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The intensity of an X-ray (Bragg) reflection from a mosaic crystal plate under the conditions of multiple
diffractions is discussed theoretically. The set of simultaneous differential equations is solved exactly
for the two-beam and the three-beam cases. A second order approximation is given for the multiple
beam case, and a third order approximation for the triple beam case. The fact that the ratio R of the
peak intensity of a single diffracted beam to the intensity of the same beam under conditions of multiple
diffraction depends on the mosaic spread » of the crystal provides a method to obtain this magnitude from
the experiment. Preliminary measurements were performed on Si and Ge single-crystal plates under
conditions of multiple diffraction. From them experimental values of R were obtained for different
planes, which then were used to calculate the mosaic spread of the crystals. In this method only relative
intensity measurements have to be used and most of the corrections found to be necessary in other
procedures used to determine mosaic spread are not needed. The polarization factor for the case of a
double reflection preceded by a monochromator is analyzed and the results are given in an Appendix.

Introduction

The experiments with which the present paper is con-
cerned are similar to those performed by Renninger
(1937) to show the effects of multiple diffraction in the
‘forbidden’ reflection 222 from diamond. The crystal
is oriented so that a given reciprocal lattice point
(RELP in what follows) is under reflecting conditions
and in such a way that the crystal can be rotated
around the diffraction vector H (Fig.1). During the
rotation the RELP H remains on the Ewald sphere,
thus continuously diffracting in the direction CH. The
detector D is positioned so as to measure the intensity
of this diffracted beam which is then recorded as a
function of the angle of rotation w around the vector
H. The intensity remains constant until one or more
other RELP’s contact the Ewald sphere, and then,
depending on the particular pair or set of reflections
involved, an increase or a decrease in intensity is ob-
served.

We shall assume in what follows that:

1. The crystal is of mosaic type with an angular
distribution of crystallites W(4) which is approximately
Gaussian and isotropic:

wW(4) = exp (—4%/2n?) .

1
nY2n

2. The incident beam is nearly monochromatic and
well collimated so that its angular width is much

* On sabbatical leave from Instituto de Fisica, Facultad
de Ingenieria, Universidad de la Republica, Montevideo,
Uruguay.

Present address: Instituto de Energia Atomica, Cidade Uni-
versitaria, Caixa Postal 11049 - Pinheiros, Sao Paulo 9,
S.P., Brasil.

smaller than that associated to the mosaic distribution
().

3. 77 is much bigger than the half-width of the dif-
fraction pattern due to a (perfect) single block.

Assumption 1 is normally used in connection with
mosaic crystals in the absence of a more realistic
model appropriate to the sample tested. Eventually,
however, one obtains information showing that W{(4)
varies with direction or with some other parameter.
Assumption 2 is fulfilled through careful experimental
technique and it implies that even that the beams are
slightly divergent we shall make use of the approxim-
ation that plane waves are travelling in the crystal,
their intensities being functions of position. Fulfilment
of assumption 3 depends entirely on the sample under
study; it does not apply to a nearly perfect or perfect
crystal, i.e. it amounts to assuming that in the crystal
used primary extinction is negligible.

>
=
H
H
)

Fig.1. The crystal is oriented so that the RELP H is under
reflecting conditions. 1t is turned around the diffraction
vector H and the intensity measured by the detector D is
recorded as a function of the angle of rotation w.
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Intensity solutions for multiple reflections
in a crystal plate

Let us designate with subscripts /, j, &, . . ., the different
beams as well as the RELP’s that originate them. The
subscript o is reserved for the incident beam.

The total change in power of beam i owing to ab-
sorption and to the simultaneous reflections by n other
RELP’s as it traverses a layer of thickness dx at depth
x below the surface is given by (Zachariasen, 1965)

dp; _ Py - A P; Pi)
dx Y * jfo Oy ( o onl’ M
where p; and y; are the direction cosines of beams i
and j relative to the normal to the plate surface. Jy; is
the effective reflectivity of plane (i —j) and P; the power
of beam /.

