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The Influence of Temperature on the MgO Zone-Axis Pattern
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Measurements made on convergent-beam patterns from MgO taken near the [001] zone-axis at two
fixed temperatures have been studied in detail. Two types of patterns, namely the symmetrical excitation
of a single 200 reflexion and the simultaneous excitation of the 200, 020, 220, reflexions were studied,
using up to 129 beams in the dynamical calculations.

The absorption function, V% exp (— B'.S?), was found to be well defined at the zone axis, allowing
separate determination of V% and B'. For the pattern for single excitation, V4 =0-6 volt, ¥4, =0-14 volt,
B'=B=0-3, was determined at room temperature. In comparing the two types of pattern at high
temperature an increase in V of between two and three times was found for the 3-reflexion pattern.
This increase, and the more normal value found for the single excitation pattern, seems to accord with
other experience that the dynamical increase in V%, as predicted by Yoshioka and Kainuma, possibly
occurs in the vicinity of a many-line intersection of the Kossel pattern but not at the zone axis.

Introduction

In an earlier study of MgO from convergent-beam
patterns data obtained at one temperature were ana-
lysed with the {#00} systematic calculation (Goodman &
Lehmpfuhl, 1967). More recent work has shown that,
at least for MgO, this calculation gives the correct
extinction length for certain orientations, but is much
less helpful in interpreting the absorption measure-
ments (Goodman & Johnson, 1970; Goodman, 1970).
The zone-axis patterns would appear to have a great
advantage due to their high symmetry. Present investi-
gations with MgO indicate no particular advantage for
the determination of individual structure factors; these
may be found to within 1% from the simpler one-
dimensional patterns so long as conclusions are sup-

ported finally by adequate 2- or 3-dimensional dynam-
~ ical calculations for the particular projection. How-
ever they allow a much better analysis of the thermal
parameters, viz. the Debye-Waller factor and the
phenomenological absorption function, ¥}, free from
significant but relatively uninformative weak beam
effects present in general orientations. The larger dyna-
mical calculations are of course necessary at the outset,
but use of symmetry lines reduces the complexity of
both calculation and measurement.

For the present study patterns were taken at two
well-defined temperatures at various points on the
Kossel map with the 200 reflexion excited, to find
phenomenological values for the Debye-Waller factor
B, and Vji. The latter results have been tabulated
separately (Goodman & Johnson, 1970). At first a
B factor for room temperature found from X-ray
diffraction, and structure factors for the [001] projec-
tion published by Togawa (1964) which also agreed
with the previous analysis (Goodman & Lehmpfuhl,

1967) were assumed. Later the B factor was confirmed
from the analysis; also the previous method of anal-
ysis has been improved by calculations allowing cor-
rections for accidental interactions, and by more ac-
curate wavelength determination from the Kossel map
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Fig. 1. Influence of B (Debye-Waller factor) value as shown
by calculated 200 rocking curves from 4-beam systematic-
interaction computation (analogue computer) for 105 kV
and D=930 A, B=0-3, 0-5, 0-7, 0:9, for (a) to (d) respec-
tively. In (@) to (¢) Vai=0-34 volt. (d) shows calculations
for V3t=0-34 and 0-17 volt,
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(Goodman & Johnson, 1970). From such measure-
ments made to date the value of V5 reduced to 0°K
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Fig. 2. Degree of fit obtainable between experiment (dashed
curve) and calculation, for 000 and 200 beams. (E=79 kV,
D=1115 A). Data are from [026] region, (a) for T=T, and
(b) for T=T,. Values B=0-3, V4*=0-30 volt were used in

(a), and B=0-9, V»t=0-36 volt in (b).

(@) ®)
Fig. 3. Intensity of 000 beam with (a) 400 and (b) 600 excita-
tion, at two temperatures, T=T; (full line) and T=T>
(broken line).
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ie. (Vzoo)o should lie in the range (V200)0=705i007
volt. The effects on conclusions of changes in Vyg
within this range were then examined.

