
NASSP Honours Electrodynamics Part 1 

Tutorial Problem Set 2:     SOLUTIONS 

Q.1.  The boundary conditions (see ED-05, slides 8-9) are  

          (normal comp.)   and           (tangential comp.) 

 i.e.                      and                    

 Now                  and                  

 [Linear materials, so   is a constant,  ⃗    ⃗⃗ , vectors in same direction and     .] 

 Divide   eqn. by   eqn. :      
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 Cancel the  's and    :               
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  QED 

 For the electric field, we had the equivalent relationship  
     

     
 

   

   
  

 

Q.2. Disc        m ,    0.03 rad.s
-1

 , and we want        T. 

(a) Consider annulus, width    at radius   : area            ; 

charge density   (    : we want  , the number of electrons per unit area) 

so the charge on this annulus is                    

The disc rotates at angular velocity   , so the period of rotation is    ⁄   

and the current due to the annulus is    
  

  
 

        

   ⁄
        

A circular current loop of radius   produces    
   

  
 at the centre (along the axis) 

Thus       
   

  
   

        

  
 

       

 
   due to annulus    and for the whole disc 

       ∫
    

 
  

 

 
 

     

 
          since   and   are constant. 

We solve this for   for        T :       
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So the no. of electrons / m
2
 is     
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(b) Current due to the whole disc is    
  

  
    where total charge             

and       ⁄  :    
                         

      ⁄
          A 

 

(c) These are electrons rotating in the  ̂  direction as indicated, which means conventional   is 

in the   ̂  direction. By the right hand rule, then,  ⃗  will be in the    direction in the figure. 

 

Q.3.  For  a long solenoid,  ⃗       ̂  inside (    no. of turns per unit length)  

 if   is in the  ̂ direction as shown, and is uniform.   ⃗     outside. 

 (i) Inside the solenoid, i.e. for      , we want  ⃗     and we assume cylindrical symmetry, 

i.e.  ⃗  is independent of   . So we apply Faraday's law to a circular loop  

 of radius   :    ∮  ⃗             
   

  
  

     

  
     

     

  
    



             
     

  
   or as a vector     ⃗          

 

 

     

  
 ̂ 

 i.e. if   is in the  ̂ direction, then  ⃗  is in the   ̂ direction. (Check Lenz's law!)  

 (ii) Outside the solenoid, i.e. for      , a similar loop will enclose all the flux over the 

entire cross-sectional area of the solenoid, i.e.     replaces     above  

 [remember   ⃗     outside so we do not add any more flux.] 

 and         ∮  ⃗             
   

  
  

     

  
     

     

  
     

            
  

  

     

  
   or as a vector     ⃗          

  

  

     

  
 ̂ 

 

Q.4. (a)  We have  ⃗⃗    ̂, (  constant); we require         ⃗⃗   and 

 ⃗⃗    ⃗⃗   ̂   [Griffiths notation cylindrical co-ords.         ] 

 Curl in cylindrical coordinates: 

      (
 

 

   

  
 

   

  
)  ̂  (

   

  
 

   

  
)  ̂  

 

 
(
 {   }

  
 

   

  
)  ̂ 

 Since  ⃗⃗    ̂ , we have      and       and  

    ⃗⃗  (
 

 

   

  
)  ̂  (

   

  
)  ̂     

 However        so         ⁄   and         ⁄  so           ⃗⃗    

 At all points on the curved surface of the cylinder  ̂   ̂ and so 

  ⃗⃗    ⃗⃗   ̂    ̂   ̂    ̂    i.e. the surface current is azimuthal. 

(b)   Ampere’s Law:  ∮  ⃗        ∫         for volume currents and  ∮  ⃗              

 for surface currents [rectangular Amperian loop length     surface but   ⃗⃗   

 (Griffiths Fig 5.33, p.226)]   Clearly since        there is no  ⃗  due to volume 

currents.  However the surface current  ⃗⃗   will produce a  ⃗ -field.  

 Apply Ampere's law to the rectangular loop length   inside and outside the surface.  

 The cylinder is "infinitely long", so we assume  ⃗    outside. Then Ampere's law gives 

 ∮  ⃗                                                  [ top and bottom are   ⃗⃗  ] 

                            

  ⃗  must be in the  ̂ direction, same as  ⃗⃗  i.e.  ⃗       ̂ 

(c)  By definition      ⃗⃗   ⃗     ⃗⃗ ⁄      i.e.  ⃗    ( ⃗⃗   ⃗⃗ ) 

 Applied   ⃗⃗      ̂  so     ⃗   
 
     ̂     ̂   

 
       ̂  

 By def.         where       ⁄     ⁄    ⁄        so          

 or:            ⁄       ⁄        

 

 

 

  










