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We present the results of an experimental investigation of the oscillatory magnetoresistance of gallium. The

frequency spectrum of the large-amplitude magnetic-breakdown-generated oscillations for field directions in

the bc plane was measured. A particularly rich spectrum which includes five previously unreported frequency

components was observed for il along the c axis. The results are compared with existing de Haas-van

Alphen data as well as with the best available Fermi-surface model due to Reed. We discuss a possible

interpretation of the data in terms of the one-dimensional coupled orbit network which emerges from Reed's

calculation, but for which the consequences have not been previously considered. The calculation is shown to

be only partially consistent with the experimental data.

I. INTRODUCTION

Several previous studies of the galvanomagnetic
properties of gallium have contributed greatly
to the present partial understanding of the Fermi-
surface topology and electronic structure. Heed
and Marcus' established that gallium is a compen-
sated metal and reported the existence of open
trajectories in the k, direction. More detailed in-
vestigations by Kimball and Stark' and by Cook

3, 4
and Datars ' revealed the presence of k„-directed
open trajectories as well. Kimball and Stark were
able to resolve four distinct angular regions in the
bc plane for which the applied magnetic field gives
rise to k„open trajectories, and from measure-
ments of the field dependence of the transverse
magnetoresistance, determined that in three of
those regions the trajectories are generated by
magnetic breakdown.

A great deal more information about the elec-
tronic structure of a metal, in addition to the de-
termination of Fermi-surface connectivity and
associated semiclassical electron trajectories,
can often be obtained from studies of the oscilla-
tory magnetoresistance. This is especially true
in those cases where magnetic breakdown is im-
portant and oscillatory components of the mag-
netoresistance having amplitudes much larger
than the standard de Haas-Shubnikov oscillations
are observable. Large-amplitude magnetoresis-
tance oscillations of this type were observed in
gallium by Kimball and Stark, ' but no quantitative
study was undertaken.

%e present here the results of our detailed in-
vestigation of the oscillatory magnetoresistance
of gallium. Comparison will be made with previous
de Haas-van Alphen (DHVA) data" and with the
recent and more complete DHVA results of Holroyd
and Datars. ' Despite the extensive experimental
studies of Ga utilizing a great many of the tech-
niques of Fermiology, "there has not yet emerged

a band- structure and Fermi- surface model which
are fully consistent with the data. By far the most
successful band-structure calculation to date is
the pseudopotential calculation of Heed, "and we

will examine in detail the areas of consistency
and inconsistency between our experimental re-
sults and that calculation.

Crystalline gallium forms a base-centered or-
thorhombic lattice with lattice parameters
a =4.516 A, b =4.491 A, and c = 7.633 A at 4.2 K."
The base centers are located on the (100) face (or
bc plane) of the orthorhombic cell. A rhombic
primitive cell is defined by taking the vectors to
the base centers: x, =K, x, =-,'b+-,'c, and x =--,'b
+-,'c. This primitive cell has one-half the volume
of the orthorhombic cell and contains four gal-
lium atoms, each of which contributes three con-
duction electrons. Since the ratio c/b =1.i00 is
very nearly W3, the lattice is almost hexagonal
with near sixfold symmetry about the a axis. The
Brillpuin zone for gallium is thus the "pseudo-
hexagonal" prism shown in Fig. 1. The complexity
of the Fermi surface of gallium is apparently a
consequence of both the low crystal symmetry and

the large number of conduction electrons per prim-

Kz

FIG. 1. The pseudohexagonal Brillouin zone for galli-
uIQ.
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itive cell.
Large-amplitude quantum oscillations in the mag-

netoresistance of various other compensated met-
als such as Zn, "and Mg, "have been shown to
arise f rom magnetic breakdown. Several different
mechanisms, each involving magnetic breakdown,
have been shown to be important and are listed
below.

