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INTRODUCTION.

Numerous investigations, both theoretical and experimental, have been
carried out during the last two years to explain the origin of extra spots in
Laue photographs and various explanations have been offered. Since there
is difference of opinion regarding the actual origin of these extra spots, and
the explanations offered have not yet passed the controversial stage, it is
proposed to discuss in the present paper numerous experimental results which
have been published recently and also those which have been obtained by the
present authors, in the light of the existing theories. In view of the large
volume of literature which has accurnulated recently dealing with this problem,
it was, however, thought worthwhile to include a brief historical review which
might be helpful in understanding the significance of the various results which
have already been published.

Brier HisToricalL REview.

The appearance of extra diffuse radial streaks starting from the central
spot in Laue photographs was first observed by Friedrich (1913), and Faxen
(1923) first suggested that these streaks might be due to diffuse scattering
of incident continuous X-rays by Debye heat waves produced in the crystal
by thermal agitation. Faxen further showed that when a monochromatic
beam of X-rays of wavelength A is incident at a glancing angle 6 on a set of
lattice planes having the spacing d, there is a maximum in the intensity of the
diffuse scattering which lies in the neighbourhood of the Laue spot in a direc-
tion in the plane of incidence making a glancing angle ¢ with the said set of
planes, where

d (sinf-4cosf tang)=A. .. .. .. .. .. o)
Waller (1925) also investigated theoretically the same problem introducing
the normal co-ordinates of the lattice given by Born and Karman and obtained
an expression for the intensity of diffuse scattering analogous to Faxen’s
expression. No systematic attempt, however, was made at that time to
verify these theories experimentally.
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Wadlund (1938) first observed intense but diffuse extra spots accompanied
by streaks in the Laue photographs of NaCl and Zachariasen (1938) put for-
ward the hypothesis that scattering by two-dimensional lattice produced these
extra spots and streaks. Preston (1939) made a careful investigation of the
problem by studying the Laue photographs of a few crystals, e.g. NaCl, Al,
diamond, Zn, etc., at different temperatures and using monochromatic as well
as continuous X.radiation. He observed that the intensity of the extra
spots in the Laue photograph of NaCl increased very much on heating the
erystal to 500°C. and that the extra spots in the case of a crystal of Al were
produced even when monochromatic radiation was used. Thus it was first
proved by Preston experimentally that the extra spots were due to mono-
chromatic radiation. He discussed his results in the light of Zachariasen’s
theory and showed that the results did not agree with the said theory. He
further put forward a new theory to explain the extra spots. According to
this theory the extra spots are due to independent scattering by small groups
of atoms, there being no phase relation among different groups. The tempera-
ture effect observed by him was explained by assuming that the number of
such groups of atoms increases with the increase of temperature, the phase
relation among some of them being destroyed by increase in the thermal
agitation. Laval (1939) also had studied the same problem experimentally
a little earlier than Preston and had determined the intensity of scattering in
the neighbourhood of some of the points in the reciprocal lattice using an X-ray
spectrometer provided with an ionisation chamber.

Raman and Nilakantan (1940a) starting investigations in this line observed
some extra spats and streamers first in the Laue photograph of diamond
obtained with X.rays from Cu anti-cathode incident in a direction almost
normal to the 111 cleavage plane of the crystal. They described the pheno-
menon as a ‘new X-ray effect’ and made an attempt to explain it by assuming
that the vibration of the two interpenetrating lattices of diamond is excited
by the impact of the incident photon with the lattice, and thereby a dyramic
stratification is produced which is inclined to the 111 set of planes. Conse-
quently, even when the static 111 planes do not satisfy the Bragg relation, the
dynamic stratification may do so and there may be Bragg reflection from these
dynamic stratifications. Their claim to the discovery of a new phenomenon
was, however, disputed by many workers and particularly by Knaggs et al.
(1940b) who pointed out that the results published by previous workers men-
tioned above had been overlooked by Raman and Nilakantan (1940a), as they
had not mentioned these results while reporting their own results on diamond.
Raman and Nilakantan (1940b) next observed that in the case of diamond,

the directions of reflections producing the extra spots satisfied the empirical
relation '

