bullks filled with a dilute gas connected by a thin tube (0 a mercury manomeler,
The volume of the gas 15 kept constant by rasing or lowering the mght=hand
tube of the manometer so that the mercury in the lefi-hand tube coincides with
the reference mark, An increase in temperatiure citses a propectional increase
in pressure in the bulb. Thus the tube must b lifted higher 1o keep the pas
volume constant. The height of the mercury in the righi-hand column s then a
measure of the lemperature, This thermomeler gives the same resulis for all
gascs in the limit of reducing the gos pressure in the bulb toward 2ero The
r.:sullintl_ seale serves as g hasie for the standard Lerm pe st wenle,

" Thermal Equilibrium and the
Zeroth Law of Thermodynamics

W arc all familiar with the fact that if two ehjects at different temperatures are
FII.iII,.'E:I'J in thermal contact {meaning the rmal energy can lransier from one 1o the
other), the two ohjects will eventually reach the snme temperature. They are then
said 1o be inothermal equiliom. For example, you leave a fever thermometer in
your maouth until i comes inlo thermal r_'l;.|uilibri um with that envirgmment, jmad
then you read il Two ohjects are defined to be in thermal equilibrium if, when
placed in thermal contact, mo energy flows from one o the other, and their
temperatures don’t change. Experimenls indicate that if oo systems are in
therrvial equidibrieen aoith a thind syarei, then they are in hermal egquilibeieo wich
cach other, This postulate 15 called the zeroth low of thermodynamics. 11 has this
unusual name since it was nod wntil afier the great first and second laws of
thermodynamics (Chapter 15) were worked out that scientiais realized thar this
i||:|'|i|.1'r:n1i:..' b acHis Fu:ml;u]u.n: needed to be £1aled frst,

Temperature is a property of a systen that determines whether the system
will be in thermal equilibrium with other systems When Dwo svsiems are in
thermal equilibrium, their emperatures are, by definition, equal, and noe net
thermal energy will be exchanged between them. This is consistent with our
:\';'r:.:ﬂil],' sl icsm ol lemperalure, since when a hol nhj-:r:r and g ocold one are put
into contact, they eventually come to the same temperatune. Thus the impor-
tnce of the zeroth low 15 that it allows o wselul definiton of temperniure,

Thermal Expansion

Mosi substances expand when heated and contragt when cooled, However, Lhe
amount of expansion or contraction varies, depending on the material.

Linear Expansion
Experiments indicate that the change in length AL of almost all solids s 1o a
gaod approgimation, directly proparfional o the change in emperature AT, as
lomg as AT is nol too large. As might be cxpected. the change in length is also
propomiconal o the original length of the object, Lo, Fig 13-9, That s, for the
samie temperature change, a 4-m-long iron rod will increase in length twice as
much as a 2-m-long ron rod, We can write this proporticnality as an equation:
AL = L, AT, (13-1a)

where o, | he '|'-n:_|-|'.-url|ru'|a||tr'|.' constant, 15 called the cowfficiend nj' Hrear r_1.]r.'.|:|i|:r'.-m
for the purticular material and has units of (C°) ' We set L = L, + AL,
and rewrite this equation as

L= L[l +aAT), {13-1h)
where L, is the length initially. at temperature T, and L s the length afier
|"||::|Ii11;['_ (M |'_'I.Il.b1i1'l|:! o @ lemperature T.If the empserature |_"|'I:|.rl|g|1.' ATm T =T,
is negative, then AL = L — L, is also negntive; thus the length shortens as the
temperature decreases

FGURE 12-9 A thin rod of lemgih
Ly at temperatare T, & henled 10 o new
uniform lemperature T amd scquines
length L. where L = Ly = AL

in- L(I P
il T,n__;

mT

- L -
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