Jaleallg Jgpillaamadlallaaals
King Fahd University of Petroleum & Minerals

Physics Department
Phys630 — "Phase Transition 1" Course
2" semester (122) / 2013

Exercises # 3

Prepared By:
ESAN GUNAID ABDO AL-NAHARI

G200704690



Exercise 8.13
Show that the Bethe- peierls approximation does not predict a phase transition for 1D Ising model

with no external field. (As a matter of fact, the Bethe-Peierls approximation gives the exact result
for the energy of the 1D Ising model with or with out an external field.)

The solution:

We always look for the solution to Ising model at (external magnetic field H =0) for spins 1 and 3
and a different external field H' for spin 2 .

So, the Hamiltonian is given by o o, o, o, c
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We put values of o, and o,where o, =+land o, =+1
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This equation is the partition function Z of the system, to get & we start the following steps:
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but (o, + ;) = 2(o,) so from Eqs(3) and(4) we get
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whenh=h"=0 we obtain

[cosh(v& +v)sinh(v& +v) + cosh(v& - v)sinh(v& —v)] =] cosh? (v& +v) - cosh’ (v& —v/) |

To solve this equation as polynomial equation we use these following substitutions

x =e” and y =e'” in order to obtain

% cosh(va +v)sinh(va +v) + cosh(va —v) sinh(va —v) :% cosh?(v& +v) —cosh?(va —v)
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— _x -2y—2+X2y-2 :+X—2y-2_xzy—2

22Xy P+ 2xPy =0

(x?2+x )y ?=0

The trivial solution is obtained by
xX?=x)y?=0 =(x*'-1)y?*=0

X =lonly because x =e'” =1 thismeansthat va=0 but v20 so &=0
where v =0 (v isspin-spin interacting energy)

alsoy #0 because y =e" andv #0.
So the Bethe- peierls approximation does not predict a spontaneous magnetization

for any value of v.



