


  

Qualifying Exam:     Classical Electrodynamics                    Sep.  2016 
 

1. (30%) Explain the following terms qualitatively and quantitatively. 

(a) Rayleigh scattering (5%) 

(b) Perfect conductor and super conductor (5%) 

(c) Plasma frequency (5%) 

(d) Lorentz and Coulomb gauges (5%) 

(e) Liénard-Wiechert potentials (5%) 

(f) Explain why the sky is blue at noon and red at sunset. (5%) 

 

 

2. (10%, 10%) Green function 

(a) What are Green’s first identity and Green’s theorem? 

(b) For a point charge q outside a grounded conducting spherical shell of radius a, find the Green 

function ( , )G x x  that satisfies Dirichlet boundary condition. [Hint: the method of images.] 

 

 

3. (10%, 10%) Two concentric shells of inner and outer radii a and b (a<b), respectively. The 

outer shell is grounded ( , ) 0V b   . 

(a)  If 0( , ) cosV a V  , find the potential at r<a, a<r<b, and r>b. 

(b)  If 2
0( , ) cosV a V  , find the potential everywhere between the shells (a<r<b). [Hint: use 

Legendre polynomials 2
0 1 2( ) 1,  ( ) ,  and ( ) (3 1) / 2P x P x x P x x    ]. 

 

 

4. (10%, 10%) A particle with mass m and charge +q starts from rest at the origin under a uniform 

electric field ˆ yEE  and a uniform magnetic field ẑBB . Neglecting earth’s gravity, the 

particle is accelerated to the +y-direction by the E field, but the magnetic force bends it to the 

right resulting an interesting phenomenon called EB drift. At point P, the particle reaches its 

maximum height called ymax. Determine the curve of the trajectory and express ymax in terms 

of m, q, E, B. 

 

 

 

5. (10%) The transformations between two inertial systems and S S are ( )vx x vt    
2and  ( ). vt t vx c   Show that when 0,t  ;  vx x    but when 0,t   

.vx x     Explain why the length relations depend on simultaneity.  
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