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Various experimental arrangements were tried, using fluorescent X-ray sources. Their brightness 
was extremely low and for conditions of comparable resolution the intensities were about a few 
tenths of one percent of those obtained with the usual direct X-ray tube source. The effect of in- 
strtunental factors on line width and the reasons for the large decrease in intensity are outlined. 

1. Introduction 

Fluorescent radiat ion has been used for monochromatic  
X - r a y  sources since the very  early days  of X - r a y  
analysis (Barkla, 1911). In  recent years  fluorescent 
sources have  been used in a var ie ty  of applications, 
such as absorpt iometry  (EngstrSm, 1947), micro- 
rad iography (Rogers, 1952; Splettstosser & Seeman, 
1952), and as wide-beam sources (Larson, Myers & 
Roesch, 1955). In  a recent communication,  Weiss, 
DeMarco & Weremchuk (1954) compared the results 
obtained using a fluorescent source with the usual 
X - r a y  tube source for powder diffractometry.  

At  first thought  the use of a fluorescent source 
would seem to offer several a t t rac t ive  advantages  for 
powder d i f f rac tometry:  There is pract ical ly no limit 
to the choice of radiat ion,  the use of a fl-filter with the 
fluorescent source gives near ly  monochromatic  radia- 
t ion without  the  continuous spectrum inherent  in 
efficient direct electron excitationl sub-harmonics re- 

flected by crystal  monochromators  are not present,  
and a source with a more uniform intensi ty distribu- 
tion is readily obtained. 

On the other hand,  fluorescent sources of X-rays  
are of such low inherent  brightness compared to con- 
ventional  X - r a y  tube sources tha t  it is necessary to 
sacrifice resolution in order to obtain usable intensities 
for powder diffractometry.  There are m a n y  factors in 
the geometry  of the inst rument ,  the size and brightness 
of the X - r a y  source, and the characteristics of the 
X - r a y  detector system tha t  combine in a complex 
manner  to determine the intensity,  resolution and 
peak- to-background ratio of the X- ray  pat terns.  To 
proper ly  evaluate  the fluorescent source, it is neces- 
sary to separately determine the contribution of each 
of these factors. In  this paper  we will describe two 
types  of fluorescent sources and compare the results 
with those obtained using a s tandard  diffractometer  
with conventional X- ray  tube source. 

2. Exper imenta l  arrangements  

The usual diffractometer  appara tus  (Fig. l(a))  em- 
ploys the line focus of the X- ray  tube, X,  as the 
geometrical source of the focusing arrangement .  The 
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Fig. 1. (a) Conventional diffractometer arrangement; (b) small 
fluorescent source, Method I; (c) large fluorescent source, 
Method II. FC, focusing circle; X, X-ray tube; D, diver- 
gence slit; 2a, full angular aperture in focusing plane; 
S, specimen; G, goniometer axis of rotation; R, receiving 
slit; C, counter tube; 2's, small fluorescent source; FI, large 
fluorescent source; A, slit limiting aperture of primary beam; 
B, source slit on FC. The metal foils of the parallel-slit 
assemblies (not shown) are parallel to the plane of the 
drawings. 

divergence slit, D, limits the angular  aper ture  2~ of 
the pr imary  beam in the focusing plane (i.e., the plane 
of the drawing). After  reflection by the specimen, S, 
the beam converges at  the receiving slit, R, and is 
measured by the counter tube, C. The focusing circle, 
FC, passes through X, the goniometer axis of ro ta t ion 
G, and R. 

Two devices were built to use fluorescent sources 
with the s tandard  Norelco diffractometer  (Parrish, 
Hamacher  & Lowitzsch, 1954). In  place of the s t andard  
X- ray  diffraction tube, a Machlett  0EG-50  tungsten-  
target  tube was used. The lat ter  has a 5 x 10 mm. 
focal spot, and hence m a y  be operated a t  about  2.5 
t imes greater  power than  the s tandard  copper- target  
diffraction tube. The window transmission of both 
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tubes is about  the same in the wavelength region 
considered here (Taylor & Parrish,  1955). 

