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The anisotropy of the electrical resistance of zinc and cadmium single crystals in a magnetic
field of 8700 Oe was studied under a pressure of 7000 kg/ cm?. The pressure dependence of
the resistance oscillation period of zinc was investigated up to 8000 kg/cm? in a magnetic
field along the [0001] axis at helium temperatures; a fixed hydrostatic pressure was gener-
ated in a high-pressure bomb. The magnetoresistance of cadmium does not vary under pres-
sure, while in zinc it decreases about 20%, when the current direction lies in the basal plane
of the crystal. When the current is parallel to the [0001] axis the magnetoresistance is found
to decrease 35—40% in both metals. In zinc, pressure changes the deviation limit from the

[0001] axis of special magnetic field direction in the (1010) plane. The resistance oscilla-
tion period of zinc decreases from 6.3 x 10‘5/Oe at zero pressure to 2.1 X 10-%/0e at 8100

kg/cm?

. The data are employed to determine the change induced in the Fermi surface of

zinc by hydrostatic pressure. The critical pressure at which the open cross sections in the
(0001) plane of zinc disappear is estimated to be ~ 30,000 kg/cm?.

1. INTRODUCTION

WE have begun an experimental investigation of
the effect produced by high pressures on the Fermi
surfaces of metals in accordance with certain ideas
of I. M. Lifshitz.[!] Our first task was to develop
a technique for applying high pressures at liquid
helium temperatures in such a manner as to enable
work in magnetic fields with single crystals of
metals having a high degree of both physical and
chemical purity, without producing any undesirable
irreversible deformations. The existing techniques
for producing high pressures at low temperatures
did not yield hydrostatic pressures, in any event
during the generating process. [2,311) This was the
principal obstacle to obtaining undistorted defor-
mations and reproducible results for single crys-

tals at helium temperatures (see 041, for example).

One of the present authors (5] had developed and
tested experimentally a procedure which largely
satisfies the requirements. A pressure bomb made
of heat-treated beryllium bronze is filled with a
mixture of oil and kerosene. The pressure in the
working space is generated at room temperature
and is fixed mechanically; the bomb is then in-
serted into a Dewar and cooled slowly. Pressures

DWe are not considering low pressures smaller than the
pressure of helium solidification.
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up to 8000 kg/cm? at liquid helium temperatures
are obtained.

Lifshitz showed[!] that the topology of Fermi
surfaces of metals can be changed by pressure.
For example, we can expect that a gradually de-
formed open Fermi surface will become a closed
surface. This transformation greatly alters the
anisotropy of the electrical conductivity tensor in
a magnetic field. Specifically, the resistance ani-
sotropy changes; the magnetic-field dependence
of resistance in certain directions is altered,
the angular dependences of resistance in static
fields losing their minima or maxima associated
with the existence of open conduction electron
trajectories. A reverse transformation of closed
Fermi surfaces into open surfaces is also possible
and can actually be expected to occur in metals at
pressures of the order 10° kg/cm?. We can expect
to observe the deformation of the Fermi surface
in the pre-transformation region. Small deforma-
tions of the Fermi surface can be detected by in-
vestigating changes in the angular sizes of ranges
of magnetic field directions for which open cross
sections of Fermi surfaces exist (which we call
the ‘‘special’’ directions of the magnetic field.)

The indicated changes will be observable with
the highest probability in metals exhibiting an
anisotropy of compressibility. We therefore se-
lected zinc and cadmium, which possess open
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Fermi surfaces, as the first objects in which we
would investigate the influence of pressure on re-
sistance anisotropy. It is known,[G"’] that the
Fermi surface of zinc possesses open cross sec-
tions parallel both to the [0001] axis and to the
(0001) plane. From the Harrison model of this
surface,[8] which was confirmed experimentally
by Joseph and Gordon, (9] it is concluded that ex-
tremely thin necks are found in the multiply-
connected open surface. In Lol the minimum cross
sections of the necks are 0.0043A 2 in the basal
plane and 0.06 A% in the [0001] direction. It can
be assumed that even relatively small pressures
will change these cross sections considerably.
Galvanomagnetic measurements enable us to ob-
serve only the changed sizes of necks in the basal
(0001) plane, since they can be obtained from the
angular sizes of a two-dimensional region and the
so-called ‘‘whisker’’ in the stereographic projec-
tion of the special magnetic field directions. [¢]