(i) Magnetic breakdown may destroy the volume
compensation of hole and electron orbits causing
a corresponding transition from large magnet-
oresistance (H' dependence) to sma, ll (satura-
tion). "'" Oscillatory behavior between these two
regimes can result from modulation of the tun-
neling probabilities (and hence the degree of com-
pensation) by the field-dependent periodic elec-
tron density of states on closed orbits involved in
magnetic breakdown. "'"

(ii) The transition from quadratic to saturating
magnetoresistance regimes may also be caused
by the existence of magnetic-breakdown-generated
open trajectories. Again, oscillatory behavior
between the two regimes can result from modula-
tion of the electron transmission probabilities
along the open trajectory by the quantized electron
density of states on closed orbits coupled to the
trajectory. "

(iii) Magnetic breakdown may also generate elec-
tron interference effects."" Here the transmis-
sion probability of electrons along an open tra-
jectory contains oscillatory components due to the
direct interference of phase-coherent electron
states on different branches of the trajectory. The
frequency of the resulting oscillations does not cor-
respond to any closed electron or hole orbit on the
Fermi surface, and, as explained elsewhere, "
the amplitude of such oscillations is unaffected by
the temperature broadening of the Fermi distribu-
tion and therefore only weakly temperature de-
pendent.

In each of the above cases the magnetoresistance
oscillations are generally of larger amplitude than
the usual de Haas-Shubnikov oscillations which do
not involve magnetic breakdown. The latter result
from the oscillatory density of states as manifes-
ted in the transport relaxation time, are of small
amplitude, and only provide information which is
redundant with DHVA data.

II. EXPERIMENTAL PROCEDURE

Single crystals were prepared from high-purity
(99.99999%) gallium obtained from Ventron Alfa
Products. Typical samples had residual resistiv-
ity ratios of 35000. The crystals were grown from
the melt in a lucite mold by the technique described
by Yaqub and Cochran' and Waldorf. " The mold

was shaped so as to provide two current and two
potential tabs as integral parts of the crystal. The
resultant samples were of overall dimensions

3Q
x

3Q
x —,

' in .' The des ired crystal log raphic orien-
tation was achieved by growing from an x-ray
aligned seed crystal. In order to obtain good
growth from the seed it was necessary to etch
the seed with a 3 volume /p HCl solution just prior
to its insertion in the supercooled molten gallium.
After the crystal had solidified it was found that
the seed easily detached from the new growth
without inducing strain or causing other damage
although entire crystal had accepted the seed ori-
entation. Thus a given seed was reusable. The
orientations of the seed and samples were de-
termined by comparing Laue back reflection photo-
graphs with computer- generated standards.

Magnetoresistance measurements were made
with magnetic fields in the range 0-26 kG and
temperatures of 1.2-4.2 K. The electromagnet
was rotatable in the horizontal place and the entire
cryostat and sample could be tilted a4 in a ver-
tical plane, thus providing two degrees of freedom
for accurate in situ orientation of the crystal rela-
tive to the magnetic field. Final orientation of the
samples to within 0.1 was achieved by utilizing
the symmetry of magnetoresistance rotation dia-
grams. The oscillatory magnetoresistance was
studied first by preliminary dc detection, and then
in detail by the large-amplitude field modulation
method. " The f requency discrimination feature
of this method was essential in analyzing the com-
plex oscillatory spectrum.

Most of the measurements were performed on
samples with current axes J along the b direction.
For investigations of the oscillatory spectrum as-
sociated with the k„-directed open-orbit network,
the sample axis was mounted horizontally such
that the magnetic field could be rotated in the bc
plane (longitudinal to transverse configuration).
Samples having various other current axes were
also utilized for other aspects of the experiment.

III. EXPERIMENTAL RESULTS

The transverse magnetoresistance of Ga for
J II b and H () c is shown in Fig. 2 for the field range
0-25 kG. Clearly visible on this curve are two
large-amplitude oscillatory components with fre-
quencies 0.230 and 0.80 MG, the latter having the
greater amplitude. Many other higher-frequency
components of sizable amplitude were also ob-
served by means of the field modulation method.
Indeed, one such component, 8.7 MG, is also of
sufficient amplitude for direct observation in the
dc magnetoresistance at only slightly higher fields
(see Fig. 8 of Ref. 2),
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FIG. 2. Transverse magnetoresistance of gallium at
1.6 K for H along the c axis and the current J along the
b axis. The two large amplitude oscillatory components
have frequencies 0.230 and 0.80 MG.