A*sin (6+¢) = A cos ¢, .. . .. .. .. o2

where A* is the spacing of the 111 planes, 8 is the glancing angle of incidence,

¢, that of the reflected rays and A the wavelength of incident monochromatic
6B
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X-rays. It can be seen that equation (2) is identical with the Faxen formula
(1) but this was not mentioned by Raman and Nilakantan (1940b) who claimed
it as a new discovery. It was Lonsdale (1940a), however, who pointed out
that it was merely Faxen’s formula which was apparently overlooked by
Raman and Nilakantan (19405).

Zachariasen (1940a), on the other hand, prior to the publication of the
results on diamond by Raman and Nilakantan (1940a) had investigated
theoretically the distribution of intensity in the diffuse scattering of mono-
chromatic X-rays by cubic erystals, in which the atoms might be vibrating
owing to thermal agitation. Assuming the velocity of elastic waves to be the
same along all the cube edges, he showed that in the case of a simple cubic
lattice there is a maximum in the intensity of the diffuse scattering in the
direction making an angle 26,, with the incident rays in the plane of incidence
given approximately by the relation

20, = 205+2(0;—0z) sin2 0, .. .. .. .. .. .. (3

where 8, and 05 are respectively the glancing angles of incidence and of Bragg
reflection. It was pointed out by Zachariasen (1940b) and also by Sirkar
and Gupta (1940) that the results on diamond published by Raman and Nila-
kantan agreed with Zachariasen’s simplified formula (3). Siegel and Zachariasen
(1940) had already shown that the position of the maximum in diffuse seattering
observed by them in the case of NaCl agreed with the above formula (3).
Raman and Nilakantan next extended the investigations to other crystals
and studied the Laue patterns of the NaNQjy erystal at room temperature
and at higher temperatures up to 275°C. Extra spots and streaks were ob-
served in all the patterns and the intensity of some of these spots increased
while that of others diminished with the rise of the temperature of the crystal,
It was further observed that in this particular case the relation

2d sin }(0+4) = A .. .. .. . . .. .. @)

was satisfied more closely than the asymmetric relation (2).
A geometrical theory was next put forward by Raman and Nath (1940)
who showed that the geometrical relationship (4) is obtained when the propa-

-
gation vector 1/ A for the optical vibration of the lattice is small and perpen-
dicular to the radius vector of the point in guestion in the reciprocal lattice,
A being the spacing of the dynamic stratification. Similarly, formula (2) was
deduced geometrically by assuming that the scalar magnitude of 1/A was
minimum.

Lonsdale (1940a) investigated the Laue patterns of a large number of
crystals including diamond at different temperatures and observed that except
in the case of diamond the extra spots almost disappeared in all other cases
at the temperature of liquid oxygen. In the case of diamond the extra spots
due to 111 planes diminished in intensity only very slightly when the crystal
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was cooled down to —180°C. It was pointed out by her that since the extra
spots disappear in most cases at low temperatures they are due to diffuse
scattering by elastic waves and cannot be due to reflection from dynamic
stratification caused by incident photon as postulated by Raman and Nila-
kantan. She also pointed out that the characteristic temperature of diamond
being extremely high the intensity of the extra spots does not diminish consi-
derably with a lowering of temperature by about 200°C.

The Laue pattern of rocksalt was studied by Raman and Nilakantan
(19404d) in order to find out which of the two relations (2) and (4) was satisfied
by the observed extra spots. It was concluded from the results observed by
them that the extra spots in this case satisfied the symmetrical formula (4)
and not the asymmetric Faxen formula (2) and hence they also concluded that
the extra spots could not be due to diffuse scattering. As these results were
contradictory to the observation by Siegel and Zachariasen (1940), the latter
(1941) pointed out that the results of measurement of angles of incidence and
scattering corresponding to the observed maxima reproduced by Raman and
Nilakantan actually agreed more closely with the asymmetric formula (3)
than with the symmetrical relation (4).

