AGURE 13-3 Expansion joint on
a hridge.

colliding with ane another. On the average, the ypeeds are suificiently high in a
gas Lhit when two molecubes collide, the force of attraction 15 nod strong enough
to keep them close together and they fly off in new directions.

ANl ESTIMATE | Distance betweesn atoms. The density of
copper is B9 * 10" kg/m", and each copper atom has a mass of 63 u. Estimate
The: ave e chslince belween nl.:'ighl‘mring Copper aloms.

APPROACH We congider a cube e copper 1o on a wicle. From the given d.r.:l'l:;il!!.'
we can calculaie the mass of o 1-m” cube. We divide this by the mass of one atom
(63 0] wobiain the number of atoms in 1 m'. Let N be the number of atoms in
a l«m length: then {N)(N](N) = ¥ equals this total number of atoms in 1 m,
SOLUTION The mass of 1 copper atom is 63u = 63 x 166 « 107 kg
105 = 10 * kg, This means that in o cube of copper Im on a side
(valume = 1 m"), there are

8.9 10 kg/m’
1.05 = 107 kg/ntom

= 8.5 = 10** ptoms/m’.

The volume of u cube of side /is V' = I, 50 on one edge of the I-m-long cube
there are (85 * 107 atoms = 4.4 = 10" atoms Hence the distance between
neighborng atoms s

Im

—_— 23 = 10 "m.
4.4 = 10¢ atoms .

MOTE Watch out for units. Even though “atcms™ is not a wnit, it is helpful 1o
mnclude 1t to make sure you calculate correctly,

m Temperature and Thermometers

In evervday lile, lemperature s a measure of how hot or cold something B A
hil avven 1% &g o live & h'igh temperalure, whiereas The e ol g Troren Like 15
said to have a low temperature.

Many properties of matter change with temperature, For example, most
malerials expand when heated,” An iron beam is longer when hot than when
cold. Conerete roads and sidewalks expand and contract slightly according o
lemperalire, which 15 wh;«- l.:II-TL'IpI'I;!!-.ﬂhll: uICETs Or eXpansion jﬂ:iﬂl!li l|"'i|_|',- 13-3)
are placed at regular intervals The electrical resistance of matter changes with
temperatire {see Chapter 18], So too dogt the color radiated by objects, at least
at high lemperalores: vou may bave noediced that the heating element of an
cleetric stove plows with a red color when hot. At higher temperatures, solids
such as iron glow orange or even white, The white light from an ordinary
incandescent lightbulb comes from an extremely hot tungsten wire, The surface
temperatures of the Sun and other stars can be measuned by the predominant
color (more precisely, wavelengths) of light they emit,

Instruments designed to mepsure temperature are called thermomeicrs.
There are many kinds of thermometers, but their operation always depends on
some property of matter that changes with tempernture, Most commaon ther-
momeiers rely on the expansion of a material with an increase in temperature.
Tha furst ides for o thermameler “"'ig. 13=:a}, h}' Caahileo, made e of the ex [uin-
sion of a gas Common thermometers today consist of a hollow glass tube filled
with mercury of with aleohol colored with a red dye, as were the earliest usahle
thermometers (Fig, |5=4b) Figure 13-4 shows an eary climeal thermometer of
a different type, also based on a change in density with temperature.

"Most materiale expand when their mperature s mised, but not all, Waker, for example, in the
rasge FC bo 4°C contrncts wilh an increase in lemperabore [see Sectson 154
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