KING FAHD UNIVERSITY OF PETROLEUM & MINERALS

DEPARTMENT OF PHYSICS

PHYS 305 – FINAL EXAM ( TERM 051 )

Instructor: Dr. Hocine Bahlouli

Student Name: ________               ID. No. : ________

· Allocated examination time : 150 Minutes

· Solve five of the following six problems and show all details of your work.
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	5

	       /100
	Total

	        /40
	Normalized Final Grade

	        /60
	Course Grade without Final exam

	/100
	Accumulated Course Grade
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Q. 1.  Consider an infinitely long cylinder of radius R filled 
         with a  non-uniform charge density 
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         Where A is a constant and r the distance of the 
         observation point from the axis of the cylinder ( z-axis ). 
         Find the electric potential at a distance r from the axis
         of  the cylinder with the boundary condition 
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a) Using Gauss theorem.                                  (10pts) 
b) By integrating Poisson’s equation     
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   and using the necessary boundary condition to fix the integration constants.                                      (10pts)
Compare your results from both methods.

Q. 2.
Consider a point charge q ( q > 0 ) located at z = a ( a > 0 ) along the z-axis above a conducting grounded xy-plane i.e. V(x,y,0) = 0.
a) Find the potential at an observation point P(x,y,z) with 

     z > 0 using the method of images and deduce the  

     surface charge density on the conducting plane  

                                                                         (12pts)
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b) Using the fact that a << r  is very small find the electric
     potential at a distance r far away from the origin.
                                                                         (8pts)
Q. 3.
Consider a steady current flowing down a long cylindrical wire of radius R. Find the magnetic field both inside and outside the wire if  ( First give arguments as to why 
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a) The current is uniformly distributed over the outside 
    surface of the wire, the surface current density is given  

   by 
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   of symmetry of the wire.                                      (10pts)
b) The current is distributed in such a way that the current density J is proportional to r, the distance from the axis of the wire.                                                         (10pts)
                                           
[image: image7.wmf],;tan

JJkJArAConst

===

r

r


Q. 4.
We learned in class that a vector potential is not uniquely defined but B is since it is the physical quantity. 

a) Show that a uniform magnetic field along the z-axis  i.e. 
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 where B is a constant can be described by the following vector potentials:                            (10pts)
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b)  Show that 
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 and identify 
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Q. 5.
A dielectric sphere of radius R and dielectric constant 
[image: image13.wmf]1
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 is placed in an infinite dielectric liquid of dielectric constant 
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e

. A uniform electric field E originally exist in the infinite uniform dielectric medium and is directed along the z-axis
a) Show that the potential outside and inside the sphere is  given by:                                                        (12pts)                   
[image: image15.wmf]2

12

3

12

12

3

cos();

2

[1()]cos();

2

in

out

VErrR

R

VErrR

r

e

q

ee

ee

q

ee

=-£

+

-

=--³

+


     r is the radial distance from the observation point to the center of the sphere taken as origin of coordinates.
b) Find the polarization of the sphere P and the induced

     surface charge density on the sphere.            (8pts)
Q. 6.
The electric field of some charge distribution is given by 
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         Where 
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, q is a positive charge, 
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is a constant and r the radial distance to the origin.
a) Show the charge density ( 
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 ) giving rise to the above electric field is given by                         (6pts)  
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b) Find the total volume charge in a sphere of radius r 
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                                    (6pts)

c) Find the total charge enclosed in a sphere of radius r using Gauss theorem and deduce that a point charge q is located at the center and a negative charge is distributed over the volume.                                             (8pts)
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