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Fig. 1. Variation of the local values of normalized R indices as a
function of y, for different fixed values of o2. For the definition of

R,(»), R,(2), etc., see column 6 of Table 1.
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DISCREPANCY INDICES FOR TRUNCATED DATA. I

P/N. (iii) Divide the range 0 < s < §_,, into a number
of narrow subintervals. Determine from the data the
number (n,) of observed reflections in each of these
sub-intervals. (iv) From the mean value of sin 6/ cor-
responding to each sub-interval determine the values of
Jo (v) Calculate o, (by taking {ldrl) = 0-2 A) cor-
responding to each of these sub-intervals. (vi) Make use
of the results in Tables 2—4 and determine the values of
[R], for these sub-intervals by bilinear interpolation.
(vii) Make use of the results thus obtained in the ap-
propriate expressions for [R], and compute the overall
values [R],. The values thus obtained represent the
theoretical overall values of the normalized R indices
corresponding to a model for which (I4rl) = 0.2 A
and for data in which yy > y,and 0 <s < §_,..

References

PARTHASARATHI, V. & PARTHASARATHY, S. (1977).
Pramana, 9, 61-69.

PARTHASARATHY, S. (1975). J. Indian Inst. Sci. 57,
127-159.

PARTHASARATHY, S. & PARTHASARATHI, V. (1975). Acta
Cryst. A31, 178—185.

PONNUSWAMY, M. N. & PARTHASARATHY, S. (1977). Acta
Cryst. A33, 838—844.

SRINIVASAN, R. & PARTHASARATHY, S. (1976). Some
Statistical Applications in X-ray Crystallography. Oxford:
Pergamon Press.

Stout, G. H. & JenseN, L. H. (1968). X-ray Structure
Determination, p. 182. New York: Macmillan.

WILSON, A. J. C. (1949). Acta Cryst. 2, 318-320.

Theoretical Evaluation of the Overall Values of Discrepancy Indices for Truncated Data.
II. Normalized R indices for a Non-centrosymmetric Crystal with Similar Atoms

BY D. VELMURUGAN AND S. PARTHASARATHY

Department of Physics (Crystallography and Biophysics),* University of Madras, Guindy Campus,
Madras-600025, India

(Received 2 June 1980; accepted 13 January 1981)

Abstract

Theoretical expressions and numerical tables for the

local values of six types of normalized R indices are

obtained for an imperfectly related incomplete model of
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0567-7394/81/040480-06$01.00

a non-centrosymmetric crystal with truncated data.
Under similar conditions, the curve of the local value of
an R index versus the truncation limit y, is relatively
more flat for the non-centrosymmetric case than for the
centrosymmetric case particularly in the region where
Y, is small.
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D. VELMURUGAN AND S. PARTHASARATHY

1. Introduction

In part I (Parthasarathy & Velmurugan, 1981), we
derived the theoretical expressions necessary for cal-
culating the overall values of various normalized R
indices for a C crystal with truncated data. In this
paper we shall derive the corresponding results applic-
able to an NC crystal. The notation used here is the
same as in part I. Since the method of derivation
“closely follows that used in part I, we shall give only
the essential steps.

2. Derivation of the theoretical expressions for the
normalized R indices

2.1. Derivation of the joint p.df. of yy and y5 for the
truncated data

The joint p.d.f. of y, and y5 for the NC case is known
to be (SP, 1976)

dynye
P(y]v»yp)— ki XP[

o3

On + (yﬁ)z)]

o3

20 <
en( 2298, o< <m0
Op
(D
The joint p.d.f. of y, and y§ applicable to the truncated
data will therefore be given by [see (13) and (14) of

part I]
4yn)p [ i+ (V?»)’]J
exp|————
03 Bve Op

2 C
« Io( UAyzNyP ), @)

Op

l(yN’yP)

where §,, can be shown to be [see equation (4-5) of the
Appendix*]

Bnc = exp (—yf)- 3)

2.2. Derivation of the theoretical expressions for the
normalized R indices

Index [R ()], Equation (21) of part I is valid for
this case as well except that f, is now to be replaced by
Bunc Since the first term within the square brackets
represents R,(y) (see §2.3 of part I), and since

* This appendix has been deposited with the British Library
Lending Division as Supplementary Publication No. SUP 35849 (6
pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CHI1 2HU, England.

