KING FAHD UNIVERSITY OF PETROLEUM AND MINERALS
DEPARTMENT OF PHYSICS
Final Examination
Physics 305
First Semester 1996-1997 (961)
Student’s Name: ________________________________________
ID#: ______________________
Instructions:
This final exam contains six problems, among which problem 2, 4 and 5 are compulsory and you are left to choose only two problems among 1, 3 and 6. Two problems among these are to be solved in class and the rest should be your take home exam and should be submitted on Saturday, January 04, 1997 before 04:00 PM.
***

Question 1

A simple capacitor is a device formed by two insulated conductors adjacent to each other. If equal and opposite charges are placed on the conductors, there will be a certain difference of potential between them. The ratio of the magnitude of the charge on one conductor to the magnitude of the potential difference is called the capacitance. Using Gauss’s Law, calculate
a)  The electric field and electric potential inside and outside two concentric conducting spheres with radii a , b , c , a < b < c. Let Q > 0 be the charge on the inner sphere and V its potential and V the potential of the inner surface of the shell b < r < c . Deduce the value of the capacitance.
b) 
Sketch the behavior of the field and potential as a function of the radial distance r from the center of the sphere.
***

Question 2

a)   Write down the main equations of electrostatics and sketch how you get the corresponding boundary conditions from these equations.
b)    Both the vector potential, A , and the scalar potential, V should be continuous at the boundary between two media. By absurd reasoning assume a spherical surface of radius a separating two media
(electric or magnetic) if say (assume only these components are ( 0 ).
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[image: image1.wmf]a

Lim

+

uuuur

A( ( r ) ( 
[image: image2.wmf]a

Lim

-

uuuur

A( ( r ) = A1
OR
V2 = 
[image: image3.wmf]a

Lim

+

uuuur

V ( r ) ( 
[image: image4.wmf]a

Lim

-

uuuur

V ( r ) = V1

this will result in non-physical effects on both B and E , explain.
c)
Another feature that distinguishes between electrostatics and magnetostatics if that if one consider a long wire carrying current I along z-axis, the magnetic scalar potential (defined by B = - ((m) outside the wire is given by (derive it) 




(m = 
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in cylindrical coordinates (r , (, z) (m is not single valued in ( i.e.
(m (() ( (m (( + 2()
explain that this feature is due to Amper’s law.

****

Question 3

a)   Using the multipole expansion given in your book (Eq. 3.90) a) Find the electric potential of the point charge distribution shown in the Figure below. This charge distribution can be described mathematically by:
( (r() = ( (x() ( (y() [ q1 ( (z( - a) + q2 ( (z() +  q3 ( (z( + a) ]
b) 
Find the lowest multipole contribution to electric potential when 
.
[image: image6]q1 = q3 = q  and  q2 = - 2q.
(Hint: Note that =Pn (cos ( (-()) = Pn (-cos () = (-1)n Pn (cos ()
***

Question 4

Consider a dielectric material in the shape of a thin disk of radius R and very small thickness h , polarized in the z-direction. If the polarization is uniform and of magnitude P
P = P k
[image: image7.wmf]
Calculate the electrostatic potential and electric field at a point M along the positive z-axis a distance z from the center of the upper surface of the disk taken as the origin 0 of the coordinates.
a) To solve this problem you need first to show that the potential at M (z) due to a uniform surface charge on a circular disk is
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where R is the radius of the disk and I z I the distance from its center along the axis of the disk.
b) Sketch without going into detailed calculations how you can solve the same problem using the dipole approximation by summing the contributions of tiny dipoles.
***

Question 5

Consider a uniformly charged ring of inner radius R and outer radius R in the xy-plane and centered at the origin of coordinates. Its charge per unit surface is (
a) Find the electric potential due to these charges at a point M a distance z from the origin 0 and along the z-axis.
b) Find the corresponding electric field at M (0 , 0 , z ) and sketch the behavior of V(z) and E (z).
c) This charged disk now is rotated with a constant angular speed Co about the z-axis. find the resulting magnetic field at point M (0, 0 , z ).

***

Question 6 
Write down the magnetostatic and electrostatic Maxwell equations in magnetic and dielectric materials, respectively, together with the constitutive equations for D and H
D =(oE + P
B = (o ( H +M)
a) From these equations could you establish a correspondence between electrostatics and magnetostatics
Electrostatics
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Magnetostatics
b) Find the magnetic field inside a sphere of a linear magnetic material
* placed in an originally uniform magnetic field BO just by using the above correspondence together with the results (4.26) and (4.34) for the analogue problem in electrostatics.
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