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8.022 Lecture Notes Class 38 - 11/27/2006 

LI2 

V = 
2 

ΦB = B� d�a = A� d�l = LI· · 
S l 

U = I 
2 S A

� d�l = 1
2 A�(I d�l)· · 

= 2
1 A · Jd3x| �× B� = µ0J 

U = 1 A� (� B)d3x2µ0 
· �× �

1 � � � �= 2µ0 
[ B · Bd3x − � · (A� × B)d3x] 

Expand to all over space 

� B� )d3= [ allspace B
2d3x − allspace �(A� × x] 

= ( allspace B
2d3x − surface A × Bd2x 

Choose surface to be WAAAAAY out so it goes to nothing 

U =
1 

B2d3 x 
2µ0 
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� B = 0� · �

� ρE = Gauss�0
� · �

� E = ∂
∂t 
B� Faraday �× � −

� B = µ0J� Ampere �× �

For rightmost side of surface, theres is a current, so � B = 0. �× � �
For leftmost side, there is no current, so � B = 0. �× �

� B = µ0J��× �

Take Divergence of both sides. 

� B) = µ0 · � J� · (� � · ��× �

0 = µ0 · � J ∂ρ � · � = − ∂t


Divergence of current is 0? Constant current!
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Okay, so something’s going from one plate to the other. 

� �× B� ) = − ∂ �0 
� Eµ0∂t � · (� � · �

= −� ∂E�

∂t � · �0µ0 

So , 

∂E�� B = µ0J� + µ0�0�× �
∂t 

Call this thing going through th plates Displacement Current. 

∂E�
J� 

D = �0 
∂t 

B� d�l = µ0Ienclosed + µ0ID,enclosed · 

∂E�
µ0ID,enc = �0 d�a 

∂t 
Source-free Maxwell’s equations! 

� � ∂B E = 0 E = ∂t � · � �× �

� � ∂E B = 0 B = µ0�0 ∂t � · � �× �

dW � 
� �= E Jd3x 

dt � 
V · 

∂E = E� ( 1 � )d3xV · µ0 
�× B� − �0 ∂t 



�

= � �

4 

dW = F� �vdt · 

= Eq�vdt 

E Jd3xdt·


�v (�v × B� ) = 0
· 

So, magnetic fields do no work 

q�v = Jd3� x 

Charge velocity is current 

� B� ) = B� E) − E� (� B)� · (E� × · (�× � �× �

� (� � B ∂B�E · �× B� ) = −�(E� × B) − � ∂t 

∂B�
B� = 1 ∂ B� B�

∂t 2 ∂t · 

= 1 ∂ B2 
2 ∂t 

� ∂E� 1 ∂
E2E = 

∂t 2 ∂t 
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dW	 � 1 � � 1 ∂ B2 �0 ∂ E2)d3=	 x 
dt	

(−� 
µ0 
� · (E� × B) − 2µ0 ∂t � 

− 2 ∂t 

∂ [ 1 B2 �0 1 � �= −∂t 2µ0 
+ 2 E

2]d3x + V �0 
�(E� × B)d3x 

∂ �0	 � B�= −∂t [2µ
1 

0 
B2 + 2 E

2]d3� 
x + −E× d�a µ0 

=	 ∂ Sd�a∂t − UE,M − �


