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THE last fifteen years have seen exceptionally rapid
progress in experimental methods of investigating the
electronic properties of metals. Greatest attention has
been paid in the experiments of these years to the en-
ergy spectrum of the conduction electrons of the
metals ~ to the dependence of the energy of the elec-
trons on their quasi-momentum € = €(p).

One of the most important concepts of model elec-
tronic theory of metals is the ‘‘Fermi surface’’ (¢ (p)
= € = const), The Fermi surface separates the states
occupied by electrons from the free ones in quasi-
momentum space. Knowledge of the geometry of the
Fermi surface and its characteristics makes it possi-
ble to explain many macroscopic properties of a metal,
for example the electric resistance in a magnetic field.
On the other hand, an investigation of various proper-
ties of the metal makes it possible in turn to recon-
struct the Fermi surface of the metal. Thus, most
quantum effects contain quantitative information con-
cerning the areas of the extremal sections of the Fermi
surface, cyclotron resonance yields information on the
effective masses of the electrons and the velocities on
the Fermi surface, absorption of ultrasound in a mag-
netic field and the radio-frequency size effects make it
possible to determine linear dimensions of the cross
sections of the Fermi surface, etc.

By now, the Fermi surfaces of most metals have
been investigated in sufficient detail. In particular, it
is known whether this surface is closed or open, and

the topological types of open Fermi surfaces have been
determined. The dimensions of the Fermi surfaces of
most metals have also been determined.

These data were obtained not only because of the
development of the experimental methods, but also be-
cause of the development of theoretical concepts in this
field of solid-state physics. The summaries of the
theoretical and experimental investigations of the en-
ergy spectrum of metals were contained in the reviews
of I. M. Lifshitz and M. I. Kaganov (Usp. Fiz. Nauk 69,
419 (1959); 78, 411 (1962); 87, 389 (1965) [Sov. Phys.-
Usp. 2, 831 (1960); 5, 878 (1963); 8, 805 (1967)], M. Ya.
Azbel’ (Usp. Fiz. Nauk 98, 601 (1969) [Sov. Phys.-Usp.
12, 507 (1970)], and J. N. Ziman (Contemp. Phys. 3,
241 (1962); 3, 301 (1962); 3, 321 (1962); 4, 1 (1963); 4,
81 (1963)).

In these reviews, the experimental material served
only as an illustration of the theory. The reviews con-
tain no references to the majority of the original ex-
perimental and theoretical papers.

The present paper partly fills these gaps. In es-
sence, it is by way of an appendix to the reviews of
I. M. Lifshitz, M. I. Kaganov, M. Ya. Azbel’, and J. N.
Ziman, and yields most general information concerning
the topology of the Fermi surfaces of metals and inter-
metallic compounds., This information has been ob-
tained mostly from galvanomagnetic effects.

The article contains a table, diagrams of the main
types of open Fermi surfaces observed experimentally,
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311 (ASE) (Fig. 1)

36 (ASE) (Fig. 3)

(Fig. 3)

(Fig. 5)

317 (ASE) (Fig. 6)
(see also figures in
{196] and [197)).

Fig. )

(Fig. 7)

(Fig. 8)
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(Fig. 10)

(Fig. 3)

According to calcu-
lation, the Fermi
surface should be
open

(Fig. 11)
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Fermi surface of gold
AgPZdn. CuZn | Pbrass Open (calculation) 310 a
In
AuGa, FCC Open, analogous in topology to 09, 434 atz 335 (Fig. 3)
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1-2 zone

e,

FIG. 1. a) Open Fermi surface
(“monster”’) for beryllium and mag-
nesium (without allowance for the
spin-orbit interaction of the elec-
trons) [*!%]; b) formation of open
directions {1700 and {1710} as a re-
sult of magnetic breakdown be-
tween two parts of the Fermi sur-
face—the “monster” and the “cigar”
(“needle”) for beryllium, magnesium,
and zinc. The figure shows the sec-
tion with the plane [0001], aa, and
bb are open trajectories along [ 1100}
and {1210].

FIG. 2. One of the variants of the
open Fermi surface of iron [7*].
Curve with arrows—open trajectory

W\ along the [001] axis.

b)

FIG. 3. a) Open Fermi surface of gold, copper, and silver [3!¢]; b)
intersection with the plane [110]. The existence of open directions
[111],[110], and [001] is seen [2*].