In equations (2), (3) and (4), which apply respectively
to the incident beam, to the primary diffracted beam
(subscript 1), i.e. that corresponding to the RELP
which is maintained on the Ewald sphere during the
rotation, and to an arbitrary reflection i, the contribu-
tions of the incident and primary diffracted beams have
been explicitly introduced.

dPo PO - — Pl .
== 2 (u+ Qo+ Z Qo) + ="
dx 7o (4+Qn : P " O1o
P; =
+2 0, 2
i Vi
dPy P, ~ Py ~ ~
+ — =" — —(u+ + X
dx Yo Qo1 " (u+ 010 I O1)
P
+ X205, (3)
i Vi
dp; P, - P = P; = =
i —_— . + - P + . + .
dx Yo Qoi ” Ou ” (u+Qio+ Jir
- P; -
+ 200+ £~ 0n. 4)
j=2 i=2 VY1
j#i J#i

Equations (2), (3) and (4) were first given by Moon &
Shull (1964). The plus sign on the left side applies to
the transmitted beams and the minus sign to reflected
beams. The interaction coefficients Oy, which will be
discussed later, are related to the reflectivity per unit
volume of a small crystallite Q;; and to the mosaic
distribution function W(4):

O0uy=Qy . W(4). (5

We are interested in the intensity changes in beam 1
when other RELP’s are brought into contact with the
Ewald sphere. Moon & Shull (1964) have given approx-
imate intensity solutions for the case where all the
beams are transmitted through the crystal. They used
a Taylor’s series expansion of P)(x) about the point
x=0.
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The simultaneous differential equations will next be
solved for the double-beam and the triple beam cases.

Double-beam case

1?o= _AoPo+BP1 >
—P1=CP,— APy,

where the dots indicate derivation with respect to x.
When the beam 1 is reflected:

1 ~ -
Ao='); (u+ Qo) , B=0Q14/71,
0

A, =‘);1;(#+Q01), C=010/70 -

If the beam 1 is transmitted one has to change the
signs of 4; and C.

By differentiating the differential equations we ob-
tain after a few manipulations:

P+(Ao—A)P+(BC— A,4;)P=0,
where P stands for either P, or P;. Then
Pi=F; exp kix+F, exp kox ,
Po=F; exp k\x+ Fy exp kox,
where k; and k, are the roots of the characteristic

equation.
For a reflected beam the boundary conditions are:

Po|o=Po(O)
A1Po(0) — BP1(0) = (BC— A41)Po(0)
CPo(T)—AoP(T)=0,

where T stands for the thickness of the crystal plate.
Accordingly, the constants of integration are

F] = —b/a . Fz
Fy=Py(0) -SSP = Aki)bks —aky)t s CAs(ky— k)
BC(bk,—ak,)(bk,—ak;) +abA oA (k,—ky)?
Fy=Po(0)— F,
£ = Z 9k CPo0) +b Aok — k)F
¢ C(bk,—ak,) ’

with a=exp (k,T), b=exp (k,T) and D=BC—A,A;.

The intensity value we are interested in is p;=

P1(0)/Po(0):

P1=

(a—b) C(D—Arky) (bky— ak) +ak,CAy(k, — ki) ©6)
BC(bk] - akz)(bkz — akl) +abAgA1(k2 - k])z )

For a symmetric reflection equation (6) reduces to:
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where P stands for either P,, P; or P, and

i~ Wk 0)

D1 ) 2 2 " _ = * E=—(ao+b1+c2),
( a—>b ) ('u +2ﬂQ)—.Q (7) F=aob1-—a1b0+blcz—b2c'1+aocz—a2co .
G= ao(b2c1 - blcz) + al(bocz — szo) +a,
If absorption is negligible, setting /o= T/yo, We obtain x (b1co—bocy) -
. 0lo

limp, = ——, 8

o 21 1+ 0, (®)  Then
a well known result. P,=F; exp kiyx+ F, exp k,x+ F3 exp kix

P,=F, exp kix+ Fs exp kyx+ Fg exp kix
Triple beam case

The differential equations are

l (1)
|

P,=F; exp kyx+ Fg exp kax+ Fo exp ksx .

