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ABSTRACT -

Uéing 2 method prdpoeed by'van.Hemmen ﬁe'compﬁte
the free energy of the Curie-Weiss version of the site-dilute
antiferremagnetic Ising model in the presence of an uniform

magnetic field. The solution displays an exact corrtespondence

‘between .this model and the Curje-Weiss version of the Ising

wodel in the presence of a- random madnetic field. The phase

diagrams are discussed and a tricritical point is shown to

-exist,
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Cof each site are even(odd)

Considéerable 2ttention has been devoted 1n the

literature to the study of the ISLng madel in- the presence of

random magnetlc fields (RMF} [1,6,7}. ‘The: crxtlcal behaVLOr

van Hemmen [5] to compute the‘free ener,"

of a Curle—Welss mean-fleld-ver51on-o

1DAF-model, -We theq:ﬁ _fe

exact corxespondence between the parameters and phase d ,grams

of the two—models, as to show thelr cfmplete equlvalence._

Our mean fleld DAF model 1s descrlbed i

volume A C Z by the _h_atm:l._l*_to_n:.an '

1ntegers.

ferromaghetic between ‘sites in the same sublattlce,“'Théfraﬁddm




4.
variables & € {EEIB describe the site dilution and they and
are. taken to independent and identically distributed, with
«?)= /u—mo L o [ > e NE (5)

R -1, probability p ri's 2” ., :

e S { : . {ﬂ- — /.} .

o .0, probability 1-p

: PR . ‘We -then compute:
Thegspin“véfiabiesf'oi are, for simplicity, taken’ to ke of R
I‘si’ng{li_:_yp"e?:- g = : The external magnetlc field H is CC'&} AM ij c-m‘é(?-" é‘)* _2_2__@" cor
: ! ' : /V-—’oo NdeAe <

eterm lSth. N denotes the number of- po;mts

/’.em wz/f &+ o e:-:nvf (ﬁ,e)}

where A denotes the average of tﬁé'qﬁaﬁt-iﬁy A (E'.)' with resg§a¢_£
to the probability d:.strlbutlon of the random Vara.able € . .T.he '

last equallty in (7) is a consequence czf the strcng law of large'

'numbers, which is a key ingredient in the techm.que of va Y

' Hemmen . Ther.efore

/‘/Mp = tt/—- _mq—ﬂ'lo) -+ NH' (m3+»?a) 6(5_7: af,ém m{t’ +-§_ﬂnc¢£&

.As.p;.'oved by- van- Hemmen '[5] the quenchea free T L
energy . deﬁsa.ty- f(B) of the. system at- inverse temperature 8. ' . :_--If.we now introduce the .o.rdez..*__ pa]_:‘a]_'.net:e..r. .- .m R m-é .—.m.o‘..; the fl;_e_e
e g.xven by' L Lo M ) S : o S S 'energy is given bY '

_(@,f[ﬁ) ma-\: {G?(MJ +.c ( )] - ) Jtzm&'(/‘? \Tfal/{/ - /J‘m _ -—-Zq_/é-m{/s(vm-#j
v._vhe_#g_ ﬁ :|.sthe .two7coméoheﬁ_t ye'c.:i;_'o.'r: mo= ‘{ufl-e._mc')_)ﬁ- , o : . | | S B o ,4 ,(M[Coﬂeﬁ’ (\Tm-f-#_/ 7 {9.). .'

w:.th m ‘determined by the equat:l.on

27 fo 4 (B (T /‘/_7.;- ,g,wz (oCTm- /.27

f“i"‘-‘) "‘"—Lf‘/aAF'. T A
(10)'

or equivalently



\7434"" /ﬁ:\?:ﬁ;#/:- ;:7[?‘341‘? (fgiJ: ﬁlﬁfm) ' (11-.}.

whefef'QDAE.Zche'f:eefenefgy density in the magnetization
-_'eneembie;Jis~definedﬂby-the r.h.s. of (2).

