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Magnetic Force on Charge Distribution 
1-D collection of moving charges: wire 
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Note: I and B can vary along 
(be functions of) length. 
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2-D collection of moving charges: surface 
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3-D collection of moving charges: volume 

  BvdqF


  Bv
d

dq
d




   Bvd


   BJd




Volume Current Density 
vJ







da

Id
J




da
B




Exercise: 
a) Current I flows down wire of radius a.  If it’s uniformly distributed over the wire’s cylindrical 
surface, then what is the surface current density K? 

b) Current I flows down wire of radius a.  If it’s distributed throughout the volume such that 

𝐽 ∝
1

𝑠
 , what would be the expression for the volume current density? 



Charge Continuity Equation 
3-D collection of moving charges 
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Current crossing through closed surface is rate of 
change of charge in enclosed volume: 
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Fundamental theorem 
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A divergence of current means a depletion of charge 



Biot-Savart Law Suggested 

ve
' = electron velocity 

measured by charge  

Charge’s frame: 
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Lab’s frame: 

      = electron 

      = ionic atomic core 

ve = electron velocity measured by us in the “lab frame”  

- =+ = electrons’ charge density  

               (coulombs/meter)  labx
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Generally for a 
morsel of wire: 

(we’ve not yet proven) 



Biot-Savart Law 
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See 17_Bwire_with_r.py,    17_B_long_wire.py 



Biot-Savart Law 
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Example 5.5: Field of Infinite Wire 
(connecting to result of relativistic argument) 
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Biot-Savart Law 
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Example 5.5: Field of Infinite Wire 
(Book’s approach) 
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B field of loop 
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1. Visualize Representative segment’s field 

2. Expression for segment’s field 

3. Sum up field due to all segments 

4. Evaluate results 
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1. Visualize Representative segment’s field 

2. Expression for segment’s field 

3. Sum up field due to all segments 

4. Evaluate results 
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1. Visualize Representative segment’s field 

2. Expression for segment’s field 

3. Sum up field due to all segments 

4. Evaluate results 
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B field of loop 

1. Visualize Representative segment’s field 

2. Expression for segment’s field 

3. Sum up field due to all segments 

4. Evaluate results 
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B field of loop 

1. Visualize Representative segment’s field 

2. Expression for segment’s field 

3. Sum up field due to all segments 

4. Evaluate results 
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B field of loop 

1. Visualize Representative segment’s field 

2. Expression for segment’s field 

3. Sum up field due to all segments 

4. Evaluate results 
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Simple case for point on z-axis: 
oo zr ,0,0
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B field of loop 

1. Visualize Representative segment’s field 

2. Expression for segment’s field 

3. Sum up field due to all segments 

4. Evaluate results 
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Simple case for point on z-axis: zr ,0,0
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B field of Solenoid 
Simple case for point on z-axis: zr ,0,0
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B field of Solenoid 
Simple case for point on z-axis: zr ,0,0
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