
PH 333: Assignment NO. 3
Due: March 14, 2017

1. Consider the Edwards-Anderson model with Ising spins, defined by the Hamil-
tonian

H =
∑
<ij>

Jijσiσj,

where the sum is over nearest-neighbor pairs of sites on a hypercubic lattice
in d-dimensions, and each Jij is an independent Gaussian random variable
with zero mean and variance ∆. Use the replica method to calculate the
thermodynamic behavior of this model in mean field theory. In particular,
calculate the value of the transition temperature and the behavior of the or-
der parameter near the transition. Assume replica symmetry and the simple
Edwards-Anderson definition of the spin glass order parameter.

2. Consider the replica symmetric solution of the Sherrington-Kirkpatrick model,
with finite field h and finite variance of the interactions Jij, ∆J2 = J2/N , but
zero mean value, J0 = 0. The solutions will need to be written in terms of a
magnetization per site m, and the overlap q. Write down the expression for
the magnetic (local) susceptibility, defined as

χ =
1

N

∑
i

χii

where

χii =
∂mi

∂hi
.

Assuming both m and q to be small, solve for the susceptibility at zero field
across the spin glass transition.

3. Consider the SK model at a non-zero value of J0 and zero external field. For
large values of J0, one should expect ferromagnetic ordering. Using expansions
for small q and m solve for the T −J0 phase diagram, i. e. the transition lines
from the paramagnetic to ferromagnetic or spin glass phases.

4. Considering the stability condition for the replica symmetric solution in finite
field and zero J0, discussed in the lectures, using small q and m expansions,
derive the expression for the de Almeida-Thouless (AT) line, in the small q
limit.

5. Consider a random field Ising model with infinite range ferromagnetic inter-
actions. The model is defined by the Hamiltonian

H = − J

N

∑
i>j

σiσj −
∑
i

hiσi,
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where each hi is an independent random variable that takes the values +h0
and −h0 with equal probability. Use the replica formalism and the saddle
point method to obtain a self-consistent equation for the ferromagnetic order
parameter m, assuming replica symmetry. Solve this equation to obtain the
phase diagram of this system in the T − h0 plane.
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