The Fermi surface of cadmium, which has a
ratio ¢/a almost identical with that of zinc, dif-
fers from the latter by having no open sections
parallel to the (0001) plane.[®] According to the
Harrison model the Fermi surfaces of zinc and
cadmium should not differ essentially. (10l 1t is
therefore of interest to investigate the influence
of pressure on the resistance anisotropy of cad-
mium single crystals in magnetic fields and to
compare the results obtained for zinc and cad-
mium.

A direct study of the influence of pressure on
the dimensions of metal Fermi surfaces is pos-
sible through the investigation of various oscillat-
ing quantum effects such as the oscillation of dia-
magnetic susceptibility (the de Haas—van Alphen
effect ), the oscillation of resistance in a magnetic
field (the Shubnikov—de Haas effect) etc. Since
all these phenomena are of the same character,
all their oscillation periods P in a magnetic field
H should coincide, being determined by the ex-
tremal cross sections Sy, of the Fermi sur-
faces:[11]

P = A(1/H) = 2neh/cS,,.

One of the first publications in which the pres-
sure dependence of the period of quantum oscilla-
tions in a magnetic field was noted is (121 where
the oscillation period of the Hall emf was observed
to increase 1.5% in bismuth subjected to a gas
pressure of ~ 100 atm. In [13] galvanomagnetic
effects under hydrostatic pressure were studied
employing the ice technique for producing high
pressures. [2,14] Here also the pressure depend-
ences of the oscillation periods of the Hall emf

and of resistance in bismuth were detected. This
method was subsequently used extensively and
successfully in (151 to study the influence of hy-
drostatic pressure on the de Haas—van Alphen
effect. It was shown that of the three observed
components of susceptibility oscillations in zinc
the long-period component is most strongly influ-
enced by pressure. In the [0001] direction at
4.2°K the period of this component increased from
5.2 x 107%/Oe at zero pressure to 7.8 x 10~%/Oe
at 1700 kg/cm?. Thus a relatively small pressure
changes some extremal cross sections of the zinc
Fermi surface by a factor of almost one and one-
half; we therefore expected that several times
greater pressures would produce even greater
changes in the sizes of these cross sections.

In the present work we investigate the Shubni-
kov—de Haas effect in zinc at pressures up to
8000 kg/cm?, This effect in zinc was first ob-
served in the [0001] direction in [18]; Renton de-
termined the period of resistance oscillations to
be 6 x 10'5/ Oe. The Shubnikov—de Haas effect has
not yet been observed in cadmium.

2. SAMPLES AND MEASURING METHODS

Single crystal samples of zinc? and cadmium
were cut by means of electroerosion from mono-
crystalline blocks grown by the Obreimov-Shubni-
kov method. The samples, which were 15—20 mm
long with 1-mm diameters, were subjected to no
subsequent treatment except etching in acids;
their orientation was checked with x rays.

The samples were mounted under the top cap
equipped with current and potential leads, of the
high-pressure vessel; the axes of the samples
were parallel to the vessel axis. Before filling
the working chamber with the pressurizing gas, the
angular dependence of resistance Ry(«$) was
measured in a transverse static magnetic field at
4.2°K (¥4 is the rotational angle of the magnetic
field in a plane perpendicular to the sample axis).
Magnetic fields up to 9 kOe were generated in the
112-mm gap of the electromagnet. The emfs from
the sample were amplified with an F-116/1 instru-
ment and were registered automatically during the
continuous rotation of the electromagnet.

