gravity so that it can rotate freely. The pole of a freely suspended magnet
that points toward geographic north is called the north pole of the magnet.
The other pole points toward the south and is called the south pole,

It is a familiar observation that when two magnets are brought near one
another, each exerts a force on the other. The force can be either attractive or
repulsive and can be felt even when the magnets don’t touch. If the north pole
of one bar magnet is brought near the north pole of a second magnet, the force
is repulsive. Similarly, if two south poles are brought close, the force is repulsive.
But when a north pole is brought near a south pole, the force is attractive. These
results are shown in Fig. 20-2, and are reminiscent of the forces between
electric charges: like poles repel, and unlike poles attract. But do not confuse
magnetic poles with electric charge. They are very different. One important
difference is that a positive or negative electric charge can easily be isolated.
But the isolation of a single magnetic pole has never been observed. If a bar
magnel is cut in half, you do not obtain isolated north and south poles. Instead,
two new magnets are produced, Fig. 20-3, each with north {N) and south (S)
poles. If the cutting operation is repeated, more magnets are produced, each
with a north and a south pole. Physicists have searched for isolated single
magnetic poles (monopoles), but no magnetic monopole has ever been observed.

Only iron and a few other materials, such as cobalt, nickel, gadolinium, and
some of their oxides and alloys, show strong magnetic effects. They are said to be
ferromagnetic (from the Latin word ferrum for iron). Other materials show some
slight magnetic effect, but it is very weak and can be detected only with delicate
instruments. We will look in more detail at ferromagnetism in Section 20-12.

In Chapter 16, we used the concept of an electric field surrounding an
electric charge. In the same way, we can imagine a magnetic field surrounding a
magnet. The force one magnet exerts on another can then be described as the
interaction between one magnet and the magnetic field of the other. Just as we
drew electric field lines, we can also draw magnetic field lines. They can be
drawn, as for electric field lines, so that (1) the direction of the magnetic field is
tangent to a field line at any point, and (2) the number of lines per unit area is
proportional to the strength of the magnetic field.

The direction of the magnetic field at a given point can be defined as the
direction that the north pole of a compass needle would point if placed at that
point. (A more precise definition will be given in Section 20-3.) Figure 20-4a
shows how thin iron filings (acting like tiny magnets) reveal the magnetic field
lines by lining up like the compass needles. The magnetic field determined in
this way for the field surrounding a bar magnet is shown in Fig. 20-4b. Notice
that because of our definition, the lines always point out from the north pole
toward the south pole of a magnet (the north pole of a magnelic compass
needle is attracted to the south pole of the magnet).

Magnetic field lines continue inside a magnet, as indicated in Fig. 20-4b.
Indeed, given the lack of single magnetic poles, magnetic field lines always form
closed loops, unlike electric field lines that begin on positive charges and end on
negative charges.
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SECTION 20-1

< N] N Sk
Repulsive
-N s] s NJ-

Repulsive

N S Iib 44 N Sl
Allractive

FIGURE 20-2 Like poles of a
magnet repel: unlike poles attract.

FIGURE 20-3 If vou split a
magnet, vou won't get isolated
north and south poles; instead, two
new magnets are produced. each
with a north and a south pole.
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Magnets do not attract all metals

Magnetic field lines
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Magnetic field lines form closed
loops, unlike electric field lines

FIGURE 20-4 (a) Visualizing
magnetic field lines around a bar
magnet, using iron filings and
compass needles. The red end of
the bar magnet is its north pole.
The N pole of a nearby compass
needle points away [rom the north
pole of the magnet. (b) Magnetic
field lines for a bar magnet.
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