Sir William Bragg (1940¢) on the other hand examined Preston’s (1939)
hypothesis quantitatively and deduced an expression for the intensity of diffuse
scattering in the case of a group of eight similar atoms situated at the corners
of a simple cube. The intensity I of the scattered beam in a direction having
direction cosines qj, ¢q, g3 is given by

(cos t—q4)
A

where the edges a of the cube are parallel to the , ¥, z axes and the incident
rays are in the xy plane making an angle ¢ with the z axis. Jauncey (1941)
further examined the Bragg formula (5) for the shift in the position of the diffrac-
tion maximum with the turning away of the group from the position for the
Laue maximum. He deduced an expression which is identical with formula
(2) and Zachariasen’s approximate formula (3).

The geometrical relationship between the direction of the incident beam
and that of the maximum in the diffuse scattering was further investigated
experimentally with the help of X-ray spectrometers by Siegel (1941) in the
case of KCl, by Kirkpatrick (1941) in the case of diamond and calcite and by
Jauncey and Baltzer (1941) in the case of rocksalt. Siegel varied the value
of §,—8p from 6’ up to 41’ and observed that the experimental results agreed
with Zachariasen’s simplified formula (3). Kirkpatrick (1941) observed that
in the case of diamond the angle between the direction of maximum in the
diffuse scattering and that of incidence agreed with Zachariasen’s formula
(3) for values of §,—8z only up to about 4-2:5°. For greater values of §;—0p
the deviation was much larger or smaller than that indicated by the said
formula according as 6;—60z was positive or negative. In the case of calcite

(sin ¢ +gs) (—=7a gs)
X . cOoS ) .. (5)

= const. X cos 7wa . ¢os (—ma)
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he observed no new maxima with untreated cleavage faces and the reflected
line was quite sharp, but when the face was lightly ground with an abrasive
the intensity in the reflected beam extended over a much wider region. This
was attributed to the presence of disarranged crystal particles on the ground
surface. Jauncey and Baltzer (1941) observed that in the case of rocksalt
the positions of extra spots satisfy Zachariasen’s simplified formula (3) only
when 0;—0p = 1°, and for larger or smaller values of 6;—0p, the values of
20,,—20z are much smaller than those indicated by the said formula. On
the other hand Jahn and Lonsdale (1941) observed that in the case of diamond
when the value of §; was varied from —16-8° to —26-8 in the neighbourhood
of —8p, for the 111 plane and the Cu Ko. radiation, the diffuse maxima consisted
of three spots situated at the corners of a triangle, there being diffuse scattering
at the centre of the triangle. It was also pointed out that the size of the
triangle increased as the difference 8;—0p increased and the position of the
centre of the triangle satisfied the Faxen formula (1) and that this structure
of the diffuse maximum could be explained by Waller’s (1925) theory.
Raman and Nilakantan (1941a) also pointed out that the Faxen formula
(1) is not satisfied by the observed directions of new maxima when the values
of 6;—0p are large. They further showed that the observed results could be
explained by the more general expression deduced by Raman and Nath (1941),
viz.,
2d sin ¢ sin (0 4€) = nA sin 0, .. .. .. (6)

where ¢ is the glancing angle of incident beam with dynamic stratifications,
6 and e are the angles which the crystal planes make respectively with the
phase-waves due to optical vibration and the dynamic stratifications and d
is the spacing of 111 planes. It was pointed out that equation (6) agrees with
observed facts if the value of 8 be taken as 54° 44’ and from this fact it was
concluded that the phase-waves arc parallel to the 100 planes normal to the
plane of incidence. They further pointed out that these facts, along with the
persistence of the extra spots even with the lowering of the temperature of the
specimen of diamond to —180°C. observed earlier by them (Raman and
Nilakantan, 1940e), definitely supported the theory of quantum reflection
put forward by them and contradicted the theories of diffuse scattering.

