
Magnetic Force on Current-Carrying Conductor

Consider drift of Na+ and Cl− ions in a plastic pipe filled with salt water.

• v1x > 0, v2x < 0: drift velocities; q1 > 0, q2 < 0: charge on ions

• n1, n2: number of charge carriers per unit volume
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• Electric current through A: I = A(n1q1v1x + n2q2v2x)

• Force on Na+: ~F1 = q1~v1 ×
~B ⇒ F1z = q1v1xBy

• Force on Cl−: ~F2 = q2~v2 ×
~B ⇒ F2z = q2v2xBy

• Force on current-carrying pipe: Fz = (n1q1v1x + n2q2v2x)ALBy = ILBy

• Vector relation: ~F = I~L × ~B
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