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Review:
Canonical ensemble:
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Partition function :
7= =Y e ™ =7Z(TV,N)
Probability of state s:
9 :le*Es/kT
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Example of canonical ensemble (Prob. 4.24 in STP)
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Simulation of the canonical ensemble
THE JOURNAL OF CHEMICAL PHYSICS VOLUME 21, NUMBER o JUNE. 1353
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achines, for investigating such properties as equations of
jual molecules is described. The method consists of a

imensional rigid-sphere
13 are comparcd

A general method, suitable for fast computing
state for substances consist

modified Monte Carlo integrat
od

IL THE GENERAL METHOD FOR AN ARBITRARY
POTENTIAL BETWEEN THE PARTICLES

1. INTRODUCTION

this paper is to describe a general
for fast electronic computing
ng the properties of any substance
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Consider calculating the average energy of a canonical
ensemble at temperature T based on averaging M samples.
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Metropolis algorithm:
1. Start the simulation with a random choice of
microstates to compose a system state s.
2. Choose a random microstate a to b and calculate the
change of the system energy from g,-¢,:
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3. Examine Ag= g,-¢, :

a. If Ae<0 =>» then accept the change.

b. If Ae>0 =» then accept the change with the
probability @=2¢/KT This can be done by
generating a uniformly distributed random
number rsuchthatO<r<1. Ifr<e™
then accept the new state otherwise, retain the
previous state.

4. Repeat steps 2 and 3 M times, accumulating the
summations in the numerator and denominator.
5. Compute the average.

Note: Some of the programs at the

www.compadre.org/stp site use this method.
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Grand canonical ensemble

Assume E,<<Ey, N.<<N,
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where: Z; = ze*/}(Es ~N,)
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Summary of ensemble results:

_ Partition function Thermodynamic potential

Microcanonical Q(E,V,N) S(E,V,N)=k In(Q2)
Canonical Z(T,V,N) F(TV,N)=-kT In(Z)  F=E-TS
Grand canonical Zg(TV,1) Qongau TVW=KT In(Zg)  Qp40=F-uN
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Examples of ensembles for magnetic interactions
(Chapter 5 in STP)

Microstates :
& =-us;B  where s, =x1, xB= spin alignment energy
p=3guy =-928x10J/T
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Calculation of Z;

Z,= Y e/ =e /% 1 e/® = 2cosh(puB)

=1

Thermodynamic functions:

F =—kTIn(Z,)" = =NKT InZ, = =NKT In(2cosh(4uB))

(E)=-N ai: 4 —NB tanh(4uB)

C= [aé?JB = kN (B 'sech?(4uB)
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Magnetic field dependence of Z: N
Z, (TN, B) = (2cosh(5uB))

Magnetization :
N
M =u3(s)
le:lsleﬂ“le

(s) = i _ 12z,
! >e g B
5 =41
oF
M = Nutanh(BuB)=-—
= utanh(fu)=—-—

(MY (P e
12(6781 = [aBz l = Ny B sech?(uB)
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