Experimental method

The specimen was heated by means of an addition to
an early model of the tilting stage designed by Mills &
Moodie (1968), which allowed a current to be passed
through the specimen mesh, at the same time allowing
an angular range sufficient to obtain the three prin-
cipal axes [100] [110] and [111] from the one crys-
tal.

The temperature was read in terms of heating cur-
rent. The control was found to be reliable from the
reproducibility of the results. A temperature range was
determined for which conditions were stable (approxi-
mately 15 to 600°C). At lower temperatures contami-
nation formed. During observations over a long period
some crystals received radiation for an hour or more,
and complete freedom from contamination was neces-
sary in order to obtain reproducible results. At
higher temperatures etching of the crystals under
the beam occurred, although adjacent crystals re-
mained unchanged at much higher temperatures.
Rectangular pits and finally holes were produced in
the crystals by etching. The etching could be control-
led by lowering the temperature, to obtain thinned
regions apparently perfect and parallel sided. However
a useful range was found for which conditions were
stable. During observation pictures were taken alter-
nately at the two main temperatures used, viz. T near
room temperature and T,~450°C, to ensure that
etching had not taken place. Accurate temperature
measurement was not attempted. 7, was chosen just
below the point where incipient red emission was ob-
served from the specimen support in the darkened
room, which would appear to set an upper limit to the
temperature, but reproducibility was obtained by re-
ference to a stabilized current supply.

Analysis of systematic-interaction patterns

200 patterns

At first patterns with the 200 reflexion excited were
examined. In particular the crystal later used in the
zone-axis analysis was examined at the position of the
crossing 082 line which fixed the orientation exactly,
to obtain crystal thickness, and also B; and B, (for T}
and T,). The thickness was such that the condition
was almost exactly at an extinction length (D =21/y)
for T=T,. The effect of changing B factor on the 200
pattern is shown by means of the 4-beam systematic
calculation in Fig. 1. At this condition the spacing of
the subsidiary maxima is not much changed, but the
central curve is affected. By comparison with the Pat-
terns (see Fig. 8(a) and (b), Goodman, 1970) and
assuming B; =0-3, B, can be obtained. A second meas-
urement was made on a pattern with different condi-
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tions, viz. E=79 kV, D=1115 A, from the [026] region.
The comparison of experiment and calculation is shown
in Fig. 2.

In the case of the 082 pattern orientation was suf-
ficiently well defined to allow 2-dimensional calcula-
tion with 109 beams to be made. This allowed an
accurate thickness estimate, and #-beam interpretation
for the extinction length. A value of B,=0-7+0-1 was
obtained from these measurements.

Finally an attempt was made to put the measure-
ment of the systematic pattern on an absolute scale by
recording the incident beam thus allowing determina-
tion of Vi, the zero-order absorption coefficient. Both
before and after recording the crystal pattern the crys-
tal pattern the crystal was moved just out of the beam
and the incident cone recorded with a reduced exposure
electronically controlled. In this way it was hoped to
obtain transmission through carbon supporting film of
the same thickness as that beneath the crystal. Iy was
obtained from the pattern after first subtracting a
smooth background obtained by continuing levels ob-
served outside the K—M disc (e.g. see Fig. 10). Some
inelastic scattering, viz. high-contrast characteristic loss
scattering, is therefore probably present in the meas-
urement, so giving a lower V) value than that for
elastic scattering. The pattern measured was for the
082 line; with E=79kV, the values V}=0-6, 0-7 volt,
were obtained for T=T, and T="T,, respectively using
the 4-beam calculation with ¥} =0-25 and 0-22, respec-
tively (Goodman & Johnson, 1970).

