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CALCULATED SHAPE OF THE FERMI SURFACE OF COPPER
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The electronic properties of copper have recent-
ly become the subject of intensive study by a wide
variety of experimental methods. ' One important
result of these investigations has been the general
verification of the Pippard model2 for the Fermi
surface, which is nearly spherical over the main
part of the surface (called the "belly" ) and which
is pulled out in the (111)directions to form eight
"necks" which contact the Brillouin zone surface.
It is the purpose of this Letter to note that our
recently completed band-structure calculations'
on Cu not only have led to results consistent with
the Pippard model but have also predicted interest-
ing distortions of the "belly" which have just been
observed experimentally. 4 Also we will present
an explanation for the distortions and will discuss
the importance of this effect for the other noble
metals.

The calculations were carried out by the Green's
function method' using two different crystal poten-
tials. The first one, which is perhaps most ap-
propriate for the d bands, was used initially by
Chodorow. ' For the second potential, we com-
puted the Coulomb and exchange contributions
separately for the different angular momenta from
renormalized Cu Hartree -Pock functions. Only
the results for the latter potential, which we be-
lieve to be somewhat more realistic than the for-
mer, will be discussed here although the other
results are in semiquantitative agreement with
them and lead to similar conclusions about the
Fermi surface. '

Our results' show that the Fermi surface as-
sociated with the calculated energy bands contacts
the hexagonal zone surface and the calculated ra-
tio of neck to belly radii is 0.22+ 0.02 in good
agreement with the experimental ratio'~ of about
0.20. Also, for these bands, the onset of inter-
band optical transitions would occur for transi-
tions between the d bands around the upper I.,
state and the Fermi surface at about 2.6 ev in
fair accord with the observed 2.2-ev value.

To study the Fermi surface in more detail, we
have determined the intersections of the constant
energy surfaces with a (110) plane (Fig. 1). The
estimated Fermi energy is -0.19 ry. Aside from
the sizable region of contact with the zone sur-
face (for E =E~), the principal feature of interest
in these curves is that the belly is pulled out in

the (100) directions and is contracted in the (110)
directions. The occurrence of these appreciable
distortions is at variance with the genera.'ly held
belief that the main section of the surface is very
nearly spherical.

Bearing out these results are the recently re-
ported studies of the shape of the Cu Fermi sur-
face by Morse et al.4 using the magnetoacoustic
effect which clearly show these deviations from
sphericity. It is clear from their diagram that
their observed and our calculated distortions are
comparable. We find k&(100)/k&(110) = 1.09.

The explanation for the occurrence of these dis-
tortions involves the "repulsion" of conduction
band states by the relatively high-lying d-band
states of the same symmetry. In Fig. 2 are shown
some of the bands of interest for this discussion.
Now, the calculations' show that the lowest con-
duction band state at the end of the [100]axis has
the P-like symmetry X4'. As d-band states of this
symmetry cannot occur, this state is not "re-
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FIG. I. The intersections of a (110) plane with cal-
culated constant energy surfaces for Cu and with a free
electron Fermi sphere (dashed curve). The estimated
Fermi energy is -0.19 ry.
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as our calculations for them also indicate that
the lowest conduction band states at X and L are
P-like. It is interesting to note that Morse et al.
have also observed these distortions in Au. Inas-
much as the d bands in Ag are expected to be low-
er than in Cu and Au, we would predict smaller
distortions in that metal.

It is thus seen that, contrary to opinions oNgn
expressed in the past about the possibility of
calculating meaningful energy bands for such a
metal, the calculated bands lead to a Fermi sur-
face in good agreement with the one determined
by experiment. Of course, as the many-elec-
tron effects have not been treated adequately and
the electron-phonon coupling has been neglected,
we cannot expect these bands to describe all the
electronic properties of this metal without the in-
troduction of corrections for these correlation
effects.

The details of the calculations will be published
shortly.

The author wishes to thank Miss E. I. Kreiger
for her invaluable help with the numerical compu-
tations.
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FIG. 2. The Cu energy bands in the conduction and
d-band regions for the A&, A&, and Z& states in the
t.1113,[1003, and t1103 directions, respectively. For
clarity, most of the calculated d-band curves were
not drawn in.

pelled. " Conduction band states "near" X~' will,
of course, have very small admixtures of d func-
tions and consequently will only be affected weak-
ly by the lower states. In the [110]direction, on
the other hand, the conduction band (Z, symmetry)
"interacts" fully with the d band all the way out to
the zone surface where it has K, symmetry. The
argument also applies to the other noble metals
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