


Ludwig Boltzmann, who spent much of his life studying statistical mechanics, died in
1906, by his own hand. Paul Ehrenfest, carrying on the work, died similarly in 1933.
Now it is our turn to study statistical mechanics.

Perhaps it will be wise to approach the subject cautiously.
D.L. Goodstein
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(b) ... then systems A and B are in

thermal equilibrium with each other.
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The zeroth law of
thermodynamics: If C Is
initially in thermal equilibrium
with both A and B, then A
and B are also in thermal
equilibrium with each other.

Two systems are in thermal equilibrium if and only if they have the
same temperature.
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(b) Graphs of pressure versus temperature at constant volume
for three different types and quantities of gas

Plots of pressure as a function of
temperature for gas thermometers
containing different types and
quantities of gas K

p

Dashed lines show the plots

/ -
extrapolated to zero /
pressure..,
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The extrapolated plots all reach zero pressure
at the same temperature: —273.15°C.
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(b) Graphs of pressure versus temperature at constant volume
for three different types and quantities of gas

Plots of pressure as a function of
temperature for gas thermometers
containing different types and
quantities of gas 0
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The extrapolated plots all reach zero pressure
at the same temperature: —273.15°C.
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Ideal-gas el e Number of moles of gas
. JdSs pressure
equation: IS PIESSUIn’

Gas volume =ssvueses”

[. The volume V is proportional to the number of moles n. If we double n,
keeping pressure and temperature constant, the volume doubles.

The volume varies inversely with the absolute pressure p. If we double p
while holding the temperature 7 and number of moles n constant, the gas
compresses to one-half of its initial volume. In other words, pV = constant
when n and T are constant.

The pressure is proportional to the absolute temperature T. If we double T,
keeping the volume and number of moles constant, the pressure doubles.
In other words, p = (constant) X T when n and V are constant.

Gas constant 8.31446261815324 J-K~1-mol-1
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in area A during a time interval dt, the

molecule must be headed for the wall and = oA = = AN NS Vs T =
be within the shaded cylinder of length ( 2L s ¥TKZ{§E%U\@E@>
|vy| dr at the beginning of the interval. N

- %<?)(A\vx\ dt) Nt F1/2?
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.': \ —5 = _ D =,
wall £~ Cylinder: ° KJJEE&%E = {EPE: Fdt
g volume Alv,|dt 5
; F Nmvy
All l]](')lCClllL‘.:‘(ll'C assumed to have the same A V IH

magnitude |v,| of x-velocity.
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18.12 For a molecule to strike the wall

in area A during a time interval dt, the

molecule must be headed for the wall and

be within the shaded cylinder of length
|vy| dr at the beginning of the interval.

wall _____.,.:T'.----"""'éylinder:
i volume Alv,|dt

>
All molecules are assumed to have the same

magnitude |v,| of x-velocity.
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N/n = 1 moleX M 157+ %% : Avogadro’s number N,

Nay = 6.02214129(27) X 10%® molecules/mol

R: FHAE S AR $ gas constant  8.31446261815324 J-K~'-mol!
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Boltzmann constant % /K 2% = =

R 8.314 J/mol + K
k = / = 1.381 X 1072 J/molecule - K

B N C6.022 X 107 molecules/mol

...... Mass of a molecule
Average translational .., 3

e 1 L - s Absolute temperature
Kinetic energy of a L (U ) kT

gas molecule

Wl T 2L ofgas

Average value of the =~ ™., Boltzmann constant
square of molecular speeds



