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Ginzburg-Landau Theory of Specific Heat Anomaly of High-Te Supercond uctors 
in Magnetic Field 
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Institute of Physics, Sachivalaya Marg, Bhubaneswar -751005, India. 

The change in specific heat by the application of magnetic field (Ba '" 1 T) in the case of 
the high-Te superconductors is examined phenomenologically by the Ginzburg-Landau theon' 

of anisotropic type-II superconductoi·s. The observed large reduction of specific heat anomal'"

\ I	 just below the supercondncting transition is explained quantitatiHly. 'liVe have obtained th~ 
ex pression for the change inspeci Ii c heat in a magnetic field (6. C) for any general orientation of 
Ba with respect to the crystallographic c-axis. 'liVe also present the result for a polycrystalli:-:e 

sample. 6.C is shown to beljil(~ar ill (n~!Tc)[tl(l - t)] for temperatures slightly below To. 
where l = TITe . '1'11e slope of tilis ii"ear behaviour is found to be rebted to the anisotropy of 
the effective mass. 

I.INTRODUCTION 

The origill of the unusual magnetic field 

dependence of specific heat in the high-Tc 

superconductors (IITSC) has bl'en the sub­
ject of several recent investigations. Experi·. 
ments on HTSC show that the specific he'll. 

anoillaly near th~ ~llpercondllctillgtrall"itioll. 
temperature Te is reduced ill amplitude \'.-ith 
negligible downward sllift in temperature by 

the application of magnetic field 13<]. ('" 1T) 
[1·5]. The above Illentiolled behavionr is dis­

tinctly different frolll th(~ conventional tY[le-ll 

"uperconduclors. It was ShOWll recelltly that 
the unusual magnetic field dependence of the 
specific heat anomaly in HTSC. can arise due 
to a very general reason on the basis of :3­
dimensional description of the phenomeno· 
logical Ginzburg-Landau (GL) of . theory. 

anisotropic type-II superconductors [6]. The 
field dependence of the specific heat for Ba II 
c-axis and B a 1. c-axis could be explained 
quantitatively by the phenomenological GL­

theory. The anisotropy in the "field depend­

. 

"I .cnccs w,,-s s lown to be dIrectly related to ::..c 

anisotropy of the effecti\'e ma.s:, 

! = (meI1l!'L~)I/2. 1Iere, 711,' and m'Le c.>. 
the component., of thl~ dilnellsionj(~:>sdfce:",'" 
.mass tensor para!]r>] ;lnd !wrpcndicular to: :.;' 
c-,,-xis. rcspccti\·I']Y. 

2.PHENOME::,\OLOGICAL THEORY 

The llTSC arc extreme type-II SllpcrC'J:-" 
d uclors wi t!l t h(~ G L- pa ramet 0r 0 r the or::::'::­

of· 102 . For B, ;.... 1 T, these superconc'~':::­

tors remain ill the mixed state. It was a:-· 

gued that the GL-theory in the London li:-:~:::: 

is the appropriate description of this mixe~ 

state for Ba. '" 1 T and temperat ures up 10 

fraction of a Kelvin below Te [6]. Here, "'.-e 
make use. of the anisotropic formulation of 
the London limit developed by Kogan ?nc 

cowor kers [7,81, although there is limitat:o:-:. 
as has been pointed out recently [9]. r s::lg: 
this formalism Reeves et al.[lO] has obtair.ec. 

the following approximate form of H: 



Jl = ..!+o.m 1
/ 

2 ,\;;/ln(Bc2 /B). '(1) 
lit 

where m -= Rabsin2B + lHccos2B, Am is the 

mean penetriliion depth Am = (A~bAc)1/3, and 

0: = <Po/81l1-1f>. B is the angle between the 
c-axis and I. Proceeding in the manner 
as given in rd'erence [6], the change in spe­

cific heat by be application of magnetic field 

~C ,; C( 0,1) - C( B a , T) can be shown to 

be given by: 

B~ml/2 t 'L 
t::.C = T ~(O) (1-t) +O[(>::rl (2) 

c 

Ilere = T,ITe . \Ve can replace n by 
Ba = /loll illl/I.G by noting tllat tlte magne­

tization in tlta,mixed state is very slll,LlI com­

pared to Ba • This giv('s 0.C' for any gpll,'ral 

orientation ~Ba with rcsj'Jcet to tile c-'Lxis. 

The term of tie order or (I, / '\'n)'1 is nf'gligi IJ[,' 
alld also not reliable [(j]. \Yc Gill tliPrf'fore, 

igllore it. 
\Ve Ilext ec;lmillP til(' !lo[ycr.\·st,allilw cas\'. 

[II several illfl;L1ICf'S. prpIUr;\lioll prucl:ss or 
lhe HTSC reulls ill prd"j'('lIt j;tl orif..'!ILtlioll 

of lite c-a.'.is.llere. lIo\\'ever. \\'c ,\SSIIHll' ran­

dom orientatDll of the grains in the polycrys­

talline sampl€'and carry ou t the ,averag'~ over 
,I spherical slt?!l as Ibed by [{e\'\l's et ;:1. [j 0] 
lo obtain: 

B t 0:0 
< M,' >= T: (1- t) A~(O) (3) 

where, 

-1/3[. 0.5 I (~I + ,/h2 
- 1))]O- = AI ~/1 n ' .Jh 2 - 1) ,- .jh2 - 1) 

(4) 

It is seen fromEq.3 that t::.C increases rapidly 

as T -. Tc whi!h gives rise to the observed re­

duction in thf,amplitude of the specific heat 

anoDaly. We note that < t::.C > is linear in 

(B". Tc )[t/(l- t)]. The slope of this linearity 
is r €:ated to the anisotropy of. the effective 

mass. It is therefore, possible to get reason­

able estimates of , from the specific heat 
meas:Hement in magnetic field on polycrys­

talli:-.e HTSC. \Ve analyse the specific heat 
date. for polycrystalline Y Ba2CU30j taken 

in' a field of 7 Tesla by Phillips et al. [1]. 
The :a.ta is obtained frolll fig.3 of tllis ref­

ereL·:~. < 0.C > versus (nuj1~)[1/( I - I)] is 
the:; :east squares fitted to a straight lilie for 

0.0 .... ~ < t < 0.9S-;. Here T~=91.'2' 1\. 
\Ve 0'Jtain the anisotrOIJY of cffl'ctivc lllilSS to 

be ::::: -1.0 by laking /\",(0)='20(jG ..\ [G]. This 

vall:-, ')1': i" iii 1'(',l~lJll;LiJI(' ;1~1'<'f:lllf'lIt \\jlll th<' 

cal':;':~ reported \·;tlll(~ [.s]. 
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