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1. An insulated disk of radius “a” and infinitesimal thickness carries a positive 

definite surface charge density “ ”. 
 
 a) Calculate the electrostatic potential at the center of the disk. 
 
 b) Calculate the electrostatic potential at an arbitrary point on the axis of 

symmetry. 
 
 c) Calculate the electrostatic potential at the edge of the disk. 
 
 d) Using the results derived above, deduce the direction of the electric field 

in the plane of the disk. 
 
 
2. Consider a non-relativistic particle of mass “m” and charge “e” that is acted 

on by an external force, “ ”.  The instantaneous power radiated by the 
charge is given by the Larmor formula 

 

    . 

 
 a) Write down the relativistic generalization of the Larmor Formula. 
 
 b) Express your answer to part a) in terms of the external force , 

assuming that the charged particle is being accelerated in a linear 
accelerator. 

 
 c) In typical linear accelerators the energy gains are approximately  

per meter.  Demonstrate that for relativistic particles the radiation losses 
are negligible in comparison with the energy gains. 
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3. Consider a simple model for a dielectric in which the atomic electrons are 

bound to a fixed site by means of a harmonic restoring force .  
Suppose that in addition the electrons are acted upon by a damping force 
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c)  For the specific transformation discussed in (b), calculate . 
 

  
7. The plates of a semi-infinite capacitor are maintained at a constant potential 

difference V by means of a battery.  The plates are a distance d apart.  A 
charge q of mass m is released from rest at the surface of one plate and 
moves toward the other plate under the influence of the electric field.  
Ignoring complicating effects, such as gravity and image changes, 

 
a) Derive an expression for the power radiated by the charge during its 

motion. 
 

b) Calculate the total energy radiated by the charge during its motion and 
compare with the change in kinetic energy. 

 
c) Identify any assumptions that underlie your calculation. 

 
NOTE:  The results in (a) and (b) should be expressed in terms of q, m, V, d 
and c (velocity of light). 

 
 
 
 
8.  Consider a general current distribution  localized in a small region of 

space. 
 

 a)  Define the associated magnetic moment . 
 

b) Write down a general result for the vector potential  in terms of 
 (1 point) and use it to write down (proof not required) an 

expression for  in terms of  in the case where .  
 

c) Assuming that a magnetostatic field is due entirely to a localized 
distribution of permanent magnetization, show that 

 
, 

 
  where the integral is taken over all space. 

 
 

9. A plane polarized electromagnetic wave of frequency w in free space is 
incident normally on the flat surface of a nonpermeable medium of 
conductivity s and dielectric constant e. 

   
a) Given that the ratio of the amplitudes of the reflected and incident waves 
is 
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a) Determine the ratio of the magnetic field in the gap, Hg, to the magnetic 

field inside the ferromagnetic material, Hi.   
 
b) Both the field in the gap and the current in the winding can be measured.  

Develop an expression for the permeability of the material in terms of 
these measured quantities and the geometry of the toroid. 

(
15. Starting from the Lagrangian for a charged particle in an electromagnetic 

field 
L = (1/2)mv2 – q(V - v·A) 

 
derive the equation of motion for the particle in ordinary Newtonian form. 
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"2)( A charge  is situated at (2a, 0, 0) and a charge  is situated at (-a, 0, 0).   
 

a) Identify every point in space where the electric field E is zero. 
 
3' Consider two concentric metal (conducting) spheres, of radii R1 and R2 

carrying total charges Q1 and Q2 respectively.  What is the potential of 
the outer sphere, the inner sphere and inside inner sphere .(

  
17. The vector potential for a given current distribution with a sinusoidal time 

dependence  is given by: 
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where . 

 
 There are three length scales to consider: 
  
  1. :  size of the region where . 
  

2. :  . 
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3. :  distance of the observation point from the current. 

 
 Derive the following electric dipole radiation field expressions justifying 

each approximation with relevant conditions e.g. (length scale)1 << (length scale)2 
etc. 

 

   

 
 where . 
 
 
18. A solenoid contains “N” turns per unit length of perfectly conducting (R=0) 

wire.  The cross sectional area of each loop in the solenoid is “A,” and the 
length of the solenoid is “ .”  The core of the solenoid is filled with a linear, 
isotropic, homogeneous material of magnetic susceptibility .  The ends of 
the solenoid are connected to a source of variable EMF, V(t), that is adjusted 
to produce the current specified below: 

 

  





 





b) If the incident solar radiation had equal intensity in the blue and red regions 
of the spectrum, what would be the ratio of re-emitted blue light to re-emitted 
red light?  

 
 
28.  A p meson (m1c2 = 140 MeV) collides with a stationary target proton (m2c2 = 938 

MeV) to create a K meson (m3c2 = 494 MeV) and a lambda hyperon (m4c2 = 1115 
MeV).   

 
 a) Find the kinetic energy in MeV of the incident p meson at threshold for 

production of K mesons. 
 b) Express the kinetic energy of the p meson in terms of the K meson when the 

latter is created at 90° in the laboratory. 
 c) Find 



32. a) Sketch lines of  and lines of  for a magnetized bar and compare with those 
for a solenoid. 

 
 b) Given two iron bars, identical in appearance, one magnetized, the other not, 

tell how to distinguish them without using external magnetic fields.  (You are 
allowed to measure forces) 

 
 
 
 
33. a) A sphere of radius a carries a uniform surface charge distribution s.  The 

sphere is rotated about a diameter with constant angular velocity w.  Find the 
vector potential and the magnetic – flux density both inside and outside the 
sphere. 

 
 b) A coil is wound on the surface of a sphere such that the field inside the sphere 

is uniform.  What is the winding?  (This form of winding is used in the 
Westing house-Goudsmit mass spectrometer.) 

 
 
34. Consider the thick hemispherical shell of inner radius a and outer radius 

b, shown in cross section in the accompanying figure.  If the shell is 
uniformly magnetized along its axis of symmetry (z – axis of the diagram), 
show that a small compass needle placed at the origin will swing freely. 
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35. Consider a rectangular piece of dielectric that fills the space between the 

plates, partially inserted into a plane – parallel condensor.  What are the 
energies of the system as a function of position, and hence the forces 



drawing the dielectric into the condensor, if the condensor plates are (a) 
insulated or (b) held at constant potential? 
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36. A spherical conducting shell occupies the region a < r < b.  Find the electric 

field everywhere, assuming that: 
 

a) A point charge q is in the interior (r < a) of the shell at a distance d < a 
from the center. 
 

b) A point charge q is outside of the shell at a distance d > b from the 
center. 
 

c) A point outside a hollow conducting sphere will produce no field in 
the hollow interior; the metal “shields” the interior.  The solution to (a) 
shows that a point charge inside the hollow interior will produce a 
field outside; the same metal ceases to act as a “shield”.  Explain. 

 
 
37. Two similar charges are placed a distance 2b apart.  A grounded 

conducting sphere is place midway between them.  What radius 


