FDFD
1. Location of faults in rebar used in concrete structures (bridges, buildings, etc.) is extremely difficult and important.

(a) Use your program to model two pieces of rebar in concrete (material parameters will be provided)

(b) Compare your results to the analytical solution (see the RLGC and Z parameters found in a standard electromagnetics textbook, see link under lecture notes)

(c) Compute the reflection coefficient ( Γ = (ZL-Zo)/(ZL+Zo)) for your “transmission line.”

(d) Determine how much damage to the rebar is necessary in order to have a 1% reflection coefficient.

(e) Determine the effect of random variation in the concrete on the results.

2.Analysis of EM Pain Control Devices:  Pulsed electromagnetic healers are commonly used to control pain, stimulate muscles or nerves, and heal bone.   Well-documented evidence shows that they are effective, but the physical mechanisms are not well-understood. Model of the knee is available.

3.Analysis of PEMF devices for Bone Healing:  As described above, PEMF healers can also be used for bone healing.  Again, this is not well-understood.  The devices currently being used have been optimized for rabbits.  Rabbit femurs were broken, and repaired using PEMF.  The best PEMF pulses and electrode configurations were applied to humans and found to work.  It is not clear that they are optimized for humans, however.  Model the rabbit and PEMF device to determine how power is distributed in the rabbit.  Model the human with the same device, and compare the distributions.

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.)
MOM

1. Repeat the analysis of the wire that you did in the FDFD project using Method of Moments.  See text section 5.4

2. Analysis of microstrip patch antennas:  Microstrip patch antennas are used for many applications.  There are many ways of simulating these antennas.  Select a method and examine the parameters (cell size, boundary conditions, etc.) that are needed in order to accurately model these antennas.  Compare to analytical solutions.  

FEM

1. Prove that a square cell model of FEM will give you the same results as FDTD.

Anything else.  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.  

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!