Zachariasen (1941b), however, put forward a revised theory of diffuse
scattering by a cubic lattice in which the velocities of elastic wave along
different directions were not assumed to be the same. The expressions deduced
by him for the intensity of diffuse scattering are different for different limiting
relative values of the elastic constants. It was shown by him that one of
these expressions which could be used in the case of diamond could explain
all the observed facts including the directions of maxima, the triangular
pattern and the streamers mentioned earlier.

Some new results were published recently by Lonsdale and Smith (1941a)
who investigated the Laue patterns of a few specimens of diamond which had
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been studied by Robertson, Fox and Martin (1934) and divided into two
groups. Those belonging to group I, which showed some absorption band at
8u and also absorbed the near ultraviolet region, produced very intense strea-
mers. But the streamers were absent in the case of specimens of diamond
belonging to group II, which are known to be mosaic in character. After the
publication of Zachariasen’s modified theory, Pisharoty (1941) put forward
a geometrical theory of quantum reflection of X-rays and tried to explain
the phenomena observed in the case of diamond basing his arguments on the
theory put forward by Raman and Nath (1941) and assuming, as pointed out
by Raman and Nilakantan (1941a), that the phase-waves are parallel to the
100 planes. According to this theory the streamers owe their origin to the finite
divergence of the incident beam ; but it has been recently pointed out by the
present authors (Sirkar and Bishui, 1941) that experimental facts do not
support this conclusion of Pisharoty’s theory. Further details of the said
theory will be discussed later in the present paper.

In a report of the discussion held in the Royal Society, London, Lonsdale
and Smith (1941b) have reported the results of an exhaustive investigation
on the diffuse scattering of X-ravs by crystals of a large number of substances.
Some of these crystals have been studied at room temperature as well as at
the temperature of liquid oxygen. Also, both continuous as well as mono-
chromatic radiations have been used as incident X-rays. The results furnish
important information regarding the various properties of the extra spots
some of which will be discussed later. In the same report Born and Sarginson
(1941) have published a wavemechanical theory on the effeet of thermal
vibration of atoms in the crystal on the scattering of X.rays. They have
deduced expressions in the case of cubic lattices for the directions and the
integrated intensity of the maxima in the background scattering, the expres-
sion for the intensity being valid only for maxima not lying too near the Laue
spot. The intensity is found to be a function of T' the absolute temperature,
A, the wavelength of incident radiation, p, the atomic weight, a, the atomic
distance, #, the characteristic temperature of the crystal and ¢ the angle of
rotation of the crystal about one of the edges of the cube from the position for
Laue diffraction. The expressions for the direction of the maxima can be
reduced to the Faxen formula under certain approximations, but they furnish
further information regarding the azimuthal displacement. Sir William Bragg
(1941a) has developed in detail the theory of scattering by small groups of
atoms and has compared the conclusions of histheory with the observed results
for KCl, diamond and calcite. He has also shown (Bragg, 19415) that all the
details of the experimental results obtained by Lonsdale and Smith (1941a) in
the case of diamond can be explained by his theory. The said report also
contains a few more papers by other authors.

In a special issue of the Proceedings of the Indian Academy of Sciences
entitled ‘Symposium of papers on the quantum theory of X-ray reflection’
fifteen papers dealing with different aspects of quantum theory of X-ray
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reflection have been published by Sir C. V. Raman and others working under
him. In all these papers attempts have been made to prove that the extra
spots and streaks observed in the case of diamond and other crystals do not
owe their origin to diffuse scattering, but they are produced by quantum reflec-
tion of X-rays from dynamic stratification caused by the excitation of optical
vibrations by the incident X-rays, as first pointed out by Raman and Nila-
kantan (1940a) and further worked out by Raman and Nath and by Pisharoty.
Some of the main experimental evidences in support of this view have been
stated by Raman and Nilakantan (19418) to be as follows:—

(1) The geometric law of quantum reflection deduced by Raman and Nath
(1940) agrees with the results obtained in the case of diamond
more closely than the Faxen formula.

(2) There is displacement of the direction of maxima from the plane of
incidence and this can be explained by Pisharoty’s (1941) theory
applied to the case of diamond.

