11



Transmission Lines-by Asst. Lect.: Adnan Ali-2024-2025 12

Example 2
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