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0,4 X E .  Die Schw/%nze der spektralen Vertei lung sind 
v611ig weggeschnit ten.  Durch Anschleifen der Kristall-  
oberfl/%che kann  das Profil  der Linie so korrigiert  werden, 
dass die Ansblendtmg eine Gauss-Verteilung erh/~lt. Man 
b rauch t  dann  bei der Auswertung nur  noch die Lage der 
Spitzen der Pri%paratreflexe und nicht  mehr  ihre Profile 
a u s z u l n e s s e n .  

2. Werden  Messungen an s tehenden Pr/%paraten (nach 
F rohnmeyer  & Glocker, 1953) mi t  Korngr6ssen zwischen 
10/z und  401e gemacht ,  so wird die spektrale Vertei lung 
von  Cu K a l  m6glichst  hoch monochromatis ier t .  Fig. 6 
zeigt wieder die Regis t r ierung der spektralen Vertei lung 
yon  Cu Ka I und hineinregistr ier t  eine hochmonochroma- 
t lsche Ausblendung im Maximum von Cu K a  1. Die Halb-  
wertbrei te  der Ausblendung ist e twa 0,03 XE.  Mit dieser 
hohen Monochromasie k6nnen noch Unterschiede der 
Gi t te rkons tan ten  yon Korn  zu Korn  bis zu 1/100 X E  
gemessen werden. 

Diese Art  der Monochromatisierung und ihre Anwen.  
dungsmSglichkeiten sind im Prinzip sehr einfach. Eine 
brauchbare  technische L6sung ist dageg_en schwierig. 
Obwohl die prozentuale Reflexion der 2354 Quarznetz- 
ebene fast  60% betr/igt, ist die Integralintensit~it  der 

reflektierten hochmonochromat ischen St rahlung wesent- 
lich geringer als die Integral in tensi t / i t  einer emit t ier ten  
R6ntgen-Linie .  Die Belichtungszei ten sind mi t  einem 
ebenen Rfickstrahl-Monochromator  um den Fak to r  20 
bis 50 h6her als ohne Monochromator.  

Eine  technische Anwendung ist nur  mi t  einer Hoch-  
s t rom-R6ntgen-R6hre  und einem naeh Johansson  (1933) 
fokussierenden Rfickstrahl-Monochromator  mSglich. 
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Introduction 

Most of the geometrical factors which influence the 
precision measurements  of lat t ice parameters  have been 
invest igated relat ively thoroughly  up to now (see for 
example, Parr i sh  & Wilson, 1959). The influence of 
physical  factors, par t icular ly  the spectral energy distribu- 
t ion of the direct beam, is not  known so well. The effects 
of a dis t r ibut ion of lat t ice spacings and X- ray  wave- 
lengths on line posit ion have  been studied, for example 
by  Lang (1956). Pike (1959) derived expressions for the 
shift  of the centroid of a line due to dispersion, Lorentz 
and polarization factor wi th  regard to the dis t r ibut ion 
of wavelengths,  and Ladell,  Parr ish  & Taylor  (1959) 
have  computed these factors for several common wave- 
length distr ibut ions using the classical formulae. 

In  es t imat ing these effects on accurate measurements  
the non-monochromatized radiat ion has been considered 
thus  far. Sometimes i t  appears necessary to mono- 
chromatize the radiat ion.  The purpose of this  paper  is to 
invest igate more closely the effect of accuracy of the 
Johansson monochromator  a l ignment  on the dis tr ibut ion 
of reflected X- ray  wavelengths.  (See also ~erm£k,  1960). 
The computat ions  in a par t icular  case will show the shift  
of the centroid and the var ia t ion of in tens i ty  of Ka 1 
compared to Ka~ due to the a l ignment  and will make  
i t  possible to draw some conclusions concerning this  
type  of monochromator .  

M e t h o d  of computat ion 
The focus F of a tube (Fig. 1) is projected into F '  as 
a pa r t  of focal circle k. F '  will be considered henceforth 
to be the source of radiat ion.  This approximat ion  is 
sufficient if the  aperture of crystal  C is not  great.  The  
angle of incidence 0 on reflecting planes of a n y  r ay  

Fig. 1. Geometry of Johansson alignment. 
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e m i t t e d  b y  a p o i n t  in F '  will  be  t h e  s ame  over  t h e  en t i re  
c rys ta l .  I-Iowevor this  angle  0 will  be  d i f fe ren t  for  d i f fe ren t  
po in t s  in .F'. 