(3) The structurc of the triangular extra spot observed by Jahn and
Lonsdale (1940) in the case of diamond as well as the streamers can
be explained by Pisharoty’s theory very satisfactorily. This fact
according to them confirms the hypothesis of quantum reflection.

(4) The relative intensities of classical and quantum reflection are not
affected by change in the volume of the crystal irradiated. Also
the intensity remains constant in the case of diamond even when
the erystal is cooled down from room temperature up to —180°C.

(5) The diffuse halo surrounding the central spot observed in the case of
diamond is found not to be due to thermal vibration, because it
persists in liquid air temperature. It is concluded that this
halo is due to quantum reflections from stratifications caused
by vibrations of lower frequencies excited by the incident radiation.

These conclusions are discussed below in the light of the recent theoretical
and experimental results.

DiscussioNs oF EXPERIMENTAL RESULTS.

() The position of extra spots.

It has already been pointed out that a revised theory of diffuse scattering
has been published by Zachariasen (19415). According to this theory in the
case of diamond the intensity of diffuse scattering is given by

~ 3[20(,;%
J2”K(Asm2032232z 1+ (g " - @

41 kT sin2 0
S0, oL

8V is the volume of scattering, I, is the intensity of scattering from a single
atom, H; are Millerian indices, £ is the volume of unit cell, g is the ratio C1/Cs¢

where K =
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where Cy; and Cy, are clastic constants, «;, oy, ag are the direction cosines of
the unit vector normal to the elastic wave relative to the cube edges and
. B1, B2, Ba are those of the vector Arp,i, and are approximately equal to the
direction cosines of the scattering direction and 4 = 6,—05. It has heen
shown by Zachariasen that this expression gives three maxima corresponding
to the three sets of values of &y, ay, ag, viz., 1,0, 0; 0, 1, 0 and 0, 0, 1 and the
intensities of the three maxima are respectively proportional to 8;2, 8,2 and
Ba%. This explains the structure of the maxima observed in the case of
diamond with the rays incident in the neighbourhood of 48y and —8p3 by
Jahn and Lonsdale (1941), because the values of By, Bs, B3 are almost equal in
the latter case, and 8y is much larger than B, or B, in the former case. It has
also heen shown by Zachariasen that for Cu Ko and KB radiations the
following formulac regarding the directions of maxima hold good when

Cu Ka, 29j~43°56'+0-4444 L ®

Cu K8, 207 ~39°30'+04054 .. .. .. .. .. (9

These relations (8) and (9) have been shown to agree with the results observed
by Raman and Nilakantan. The present authors have obtained some results
whieh are given below. The corresponding Laue photographs are reproduced
in figures 1 and 2, plate I1I.

TasLE 1.
8, Raod?ita;(iv()p 4 20: observed. 20: calculated.
21° 17’ o —41’ 43° 37 43° 38’
20° 18’ o —1° 40’ 43° 1 43° 12'
19° 427 4 —2° 16’ 42° 50’ 42° 56’
17° 5° o —4° 5% 41° 38’ 4i° 46’
17° 5’ B —2° 40’ 38° 13’ 38° 257

As the central spot was recorded on each Laue photograph with feeble density
by using an absorber of suitable thickness placed in contact with the film,
the angles could be measured with an accuracy of about 47 minutes of arc.

The results in Table I show that the observed values of 20: do not differ

systematically from those calculated from Zachariasen’s recent theory. The
total angle of divergence of the incident beam used was 1° 30’, i.e. 45’ on each
side. The variations observed are within experimental error. Thus the
observed directions of maximum intensity in the background scattering in the
Laue photograph of diamond are in agreement not only with those calculated
from the theory of Raman and Nath (1940) but also with those calculated from
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Zachariasen’s recent theory. Hence it is not possible from considerations of
the directions of maxima alone to accept one of these theories and to reject
the other, as has been done by Raman and Nilakantan (194156). The formula
deduced by Born and Sarginson (1941) for the directions of maxima in the
background scattering also gives the azimuthal displacement and it is evident
that this displacement is a property not only of the quantum reflection but
also of the diffuse scattering.

