ECE 6340

Fall 2002

PROJECT

Instructions

This project is due in class on Thursday, Dec. 5. Please work individually on the project. 

You will be graded on the accuracy of the results, the quality of the plots, the discussion of the results, and the grammar and writing style. There is no required length for your report. It is recommended that you make it long enough so that you are able to discuss all of the points that you find relevant, but do not try to make the report longer than it needs to be.  

The calculations can be done in software package that you prefer (Fortran, Mathcad, Mathematica, Matlab, etc.)

The project must be written on a word processor (using, e.g., Microsoft word or something similar). The project should be in written in the format of a short research paper, containing the sections listed below. 

Please report any problems or typos that you notice to the instructor as soon as possible (and please watch the class web page for announcements regarding corrections). 

In addition to a hard copy of the project, which should be turned in during class, please email an electronic version of it to the instructor by the due date. 

Contents

The project should have the following sections:

· Title page, 

· A brief Abstract 

· An Introduction section

· An Analysis section

· A Results section

· A Conclusion section

· A Reference section (if any references are cited)

· Appendices (Each lengthy mathematical derivation should be in a separate appendix)

Project Description

A semi-infinite coaxial cable is attached to a signal generator at z = 0 as shown below.  The signal generator provides an input voltage 
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 seconds. The output voltage is to be calculated at the matched load (
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) that is at a distance 
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 from the source, as shown in Fig. 1 below.
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Fig. 1. A coaxial transmission line that is connected to a signal generator at one end, and a matched load at the other end. 

The parameters of the coaxial cable are as follows. 

Z0 = 50 [(] (characteristic impedance)

b =  0.25 [cm] (outer radius) 
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 (real part of complex relative permittivity for the dielectric)

Tan ( = 0.001 (loss tangent of the dielectric) 
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[S/m]  (conductivity of the copper conductors)

Required Calculations and Results

The calculations and results listed below are a required part of the project. You are free to include any others results that you wish.

1. Determine the Fourier transform of the input signal as a function of the transform variable (. Use the transform definition that was used in class. Plot the magnitude of the Fourier transform versus (. 

2. Calculate the parameters (R, L, G, C) for the line. The parameters L and C should be fixed (and real) numbers. The parameters R and G should be functions of ( (leave your answers for R and G in terms of (, but simplify as much as possible). 

3. Give an expression for the output voltage 
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 at the load. Your expression should be in the form of a single inverse transform integral. 

4. Numerically evaluate and plot the output voltage 
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= 0 [m]. This plot should be almost the same as that of the given input voltage 
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, if your numerical evaluation of the integral is working correctly. Hence, this step is a validation of your numerical code. 

5. Numerically evaluate the output voltage 
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= 100 [m]. Make a plot of the output voltage versus shifted time 
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. The shifted time is defined as 
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 (this is the speed of light in the dielectric, if it were lossless). On the same plot, compare with the input waveform (plotted versus t) in order to examine how the pulse has changed in both amplitude and shape during the transmission.

6. Redo the same plot, plotting a normalized output voltage waveform versus 
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t

. The normalized output voltage is normalized so that the maximum is 1.0. This normalization allows for a better examination of how the shape of the pulse has changed during the transmission.

7. Make a plot of the phase and group velocities versus frequency, from zero to 10 GHz. These velocities should be numerically calculated. For the group velocity, a numerical derivative should be used. Include on the plot the velocity of light in the dielectric, 
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Points to Consider

It is recommended that you consider carefully the points below during your numerical implementation, to help ensure that your calculation is being done correctly and accurately. 

· Consider carefully what the sample density and limits of integration should be in the numerical evaluation of the integral, in order to get an accurate answer. Studying the case 
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 should help with this. Since the Fourier spectrum of a narrow pulse extends to high frequencies, you may need to use a large limit of integration. 

· In the inverse Fourier transform, the integration in 
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 extends from minus infinity to infinity, and thus includes both positive and negative values. Consider how R and G should be calculated for negative values of  
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. The correct conclusion is that 
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. Can you justify this? (Hint: Note that using a negative value of 
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 is actually equivalent to using a positive value of 
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 with a time convention of 
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. Should this change in time convention change the values of R or G?) 

· It will make the numerical evaluation more efficient if you can write the inverse Fourier transform as an integral from zero to infinity, instead of from minus infinity to infinity (using symmetry properties to do this). 

· When you take the square root to determine the propagation constant 
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, make sure you choose the correct sign of the square root. (Note that 
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 should always be positive.)

Items for Discussion

The following points would make good items for discussion within your report. You are free (and encouraged) to discuss whatever other items that you wish. 

· How is the amplitude of the pulse affected by the transmission down the line? What is the overall level of attenuation (e.g., in dB)?

· How was the shape of the pulse affected by the dispersion?

· Is it possible to draw any conclusions from your results about the phase and group velocities, and how they compares with 
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