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Question 1 i)Question 1 i)Question 1 i)Question 1 i)    Magnetic field, 
� ��� ∙ ��� = ���� !  
�"2$%) = ��� &$%'$(') 
��� = ���%2$(' *+ 
Electric field, since . is very small, 
2�� = 3"4)5� 6̂ = 8"4)$5�(' 6̂ = �4$5�(' 6̂ 
 Question 1 ii)Question 1 ii)Question 1 ii)Question 1 ii)    
9� = 1�� :2�� × ���< = 1�� = ���%2$('> = �4$5�('> :6̂ × *+< = �'%425�$'(? @̂ 
ABC = 12 5�2' + 12�� �' 

= 12 5� = �4$5�('>' + 12�� = ���%2$('>' 
= 12 �'$'(? &4'5� + ��%'4 ) 
= 18 �'$'(? "4G'4' + %') 

 Question 1 iii)Question 1 iii)Question 1 iii)Question 1 iii)    
� ABC �H = � � � 18 �'$'(? "4G'4' + %') % �% �* �6 

= 18 �'$'(? � 4G'4'% + %IJ
� �% � �*'K

� � �6L'
ML'  

= 18 �'$'(? N2G'4'%' + %?4 O�
J 2$. 

= 14 �'.$(' &2G'4' + ('4 ) 
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Question 1 iv)Question 1 iv)Question 1 iv)Question 1 iv)    
∇��� ∙ 9� = − �'45�$'(? , RABCR4 = �'4$'(?5� , RAS�!TR4 = 0 since V� = WX� = 0. 
∴ ∇��� ∙ 9� = − RR4 "ABC + AS�!T)  
The total power flowing into the gap is equal to the rate of increase of energy in the gap.  Question 2Question 2Question 2Question 2    A)A)A)A)    i)i)i)i)    
∇'a + RR4 :∇��� ∙ b�< = − W5� "1)  
&∇'b� − ��5� R'b�R4' ) − ∇��� =∇��� ∙ b� + ��5� RaR4 > = −��V� "2)   
Letting b�d = b� + ∇���e, ad = a − ReR4, 
"1), ∇'ad + RR4 :∇��� ∙ b�d< = ∇' =a − ReR4> + RR4 f∇��� ∙ :b� + ∇���e<g 

= ∇'a − RR4 ∇'e + RR4 :∇��� ∙ b�< + RR4 ∇'e 
= ∇'a + RR4 :∇��� ∙ b�< 

Similarly, 
"2), &∇'b�d − ��5� R'b�dR4' ) − ∇��� &∇��� ∙ b�d + ��5� RadR4 ) 

= N∇':b� + ∇���e< − ��5� R'R4' :b� + ∇���e<O − ∇��� i∇��� ∙ :b� + ∇���e< + ��5� RR4 =a − ReR4>j 
= ∇'b� − ��5� R'b�R4' − ∇��� =∇��� ∙ b� + ��5� RaR4 > + ∇'∇���e − ��5� R'∇���eR4' − ∇���∇'e + ��5�∇��� R'eR4'  
= ∇'b� − ��5� R'b�R4' − ∇��� =∇��� ∙ b� + ��5� RaR4 > 

 ∴ The gauge transformation of Maxwell’s equations can be done by adding ∇���e to b� and subtracting nonp from a.                  
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Question 2Question 2Question 2Question 2    A)A)A)A)    ii)ii)ii)ii)    For a point charge, 
ad = − 84$5�@ , b�d = 0 
We let e to be 
e = − 14$5�

84@ , ∇���e = 14$5�
84@' @̂, ReR4 = − 14$5�

8@ 
∴ a = ad − ReR4 = − 14$5�

8@ + 14$5�
8@ = 0 

b� = b�d + ∇���e = 14$5�
84@' @̂, [shown] 

 Question 2 A) iii)Question 2 A) iii)Question 2 A) iii)Question 2 A) iii)    
∇��� ∙ b� = 1@' RR@ =@' 14$5�

84@'> = 0 = −��5� RaR4  
∴ It is a Lorentz Gauge and a Coulomb Gauge as well.  Question 2 B)Question 2 B)Question 2 B)Question 2 B)    Since this is an iron sphere, the electric fields are 
2�� z      0,                  @ < |}4$5�@' @̂, @ > |� 
The angular momentum density, ℓ�� = 5�@� × :2�� × ���< = 5�2��:@� ∙ ���< − 5����:@� ∙ 2��< 