(b) Origin of the triangular spot and streamers accompanying the diffuse maximum
due to 111 plane of diamond.

It has been mentioned by Raman and Nilakantan (19415) that the geo-
metrical theory of quantum reflection explains the origin of the triangle con-
sisting of three spots observed by Jahn and Lonsdale (1941) and of the streamers
observed by Raman and Nilakantan (19404). The streamers, according to
Pisharoty’s theory, are due to the finite divergence of the incident beam and
would be almost absent if the divergence could be reduced to a few minutes
of arc. Also, according to his theory the intensity of the streamers should be
comparable to the diffuse maximum which they accompany when 8, is slightly
less than 8. The intensity of each of the streamers would be slightly smaller
than that of the said maximum because the total intensity in the streamer is
distributed over a larger area than in the case of the maximum which it
accompanies.

Both these conclusions of Pisharoty’s theory, however, are definitely
contradicted by experimental observations. TFirst, it can be secen from the
pattern due to a diamond plate 0-88 mm. thick, reproduced in fig. 1, plate III,
that the streamers are extremely feeble in comparison with the maximum
which they accompany, and in fig. 2, in which the pattern due to a thinner plate
of diamond is reproduced, the streamers are completely absent although the
diffuse maximum is very intense. The values of 6, in figs. 1 and 2 are 20° 18’
and 21° 17’ respectively. The angular length of the streamers in figure 1
is about 10°, although the divergence of the beam used was about 1° 30,
According to Pisharoty’s theory the streamers would disappear if the value of
8; would be 19° 58’ and the maximum angular length in the case of the thicker
specimen of diamond would be 4° 53’. The length of the streamer expeected
from this theory in the case of the thinner crystal (fig. 2) ought to have been
a little larger, but actually the streamer is absent in this case. Again in the
case of a particular specimen of diamond studied by Lonsdale and Smith
(1941a) the total length of each of the streamers is about 10” for 8, =+fpg
although the total divergence of the incident beam as shown by the size of the
Laue spots cannot exceed 30’ of arc. This fact combined with the results
of the present investigation discussed above definitely proves that the length
of the streamers is rather constant and does not depend on the divergence of
the incident beam. This fact, therefore, also contradicts the view held by
Pisharoty that the streamers are due to quantum reflection by dynamic
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stratifications. These streamers are, however, explained satisfactorily by the
theory of Zachariasen according to which the maxima corresponding to sets
of values of oy, atg, g equal to 1,0,0; 0, 1,0 and 0, 0, 1 are connected by saddle
shaped ridges of intensity much less than that of the maximum and these
appear as streamers when ag = wg = 0. The length of the streamers thus
does not depend on the angle of divergence of the incident beam and also the
intensity is smaller than that of the maximum. The observed facts are thus
explained satisfactorily by Zachariasen’s theory and the streamers may
be assumed to be entirely due to diffuse scattering and not due to quantum
reflection.

It has alrcady been mentioned that the triangle consisting of three spots
observed by Jahn and Lonsdale (1941) when 8; = —8pz can be explained by
Zachariasen’s modified expression for the intensity of diffuse scattering applicable
to the case of diamond. It bhas also been mentioned that Pisharoty has
given a geometrical theory to explain this pattern. According to the latter
theory, however, each of the three spots would be circular in shape, the size
depending on the divergence of the incident beam. The small intensity in
the regions in between these three spots actually observed by Lonsdale and
Smith (19416) cannot be explained by Pisharoty’s theory, but it is explained
by Zachariasen’s theory. Again it has been observed by the present authors,
as can be seen from figure 3 that when 8, is slightly less than 8 in the case of
the 111 plane of diamond, the shape of the extra spot is not exactly circular,
but it is triangular with its apex towards the Laue spot, and this fact shows that
this spot is the projection of the larger triangular pattern indicated by Zacha-
riasen’s theory. Hence in this case also the theory of quantum reflection fails
to explain the observed phenomena in detail while that of diffuse scattering
explains them satisfactorily.

