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Box ______

The electric field due to a long wire which has +( charge per unit length is


Ewire = 2 ke (/r,

where r is the perpendicular distance from  the wire. Now imagine two wires with opposite charge densities travelling in opposite directions.
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When the charge q is stationary, it sees a charge per unit length on each wire (' = ( (, (( = 1/((1-v2/c2))

due to the smaller apparent distance between the charges on the lines, so the charge per unit length will be bigger. When the charge q moves to the right, the line of  -( will have a greater relative velocity, so its charge density will be larger than the apparent charge density of the line moving to the left

This results in a net electric field at the moving q given by


Enet = 2 ke(/r ( (+ - (-), 

where (+ = 1/((1-(u-v)2/c2)),  and (- =1/(1-(u+v)2/c2)). We may safely take both u and v to be small compared to c, and then we are expanding (1+x)-1/2 binomially. Do the algebra and show that we wind up with  Enet =  -4 ke(uv/r .

This gives a net force on q equal to F = qE = -4q ke(uv/r.

We would like to show this is the usual q u x B force from a magnetic field from a current I =2(v going to the right. Check the directions. Whic way does B point?  Which way does u point, and then vxB. Sketch it out and show the force is toward the wire. On the next page calculate the size of this force and show it is exactly the same as from our modified E field above.
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Calculate q u x B for the moving charge and the current I = 2(v. 

