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has been suggested for the correlation func-
tion (gi 0 ) in the Heisenberg model. Our sus-
ceptibility, however, diverges with a (T-T )
law which differs from the nonentire power
law proposed' for the Heisenberg model.

It may be worth emphasizing again that, in
the present model, Tc is not a thermodynam-
ical singularity; moreover, T depends on that
wave number K Which has been considered.

It is possible that the above considerations
might serve as a guide for obtaining further
results on the two-dimensional Heisenberg mod-
el, and perhaps on the hard-disc system.
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Recently, Hattori et al. have measured the
structure factors of Si single crystals on the
absolute scale with an accuracy of about 1%.'~'

The method is entirely different from the con-
ventional one based on x-ray intensity measure-
ments. The new method is based on the spac-
ing measurement of the Pendellosung fringes
due to the interference of doubly refracted x
rays under the condition of the Bragg reflec-
tion. The results are free from extinction ef-
fects and less ambiguous in applying the the-
oretical formula connecting the structure fac-
tor 1Fg I with the observable quantities.

The spacing A&c of the Pendellosung fringes
along the net plane is given by»~
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including the effect of x-ray polarization, where
A is the wavelength, 9B is the Bragg angle,
v is the volume of unit cell, and e, m, and c
are the physical constants having usual mean-
ings. The observable spacing Ag is connect-
ed with this spacing A&c through a geometri-
cal factor 4&'.

If a perfect wedge crystal of wedge angle p
is used and either the entrance surface or the
exit surface of the crystal is perpendicular
to the plane determined by the incident beam
and the Bragg-reflected beam, the factor 4&
turns out to be cot@.

We confirmed through internal check that
A& itself could be determined with an accura-
cy of about 0.1% under suitable experimental
conditions, particularly in low-order reflec-
tions. A difficulty, however, for obtaining
IF I accurately arises in determining the wedge
angle p with sufficient accuracy. Moreover,
it is rather difficult to prepare an ideally per-
fect wedge of the crystal. For this reason,
in the previous work, the accuracy of the struc-
ture factor was not better than about 1%.

Here, it is shown that the geometrical fac-
tor 4& can be eliminated by combining the ex-
periment of Pendellosung fringes with that of
thickness fringes in x-ray interferometry which
has been recently demonstrated by Bonse and
Hart. ' The principle of the present interfer-
ometer is illustrated in Fig. 1. The incident
beam satisfies the Bragg condition simultaneous-
ly at the interferometer crystals 8, N, and
A. Contrary to that of Bonse and Hart, an ex-
tremely narrow beam (20-100 p) was used
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in order to specify the optical path inside the
crystal. In addition, Ag Kn1 radiation was used
in order to eliminate absorption effects in the
speciment (C). Since thick crystal slices (-2.4
mm) were used for the interferometer, the
Borrmann effect required was large enough
in each slice. The interference takes place
between two x-ray waves divided by the split-
ter crystal S. The fringes appear in the beams
B0 and Bg, in which the divided waves are over-
lapped. By the principle of the present inter-
ferometer, '~' we can easily see that the fringe
spacing Ap in the middle of the beam B0 or &&
is given by

c
Ap =Ap Cp,

c mv mc' 1
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Here, Ap is the spacing of the virtual fringes
which might be observed inside the crystal,
if the x-ray wave D& were superposed on the
corresponding wave Dp in Fig. 1. The factor
40 is again a geometrical factor which connects
the virtual fringe spacing with the observable
fringe spacing. Thus, we can see that, if the
Pendellosung fringes and the interferometry
fringes are produced for the same optical path
in the crystal, the structure factor 1+&I can
be given on the scale of +p without knowing

p

FIG. 1. The relations among the interferometer crys-
tals (S, I, and A) and x-ray beams. I' is the photo-
graphic plate.
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FIG. 2. Photograph (a) and schematic illustration
(b) of the three kinds of fringes. The tip of the Pendel-
losung fringes corresponds to the boundary between the
intrinsic fringes and the interferometry fringes. If the
specimen crystal is absent, the intrinsic fringes cover
the region of the interferometry fringes.

the geometrical factor 40= 4&, i.e. ,

IF l/F =(A /A )/2cos6
g 0 0 g

Since Fp is the number of electrons in the unit
cell, I+ I is determined on the truly absolute
scale.

The Pendellosung fringes and the interfer-
ometry fringes are shown in Fig. 2. The x
rays which give the minimum fringe spacing
of the recorded Pendellosung fringes propagate
practically along the concerned net plane pass-
ing through the entrance point E in Fig. 1.
The interferometry fringes of the middle of
80 or h& are produced by the x rays in the
middle of the beam Dp. We could, therefore,
realize the condition 40= 4& in taking the in-
terferometry fringes by rotating the specimen
crystal (C) by the Bragg angle 8B and by tra-
versing the crystal by the half-width of the
x-ray beam D„after taking the Pendellosung
fringes with the same incident beam.

Some of the results on Si single crystals are
listed in Table I. For actual cases, we must
take several precautions in getting the geomet-
rical conditions to be satisfied for the x-ray
beam, the interferometer crystal, the speci-
men, and the photographic plate. All of the con-
ceivable errors due to misadjustments can
be corrected by geometrical considerations.
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Table. I. The structure factors of Si.

111
220

63.2g, 63.43

67.28

Roughly speaking, the required accuracy in
the geometrical setting must be to about 1' for
attaining the accuracy of 0.1% in IF&I. Anoth-
er important correction should be performed
properly for the lack of ideally perfect inter-
ferometer. In fact, several intrinsic fringes
were recorded in the beams Bo and B& even
when the specimen crystal was absent. The
results mentioned above were obtained tenta-
tively on the assumption that the intrinsic fringes
were equally spaced. In principle, however,
we can eliminate the error due to this assump-

tion without difficulty.
The details of the principle, the apparatus

used, and the refined results will be present-
ed shortly elsewhere. The results obtained
by the present method may give the knowledge
on accurate charge distribution in crystals
and make it possible to criticize the convention-
al method of determining the structure factors.
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Indium antimonide emits microwave noise when it is subjected simultaneously to paral-
lel dc electric and magnetic fields whose values exceed certain thresholds. Comparison
of the emission characteristics at 77 K with those at 4.2'K shows two major differences:
(a) The threshold magnetic field at 4.2'K is approximately half that at 77'K. (b) With in-
creasing magneti; f::eld the emission at 4.2'K is comprised of a background continuum
upon which are superposed equally spaced resonant spikes; at 77 K the background con-
tinuum only is observed.

I,arrabee' and Hieinbothem' were the first
to observe microwave emission from n-type
InSb when a sample was subjected simultaneous-
ly to dc magnetic and electric fields. The thresh-
old values of 8, and E, for onset of the emis-
sion were approximately 3000 6 and 200 V/cm,
respectively. At these high electric fields,
electron-hole avalanche occurs, and Steelea
attributes the microwave emission to photocon-
ductive mixing of band-gap radiation.

Buchsbaum, Chynoweth, and Feldmann, ~ and
others, ' ' have found another regime of micro-

wave emission at relatively low electric fields
(E, =10 V/cm), well below values of E, required
for avalanche breakdown, where the sample
exhibits nearly linear current-voltage charac-
teristics. This report is concerned exclusive-
ly with this low-field regime.

It has been suggested ~ that the instability
arises from phonons that are excited by the
drifting electrons. The unstable longitudinal
wave then couples to an electromagnetic wave
at the boundary of the sample. If this is indeed
the mechanism, the phonon lifetime plays a




