For a given gquantity of gas it is found experimentally that, to a good
approximalion, e voleme of @ gas i inversely proporiomal o de absoline pres-
suire applied do iF when e teerperaiiere 5 Kepd covslant. That is,
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where P is the absolute pressure (pod “gauge pressure” —see Section 10-4). For
expmple, il the pressure on a gas 5 doubled, the volume is redweed 1w hall its orig-
irial volure. Thas relation is konown as Boyle®s low, after Robert Bovle { 16271601 §,
when firsd slaled il on the basis ol his own expenments A graph of P vs Vfor o fed
temiperature i shown in Fig 153-12. Boyle's law can also be written

v MY = constant. |[eonstant T

That i at constant temperature, if either the pressure or volume of the gas is
allowed w vary, the other variable also changes so that the product PV remains
constani.

Temperature also affects the volume of a gas, bul a quanlitative relationship
between Voand T was not found until more than o century ofter Boyle's work.
The Frenchman Jacgues Charles (1746-1823) found that when the pressure is
mol Loce high and is kepl constant, the volums of a gis increases wilh lempseri-
ture at a nearly constant rate, as in Fig. 13-13a, However, all gases liguefy at
low temperatures (lor example, oxygen Hguelies at = I83°C), 5o the graph
conmet be extended below the liquefaction point. Nonetheless, the graph is
casentially a straight line and if projected o lower temperatures, as shown by
the dashed line, it crosses the axis al aboul —273°C,

Suwch a graph can be drawn for any gns, and the stroight line always projects
hack o =273°C at zero volume. This seems to imply that if a gas could be
cocded to —2TFC, it would have zero volume, and ot lower temperatures o
megative volume, which makes no sense. [t conld be argned that —273°C is the
lowest temperatire possible; indeed, many oiler more recent experiments imdi-
Abwoduic teree cbe thal this is so, This temperature is called the abselute 2ero of temperature.

s value has been determined to be =273.15°C.

FGURE 13-12 Precure v
vl of a figed amownt of gas &1
& constant temperafure, showing the
inverse relationship as given by
Bamyle™s lyw: 2% the pressure
decreases, the volume increasss

FHGURE 13-13 Vaolume of a fiwed amonnt of gas as o funetion of (o] Celsins emperatura, and
(b Kelvin temperature. when the pressure is Eept constant.
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Absolute zero forms the basis of a lemperaiure scale known as the
Solovr scale absolute seale or Kelvin seabe, and it is used extensively in scientific work, On
this seale the temperature is specified as degrees Kelvin or, preferably, simply
as kelving (K wathout the degree sign, The intervals are the same as for the
Celsivs scale, bul the zero an this scole (0 K) is chosen as absclute rero, Thus
the freceing point of water (0°C) is 275015 K, and the boiling paint of water is
ITRN5 K. Indeed, any emperature on the Celsius scale can be changed 1o
kelving by adding 27315 to it

TiK) = T{"C) + 27315

Mow let us ook at Fig, 13-13h, where the graph of the volume of a gas versus
absalile lemperature is o straight line that passes through the origin, Thus, to a
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