PHY 2061 Enriched Physics 2 Lecture Notes Magnetic Dipoles

Magnetic Dipoles

Dhsclaimer:  These lecture notes are not meant to replace the course textbook. The
content mav be incomplete. Some topics may be unclear. These notes are only meant to

be a study aid and a supplement to vour own notes. Please report any inaccuracies to the
professor.

Magnetic Field of Current Loop

For distances R = » (the loop radius), the calculation of the magnetic field does not

depend on the shape of the current loop. It only depends on the current and the area (as
well as R and 6):
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Here i 15 the current in the loop, A 1s the loop area. R 1s the radial distance from the center

of the loop, and O 1s the polar angle from the Z-axis. The field 15 equivalent to that from a
tinv bar magnet (a magnetic dipole).

We define the magnetic dipole moment to be a vector pointing out of the plane of the
current loop and with a magnitude equal to the product of the current and loop area:

L

1

The area vector, and thus the direction of the magnetic dipole moment, 15 given by a
right-hand rule using the direction of the currents.
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Interaction of Magnetic Dipoles in External Fields

Torque

By the F =iL<B__ force law, we know that a current loop (and thus a magnetic dipole)

feels a torque when placed 1n an external magnetic field:
T=pxB__

The direction of the torque 1s to line up the dipole moment with the magnetic field:

BEIII

Potential Energy

Since the magnetic dipole wants to line up with the magnetic field, 1t must have higher
potential energy when it 15 aligned opposite to the magnetic field direction and lower
potential energyv when it 15 aligned with the field.

To see this, let us calculate the work done by the magnetic field when aligning the dipole.
Let 8 be the angle between the magnetic dipole direction and the external field direction.

W =[F-ds

= ||F|sin6ds =—[ |F|sin6 d6 (where ds =—rd6)
=—|rxFid6

=W =—|||d6

MNow the potential energy of the dipole 1s the negative of the work done by the field:

U=-=|1d6

The zero-point of the potential energy 15 arbitrary, so let’s take it to be zero when G=90°.

Then:
& g : i
U=+| td6=+| uBsin8'd
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The positive sign arises because 1-4d0 = —1d& , T and 6 are oppositely aligned. Thus,
U=—pBcosf|_5 = —Bcosf

Or simply:

U=-u-B

The lowest energy configuration 1s for p and B parallel. Work (energy) 1s required to
re-align the magnetic dipole 1n an external B field.

B B
[ T
Lowest energy Highest energy

The change in energy required to flip a dipole from one alignment to the other 15

AU =2ulB
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