A compilation of the frequencies observed for
H () c is presented in Table I alongwitha summary
of DHVA observations for the same symmetry di-
rection, including the recent results of Holroyd
and Datars. ' Of the ten observed frequencies,
five were previously unreported (namely 4.18,
4.39, 33, 44, and 86 MG), although the 4.18-MG
frequency was observed simultaneously with this
work in the latest DHVA experiments. '

The frequency spectrum for H along the c axis
was the most complex observed and contained
the most new information. Tb frequency branches
(frequency versus field direction) corresponding
to the new components in the c-axis spectrum were
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FIG. 3. Frequency branches in the bc plane for two

new oscillatory components observed in the magneto-
resistance.

measured in the bc plane. The results for the
branches corresponding to the 4.18- and 4.39-MG
frequencies at c are shown in Fig. 3. The lower
branch cuts off sharply at 52.5 from the c axis
(e =37.5' in the figure), but the upper branch was
observed only to about 30' from c. It should be
noted that both components have sizable ampli-
tudes all along the respective branches. A typical
data trace for these components is shown in Fig.
4; the dominant frequency results from the lower
branch, and the strong beat amplitude from the
upper. Branches corresponding to the 33- and 44-
MG frequencies were observed in the bc plane to
20' from c, and the 86 MG was not observed be-
yond 1.5' from the symmetry axis.

For field directions not in the bc plane, only
small-amplitude de Haas-Shubnikov oscillations

TABLE I. Comparison of observed frequencies in the magnetoresistance for H II c with the
corresponding de Haas-van Alphen data. Frequencies are in MG.

Magnetoresistance
(this work)

de Haas-van Alphen
Goldstein and Foner ' Condon Holroyd and Datars '

0.203
0.230

0.80

4.18
4.39
8.7

20.7

33
44
86

0.209
0.232

0.76

8.5
12.8

20.6

0.0016
0.20
0.23

0.73
1.35

8.3
12.8

0.201
0.223
0.287
0.790
1.363
4.16

8.55
12.5
13~ 1
20.8
22.4

Reference 6.
b References 5 and 10.

Reference 7.
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MAGNETIC FIELD STRENGTH (kG)

FIG. 4. Magnetoresistance signal (in arbitrary units) as obtained by the field modulation method at 1.4 K for H along
the c axis. The dominant component has frequency 4.18 MG. The strong beat amplitude results from a 4.39-MG com-
ponent.

were present in the magnetoresistance. All the
observed frequencies were in agreement with

published DHVA spectra and so will not be re-
produced here. In particular, no new information
was obtained from an a-axis current sample de-
spite the importance of the k, open trajectory in
the transverse magnetoresistance when 8 [lb. This
supports the previous result that the k, open tra-
jectory is not involved in magnetic breakdown.

A brief experimental search was also undertaken
in the DHVA spectrum for the presence of the
specific new frequencies in Table I for H [) c. No
evidence for the higher frequencies (33, 44, and
86 MG) was obtained. The 4.18-MG component
was observable, but with considerably smaller
amplitude than in the magnetoresistance. How-
ever, the strong beat envelope present in the mag-
netoresistance and resulting from the 4.39-MG
component was completely absent in the DHVA
spectrum. These results are consistent with the
DHVA data of Holroyd and Datars. '

A possible source of the oscillatory magneto-
resistance components which do not appear in
DHVA data is the electron interference mechanism
similar to that observed in Mg."'" To test this
possibility we investigated the temperature de-
pendence of the amplitudes of these components
in the range 1.2-4.2 K. It was found that for H )( c
all ten frequency components had temperature-
dependent amplitudes characterized in the usual
way by effective masses m*. For example, effec-
tive masses of the order 0.2mo were measured for
both the 86- and 33-MG frequencies, and 0.1mo
for the 20.7-, 4.39-, and 4.18-MG frequencies.
These compare with effective masses of (0.15
+0.02)m, and (0.070+0.005)m, for the low fre-
quencies, 0.80 and 0.230 MG, respectively.

IV. COMPARISON TO CALCULATED BAND STRUCTURE

As stated earlier, the local pseudopotential cal-
culation by Heed" has provided the most success-
ful Fermi-surface model for Ga to date. In this
section we will discuss our experimental data in
terms of that model and point out both the succes-
ses and failures of the model. It should be re-
membered that the calculation is semiempirical in
that the form factors were optimized to provide
the observed k, and k„open trajectories, and to
fit one particular cross section (that of the 7th
band electron sheet, or butterfly orbit, at L) from
rf size-effect data." However, no adjustments
were made to fit the large body of existing DHVA

data. For a detailed description of the entire
Fermi-surface model we refer the reader to
Heed's original paper. We will discuss here only
those aspects of the model which are directly rele-
vant to this experiment.

