Phase Transitions: Homework 5 - Solution

Problem 5.1

Starting with a gas of density n. The probability of finding a particle in
infinitesimal volume element AV is given by P;(AV) =nAV. This implies
that the chance of finding no particle within AV is given by

Py(AV) =1—P(AV) =1—-nAV

If a volume V is empty with a probability of Py(V') then a volume V + AV
is empty with a chance of

So we find

dPy(V)  Po(V4+AV)—Py(V) Y
v AV N

Solving the differential equation with the boundary condition Py(0) = 1
gives

Py(V) = exp(~nV)

Now, in 1D we can simply replace V' by R. We know that S(R) = S(0) if
there has been no domain wall in between 0 and R and that if there has
been a domain wall, then S(R) = £5(0) with equal probability. Le.:

S(R) = S(0)  with probability p; = e ™+ L(1 — e ™) = 1 (1 + e ")
~ | =S(0) with probability p_ = 3(1—e )

So we find for the correlation function



Problem 5.2

x(1) = Tr[pT-{z(7)z(0)}]
For 7 > 0 we have

X(r) = Y (nlpem /e H )

n

Now use p = Z e PH to show that
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So we find

x(1) = e~ PEo (O\eTH/h:ce_TH/hx]O)

=Y e e ofaln) (nle ™ lm) (ml|0)

n,m

= e PP TEE)/M0 2| n) (n|x|0)

— Z e‘ﬁEo\(O\x]nHQe_T(E”_EO)/h

Because the potential is symmetric, we know that the energy eigenstates
|0), |1) etc must be of definite parity +1. Because z is of negative parity
(0]z|1) = 0. Consider now a system where just the ground and the first
excited states have to be considered, i.e. the excitation energy to the second
excited state Ay = Ey— Ej is large enough compared to 7/h and A = E1—E)
such that e 7A/0 > e=7A2/h,

X(7) = e PFoy(0]a|n)[PeT(FnFo)/h
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