481

(¥ =\/7/2 for the NC case (Wilson, 1949), we
obtain
g WA v
oo it
u v dudv
X P ,
(l—u l—v) (l—u)z(l—-v)z]
x [27712 Bycy, + erfe(y)]? )

where we have used (4-7) of part II and the
substitution in (24) of part I. R,(y) is known to be
(Srinivasan & Parthasarathy, 1976; hereafter SP,
1976)

303 - Fih 0§x2)xdx

k== J (1+x)"(1-d}x?

©)

Index [R,(2)],. Equation (26) of part I is valid for
this case as well. Using (4-11) and following the steps
used for the C case, we obtain
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Fig. 1. Variation of the local values of normalized R indices as a
function of y, for different fixed values of ¢2 For the definition of
R,(»), R,(2), etc., see column 6 of Table 1 of part L.
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{ynye), from (4-11), (4-14) and (4-16) respectively in ~ where zR,(») is known to be (SP, 1976)

o
u)Io( n
20}
IR, (2)],
Oe3VL
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0e15

fu"’ exp[—u(l + 03)/20}]
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equation (30) of part I and simplifying the result, we
Ye—= 0400

obtain
R, (M), ={BR1()’) + 2(Byc— 1) + Byey? (1 + 02)

(6)
M

:
|

v
1—v
Qo5

2
I
dudv

(1 —u?(1—v)

u
1—
(R,
0430

}

where R, (z) has been shown to be (SP, 1976)

0
v
1—v

DISCREPANCY INDICES FOR TRUNCATED DATA. II

b

0e15

y/(1+y) 1
0
R,(2) = 0.

wo- |

u
1—u

0,00

X P(
X [Buc(1 + y)I1,

|

Table 1. Values of [R,(»)], and [R (2)], as functions of 6, and y, for the non-centrosymmetric case

Index [4R,(»)],. Equation (30) of part I is valid for
this case as well. Substituting for {(y3), {(¥5)?), and

%4 V¢ —>

[}21(2)]‘
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(12)

0060

(1) of this part.

Following the method used for this index in part I, the

final expression can be shown to be

Oe&5

10N 1n

1

0e30

0

[gR (D)),

0

»/(1+y)
(1 —u?(1—v)?

Oel5

[R{ )

2 )

1
Brc

Y= 0400

P(yy, %) is taken to be the funct
(R{B)],

0e60

&)
(11)

Index [R{(»)], Equation (37) of part I is valid for

4 4)
20 (10
this case as well, provided f is replaced by fy. and

Oe45

K(O‘A)].

a5
2
[zR,(],
0430
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Ot +7+2)

where zR ,(z) is known to be (SP, 1976)

2— 2[E(0A) -
3R (2) = al.
0415

(R (2) + 0% + 20%02y} + o

sR.0)

Table 2. Values of [zR,(»)], and (3R (2)), as functions of 6, and y, for the non-centrosymmetric case

[BRI(Z)]t =
¥, —> 0400

Index (4R (z)],. Equation (33) of part I is valid for
this case as well. Substituting for (y3), (¥$)*), and

YO8, from (4-13), (4-15) and (4-17) respectively
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and simplifying the result by using (16) of part I, we
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where R{(y) is known to be (Parthasarathi & u \? v\
Parthasarathy, 1977; hereafter PP, 1977) X — 2 + 1—o
2
R{()=2——In(l + gp). (13) wpl—_ " dudv . )
g l—u 1—v) (1 —u?l—0v)?