The three Fermi-surface pieces of greatest in-
terest here are the large, multiply connected 6th
band hole sheet (6k monster in Reed's nomencla-
ture), the 7th band electron sheet on the T sym-
metry line (7e saucer), and the 5th band hole sheet
(5h ellipsoid) at the symmetry point X. The cal-
culated cross sections of these three pieces in the
k, =0 (central) plane of the Brillouin zone are
shown in Fig. 5 in the repeated zone scheme. The
5h and 6h sheets are separated by only small spin-
orbit gaps near X (on the S symmetry line) where
the 6h piece has a neck. Magnetic breakdown can
occur at these gaps, and we will denote the mag-
netic-breakdown junctions of this type as J, junc-
tions. Also shown in Fig. 5 are locations of the
7e saucers at the tips of the monster arms. These
two pieces (6k and 7e) are also separated by small
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FIG. 5. Cross section in the k, = 0 plane of those
sheets of the Fermi surface proposed by Heed which
form a one-dimensional coupled-orbit network. Mag-
netic breakdown can occur at junctions J& and J2 as dis-
cussed in the text. The k„-directed open trajectory gen-
erated by breakdown between the 6th and 7th band sheets
is denoted by the bold line. Also shown separately are
three closed orbits on the network: the 5th band hole
ellipsoid (A), the 7th band electron "saucer'* (B), and
the "single monster" (C) which results from magnetic
breakdown between the 5th and 6th band hole sheets.

gaps, and we will refer to the resulting junctions
as J2 junctions.

It should first be noted that the k„open trajec-
tory, highlighted by the bold face segments and
arrows in the figure, results from magnetic break-
down (tunneling) at the J,-type junctions. Further-
more, the electron trajectories in Fig. 5 form a
one-dimensional network of coupled orbits along
k„, and this network supports a large number of
distinct closed orbits. Although an important
feature of Reed's model is the existence of this
fairly complex orbit network, only a few of the
simplest orbits have been considered by other
workers in analyzing DHVA and other data.

The three orbits of smallest extremal area on
the network have indeed been discussed previous-
ly and are also depicted in Fig. 5. These are the
hole orbit (A, ) on the 5th band ellipsoid, the elec-
tron orbit (B) on the 7th band saucer, and the hole
orbit (C) resulting from magnetic breakdown be-
tween the 5th and 6th bands at two J, junctions.
This latter breakdown orbit is commonly called
the "single monster" orbit. The predicted fre-
quencies of these orbits from Reed's calculation

are 0.07,"0.843, and 10.9 MG, respectively.
Since these orbits are all coupled to the open tra-
jectory in Fig. 5 by magnetic breakdown, an ad-
ditional consequence of this model is the presence
of large-amplitude oscillatory components with
these frequencies in the magnetoresistance when
H [~ c and J [[b. Assignments of va, rious frequencies
in Table I to these orbits have been suggested by
Reed." We concur with his assignments of the
0.80- and 8.7-MG frequencies to orbits B and C.
However, his tentative assignment of a very low
frequency (0.0016 MG) observed by Condon' in
DHVA measurements is a much poorer fit to orbit
A (ellipsoid) than is the 0.230-MG frequency in
Table I. Other workers" have also assigned the
0.230-MG frequency to this piece, and we believe
that the experimental observation of this frequency
as a large-amplitude component in the magnetore-
sistance clearly favors this assignment. For com-
pleteness we note that an alternative assignment
to orbit C of the 12.7-MG DHVA frequency has also
been suggested. ' However, since this frequency
is not observed in the magnetoresistance, this
assignment is much less likely than the 8.7 MG.

To assign our higher frequencies (in Table I) it
is necessary to examine some of the more complex
orbits on the network, a subset of which is shown
in Fig. 6. Orbit H is the so called "double mon-
ster" hole orbit. " Orbits A, B (Fig. 5), and H are
the only orbits possible on the network in the low-
field limit; electrons completing these orbits must
undergo Bragg reflection at each junction encoun-
tered. All of the other orbits in Fig. 6 are mag-
netic-breakdown orbits and consist of segments
of the electron trajectories on the 5th, 6th, and
7th band sheets coupled together in a variety of
ways. The only orbits which exist in the high-field
limit are the electron orbit D and the hole orbit K
for which the electrons tunnel at each junction en-
countered. The remaining orbits in Fig. 6

(C, E, E, G, I, J, and L) involve both tunneling
and Bragg reflection at the appropriate junctions
and exist for intermediate field strengths.

