CHAPTER 5

Discussion and conclusion
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In this model, we calculabc"w t.wo dimensional energy band

i

struc'c.ure of Cu0 plane. in the betmagonal p’hase of Ls, Cu0,_, by using

the tig}m-bindingywj Fi\qe Bloch sums ere chosen as our bases,

they are those of om!c or-bx{:.sls s, d 2 and dz » of copper

in'-'-r

atoms, and p_ and p ' mg&gen lt.om;. Using the transformation by

Heine y the 5x5 inte ngbioq m\&rix cen be reduced to a 1x1 matrix
J .: ‘a":
and a 4x4 matrix, We"ducprd the, Jqq matrix and solve the secular

equation of the 4x M);, jn tem of‘ some parameters. The four

energy bands are found t.a b;_ ' . *.—_fu

(2.26)

Mx(ﬁpﬂitz){(i—2““)("e 9 +G-eT0e )
)L‘ e 2

%
z o =lkxh X 9 ‘\2. . . G
oz e e ) - :u‘(p’ua;(..'é"‘?a-c"‘)c.-l")(«-i'b’d( 14)
_ o

T

t

b




35

To make further calculation easier, some approximations have been made

by considering only the dominating term of ¥. The approximated enersy

bands are
Y
2
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ik = (5 )z[ =] ¥ %5 (2.28)
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It can easily be see the a;;roximated enersgy bands E k show no
dispersion and, ther they will appear as §-functions in the

—

density of states. T due! ththa crudeness of our approximations.

inciudeé‘ the dispersion should appear and

a44

If the neglected terms

the §-functions will

Nexb we calculatefthe densiéﬁio? sbati? of the approximated

energy bands E2%4k91——+nahesd—o€—eu%euia§§i§$ﬁhe density of states

directly, we calcﬁ]abe the reduced density of’sbates. g(€ ), of the

i T

reduced energy, ¢ . The reduced energy is defined by the equation
&, = - cos(k_a) - cos(k_a) (3.3)
*»® b4

and the reduced density of states per unit cell is found to be

g(e) = %, K(h-(g?) | (3.14)
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The relation between the reduced densivy of stated and the density of

states is
Yl :
Y e S E %
g(e) (E‘”E) PLE) (3.16)
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Therefore, the density of states per unit cell, L (E), is
'ff
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P (B) = ——ea (/\-(‘ ) (3.18)
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Replacing the compl e!lipt.ic\lintegral by a series representation we
r. ,

can easily see’f;’" ‘,t-h‘:,* _'dej_n.;‘l ty of states shows logarithmic
e
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singularities at

2

. , 1 5 e .
of the saddle pc_nnts P lous g awithe k= Q, and k_=0 w:th|k1l=§ )
in the reciproqai space. These singularitiei */ exhibit the double
Y : .
degeneracy. This_enables ws = to explain the structural phase

trensition and the existence of superconductivity. In the tetragonal
phase of LaaCu04 5 the Fermi | level'coincides with the logarithmic
singularityqst the energy E' of the band E;r(k)  Due to the double
degeneracy /of /shepenergy, dahn-Teller, effect pccurs~and, therefore,

lead to the instability of the tetragonal phase. Substituting in small
amount of Ba to La, or changing of density of oxygen vacancies, or both,
is to shift the Fermi energy a little. As a result the Jahn - Teller
effect disappears and the instability of the orthorhombic phase follows,

the stable phase is then the tetragonal one. Though the causes of the
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o instability in the tetragonal phase of Lazcuo‘ may be different,
the substitution plays the same role, that is to suppress the
instability, as has been pocinted out by Mattheiss '®’ and Yu‘'®’.
As the Fermi energy E_in the substituted compound remains close to the
singularity, even though it does not exactly coincide with the
singularity, the density of states ne?r E is large. The tetragonal
phase is thus 'superconducting. <fﬂff
3 7
According to'ithQQS'theq?y, the density of states involved in
o~ the calculation :5,ﬂ€§; criti;al temperature 1{is that in the
neighbourhood of the lgvel.l.?herefore, we find an approximation
for the density o Jé}ﬂ/ ﬁnathe gighbourhood of the Fermi level by
.considering only ;/fZihst Eerm af the series representation and
taking the limit as ﬁ;ds to E _ﬁ We get, for the whole plane with N
unit cells, the density ofistates as::jf
27 o
N P (E) ff—"—'— =D T é*; (3.31)
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Using eq. (5.81), the critical temperatdre has been calculated.

It is found to be
KGR &) 114 (s S (4.12)
Considering only the dominating term, the equation becomes

- [+1D/v

k., T_ = 1.14De (4.13)
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The peéult. gives us an explanation for the superconducting at higher
temperature. From eq.(4,13) we see that the critical t.amperatur'e is
proportional to ;”i. wi'xere A-:-/;% ’ insﬁaad of proportional to 2/)‘(44@),
where A=N,V , of the BCS theory. This givves an important enhancement

of the critical temperature. The explanation is found to be t.he same

] |
as that of Hirsch and Scsl\qﬁj‘“ "’//)ﬂ studying an attractive Hubbard
model . : : \:f'* 3%' ‘ / :
An explanation i t.h""i topic effect is also found. That
P mﬁ smec is also found. a

is the isotopic eff honon energy hW, is not

thmic singularity.
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