L e t  us  d e n o t e  b y  20 t h e  w a v e l e n g t h  co r r e spond ing  to  
t h e  m a x i m u m  of Ka 1. L e t  J ( 2 - 2 0 ) d ~ t  be  p r o p o r t i o n a l  
to  t he  e n e r g y  o u t p u t  of t h e  t u b e  in t h e  r ange  2 to  ~t + d ~t. 
J(2-2o)d,1, t h e n  has  app rec i ab l e  va lues  on ly  n e a r  20 
(we neg lec t  t h e  c o n t i n u o u s  r ad ia t ion ) .  L e t  PoOl m a k e  a n  
angle  01 w i t h  t h e  re f lec t ing  a t o m i c  p lanes  of t h e  c rys t a l  C 
a n d  le t  th is  d i r ec t ion  co r re spond  to  t h e  m a x i m u m  of t h e  
re f lex ion  cu rve  for  20 acco rd ing  to  t he  B r a g g  law. 

T h e  d i r ec t ion  P101 co r r e spond ing  to  St m a k e s  t h e n  an  
angle  0z +/I01 w i t h  a t o m i c  planes ,  w h e r e  

A 01 = ( ~  - -  2 0 )  (dOId~) . 

W e  shal l  n o w  cons ider  t h e  r a d i a t i o n  of w a v e l e n g t h  2 
i n c i d e n t  in t h e  d i r ec t i on  P01 m a k i n g  an  angle  01 +c~ 
w i t h  t h e  a t o m i c  planes .  T h e  a r g u m e n t  of t he  ref lexion 
f u n c t i o n  R wil l  be  in th is  case a - A 0 1 ;  for ~0 it  w o u l d  
be  ~ only .  T h e  e n e r g y  ref lec ted  b y  the  c rys t a l  in t h e  r ange  
of angles  a to  a + d a  a n d  w a v e l e n g t h s  ~ to  ~ + d 2  will 
t hus  be  

J(a, ).)dad2 = G ( a ) J ( 2 -  20)R(a -AO1)dad) .  , 

w h e r e  G(a) is t he  d i s t r i bu t i on  of tube - focus  emiss iv i ty .  
T w o  a s s u m p t i o n s  are  m a d e  in th is  s imple  m o d e l :  

(1) G(a) is t h e  s ame  t h r o u g h o u t  t he  who le  a p e r t u r e  of 
t h e  c rys ta l ;  a n d  

(2) t h e  w a v e l e n g t h  d i s t r i bu t i on  J(Z-20) is t h e  same  a t  
all  po in t s  of t h e  c rys ta l .  

B o t h  of these  are  usua l ly  fulf i l led to  a r easonab le  
degree .  

I f  G(a), R(a) ,  J ( 2 - 2 o )  a re  m e a s u r e d ,  we  can  easi ly  
f ind  t h e  w a v e l e n g t h  d i s t r i bu t i on  J1(2) in t h e  focus /~" 
of t h e  m o n o c h r o m a t o r  

Jl(2)d2 = J(2-~.o)d2 G(a)R(a-AOz)da . (1) 
--Or 1 

I f  we  le~ the  d i r ec t ion  PoOz i n t e r sec t  t h e  cen t r e  of t h e  
source  F ' ,  t h e  i n t e g r a t i o n  l imi ts  - a l ,  ~1 are  d e t e r m i n e d  
b y  t h e  a n g u l a r  size of F ' .  I f  t he  source  F '  is sh i f ted  on 

t 

t h e  focal  circle in to  a n e w  pos i t ion  F 1, t he  l ine in ter -  
sec t ing  t h e  cen t r e  of Ftz a n d  O 1 will m a k e  an  angle  AO~ 
w i t h  t he  d i rec t ion  PoOz. Afte r  a s imple  t r a n s f o r m a t i o n  
e q u a t i o n  (1) can  be r e w r i t t e n  in t he  fo rm 

J1(2, AO2)d2 

= J(2-2o)d~ G(a)R(a -(2-).o)(dO/d)~) +/102)da. (2) 