(12)

The 9 constants of integration can be found by using

Po=aoPo+boPi+coP;, the appropriate boundary conditions. In the case when
P =a,Po+bPi+c:P, | beam _1 is reﬂect§d and beam 2 is transmitted, the
. following set applies:
P2=612Po+b2P1+CzP2 .
Polo=Py0)
If beam 1 is reflected and beam 2 is transmitted the P,lo=0
fhici . .
coefficients are _ o b2P1(0) = by P(0) = (bat — b1;) Po(0)
do= — ﬂQ;l_“LQLZ Cbp= L0 = Lo B2Po(0) — BoPo(0) =(bato— botts) Po(0)
) Jg! Y2
_ ) 2 P(T)=0
o= — Oot b _ 4+ Qo+ Qn o= — Oy 9 ) . ) .
L N arPo(T)—coPA(T) _ e2Pi(T)—c1PoAT)
oo 0o o O utGutln =i @~y
Yo ’ o 2 ' . ; , ;
’ Po(0)=aoP,(0)+ boP1(0)+ coP5(0)
If both beams are reflected one has to change the signs _.0 )=do _o )+ 5o . {0)+e . z
of a,, b, and c,, while if both beams are transmitted P1(0)=a;Py(0)+ by P1(0) + ¢, P»(0)
one has to change the signs of a;, b; and ¢;. . . .
By differentiating twice the differential equations we Py(0)=a,P4(0) +b,P1(0)+c2P(0) ,
arrive after some manipulations at:
. e and one arrives at the following set of 9 simultaneous
P+EP+FP+GP=0, (10) equations (13):
Fy F; F; Fy Fs
1 1 1 1 - -
2 - - - - -
3 - - - baky bak»
4 boky baks boks - -
5 - - - a b
6 (Zkl bkz ck3 aklM bkzM
7 ki(ao—ky)  k2ao—k2) ki(ao—k3)  bok; bok
8 atky aikz ark; ki(b1—k1) ka(b1—k2)
9 axky azks azks boky baka
(13)
Fs Fy Fg Fy 2nd member
1 - - - - Po(0)
2 - 1 1 1 0
3 boks —biky —bik> —biks (baa1 —b1az) . Po(0)
g - — boky —boks —bok3 (bzao—-b082) . Po(0)
c _ _ i
6 cksM akN bkaN ckiN 0
7 boks coky coka coks 0
8 kybi—k3) ok c1kz ciks3 0
9 baoks3 ki(ca—k1) ka(c2—k2) k3(ca—k3) 0
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where
a =exp k1T, b=exp k,T, c=exp kT,
M=c;/e; . N—coley
alco_aoCI

a1C2 — a0

(14)

The computations involved can be easily pro-
grammed and the exact solution for the three-beam
case obtained to any approximation. In the general
case of n beams the treatment would be similar and
one would end up with a set of n2 linear simultaneous
equations in the n2 constants of integration.

We have sought approximate solutions for the
multiple beam case.