= 5� = }4$5�@' @̂> ���4$ �@' 2 cos �� − 5� � ���4$@I :2 cos � @̂ + sin � �+<� = }4$5�@> 
= − ���}16$'@? sin � �+ 
= − ���}16$'@? sin � "cos � cos * �� + cos � sin * �� − sin � 6̂) 

 The angular momentum "only the 6̂ direction will survive), 
��� = � ℓ6̂ �H 

= ���}16$' � 1@'�
� �@ � sinI �K

� �� � �*'K
�  
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= ���}16$' i− 1@j�
� NcosI �3 − cos �O�

K 2$ 
= ���}6$| 6̂ = 29 ���}|'6̂ 

 QuestiQuestiQuestiQuestion 3 i)on 3 i)on 3 i)on 3 i)    We let 2�� propagate in the z-direction, 2�� = 2���M����"���M�p)�� 
∇��� × 2�� = − R���R4  
�� �� �� 6̂RR� RR� RR62� 0 2�

�� = − R���R4  
R2�R6 �� = − R���R4  
2��"−�M + ���)�M����"���M�p)�� = − R���R4  
��� = 2�� �� + ��M� �M����"���M�p)�� 
But we know that 2�� is complex, and it can be written as 2�� = 2���¡¢ . So 
��� = ����¡£ = 2� �� + ��M� = 2���¡¢ ¤� ��¥ = 2�¤� ��"¡£�¥) 
∴ We see that ¦§ = ¦B + *, and they are not in phase. So ��� lags behind 2��.  Question 3 ii)Question 3 ii)Question 3 ii)Question 3 ii)    We were given 2��¨ = 2��¨�M����"���M�p)��, in the medium "transmitted). Outside we have the incident wave, 2��ª = 2��ª��"�«�M�p)�� and the reflected wave 2��� = 2�����"M�«�M�p)��. The boundary conditions give 
2��ª + 2��� = 2��¨ , 2��ª − 2��� = �¬X¬�'� ��2��¨ = ­�2��¨ 
Solving both equations, we get 
2��� = 1 − ­�2 2��ª 
∴ 2��� = 1 − ­�2 2��ª��"M�«�M�p)�� 
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Question 3 iii)Question 3 iii)Question 3 iii)Question 3 iii)    
­� = �¬X¬�'� ��' = G� "�� + ��M) ≈ G� ¯3���2 "1 + �) = 26.05"1 + �) 
| = &1 − ­�1 + ­�) &1 − ­�∗1 + ­�∗) = 0.926 
 Question 4 i)Question 4 i)Question 4 i)Question 4 i)    For X ≪ G, A�� ≈ G@̂, 
2��"@�, 4) = 84$5�

@"G@̂ ∙ @�)I [G'G@̂ + @� × "G@̂ × (�)] 
= 84$5�

1GI@' ³GI@̂ + G@[@̂ × "@̂ × (�)]´ 
= 84$5�

1GI@' ³GI@̂ + G@["(� ∙ @̂)@̂ − (�]´ 
For the Poynting vector, only the radiation field contributes, so 
2��¶J·"@�, 4) = 84$5�

1G'@ ["(� ∙ @̂)@̂ − (�] = ��84$@ ["(� ∙ @̂)@̂ − (�] 
∴ 9�¶J· = 1�� :2�� × ���< = 1�� i2�� × 1G :@̂ × 2��<j = 1G�� f2'@̂ − :2�� ∙ @̂<2��g = 1G�� ���84$@�' [(' − "(� ∙ @̂)'] 
 Question 4 ii)Question 4 ii)Question 4 ii)Question 4 ii)    X ≪ G, 

 

X ≈ G, 

     Question 4 iii)Question 4 iii)Question 4 iii)Question 4 iii)    
¸ = � 9 �Ω 

= ��8'16$'G � (' − "(� ∙ @̂)'@' @' sin � �� �* 
= ��8'8$G �"(' − (' cos' �) sin � �� 
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= ��8'('8$G � sinI � �� 
= ��8'('8$G =43> 
= ��8'('6$G  

 Question 4 iv)Question 4 iv)Question 4 iv)Question 4 iv)    The initial kinetic energy, 
º = 12 ��X�' 
Power loss, 
¸ = ��8'('6$G  
Energy loss, 
2 = ��8'('6$G �X�( � = ��8'(X�6$G  
∴ The fraction loss of energy = 2º = ��8'(3$G��X� 
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