400, 600 patterns

In the systematic-interaction case, as is well known,
only the higher-order excitations are sensitive to the
fall-off of V} with 4, and have been used to test
qualitatively the form of V} (Howie & Whelan, 1960;
Goodman & Lehmpfuhl, 1967). In the present investi-
gation the 000 beam asymmetry was examined for the
400 and 600 excitations at temperatures 7; and T5.
It was found, for several positions on the Kossel map
including those for which (i.e. the majority) an increase
occurred with 200 excitation, that heating resulted in
a marked reduction of the asymmetry. This result is
shown for the [026] region in Fig. 3. If this were inter-
preted directly it would mean that the fall-off of tem-
perature factor on ¥} greatly increased at T3, and of
course an increase is expected theoretically (Hall &
Hirsch, 1965). However the apparent effect is increased
by both accidental interactions, and probably thermal
scattering. At low temperatures accidental interactions
are influential; for the higher-order excitations the 000
asymmetry is seen to be a function of the sign of {,
for weak lines (Fig. 6(d) and (e), Goodman, 1970). At
high temperatures the accidental influence is much
reduced (e.g. Menzel-Kopp, 1962). Therefore this pat-
tern is more suitable for systematic interpretation,
provided the small contribution from thermal scatter-
ing of an opposite asymmetry can be allowed for. For
the reasons given, evidence for the form of Vi is
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sought, in preference, from the zone-axis pattern, par-
ticularly at the low temperature.
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Fig. 5. Symmetry lines used for quantitative analysis and
passing through the indexed reflexions are shown in relation
to the zone-axis pattern.
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Fig. 6. Calculated thickness curves for 000 beam at the exact
[001] zone axis. (a), (b) and (c¢) show the 69-, 109- and 129-
beam calculations (see text) with Vof=Vat=0, and (d) the
129-beam calculation with Vot=0-6 volt, V4t=0-14 volt,
Bt=0-3. Horizontal scale shows thickness in units of 100 A.
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Fig. 4. Convergent-beam patterns near the [001] zone axis. (@) to (d) Incident beam symmetrical about [001]; (a), (b), E
and T=T,, T, respectively: (¢), (d), E=105 KV at the same temperatures, (¢) Pattern fo nultaneous excitation of 2
220, reflexions. (f) Symmetrical excitation of the 200 reflexion. (¢) and (f) taken for E= 105 kV. Crystal thickness was 86
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Zone axis patterns

Pictures were taken at three different orientations near
the [001] axis: the exact zone axis, symmetrical excita-
tion of a single 200 reflexion, and satisfying 220, 200
and 020 reflexions simultaneously (Fig. 4). These pat-
terns are relatively complicated when compared with
the one-dimensional patterns which have been used in
the past for quantitative work. It is informative at
first to take the patterns at different wavelengths, and
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Fig. 7. Experimental curves with E=105 kV for line ‘F’ of
Fig. 5, i.e. symmetrical excitation of the 200 reflexion. 200
and 000 intensities are shown (@) T=T; and (b) T=T>.
Vertical lines are included to show change peak separation
for 200.

20 26 30

Fig. 8. Results of 69-beam calculation for the 200 beam in the
symmetrical excitation for different values of B: (1) B=0-3,
(2) B=0-6, (3) B=0-8, with V»*=0, and (4) B=0-8, V=06
volt (D=910 A, E=105 A).
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from different thickness. Details which are insensitive
to wavelength will be also insensitive to structure fac-
tors (and also therefore to temperature factors), since
the two parameters appear always in product in the
n-beam solution (Cowley & Moodie, 1957). Near the
[001] axis the interaction is so strong that the whole
intensity distribution is affected by change of wave-
length, but at the lesser poles [111] and [110] it is found
by this experimental method that only the regions near
{n=0 for a strong reflexion show any sensitivity to
structure factor. Owing to the symmetries it is also
seen that most of the useful information is obtained in
one or two single line scans in certain directions across
the patterns. Lines of symmetry were chosen for meas-
urement, first because there are definite criteria to
ensure that the orientation from which the data come
is known with sufficient certainty, and secondly be-
cause the dynamic calculation is reduced by symmetry.
The symmetry lines in the convergent beam pattern
determined by the reciprocity law (Pogany & Turner,
1968) and the mirror planes of the structure are drawn
in the different reflexions in Fig. 5. Quantitative anal-
ysis was attempted using as variables B, and ¥V} and
B!, assuming Fourier coefficients of absorption poten-
tial of the form V% exp (— B'S?). It was not assumed
that B’ and B were equivalent.