Multiple beam case, second order approximation

When P; is a reflected beam, the boundary conditions
are:

At x=0:
P0=Po(0),
P;=P,(0)#0

L =0 for transmitted beams
Pi=P(0) { #0 for reflected beams

At x=T:
Pl(T) =0,
Pi(T)=0 for all reflected beams.
From the Taylor’s series expansion of Py(x) about

x=0 taken up to the second order and using the condi-
tion Py(T)=0, one obtains:

Py(0)=—Py(0) . T—3Py(0) . T2
P1(0) and Py(0) are calculated from (2), (3) and (4). In
the following, reflected beams are identified by a sub-

script r and transmitted beams by a subscript 7.
Defining,

Ao=ﬂ+Q01+Z Qoi »
Ar=p+ 010+ Z Ou

Ar=p+ Qro+Q_r1+ X er P
J#r

(19)

and
the following result is obtained:
Pill+ Ay +3 (A2 13— Q2oloh) + % 2 03,11y
- % Z Ohhl) = Qorlo[1 +3(4:l; - Aolo)]"‘r Z prOnly
+3 rzprlf(QTOQollo'*‘AlQ“ll)
—% 2 Onl(Qorlo—~prArl+ z p1Orhy)
+%IZ Ouli(Qotlo+ rZPrQ-rjtlr) , (16)

P4(0)
Po(0)
for the different beams.

where p;= and the /’s are the path lengths

669

Equation (16) will now be applied to two particular
cases:

Case 1: Two diffracted beams
Beam 1, reflected; beam 2, transmitted.

Py0)=0,
01 =0 for all i#0, 2.
Ao =,U+Q_01+Q:02 s
A1 =p+010+01 .
The following result obtains:
_ Qalot300lo(Aih— Adlo)) +40arlo - Quly

- A 17
1+ A —3(— A3+ 03, loh + Qb i)
Case 11: Two diffracted beams
Both beams reflected: p;#0, p,#0.
One obtains the result:
pr=(ap2+byfey, (18)
where:
a1=01b+3(0010oslolr + A1 021l + A0 13) ,
bl:QOIIO[l +%(A111_A010)]"%ongﬂlolz, (19)
er=1+ A+ AR — Ooloh) +30% 01, .
An equation similar to (18) holds for p;:
p2=(@pitb)fc,, (18"

where a;, b, and ¢, can be obtained from equations (19),
interchanging subscripts 1 and 2. Finally

(20)
C1Cr,— a1d, ’

Since the preceding intensity solutions include only
up to the second order terms in the series development,
they are applicable only when conditions for the rapid
convergence of the series are met, i.e. Oyli<1 and
uli<€1. In the examples studied here the first of them
was generally quite well satisfied, the values of Oyl
being of the order of 0-01 to 0-10 (with a maximum of
0-13). However, in most cases, the values of the /’s
are determined entirely by the absorption of the crystal
and then u/; is close to 0-5 as shown below (Appendix
2). Higher order terms need then to be considered.

We give next the third order approximation only for
the case where the second diffracted beam is trans-
mitted through the crystal.

Third order approximation

Two diffracted beams: beam 1, reflected; beam 2,
transmitted.

N
D1 _g,
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with

N =Qoilo+3Dorlo(A1hy — Aolo) + Q02021l0l5]
+ = 200!} — AoA1001/2 — 4000201213
+ A0 ololt — 03,121 + 001 0% 12k — 0.0 0ilohil

+ 41020 02lolil,— 4,021 Q02lol3] (21)
and
D=1+ AL+ 3433 — Q% Lol — O 111)
+3[(Aolo—2411) 0% Lol — 2001002 Q12lolr 1
+ A3 —24,0% 13+ A,05113) . 21"

Reflectivities

It has been shown by Moon & Shull (1964), that the
expectation value of the reflectivity is given by:

o € 2
Oy =i exp| - K477 ()
nY2n 212
when the crystal is rotated about an arbitrary axis.
Q9 is the integrated reflectivity for a rotation around
an axis normal to the plane of incidence, Ki a geo-
metric factor which relates the rotation (46s) around

this normal to that around the arbitrary axis (4e)
(Zachariasen, 1945):

A0;3=K;, . de..

