558.

Problem 41.28 (RHK)

A copper wire (diameter =2.48 mm,;
resistance 1.00 Q2 per 300 m) carries a current of
25.0 A. We have to calculate (a) the electric field, (b) the
magnetic field, and (c) the Poynting vector magnitude for

a point on the surface of the wire.

Solution:
()
Electric field E, the resistivity. o fand the current density

J are related as

,0:_.;
J

and the resistance R of a conducting wire of length I,

cross-sectional area A, and resistivity p is given by the

relation
R~
A

Therefore,



where 1 the current flowing through a conductor of
cross-sectional area Ais jA. Itis given that the
resistance per unit length of the copper wire

IB = ﬁ Qm™.

Therefore, the electric field at the surface of the wire will

be

E = 25.O><i Vm=833x10°V m™.
300

(b)

We will use the Ampere’s law for finding the magnetic
field at the surface‘ofthe'wire."Ifthe radius of the wire is
r, the magnetic field B and the current i are related as
271rB (1) = .

Therefore,

T=4.03x10"°T.
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B(r) = Hol _ 2x10 ><_235
2rr - 1.24%10

()

As the electric field E(r) and the magnetic field B(r)

are orthogonal at the surface of the current carrying wire,

the magnitude of the Poynting vector will be given by
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= Wm
300x 27 x1.24x1073

=267.4 W m?,