The accuracy of the calculation using the multi-slice
method is limited by the number of beams considered
and the slice thickness taken. In practice these two
parameters are related. The latter value, 4z, is
the distance over which the structure is projected, in
the direction of propagation, to obtain the terms Q(nx)
(Cowley & Moodie, 1957) used in the multi-slice con-
volution. It is not necessary for 4z to correspond to
any real distance in the structure, but if beams are
included of sufficient scattering angle, upper layer re-
flexions will be generated corresponding to the ¢ spac-
ing 4z. If the diameter of calculated diffraction pattern
is to be increased, therefore, 4z must be decreased in
order to prevent errors, until the true interatomic-
layer value is reached. If at this stage the calculation
is still insufficiently accurate potential slices must be
taken which section the atomic layers. Sufficient accu-
racy is reached when a further change in this direction
makes no significant change to the details being cal-
culated. The accuracy required, in general, in determi-
nations of absorption is much greater than that re-
quired in determining elastic scattering factors. In the
present case exploratory calculations were first made
with 69 beams and 4z=7 A. With these values the
calculation is still fairly rapid. After first conclusions
had been reached, these were checked by second calcu-
lation with 109 beams and 4z=4-2 A. Calculation
times were (109/69)2 x (7/4-2) ~ 4 times longer, but were
necessary to obtain the correct extinction lengths.
Finally calculations were made for 129 beams and
4z=21 A, to obtain sufficient accuracy for absolute
measurement of absorption. The normalization of the
129 beam calculation is 94 % at 900 A ; in this calcula-
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tion the slice thickness used is 2-1 A, corresponding
to single atom layer spacings. The only approximation
remaining here is that identical atomic layers, con-
taining mean atoms, (Mg+ O)/2, have been used for
convenience, so that those upper-layer reflexions with
h+k+1 odd (weak reflexions) are omitted from calcu-
lation, which is a very good approximation for this
projection. Thickness curves for [001}, shown in Fig. 6,
show the increasing accuracy and normalization with
increased number of beams. The patterns with the two
symmetries of ‘F’ and ‘E’ of Fig. 5 were analysed to
show the separate influence of parameters D (thick-
ness), B, V}, B!, by means of these calculations.

Pattern ‘F’: symmetrical excitation of 200

The crystal used for the patterns of Fig. 4, was
first examined in the orientation defined by the 082
line as above. Using 109-beam calculation and 4z =2-1
A, and the value {¥440}°=7-0 volt, the thickness for
the extinction obtained (D=2[,;), converted to the
[001] direction, was 890 A. This agreed closely with
the value finally obtained from the [001} patterns. The
pattern for line ‘F’, of symmetrical excitation of 200,
is taken from the two exposures of Fig. 4(c), (d) and
(f) to obtain an angular range covering the zone-axis
[001] and the {500 =0 peak. Experimental microphoto-
meter curves for T=T,, T=T,, are shown in Fig, 7
for 000, 200.

The 200 curve, particularly the peak separation, is
sensitive to B, but because of the complicated or non-
periodic nature of the n-beam thickness curves, is not
always very sensitive to thickness. Fig. 8 shows results
from the preliminary 69-beam calculation for different
B. Agreement with experimental peak separation for
T=T, was obtained with B=0-3, D~910 A for 69-
beam calculation, but 890 A for 109- or 129-beam
calculation. Results for 200 at 7'=T, show increased
peak separation and may be compared with calculation
for different B. For B =0-8 a new maximum appears
in the calculated curve (Fig. 8) even when V4 has a
large value, which is not in the experimental curve and
also the peak separation is too great. When the larger
109-beam calculation is made, and {¥20}° raised from
697 to 7-12 volts (at T=T;) B =0-8 still gives no agree-
ment, and a value B,=0-6 is obtained. For these B
values little change is made to the calculated rocking
curve shape by changes of D over a large range either
side of the value 890 A, showing an independence to
any error in D, in contrast to the systematic inter-
action case. There appears to be agreement within ~0-1
between B, values determined near the zone axis and
for the ‘systematic’ 082 case above. An effect still
neglected is that the real term Cf, [Yoshioka &
Kainuma’s (1962) terminology] has increased signi-
ficance with temperature, but this approach is con-
sistent with this term being of second order compared
with C!,. Assuming that the present n-beam calcula-
tions are adequate, as indicated by Fig. 6, the syste-
matic-interaction estimate is likely to be less satis-
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factory.* The value 0-6 is consistent for all the zone
axis measurements and is in close agreement with