It is apparent from Figs. 5 and 6 that the geo-
metry of this orbit network implies simple alge-
braic relations between the frequencies of the
various orbits. In particular, if the frequencies
of orbits A, B, C, and D are specified, all the
others are determined. For example, orbit 6
has frequency G= 2C- B. Similar expressions for
the other orbits are listed in Table Q. Note that
these algebraic relations are independent of the
detailed shapes of the Fermi-surface pieces and
result only from the overall structure of the net-
work. The frequencies calculated by Reed" for
the orbits in Figs. 5 and 6 are given in Table II.
The value of 20 MG for the D orbit was deter-
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FIG. 6. Some possible
orbits on the coupled-orbit
network of Reed's model.
Electron orbit D and hole
orbit K result in the high-
field limit when magnetic
breakdown is complete.
The dotted lines indicate
the positions of the orbits
on the network.

mined with a planimeter from drawings supplied
by Reed and is accurate to only two figures, as
are frequencies K and L which are derived from
D. The best assignment of the observed frequen-
cies in Table I to the D breakdown orbit is the
20.V-MG component which has also been observed
in DHVA experiments. An earlier assignment of
this frequency to the Ve butterfly orbit at L was
proposed by Reed." However, the recent DHVA
results have placed a 22.4-MG frequency on the
butterfly. Since the 22.4-MG component is not
observed in the magnetoresistance, it does not
result from an orbit on the central breakdown
network, whereas just the opposite is true for the
20.V-MG component. We therefore concur with the
new assignment af the 22.4 MG to the butterfly.

Assuming that the above assignments of the ob-

served 0.230-, 0.80-, 8.V-, and 20.V-MG frequen-
cies to the A, B, C, and D orbits are correct, we
can now predict the actual frequencies of all other
orbits on the network by applying the algebraic re-
lations discussed above to these experimentally
determined frequencies. These results are also
presented in Table II in the column labeled "pre-
dicted frequencies —Reed's model, modified. " We
note that there are two possible orbits (J and Z)
to which the observed 33-MG frequency may be
assigned, and one (L}to which the 44 MG may be
assigned. Numerous other frequencies, including
E, I', G, H, and I, have, no counterpart in the
experimental data in Table I.

We must now consider the magnetic-breakdown
amplitude factors for each orbit to determine
which are likely to be observed experimentally.
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TABLE II. Frequencies and amplitude factors for coupled orbits shown in Figs. 5 and 6.

Orbit
designation

Algebraic frequency
relations hip

Predicted frequency (MG)
Reed's model Reed's model, modified

Magnetic-breakdown
amp)itude factor

K

C-2B
C —B

2C -B
2C -A

3C -B -A

4C -B—2A

D+2C —2B

D+3C —2B -A

0.07

0.843

10.9

9.2

10.1

21.0

21.7

31.8

42.6

40

(0.230)

(0.80)

(8.7)

(20.7)

7.1

7.9

16 ~ 6

17.2

25.1

33.5

36.5

45.0

q 2

q 2

p2q2

p4

p 2p4q 2

p 2p 2q2

qiq2

p&q2p2q4

q4p4q6

p4p4

p2q2p4q2

Experimental values are assigned for orbits A, B, C, and D. The algebraic relationships from Reed's model are
then used to calculate the remaining frequencies.

We will denote the probability amplitude for tun-
neling at a J&-type junction as P& (i =1,2), and the
corresponding probability amplitude for Bragg
reflection as q„so that

e g
= (&-P'g)'"

and

p', = exp( H, /H), -
where H, is the relevant magnetic-breakdown pa-
rameter. The amplitude for each orbit on the net-
work contains a factor due to magnetic breakdown
which is the product of the appropriate P, and q, .
These factors are given in Table II.

Although the energy gaps and breakdown param-
eters H, and H, are not known, some qualitative
information is available from the experimental
data. The k„open trajectory shown in Fig. 5 re-
quires tunneling at many successive J, junctions,
and so the reported experimental evidence for this
trajectory'~ implies that the breakdown probabil-
ity is reasonably large at the J, junctions for the
fields attained in this experiment (26 kG). Thus
q, is probably small, but not vanishingly so, since
orbit B is also observed at 26 kG. Hence we will
assume that p, &q„and orbits involving many fac-
tors of q, will have unobservably small amplitudes,
whereas those not involving q, (such as orbit D)
will be observed. For example, orbit H, the
"double monster, " involves Bragg reflection at
each of four J, junctions, and the expected fre-
quency 17.2 MG has not been observed experi-
mentally. Similar effects have been reported in

other metals; in Mg, the two-dimensional coupled-
orbit network for H t( c contains a hexagonal hole
orbit requiring six successive Bragg reflections.
This orbit is also not observed due to its small
amplitude relative to other coupled orbits on the
network. "

