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The Ei nstei n 's speci f i c  heat theory1 wa s  the f i rst . app l i cation  

of  t he P l anck quantum theory to  the condensed matter physi cs� It was 

d one with a qu i te cl ea r' motiv at i on : " I f P l a nck 's theory of rad i at i o n · 

contains  a nj seed of truth. then we shou l d  expect that i n  other parts 

of t he heat theory we ca n find such di screpanci·es, betwe en the cu rrent 

kinetic theory of heat a nd ex periments, whi ch coul d  be u nra-vel led i n  

t he same way .  T o  �Y m i nd thi s actua l ly i s  the case, a s  I wi l l  show 

in what f o l l owsa 1 . Ei nstein represented a crysta l com�osed of N p�r­

t icles by 3N  non-i n teract i ng. qu a ntum-mechan i ca l  osci l l ators .  a l l 

havi ng the same character i st i c  f requency � ( a  st! i ct monochrom at i c  

ap prox ima t ion). Thereby he o bta i ned the av erage �energy o� crysta l , 

at t he am bi � nt temperatu re T, a nd the correspond i ng specif i c heat � . 

The l atter had t he d esi red v i rtue of bei ng· tem perature-dependent .  lt 

a pproached the classi ca l  Dulong-Peti t  l aw at  hi gh temperatures. and · 

v a n ; shed ( ex ponenti a l l y) as  Z goes to zero . 

Ex per i menta!  i nv esti gat i on s  of W. Nernst. showed that the E i n stei n•s 

speci f i c  heat f ormu l a was qu a l itat i v el y correct . but a systema� i c  

d evi ati on f rom the ex per imen t al d at a  w as o bserved . Ei nstei n ex p l a i ned 

that thi s dev i at i on was d u e  to the fact that  osci llat i ons in a crysta l  

ar� "fa r f rom bei ng m o nochrom a t , � " 2• Tod ay we know that it was a cor­

rect exp l an at i on, but i n  thos� d ays ev en Nernst d id n ot agree wi th 
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Einstein 3 • It fact , soon aftewards ? ,  D ebye 4 p roposed a virtual l y

ex a ct polych romatic model , which acquir ed ex cellent confi rmations 

from ex perimen ts., in particu hr at  low tem peratu res wher e it predicts 

that t�e spc eific heat v a n i shes as T3 rather than  exponentially. 

Nowadays ., at  lea st one p ara graph in any textbook on  s tatist i cal 

physics ., or solid st a te  t heory, is devot ed to �the Einst ein mode l .  

Here,we-¥.ent t o  poi nt ou t t ha t  th i s  model  ha s retained i ts heuri s tic 

character as well. W e  con sider the recently d iscovered spin -Peierls 

tran si tion ., which can -be defin ed as a progressive spin -lattice dim eri­

z ati on occurring in certain quasi-one -dimensi ona l magn etic cha in s5 • 

�ithin the scope of th i s  in ter�sting phen om en on we study the one-di­

m ens ional I sing spin syst em i nt eracti n g  with a sing le phonon mode of 

the harm onic lat t ice . The  Hamil t on i an of the system is 

{ 1  ) 

where J 0 and  J2 are the ex chang e cou pling constan ts of the n earest 

a nd n ex t-nearest n eig h bou r  int eraction s, whereas J1 is the first

d eriv a t i ve of t he exch ang e en erg y with respect t o  the distan ce ( taken 

at the averag e d i st ance a ) . The lattice distortion parameter i s  . 
L, • 

an d �o is the charact er i st ic latice frequency. s 1 is the conventional 

I si n g  variable ( S1 = � 1 ) , a n d  N is the number of spins. 

The Ham il ton ian ( l ) diff ers from that on e treat ed previ ously6 •7

by presence of the second term. C on sequen tly, it turn s out that a 

relatively strong spin couplin g J 0 should n ot n ecessarily push the 

appearan ce of lattice distortion s to lower temperatures a nd eventually 

d est roy i t., as it was concluded6 • 7 in the case J2 = O. We have

est a blished t his resu l t by an exact deri vation of the spin system 

free energy ., and by a n  analysis of the corresponding self-consistent 

equ ation s for the latt ice distorti on param eter and the two-spin cor-
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re lat ion funct i on s8 • 9 • In  part icu l ar .  we have s hown that the spec i •  

fi, heat anomal y per s i st s  at h igher temperatures if J 2 fo O i s  taken 

i n t o ac c ou nt8 • T hu s, t he  ov erall pic ture, based upon the simpl �  

Ein stein ian phonon spect rum . m a k es u s  believ e that a magnetoelastic  

pha s e  tran sit i o n  simil ar to  the  s � in-Peie �s tr a n s it ion  can take pl a ce 

in the qua s i -one-d imen sional I s i ng c hains. 
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