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1. Phase transition in 1d and 2d Ising models. According to energy cost to create a typical boundary between
up and down spins, show that 1d Ising model has no non-trivial fixed point (i.e. Tc = 0), while for 2d Ising
model there is a Tc 6= 0. (10 points)

2. Transfer matrix formalism: imagine that a periodic 1d Ising model whose coupling constants are J and K
repeated successively in the string according to following figure

Figure 1: This figure shows what I want for question.

A: Write the Hamiltonian for this system. (5 points)
B: Determine the corresponding Transfer matrix. (10 points)

3. Mean field theory: For the XY mode, determine the scaling exponents for M ∼ tβ and χ ∼ tγ . Here
t ≡ (T − Tc)/T . (Hint:

∫ +π

−π dθe
a(cos(θ)) = (2π)I0(a))(20 points)

4. Mean field theory: For the following Hamiltonian:

H = −
∑
ij

JijSiSj − ε
∑
lmn

KlmnSlSmSn −H
∑
q

Sq

where ε� 1
A: Write the mean field correction to H. (10 points)
B: Compute the Critical temperature. (5 points)
C: Deduce the probable correction to a typical corresponding critical exponent compare to common Ising
model. (5 points)

5. Ginzburg criterion: According to the Ginzburg criterion, one can evaluate the goodness of mean field theory,
to this end suppose the Ising model with

H = −J
∑
ij

SiSj

and in the mean field theory, we can rewrite the above hamiltonian as H = Hmean−field +Hcorrection, compute

Hcorrection

Hmean−field

by means of dimensional analysis. Deduce which dimension is good for? (Hint: Near critical point and for
t→ 0+, at first compute G(r) or its Fourier transform, G̃(k).) (15 points)

Good luck, Movahed


