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Homework 4
Due 4 March 2004
Capacitance
1. Consider the coaxial cable shown in the figure. The space between the two cylindrical conductors of radii a and c is filled with two homogenous dielectric material ε1 and ε2. (The outer radius of the inner conductor is a, while the inner radius of the outer conductor is c.) The interface between two dielectrics is of radius b. Calculate the capacitance per unit length of this coaxial cable. 




Materials
2. Consider an isolated charged metallic conducting sphere with radius r in a dielectric medium. The conducting sphere is at an electric potential of 500 [kV]. Calculate the minimum radius of the sphere such that dielectric breakdown will not occur if the surrounding dielectric is 

a. Air (εr=1, EBR=3 [MV/m])

b. Sulfur hexafluoride (a gaseous dielectric, known as SF6) (εr≈1,  EBR=7.5 [MV/m])

c. Oil (a liquid dielectric) (εr=2.3,  E=15 [MV/m])

d. Mica (a solid dielectric) (εr=5.4,  E=200 [MV/m])

e.   Which of above materials would you chose as the insulator? Why? 
3. A cylindrical bar of silicon has a radius of 2 mm and a length of 5 cm. If a voltage of 5 [V] is applied between the ends of the bar, the electron mobility is μe=0.13 [m2/V.s], the hole mobility is μh=0.05 [m2/V.s], the electron and hole densities are Nh=Ne= 1.5x10-16 [electrons/m3]. Find the following:
a. The conductivity of silicon

b. The current I flowing in the bar

c. The drift velocities ve and vh
d. The resistance of the bar

e. The power dissipated in the bar.

 Numerical Methods
4.  

A +50 pC charge is located at a distance 3 cm above a grounded half plane located in the x-y plane and at a distance 3 cm from another grounded half plane in the x-z plane. Use the image method to
a) Establish the magnitudes, polarities and locations of the image charges with respect to each of ground planes

b) Find the electric potential and electric field at Point P (0,5,4).

5. Consider the rectangular region shown in the figure. The electric potential is specified on the conducting boundaries. Use the finite difference method to solve for the potential distribution within this region. To use a small mesh size will improve the accuracy of the potential distribution. Use the mesh size as h=2.5cm or smaller. 
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