T h e  shi f t ing  of F '  on  t h e  focal  circle by  a smal l  a m o u n t  
/t09 (several  m i n u t e s  or  t ens  of m i n u t e s  a t  mos t )  has  
p r a c t i c a l l y  t h e  s a m e  effect  as t h e  t i l t ing  of t h e  c rys t a l  
a r o u n d  a n  axis going t h r o u g h  Oz a n d  p e r p e n d i c u l a r  to  
t h e  p l a n e  of inc idence .  This  is j u s t  t h e  case w h e n  t h e  
c rys t a l  is be ing  a l igned .  K n o w i n g  Jz(2, A02), we can  
eas i ly  d e t e r m i n e  t h e  cen t ro id  of K a  I or  of t h e  doub l e t  
a n d  t h e  re la t ive  in tens i t ies  of Ka] a n d  Ka2 for  a n y  va lue  
of A02. 

Computat ion  of e x p e r i m e n t a l  data and resul ts  

I n  all  these  m e a s u r e m e n t s  a c h r o m i u m - t a r g e t  t u b e  w i t h  
a l ine focus of d imens ions  10 m m .  x 1 ram.  was  used .  

T h e  n u m e r i c a l  va lues  u sed  for c o m p u t a t i o n  were :  
20 = 2.28500 k X . ;  d = 3.336 k X .  ( (10 i l )  p lanes  of qua r t z ) ;  
r = 250 ram.  T h e  func t i on  J ( Z - 2 0 )  for  t h e  K a l  a n d  K a  2 
lines was  c o m p u t e d  b y  m e a n s  of a d ispers ion f o r m u l a  

- 2 '  - 1 '  0 1' 2' 3' 4' ~ oc 

- 3  - 2  - 1  0 1 2 3 4 5 6 7 8~ ) . - , , , l o  XU 

Fig. 2. Wavelength distribution of Cr Kocz, Ka9 
used in computation. 

J 
I 

-0'.1 o 

"LC~ 

0"1 - linear dimension of F '  
in ram, corresponding to (z 

Fig. 3. Tube focus emissivity G(a);  
photometric record of a pinhole projection. 

Ri(~) '('~) 

R,(~) 

-I0 ~ - 5 " 0  . . . .  S "  I0;--o= 
Fig. 4. Reflexion curves: R z (a) (roughly ground crystals) and 

R2(a ) (polished crystals). The original curves measured 
with a two-crystal spectrometer were resolved by Stokes' 
method.  
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using  t h e  va lues  of index  of a s y m m e t r y  a n d  b r e a d t h  of 
spec t ra l  l ines q u o t e d  b y  B loch in  (1957). T h e  tai ls  were  
t r u n c a t e d  (Fig. 2). 

T h e  d ispers ion  dO~d), =0 .5484  for  A0 in m i n u t e s ,  A Jr in 
X - u n i t s .  G(a) is shown  in Fig .  3 as a m i c r o p h o t o m e t e r  
r eco rd  of a p inho le  p a t t e r n  of t he  t u b e  focus.  T h e  d ia .  
m e t e r  of p inhole  was  0.02 ram.  T h e  ref lexion curves  were  
m e a s u r e d  us ing  a doub le -c rys tM s p e c t r o m e t e r  w i t h  
r o u g h l y  g r o u n d  c rys ta l s  a n d  w i t h  po l i shed  crys ta ls .  T h e  
ref lexion curves  R~(a) for  one c rys t a l  were  o b t a i n e d  b y  
Stokes '  m e t h o d ,  a n d  serve  on ly  for i l lus t ra t ion  in two  
w i d e l y  d i f fe ren t  eases (Fig. 4). Crysta ls  w i t h  t he  cu rve  
Rl (a )  were  g r o u n d  w i t h  a n  abras ive  of ave rage  gra in  size 
100-125/~, c rys ta l s  w i t h  R2(a ) were  pol ished.  

Tab le  1. Relative error of lattice parameter Aa/a 

A 0~. (A~m-  A).s)/,'lo. 104= (Aa]a). 104 

- -  4 '  1 . 4 1  

--2 '  0.79 
0' --0.18 

+ 2' -- 0.97 

- - 3 "  6.10 
-- 1.5" 4.78 
- -  0.83' 1.99 

0" --0.79 
+0.83 '  --3.13 
+ 1.5' -- 4.40 

crystal 1 
reflexion 
curve R 1 (a) 

erystM 2 
reflexion 
curve R 2 (a) 

In  Tab le  1 A]tm a n d  A2ts are  t h e  cen t ro id  posi t ions  of 
t h e  c o m p o n e n t  K a  x m o n o c h r o m a t i z e d  or  non -mono-  
c h r o m a t i z e d  respec t ive ly ,  c o m p a r e d  to  t he  m a x i m u m  of 
t he  or iginal  n o n - m o n o c h r o m a t i z e d  Kay.  T h e n  

(A ;tra- A2ts)/2o = Aa/a . 