Following heating, the working chamber was
slowly filled with the gas at room temperature;
after about three hours the pressure reached
10,000 kg/cm?. During the pressure increase and
decrease the resistance of the sample was monitored

We take this opportunity to thank B. N. Aleksandrov
(Physico-technical Institute, Ukrainian Academy of Sciences)
for providing us with high-purity zinc.
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Table I

’E p=0(before compression) p = 7000 kg/cm? p=0 (after compression)

S w

23| a a a a a G

Sample R H u H ™ H 3

S N A L - P T P A

68| 2 g 3 & = =
Zn-1 ** 5; 90 8.5 0.53 [16200| 8.42 | 0.83 |10100| 8.7 0,55 | 15800
Zn-11 25; 90| 15.4 1,21 [12700| 14.8 1.60 9260 | 15.4 1.31 | 11800
Zn-111 30; 90| 13,7 0.89 |15400| 13.0 1,12 [11600| 13.9 0.90 | 15500
Zn-1V 15; 50f 7.9 — —_ 7.3 0.53 |14100| 7.83 | 0.50 | 15660
Zn-V #** [0001]| 0.60 - — 0.54 —_ — 0.59 — —
Cd-1 0; 90| 4.45 0,67 | 6600 4.17 | 0.81 5120| 4.47 | 0.60 7500
Cd-11 [0001]| 2.4 0,15 [16600| 2,10 | 0,18 |12000| — — —_

*@ is the angle between the (2110) plane and the plane passing through the sample
axis and the [0001] axis; 6’ is the angle between the sample axis and the [0001] axis.
**In the work with the Zn-I sample hydrostatic conditions (slow compression) were not

maintained completely.

***R, , for Zn-V was too small to be measured.

continuously to within 0.05%. This enabled the de-
tection of defects resulting from nonhydrostatic
pressure. The resistances of our zinc and cadmium
samples decreased continuously as the pressure
was increased.

The bomb containing the pressurized sample
was cooled for two or three hours; the cooling ef-
fect of liquid nitrogen was transmitted through
gaseous helium. Rpy(«#) was recorded under pres-
sure after the bomb was covered with liquid helium.
The processes of heating and pressure relaxation
were the reverse of cooling and compression.

Following the release of the gas from the bomb,
Ry(¢) was measured for a third time at 4.2°K. In
each run (with and without pressure) the resist-
ance was measured at 300°(Rggo) and 4.2°(Ry, ;)
with H = 0.

During the same runs the magnetic-field de-
pendence of electrical resistance R(H) was meas-
ured for a fixed magnetic field direction H Il [0001].
R(H) was measured at 1.5° and 4.2°K using meas-
uring currents up to 2 A in a field increasing lin-
early with time from 1.5 to 10 kOe. The emf from
the sample was amplified with an F-116/1 instru-
ment before being registered by an automatic
EPP-09 recorder.

The resistance oscillations of zinc in a mag-
netic field having [0001] orientation were ob-
served against a background of approximately
linearly increasing resistance. This hampered
the clear observation of the oscillations. There-
fore an emf increasing linearly with the magnetic
field and compensating the linear increase of the
resistance was fed simultaneously with the emf
from the sample to the input of the F-116/1. The
basic measurements were performed with linear
compensation of the magnetoresistance of the
samples. The measurements showed in the fig-

ures represent the equation
AR (H) = R(H)—[AH + B],

where the constants A and B were in each in-
stance selected for the suitable visualization of
AR(H). The oscillation periods were determined
within 5% from the resistance maxima.

The pressure was determined in each run using
the calibration described in (5. This calibration,
which had been used for liquid hydrogen, is also
suitable for helium temperatures because there
was no pressure difference in the bomb between
the temperatures of liquid hydrogen and liquid
nitrogen. Pressures in the bomb were also meas-
ured with a tin pressure gauge installed adjacent
to the sample and serving as a part of a current
lead. The pressure was determined from the shift
of the superconducting transition point of tin using
the formula dTep/dp = 4.5 x 1075 deg-cm¥/kg. [4]
The maximum discrepancy between the pressures
recorded by the two different means was ~ 8%.
However, since the value of dTqp/dp in the given
pressure region was not measured independently
but was determined by extrapolation from the low
pressure region, we preferred to employ the cali-
bration described in (%1, We estimate the accuracy
of the pressures to be 5—7%.