Equation (22) holds when the mosaic distribution
function has a breadth which is large by comparison

UNPOLARIZED
BEAM

SIMULTANEOUS REFLECTIONS AND THE MOSAIC SPREAD

with that of the diffraction pattern due to a (perfect)
single block (assumption 3).
For the peak intensity, 4¢=0, and

o
=i

ny2n

Fpeak _
ij

23

Determination of mosaic breadth

The graph recorded in the experiment described at the
beginning shows a more or less uniform trace with
either negative or positive peaks superimposed (Fig.2).
The magnitudes

sing(l)e3 doubOl;
s _ P 0 _ P
pl - PO(O) and pl - PO(O) s

Fig.2. Scheme of a multiple reflection pattern. The intensities,
p1° due to a single reflection, and p;¢ due to a double re-
flection, are recorded at the same scale.

MONOCHROMATOR f2a
X \<‘

Y

PLANE i

Fig.3. Illustrating the nomenclature used in the calculation of polarization factors. E, indicates the electric field component in
the plane of incidence and E, the component normal to it. Planes { and j in the scheme are respectively the primary and the
secondary diffracting planes. The Z axis is in the plane of incidence and normal to the incident beam, n’; is the projection of
the normal #; to the plane i onto the x’z’ plane. The angle ¢ depends on the experimental set up, while ¥ can be expressed as a

function of 26;, 26; and 26k.
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marked in Fig.2, represent to a certain scale the values
of p§ and p?. The former is given by equation (7) and
the latter by equation (17) or (19) and (20) according
to whether the second diffracted beam is transmitted
or reflected, or by the exact solution, equations (9),
(11), (12) and (13) after substituting for the peak
values of Oy, equation (23). The fact that both magni-
tudes are recorded at the same scale shows that there
is no need to measure absolute intensities. If we write

pi=R.pi,
where the value of R is determined from the experi-
ment for a given double reflection, we can substitute
for p{ and p¢ the expressions given by equations (7) and
(17) or (21), or(7) and (20), thus obtaining an equation
in the mosaic breadth #.

71 (DEGREES)
1 0.04
+ 0.03
1 ON
1
+ 0.01 BRAGG
LAUE REGION
REGION
| | | | | |
~0.561 -0.408  -0.255 -0.051 0.051 0.265 COSB

Fig.4. Germanium plate. Some results from preliminary meas-
urements made with Mo Ka. O Primary reflection: 111;
values calculated without polarization correction for sec-
ondary reflecting planes diffracting in a direction forming an
angle # with the normal to the plate. [J Values for the same
secondary reflecting planes taking polarization into account.
A Primary reflection: 222. Each point was obtained from a
pair of planes diffracting in directions which form the same
angle with the normal. The bars across the experimental
points indicate the uncertainty arising from the estimated
error in the measured value of R.

1 7 (DEGREES)
1 0.08
1 0.06
LAUE 0.02 + BRAGG
REGION REGION
1 l ! 1 |
-0.4788 —-0.2660 -00532  0.0532 02660 s g

Fig.5. Silicon plate. Some results from preliminary measure-
ments made with Mo Ke«. Primary reflection: 111. The
branch of the curve in the Bragg region has the wrong
slope; this is probably due to experimental error.
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The method just described cannot be used in the
case where 1 is a ‘forbidden’ reflection, since pj is nil.
However, the intensity of doubly diffracted beams can
be quite considerable. Equation (17) assumes then the

simpler form: L
3Q02l0Q2l

1+ AL+ N AR

The numerator of equation (24) is of the type ky?
where y is a magnitude inversely proportional to the
mosaic breadth (we have used in most computations
y=10-3/y)/2x). The ratio between the peak intensities
for two double-reflected beams can then be used;
equation (24) leads then to a second order equation in
». Equations (21) and (21’) give a better approximation
leading to a third degree equation in y.

