
 1 PC3231 Electricity & Magnetism II AY09/10 Solutions 

The answer for certain questions in this document is incomplete. Would you like to help us complete it? If yes, Please send your suggested answers to nus.physoc@gmail.com. Thanks! ☺   Question 1Question 1Question 1Question 1    i)i)i)i)        Question 1 ii)Question 1 ii)Question 1 ii)Question 1 ii)        Question 1 iii)Question 1 iii)Question 1 iii)Question 1 iii)        Question 2 i)Question 2 i)Question 2 i)Question 2 i)    
∇%& + (() *∇++, ∙ .,/ = − 234 (1)  
6∇%., − 7434 (%.,()% 8 − ∇++, 9∇++, ∙ ., + 7434 (&() : = −74;, (2)  
Letting .,= = ., + ∇++,>, &= = & − (>(), 
(1), ∇%&= + (() *∇++, ∙ .,=/ = ∇% 9& − (>(): + (() ?∇++, ∙ *., + ∇++,>/@ 

= ∇%& − (() ∇%> + (() *∇++, ∙ .,/ + (() ∇%> 
= ∇%& + (() *∇++, ∙ .,/ 

Similarly for (2), 
    6∇%.,= − 7434 (%.,=()% 8 − ∇++, 6∇++, ∙ .,= + 7434 (&=() 8 
= B∇%*., + ∇++,>/ − 7434 (%()% *., + ∇++,>/C − ∇++, D∇++, ∙ *., + ∇++,>/ + 7434 (() 9& − (>():E 
= ∇%., − 7434 (%.,()% − ∇++, 9∇++, ∙ ., + 7434 (&() : + ∇%∇++,> − 7434 (%∇++,>()% − ∇++,∇%> + 7434∇++, (%>()%  
= ∇%., − 7434 (%.,()% − ∇++, 9∇++, ∙ ., + 7434 (&() : 
 ∴ The gauge transformation of Maxwell’s equations can be done by adding ∇++,> to ., and subtracting KLKM from &.  
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For a point charge, 
&= = − O4Q34R , .,= = 0 
We let > to be 
> = − 14Q34

O)R , ∇++,> = 14Q34
O)R% R̂, (>() = − 14Q34

OR 
∴ & = &= − (>() = − 14Q34

OR + 14Q34
OR = 0 

., = .,= + ∇++,> = 14Q34
O)R% R̂, [shown] 

 Question 2 ii)Question 2 ii)Question 2 ii)Question 2 ii)    Jefimenko’s Equation, 
Y+,(R,, )) = 14Q34 Z 2(R,=, )[)\% \] + 2̂(R,=, )[)_\ \] − ;,̂(R,=, )[)_%\ `a= 
When ;, = ;,(R,), ;,̂ = 0. The continuity equation, (2()[ = −∇++, ∙ ;, 
2 = *−∇++, ∙ ;,/)[ + b 2(R,=, )[) = 2̂(R,=, 0))[ + 2(R,, 0)    ⇒     2̂(R,=, )[) = 2̂(R,=, 0) 
∴ Y+,(R,, )) = 14Q34 Z 2(R,=, 0) + 2̂(R,=, 0))[\% + 2̂(R,=, 0)_\ `a=\] 

= 14Q34 Z 2(R,=, 0)\% + 2̂(R,=, 0)\% d) − \_ e + 2̂(R,=, 0)_\ `a=\] 
= 14Q34 Z 2(R,=, 0)\% + 2̂(R,=, 0))\% `a=\] 
= 14Q34 Z 2(R,=, ))\% `a=\] 

 Question 3 i)Question 3 i)Question 3 i)Question 3 i)    
Yg = 0, hg = h4 cos Qij  
Yk = 0, hk = − lbdm_ e% − b%

Qj h4 sin Qij  
hn = 0, Yn = lmdm_ e% − b%

Qj h4 sin Qij  
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Question 3 ii)Question 3 ii)Question 3 ii)Question 3 ii)    
Y+, = o 0Ynpq(rgstM)0 u , h+, = vhkpq(rgstM)0hgpq(rgstM)w 
〈y,〉 = 1274 *Y+, × h+,∗/ 

= }
} i] ~] �̂0 lmdm_ e% − b%

Qj h4 sin Qij pq(rgstM) 0
− lbdm_ e% − b%

Qj h4 sin Qij pq(rgstM) 0 h4 cos Qij pq(rgstM)}
} 

= mbQ%h4%274 Ddm_ e% − b%E 1j% sin% Qij �̂ 
 Question 3 iii)Question 3 iii)Question 3 iii)Question 3 iii)    j = 2.28cm, � = 1.01cm, m = 2 × 10�4Hz The group velocity, 
�� = _�1 − m��%m% = _�1 − _%Q%m% 6�%j% + �%�%8 
∴ ��,�4 = 2.83 × 10�mss�, ��,4� = 2.00 × 10�mss�, ��,�� = 1.75 × 10�mss�  Question 4 i)Question 4 i)Question 4 i)Question 4 i)    Skin depth, 
` = 1bs = 1m � 237 1

��1 + d �3me% − 1
 

In a poor conductor, � ≪ 3m, 
` ≈ 1m � 237 1�1 − 12 d �3me% − 1 = 1m � 237 �23%m%�% = 2� �37 
Which is independent of frequency. In a good conductor, � ≫ 3m, 
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` ≈ 1m � 237 1� �3m −
 Question 4 ii)Question 4 ii)Question 4 ii)Question 4 ii)    Y+,�(�, )) = Y�4�pq(r�g
h+,�(�, )) = 1�� Y�4�pq(
Using the boundary conditions 
Y�4� + Y�4� = Y�4� Y�4� − Y�4� = ��Y�4� 
where �� = 7���7%m b�%
Solving both equations, we get
Y�4� = 61 − ��1 + ��8 Y�4� 
 Question 4 Question 4 Question 4 Question 4 iii)iii)iii)iii)    
�� = 7���7%m b�% = _m (b
� = 61 − ��1 + ��8 61 −1 +  Solutions provided by:D.J. GriffithsD.J. GriffithsD.J. GriffithsD.J. Griffiths (Q2, Q4)Jeysthur AngJeysthur AngJeysthur AngJeysthur Ang (Q3)  © 2012 NUS Physics Society
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1 ≈ 1m � 237 �3m� = � 2m7� = 1b

( gstM)i], Y+,�(�, )) = Y�4�pq(sr
(r�gstM)~], h+,�(�, )) = − 1�� Y

Using the boundary conditions Y+,�∥ − Y+,%∥ = 0 and 
 

. 
Solving both equations, we get 

 

(b¤ + lbs) ≈ _m ��m742 (1 + l)
��∗��∗8 = 0.926 

Solutions provided by: (Q2, Q4)  
© 2012 NUS Physics Society 
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1b¤ = >2Q 

( r�gstM)i] 
Y�4�pq(sr�gstM)~] 

and �§� h+,�∥ − �§¨ h+,%∥ = 0, 

) = 26.05(1 + l) 

(1)  
(2)  