3. INFLUENCE OF PRESSURE ON THE ELEC-
TRICAL RESISTANCE ANISOTROPY OF ZINC
AND CADMIUM IN A MAGNETIC FIELD

Table I gives the states of the samples and
measurements before and during compression, and
following pressure relaxation (at H=0). Ry, was
measured with 5% accuracy. Here and below we
use the ratio o = R300/R4.2.
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Table II
Bef 1st After 1st After .| After
ceo:l:e come com- | 2nd comel, ¢ om- g:gs(;(;l:n 3rd com~
pression |pression | pression pression pression pression
10*R30, Q 4.45 4,17 4,47 4,15 4.46 4,17 4,45
107R4,2, Q 0.67 0.81 0.60 0.59 0.44 0.49 0.43
a 6600 5120 7500 6980 | 10100 8500 | 10300
It is evident that after depressurization samples g,,, arbitrary units
retain their initial properties; this result is asso- a
ciated with conservation of the resistance Ry, ,. 5 [\ ﬂr
Under pressure the average decrease of o is 25%. v N \} '
It must be noted that the increase of R, , with .
. FIG. 2. Resistance of s L

pressure is not associated with irreversible de-
formation (Tables I and II).

A. Zinc. The angular dependences Rpy(#) at
4.2°K for samples I, II, III, and V are alike under
pressure within error limits (Fig. 1). The resist-
ances of samples I—IV in a field of 8700 Oe at
7000 kg/cm? decrease by ~ 20%. Under the same
conditions the resistance of sample V, which ex-
hibits almost no anisotropy, decreases 40%. In
order to determine the influence of pressure on
R(H) for a fixed value of 4 the change of « is
taken into account. A reduction of a leads to
20% decrease of the effective magnetic field (the
Koehler rule). This can account for the observed
reduction in the magnetic resistance of zinc under
pressure.

Figure 2 shows Ry(+#) for sample Zn-IV with
its axis forming the angle 6’ = 50° with the [0001]
direction. For this sample the rotation plane of
the magnetic field intersects the ‘‘whisker’’ close
to the end of the latter (Fig. 11 of [6]). The depth
of the minimum in the (1010) plane is appreciably
diminished under pressure and returns to its orig-
inal value following the relaxation of pressure.

£, ,arbitrary units |

J FIG. 1. Resistance

of sample Zn-II vs.
/\\ rotational angle of

2
\; | \\’

magnetic field
(H = 8700 Oe) at
i
|
|
[
| ’ Yoooy | tooont
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4.2°K. Curve 1—
&, deg

p =0; curve 2—

p = 7400 kg/cm?;
curve 3 —p = 0 (after
relaxing pressure).

sample Zn-IV vs. rotational 4 b
angle of magnetic field \f\_/\\/\ /\ N
(H = 8700 Oe) at 4.2°K. ‘ |

a—atp=0; b—atp=7000
kg/cm?; c—at p =0.
15 u/\v[\ \ V\f
(1070)
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From the measured angular dependence of re-
sistance at zero pressure and at different angles
between the sample axis in the plane ¢ = 15°, and
the direction perpendicular to the rotational plane
of the magnetic field, we derived a variation in the
depth of the resistance minimum that is equivalent
to the pressure effect. It was concluded from these
measurements that a pressure of 7000 kg/cm2
shortens the ‘‘whisker’’ by not less than 1°. Of
course, this directly observable influence of pres-
sure on the angular dependence of magnetoresist-
ance in zinc single crystals must be investigated
more thoroughly; we propose to do this for the
angular dependences of both the whisker and the
two-dimensional region of special magnetic-field
directions around the [0001] direction.

