KING FAHD UNIVERSITY OF PETROLEUM AND MINERALS
DEPARTMENT OF PHYSICS
Major Exam II
Physics 305
First Semester 2005-2006 ( 051 )
Student’s Name: ________________________________________
ID#: ______________________
Solve four of the following problems and show the necessary details, and figures if necessary, to support your calculations. All problems have the same weight and the time allowed is 90 minutes.
Question 1:
Consider a pipe having square cross section of size a, running parallel to the z-axis 
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) which has three grounded metal sides at x = 0, x = a and y = a. The fourth side at y = 0 is maintained at given potential V(x,0) = V0(x).

a) Show that 
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And write down the formula giving an in terms of V0(x).
b) Find the explicit form of V(x,y) in the case where
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Question 2:
Consider a distribution of point charges located as follows: -q ( 0, a, 0), q (0, 0, b), 

-q (0, -a, 0) and -q (0, 0, -b) in the xyz-reference frame, a and b are positive numbers.
a) Find the monopole and dipole contributions to the electric potential a large distance r from the origin.

b) Deduce the electric field at the same location ( r ). 
Question 3:
Consider a thin spherical shell of radii a and b ( b > a ) made of a dielectric material with a frozen-in polarization given by P(r) = P r, where P is a positive constant and r is the distance from the center ( no free charges in the system, the origin is at the center of the spherical shell ).
a) Find the bound charges and deduce the total volume and surface charges.

b) Use Gauss law to find the electric field all over space. 
c) Find the displacement vector D and then deduce E from it and compare with your previous result.
Question 4:
A specified surface charge density, 
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, is glued over the surface of a spherical shell of radius R ( 
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 being a constant ). Taking the origin of our coordinates at the center of the sphere and 
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 being the angle between the z-axis and a position vector on the surface.

a) Find the potential outside and inside this surface.
b) Deduce from your previous result that the monopole contribution is due to a point   

     charge 
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While the dipole contribution is absent because
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Question 5:
Consider a dielectric circular strip of square cross section with outer radius b and inner radius a centered at the origin and having z as an axis of symmetry. This material has a uniform polarization along the z-axis, 
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.  The thickness of this strip, h, is very small compared to a, b and z ( so that each infinitesimal element of this strip cut parallel to z-axis behaves as a dipole from far away ). 
a)  Show that the electric potential it creates at a point a distance z far away along the z-axis is given by 
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   for    z  >  0

b)  Plot V(z) for 
[image: image12.wmf]]

[

,

z

Î-¥+¥

 and deduce E(z).
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