“Letlue_ﬁeweeonsider'the Curie-Weiss RMF hamiltonian

Hame == TS ooy Thit a2

: where the random varlables 'hi' 1eA “are 1ndependent and

. 1dentlca11y dlstrlbuted belng equal to - £h: {h >0) wzth

) probablllty 2 ,:Applylng the method of van Hemmen to H

RMF *
“the: free energy den51ty can be computed {GI-'

f:(/:“)

‘gm/c.m{,/f(fm-f'é_] IEERERTE
4’5

w1th the order parameter m _determined'by

(15}

'hfwlth gRMF deflned as the . h s, of (13).

‘Comgaring expre551ons (%) and (13) we see that:

Frar (R, 5, '4/}= ASonr (E 5T, %) (16)

(143

ang

Gonr (BTP,H,m) = p Jeme (AT A, 22) a1

“which establishes  thé correspondence“betﬁeen-fheftwo-méaels.-

As in [6] the phase diagram of the DAF model. can be

analysed by expandlng *QDAM in powers of m around m=0¢

Joar (m} ’4"' aﬁ') - Cm "¢ Dm - "-'-:"(18)7'::
where

/4==_-' ————,é%o aco#f/§#¥
| E: "Q'\Z-- """'“(/?\77 J'ec/v ,8#

(,5'\7) (recx, Ve 37‘56 p#)

2=~ L (ﬂ~77 (RMF’H) (r% ﬂfr’ /?‘ﬂf"“*

There is .a critical line détermined by.-the condition-

f‘;/@u = c-o—aa{/g

On this eritical llne, there is.a- trl—crltlcal polnt determlned

by the condltlcns_ B=C=0 , D>0.
PAT =5~ 3 _;@% Bt =L N - S

The critical line represents a first order phase transition




7. .8.

for pRJ > = (since c¢<0} and a second order phase transition REFERENCES

for p&'<§_(snme c>0).

It is a pleasure. to thank S.R Salina§ for. stimlating 1] Y. Imry and S.K. Ma, Phys. Rev. Lett. 35,.1399 (1975);
i . - . . ol

. M. Pytte, Y. Imry, and D. Mukamel, Phys. Rev. Lett. 46,:
Convérsatlons- 1173 (1981}; and G. Grinstein and S.K. Ma+sPhYs~;Ré§;
Lett. 49, 685 (1982). _ '_ e
[2] S Fishman and A. Aharony, J. Phys. C12 L729 (1979},
2 Wong, 5. von Molnar, and F. D;mon,“J;‘Applf_Rhyﬁ. 53,
954 (1982) _ BRI 3 '__'
[3] .. Galam, Phys. Lett. 1008, 105 (1984}, J‘L Cardy, Phys.
Rev..ZQB, 505 (1984), ang J.T. Chayes, L. Chayes, and J.
_Frohllch Commun. Math. Phys. 100 399 (1985)

4] H Yoshlzawa, R. A Cowley, G, Shlrame, R J..Blrgenau, H. J.

Gugcenhelm, .and: H " Ikeda, Phys. Rev.. Lett 48 43,If1982],

iand D.P. Belanger, A R King, . and V._Jacearl Z_Phygw-Rev.'
Lett. 48, 1050 (1982). ' .
[5) J.L. van Hemmen, A.C.D. van:Entérf éﬁd J:'Ebuiéigsbﬁz-'”

Phys. BSO, 311 {1983).

[6}_513. Salinas and W.F. Wre521nsk1, "On.the'Hé@n' eld-ISing

Model in a Random Exte;nal-Field"é'to appeaf ‘i;.Staﬁ,'?hys,
1985, R
' [7} L.A. Pastur, J. Stat. Phys. 27, 119.{1932)g3:gn§f.;.F._
B Fernando Eéréz, W.F. Wreszinski, and J.L. VéﬂJﬁéﬁhen'.J'

Stat. Phys. 35, 89 (1984).



