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[The Boltzmann Factor

Two isolated systems

D C<Z

<

o In thermal contact

RE<Z

Let system A be a single particle
Let system A’ be a large system
o “reservoir”

Transfer of energy — Number of
microstates in A and A’ change

o Ratio of number of states = G




[The Boltzmann Factor

Consider system A has two different
energies U, and U,

Reservoir A’ Is very large
o lts temperature T’ remains the same
o Has many energy levels

Recall that P(U)= Q*(U) / Q%
Recall that Q" (U)=QU)-Q' (U -U)



[The Boltzmann Factor

Then,
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[The Boltzmann Factor

Recall that
1 1 dQ 1 1 dQ
= and — =
T QdU T Q' dU'’

Equilibrium at =177,

o related to absolute temperature

T'=kpT"

kg= Boltzmann const= 1.38x102% J K
T= absolute temperature K

Consider solving the above equation for Q’

o T’ Is constant




[The Boltzmann Factor

1 (dﬂ') 1 Q! 1 ).,
Q\du') k, 7' dU' \ kT

Then,
Q'(U'")=constant X e
Hence, at equilibrium 7= T’

Uk yT

(U"=U,)/kgT"
R = constant X e _ ,—(U,-U, ) k5T

(U =U,)/kgT"

constant X e




[The Boltzmann Factor

R is called the “Boltzmann factor”

o Factor by which the number of
microstates in the reservoir decreases
when the reservoir gives up energy U.-U,

Relative probability of finding system A

with energy U, or U, is given by

PU _ | QUD | vt

PU,) QU,) |




[The Boltzmann Factor

G factor: “density of states factor”

o Property of the system

o Ex: single atom with discrete energy
levels, G=1

o Degeneracy: G may be different



[Example 1: Nernst Equation

Concentration of ions on the two sides
of a semi-permeable membrane and
its relation to the voltage across the
membrane

PQ)_C,| e
PQ) C




[Nernst Equation

U= E,+E, (E, is the same)
o Potential energy is E,= zev

Then’ 2 — e—ze(vz—vl)/kBT

Cl
Since R=N,K; and F=N,e

Nernst RT (Cl j

- v, —v, =——In
Equation 2T TR C,




Example 2: Pressure variation
[in the atmosphere

Atmospheric pressure decreases with
altitude

Potential energy: gravitational =mxgxy

C(y) — e—mgy/kBT
C(0)




[Assignment

Problem assignment on web site



