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are very digsimilar: the similarity of their ther~
modynamic consequences suggeats that any po-
tential intermediate between these two extremes
will leaq again to results the same as those shared
by these two models.

A final point is the following: In the above
problem, namely 2 one-dimenrional Iing chaiz
wath 2m sites and interactions between neares.
neighbours and between sping separated by exact-
1y » sites, how must we make the passage {o the
thermodynamic limit in order to get singular
transition pointe? The question may be rigorously
answered: ag Iong as » and m both — = {(even
though n — log R and m — R for example) then a
true phage transition ensues. However it is
wortl noting thal even tha shmplest departure
frean the conventional nearest-neighbour one-
dimesnsionsl Ising model, namely the n X & Littice
with hearest-neighbour mteractions, already has
signiticart differences from the X 1 - »areut
neigabours case. Although of course it cannot
exh:bit any singular thermotynamic behaviour,
inis 7% 2 model * does have 2 specific heat, Cy,
whith as T'— 0 is proportional to exp {(-4J/kT);
this is to be compared with pxp (~4J/%T) for the
ugual twe-dimensional Ising model and
eap {-2J7 £7} for the usual one-dimensionai one.

Thig {8 because the # ¥ 2 already shures with the
7 % m case the feature rhat to disturl the order
at low temperatures it ie necessary to disturh

o der in two direchiong from a given laftice site ~
this involves an eneryy gap of 2 £ (245 » eon-
trast, in the » X 1 case only ong direction is in-
volved and the relevant gap is 2.7,
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* The solution of this n X 2 problem Is analogous to the
{mple one-di tonal thbours 1a
problem, oxeept that the unltcell pow has a4 = 4
matrix instesd of o 2 X 2, Caloulation of the largest
1 1 h 3 108 18 tedi

ig and q
but straightforward, and yields the above result as
T-90,
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Landsu 1) and Lafshitz 2} developed the thermo-
dynamic theory of second order phase transitions.
They showed that near ihe t ransition point, where
the order parameter {(J) can assume afinitely
small values, the thermodynamic potential # can
be expanded in 2 Taylor series. Thug

L, PN =dgvat? vt e, (1)

where the coefficienis # . b are functions of the
pressure (F} and th. tempecature {7), and @, is
a constant, An equilibriun state is observed for
the system when 23/5J =0 Vonsovsku 3) and
Ginzburg 4) have successtully appiied the above
theory for the Curie point Leansitions in fer a-
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magnets, whereJ =Jp/Jq. Jp andJ,, are spon-
taneous magnetisations per umt mass at tempera-
tures 79K and 09K ressectively. In Ginzburg's
formulation the magnetostatic field energy is zlso
included, yielding

& =g +al? b - g @

Luniting the expansion to J%, At equilibrium near
the Curte pomt, the above reduces to

aoc+pd =4, 3)

where &, 8 = constants, incorporating a, b and J5
and ¢ = experimeatally observed specific mag-
netisation,
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A Sebk it V. ateBid ySin A BB DI Ggesien ol
4 wid : Ixves: et 0 s N8 aael PHASE oy,
& HE, 2 Mewdd eimayh Bk pSiLve. Erperumen-
- alaes 1F X efe ANalskd as b 8lupes of
e kel leskad e ToASE A Wi aguingt 92, a8
wil. e kgfmi it {fim 5 (3], The Curle prant 18
Kiren &y Dk valuo A T foe wiich o + 6. Details
A alslve argatianind will be found 1n English
aAZaige a5 ives by Beww 31,

Brak a3 Busdbei: 87 have developed a theory
£ 1L o 2GEr mAgAROIE transitns and applied
M st Lendluily L, 1k 725€ 74 MnAs. As they have
oy -wi, [Bb 1IFSE 0087 LFRASINION IR & COMEres-
UbtE BALEF 10l 18 3 JiFe€rt L Imbeguence of ncor-
fort Moy 1 e BGISCulne tield model an exchange
iktef ok (& IBbY i6 SUmZlY dependent upon inter-
& senlc ofesslig. nélr &5. § sluch expresses the
GG 11 oo aEf €Y inloiifidm Can be written as
LTV T N

T TN TNt T L S 5]

Tre setficierts A, , A and B depend on pressure,
et Al &, s lmpprernlbility, dsgerdonce of (he
ch hafge (Blank L6 Interalimit spacing efc,

Z e 1he FALIG Sl maghéligalitn per unil volume at
<tk Fenpesatere b cheer sation and that at 09K,

fo = tatdm ree whicrgy per unit volume, N =
foasdeed 1 Larticiés e wiit solume, & = Boltz-
st o atard and T, - the transition rempera-
sape il Pk oz aterlal wis incompressible, For
351301 valaeh - 0, Bean and Rogsell find that A4
alaied Lk b aal th Zera as the Curie poiat, They
a8 gt Ll thad for the translition to e of the
£l craer, i addieof 1o A being zero, B
cherutl wlay postive, dherwise a minimum encr-
&£y is reached fur 4 2 O, and ths results fna
Liref Srsder franstlion,

B seeirs 15 2e that this easential similarity
ek v M- Landad - Lifshitz and the Rean-Rodbell
apirnarl; hak aot ween detgcted or emphasized
wiaezoanly, Obuiswly, both the ogs. (3) and (4)
© gc e WLUriarated LG one, with the proviso
at when the < oeflicient of o2 = 0, the nature of
te tran#P o6 can Be determined from the ex-

e -Hneataily ooserved sign of the coefficient of
=3 i fae b e adepitted here that, Wmiting him-
sell t wgetut ordec transitions, Belov 7} recog-
fjaci that the Langevin fuction can e expanded
b o power series of . But he also showed
The qoantitative disagreement between such an
apq.:nch and the experitsrntally observed data

for rickel, With this disagreement in mind, we
can expect that, though the Bean-Rodbell ap-
pruach for a firsi order transition is qualitative-
ly aimilar to a generalised thermodynamic one,
tnere may be disagreentent between the experi-
mentally ohserved values of A and B and the pre-
dicted values from eq. (4). Ths, however, is ir-
relevant so far 4s the disfinction belween the

two signs of B is concerned.

In order to check the 1dea that tirst and second
ordzr transitions can be distinguished Jrom the
ségn of the glope of isotherm plots of 4/ against
7%, we have extracted the relevant data Zrom fig.
11 of Bean and Rodbell 6) for MnAs. Least 1 juare
fits for straight line solutions were cbtained and
the values of the slopes obtained are presented
beiuvw (table 1), Only those values of the magnetic.
field H were used for which the material was still
in a ferromagnetic phase.

Table 1

Temperature Field range Slope N
©cC) {kOe) (H/z versus <)

34 *2 15-40 -24.16, 1978
53 +2 15-60 -35.02 » 1079
64.5=2 15-60 - 7.85x 107

I the Bean-Rodbell expression for the coefi;~
cient B (eq. 6 of their >aper) was guantitatively
applicable, one would expect the absolute value
of the slopc to decrea e continuously with tempe-
rature. Th: ohserved dearture may be due to the
essential inaccuracy of the methed of replotting,
a variation of 1 (see eq. {4) of Bean and Rodbell}
with temperature and other reasons. But from the
negative sign of all the values for slope m table 1.
we suggest that th1s method ¢f plotting the ob-
served results coulc provide us with a tool to
distinguish first order magnetic transitions from
second order cnes by purely magactic methods.
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