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= PROBLEM SOLWVIN

vislume of a hixed amount ol gos, [n 1his cse, PYIT nK consLiinl, Simee n
and R remain constant. IF we now let By, V. and T, represent the appropriate
variables inatally, and Py, Ve T represent the variables after the change s
made. then we can write
P 1 Py,

Il e kmow amy Oive of the guaniities i Lhis eguation, we can solve for the sixth
Cir. if one of the three variables is constant (V) = Vs, or A=, or T, = T3}
then we can use this equation to solve for one unknown when given the other
L hres .,|1|i|nli|i.;',',

Check tires cald. An pulomohile tre = Hlled (e 13<15)
Lo @ gauge pressure of 200kPa at 10°C, After o drive of 100 k. the Lum-r.q_-rumn.-
within the tire wises 1o 40°C. What is the pressure within the tire now?
APPROACH We dont know the number of moles of gas. or the volume of the
tire. but we assume they are constant. We use the ratio form of the ideal pas law.
SOLUTION Since 1), = ¥, then

A _ B

.Ir.l =" .|I.1
This is, incidentally, a statcment of Gay-Lussac's law. Since the pressune given
1 the gauge pressure (Sectiom 10-4), we must add atmospherie pressure
(= 101 kPa) to gel the whsolule pressure Py = (200 kPa = 100 kPa) = 301 kPa
W convert temperamres to kelvins by adding 273 and solve for Py

T (33K Y

P = R{F) = Bor x 10°Pa)| o | =

335 kPa

Subtracting atmosphenc pressure, we [ind the resulting gauge pressure (o be
232 kPa, which is a 16%) increase, This Example shows why car manuals sugaest
|,.'|I.I.!i.'kl|l|_{ lire pressurs when e Bires are cold

NOTE When using the ideal gos law, temperatures must be given in kelvins (K}
and the pressure P must always be afwoliile pressire, not gluge pressurc

Ideal Gas Law in Terms of Molecules:
Amgadm’s Number

Thie Fsct that the pas coaslant, R, has the same valoe Tor all pases i% 2 remirk-
iable reflection ol -'.in'.pti.;il:l.' in matore, IE was Tirst r-,-.,'.l-::ni:n_—d_ i|||_h|.'|l.llf;|l in a
alightly different form, by the Tialian seientist Amedeo Avogadro (1776- 1856).
.-1.&'41g:||:l|-::- statied Lhat eagueal vodnmes of gas ol the same pressiere argd IeTRperaiire
corlfain equal menbers of molecules, This is sometimes called Avogadro's
h:rp!llu.'niu. That thia % consislenl with & hl.'lll.!_l_ Lhiz same lar all fates Can iz
seen as follows, First of all, from Eq. 13-3 we see that for the same number of
manles, #, and the same prossare and temperatane, the volume will be the same
for all gases ws long as K s the same, Second, the number of molecules in 1 mole
is the same for oll goses' Thus Avopadro’s hypothesis is equivalent 1o B being
the aame for all pases.

The number of molecules in ome mole of any pure subslance 15 known as
Avopadre’s number, &, . Although Avogadro conceived the notion, he was not
able to sctually determine the value of N, Indeed, precise messurements were
miof dome until the twentieth century

For examgle, the midcoalar mass of Hs ghs I8 20 picmic mass unils (wh whersas o of O gas 5
L0 s, Thuas 0 minl of F5 s a madd of 00030 Bz and | mod of O- gas, 000 e Th mamber of moks-

cules im @ moeke = ocqual o the mial sess W oo
this ratic { M /o] & the same for all gases by definiton of the meole a seole of any gas mest conkain
s sams® number of midccaks

e divided by (g mgss ool ose mislcenls, sisge
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