Method I 
In  this a r rangement  (Fig. l(b)), a rec tangular  block 

of polished pure copper, Fs, was mounted  a t  the focus- 
ing circle position. The end of the copper exposed to 
the  p r imary  X - r a y  beam was 1.5 × 10 mm.,  approx- 
imate ly  the same size as the line focus of a s t andard  
diffraction tube. A viewing angle yJ = 3 ° (the angle 
between the surface of the ta rge t  and a ray  from the 
center of the focal spot to G, as shown in :Fig. 2) 
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Fig. 2. Intensity as a function of angle-of-view v 2 of the target 
surface for direct electron excitation used in X-ray tubes, 
and X-ray induced excitation as in fluorescent sources. 

was used. The projected size was thus  the same as in 
s t andard  diffractometry.  To minimize scattering,  a 
lead slit, A, was placed on the X - r a y  tube window in 
order to reduce the p r imary  beam to slightly larger 
than  the exposed copper area. The copper was bevelled 
a t  a 5 ° angle so t ha t  the side facing the goniometer 
could not  be i r radiated by the pr imary  beam. 

Method H 
In  this a r rangement  (Fig. l(c)) large f lat  polished 

pieces of pure copper or cobalt, Fz, were i r radia ted 
by  the p r imary  X - r a y  beam, and the fluorescent 
X- rays  passed through a source slit, B, placed on the 
focusing circle. By  rota t ing Fz, yJ could be varied from 
0 ° to 25 ° and read from a scale. Method I I  was used 
by  Weiss et al., and the major  differences between 
this a r rangement  and the s t andard  diffractometer  are 
listed in Table 1. 

In  both methods  the X - r a y  tube and fluorescent 
source were enclosed in a ray-proof  assembly to 
el iminate scatter.  
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Table 1. Comparison of standard and fluorescence 
diffractometer 

Standard Fluorescent 
diffractometer (a) conversion(b) 

Source size 0.08 × 10 ram., yj= 3 ° 1 × 15.9 ram. 
0.16× 10 ram., y)=6 ° 

Goniometer radius 17 cm. 14 cm. 
Angular aperture 2a 1 ° 1.68 °(c) 
Parallel slits, 26=4-5 ° Two sets One set(d) 
Receiving-slit height 0.3 mm.(e) 1 ram. 

(a) Norelco, described by Parrish, Hamacher & Lowitzsch 
(1954). 

(b) Arrangement described by Weiss, DeMarco & Weremchuk 
(1954). 

(c) This is incorrectly given as 1.25 ° in their Fig. 2. 
(d) The Norelco paralleLs]it assembly is 10.5 ram. wide and 

hence the full width of the source was not effective. 
(e) Better resolution is obtained with a receiving slit 0.15 ram. 

high. 

For given excitat ion conditions the fluorescent 
intensi ty obeys the inverse square law, and it is 
therefore essential to minimize the distance between 
the X - r a y  ta rge t  and fluorescence source. However,  
there must  be enough separat ion between the  X - r a y  
tube window and the fluorescent source to allow taking  
off the fluorescent beam. To meet  these conditions in 
Method I, the minimum distance between the center 
of the ta rge t  and surface of the source was 2.5 cm., 
and in Method I I ,  3"0 cm. The distance between center 
of the ta rge t  to the f ront  of the X- ray  tube beryllium 
window was 2.1 cm. 

3. Source  factors  

(a) Intensity versus angle-of-view 
The observed intensi ty  of X- rays  generated by 

direct electron excitat ion increases rapidly above 
y~ = 0 °, approaching its max imum value asymptot -  
ically, as shown in Fig. 2. The slope of the intensi ty 
versus y~ curve depends on the applied voltage and 
density of the  ta rge t  material .  For  the usual condi- 
tions employed in diff ractometry,  the m a x i m u m  in- 
tensi ty  is reached a t  about  F = 6+2 ° because the 
electrons are stopped so close to the ta rge t  surface 
t ha t  only a very thin layer acts as the X - r a y  source. 
This layer is so thin t ha t  it is pract ical ly t r ansparen t  
to the X-rays  generated within it, even a t  small graz- 
ing angles. 