* Note added: In reference to the above, subsequent analysis
showed that the systematic 4-beam calculation gave approx-
imately 3% longer extinction length 11-beam systematic
calculation at low temperature. The former is used only in
preliminary analysis.
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Fig. 9. (a) Results of 109-beam calculation for 000 beam with
different absorption models having Vi =0-14 voltand Vyi=
0:6 volt: Bi=0-3 (heavy full line); B:=0-8 (chain line), both
with B=0-3. Light full line shows results for B=0-2, and
same absorption parameters as heavy full line. (b) Calcu-
lation with 129 beams for different thicknesses shown next
to curves in dngstroms, in single unit cell steps, (Vri=0-14
volt, Vyi=0-6 volt, Bi=0-3). Chain line shows result of
chaging only V¢ to 0-18 volt.
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X-ray values. It is shown that conclusions given here
concerning the high temperature absorption function
are not dependent upon this value.

The 000 curve contains more information than the
200 curve, and is sensitive to D, B, V' } and B’ The
patterns were measured on an absolute scale (for back-
ground subtraction see Fig. 10), in the way described
above so that V§ could be determined. Patterns were
taken for 105 and 79 kV; only the former were ana-
lysed in detail. Discussing first the absorption function
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Fig. 10. (@) to (d). Experimental curves from the symmetrical
setting for 200, 000, 200, beams taken along line ‘F’, from
Fig. 4(a) to (d) respectively. Continuous background, deter-
mined from intensity level between reflexions, is shown
drawn in.
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Fig. 11. 69-beam calculations for 000 curve for the line ‘E’
of Fig. 5 passing through {200, {020, {220=0, for different
values of Vxt viz: 0-3, 0-6, 0-8 volts, and B=0-5. Similar
curves, with slightly different V! values, are obtained with
B values between 0-5 and 0-8. Encircled points show com-
parison with 109-beam calculation, not on an absolute basis.
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it is seen that V% and B’ affect the intensity in different
ways. At [001] Ioy is closely cosinusoidal with thick-
ness as in the 2-beam solution, but now we have the
two absorption parameters: V} affects both maxima
and minima of the thickness curve and B’ affects
mainly the maxima. In the rocking curve when this
includes both [001] and {0=0, ¥V} and B’ may be
separated from single-thickness data. This is shown in
Fig. 9. Sensitive points on the curve are at G=0-0,
0-6, 2-0, on the horizontal scale (G =0-0, 2-0, correspond
to [001] and {500 =0, respectively), particular features
being a broad peak at G=0:0 and an inflexion at
G =0-6. For V},=0-6 volt, V1 =0-14 volt, B! =0-3, the
experimental curve is reproduced (109-beam calcula-
tion). Increasing B’ to 0-8 and leaving V} at 0-14 volt
increases [(.g), slightly lowers I,.q) and removes the
inflexion at G=0-6 [Fig. 9(a)l. Increasing now ¥V} to
0-18 volt restores agreement near G =2-0 but not near
0-0 and 0-6. When V} is decreased to 0-18 and B* left
at 0-3, I (. is reduced, the inflexion at G =0-6 removed
and I;.0) increased [see Fig. 9(b)]. Therefore Vi=
0-14 +0-02 volt, and B’ ~B.

Agreement was possible within the range {V50}°=
7-05+0:07 volt. Calculations were run for B =0-3,
0-25, 0-2, with fixed Vo. Agreement was best for 0-3
and worst for 0-2 [see Fig. 9(a)].