B. Cadmium. In the sample Cd-I under 7000
kg/cm? there is practically no change of Ryg(+#).
However, a distinct smoothing out of the minimum
is clearly observable in the direction H || [0001]
(Fig. 3). In sample Cd-II, Ry(4#) decreases about
40% for all angles .

In Cd-I following compression a considerable
increase of a associated with a decrease of Ry,
was observed. Cd-I was subjected to two addi-
tional compression cycles; Table II shows that
the third cycle yielded stable values of R, ;. This
improvement of the original single crystal may
possibly have resulted from the fact that a cad-



EFFECT OF PRESSURE ON THE FERMI SURFACES OF ZINC AND CADMIUM 55

Ky, arbitrary units

FIG. 3. Resistance of
sample Cd-I vs. rotational

/\ ’ /L angle of magnetic field

\ (H = 8700 Oe) at 4.2°K.

Curve 1—p =0; curve 2—
p = 7200 kg/cm?.
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mium sample was compressed very slowly under
hydrostatic conditions at room temperature. These
conditions can lead to the partial ‘‘curing’’ of lat-
tice defects.

C. Discussion of results regarding the effect of
pressure on magnetoresistance anisotropy. As a
simplified model of the zinc Fermi surface in the
second Brillouin zone for numerical calculations
we can use the open surface shown in 6], From
the angular radius of the two-dimensional region
(6y) and the length (9) of ‘‘whiskers’’ in the
stereographic projection (Fig. 11 of L6]) we can
evaluate the minimum dimensions of the tube
parallel to [2110]. Denoting the linear size of
this tube in the [0001] direction by d; and in the
[1010] direction by d,, we find that

(1)*
(2)

d, =1.5btg0tg0,/(tg0— tg ),
dy = 0,23b— 1,5btg 0,/(tg 0 — tg 0,),

where b = 1.58 A™! is the edge of the Brillouin zone
in the (0001) plane. Substituting 6; = 6° and 6 = 42°
from L8], we obtain d; = 0.18b and dy; = 0.03b.

Taking into account the changed length of the
‘‘whisker’’ under pressure, we substitute 6 = 41°
in (2). Assuming that 6, does not vary, we obtain
d, = 0.022b (the corresponding change of d; is
negligibly small). Thus at a pressure of 7000 kg/
cm? the area of the considered Fermi surface
cross section diminishes about 25%. In order to
make this estimate more precise we must con-
sider the possible changes in the angular sizes of
the two-dimensional region. We thus anticipate
that at pressures of the order 30 x 103 kg/cm?
open cross sections of the zinc Fermi surface in
the (0001) plane will disappear.

For cadmium the observed reduced depth of the
resistance minimum for H Il [0001] cannot easily
be associated with any specific change of the Fermi
surface. We can only remark that the direction of
the change is the same as for the minimum in zinc
due to the “‘whisker’’; it can therefore be assumed

*tg = tan.

that the cadmium Fermi surface either has a very
thin layer of open sections parallel to the (0001)
plane or that these open sections can easily arise
through uniaxial stretching along [0001].

4. INFLUENCE OF PRESSURE ON THE SHUBNI-
KOV-DE HAAS EFFECT IN ZINC

A. Determination of the anisotropy of the period
of resistance oscillations. Before proceeding to in-
vestigate the zinc samples under pressure we de-
termined the range of magnetic field directions for
which the Shubnikov—de Haas effect could be ob-
served with the employed technique. It was deter-
mined how the oscillation period depended on the
field direction; for this purpose we investigated
samples having different orientations. For each
of five values of 6’ (90, 80, 70, 65, and 60°) the
value of ¢ was 0, 15, or 30°. For each sample
a ~ 15,000 was obtained.