In  the fluorescent source the p r imary  X-rays  pene- 
t ra te  the source mater ia l  to a relat ively much greater  
depth before being absorbed, and the mater ia l  emits 
fluorescent X- rays  like a Lamber t - type  source. Hence 
the intensi ty continues to increase up to large viewing 
angles, F = 30-75 °, depending upon the  spectral  
distribution of the p r imary  beam and the absorpt ion 
characteristics of the i r radia ted material .  

(b) Size factor 
In  the case of the large fluorescent source used in 

Method I I ,  the value of yJ t ha t  gives the  max imum 
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in tens i ty  is dependent  upon the apparent  size of the  
source, the posit ion and size of the source slit and the 
angular  aperture. This effect was measured using the 
following conditions:  large copper block, source slit 
1.65x 10 mm., 2a  = 2 °, two parallel slit assemblies 
each with an angular  aperture 2d = 4.5 °, 40 kV.p., 
unfil tered and the (111) peak of silicon powder. With  
%o < 4 ° , the  source slit saw a greater area of the 
fluorescent copper source than  was irradiated by the 
pr imary  beam, and hence the intensi ty  fell off rapidly  
with decreasing v/. At  %0 = 4-6 °, X-rays from the 
entire i l luminated copper source passed through the 
source slit and the in tensi ty  was at  a maximum. As 
yJ was increased beyond 6 ° the source slit saw a smaller 
area of the i l luminated copper source and the peak 
in tensi ty  gradual ly  diminished. The peak in tensi ty  in 
the region of ~0 = 4-6 ° was approximate ly  one-third 
greater t han  at  %o = 2.5 ° or yJ = 20 °. The scattered 
background continued to increase with %0 and was 
three t imes greater at  20 ° t han  at  2 ° . 

(c) Brightness 
The brightness of a source of X-rays is the intensi ty  

per uni t  projected area of the source in the direction 
of observation. The in tensi ty  of X-rays passing through 
the divergence slit D of Fig. 3 is determined by 2~ 

FC 
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Fig. 3. The required sizes of fluorescent sources F of equal 
brightness placed at different positions to produco the same 
total intensity at D are shown by the 2a lines. 

and  the  brightness of the source. The sizes of fluores- 
cent sources of equal brightness at F 1, F 2 and F a 
required to give the same in tensi ty  at  D are shown 
by  the 2c~ lines. The to ta l  in tensi ty  passing through 
D is the  same when a large fluorescent source is placed 
at  F 1, or a small fluorescent source the size of the 
opening at  B is placed on the focusing circle. Therefore, 
other conditions being equal, Methods I and I I  give 
the same intensi ty.  

The brightness of the direct electron excited or the 
fluorescent X-ray  source is obtained simply by dividing 
the observed in tens i ty  by sin ~0. This is shown in 
:Fig. 4 for the I versus v 2 curves of :Fig. 2. The rapid 
increase in brightness with diminishing v 2 for the direct 
electron-excited X-rays is in marked contrast  to the 
small increase obtained with fluorescent sources. 

(d) Intensity 
An approximate  order-of-magnitude comparison of 

the  direct and X-ray  excited sources will be helpful 
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in unders tanding the origin of the large difference of 
in tensi ty  produced by these sources. 

80 
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Fig. 4. Brightness as a function of angle-of-view y3 of direct 
electron excited and fluorescent sources. These were derived 
by dividing the data of Fig. 2 by sin ~o. 

