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are very dzsslmi {at: the similarity of the i r  ther- 
modyeamle cops{zluences suggests that any l m-  
tential in termedia te  between these  two e x t r e m e s  
will le~d agaL~ to r e su l t s  the same as  those -ha red  
by these two models .  

A f i n ~  point is  the fol lowing: I~ the above 
problem, namely a one-dlmen~ional I~L,~g chaJ~ 
v,~.~ .-.m sites and in.*eraet2ons between neares~ 
neighbours and between spins separated by exact- 
ly n sites, how must we make the passage to the 
thermodynamic l imi t  in  o rde r  to get  s ingu la r  
t ransi t ion points? The qeest ion m a y  be r igorous ly  
answered: as long ~ n and m both -- ~ (even 
though n -- log R and m ~ R for exa~r, ple) then a 
true phase tree,Won ensues. However it is 
worth noting that even th~ shup les t  depa r tu re  
f rom the conventional neares t -ne ighbouz  one- 
dimeasion~ Ising model, namely the n x ~ L~ttlee 
with neares t -ne ighbo~r  in teract ions ,  a l read7  has  
s~gni~ica~*, dffference~ from the n x  1 ~ ,erect 
nelgab~urs case. Although ef course it cannot 
exInblt any alngui, ar thermodynamic  beha~oar, 
this n × 2 model does have a specific heat, CV, 
which aS T~ 0 is proportio'3al to exp(~4J/kT)~ 
this i s  to be compared  with exp(-4J/kT) for  the 
usual two-dimensional  Isin~f model  and 
exp (-2J,/1~7) for  the usual  oae-d imens iona l  one, 

Thzs is  b e c a m e  the n ~ 2 a l ready  s h a r e s  wRh ute 
n × -~ c a s e  the  f s a t ~ e  zhat to d i s tu rb  the o r d e r  
at  low t e mpe r a tu r e~  * t i e  aeceasexy to ~aturb 
0z der in tw~ directnme f r o m  a given laltice s i t e  - 
th is  involves  an ene rg )  gap  ol 2 ~ (2./) : m CUn- 
tr~L'~t~ in t h e .  × 1 c a s e  only are direc t ion  I s  in-  
volved and the r e l evan t  gap  l s  2J~ 
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* The aolutlo~ of tb~. x 2 problem ~s aaalagous to the 
simple o~-<llme~lomd lware~t-i~/lOfl~ou~ I~i~g 
problem, v~: .p t  t ~ t  tt~ ~ l t  ¢¢|1 ~ h a z a  4 ~ 4 
matrix instead of a 2 x ~. Cal~mlati~m of the h r g e s t  
eigeuvahte and eo~eqtte~R ~rmodym~alc~ i~ tedlotm 
but straightforward, a.ud yields the above result  as 
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Landau 1) and L~fsbAtz 21 developed the ~ e r m o -  
d?nam~c theory of second o r d e r  phase  t rans i t ions .  
They showed that nea r  the  t cansztion point, where  
the o rde r  p a r a m e t e r  (J) ca,, a s s u m e  infinitely 
smal l  values ,  the thermodynamic  potential  ~ can 
bw expanded in a Taylor ser~es. Tht~ 

@(T,P,J)=~'O +aJ2 +bJ4 +. . .  , (1) 

~here  the eoefhc icn l s  a ~m,l b "~re functions of the  
p~essure  (p) and th:~ tempe, 'a ture  (T), and @o i s  
a £onstant. An eqmhbriu~ state is observed for 
the system when ~,~/~J= 0 Vunsovskti 3) and 
Gh~zburg 4) have successf~ [!y applied the above 
theory for the Curie point t,'ausitions in fe~ o- 

magne t s ,  w h e r e J  =JT/Jo. JT a n d J o  a r e  spon-  
taneous m a g n e t i s a t m n s  p e r  umt  m a s s  at  t e m p e r a -  
t u r e s  T°K and 0OK r e s ~ c t l e e l y .  In G lnzburg ' s  
formula t ion  the ma ga e to s t s t l c  f ie ld e n e r g y  i s  also 
included, y l e ~ h ~  

~'~ = ~'0 + ~12 + bJ4 " JII (2) 

l~n~A~ng the expansion to j 4 .  A~ equilibrium near 
the Cvxle  pomt~ the  above r e d u c e s  to 

a c t +  f l ~  = H ,  0 )  

whe re  a ,  B = cons~.ant~, incorpora t ing  a,  b and Jo  
and a = experimentally observed specific m a g -  
nedsatmn. 
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+..+, ~+++~+~ 1c,~ ~ arc< ~ a ~  I~,~ e*Y~[~S Ot 

B . ~  ~ u  l ~ e i l  ~] ~m~e ~ele_,ped a theory 
A t~  ~ . ~  m~ga~ t r a z ~ l t ~ - ~  and apphed 

