field B' gives quB’ = mv’/r. Since v = E/B, we have
qB'r  gBB'r
v E

m =

All the quantities on the right side are known or can be measured, and thus m can
be determined.

Historically, the masses of many atoms were measured this way. When a
pure substance was used, it was sometimes found that two or more closely
spaced marks would appear on the film. For example, neon produced two marks
whose radii corresponded to atoms of mass 20 and 22 atomic mass units (u).
Impurities were ruled out and it was concluded that there must be two types of
neon with different masses. These different forms were called isotopes. It was
soon found that most elements are mixtures of isotopes, and the difference in
mass is due to different numbers of neutrons (discussed in Chapter 30).

Mass spectrometry. Carbon atoms of atomic mass
12.0u are found to be mixed with another, unknown, element. In a mass
spectrometer with fixed B, the carbon traverses a path of radius 22.4 cm and
the unknown’s path has a 26.2-cm radius. What is the unknown element?
Assume they have the same charge.

APPROACH The carbon and unknown atoms pass through the same electric
and magnetic fields. Hence their masses are proportional to the radius of their
respective paths (see equation above).

SOLUTION We write a ratio for the masses, using the equation at the top of
this page:

Mmoo qgBB'r /E _262cm (17
me  gBB're/E 224c¢cm o
Thus m, = 1.17 ¥ 12.0u = 14.0u. The other element is probably nitrogen
(see the periodic table, inside the back cover).
NOTE The unknown could also be an isotope such as carbon-14 ('}C). See
Appendix B. Further physical or chemical analysis would be needed.

m Ferromagnetism: Domains and Hysteresis

We saw in Section 20—1 that iron (and a few other materials) can be made into
strong magnets, These materials are said to be ferromagnetic.

Sources of Ferromagnetism

Microscopic examination reveals that a magnet is made up of tiny regions
known as domains, at most about 1 mm in length or width. Each domain
behaves like a tiny magnet with a north and a south pole. In an unmagnetized
piece of iron, the domains are arranged randomly, Fig. 20-40a. The magnetic
effects of the domains cancel each other out, so this piece of iron is not a
magnet. In a magnet, the domains are preferentially aligned in one direction as
shown in Fig. 20-40b (downward in this case). A magnet can be made from an
unmagnetized piece of iron by placing it in a strong magnetic field. (You can
make a needle magnetic, for example, by stroking it with one pole of a strong
magnet.) The magnetization direction of domains may actually rotate slightly to
be more nearly parallel to an external field, or the borders of domains move so
domains with magnetic orientation parallel to the external field grow larger
(compare Figs. 20-40a and b). This explains how a magnet can pick up unmag-
netized pieces of iron like paper clips. The magnet’s field causes a slight alignment
of the domains in the unmagnetized object, which becomes a temporary magnet
with its north pole facing the south pole of the permanent magnet, and vice
versa; thus, attraction results. Similarly, elongated iron filings in a magnetic field
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FIGURE 20-40 (a) An unmagnetized
piece of iron is made up of domains
that are randomly arranged. Each
domain is like a tiny magnet: the
arrows represent the magnetization
direction, with the arrowhead being
the N pole. (b) In a magnet. the
domains are preferentially aligned in
one direction (down in this case), and
may be altered in size by the magne-
tization process.
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