W e  can  t h u s  see t h a t  t he  re la t ive  e r ror  in la t t i ce  c o n s t a n t  
d e t e r m i n a t i o n  depends  to  a g rea t  e x t e n t  on A 02. The  angle  
A 02 is in  th is  case p r ac t i ca l l y  t h e  m e a s u r e  of t he  t i l t ing  
of t h e  c rys t a l  f r om its exac t l y  cor rec t  pos i t ion .  This  t i l t ing  
a n d  c o n s e q u e n t l y  t h e  e r ror  Aa/a c a n n o t  be  easi ly  con- 
broiled. I f  A O~ is k e p t  c o n s t a n t  t h e  shif t  of t h e  cen t ro id  
(and  t h e  e r ro r  Aa/a) is m u c h  m o r e  s igni f icant  if t h e  
re f l ex ion-curve  b r e a d t h  is of t he  same  order  as t h e  
a n g u l a r  b r e a d t h  of t h e  source  F ' .  I f  t h e  ref lexion cu rve  
R(a)  is m u c h  b r o a d e r  t h a n  G(a) t h e  d i s to r t ion  of t h e  lines 
a n d  t h e  shi f t  a re  smal ler .  T h e r e  exists  a lways  one va lue  
of AO~ (def ini te  pos i t ion  of crys ta l )  for  w h i c h  Aa/a=O, 
i.e. t h e  cen t ro id  is n o t  shi f ted .  I t  is diff icul t  to  f ind  this  
pos i t ion  a n d  to  m a i n t a i n  it. Moreove r  i t  has  no p rac t i ca l  
m e a n i n g  as i t  is s impler  to  m a k e  re la t ive  m e a s u r e m e n t s .  

Tab le  2. Relative intensities of components Kay, K a  2 

A 02 l a  x Ia9 Ial/Ia9 

--4 '  0.130 0.142 0.916 
--2" 0.302 0.194 1.56 

0 0.406 0.133 3.05 
+ 2' 0.267 0.057 4.68 

--3" 0.041 0.217 0.191 
- -  1.5' 0.214 0.316 0.678 
--0.83' 0.528 0.122 4.35 

0" 1.00 0.039 25.8 
+ 0.83" 0.400 0-015 26.9 
+ 1.5" 0.140 0.0088 15.9 

crystal 1 
reflexion 
curve R x (a) 

crystal 2 
reflexion 
curve R 2 (a) 

I t  shou ld  be  p o i n t e d  ou t  t h a t  t h e r e  is a lways  a ce r t a in  
a m o u n t  of spect ra l -prof i le  d i s tor t ion .  

Tab le  2 ind ica tes  t h e  in tens i t ies  of t h e  m o n o c h r o m a t -  
ized c o m p o n e n t s  Kal ,  Kae. T h e  K a  1 i n t e n s i t y  for  A 02 = 0 
of c rys t a l  2 is t a k e n  as u n i t y .  I t  m a y  be  seen t h a t  t h e  
in tens i t ies  of t he  c o m p o n e n t s  as wel l  as the i r  ra t io  Ial/Io~ 2 
d e p e n d  cons ide rab ly  on A02. Var i a t ions  of these  va lues  
a re  g rea t e r  t he  smal le r  the  b r e a d t h  of R(a) .  T h e  ra t io  
la l / Ia9  does n o t  h a v e  its co r rec t  spec t ra l  va lue  for  
A 02 = 0. T h e  Ka~ i n t e g r a t e d  i n t e n s i t y  of c rys t a l  2 a t t a i n s  
its m a x i m u m ,  t a k e n  as u n i t y ,  a p p r o x i m a t e l y  in t h e  
pos i t ion  A 02 = 0. Crys ta l  1 has  its K a l  i n t e g r a t e d  i n t e n s i t y  
m a x i m u m  only  a b o u t  0.4 of t h e  m a x i m u m  i n t e g r a t e d  
i n t e n s i t y  of c rys t a l  2 in t he  s ame  posi t ion .  This  could  n o t  
h a v e  been  expec ted ,  as t he  i n t e g r a t e d  ref lexion of c rys t a l  1 
is 2.15 t imes  g r ea t e r  t h a n  t h e  i n t e g r a t e d  ref lex ion  of 
c rys t a l  2 as m e a s u r e d  w i t h  t h e  doub le -c rys t a l  spect ro-  
me te r .  I t  m a y  be  exp la ined  b y  t h e  ra t io  of b r e a d t h s  of 
ref lexion curves  R l ( a  ) or R2(a) to  t h e  angu l a r  b r e a d t h  
of F ' .  

