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8.022 Lecture Notes Class 25 - 10/30/2006 

Biot-Savart 

B� (�x) = 
µ0 

� 
Id�l × r̂

4π r2 

Ampere’s Law (like Gauss, but for B� ) 

B� d�l = µ0Ienclosed · 

B� d�l = µ0 J� d�a· · 

Stokes Theorem �� ⇓ 

�× Bda = µ0 J d�a· 

� B = µ0J� : Magnetostatics �× �

� E = 0 : Electrostatics �× �

Boxed equations become Maxwell’s equations! 

B� (�x) = µ0 
� J�(r��)×(r̂−r̂�) d3r4π (r−r�)2 

� 

� µ0 
� 

� (r̂−r̂�) d3� · B� = 4π �(J�× (r−r�)2 r�) 
µ0� B = 4π 0d3r� = 0 � · �
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� (r̂ − r̂�)
) = 

(r̂ − r̂�)
(� J�(r��))−J�

(r̂ − r̂�) (r − r�) û�·(J�×
(r − r�)2 (r − r�)2 

�r× ·(�×
(r − r�)2 (r − r�)2 

) −→ (�r)×
u2 

(point charge ) E, but � E = 0 �× �

� B = 0 : Magnetostatics � · �

� ρE = : Electrostatics �0
� · �

� B = µ0J��× �

�× B� ) = µ0(� J)� · (� � · �

0 = � J = − ∂t � · � ∂ρ 

⇒ − ∂ρ = 0 is from Magnetostatics : assumes constant current always ∂t 

But current can’t do that infinitely , so adjust 

� B = µ0J� + µ0J�d�× �

Jd is displacement current NOT a real current 
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( ”We’ll there’s something where the current is displaced, so we’ll 

call it displacement current” ) 

Find B� at �x (Use’s 

Ampere’s ) 

B� d�l = µ0Ienclosed Ampere’s ·

� µ0Ienclosed ˆB(�x) = θ 
2πr 

Current in x-y plane 

Find B� (�x) 

B� d�l = µ0Ienc· 

ˆ (2L) = LyB k· · µ0 · ·


B� (�x) = µ
2 
0k ŷ z > 0
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� 
�B · d�l = µ0Ienclosed 

Outside: 

�J = 

⎧ ⎨ ⎩ 

J0 ̂x, |z| 

0, else 

< z0 

�B 

· 2L = 

�B = 

· 2L = 

B = 

µ0 · L2z0J0 

±µ0z0J0 ̂y (|z| > z0) 

Inside: 

µ0L · 2z · J0 

±µ0zJ0 (|z| < z0) 

Graph: �B(z) 

�B 