The more accurate 129-beam calculation was run.
Results for B =0-3, Vi=0-14, B =0-3, as in Fig. %a),
are shown in Fig. 9(b). Firstly, the sensitivity to thick-
ness is shown; D can be refined to 890 + 4 A. Secondly,
the relative curve shape has changed very slightly,
moving the absorption estimates in the direction Vi
~0-15 volt (to within an accuracy of 0-01 volt for V}
however the reproducibility of temperature is scarcely
sufficient). Also the value V{=0-6 volt gives 12% of
incident energy at {200=0, in good agreement with the
measured value (Table 1).

Table 1. Measured values for Iy, (intensity of central
beam) obtained from Fig. 10, expressed as a percentage
of incident energy, for the two temperatures

T T,
105 kV; 124% 23%
{2000=0
79 kV
[001] -2 4

Additional observation at 19 kV

When E is changed to 79 kV in the calculation with
B =03, D=890 A, the observed zone axis rocking
curve, with a small central maximum [7'=T;; Fig.
10(c)), is reproduced. This gives a check on these param-
eters. Measurements of intensity minimum for Ipgo
above background [Fig. 10(c)] gives ~1% of the in-
cident energy (Table 1). This measurement of a small
quantity is made relatively accurate by using an elec-
tronically reduced exposure of the incident beam for
comparison. Thus it is significantly less than the value
of 31% transmission obtained by a 129-beam calcu-
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lation at the values Vy,=0-6 volt, Vi=0-14 volt,
B! =0-3; the measured value is very little greater than
the transmission calculated for ¥4 =0. However in this
case the method of subtracting background may be at
fault. Near the 000 beam at the zone axis, a minimum
in the diffuse intensity may occur dynamically due to
the anti-phase nature of thermal scattering (¢f. Gjennes
& Moodie, 1965). By electronic — thermal scattering
the total diffuse scattering may also have a minimum
at [001]. This would account for the low minimum
measured by assuming a smooth background.

Summary

The value Vi=0-14 volt, is a little lower than the
value measured for 105 kV near the zone axis for the
systematic case (Goodman & Johnson, 1970), but this
is understandable since the weak-beam effects are in-
cluded in the complete calculation. It does not appear
increased near the zone-axis, and along the symmetry
line for single excitation of the 200 reflexion. This
seems to be consistent with the fact that no other
Kossel lines are crossed, and with the rule deduced
from other observations (and consistent with a very
localized concentration of thermal scattering around
Bragg points) that V} is increased dynamically only
close to Kossel line intersections.

The observation that B’ =B is consistent with ab-
sorption from thermal scattering (i.e. a rigid ion ap-
proximation), and may also be close to the situation
for core excitation losses, since the inner-electron
volume is relatively small.

The value for ¥V, of 0:6 volt at 105 kV may be
slightly less than the value appropriate for purely
elastic scattering, since the present simple background
subtraction may leave some low-angle inelastic scat-
tering in the measurement.

The B value of 0-3 near room temperature is con-
sistent with X-ray values (Dawson, 1969). Also, using
the approximate estimate of 450°C the value of 0-6
for T=T, is close to agreement with X-ray measure-
ments (Baldwin & Thompson, 1964). For the purpose
of obtaining a plot of characteristic temperature how-
ever it is seen that the simpler [111] projection for which
all ¥, are known would be more suitable, and that
better temperature calibration would be required.

