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Some definitions  “wlal
Let us introduce some notation. We define
Q(E) = Number of states with energy £ 48Uay WALl dae

The probability that the system with fixed energy £ is in a given state |n) is simply

1
allaaay) p(n) = O(E)

For an 1solated system in equilibrium, all accessible microstates are equally likely.
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Entropy and the Second Law of Thermodynamics

We define the entropy of the system to be

S(E)=kplogQ(E)  @NAd )saalll ol L g il

Here kp is a fundamental constant, known as Boltzmann’s constant . It has units of
Joules per Kelvin.

kp ~ 1.381 x 1072 JK!



Configurational Entropy

Consider placing a single particle in a volume V' divided into two equal halves.
Let e =V/2.

Two ways of keeping a particle in a box divided into two equal parts. ¢ =V/2

r
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QV,N=1e=V/2) = % =2 and, S =kpln Q2 = kpln(2).
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Now consider distributing two distinguishable particles in these two cells each
of volume € = V/2, see Fig. (4.2). We then have

Four ways of keeping two distinguishable particles in a box divided into
two equal halves. e = V/2.

2 R
OV, N=2,e=V/2) = (%) —4 andS = kpln 2 = 2kgIn(2).
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Q(V,N,e=V/2) = (E) =2V, and S = kpIn 2 = NkpIn(2).

Let us now divide the volume equally into V/e parts and count the number of

N
ways or organizing N (distinguishable) particles. We find ﬁ{V N)= (%) ,

S=kpnQ = Nkpn(V/e)
— NkglnV — Nkplne.



Multiplicity

« Multiplicity ( W) — a number of microstates available
for a given configuration

* From statistical mechanics:
N!
n!(N —n)! N!'=1-2-....N—-1-N
O'=1
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For example :
5!1=1.-2-3-4-5=120
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Now look at 10 particles




0Q(5)=4 139 )= JI33)) 139 £2(9)=4
Q=g 1M o Ll 2 - L R e (10)=3
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10 4 | | B
2 a3 4 5 & 7 & 9 10 11 12

Total number of microstates: 36 Total number of macrostates: 11






| ms=12 |}
Example three spin-1 particles e
Possible states are: 0 _ AE=gH H
"
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If we know that E = —pu H, then the corresponding microcanonical ensemble is
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Each state is equally likely with  p,, = é =
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Classical Statistical Mechanics
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(V) a8 aaa Jady s (N) Slajall e pfase e g ging OIS I (SudIS) galsi aUill jiieg
lan 5 508 ailloda ¥ 15his e N 2= 1022, 7 = 1022 1L LS Sl o2 dnd galll 2@l Cuim
b LS limit case 4l Al el calial (el

N—-sow, Voow, v=V/N (4.1)
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Statistical Ensemble (~baaY) a8l (4.1)
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Phase Space of classical System (Ss=S)) alaill | ghall slad (4.2)
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D b WS e ng ¢ Generalized momenta 4 gasdl 4ol o & 31 5 «Coordinates
(qup) ;i=123.....3N
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p(q,p,t)d*Nq d*Np (4.3)
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