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FIGURE 22.1

The magnificent spectacle of the Aurora Borealis, or northern lights, glows in the 
northern sky above Bear Lake near Eielson Air Force Base, Alaska. Shaped by the 
Earth’s magnetic field, this light is produced by radiation spewed from solar storms. 
(credit: Senior Airman Joshua Strang, via Flickr)
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FIGURE 22.2

Engineering of technology like iPods would not be possible without a deep 
understanding magnetism. (credit: Jesse! S?, Flickr)



This OpenStax ancillary resource is © Rice University under a CC-BY 4.0 International license; it may be reproduced or modified but 
must be attributed to OpenStax, Rice University and any changes must be noted. Any images credited to other sources are similarly 
available for reproduction, but must be attributed to their sources.

This OpenStax ancillary resource is © Rice University under a CC-BY 4.0 International license; it may be reproduced or modified but 
must be attributed to OpenStax, Rice University and any changes must be noted. Any images credited to other sources are similarly 
available for reproduction, but must be attributed to their sources.

FIGURE 22.3

Magnets come in various shapes, sizes, and strengths. All have both a north pole and a 
south pole. There is never an isolated pole (a monopole).
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FIGURE 22.4

One end of a bar magnet is suspended from a thread that points toward north. The 
magnet’s two poles are labeled N and S for north-seeking and south-seeking poles, 
respectively.
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FIGURE 22.5

Unlike poles attract, whereas like poles repel.



FIGURE 22.6

North and south poles always occur in 
pairs. Attempts to separate them result in 
more pairs of poles. If we continue to split 
the magnet, we will eventually get down 
to an iron atom with a north pole and a 
south pole—these, too, cannot be 
separated.
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FIGURE 22.7

An unmagnetized piece of iron is placed between two magnets, heated, and then cooled, or 
simply tapped when cold. The iron becomes a permanent magnet with the poles aligned as 
shown: its south pole is adjacent to the north pole of the original magnet, and its north pole is 
adjacent to the south pole of the original magnet. Note that there are attractive forces 
between the magnets.
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FIGURE 22.8

(a) An unmagnetized piece of iron (or other ferromagnetic material) has randomly oriented domains. 

(b) When magnetized by an external field, the domains show greater alignment, and some grow at the 
expense of others. Individual atoms are aligned within domains; each atom acts like a tiny bar 
magnet.
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FIGURE 22.9

Instrument for magnetic resonance imaging (MRI). The device uses a superconducting 
cylindrical coil for the main magnetic field. The patient goes into this “tunnel” on the 
gurney. (credit: Bill McChesney, Flickr)
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FIGURE 22.10

Iron filings near

(a) a current-carrying coil and

(b) a magnet act like tiny compass needles, showing the shape of their fields. Their response to a current-carrying 
coil and a permanent magnet is seen to be very similar, especially near the ends of the coil and the magnet.



FIGURE 22.11

An electromagnet with a ferromagnetic 
core can produce very strong magnetic 
effects. Alignment of domains in the core 
produces a magnet, the poles of which 
are aligned with the electromagnet.



FIGURE 22.12

An electromagnet induces regions of 
permanent magnetism on a floppy disk 
coated with a ferromagnetic material. The 
information stored here is digital (a region 
is either magnetic or not); in other 
applications, it can be analog (with a 
varying strength), such as on audiotapes.