(r) Intensity of the extra spots.

As pointed out fiest by Raman and Nilakantan (194le) the intensity of
guantum reflection should depend in N2 and that of diffuse maximum on N,
the number of unit cells taking part in the scattering. In order to investigate
the dependence of the intensity on the volume irradiated, Venkateswaran
(1941) studied the Laue patterns of specimnens of NaCl of different thicknesses
using different widths of the slit. It has been argued by him that due to
primary and secondary extinctions the intensity of the Laue diffraction as well
as that of quantum reflection should not increase with the increase in the
thickness of the crystal beyond a certain limiting thickness. In the case
of diffuse scattering, however, the extinction is absent and the intensity should
increase with the increase in the volume of the crystal irradiated. He has,
observed that the relative intensities of the Laune spots and the extra spots
remain constant even when the volume of irradiated portion of the crystal is
increased twelve times. From this he concludes that the extra spots cannot
be due to diffuse scattering but they are due to quantum reflection. He has,
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however, not investigated whether with the thicknesses 0-25 mm. and 0-5 mm.
the crystals of NaCl used by him actually exhibited primary extinction. Further,
in figs. 1 and 3 of his paper are reproduced the patterns obtained with the
different thicknesses of the specimens but with the same slit-width. The settings,
however, are slightly different from each other in the two cases and the densities
of the spots in the two patterns are so widely different from each other that
no conclusion can be drawn from these photographs. Again, the Laue spots
are due to the continuous radiation and the extra spots due to the Mo Ko and
KB radiations, and except for the exact Bragg setting, the intensity of quantum
reflection is very small and hence the effect of extinetion would be negligible
in the case of the extra spots observed by him even if they were due to quantum
reflection as postulated by him. In fact, however, even for the Laue spots
the primary extinction is negligible in the case of NaCl as has been diseussed
by Compton and Allison (1935). For the thickness used by Venkateswaran
the secondary extinction also has very small effect. But nothing can be said
definitely unless the secondary extinction is estimated for the specimens used.
This has not been done by Venkateswaran and therefore the results on which
he has based his conclusions have very little significance.

Investigations of a similar nature have been carried out by the present
authors using two plates of diamond the thickness of onc heing 0-42 mm.
and that of the other 0-88 mm. Laue patterns were photographed with the
incident X-ray beam nearly normal to the 111 plane and using the same setting,
the width of the slit and exposure in both the cases. In cach case two ex-
posures, one short and one long were used. The Hadding tube used was kept
quite steady by a regulated continuous circulation of air from a reservoir at a
low pressure. The voltage used was about 38 K.V. The films were developed
under similar conditions in the same devecloper. The Laue patterns obtained
with the thin and the thicker crystal and with the shorter exposure are repro-
duced in figures 4 and 5 respectively. It can be seen that the Lauve spots due
to the 1TT, TIT and | T{ planes of the thicker crystal are not appreciably more
intense than the corresponding spots due to the thin crystal. This fact shows
that the influence of absorption and secondary extinction is quite appreciable
in the case of the thicker crystal. It is, however, seen from figures 6 and 7,
in which the Laue photographs obtained with the longer exposure are repro-
duced, that the diffuse maximum accompanying the Laue spot due to TT1 plane
is more intense in the case of the thicker crystal than in the casc of the thin
erystal. Thus the ratio of the intensity of the diffuse maximum to that of the
corresponding Laue spot is larger in the case of the thick crystal than in the
cage of the thinner crystal. This fact clearly contradicts the conclusion arrived
at by Venkateswaran that the said intensity ratio does not increase with the
increasge in the volume of the crystal irradiated and shows that when secondary
extinction is effective the said intensity ratio actually increases with the
increase in the said volume. This observed fact thus supports the theory of
diffuse scattering.
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(d) The origin of the halo round the direct beam.