In  all X-ray  sources the brightness for a given V 
angle is determined by the number  of excited atoms 
per uni t  t ime per uni t  area. In  the direct electron- 
excited case this is, of course, dependent  upon the  
applied voltage and current. In  the fluorescent case 

several additional f&ctor~ reduce the brightne~ by 
large amount .  The fluorescent source receives only 
F / 4 g  of the pr imary  radiat ion,  where F is the solid 
angle the source subtends at  the X-ray  tube (:Fig. 5). 
In  the ease of a source 1-5x10 mm. and a 25 ram. 

w (°) 

co (b) 

Fig. 5. Comparison of direct electron excited X-ray source (a), 
with fluorescent X-ray source (b), showing the large solid- 
angle loss. 
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distance between the primary X-ray target and 
fluorescent source, the latter receives only about 1/500 
of the total primary radiation. Moreover, only a 
portion of the primary spectrum striking the specimen 
is useful in exciting fluorescence. The very high energy 
portion penetrates too deeply, causing losses due to 
self-absorption in the source, and a portion has wave- 
lengths greater than the absorption edge of the source 
element. If we add to this the fluorescent yield 
(Compton & Allison, 1935), a factor of about one-fifth 
must be introduced. The only gain is the 2-5 times 
greater permissible power loading of the X-ray tube 
for the fluorescent source.* Taking all these factors 
into consideration, the intensity of the fluorescent 
source is lower by a factor of about 1000, and the 
largest factor by far is the solid-angle loss. 

(e) Peak-to-background ratio 
The total intensity was so low with the fluorescent 

sources that it became extremely difficult to obtain 
significant measurements of the background or peak- 
to-background ratio, and therefore these data are 
omitted from the tables. Even if the background were 
eliminated, the great reduction of peak intensity 
would cause a much more unfavorable intensity sta- 
tisties problem than occurs in normal diffractometry. 

We were unable to completely eliminate the back- 
ground. Although the fluorescent source container 
was carefully designed, anti-scatter slits were used 
on the collimator system and the X-ray tube, and 
extra lead shielding surrounded the tube, there was 
always some continuous spectrum from the primary 
tube scattered by the fluorescent source. In addition, 
a recording of the 10.1 line of a single crystal quartz 
plate, using an unfiltered Cu fluorescent source, 
showed the W Ls  lines from the tungsten target of 
the primary tube (which were scattered by the Cu 
source) to be about 1% of the Cu K s  lines. 

In conventional electron-excited X-ray tubes the 
detector system also plays an important role in deter- 
mining the recorded peak-to-background ratio (Par- 
rish & Kohler, 1956a, b). If pulse-height discrimina- 
tion is used with scintillation or proportional counters 
for measuring powder patterns, the peak intensity is 
reduced by less than 10%, and there is a large reduc- 
tion in the recorded scattered background. The peak- 
to-background ratios are then comparable to those 
obtained when highly efficient focusing crystal mono- 
chromators are added to the diffractometer. The 
background remaining after discrimination contains 
at least as much characteristic line radiation as non- 
characteristic wavelengths so that the greatest further 
improvement would be a reduction of the background 

by a factor of about 2 or less. I t  is therefore un- 
necessary to use fluorescent sources to achieve a low 
background. 

4. Ins t rumenta l  factors 

The major instrumental factors will be briefly de- 
scribed in the following sections, and the use of a well- 
crystallized specimen with no appreciable specimen 
fluorescence, as well as a perfectly aligned goniometer, 
will be assumed. 

(a) Source size 
In standard diffractometry, using the conditions 

given in Table 1, and a receiving slit 0.15 mm. high,* 
the line width, W, measured at one-half peak height 
is 0.10 ° 20 for the K s  1 component in the front- 
reflection region. W increased only slightly 
(< 0.01 ° 20) when the projected height of the line 
source was increased from 0.08 to 0.16 mm. ; this was 
done simply by increasing ~ from 3 ° to 6 ° . The 
intensity then also increased by about 25% (see 
§ III(a)). When the spot source was used, the projected 
height was 1.1 mm. at yJ= 6 ° , W =  0.31 ° , and the 
intensity was about the same as the line source. Thus 
increasing the source height by a factor of 2 caused 
practically no increase in W; but a further increase 
of source height by an additional factor of 5 increased 
the line width by a factor of 3. 

