pood approximation, the voluwme of o given mmonn) of gas (5 direcilv propor-
rioeral 1o the absolue remperaiure swhen e pressure 5 kept consiant, This 15
known as Charles's law, and s writlen

VT [constant ] Charfes's Imr

A third gas law, known as Gay-Lussae's law, after Joseph Gay-Lussse
(ITTE- 1850, states \hal at consfand polivne, the abzolise pressiee af @ pars s
directly proportional o the absolule lemperainre:

PxT. [comstant V] {ray- L'y L

A fumiliar example is that o closed jar or an aerosol can thrown into a bot firg
will explode due 1o the ingrease in pas pressure inside that results from the
lemperature ingrease,

The laws of Boyle, Charles, and Gay-Lusspc are not really lows in the sense
that we use this term today (precise, decp, wide-ranging validity). They are
really only approximations that are sccurale for real goses only as long as the
pressure and density of the gas are not too high, and the gas is not teo close to
liguelaction {vondensation ), The term deoe applied 1o these three relationships
has become traditional, however, so we have stuck with that usage,

CONCEFTUAL EXAMPLE 13-9 | Don't throw a closed glass jar Into a

campfire. What can happen if vou did throw an empty glass jar, with lid on
tight, into a fire, and why?

RESPOMNSE The inside of the jar is not empty. 1t is filled wath aie. As the fire
heats the air inside, ils lempermtore ases The vidume of the plass jar chanpes
anly slightly due to the heating, Acoording to Gay-Lussac’s law the pressure ® of
the air inside the jar can increase dramatically, enough o cause the jar to
explode, throwing gloss pieces outward.

EER] The Ideal Gas Law

The gas laws of Boyle, Charles, and Gay-Lussac were obtained by means of a
techmigue: thal s very wseful in science: namely, hodding one or more variables
constant to see chearly the effects on one varable due to changing one other vari-
able. These lows can now be combased o a single maore general relation between
thie absslute pressure, volame, and absclute temperature of o fixed quantity of gas:

PV T,

This relation indicates how any of the quantities B V, ar T will vary when the
other wo gquantities change. This relation reduces 1o Bovles, Charles™s, or Gay-
Lussnc's lnow whien either the temperature, the pressare, or the volume, respee-
tiviely, 15 held comstant,

Finally, we must incorporate the effect of the amount of gas present,
Amyonc who has blown up a balloon knows that the more air foreed into the
il o, the bigger it gets (Figure 13- 14), Indeed, careful experiments show that  FIGURE 13=14  Blowing up a
at comstant temperatare and pressure, the volume Voof an enclosed pas  balloon means putlang more ar

increases i divect proportion 1o the mass moof gas present. Hence we wiile {more air molecules) into the
bhalloon, which increases s volunse
PV o« mT. The pressure is nearly constani

{atmuspheric) exeept for the small
This propaertion can be made into an equation by ingerting a constant of propor- — effed of the balloons elasticity
[i-::.rml'il_'!.'. F:peﬂmi,'nl ahews That thig comatant hag o dillerent value for different
gascs, However, the constant of proportionality turns out @0 be the same for all
gasex if, instead of the mass pr, we use the number of moles.
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