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CHAPTER 30 Sources of the Magnetic Field

If we wanted to cancel the Earth’s magnetic field by running an enormous current loop
around the equator, which way would the current have to flow: east to west or west to east?

Although the magnetic field pattern of the Earth is similar to the one that
would be set up by a bar magnet deep within the Earth, it is easy to understand
why the source of the Earth’s magnetic field cannot be large masses of perma-
nently magnetized material. The Earth does have large deposits of iron ore deep
beneath its surface, but the high temperatures in the Earth’s core prevent the iron
from retaining any permanent magnetization. Scientists consider it more likely
that the true source of the Earth’s magnetic field is charge-carrying convection
currents in the Earth’s core. Charged ions or electrons circulating in the liquid in-
terior could produce a magnetic field just as a current loop does. There is also
strong evidence that the magnitude of a planet’s magnetic field is related to the
planet’s rate of rotation. For example, Jupiter rotates faster than the Earth, and
space probes indicate that Jupiter’s magnetic field is stronger than ours. Venus, on
the other hand, rotates more slowly than the Earth, and its magnetic field is found
to be weaker. Investigation into the cause of the Earth’s magnetism is ongoing.

There is an interesting sidelight concerning the Earth’s magnetic field. It has
been found that the direction of the field has been reversed several times during
the last million years. Evidence for this is provided by basalt, a type of rock that
contains iron and that forms from material spewed forth by volcanic activity on the
ocean floor. As the lava cools, it solidifies and retains a picture of the Farth’s mag-
netic field direction. The rocks are dated by other means to provide a timeline for
these periodic reversals of the magnetic field.

SUMMARY

The Biot—Savart law says that the magnetic field B at a point P due to a length
element ds that carries a steady current / is
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where py =47 X 1077 T-m/A is the permeability of free space, ris the dis-
tance from the element to the point P, and ¥ is a unit vector pointing from ds to
point P. We find the total field at P by integrating this expression over the entire
current distribution.

The magnetic field at a distance a from a long, straight wire carrying an elec-
tric current [ is

wol
27ra

B= (30.5)
The field lines are circles concentric with the wire.
The magnetic force per unit length between two parallel wires separated by a
distance @ and carrying currents /) and I, has a magnitude
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The force is attractive if the currents are in the same direction and repulsive if
they are in opposite directions.