(b) Goniometer radius 
When R is decreased from 17 to 14 cm., a small in- 

crease of intensity may be expected due to decreased 
air absorption and the larger chord of the ring inter- 
cepted by a receiving slit of fixed width. These factors 
are 72.5/67.8 (for Cu Ks)  and 17/14 respectively, but 
the linear dispersion is decreased by 14/17. 

(c) Aperture 
If the source has a uniform intensity distribution, 

the intensity increases directly with 2s. However, the 
specimen must be sufficiently long to intercept the 
full length of primary beam at the smallest 20 angle 
to be used. The length of specimen illuminated, L, 
may be calculated from L = 2sR/sin 0 radians. As- 
suming a specimen 2.5 cm. long for both cases, the 
minimum 20 angle that  can be reached before the 
primary-beam length exceeds the specimen length is 
13.6 ° for the standard diffractometer and 18.9 ° for 
the conversion. Considered another way, one could 
increase 2s in the standard diffractometer by the ratio 
of the radii, 17/14, thereby obtaining a 21% increase 
in primary intensity. 

* Current ly  available commercial  sealed-off water-cooled 
s t a t iona ry  ta rge t  tubes  have a ra ted  specific loading of 25-75 
W . m m .  -2, depending on the  target .  In  the case of cobalt  the 
permissible specific loading is about  one-half t h a t  of copper 
so t h a t  a five t imes greater  loading is permissible with the large 
focal spot fluorescence X- ray  tube.  

* To avoid confusion we will define the width of a slit or 
specimen as the  dimension measured  in a direct ion parallel 
to the goniometer  axis of ro ta t ion  G, the  length of a specimen 
as normal  to G, and  the  height  of a slit as the dimension 
measured  in the  goniometer  scanning plane (i.e., vert ical  plane 
in the Norelco diffractometer) .  
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The  use of a f la t  r a t h e r  t h a n  a curved specimen 
causes a s y m m e t r i c a l  l ine b roaden ing  (Wilson, 1950). 
This  abe r r a t i on  m a y  be neglec ted  in the  present  
discussion except  to  no te  t h a t  i t  would  be larger a t  all  
20 angles for  the  convers ion  because L is longer.  

I n  the  s t a n d a r d  d i f f rac tomete r  two sets of paral le l  
slits l imi t  the  ape r tu re  2~ of the  beam in the  p lane  
n o r m a l  to  Bragg  focusing (i.e., no rma l  to the  p lane  
of Fig. 1). One set  is p laced  between source and  
specimen,  and  the  o ther  between specimen and  coun te r  
tube .  B y  l imi t ing  th is  'ver t ica l '  divergence,  more sym- 
me t r i ca l  l ine profiles are ob ta ined  wi th  an  ex tended  
l ine source t h a n  would  otherwise  be possible. Each  set 
wi th  2~ = 4.5 ° reduces the  i n t ens i t y  by  a fac tor  of 2, 
bu t  r emoving  one set causes appreciable  a symmet r i c  
b roaden ing  a t  smal l  and  very  large 20. 

(d) Receiving slit 
The in tens i ty ,  b a c k g r o u n d  and  line w id th  increase 

wi th  receiving-sl i t  he ight .  The 111 peak  of 10-20# 
sil icon powder  was measured,  using a s t a n d a r d  dif- 
f f ac tome te r  w i th  2 ~ - - 1  ° and  Cu Kfl r ad ia t ion  to 
avo id  the  K s  double t  separa t ion .  Increas ing  the  
receiving-sl i t  he igh t  f rom 0.3 to  1.0 mm.  (all o ther  
condi t ions  r emain ing  unchanged)  increased the  peak  
in t ens i ty  by  a fac tor  of 1.5, the  line w id th  f rom 0.16 ° 
to  0.36 ° 20 and  the  backg round  by  a fac tor  of abou t  4, 
so t h a t  the  peak - to -background  ra t io  was reduced 
(Parr ish,  1956a). 

