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AGURE 13-1& (a) Moleoules of o
gas muoving aboul in a reclangular
container. (h] Arrows indicote the
neomenlum of one mobecule & it
reboumds Froms the emd wall
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We make the follovwing assumptiong about the molecules in a gas These
assumplions refllect o simple view of a gas, but nonetheless the resulls they
predict correspond well 1o the essential features of real gases that are at low
pressures and far from the Hguelaction point. Under these conditions real gases
follow the idenl gas law guite closely, and indecd the gas we now describe is
referred 1o as an ddeal gas, The assumptions, which represent the basie posiu-
lates of the kimelic theory, are:

L. There mre o lorge number of molecales, N, ench of mess . moving in
random directions with a variety of speeds This assumption is in aceord
with our abservation that a gas Glls s contsiner and, in the case of air on
Earth, is kept from escaping only by the force of gravity

2. The moleculess are, on the average, far aparn from one another. That is, their
average separation is much areater than the dismeter of eoch molecule,

3. The molecules are assumed to obey the laws of classical mechonics, and are
assumied to interact with one another only when they eollide. Although
malecules exert weak attractive foroes on each ather between collisions, the
potential emncrgy associated with these forces is small compared o the
kinetic energy, and we ignore it for now.

4. Collisions with ancdher molecule or the wall of the vessel are assumed Lo be
perfectly  clastic, like the collisions of perfectly clastic billiard balls
(Chapter Th We assume the collisions are of very shorl duration comparned
to the time between collisions Then we con ignore the potential energy asso-
ciated with collisions in comparson to the kinetic encrgy between collisions

We can see immediately how this kinetic view of a gas can explain Boyle's
law {Sechuon 'I."-—F\].'Thl: pressure eXeried on ) wall of & conbinmer of 1L e e
to the constant bombardment of molecales. TF the volume is redweed by (sav)
hald, the molecules are closer together and twice as many will be sinking a given
ared of Lhe wall per second, Henge we expect the pressure o be (wice as greal,
in agrecment with Boyle's Law.

Mo lel us clculale ql.lil.rlli:[il.li‘l'lﬂ:.l the pressure @ gas exerls on 5% combinmer
as bascd on kinetic theory, We imagine that the molecules are inside o rectan-
pular container (af rest) whose ends have area A and whose length 15 [ as
shown in Fig, 13-160, The pressure exeried by the pas on the walls of s
container is, aceording to our model, due to the collisions of the molecules with
the walls Let us fociis oar stlenlion an the wall, of area A, al the lelt end ol the
container and examing what hoppens when one molecule strikes this wall, as
shown in Fig. 13- 16b, This molecule exerts a foree on the wall, and according 1o
Mewlon's third Liw the wall exerls an equal and opposite force back on Lhe
molecule. The magnitude of this foroe on the molecule, according (o Mewton's
secomd  Iaw, 15 equal 1o the maolecules rate of change of momentim,
F = A{mr)/ & (Eq, 7-2). Assuming the collision is elastic, enly the © compeo-
mentl of the molecule’s momentum changes, and it changes from —me, (it
i% 'rm,winr_ in the rll,:g.'lﬁm,: X d.i'n:l:liun:l t +m, Thus the i;hang:: i thie
malecule's momentum, & (mre), which is the final momentum minus the initial
e, 14

Almr) = me, = [—me,) = 2me,

for one collision, This moelecule will make many collisions with the wall, each
separaled by o time &f, which is the time i1 takes the molecule 1w travel across
the contpiner and back again, o distance (¥ component) equal o 2 Thus
A = p, Af. or
o
At = —

The time Af between collisions is very small, so the number of collisions per
seconmd is very large. Thus the average force—averaged over many collisions

368 CHAPTER 13 Temperaturs and Kinatic Theory