FIG. 4. Open surface of cadmium.
There are discontinuities in the basal
plane. As a result, no open directions
are produced along the {1210} and
{1100) axes (see Fig. 1b) [*7].

\

FIG. 5. Open Fermi surface for metal
group VB (V, Nb, Ta) in accordance with
the calculations of ['37].

and a bibliography. Certain figures are drawn sche-
matically and can give only a general idea concerning
the topology of the open Fermi surface.
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[a077

FIG. 9. Open hole Fermi surface of mercury in the first zone in
accordance with calculations [2%!]. Dashed and dotted lines—open
trajectories (see also the figures in [23°]).

3d zone: holes 4th zone: holes Section (001)
a) b)
FIG. 6. Open Fermi surfaces for tin in accordance with calculations
(their existence was confirmed in [191:194196,198,202,2031y 4} Open hole
surfaces in the third and fourth zones ['**] (concerning these surfaces

see also the figures in ['%%197]); b) sections of open electron surface in
the fifth zone [3%°].

FIG. 7. Model of open Fermi surface of palladium and platinum

[2]2]'

FIG. 10. Open electron Fermi surface of lead (third zone). a) Lines
u and p—open trajectories [236:237] ; b) the same surface in one recipro-
cal-lattice cell, performed with conservation of the scale of all dimen-
sions obtained experimentally (M. S. Khaikin and R. T. Mina).

FIG. 11. Intersection of the
plane (1010) with the open hole
Fermi surface of thallium in ac- | [ Y T
cordance with the Harrison VoSN / = }

~ 1
3

model [118:192]  According to the >/ S\\[./
experiments, the diameter d is 2
much larger than the calculated otd -4
diameter: dexp = 0.1 (all the Y
values of the dimensions are given A
inunitsof b= 1.16(2nfa),a= [ % 1 [

3.454). |
FIG. 8. Fermi surface of rhenium according to calculations {*??]. 742

eg —electron surface open in the direction [0001] (zone 8); h, —closed
hole surface (zone 7). Magnetic breakdown between eg and h, leads
to formation of open directions along the {1100) axes.

which the band structure of the metals and alloys was
investigated.

In connection with the discovery of the phenomenon
of magnetic breakdown, the concepts of open and
closed Fermi surfaces have become arbitrary: ina
magnetic field a closed surface may become open and
vice-versa. Therefore the table indicates (approxi-

The table lists: 1) information on the topological
type of the Fermi surface, the relation between the
number of electrons n; and holes n;, and 2) references
to the principal experimental and theoretical papers in
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FIG. 12, Fermi surface of
metals of the chromium type
{2°1. The open directions arise
along the {001 axis as a result of
magnetic breakdown between the
closed surfaces 1 and 2.

FIG. 13. Schematic represen-
tation of the completely deter-
mined Fermi surface of zinc [!!%
297], 1—Open hole surface (sec-
ond zone), unlike Cd, there is no
discontinuity in the surface on
the basal plane, and therefore
magnetic breakdown leads to the
formation of open directions
along the axes [1210] and
[1700] (see Fig. 1b); 2—closed
parts of the surface, located in
different zones, with allowance
for the magnetic breakdown be-
tween the surfaces « and § (“ci-
gar” and “butterfly”); 3—the
same without allowance for mag-
netic breakdown between the
“cigar” and the “butterfly.”

o) (7277}

mately) the value of the magnetic field up to which it
can still be assumed that the surface is practically
closed or open.

In the appendix there are no references to experi-
mental methods that are either themselves the subject
of research or do not give additional information com-
pared with the simpler methods. Nor are there refer-
ences to the methods that have not gained wide accep-
tance and with the aid of which only modest information
has been obtained so far.

The few investigations of the anomalous skin effect
(ASE) and positron annihilation (PA) are placed at the
end of the bibliography and corresponding references
to them are given in the table in the ‘“‘Remarks’’ col-
umn. On the whole, although the bibliography is not all
inclusive, it represents sufficiently fully the main work
done on the investigation of Fermi surfaces of metals.
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