Measurements were obtained in a 20-mm gap
between the magnet poles at 4.2°K. Oscillations
were observed most distinctly in a magnetic field
parallel to [0001]. Figure 4 shows one of the R(H)
curves obtained without employing linear compen-
sation (the compensation usually coincided in mag-
nitude with the dashed line). The figure shows that
maxima of both large and small amplitudes are ob-
served. We investigated the oscillations of large
amplitude. For H Il [0001] and for any current di-
rection in the (0001) plane the period of these os-
cillations is P = (6.0 + 0.3) x 107 Oe. When the
magnetic field deviated from the [0001] direction,

‘the contribution of the oscillating part of the re-

sistance was sharply reduced. For the deviation
6 = 25° from [0001], R(H) becomes practically
smooth. The existence of resistance oscillations

a2 (H)/ Ry, 300 A2l Ry 300
Vi
v
0015 N 903
1] 7
/
201 4 002

3,005 901

A

3 ; 3 72
4, kbe

FIG. 4. Resistance vs. magnetic field at T = 4.2°K. Curve
1— Zn sample with axis orientation ¢ = 15°, 8= 90%
H || [0001]; ordinate scale on left. Curve 2—Zn sample with
axis orientation ¢ = 0° 6= 70% magnetic field deviated 20°
from [0001] direction; ordinate scale on right.
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Table III
Magnetic field (kOe) at resistance maxima. Parentheses
enclose the ratio of maximum amplitudes after and

.| p before pressurization 2 8

Sample | °K [kg/cm? an

PR 3 & 5 6 7 8 é"?‘

0 ] 7.75 5.2 3.9 3.20 #*% 6.3

Zn-111 {1.5 6000 9.5 7.5 6.25]5.351 4,87 2.7

0 [7.8(0.95)5.2(0.95) 3.9(1) | 3.1 6.4

0 8.15 5.5 415 3.35 |2.75 6.0

Zn-11 {1.5 7100 10.0 8.0 6,6 15,7 3?) 2.5

0 8.2 5.35 4.1 3.25 6.2

r 00 8.15 2.3 4.0 3.2 %z 2.3 2? 6.2

' 190! 9.2 .35 4,85 3.95 N 4.8

N R 7.8 5.85 | 4.6 |3.85/3.3 [2.85| 4.4

{ 0 | 8.1(1) |525(0.95)| 3:95(1) | 3.15(1) [2.6 |2.2 |1.95?| 6.4

600 7.9 5.3 4.0 3.2 ZZ.S - g.i

% 3500 8.2 6.2 5.0 . . .9

Zn-Tavers {“ 8100 ' 9.6 8.0 (6.8 6.0 |5.35 | 2.1

0 | 8.4 [525(0.75)3.95(0.7)(3.15 (0,7)| 2.65 6.4

0 8.2 5.3 4.0 3.2 6.2

o i (l, o0 | 87 | 358 | 43s ' 5.8
’one Ul (ice)

b= 90 i 0 | 88 I5.65(0.4)4.25 (0.3)3.35 (0.3) 6.1

*The period was taken as the mean for differences of the reciprocal magnetic field

associated with resistance maxima.

**2..8 are the serial numbers of the oscillation maximum in the coordinate 1/H; these
were determined from the oscillation period.

**xThe sign ? indicates 10% accuracy.

****Following each run with p equal to
completely.

1900 and 2800 kg/cm? the pressure was relaxed

**xk**kSample Zn-l was again mounted under the top cap of the bomb.

at these angles could only be established by using
compensation and increasing the measuring cur-
rent.

The period of oscillations decreases slightly
(within the investigated limits of 6) as the mag-
netic field departs from the [0001] direction. Thus,
for 6 = 20°, we have P = (5.7 + 0.3) x 107%/Oe.
(The small-amplitude resistance maxima were
observable reliably only for the [0001] direction
and were observed exactly halfway between the
principal maxima. It can therefore be assumed
that their period is either the same as the main
period 6 x 107%/Oe or that it is one-half of the
latter.)

