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1. Introduction 

As is well-known high-temperature superconductors H.T.S. have a 
strong anisotropy connected with the weak binding of different 
conducting CuO-layers 11-31. In the CuO-plane the anisotropy created by 
the orthorombic splitting is not large [4,51. In this sense, the 
CuO-planes (a-b-planes) are "easys planes [6,71, and the effective mass 
m of a Cooper pair in them is much lower than the effective mass m 
cuo 
in the c-direction perpendicular to the CuO plane. Far the ratio of 
these masses 

experimental data (81 for Y1BazCu307-6 give 25t30; see for Lhe 

discussion [91. But for the Bi z,aCaSr1~9Cu208+g c?ystal 1101 this ratio 

obtained by measuringbthe upper critical field in principal directions 
of the crystal Hcl, HcZ, H c z  is considerably larger, (li2)x10~. 

Anisotropy of the mass tensor m of Cooper pairs for noncublc 
superconductors is an old idea [11,121, which Is successfully used for 
the description of the transverse magnetization M and the torque 0 of 

the Abrikosov lattice in H.T.S. (131, for the angular (13.p) dependence 
of .the Hci 114-171, and for other thermodynamic characteristics of 

anisotropic superconductors (for introduction into the problem see, for 
example, papers [IS-291). 

The upper critical field is one of the most important 
characteristics of superconductors. The temperature dependence Hc2(T). 

- - 

for example, determines GL coherence lengths (0),Eh(O), Ec (0) along the 
principal axes of the crystal. But unfortunately, for the H.T.S., the 
determination of Hc2(T) by resistivity measurements is difficult due to 

- - 
the depinning of the flux I301 and strongly fluctuational phenomena 
131-321. Care is therefore needed in determining coherence lengths from 
"Hrau measurements I171. The nonlinear dependence of Hc2(T) provokes 
. - ~- 

some considerations 133-361 of strong fluctuations or even modifications 
of the classical 137,381 GL model. This problem is widely discussed in 
the literature 139.401. but some recent clear experiments give. 
nevertheless, the linear temperature dependence for the lower 142) 
Hcl(T) and upper I41 HG2(T) critical fields, as for usual BCS-GL 

superconductors. 
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In the normal region T > Tc2(H) outside of the narrow band near to 

the phase curve fluctuations of the order parameter are small, the 
diamagnetic screening is negligible, and the magnetic field rotA 
coincides with the external magnetic field H. The second term in (1) 
which represents the interaction of different fluctuational modes is 
also negligible in this case, and the free energy is expre~sed through a 
gaussian integral and the determinant of the operator H; see for a 
introduction the nice review of fluctuations in superconductors [45]. 

The spectrum of the "hamiltonian" H is given by the well-known 
expressions for the cyclotron resonance in the effective mass 
approximation (461 

'n. ~ I I  = hwc(n + $ 1  + pi / 2mll + a(~), ( 3 )  

where: n=0,1.2,. . . , -m < prI < +m, w = qH/m c 
1 I .  

mL = (det(m)/m,,)112 = m,/g(n). 

m, = (detn~)"~. m = (mamb)"2, 
cuo 

n = H/H = (s c 'PsSeS'P.Cg), 

Se ' sin 0, C ' COS 'P, . . . 
'P 

Here ( 0 , ~ )  are spherical angles of orientation of an external magnetic 
field in the coordinate system (a,b,c) connected with main axes of the 
tensor m and the crystal. 

Each of these eigenvalues is N time degenerated 

NL = SLH/e0 , (4) 

where: #o=Znhcl/q is the fluxon, Sl is an area of the specimen 

perpendicular to the magnetic field. 
The upper critical field H" (TI can be obtained from the condition cz 

of vanishing of the ground state (n = 0, pll = 0 )  energy of the spectrum 

( 3 1 .  From this condition 

after elementary substitutions we easily obtain formulae 1471: 

H:~(T) = H:~(O) (-TI. o < (-t) ti. (5) 

where 

<,(O) = c,(o)/(wl)l/Z. 

This angular dependence is in good agreement with the experiment, and 

the data 181 for Y1BazCu307_ii give [91 

Hl2(01 = 370 T, 5.(0) = 9.3 1. 
p a = 0 . 4 .  pb=0.3. w c = 8 . 8 .  

3. Calculation 

The substitution of (4) and (31 into ( 2 )  gives 

Here Ll, is the length of the specimen in the direction of the magnetic 

field. The geometrical form, of course, does not matter, and the result 
depends only on the volume V = L,, Sl of the specimen. Only the 

temperature dependence of a(T) w T is relevant for the critical 
behaviour, and therefore in (6) the temperature T is replaced by T . 

Let us introduce the notation 

In the argument of the logarithm in ( 6 )  we separate the irrelevant 
for the critical behaviour multiplier hwc/nk T B c 

The last term in this equality adds an irrelevant (although 
infinite) constant to the free energy and we will neglect it in the 

further analysis. It is useful also to introduce dimensionless magnetic 