(e) Summary of instrumental factors 
The effects of some i n s t r u m e n t a l  factors  on in tens i ty ,  

reso lu t ion  and  peak - to -background  ra t io  are listed in 
Table  2. F r o m  the  ana lys i s  given in §§ IV(a) - (d) ,  we 
see t h a t  increasing 2c~ f rom 1.0 ° to  1.7 °, r emoving  one 
set of paral le l  slits, increasing the  receiving-sl i t  he igh t  
f rom 0-3 to  1 mm. ,  and  decreasing the  gon iomete r  
radius  f rom 17 to 14 cm. gives an  increased in t ens i ty  
by  the  p roduc t  of the  ind iv idua l  factors,  namely ,  
1-7 x 2 x 1.5 x 1.07 (air t ransmiss ion)  x 1.2 (halo l eng th  

Table  2. Effect of slit heights on intensity 
and line width(a) 

Source Receiving Peak Line width at 
slit 2c¢ slit intensity(b) half peak height 

1-65ram. 2.1 ° 4.6ram. 154 counts sec. -1 1-23 ° (20) 
0.83 1.6 1.7 88 0-54 
0.45 1.4 0.8 38 0.35 
0.45 0-8 0.8 22 0.30 
0-45 0.8 0-3 12 0.20 

(a) Measurements obtained with large Cu source, Method II ,  
40 kV.p., 40 ma., unfiltered, scintillation counter without 
pulse-height discrimination, silicon powder specimen, 111 z¢ 
line. 

(b) Background subtracted. 

in te rcep ted  by  slit) = 6.4. A t  the  same t ime,  the  l ine 
wid th  would be grea t ly  increased and  a symmet r i c a l l y  
broadened ,  and  the  peak - to -background  ra t io  and  
dispersion would be decreased. Coyle & Garrod (1956) 
reached s imilar  conclusions on line b r ead th  bu t  did 
no t  t ake  up the  in t ens i ty  problem.  

5. Results  

A few typ ica l  measu remen t s  wi th  f luorescent  sources 
are l isted in Table  3. These measu remen t s  were m a d e  
on very  s t rong powder  lines, and  i t  is doub t fu l  if a 
complete  powder  pa t t e rn ,  inc luding the  weak reflec- 
t ions,  can be ob ta ined  wi th  the  usual  t ype  of ra te-  
me t e r  recording.  The  h ighes t  i n t ens i ty  of a powder  
line was 175 counts  sec. -1, and  i t  would  require  abou t  
1 sec. to  ob ta in  a probable  error  of 5%,  and  26 sec. 
for 1%, assuming no background .  For  the  same 
probable  errors, t he  recording of lines 1/25 as s t rong,  
which are no t  u n c o m m o n  in powder  pa t t e rns ,  would  
require  26 and  641 sec., respect ively.  Because these  
s ta t i s t ica l  factors  are a lways  present  in coun te r - tube  
measurements ,  i t  would require  very  unusua l  con- 
d i t ions  to make  i t  feasible to  e l iminate  the  backg round  
a t  the  expense of so large a loss of in tens i ty .  

These results  m a y  be compared  wi th  those  ob ta ined  
wi th  the  s t a n d a r d  d i f f rac tomete r  equipped  wi th  a 
sc int i l la t ion counte r  and  pulse-height  d iscr iminat ion ,  

Table  3. Data obtained 

Method II  I I  

Fluorescent source Co Co 
10 5 

Filter (mm.) 0.015 Fe 0.015 Fe 
Source slit height (mm.) 1 1 
2a 1"7 1"7 
Receiving-slit height (ram.) 0-83 1-0 
Specimen, hkl Fe, 110 Q, 10.1 (d) 
Peak intensity (counts see. -1) (b) 175 2430 
Line width(c) 0.60 0.60 

with fluorescent source(a) 
II  I I  I I  I 

Cu Cu Cu Cu 
5 5 5 3 

None 0.018 Ni 0.018 Ni None 
1 1 0.15 - -  

1.7 1.7 1.2 1-2 
1-0 1-0 0-60 0.83 
Ni Si, 111 Si, l l l  Si, 111 
170 34 9(e) 19 