Pattern ‘E’: simultaneous excitation of 200, 020, 220

This pattern is shown in Fig. 4(e). Preliminary ex-
perimental investigation, changing 4, and D, showed
that the actual positions of the maxima and minima
in the Kossel-Mollenstedt pattern was relatively inde-
pendent of A and mainly thickness dependent (Fig. 11).
However the relative shape of the 000 curve measured
along the symmetry line ‘E’ was particularly sensitive
to temperature. The experimental results for 7; and
T, along line E, showing a large increase of asymmetry
between temperatures are seen in Fig. 12. The pattern
for B =0-3 is complicated and the asymmetry is not a
simple function of V} in the calculation. However
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approximate agreement with experiment is obtained
using the values for V}, B, etc. found above, from the
pattern ‘F’, for the temperature T; [Fig. 12(a)]. For
B>0-45 (and for E =105 kV, D=890 A), the 000
asymmetry is mainly a function of Vi, only secondarily
a function of B, and relatively insensitive to B!. There-
fore the point given by Yoshioka & Kainuma (1962),
of dynamical increase of Vi near an n-beam intersection
could be tested. This is done by considering the high-
temperature patterns for the two orientations, and
interpreting with the function ¥} exp (— BS?) which
was tested for T=Tj, in the 109-beam calculation. To
obtain the observed asymmetry a high value, V;~0-75
volt, is required for pattern ‘E’ if B =0-6, compared
with V] ~0-25 volt for the previous, single excitation,
pattern. If B> 06 because of an error in the determina-
tion e.g. B=0-8, V} is lowered to ~0-6 volt but also
Vi for the single excitation pattern is lowered. It is
emphasized that these results are obtained from the
relative intensities and not absolute intensities as in
the previous section, so that ¥} was not measured.

(a)

®)

ol

Fig. 12. Experimental (dashed line) curves for 000 beam taken
from the line ‘E’ with simultaneous 3-reflexion excitation.
(a) for T=T; is shown together with calculated 109-beam
curve with Vpi=0-14 volt, Bi=B=03. (b) for T=T2 to-
gether with calculated curve for Vxi=0-8 volt, Bi=B=0-5.
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Also the local diffuse scattering was not subtracted. It
seems difficult to believe that the observed asymmetry
is due to thermal scattering, and rather the reverse
asymmetry might be expected from this source; there-
fore this curve was interpreted phenomenologically.
Experimentally this effect was checked by cycling
between the two temperatures, and patterns taken over
a period of a few days were reproducible except for
small differences attributable to the extreme sensitivity
of the pattern to temperature. However the same large
change with temperature was not observed in some
crystals of other thickncsses, showing that the dynamic
problem is quite complicated. Finally the value of
{V200}° was changed in the (109-beam) calculation,
from 697 to 7-12 volt (2%), covering the maximum
probable range. This changed mainly the intensity of
the zone axis. Now Vi for the single excitation was
raised to 0-35 volt (see Fig. 13) and 0-75 volt for the
3-reflexion pattern. It was concluded that the pheno-
menological V) was between two and three times
greater near the 3-reflexion excitation at high temper-
ature.

Summary

Results for the high temperature, 7~450°C, indicate
that the V} value is two to three times greater near the

o] 0
@ ®
Fig. 13. (a) Calculations for comparison with high-temperature

patterns (7)) assuming (V200)°=7-12 volt and B=0-6, for
single 200 excitation. (b) for 3-reflexion excitation.
Full line: Vxt=0-35 volt; chain line: V3*=0-75 volt. (a) and
(b) may be compared in shape with the experimental distri-
butions in Fig. 12(b) and Fig. 7(b).
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3-line (4-beam) intersection 200, 020, 220, compared
with the value for single 200 excitation. The explana-
tion seems to be that, considering the thermal scatter-
ing to be concentrated around the Bragg points, when
{200 Co20, €220 change sign simultaneously a large amount
of thermal scattering moves from outside to inside the
Ewald sphere. There is some current discussion as to
whether such effects are all taken into account by the
full dynamical calculation and fixed coefficients Vi,
and this would appear to be true for an Einstein
distribution. The degree to which V} will be increased
would appear to depend upon the degree of localiza-
tion of the actual thermal scattering distribution.
Furthermore, observations made on simpler patterns,
such as the high anomalous transmission observed near
the 082 line (Goodman, 1970), are difficult to explain
without postulating some increase in V} close to the
3-line intersections. The temperature at which such
effects are observable appears to depend upon whether
high- or low-index reflexions are involved.

In conclusion, the author would like to express his
indebtedness to others. In particular to Professor
J. M. Cowley for discussions on this work over a long
period, to Mr A. F. Moodie and Dr A. W. S. Johnson
for assistance during the project, and to Dr P. A. Doyle
for his critical reading and correcting of the first draft.
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