Suggestions for Final Projects:

‘Almost Anything Goes’.  You may choose a project of interest to you, of application to your research, or as a preliminary study for your senior project.  Projects that examine a physical effect, compare methods for an application, demonstrate an electromagnetic principle, or cool programming efforts (like write an FEM code, compare first order FDTD with higher order FDTD, FDTD for wave equations, MoM with higher order basis functions, 2D MOM, etc.) are all acceptable.  

Basic requirements:

1) Use one or more of the methods learned in this class.

2) Examine a physical application of some kind (something ‘real’)

3) Validate your results against existing measurement, theory, other numerical results, etc. (you can find these in the literature … IEEE Xplorer is your friend)

4) Examine the parameters of the numerical method that are necessary to make the numerical method give correct results.

The most important thing when choosing a project is to make it SMALL enough that you can actually do it in the 2-3 weeks available.  SIMPLIFY!  SIMPLIFY!  SIMPLIFY!

FDFD:
Evaluate the coupling between lines on a circuit board (high speed digital / signal integrity applications). How far away must they be when the substrate is thick or thin, when the frequency increases, etc. before coupling would exceed typical noise requirements for digital and/or analog circuitry.

FDFD:

Large electrical systems such as radio stations, power plants, etc. use ground electrodes that are made from several deep wells connected by cables (looking somewhat like the spokes of a wheel). Simulate the flow of current from a ground electrode in two different configurations.  Configuration #1 is when the current spreads out equally in all directions.  Configuration #2 is when the current flows back to a central point.  Compare the flow of current when the ground is wet and dry.  If you expand your FDFD code to 3D (which isn’t very difficult), you can determine the effect of the depth of the wells.  
FDFD (or FDTD):

Determine the charge distribution on the tip of a finger that is about to touch a charged metal object (such as a vehicle sitting under a high voltage line).  

FDTD:

We have talked about the two ways of modeling dielectric interfaces.  Either you can put the boundary of the cell in between the two materials,  and have one cell with each material OR you can average the two materials and put that in for the boundary cell.  The location where you place your source is also critical for this part of the assignment.

a) Draw a very careful cell model of an electric field (transparent source) in front of a dielectric discontinuity, for both possible models.

b) Write a matlab code to calculate exactly the standing wave magnitude in front of and behind the dielectric interface as a function of distance.   Refer to any basic EM text that includes standing waves.

c) Compute the magnitude of the standing wave in front of the dielectric discontinuity, and compare it to the analytical solution from (b).  

d) Determine which of the two models gives you accurate results.  (Hint:  I think that both models give accurate results, if you measure the distance from the interface correctly, and each is different.)

FDTD: 

Simulate a transmission line with an electrical fault (a short circuit, open circuit, or small impedance change) on a vibrating transmission line.  Create a model for a sinusoidal variation in the distance between the two wires of a transmission line.  Compute the RLGC parameters for all different parts of the vibration curve.  Allow the RLGC parameters to vary with both space and time, representing the vibration of the line.  Consider what TDR, FDR, and pulsed reflectometry systems would look like if used on a vibrating transmission line.  How much vibration is ‘too much’ to see the various faults of interest?

FDTD:

Program a different wave into your FDTD code – plasma, heat, sound, compression, etc. 

FDTD:  (I would like to use as a tutorial for high school outreach.  Link this to a math or physics concept).
Convert your code to 2D.  Demonstrate a physical wave property such as diffraction, reflection from oblique incidence, surface waves, or the ability to/not to penetrate a metal grid depending on the size of the holes in the grid.
FDTD: (I would like to use as a tutorial for high school outreach.  Link this to a math or physics concept).

Demonstrate Frequency Domain Reflectometry (create movies and executable code that does not require a Matlab license to run) and write a high school outreach project to use this wire fault location method to teach sine, cosine, wavelength, etc.  

MOM:

Consider all of the MOM parameters that are necessary to model a specific type (family) of antennas.  

MOM:

Evaluate if a patch antenna model can be replaced by a model with wires along the edges.  Consider simple and more complex patch shapes.  This method was proposed by Wen Geyi, and I would like to see its effect.
FEM:

Evaluate the effect of different grids on the accuracy of a 2D or 3D FEM simulation.  Program a second order or higher FEM cell.
FEM:

Evaluate the impedance change in a NMR coil for microfluidic evaluation.  (I have a PhD student who could use some extra ‘hands’ for his simulations.)