P (24)

Experimental

Preliminary experiments were performed on Ge and
Si single-crystal plates; these crystals were saw cut and
accordingly had considerable surface damage. The
intensity diffracted by the planes (111), (222) and (333)
was then recorded as a function of the angle of rota-
tion around the diffraction vector. Experimental values
for the ratio R were then obtained from the graphs for
several pairs of double reflections. Each of such pairs
when treated by the method explained above yielded a
value for the mosaic spread #. In our case the primary
diffracted beams were actually reflected (Bragg case)
and the average path-lengths were determined by
absorption (Appendix 2). For a crystal whose surface
is considerably damaged one would expect to find im-
portant variations in the value obtained for # as one
considers, for a given primary diffracted beam, sec-
ondary beams which bear a different inclination with
respect to the normal to the crystal surface. For
example, in a limiting case, if a secondary diffracted
beam makes an angle of 90° to the normal it will give
information regarding mostly the superficial layers; a
beam more inclined with respect to the normal will go
deeper into the crystal and should provide some infor-
mation about deeper layers. One would expect then to
obtain a maximum for # at 90° and then increasingly
lower values as the angle between the secondary dif-
fracted beam and the normal to the plate increases
over 90° (Laue case) or as it decreases from 90° (Bragg
case), but the curve is not expected to be symmetric
about 90°. Also, for a given inclination of the secondary
beam one should expect increasingly lower values of #
as the primary beam departs more from the surface
of the crystal, i.e. # for the primary reflection 333
should be smaller than for the 111 when secondary
reflections with the same inclination are considered.
These predictions are indeed confirmed by the ex-
periment as shown in Figs.4 and 5, where the results of
the analysis have been plotted. For these preliminary
measurements the second approximation was used in
the calculations except in the case of the primary re-
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flection 222 (Fig.4) where the third approximation
was used.

Since the depth to which a given beam penetrates
below the surface is given by x=/. cos 8, where / is
the average path-length and f is the angle with the
normal, we have plotted 7 against cos f for a given
primary reflection. The bars across the experimental
points indicate the uncertainty arising from the esti-
mated error in the measured value of R. This error was
in general of the order of 1%. Itisclear then thatin order
to obtain accurate values for 7 it is necessary to meas-
ure R to a few tenths of one per cent.

The value of # plotted should not be attributed to
the layer located at the depth x below the surface, it
is rather some average over the volume of the crystal
between the surface and x. Different points on the
same abscissae correspond to independent secondary
planes having the same inclination to the normal; they
agree well within the limits of the experimental error.

The fact that reflections bearing the same inclination
to the normal, but actually going in different directions,
may yield different values for #, could eventually be
used tc test the anisotropy of the mosaic spread of the
sample. However, more accurate data are needed to
perform such an analysis.

APPENDIX 1

Polarization correction for double reflection preceded
by a crystal monochromator

In the experiments performed, a plane monochromator
of silicon was used. Consequently, polarization correc-
tions were needed for double reflectious in the crystal
preceded by reflection of the primary beam in the
monochromator.

Azaroff (1955) has worked out the polarization
correction for a single reflection in the crystal preceded
by a reflection monochromator. Also, polarization
corrections for double reflections when the incident
beam is not polarized have been calculated by Zacha-
riasen (1965). Neither of them applied to our case.

The polarization factors were calculated following a
procedure similar to the one used by Azaroff (see Fig.
4). The electric field in the double diffracted beam, i.e.
after three reflections, one in the monochromator (with
Bragg angle «) and then in planes / and j (Bragg angles
0; and 6; respectively) is found to be given by:

E"2=1k2%k2k2 E?[(cos? 20; . cos? y +sin? y)cos? 20;
x (cos? 2a cos? p+sin? @)
+ (cos? 26; sin? y +cos 2 )

% (cos?2e sin? p +cos? p)] ,

(1-1)
where E, refers to the electric field in the primary non-
polarized beam and the k’s include the reflectivities
and other factors which are irrelevant here; the angles

¢ and y are defined in Fig.4, ¢ coincides with Azaroff’s
angle ¢ and depends on the experimental setup. y can
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be calculated for each pair of planes i and j using a
relation given by Zachariasen (1965):
cos™y — ©08 20x—cos 20 . cos 26;

