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11.1 Basic Assumption

Basic assumptions of the kinetic theory
1) Large number of molecules
N, = 6.02 x 10%° molecules per kilomole
Z) Identical molecules which behave like hard spheres

3) No intermolecular forces except when in collision
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11.1 Basic Assumption

Basic assumptions of the kinetic theory
/) Collisions are perfectly elastic

5)  Uniform distribution throughout the container

_N dN = ndV
v

Average # of molecules per unit volume
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11.1 Basic Assumption

6) Equal probability on the direction of molecular velocity
average # of intersections of velocity vectors per unit area

N
412

the # of intersections in dA

dA < r?sin6dod¢

rsin 6d¢

4112
N sin 6 d6d¢ nsin 6 dod¢
— A2 — 2 —
=dNop =————  dngp =——
# of molecules having velocities in a direction (6< <6+d6)
(p<  <dp+do)
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11.1 Basic Assumption

/) Magnitude of molecular velocity : 0 ~

A
C (speed of light)

dN,, : # of molecules with specified speed (v< <v+dv)
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11.1 Basic Assumption

° Let dN,, as # of molecules with specified speed (v< <v+dv)
© [dN, =N

. 1 fo©
Mean speed is 7 = © J, vdN,

-y 1 o0
* Mean square speed is v? = Nfo v2dN,,

* Square root of v2 is called the root mean square or rms speed:

Urms = ‘/ﬁ

°* The n-th moment of distribution is defined as

—_— 1 00
n — = n
vt == [ vtdN,
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11.2 Molecular Flux

« # of molecules of a gas that strike a surface per unit area and unit time

*  Molecules coming from particular direction 6, ¢ with specified speed v in time dt

— O¢v collision [ 6< <6+d6
[¢< <¢p+do

v< <v+dv

+ # of 6w collisions with dA dt
4
= 8dbv molecules in E’

= 6¢ molecules with speed v

Fig. Slant cylinder geometry used to calculate
the number of molecules that strike the area dA in time dt.
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11.2 Molecular Flux

] R
- How many molecules in Hl

dn,, : # density between speed (v< <v+dv)

dA
d31’19¢v = dl’lv . 7 = dl’lv

sin 6d0d¢
4T

dV = dA (vdt cosb ) < Volume of cylinder

« # of 6dv molecules in the cylinder

d*nggydV = dA (vdt cosd )dn,, T2o09®

- # of collisions per unit area and time

BTV T Evdnvsmecosededq)
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11.2 Molecular Flux

« Total # of collisions per unit area and time

d3n9¢vdV

_r2m om/2 . i —l
Al fo fo sinBcosbdbd¢ - —vdn, = S vdn,

- Total # of collisions per unit area and time by molecules having all speed

[22vdn, = inp
04 Y 4

Cf. average speed 7 = =~ ==—t=2"1 =
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11.3 Gas Pressure and ldeal Gas Law

« Gas pressure in Kinetic theory

Gas pressure is interpreted as impulse flux of particles striking a surface
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11.3 Gas Pressure and Ideal Gas Law

Perfect elastic v = v’

Average force exerted by molecules

dm'l_?) - . o
= (dt)=ma+mv

F

Momentum change of one molecule (normal component only)
muvcosd — (—muvcosf) = 2mvcos6H sin@
# of 8¢ collisions for dA, dt T\v?mse

0106
ﬁvdnvsinecosededq) / \;%/ /
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11.3 Gas Pressure and Ideal Gas Law

« Change in momentum due to 8¢v collisions in time dt

2mvcosf X ﬁ vdn,,sinBcos0dOd¢

= — mv2dn,sinBcos20d0oddpdAdt

2T

« Change in momentum in all v collisions 0 < 6 < g O0<¢p<2rm

JZ fozn i mv?dn,sinBcos20d0d¢ - dAdt

= é mv?dn,dAdt
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11.3 Gas Pressure and ldeal Gas Law

+ Change in momentum from collisions of molecules at all speed
%mfvzdnv = dF - dt

-

—  dF
* Average pressure P = —

1 1 — —
sm [ v?dn, = smnv? cf. v2 =
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11.3 Gas Pressure and ldeal Gas Law

PV = %Nmﬁ cf. EOS of an ideal gas PV = nRT = mRT =kT
)

N, : Avogadro’s number : 6.02 x 10%° number/kmole k- Boltzmann constant

kg : Boltzmann constant : ky = — = 1.38 x 10723J /K

El:m
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11.4 Equipartition of Energy

* Equipartition of energy

Because of even distribution of velocity of particles,

— 5 5 — 1 1 1
v =vi+v)+vZ v = §=vzz=§v2 - Emv2=EkT

It can be interpreted that a degree of freedom allocate energy of 1/2 kT
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11.4 Equipartition of Energy

E=E.+E,+E

energy
Ny R SR gy
—vax+2mvy+2mvz
= kT = kKT = kT
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11.5 Specific Heat

6q = du + 6W

U=f- %NkT f: number of degrees of freedom

u 1= —
) 5)v_f5R (nR = Nk)
_ (o0 _fp,.p_U+t2)5
CP_(aT)p_2R+R_ 2 R
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11.5 Specific Heat

Monatomic 1 21 21 2 C 342
O 2 Tt 3 MYy 5 MYz @ —p:—3 = 1.67
Cy

gas
1 2 1 2 1 2
S MUy, - Muy, ~mv;
Translational
negligible - C_p — S+2 —
iatomi L2 Liwz Li? v oS
Diatomic O"VW"O Iy, ZIWy1/{Z @
gas Rotational

1 1. L
> kx?, mez no y,z vibration

Vibrational T

Near room temperature, rotational or vibrational DOF
are excited, but not both.
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11.5 Specific Heat

CO translational 3
Triatomic ? . C—p——7+2 = 1.28
OJ\W‘O-'WI‘O rotational 2 ¢, 7
gas . .
vibrational 4
 Vibration modes of CO,

A B
Stretch

C ‘ D f
Bending
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11.5 Specific Heat

== (kinetic) ‘
> x,y,z direction
% (potential)

U = 3NkT

Solid

cy = 3R(Dulong-Petit Law)
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