ECE 6340

Fall 2007
PROJECT
Instructions

This project is due in class on Monday, Dec. 3. 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 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 web page for announcements regarding corrections). 

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)

The analysis section should present all of the main formulas that are used for the calculation. However, you do not need to derive anything that was already derived in the class notes. 
PROJECT DESCRIPTION
Part A (coax)

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 a distance 
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 from the source, as shown in Fig. 1 below.
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Fig. 1. A semi-infinite coaxial transmission line that is connected to a signal generator at one 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 relative permittivity for the dielectric)

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

Part B (waveguide)

An air-filled semi-infinite X-band rectangular waveguide propagates the TE10 mode. The mode has an electric field at z = 0 that is described by 
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as shown below.  (Note that this voltage physically corresponds to the voltage drop between the bottom and top walls of the waveguide, evaluated along a vertical line through the center of the waveguide at x = a/2.) The voltage waveform 
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 at t = 0, called the input voltage, is established by a source. The input voltage is a pulse given by
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where 
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 from the source, as shown in Fig. 1 below. The air inside the waveguide may be assumed to be lossless. 

Fig. 2. A semi-infinite X-band rectangular waveguide with a source at z = 0 (top view). 
The parameters of the waveguide are as follows:

a = 2.286 [cm] (x dimension)

b = 1.016 [cm] (y dimension) 
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[S/m]  (conductivity of the copper waveguide wall)

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. 

3. Numerically evaluate the output voltage 
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= 0, 1, 10, 100, and 1000 [m] for the coaxial 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 the distance 
[image: image23.wmf]l

= 100 [m], plot the shape of the pulse as done in the step above, but now compare five different results: (a) the case where the cable is lossless (perfect conductors and zero loss tangent for the dielectric); (b) The metal is perfectly conducting but the dielectric is lossy (with the same loss tangent as in the actual coaxial cable); (c) the dielectric is lossless (zero loss tangent) but the metal is copper as in the actual coaxial cable. Account for the surface resistance but ignore the surface reactance, so that L = L0; (d) the dielectric is lossless (zero loss tangent) but the metal is copper as in the actual coaxial cable. Account for both the surface resistance and the surface reactance, so that L = L0 + (L; (e) the actual coaxial cable, having both a lossy dielectric and copper conductors. Account for both the surface resistance and the surface reactance. (This curve should be the same as the one from step 3.) 

5. Numerically evaluate the output voltage 
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= 0, 0.001, 0.01, 0.1, 1.0, 10, 100, and 1000 [m] for the waveguide. Make a plot of the output voltage versus shifted time
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t

. The shifted time should be chosen for each length so that the plot of the output pulse is approximately centered in your plotting range.  This will allow for a clear examination of how the pulse has changed in both amplitude and shape during the transmission through different distances.

Discussion of Methods

a) Coaxial cable

For the coaxial cable, Use the RLGC formula to obtain the propagation constant ( for each value of ( in the inverse Fourier transform integration. To ensure that the results are as accurate as possible, account for the internal inductance that arises from the skin effect. That is, use
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where L0 is the external inductance per unit length (the same as the total inductance per unit length if the conductors were perfectly conducting) and (L is the internal inductance per unit length due to the skin-effect (i.e., coming from the surface reactance of the conductors).

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.)

b) Waveguide

For the waveguide, calculate the wavenumber by using 
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where 
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 is the wavenumber of the same waveguide if the walls were made from perfect electric conductors, and 
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is the formula for attenuation due to conductor loss, and is given by 
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.
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? Which loss is more important? Is the surface reactance important?
· How does the pulse distortion compare between the transmission line and the waveguide? 

· How is the peak amplitude of the pulse affected by the transmission down the line and the waveguide? 

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

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