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In an electric wire, the current is the source of a magnetic field that exerts a force on the mov-
ing electrons and drives them to the surface. This results in an inhomogeneous electron density
and drives a compensating electrostatic force. | propose a dimensional approach to determine
the order of this inhomogeneity and find that it can be ignored.

We call p the free electron density\p the order of the inhomogeneity in this densifythe
mean current density; the mean velocity of free electrons andhe radius of the wire. The
electrostatic and magnetic field are given by the Coulomb and Ampere laws:
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The force they induce per charge unit is:
F=E+ixB (3)
The terms of the right handside are along the radial direction and opposite, at the equilibrium,
they are equal so thdf ~ vB. In other words:
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Usingj = pv andegpuoc® = 1, we derive:
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To be able to conclude, we need the orderp 6f in an electric wire.v can be connected to
more intuitive quantities:
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The free electron density equals the atomic density in most cases, in other words:
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whereV is the Avogadro constant,the elementary charggé the molar mass of the wire and
d its density. Finally:
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With typical values ofl = 5 and M = 0.05 kg/mol, we derive
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Conclusion:j is constant!



