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Currents and Magnetic Fields

125 Magnetic field at the center of a circular current loop &

A circular loop with radius R carries current I as il-
lustrated. The aim of this exercise is to use the Biot- 4

Savart law to determine the magnetic field at the cen- > L/L/r-
ter of the loop. First consider the contribution to the ] :‘/'/ <
field from the shaded section. This is <

— 0 ASx T

Bsegment = f:_?T 1 rz (3)

a) Use the diagram to indicate the vectors ¥, and AS.

b) Determine the direction of A§ x . Would the direction be different for a different
segment of the current in the loop?

c¢) Let the magnitude of AS be As. Determine an expression for the magnitude of AS x
and use this and Eq. (3) to determine an expression for the magnitude of Bsegment -

d) What is the value of r in this situation? Use your answer to determine an expression
for the magnitude of Bgsegment-

e) Add the contributions from all segments to obtain an expression for the field at the
center of the loop.

f) Suppose that you aimed to use this to determine the magnetic field at a point that
is not at the center of the loop. What mathematical difficulties would complicate the
calculation compared to that for the center of the loop?
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