As already mentioned, it was first pointed out by Raman and Nilakantan
(19408) that the halo round the direct beam observed in the case of diamond:
might be due to some quantum mechanical effect in which the monochromatic
X.rays might excite the vibrations of diamond lattice having much lower
frequency than 1332 em~-1, Lonsdale and Smith (19413), on the other hand,
have observed that this halo disappears when monochromatic X-rays are used
as incident radiation. Hence the hypothesis of Raman and Nilakantan is not
supported by exprimental observations. It has been shown by Zachariasen
(19415), however, that his theory of diffuse scattering predicts the absence of
any halo round the direet beam. Thus the observed facts support the view
that the observed phenomena are due to diffuse scattering.

Hence it can be concluded that even in the simple case of diamond, the
observed phenomena mentioned above support the theories of diffuse scattering
and do not agree in detail with the predictions of the theory of quantum
reflection.

{e) Influence of Temperature on the intensity of extra spots.

According to the theory put forward by Sir C. V. Raman (1941) the
temperature factor f(7) for the intensity of the quantum reflection is given by

I* kT
e +1
f(T)=m .. .. o, .. (10)

where v* is the frequency of optical vibration of the lattice, and in the case
of diamond for ordinary and low temperatures f(7') = 1. According to the
theory of diffuse scattering put forward by Zachariasen (19415) f(T)ocT, and
in the expression for the maximum in the diffuse scattering deduced by Born
and Sarginson (1941) the factor explicitlv containing temperature 7' is

, T sinh 6/T

fa = ] log sinh wy/T
where iy is a factor independent of temperature and 8 is the characteristic
temperature of the crystal. There is also another factor f"(T') in the said
expression which is the same as the Debye factor, exp. (—23). Hence the two
factors together indicate a slower variation of the intensity with temperature
than that indicated by any one of the two factors. But when the characteristic
temperature 8 is very large so that 8» T, as it is in the case of diamond,

T o sinh 8/T NZ /] __wOH ~ l—w
g %% b Owe/T ~ 8\T T 0

(11)

Thus in this case the temperature effect is given by the Debye factor,
exp. {—23M) of (11) alone and the intensity is expected to diminish only slightly
with the diminution of the temperature, when 8 »7. In the case of diamond
if § = 2340° as given by Lonsdale and Smith (19415), the ratio, exp. (—2Mg)/
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exp. (—2Myy) is approximately 1-009. This change in the intensity of the
diffuse spots can hardly be detected experimentally. Thus the intensity
should remain constant even when the crystal is cooled down from room tem-
perature up to 90°K.

The influence of temperature on the intensity of the extra spots in the Laue
photograph of diamond was studied by Lonsdale and Smith (19415) and Raman
and Nilakantan (19416). While the former authors point out that the intensity
of the extra spots seems to diminish slightly when the crystal is cooled down
from room temperature to —180°C., the latter authors do not observe any
sensible difference between the intensities observed at the two temperatures
mentioned above. If actually the intensity would slightly diminish with the
diminution of temperature as observed by Lonsdale and Smith (1941b), this
fact would be contradictory to the theory of background scattering developed
by Born and Sarginson (1941). But Lonsdale and Smith have not concluded
definitely that the intensity diminishes at the lower temperature.
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SUMMARY.

The experimental results published by previous workers and those obtained
by the authors themselves on the various properties of the extra spots in Laue
photographs have been discussed in the light of the various theories of diffuse
scattering and that of quantum reflection. It is shown that the length of the
streamers and the structure of the extra spots observed in the case of diamond
with particular glancing angles of incidence cannot be explained by the theory
of quantum reflection, put forward by Raman and Nilakantan, but the details
can be explained by the theory of diffuse scattering put forward recently by
Zachariasen. In the case of diamond the observed directions of maxima also
agree with Zachariasen’s theory and the observed influence of temperature is
given satisfactorily by the wavemechanical theory put forward by Born and
Sarginson. The ratio of the intensity of diffuse scattering to that of Laue spot
due to the T T1 plane of diamond is observed to increase with the increase of
thickness of the crystal. It is pointed out that these results are contradictory
to the theory of quantum reflection and also to the results obtained by
Venkateswaran in the case of NaCl.
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Laue photographs of diamond.




