960 22 ¢ Magnetism

Electric Currents and Magnetism

Electric current is the source of all magnetism.
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FIGURE 22.13 (a) In the planetary model of the atom, an electron orbits a nucleus, forming a closed-current loop and producing a magnetic
field with a north pole and a south pole. (b) Electrons have spin and can be crudely pictured as rotating charge, forming a current that
produces a magnetic field with a north pole and a south pole. Neither the planetary model nor the image of a spinning electron is
completely consistent with modern physics. However, they do provide a useful way of understanding phenomena.

@ PHET EXPLORATIONS

Magnets and Electromagnets
Explore the interactions between a compass and bar magnet. Discover how you can use a battery and wire to make
a magnet! Can you make it a stronger magnet? Can you make the magnetic field reverse?

Click to view content (https://openstax.org/l/28elec_magnet).

22.3 Magnetic Fields and Magnetic Field Lines

LEARNING OBJECTIVES
By the end of this section, you will be able to:
- Define magnetic field and describe the magnetic field lines of various magnetic fields.

Einstein is said to have been fascinated by a compass as a child, perhaps musing on how the needle felt a force
without direct physical contact. His ability to think deeply and clearly about action at a distance, particularly for
gravitational, electric, and magnetic forces, later enabled him to create his revolutionary theory of relativity. Since
magnetic forces act at a distance, we define a magnetic field to represent magnetic forces. The pictorial
representation of magnetic field lines is very useful in visualizing the strength and direction of the magnetic field.
As shown in Figure 22.14, the direction of magnetic field lines is defined to be the direction in which the north end
of a compass needle points. The magnetic field is traditionally called the B-field.
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FIGURE 22.14 Magpnetic field lines are defined to have the direction that a small compass points when placed at a location. (a) If small
compasses are used to map the magnetic field around a bar magnet, they will point in the directions shown: away from the north pole of the
magnet, toward the south pole of the magnet. (Recall that the Earth’s north magnetic pole is really a south pole in terms of definitions of
poles on a bar magnet.) (b) Connecting the arrows gives continuous magnetic field lines. The strength of the field is proportional to the
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closeness (or density) of the lines. (c) If the interior of the magnet could be probed, the field lines would be found to form continuous
closed loops.

Small compasses used to test a magnetic field will not disturb it. (This is analogous to the way we tested electric
fields with a small test charge. In both cases, the fields represent only the object creating them and not the probe
testing them.) Figure 22.15 shows how the magnetic field appears for a current loop and a long straight wire, as
could be explored with small compasses. A small compass placed in these fields will align itself parallel to the field
line at its location, with its north pole pointing in the direction of B. Note the symbols used for field into and out of
the paper.
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FIGURE 22.15 Small compasses could be used to map the fields shown here. (a) The magnetic field of a circular current loop is similar to
that of a bar magnet. (b) A long and straight wire creates a field with magnetic field lines forming circular loops. (c) When the wire is in the
plane of the paper, the field is perpendicular to the paper. Note that the symbols used for the field pointing inward (like the tail of an arrow)
and the field pointing outward (like the tip of an arrow).

Making Connections: Concept of a Field

A field is a way of mapping forces surrounding any object that can act on another object at a distance without
apparent physical connection. The field represents the object generating it. Gravitational fields map gravitational
forces, electric fields map electrical forces, and magnetic fields map magnetic forces.

Extensive exploration of magnetic fields has revealed a number of hard-and-fast rules. We use magnetic field lines
to represent the field (the lines are a pictorial tool, not a physical entity in and of themselves). The properties of
magnetic field lines can be summarized by these rules:

1. The direction of the magnetic field is tangent to the field line at any point in space. A small compass will point in
the direction of the field line.

2. The strength of the field is proportional to the closeness of the lines. It is exactly proportional to the number of

lines per unit area perpendicular to the lines (called the areal density).

Magnetic field lines can never cross, meaning that the field is unique at any point in space.

4. Magpnetic field lines are continuous, forming closed loops without beginning or end. They go from the north pole
to the south pole.
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The last property is related to the fact that the north and south poles cannot be separated. It is a distinct difference
from electric field lines, which begin and end on the positive and negative charges. If magnetic monopoles existed,
then magnetic field lines would begin and end on them.

22.4 Magnetic Field Strength: Force on a Moving Charge in a Magnetic Field

LEARNING OBJECTIVES
By the end of this section, you will be able to:
» Describe the effects of magnetic fields on moving charges.
- Use the right hand rule 1 to determine the velocity of a charge, the direction of the magnetic field, and the
direction of the magnetic force on a moving charge.
= Calculate the magnetic force on a moving charge.

What is the mechanism by which one magnet exerts a force on another? The answer is related to the fact that all
magnetism is caused by current, the flow of charge. Magnetic fields exert forces on moving charges, and so they
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