468.

Problem 35.29 (RHK)

(@) A wire in the form of a regular polygon of n

sides is just enclosed by a circle of radius a. If the
current in the wire is i, we have to show that the
magnetic field B at the centre of the circle is given in

magnitude by

Hohl
B = t :
— an(z/n)

(b) We have to show that as n—>e0 this result
approaches that offa circular loop: (c) We have to find

the dipole moment ofithe polygan.

Solution:

()

A wire in the form of a regular polygon of n sides is just
enclosed by a circle of radius a. The angle subtended by
each side of the polygon with the centre of the circle of

radius a will be 2z/n. Length of each side of the

polygon will be



We have already shown that the magnetic field B
associated with a current carrying straight line segment
of length L at a distance R from the segment along a

perpendicular bisector'is

Ho L
B= .

27Z'R (LZ +4R2)%
For our problem we use that.eontribution to the magnetic
field at the point P by each side of the polygon will be

the same and can be obtained from the above result for

the values

L= 2asin(£j,
n

R :acos(zj.
n

Therefore, the magnitude of the magnetic field at P by

each side of the polygon will be
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As the magnetic field at the centre of the polygon sue to

each side will be perpendicular to the plane of the
polygon, the total magnetic field will be n times the field

due to one side. Therefore,

Hohl
B="—"—t .
- an(z/n)

(b)
As
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n — oo, Ntan (—j =lim, _, ———=r.
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Iimn%B(n):g—‘i.

It is same as the magnetic field at the centre of a circular

loop of radius a carrying current i.



(c)

We calculate next the dipole moment of the polygon. The
magnetic dipole moment of a planar closed loop in
current times the area enclosed. The area of each triangle

formed by joining the side of a polygon with the centre

will be

{5 ()12

2
And, the magnetic/dipole moment of the polygon will be

-
u=IiA= 1 nsin(z—ﬂj.
2 n




