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LCL 20-7 The iron pipe
A wire carrying current lfree runs along the axis of an iron pipe.

Cylindrical symmetry:
translational along axis, rotational around axist] H =H(p) ch

use integral form of Ampere's law:
56 HedL :_| JedA =lfee the free current enclosed

azimuthal path at fixed z, p 0 dL = cApp do ,

2Tt
$H-dL = Jd(P PH(p) = 2t pH(p) = Ifree

in all regions,
| -~
HP) =m0 @ B(P)=HH(P), M(p)= B(p)/ko~H(p)=H(p) (1~ W/io)
where pu = (p) = Ko except in iron [
lfree

M = 0 except in iron where M(p)= (W/po—1) 21D

No current inside iron:Jeff=0x M = (U/Hho — 1)(— baaz +(l)cl9:]p 0 )ng‘a[s =0

The induced (effective) current density at the surface of the iron is
Oeff=M X where 1 is the normal to the surface.
M points along B and H,

on the inner surface of the pipe,
aeff flows in the same direction as the original current

on the outer surface, aeff flows against it.

Total current on each surface is (U/po — 1)lfree,
This result can be seen immediately from ji BedL =leff