Y= sin 20; sin 26;
where 260y is the angle between the beam reaching the
crystal and the doubly diffracted beam. Substituting
for w in equation (1-1) the following expression is
found for the polarization factor:

(1-2)

i) =% { [1_ (cos 20'10_’;(:2 ;{% cos 26;)? ‘ ]
x cos? 26;(1 —sin2 2« . cos? p)
+ [ (cos 260k —cos 26; cos 26;)?
sin2 26;

+ cos? 20]‘] . (sin? 2a cos? g 4 cos? 2oz)} . (13

In our case, p=n/2 and then

v 1 | (cos 20, —cos 26; cos 26;)
pik)=% {——TQ@

x (cos2 20— cos? 26;)+cos? 2o cos? 26;+ cos? 295} (1-4)

It is readily seen that equation (1-3) contains as
particular cases both Zachariasen’s and Azaroff’s
formulae. In fact, when there is no monochromator,
setting «=0 one reobtains Zachariasen’s result [his
equation (6)].

When there is just a single reflection, preceded by
the monochromator, we set: 6;=0, Oy=0; thus ob-
taining:

Doi=3(sin2 20; . sin? 2« . cos? g + cos? 26; + cos? 2a]
In our case p=n/2 and

Poi=3[cos? 2o+ cos? 26;] .

In the common case where ¢ =0, one finds the familiar
result:
Poi=%[1+cos? 2a . cos? 26,] .

It is to be noted that in our notation Azaroff’s ex-
pression (14) is given by ﬁp‘ﬁ , since it is referred to the
(]
intensity of the beam after reflection on the mono-

chromator.

APPENDIX 2

Path-lengths
The path-lengths of the different diffracted beams will
now be obtained. It is easy to show that for a plane

parallel plate of thickness T, the transmission factor
for a reflected beam is

- [ 100 (-4
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where
1 1 1

= ;

Y Yo

For a diffracted beam originated at depth x below
the crystal surface, the total path-length, including the
distance travelled by the incident beam, is given by
x/y. The average value of x/y is given by

X dA4*
N g
<7> du

It can be readily shown that in this case

<§>=i_£.,MQ

where A¥=1/A.

u oy l—exp(—uTly)’
Moreover,
(2)=2, &
Y Yo Y
where @ =/, and@ =l
Yo Vi

For a highly absorbing crystal (as for instance ger-
manium with Mo Ka, =350 cm™!) we have practi-

cally:
<£> _ 1
Y .
Then,
=2 1.7
o= =
Yo H Yo

Acta Cryst. (1969). A25, 673
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and
e 0 1y
= ——=—- "
Yt H Y
When the primary reflection is symmetric: yo=y;,

Yyo=y/yi=% and lo=1=1/2p.
Then

p=2 11
Ty w2
for all secondary reflections.

When the secondary beam is transmitted rather than
reflected and the crystal is highly absorbing the same
reasoning can be followed and one find the same

effective path-lengths 1/2u for all beams.
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The structure factor is shown to be a basis for a one-dimensional representation of the point group,
and the following property of non-primitive translations of most of the space groups is derived: the sum

of non-primitive translations is a primitive one.

Représentation engendrée par le facteur de structure

Rappelons qu’un facteur de structure trigonométrique
E(K)= Zexp[—2mi(K.ar+1,)] se transforme dans

une opération (x|r,) d’'un groupe d’espace G, suivant
la loi (Bertaut, 1955):

&(Ka)= exp (—2miK . T)EK) . )

&(K) est donc fonction de base d’une représentation
I'x du groupe ponctuel G d’ordre g:

I'g(e)= exp (—27iK . 1,) . )
Deux éléments (afz,) et (Bltz) de G, se multiplient

suivant la relation (3), ou T,; est une translation réti-
culaire et ¢ I’identité:



