PROBLEM SET 4
Physics 219A, Spring 2014
Due Wednesday, May 14

[1.] Work out the mean field theory for the Blume-Capel model

H=-JY85+AY 8¢
if i

where S; = 0,£1. Show that for a range of values of A the model has a first order phase
transition, that is, the magnetization M is a discontinuous function of the temperature T'.
Sketch the phase diagram. Hints:

i. Write S; = M + (S; — M) and substitute into H neglecting terms of order (S — M)2.

ii. Calculate Z and F as a function of M.

iii. Sketch graphs of F' versus M for various A and T. A crucial feature compared to the
models we discussed in class will be the possibility that the M* term in F' could be negative.

[2.] Solve the XY model in mean field theory. What is T, for a 2-d square lattice, and how
does it compare to the mean field solution for the Ising model? Can you argue why T, is
expected to be lower/higher?
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SOLVE THE SELF CONSISTENT MFT EQ. FOR M IN THE BLUME-CAPEL MODEL.
main READS IN delta (J=1, z=4 ARE ASSUMED) AND
CONTAINS A LOOP OVER TEMPERATURES
FOR EACH T (beta) SUBROUTINE NEWTON ITERATES THE
SELF CONSISTENT EQUATION USING NEWTON'S METHOD.
DATA FOR M(T) WRITTEN TO fort.68.
MORE COMPLETE DATA SHOWING ITERATION WRITTEN TO fort.66

sNaNsNasNeNeNe!

DECLARE VARIABLES

@]

implicit none
real*8 delta,beta,m,mo,T
integer 1

C READ IN delta AND STARTING MAGNETIZATION

write (6,*) 'enter delta,mO’
read (5,%*) delta,md
m=mo

C LOOP OVER TEMPERATURES
C SUBROUTINE newton ITERATES THE MF SELF-CONSISTENCY EQN.

do 100 1=50,5000,1
T=0.001d0*dfloat (i)
beta=1.d0/T
call newton(delta, beta,m)
write (66,990) i,delta,T,beta,m
write (68,991) T,m
100 continue
99p format(i6,4f10.4)
991 format(2f10.4)

end

C SOLVE g{m) = m - 2 e~(-beta delta) sinh{z beta M)
C / [1 + 2 e~(-beta delta) cosh(z beta M) ] =0

subroutine newton(delta,beta,m)
implicit none
real*8 e,g,gp,beta,delta,m,enuff,z

z=4.d0
enuff=0.00001d0
write (66,8%90) m
10 e = dexp(-beta*delta)
g =m— 2.d0*e*dsinh(z*beta*m)/(1.d0+2.d0*e*dcosh(z*beta*m))
gp= 1.d0 - 2.d0*z*beta*e*(2.d0*e+dcosh(z*beta*m))/
1 (1.d0+2.dB*e*dcosh(z*beta*m) )**2
m=m-g/gp
write (66,890) m
890 format(f12.6)
if (dabs(g/gp).ge.enuff) go to 10
write (66,*) ' '

return
end
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