B. Effect of pressures up to 8000 kg/cm? on
the period of oscillations. The oscillating part
of the magnetoresistance was measured under
pressure in a 112-mm electromagnet gap. When
the pole separation was increased from 20 to 112
mm the inhomogeneity of the magnetic field was
enhanced, thus reducing the amplitude of the os-
cillations to approximately one-third. It was there-
fore inadvisable to devote much time to investigat-
ing the temperature and pressure dependences of
the oscillation amplitude.

The influence of pressure on the oscillation
period was studied for H Il [0001] in three zinc
samples: Zn-I, Zn-II, and Zn-III (Table I). For
each sample mounted within the working volume

of the bomb the resistance oscillation periods
were determined in the following order: at zero
pressure, in a compressed state at different
pressures, and following the relaxation of pres-
sure. The results are shown in Figs. 5 and 6 and
in Table III; with increasing pressure the oscil-
lation period is seen to diminish.

Since the results of our present work differed
fundamentally from those in [15], it was necessary
to measure the oscillation periods in samples
under hydrostatic pressure in a bomb filled with
ice, where the pressure was monitored by means
of a tin pressure gauge. The magnetic field in

AR(H)
: VA
Y
; LA
) ,“//\ﬂ/\ /\ \4
|7 i
7 d ! H KOs

FIG. 5. Resistance oscillations in magnetic field
H | [0001] for sample Zn-IIl at 1.5°K. Curve 1—p = 0; curve
2—p =7100 kg/cm?; curve 3—p = 0 (after the relaxation of
pressure). The sensitivity of the measuring circuit and
measuring cutrent were identical for all curves.
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ki)

|
Y

|
|
y ; i
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FIG. 6. Resistance oscillations in magnetic field
H | [0001] for sample Zn-I at 4.2°K. Curve 1—p = 0; curve
2—p = 2800 kg/cm?;, curve 3—p = 0 (after the relaxation of
pressure). The sensitivity of the measuring circuit and
measuring current were identical for all curves.

these measurements was more homogeneous, the
measurements being taken in a 50-mm gap of the
electromagnet. In the runs with Zn-VI the pres-
sure was 1900 + 200 kg/cmz. The results are
shown in Fig. 7 and in Table III; in this case the
oscillation period was diminished as the pressure
was increased.

C. Discussion of results for the Shubnikov—de
Haas effect. The measured oscillations of the mag-
netoresistance of zinc single crystals at 8000 kg/
cm? furnished additional confirmation that the de-
scribed technique permits the maintenance of hy-
drostatic conditions during the application and re-
laxation of high pressures. It is known that the
amplitudes of quantum oscillations are most sen-
sitive to pressure inhomogeneities. In measure-
ments following the relaxation of pressure in a
single cycle no essential irreversible changes of
the amplitudes of resistance maxima are observed.
On the other hand, as is shown by the runs with the
ice-filled bomb, the amplitudes of maxima follow-

N
|

AR(H)

K

9
A, kOe

/ -

7 J 6

FIG. 7. Resistance oscillations in magnetic field
H| [0001] for sample Zn-VI at 1.6°K. Curve 1—p =0; curve
2—p = 1900 kg/cm? (ice); curve 3—p = 0 (after pressure re-
laxation). The sensitivity of the measuring circuit and meas-
uring current were identical for all curves.

ing pressure relaxation are reduced to one-third of
the amplitudes before applying pressure.

The magnitude and anisotropy of the resistance
oscillation period of zinc single crystals in a mag-
netic field, which were measured experimentally
without pressure, are in good qualitative agreement

‘with the literature[%1515:18] for the susceptibility

oscillation component of the longest period. In
these experiments the oscillation period lay in the
range 6 x 10~°—6.4 x 10~3/Oe for H Il [0001] and
5.5 x 107°—5.7 x 1075/0e for 6 = 20°. We obtained
the results 6 x 10~ and 5.7 x 10~%/Oe, respectively.
It follows from a comparison with (18] that the re-
sistance oscillation maxima of zinc coincide with
the susceptibility oscillation minima within accu-
racy limits.%

We therefore have every reason to believe that
both in [#5] and in the present work the effect of
pressure on the same Fermi surface cross section
of zinc was being investigated. According to the
latest precise measurements,[”] these cross sec-
tions belong to an ellipsoid of rotation (the so-
called needle-shaped portion of the Fermi sur-
face) extended along the [0001] direction and are
not associated with the open Fermi surface re-
vealed by galvanomagnetic measurements.

