(b) (c)

FIGURE 20-8 (a) Deflection of compass needles near a current-carrying wire, showing the presence and
direction of the magnetic field. (b) Magnetic field lines around an electric current in a straight wire. (¢) Right-
hand rule for remembering the direction of the magnetic field: when the thumb points in the direction of the
conventional current, the fingers wrapped around the wire point in the direction of the magnetic field.

m Electric Currents Produce Magnetic Fields

During the eighteenth century, many scientists sought to find a connection
between electricity and magnetism. A stationary electric charge and a magnet
were shown to have no influence on each other. But in 1820, Hans Christian
Oersted (1777-1851) found that when a compass needle is placed near an
electric wire, the needle deflects as soon as the wire is connected to a battery
and the wire carries an electric current. As we have seen, a compass needle is
deflected by a magnetic field. So Oersted’s experiment showed that an electric
current produces a magnetic field. He had found a connection between
electricity and magnetism.

A compass needle placed near a straight section of current-carrying wire
experiences a force, causing the needle to align tangent to a circle around
the wire, Fig. 20-8a. Thus, the magnetic field lines produced by a current in a
straight wire are in the form of circles with the wire at their center,
Fig. 20-8b. The direction of these lines is indicated by the north pole
of the compasses in Fig. 20-8a. There is a simple way to remember the
direction of the magnetic field lines in this case, It is called a right-hand rule:
grasp the wire with your right hand so that your thumb points in the
direction of the conventional (positive) current; then your fingers will encircle
the wire in the direction of the magnetic field, Fig, 20-8¢.

The magnetic field lines due to a circular loop of current-carrying wire can be
determined in a similar way using a compass. The result is shown in Fig. 20-9,
Again the right-hand rule can be used, as shown in Fig. 20-10. Unlike the uniform
field shown in Fig. 20-7, the magnetic fields shown in Figs. 20-8 and 20-9 are not
uniform—the fields are different in magnitude and direction at different points.

EXERCISE B A straight wire carries a current directly toward vou. In what direction
are the magnetic field lines surrounding the wire?

j FIGURE 20-10 Right-hand rule
for determining the direction of the
I 1 magnetic field relative to the current.
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FIGURE 20-9 Magnetic field lines
due to a circular loop of wire,
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