0.50 0-40 0-20 0-29 

(a) Machlett OEG-50 tungsten target primary source, 50 kV.p., 40 ma., R ~- 14 cm., 1 
cotmter. The experimental arrangement was essentially a duplicate of that used by 

(b) Background subtracted. 
(c) Expressed in °20 measured at half peak height. 
(d) Quartz single crystal plate cut parallel to 10.1. 
(e) Scintillation counter with pulse-height discrimination. 

set of parallel slits, argon-filled Geiger 
Weiss et al. (1954). 
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a copper - ta rge t  X - r a y  tube operated at  1000 
kV.p. × ma., 0.018 mm. Ni filter and 0.15 mm. receiv- 
ing slit. The peak in tens i ty  of the 1 l l  line of a silicon 
powder specimen was over 9000 counts sec. -~, the 
peak- to-background rat io was 134 and the line width 
0.11 ° 20. 

The intensities with the fluorescent source are thus 
about  a few tenths  of one percent  of those obtained 
with the s tandard  diffractometer  under  conditions of 
comparable resolution. When the slit sizes and aper- 
tures were increased, the in tens i ty  of the fluorescent 
source was still only 1% of the s tandard  dfffracto- 
meter  and the  resolution decreased by a factor of 4. 
These results are completely different from those of 
Weiss et al., who stated, 'Wi th  only a 20% decrease 
in resolution the intensit ies differed by less t han  a 
factor  of 2 while the background was reduced by a 
factor  of about  25'.* 

Large single crystal  plates gave considerably greater 
intensities, but  the fluorescence method is not  feasible 
for the t i ny  crystals employed in s t ructure work. 

* Weiss et al. operated their Co diffraction tube at 30 kV.p. 
and 10 ma. but the tube may be safely operated at 50 kV.p., 
10 ma. Thus they could have obtained about 3-4 times more 
intensity with the direct electron-excited X-ray tube. 
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When nothing is known about a structure, the elementary positional probability of atoms is the 
elementary hypervolume of coordinates dxl . . .dx t .  If any information about the structure is 
gained (interatomic distances, forbidden volumes, known signs of structure factors), the positional 
probability has the more complete form yJ(xl . . . . .  xt)dxt . . .dxt ,  y)(x 1 . . . . .  xt) is Fourier-analyzed 
in its most general form, for which some examples are given. 

I n t r o d u c t i o n  

Nous rappelons explici tement  le th6or~me* suivant  
(Bertaut,  1955a): 'La probabil i td compos6e 
P(A1, . . . , A m ) d A 1 . . . d A m  pour que les fonctions 
E~(xl, . . . ,  xt) (k = l ,  . . . ,  m) prennent  des valeurs 
comprises entre A~ et A~+dA~ est telle que 

P(A1,  . . . , A m )  

= f . . . f  (5 (E1-A1) . . . (5(Em-Am)dT~(xI ,  . . .  , Xt) , (1) 

* Une d~monstration math~matiquement compl~te, ac- 
eompagn~e d'exemples d'application de ce th~or~me a 6t6 
r6cemment donn~e (Sponsler, 1957). 

off les 6 ( E ~ - A k )  sont des fonctions de Dirac et 

d~ - -  y)(xl, . . . ,  x t )dxl ,  . . . ,  dxt (2) 

est la probabil i t6 616mentaire de t rouver  le point  
(xl, . . . ,  xt) dans l'616ment de volume d x l . . . d x t . '  On 
doit  avoir 

I d~ . (3) 1 

En cristallographie, les fonctions E~ sont des fac- 
teurs de s t ructure normalis~s sous forme analyt ique,  
les A~ sont les valeurs observdes de ces facteurs de 
s t ructure et les variables xj (j = 1 , . . . ,  t) sont les 
coordonndes atomiques.  