Table III shows that the period of resistance
oscillations diminishes with increasing pressure.
At the maximum pressure 8100 kg/cm? the period
is 2.1 x 1075/0e. At 1900 kg/cm?, obtained by
means of ice, the period decreases by only about
6%. This is not surprising, since the tin pressure
gauge was made of polycrystalline wire and indi-
cates the mean pressure inside the bomb; in a
layer of ice this pressure is evidently highly in-
homogeneous.

Our result showing a diminished oscillation
period disagrees with the results in (15,20,21]  pg
already noted, in [15] jt was observed in an inves-
tigation of the influence of pressure on the de Haas—
van Alphen effect that the considered oscillation
period in the direction H Il [0001] increases con-
siderably.

We find it difficult to account for the different
behaviors of the oscillation periods under pres-
sure in the Shubnikov—-de Haas and the de Haas—
van Alphen effects. It can only be stated that, just
as under pressure, the reduction of c¢/a for zinc
with decreasing temperature [22] Jeads to a de-

9The hypothesis of Stark that the resistance oscillations
of zinc are not of the ordinary type, but are induced by mag-=
netic breakdown, in the case of oscillations on a needle-
shaped Fermi surface does not affect their period, which is
identical with the period of the de Haas—van Alphen effect.[**]
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creased susceptibility oscillation period; at 61.2°K
this oscillation period is 12.5 x 107%/0e.[%3] If we
relate the change of the oscillation period to the
change of c¢/a the results in [23] confirm our pres-
ent results. It is clear, however, that to arrive at
any definite conclusion in this matter we will re-
quire experiments that will investigate simultane-
ously the behavior of the oscillation periods under
pressure in both the Shubnikov—de Haas and the

de Haas—van Alphen effects.

From the decreased oscillation period under
pressure we conclude that pressure increases the
area of the corresponding extremal Fermi surface
cross section;-in (9] this minimum cross section
was denoted by a. The increased area of the ex-
tremal Fermi surface cross section under pres-
sure is shown in Fig. 8.

45,/5,
z —

FIG. 8. Pressure dependence
/ of minimum cross-section area of
the needle-shaped portion of the

zinc Fermi surface. O — present

2 work; X — from [*%],

16000
p, kg/cm?

4 5000

Our results can be compared with Harrison’s
model of the zinc Fermi surface.[%] In this model
the radius of the free electron sphere for a hex-
agonal -close -packed metal can be represented by

= [ |hem

T 2mncjla | Ta
where n is the valence of the metal. Assuming
that at 4.2°K we have a = 2.655A and c/a = 1.831,
(23] we find that for zinc at zero pressure r
=1.586 A™L, Using Bridgman’s data, [24] and the
similar data in 23 for the compressibility of
zine, we find that at 4.2°K and 8000 kg/cm?, c/a
=1.816 (using a =2.652A). This gives rp
=1.593A7!. The minimum cross section in the
Harrison model can be regarded approximately
as an equilateral triangle. From the changes of
a and r under pressure we find that at 8000 kg/cm?

the sides of the given triangle increase by 0.016 A1,

From the experimentally determined area increase
of this same cross section we calculate that each
side of the triangle increases by 0.013 A~!, thus
showing entirely satisfactory agreement. The
Harrison model can therefore account for our
results.

We are indebted to Academician P. L. Kapitza
and to Professor L. F. Vereshchagin for enabling
us to conduct these investigations and to Professor
N. E. Alekseevskil for his interest.
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