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FIGURE 20-5 The Earth acts like
a huge magnet; but its magnetic
poles are not at the geographic
poles, which are on the Earth’s
rotation axis.

{X}PHYSlcs APPLIED

g.»c{n;n
Use of a compass e (12, S &
o,
FIGURE 20-6 Using a map and compass in e e
the wilderness. First you align the compass e, S
e

case so the needle points away from true 5
north (N) exactly the number of degrees of i E
declination as stated on the map (157 for the L
place shown on this topographic map of a part
of California). Then align the map with true =4
north, as shown, nor with the compass needle.

FIGURE 20-7 Magnetic ficld
between two wide poles of a magnet
is nearly uniform, except at the edges.

556

CHAPTER 20 Magnetism

Earth’s Magnetic Field
The Earth’s magnetic field is shown in Fig. 20-5. The pattern of field lines is
as if there were an imaginary bar magnet inside the Earth. Since the north
pole (N) of a compass needle points north, the Earth’s magnetic pole which is
in the geographic north is magnetically a south pole, as indicated in Fig. 20-5
by the S on the schematic bar magnet inside the Earth. Remember that
the north pole of one magnet is attracted to the south pole of another magnet.
Nonetheless, Earth’s pole in the north is still often called the “north magnetic pole,”
or “geomagnetic north,” simply because it is in the north. Similarly, the Earth’s
southern magnetic pole, which is near the geographic south pole, is magnetically
a north pole (N). The Earth’s magnetic poles do not coincide with the geographic
poles, which are on the Earth’s axis of rotation. The north magnetic pole, for
example, is in the Canadian Arctic,” about 900 km from the geographic north
pole, or “true north.” This difference must be taken into account when you
use a compass (Fig. 20-6). The angular difference between magnetic north
and true (geographical) north is called the magnetic declination. In the U.S.
it varies from 0° to about 20°, depending on location.

Notice in Fig, 20-5 that the Earth’s magnetic ficld at most locations is not
tangent to the Earth’s surface. The angle that the Earth’s magnetic field makes
with the horizontal at any point is referred to as the angle of dip.

EXERCISE A Does the Earth’s magnetic field have a greater magnitude near the poles
or near the equator? Hint: note the field lines in Fig. 20-5.
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Uniform Magnetic Field

The simplest magnetic field is one that is uniform—it doesn’t change in
magnitude or direction from one point to another. A perfectly uniform field
over a large area is not easy to produce. But the field between two flat parallel
pole pieces of a magnet is nearly uniform if the area of the pole faces is large
compared to their separation, as shown in Fig. 20-7. At the edges, the field
“fringes” out somewhat: the magnetic field lines are no longer quite parallel
and uniform, The parallel evenly spaced field lines in the central region of the
gap indicate that the field is uniform at points not too near the edge, much
like the electric field between two parallel plates (Fig. 17-1).

"Magnetic north is moving many Kilometers a year at present. Magnetism in rocks suggests
that the Earth’s peles have not only moved significantly over geologic time, but have also reversed
direction 400 times over the last 330 million years.



