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Lecture 34-35 – Outline 

• General properties of transmission lines 
• Relationship between reflection coefficient and impedance 
• Graphical representation of impedance in the domain of the reflection 

coefficient: Smith chart 
• Fundamental operations on the Smith chart 
• Examples of Smith chart applications 

 
 
 
 
 
Reading assignment  
Prof. Kudeki’s ECE 329 Lecture Notes on Fields and Waves: 

34) Line impedance, generalized reflection coefficient, Smith Chart 
35) Smith Chart examples 
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SUMMARY – /2 transmission line 
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SUMMARY – /4 transmission line 

impedance transformation of a /4 transformer 
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Example 

Determine 𝑽𝑳 and 𝑰𝑳 

same as load 

Voltage divider 
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Example 

half-wave transformer rule 

which input voltage for final quarter-wave section, and  

load voltage 

from Lecture 33 
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𝑑 = 0.25  𝑑 = 0.75  
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𝑑 = 0.25  𝑑 = 0.75  

−0.1A 

j0.2A 

-j0.2A 

𝑑 = 0.5  

0.1A 



Introduction to the  
Smith Chart 

12 



13 

Once again, we have obtained the following expressions for a TL: 

load reflection coefficient 

generalized reflection coefficient 

line impedance 

Can we plot these quantities?  
Reflection coefficient is complex (2 coordinates) and impedance is 
also complex (2 additional coordinates) = this is a 4-dimensional 
problem.  
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Domain of the Reflection Coefficient in a loss-less line 
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EXTRA – This is what the extended Smith chart for lossy lines would look like 

Lossless line 
Smith Chart 

 > 𝟏 

 > 𝟏 

 ≤ 𝟏 

Use of this extended 
chart is actually rare 
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The five basic techniques of the Smith Chart 
 

1) Given a reflection coefficient, obtain the corresponding 
impedance 
 

2) Given the impedance (reflection coefficient) at one point 
on the line, find the impedance (reflection coefficient) at 
any other point on the line 
 

3) Find the locations of maximum and minimum of the 
Standing Wave Pattern 
 

4) Find the Voltage Standing Wave Ratio (VSWR) 
 

5) Given an impedance find the corresponding admittance 



27 

The five basic techniques of the Smith Chart 
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The five basic techniques of the Smith Chart 
 

1) Given an impedance, obtain the corresponding reflection 
coefficient 
 

2) Given the impedance (reflection coefficient) at one point 
on the line, find the impedance (reflection coefficient) at 
any other point on the line 
 

3) Find the locations of maximum and minimum of the 
Standing Wave Pattern 
 

4) Find the Voltage Standing Wave Ratio (VSWR) 
 

5) Given an impedance find the corresponding admittance 
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The five basic techniques of the Smith Chart 
 

1) Given a reflection coefficient, obtain the corresponding 
impedance 
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First find the input impedance/admittance of the line 
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𝑦𝑠 = 0.5 

𝑌𝑠 = 0.01 S 

normalized admittance 
Shunt resistance at 
input terminals 
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Trick:  To consider an input impedance in the Java app, 
enter it as a load but move the cursor to 1.  This will be 
now your input location corresponding to an input 
impedance equal to what you have entered (we exploit 
periodicity of the impedance).   
 
Then, move back the cursor by the length of the line (in 
this case 0.3).  This means that the location 𝒅 = 𝟎. 𝟕 
now represents a location equivalent to the load and you 
can read there the corresponding impedance. 
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position cursor at 1 

this now represents 
the input impedance 
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this location now 
represents the load 

this now represents 
the normalized load 
impedance 
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this location now 
represents the load 

click here 

this represents the actual 
load impedance 
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Line 2 

Line 1 

Line 3 



70 select 

enter 
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Line 1 input 
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Line 2 

Line 1 

Line 3 



73 select 

enter 
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Line 2 

Line 1 

Line 3 

input admittance Line 1 

input admittance Line 2 

(actual admittance is obtained dividing by  𝑍0 = 50  or multiplying by 𝑌0 = 1/50 S )  

parallel of Line 1 and Line 2 input admittances is simply the sum 
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79 select 

enter 
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81 select 

enter 