Index {R{(2)], Equation (40) of part I is valid for .
this case as well. In this case the final expression can be where R{(z) is known to be (PP, 1977)

shown to be RI(z) =205/(1 + o). (15)
1
(R{()],= 73; R{(2) 3. Discussion of the theoretical results
Wty 1 The theoretical expression for the six different normal-
u \? v \? ized R indices valid for truncated data have been
-2 ﬁ - T—_v— derived in (4), (6), (8), (10), (12) and (14). As in the C
0 0 -

case, these indices depend on the parameters y, and o,.

Table 3. Values of [R{(),) and |R{(2)), as functions of o, and y, for the non-centrosymmetric case

(R{@), [R{(2)],

[}

; ¥, —= 0400 0415 0630 0645 0660 ¥ - 0400 0415 0430 0eb5 0460
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The variation of these indices as a function of y, for the
situation {|14rl) = 0-2 A and sin /A= 0-4 A~'is shown
in Fig. 1(a)-(f). A study of these figures shows that, in
the NC case, as y, increases, [R], decreases. This
decrease is much less when y, is small (say y, < 0-15)
and becomes more pronounced for larger y, This
behaviour of [R}, in the NC case may be contrasted
with its behaviour in the C case (see Fig. 1 of part I).
The evaluation of the overall values of the R indices for
the NC case is quite analogous to that described in part
I for the C case. The values of [R], (in percent) as
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functions of o, and y, required for the evaluation of [R],
are given in Tables 1-3 for the various R indices.
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Abstract

Absorption coefficients of Si, Ge and InSb are obtained
from the analysis of extinction contours in the
acceleration voltages ranging from 100 to 750 kV. The
cross sections of thermal diffuse scattering, plasmon
excitation and electronic excitation are obtained
separately. An agreement between theory and experi-
ment is obtained for thermal diffuse scattering and
plasmon scattering. The theoretical estimation based on
the electron gas statistical model is favourable for the
electronic excitation.

1. Introduction

Since the mean and anomalous absorption coefficients
are important parameters for electron diffraction and
microscopy, many investigations have been carried out
experimentally and theoretically. Early attempts to
measure absorption coefficients were made on ordi-
nary electron micrographs (Kohra & Watanabe, 1959;
Hashimoto, 1964). In these cases some of the inelastic
scattering was included in the pattern. It was pointed
out, however, that the elastic intensity of the extinction
contour of the electron microscopic image did not agree
with the theoretical one (Ichimiya, 1969; Takagi &
Ishida, 1970). The discrepancy between theory and
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experiment was shown to be mainly due to technical
problems (Kamiya & Gotd, 1980). The aim of the
present paper is to extend the experiment to the case of
higher accelerating voltages by using electron micro-
graphs. The diffraction pattern was also used for the
measurement of absorption coefficients (Moliére &
Lehmpfuhl, 1961) and later Meyer-Ehmsen (1969)
measured them from transmitted and diffracted inten-
sities of elastic scattering at an accelerating voltage of
~50-70 kV. The present results agree quite well with
that given by Meyer-Ehmsen. The result also shows
that the cross sections due to plasmon excitation and
thermal diffuse scattering agree fairly well with theories
by Ashley & Ritchie (1970) and Hall & Hirsch (1965),
and that the cross section due to electronic excitation
agrees with the theory of Ritchie & Howie (1977).

2. Experiments

Experiments were made in the cases of Si, Ge and InSb
at several accelerating voltages between 100 and 750
kV and at three different temperatures. The experi-
mental procedure is the same as described previously
(Kamiya & Goto, 1980). The intensities of extinction
contours formed by elastic scattering were obtained
with a magnetic velocity analyzer (Ichinokawa, 1968;
Kamiya, Shimizu & Suzuki, 1974). Most experiments
were done at the Bragg position of the 220 reflection.
The intensity of the extinction contour is analyzed by a
method based on the two-beam approximation (Uyeda
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