C o n c l u s i o n s  

(1) M o n o c h r o m a t o r s  of t h e  J o h a n s s o n  t y p e  a lways  
d i s to r t  t he  w a v e l e n g t h  d i s t r i bu t ion  of t h e  i n c i d e n t  b e a m .  
The  d i s to r t ion  depends  to  a g rea t  e x t e n t  on t h e  a l i g n m e n t  
of c rys ta l s  a n d  increases  w i t h  t h e  decreas ing  b r e a d t h  of 
R(a)  a n d  G(a). I t  does n o t  s eem adv i sab le  to  use  these  
m o n o c h r o m a t o r s  in abso lu te  m e a s u r e m e n t s  of l a t t i ce  
p a r a m e t e r s ,  as t he  d i s to r t ion  c a n n o t  be  s i m p l y  con t ro l led .  
A good a g r e e m e n t  b e t w e e n  the  m e a s u r e m e n t s  w i t h  
m o n o c h r o m a t i z e d  a n d  n o n - m o n o c h r o m a t i z e d  r a d i a t i o n  
c a n n o t  be  e x p e c t e d  as a rule.  H o w e v e r  these  m o n o -  
c h r o m a t o r s  m a y  be  used  for  r e la t ive  m e a s u r e m e n t s  of 
la t t ice  p a r a m e t e r s .  

(2) T h e  m o n o c h r o m a t i z a t i o n  wil l  be  t h e  be t t e r ,  t h e  
sha rpe r  t h e  p e a k  of t he  func t ion  ~(2) in (2): 

~(~) = G(a)R(a - ( ~  -2o)(dO/d~ ) +AO2)da . 

This  requires  s i m u l t a n e o u s l y  a n a r r o w  G(a) (sharp focus) 
a n d  a n a r r o w  R(a) ( re la t ively  pe r fec t  crys ta l ) .  I t  is n o t  
suff ic ient  if on ly  one of these  curves  has  a sharp  m a x -  
i m u m .  I f  these  r e q u i r e m e n t s  are  fulfi l led,  a su i tab le  
spec t ra l  r ange  m a y  be  chosen  b y  a n  a p p r o p r i a t e  t i l t i ng  
of t he  c rys ta l .  

(3) I f  an  in tense  m o n o c h r o m a t i z e d  b e a m  is r equ i r ed ,  
t he  c rys t a l  m u s t  h a v e  n o t  on ly  a large  i n t e g r a t e d  re- 
f lexion,  b u t  also a ref lexion cu rve  of su i tab le  b r e a d t h ,  
c o m p a r a b l e  w i t h  t h e  angu l a r  b r e a d t h  of t he  source .  
I t  appea r s  to  be  des i rab le  t h a t  these  b r e a d t h s  shou ld  n o t  
differ  g rea t ly .  I f  R(a) is too  b road ,  t h e  who le  re f lex ion  
range of the crystal cannot be fully used. If R(a) ~ too 
na r row ,  on ly  a smal l  a r ea  of t h e  source  con t r i bu t e s  to  t h e  
d i f f rac ted  r ad i a t ion .  T h e  c r i te r ion  of a la rge  i n t e g r a t e d  
ref lexion only  is n o t  suff icient .  

