ECE 6340

Fall 2010
PROJECT
Instructions

This project is due on Thursday, Dec. 2 (please turn it in by slipping it under the instructor’s door). Please work individually on the project. Do not give or receive any material to/from anyone else. To do otherwise will be considered a violation of the UH Academic Honesty Policy.
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 may 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). All plots should be professionally done using a plotting package of your choice. The project should contain 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 website for announcements regarding corrections). 

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)

The analysis section should present all of the main formulas that are used for the calculation. However, you do not need to re-derive anything that was already derived in the class notes. 
PROJECT DESCRIPTION
A semi-infinite CAT5 Ethernet 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 a distance 
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 from the source, as shown in Fig. 1 below. The CAT5 cable consists of a twisted pair transmission line. For modeling purposes, we will ignore the twists, and model the cable as a twin-lead with two parallel copper wires, as shown in the cross-sectional view in Fig. 2. 
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The parameters of the twin-lead transmission line are as follows: 

Z0  = 100 [(] (characteristic impedance)

a  = 0.255 [mm] (radius of copper wires)

h  = 1.00 [mm] (center-to-center separation between wires)
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 (real part of relative permittivity for the dielectric)

tan (  = 2.0 (10-4 (loss tangent of the dielectric).
(  = 3.0(107 [S/m] (conductivity of the copper wires)
The relevant formulas for the twin-lead transmission line are as follows:
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Note that R and G both depend on frequency, while L and C are frequency independent. 

Required Calculations and Results

The calculations and results listed below are a required part of the project. You are free (and encouraged) 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 (. (Note: Examining the spectrum of the pulse might help to determine what the limits of integration should be in the numerical inverse Fourier transform integration for calculating the output voltage.)
2) 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 integration scheme. Note that you should expect to see some ringing in the output voltage due to the “Gibbs phenomenon.” (Please see the handout on the project webpage for more information about this.)
3) Numerically evaluate the output voltage 
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= 0, 1, 10, 100, and 1000 [m] for the CAT5 cable. 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). This will allow for a clear examination of how the pulse has changed in both amplitude and shape during the transmission through different distances.
4) For each distance above, make an “eye diagram” for a digital waveform that changes between a zero-volt level and a one-volt level. Do this by using a simple zero-to-one volt pulse and a one-to-zero volt pulse. The zero-to-one volt pulse is the function 
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 described above. The one-to-zero volt pulse is described by the function
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. (Please see the information on the project webpage for more information about eye diagrams.)
Discussion of Method
Use the RLCG formula to obtain the propagation constant ( for each value of ( in the inverse Fourier transform integration. 
When you take the square root to determine the propagation constant (, make sure you choose the correct sign of the square root. (Note that ( 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 any other items that you wish. 

· How was the shape of the pulse affected by the losses on the transmission line? 
· How is the peak amplitude of the pulse affected by the transmission down the line? 

· Can the leading edge of the pulse ever travel faster than the speed of light? Is this confirmed by your results? 

· How far do we have to go down the line before we lose signal integrity and can no longer reliably detect a digital pulse sequence? 

· Are there any numerical issues that you feel are worth mentioning? 

Extra items that could be explored:

· How does internal inductance after the results?

· How are the results changed if we use the Tesche model, which includes both the low- and high-frequency formulas for the resistance and internal inductance?  

· Any other items you feel are worth exploring?  
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Figure 2. A cross-sectional view of the CAT5 cable, being modeled as a twin-lead transmission line.





Figure 1. A semi-infinite transmission line connected to a signal generator.
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