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Abstract 
 
 
Smith is an instructional, interactive, menu driven program that offers the use of Smith Chart on a 
personal computer.  Using the Smith Chart is greatly simplified by providing the user with a 
“tracking mode” in which the cursor is tracked, showing the normalized resistance and reactance 
as well as distances from source and load.  Also, construction lines such as radius, diameter and 
circles can be drawn and erased.  The position on the Smith Chart corresponding to any point on 
the transmission line can be determined by simply specifying the input impedance at that point.  
The software can also be used to plot the Standing Wave Ratio (SWR) over the desired frequency 
range.   
 
 
1 Introduction  
 

Many transmission line problems can be solved to a desired accuracy for most practical purposes 
using a Smith Chart.  It has been a proven tool for many decades. The Smith Chart has been used 
for matching a transmission line using a single or a double stub. Smith Chart is taught in almost 
all EE curriculums.  The software Smith facilitates an interactive use of the Smith Chart.  It 
makes learning to use the Smith Chart fun and easy.   
 
Using the Smith Chart is greatly simplified by providing the user with the tracking mode in 
which the cursor is tracked, showing the normalized resistance and reactance as well as distance 
from source and load corresponding to the cursor's position.  Also, construction lines can be 
drawn and erased.  The position on the Smith Chart corresponding to any point on the 
transmission line can be determined by simply specifying the input impedance.   
 
In the next section we describe the features of the software package Smith and in the following 
section we make some concluding remarks.   
 
2 Description 
 



Let G represent the complex reflection coefficient at any point on the transmission line.  It is 
defined as the ratio of the complex amplitudes of the reflected voltage wave to that of the 
incident voltage wave on the transmission line.  The Smith Chart consists of circles and arcs of 
normalized resistance, r, and normalized reactance x on the G plane.  We call the area within the 
r = 0 circle as the bound of the Smith Chart. The intersection of the r = 1 circle and the x = 0 
circle, which is a horizontal straight line since its radius is infinity, is called the center of Smith 
Chart. 
 
The main window of Smith is named Smith Chart and is shown in Figure 1.  The child window 
on the left of the main window is used to display the SWR versus frequency graph.  The main 
window has eight menu items: Draw, Erase, Parameters, Convert, LocateImp, Label, Track and 
SWR.  The menu items Draw and Erase have pop-up menu items.  The pop-up menus of Draw 
are: Circle, Radius and Diameter.  The pop-up menus of Erase are Circle, Radius, Diameter and 
Point.   Below we discuss the features of the software Smith by describing the operation of each 
of the menu items. 
 
 

 
 

Figure1: The Main Window of Smith 
 
 
2.1 Actions using menu items  
 
One can draw and erase construction lines on the Smith Chart by using the menu items.  To draw 
a circle one has to specify its center and a point on its circumference by clicking at those points.  
If you select one of the points such that any part of the resulting circle will lie outside the bounds 
of the Smith Chart, the circle will not be drawn.  In other words, when you are in the Draw 
Circle mode you can double click outside the bounds of the Smith Chart if you decide not to 
draw a circle, and wish to exit this command. Similarly you can draw a radius/diameter passing 
through the center of the chart and any chosen point within the bounds of the Smith Chart. The 
above constructions can be selected and erased using the Erase-Circle, Erase-Radius, Erase-
Diameter commands available from the menu items.  The user can also erase any point that 
he/she had located using LocateImp.  
 



 

 
 

Figure 2: The Delete Point Dialog Box 
 
The Parameters menu item allows one to enter the parameters of the transmission line and those 
of any matching stub using the dialog box in Figure 3.  
 
  

 
 

Figure 3: The Parameters Dialog Box 
 
You can specify the characteristic impedance of the transmission line Z0 and the wavelength of 
operation λ.  The value of λ can be specified either by directly entering it in its edit box or by 

entering a consistent combination of values of c, f and ∈r.   The parameters c, f and ∈r represent 
the velocity of electromagnetic waves on the transmission line media, the frequency of operation 
and the relative permittivity of the transmission line medium respectively.  
 
The values in the Matched Load Impedance box in Figure 3 are required only when a 
transmission line has been matched and one is interested in the SWR of the matched transmission 
line over a band of frequencies.  The parameters R, L, and C represent the resistance, inductance 
and capacitance at any point on the stub (and of the transmission line).  The parameters f1 and f2 

represent the frequency interval within which a plot of SWR versus frequency is desired.  The 
SWR versus frequency graph will be plotted when SWR is selected from the menu item. 
 
The Convert menu item displays the Convert dialog box shown in Figure 4.  Using this dialog 
box one can change actual impedance values to normalized impedance values and vice versa.  



One can also change lengths in meters to multiples of wavelengths and vice versa. As soon as a 
value is entered in any of the edit boxes the converted value appears in the corresponding box.  
 
 

 
 

Figure 4: The Convert Dialog Box 
 
The LocateImp menu item helps to locate an impedance value on the Smith Chart. On selecting 
this menu item the dialog box shown below appears:  
                      

 
 

Figure 5: The Locate Impedance Dialog Box 
 
The real and imaginary parts of impedance can be entered in the boxes provided.  On activating 
OK the program divides these values by Z0 to get the corresponding normalized values and marks 
the point on the Smith Chart representing these values with a '+' sign.     The point located by a 
LocateImp command can be labeled with an alphanumeric character by selecting the Label menu 
item.  
                    
Using the Track menu item one can track the cursor's location on the Smith Chart as mentioned 
earlier.  On activating the Track menu item the Position dialog box shown in Figure 6 appears.   
 



 
 

Figure 6: The Position Dialog Box 
      
This command tracks the values of the normalized resistance, r, and reactance, x, corresponding 
to the cursor's position on the Smith Chart.   It also tracks the wavelengths toward the source and 
load (the distance of the point on the transmission line from the source and the load).  Unless the 
reference point is changed the source and load are assumed to be at the normal reference point '0' 
on the Smith Chart.  The distances from the source and load are shown in fractions of 
wavelengths.  The distances cycle at each half wavelength.  To track the reflection coefficient G 
= Tr + j Ti and SWR on the transmission line one locates the load impedance on the Smith Chart.  
One then draws a circle passing through the above point and the center of the Smith Chart.  
Moving the cursor on the circle tracks G and SWR on the transmission line as a function of 
distance.  The tracking mode can be changed from impedance to admittance by toggling the 
check box labeled z.  On doing so z changes to y indicating the impedance mode.  Also, r and x 
change to g and b and the values in these boxes give the conductance and susceptance 
corresponding to the cursor position. The normal reference '0' at which the source and load are 
located on the Smith Chart, can be changed by using the 'ref point' check box in Position dialog 
box.   When the position box is displayed the menu item Track is changed to EndTrack.  One can 
terminate the track mode by selecting EndTrack whereupon the Position dialog box disappears 
and the menu item EndTrack is changed to Track.   
 
 
3 Conclusion 
 
The software Smith allows ease of use of the Smith Chart.  It interests students in learning about 
the Smith Chart.   The features of tracking the cursor, showing the normalized resistance and 
reactance, distance from the source and the load, the reflection coefficient and the SWR has been 
liked by many.  One does not need to strain the eye to find the above values, which could be the 
case on a small paper Smith Chart.  The software features the ability of drawing and erasing 
radius, diameter and circles.  The facility of automatic location of impedance and conversion of 
values has also been very well received.   
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