~ = I ~  ~ D~eir eq= ~ i h l c n  expresses  the 

Y+*.= :=~mel,~+[a A+~ A ~ B dep~ ~n pressure ,  

v~+lr~l+li~ f(+~gli~[ ~ lliti~ral+£~nilL S~g.~ etc, 

x. ~ i ~ l t J t  i r e +  ,+a l rg~  p ~ r  ~i+ut v o l u m e ,  N = 
:..,x:.l~+e .t ~Ir~lc+.+--I ~r ~lt IfJl~a~e, k : Boltz- 
-"-+-,+++ = ~ ~ ~'~¢.~ ~ d  7~ - t he  t ransl t t5n +,empera- 
;-,~-~i ~ '~  "=.~+~+~,i ~ l i  ~acompreseible. For 
~+::~,:~ ~ . : . ~  . ; 1 %  B ~  and l ~ l l  find that A 
~+~=,~ ~ equal ~ zer~ ~++ t~,e Cur ie  pel;tt. They 
, . ~  ;..~r~ ~ ~.~ l o t  ~: l r ~ s l ~ i ~  ~ tie of the 
~,~_ : ~ t  ~.r~r~ ~-~ ~b:l~L~ t~ A belr~g zero,  B 
~li~,.~ al+t~ t~+l~lil~e~ o i ~ t ' w l s e  a mlnimuni  ener-  
++~ i+, reat~-~ t,~+ + ,s ~ 01 ~iei this  resu l t s  in a 

V- ~,~++~ ~ -m Ol~t+ ~:i~: essent ia l  s.+mllarlty 
+,+ t le ,  t* IP+ ~,~+~,+ + l . l f ~ h l l z  Sl id the Eean-Rodbell  
~,~,r+,~,-~t r ~  ;,~t l~e<l  dl  l e t t ed  or eraphaslzed 
,++,~ + :s ia l#+  ¢~+;t'+ ++-17, t~+th t i le  Oqa, (3) and (4) 

f~,at t+Klt l i t , ,  + +osefti++:~tl ¢d ~2 = O~ the nature of 
If,++ i++=r~+~+,~r+ cam t~  de ter r .med f rom the ex- 
++~ ~i~,+~Ita~ly +~r,~er~,~i s ign of tP~ coefficient of 
_+4 ~ ta+ to+ t +  ad~ti l t l+-~ here that~ l imi t ing  him- 

- q i , l ~  I t . l l  i~,~ L. Ix iK¢¢tn f w l c t i r + l  can be expanded 
;~t+++ l ~ n . e r  cries ")f is+ But he a l s o  showed 
++S" +i~anl|~+~+|¢e disagreement be+ween Sl~cb an 
~pl+.+,+ach ~ '~  t~le exi>eri+~+ntaily observed data 

for  nickel, With this  disagreement  in mind, we 
can expect that, though the Bean-Rodhell ap- 
proach for a fLr~t o~ alex- trzulsitlon is  qua~t ,+ve-  
ly s i m t L ~  to a genera l i sed  thermodynamic one, 
there may ~ d~sagreemeat bvtweer, the experi-  
mental ly observed va£ues of A ahd B and the pre-  
dlcthd values f rom eq. (4). Tins, however, is  i r -  
re levant  so  fa r  as  the distinction belween the 
two s igns  of B i s  concerned. 

In order  to check the 1den that lirs~ and second 
ord~.r t rans i t ions  can be dist inguished ;rein the 
s~gn of the slope of isotherm plots of/ t / ,~ against  
a ' ~ , w e  .have extracted the relevant  data ~rom hg.  
I I  of Bean and Rodbell 6) for MnAs, Least ~.~uare 
f i t s  for  s t ra ight  line solutions were obtained and 
the values  of the slopes obtained are presented 
belu+v (table 1). Only those values of the magnetic. 
f ield H were used for wh+,ch the mater ia l  was s t i l l  
in a fer rv 'nagnet ic  phase. 

Table 1 

Temperature Field range Slope .2) 
(°C) (kOe) ( H /  : versus 

34 ± 2  1 5 - 4 0  -24 .15 ,  10 . 6  
53 :~2 15-60 - 3 5 . 0 2  ~ ~0 -5 
64.5=2 15-60 - 7.95 × 10 -6 

If the Bean-Rodbell expression for the coefil- 
cient B (eq. 6 of their  >aper) was quantRattvely 
apphcable,  one weald expect the absolute value 
of the slope to decrea'Le continuously with tempe- 
ra ture .  The. observed de')arture may be due re the 
essent ia l  hiacctwacy of the method of replotth-Kg, 
a var ia t ion of 7/ (see eq. (4) of Bean and Rodbel!) 
with temperature  and other reasons.  But l rom the 
negative sign of a l l  the values for slope m table 1. 
we suggest  that this  method cf plotting the ob- 
se rved  resu l t s  could provide us with a tool to 
dis t inguish f i r s t  order  magnetic t ransi t ions from 
second order  cues by purely magr.etxc methods, 

1) L.D. Land~,u, Zh. Eksperim, l Teor. Fiz. 7 (1937) 19 
627. 

2) E. M. Li~shit~, Zh. Eksoerim. l Teor. Fiz. 11 (I 941) 269 
31 S.V.Vonsovskii, Izv.Akad.Nauk SSSR (Ser.FIz) 11 

(19471 485. 
4) V. L, Ginzburg, Zh. Ekspertm i Teor, Flz. 17 (194~) 

833. 
5) K.P.Belov, Magnetic Transitions (Consultants 

E~rnsa, New York, 1961), chapter 1. 
6) C.P. Eean a~d D. S. Rodbell, Phys, Roy. 126 (1962) 

104. 
?) 3sine as r+jf. 5, p.21. 

17 


