5.MAGNETIC DIPOLES, FORCES AND TORQUES
5.1 What is a magnetic dipole?

In the previous section we said that magnetic monopoles are not
found in nature. (Actually, monopoles are allowed by theory but
theory also says thgt a monopole colliding with a proton cause the
proton to decay / which case there are not very many in this part

of the Universe at least...)
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However many successively smaller pieces the magnet is divided

into there is always a N-S pole pair —adipole.

5.2 Dipolefield from a current loop

In section 2.2.2 we used the Biot-Savart law to calculate B on the

axis of acurrent carrying loop of radius a:

and found




If we view the field due to this loop (this view, is a a side-on section

through the loop across a diameter; the plane of the loop is
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Current direction: top of loop: | isout of page

perpendicular to the page):
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If we look at the field produced by the loop at distances large

compared to the size of the loop, z >> a where a is the |oop radius:



The field looks the same as the (electric) field of the electric dipole.

Compare the expressions for magnetic and electric dipole fields:
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5.3 Compare electric and magnetic dipoles

To understand what m is compare it to the electric dipole moment:

Electric dipole:
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5.4 Atomic dipole moment
If you have been wondering why we bothered to consider the current
loop and magnetic dipole here’s why...think of a very small current

loop:
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electron orbit
Thereisacurrent in the ‘atomic loop’ in direction opposite to v (see

Tipler p906).

where e isthe electron charge. The dipole moment of a current loop

ism=1A and



The orbital angular momentum L isL = rxp with magnitude

L = rpsin90° = rp=mvwr

So that \
electron mass

m=_°L
/N
electron magnetic electron mass
moment

By convention, we use W rather than m for the electron dipole

moment:

_e orbital magnetic
n=_—L moment of electron

5.5 Torqueon acurrent loop

A torgqueisatwisting force or moment about an axis.

Reminder about torque:

N=rxF |N|=rFsin6

torque N (or L)
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Take arectangular current-carrying loop (it’s easier than the circular
loop we are interested in) and find the torque on it in a magnetic
field B in the z-direction:
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We can see the force on each side of loop from dF = |dIxB
Forces on sides 2 and 4 cancel.
Forces on sides 1 and 3 rotate AB
the loop = torgue on loop
| 1/ \ /
2
< TNy
4 >

N



Side on (looking along the sides of length b) the loop is:

Notice the forces tend to pull the
plane of loop cross-wise to the
field; the magnetic dipole moment
mis .’. aligned parallel to B

Thetorqueis
N =aFsin6 aong the x-direction,

e N =aFsind X
and since
dF = 1dIxB
F=1bB

(the sides b of the loop give the torque)



we have
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N =aFsing X

N =mBsind X

dipole moment m = | x (loop area) = lab

N=mxB

N T

torgue = magnetic dipole moment x field strength

Again note the comparison to the electrical case: N = p X E
for electric dipole moment p in electric field E. The electric
dipole lines up parallel to the direction of E due the action of

the torque N.
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