We will therefore adopt a rough criterion that
orbits involving more than two Bragg reflections
at J, junctions are not observable due to the small
Bragg reflection probabilities. This assumption
eliminates orbits H, I, and J from consideration.
Of the remaining orbits, the total breakdown
orbits D and K contain no factors q, and should
have reasonably large amplitudes. The observed
20.7-MG frequency has been assigned to D, and it
is possible that the 33 MG results from K, although
the agreement with the predicted frequency (36.5
MG) is much less convincing. A viable orbit for
the observed 44-MG frequency is orbit L having
a predicted frequency of 45.0 MG and having only
two factors of q, in the amplitude, as do other
observed orbits such as 8 and C. Thus several
of the observed frequencies have reasonable as-
signments on the coupled-orbit network. However,
the criterion stated above also implies that orbits
E, E, and C in Fig. 6 which also require only two
Bragg reflections at the J, junctions should be ob-
served, but no frequencies near the predicted 7.1,
7.9, or 16.6 MG are observed experimentally.

A further and more serious inconsistency in
Heed's model is the lack of an explanation for the
observed 86-MG frequency for H along c. A large
coupled orbit traversing three zones, having a
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predicted frequency of 89 MG, and satisfying the
above criterion at the J, junctions can indeed be
constructed on the network. However, on the
basis of the measured effective masses for the
smaller orbits from which it would be comprised,
one would expect a large effective mass (m~
&1.0m, ) for this orbit. Since the measured effec-
tive mass for the 86-MG component is only -0.2m„
we believe that such an identification would be in-
correct. We also note that there are no appropri-
ate trajectories on the network which by the inter-
ference mechanism could give rise to an 86-MG
oscillatory component having a weakly tempera-
ture-dependent amplitude.

Finally, it is clear that the two frequency
branches in Fig. 3 have no possible assignments
on this network. Holroyd and Datars' have as-
signed the lower branch to the 8th band electron
ellipsoid at I. (not in the k, =0 plane) for which
Reed's calculation gives 3.94 MG for H along c.
The agreement with the observed value (4.18 MG)
is excellent and we concur with this assignment.
However, it is only possible to assign one fre-
quency branch in this range, and no other assign-
ment for the 4.39-MG branch is possible on Reed's
Fermi- surface model.

V. CONCLUSIONS

We have found that the best calculated Fermi
surface for gallium is only partially consistent
with the experimental data. Several important
features of the model appear to be correct. First,
in addition to the k„open trajectory (an initial con-
straint), the calculation predicts the existence in
the k, =0 plane of a one-dimensional coupled-or-
bit network generated by magnetic breakdown.
The observed complex spectrum of large-ampli-
tude oscillations in the magnetoresistance for
H II c and J [( b is strong evidence for such a net-
work. Second, we have had limited success in
assigning various components of the observed
frequency spectrum (0.230, 0.80, 8.7, 20.7, 33,

and 44 MG) to orbits on the network, where the
three higher frequencies result from magnetic-
breakdown orbits not previously considered.

The same assumptions invoked in these assign-
ments, however, also lead to predictions of various
other lower-frequency components in the range
V-17 MG which are not observed experimentally.
Also, in the proposed interpretation, the model
provides no Fermi-surface orbits for either the
4.39-MG branch reported here in the magnetoresis-
tance, or the 0.0016-MG DHVA component re-
ported by london. A far more serious inconsis-
tency in the model is its failure to provide the
very-high-frequency component (86 MG) with ef-
fective mass m*-0.2m, which is observed in the
magnetoresistance for H (( c. Thus there remain
several major difficulties in Reed's pseudopoten-
tial calculation. A more sophisticated empirical
calculation which fully utilizes both this new mag-
netoresistance data and the recent DHVA data of
Holroyd and Datars would be most welcome at this
time.

Note added in proof. R. W. Stark and R. Reifen-
berger have shown that interference oscillations
are characterized by small nonhero effective
masses in the general case where the transit times
for electrons on the two interference trajectories
are unequal. Although this does not alter our
conclusions regarding Reed's model, it is possible
that interference effects are indeed the source of
the 86-MG component and must certainly be con-
sidered in developing a model which is fully con-
sistent with the data.
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