(4) All  va lues  we re  c o m p u t e d  s epa ra t e ly  for  K a  1 a n d  
Ka2. I t  is h a r d l y  possible to  a p p l y  usua l  m e t h o d s  for  
doub l e t  reso lu t ion  because  of t h e  a priori unknown  ra t io  
Ia , / Ia2 in t he  re f lec ted  b e a m  in F " .  
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1. Introduct ion  

A precise de te rmina t ion  of low-order lines is necessary 
when  the high-angle region is too crowded, or too weak, 
to be of any use for: 

(i) indexing of pat terns  when the  uni t  cell is unknown;  
(ii) measuring lattice parameters ;  

(iii) measuring differences in line position between va- 
rious specimens, caused e.g. by  solid solution or by 
structure defects. 

A vast  number  of research problems falls into the  
above categories if the angular region is specified as 
20 =00-45 °, wi th  special emphasis on the region 5°-30 °, 
though  of course no fixed limits can be given. 

As to precision, present  diffractometer  as well as 
focusing-camera techniques allow measurements  of 20 to 
wi th in  +_0-01 ° in routine determinat ion.  Such an ac- 
curacy is usually sufficient to make  indexing possible 
(de Wolff, 1957). There can be no doubt,  however,  tha t  
improved accuracy greatly simplifies the indexing prob- 
lem (Pike, 1959) and tha t  it would be very useful for 
applications (ii) and (iii) as well. Accordingly, the  present  
paper  deals with a t t empts  to reduce the  error to a few 
thousandths  of a degree. 

2. E x i s t i n g  m e t h o d s  

One way of dealing wi th  the  problem is to use an internal  
s tandard  wi th  known cell constants.  This solution is, 
in principle, capable of yielding a precision l imited by  
the  ins t rumenta l  accuracy and the  precision of the lattice 
parameter  of the  s tandard.  However,  its application is 
often tiresome, because the  necessary sequence of stand- 
ard lines in the  low-angle region is likely to cause fre- 
quen t  overlappings with lines of the  unknown.  Also the  
proport ion of the mixture  is not  easily ma tched  to give 
satisfactory condit ions of intensity,  and  the  background 
is higher than  it is for the  pure sample. Finally, a suitable 
s tandard  is sometimes difficult to find because of physical 
or chemical requirements .  

The internal-s tandard m e t h o d  therefore cannot  be 
regarded as universal. I n  looking for other methods,  
one cannot  escape an invest igation of line profiles, shifts 
and  breadth  as caused by various ins t rumenta l  effects. 
I t  then  turns out  tha t  photographic methods  are ruled 
out because the  strongly asymmetr ic  profiles caused by 
vertical divergence cannot  be measured wi th  the  required 
precision; essentially these methods  have  too m a n y  non- 
linear properties. To reduce the  a symmet ry  very  long 
exposure t imes are needed.  Moreover, photographic 

methods  suffer essentially from the same difficulty in 
el iminat ing the  'specimen-displacement error' as other  
existing methods,  as described below. 

The normal  ' reflexion-type'  diffractometer  has been 
invest igated thoroughly.  A diffraction line can be meas- 
ured by de termining its centre of gravi ty  and applying 
a few simple corrections (see for example,  Parrish & 
Wilson, 1959). The basic difficulty appears to be the 
uncer ta in ty  of the  spectral line profile. This is no t  very 
impor tan t  for our problem, since the ensuing angular 
error does not  exceed 0.001 ° 0 in the  low-angle region. 

One correction, however,  the 'specimen-displacement 
error' cannot  be made  in the  usual way by extrapolation,  
since it is assumed no high-angle lines are available. 
Once the  low-angle lines have been indexed, t h i s  cor- 
rection could of course be found as an extra  parameter .  
For  low-symmetry  compounds this is by no means  easy, 
and it is of no help in the  cases (i) and (iii) ment ioned  
above. The error is likely to be impor tan t ;  it  is equal to 
114.6 (t/R)cos 0 (in degrees 20) where t = d i s p l a c e m e n t  
and R = goniometer  radius (Wilson, 1951). 

3. A d v a n t a g e s  of ' t r a n s m i s s i o n - t y p e '  
d i f fractometer  

A much  more favourable si tuation exists for the  dif- 
f ractometer  combined wi th  a focusing monochromator  
as shown in Fig. 1. This ins t rument  is closely related to 
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1. Geometry of the transmission-type diffractometer. 

tube line focus. 
parallel (Soller) slits. 
aperture slit. 
specimen, rotating at half the speed of the counter arm. 
virtual focal line of monochromator. 
goniometer axis. 
bent monochromator crystal, mounted on counter arm. 
counter arm. 
receiving slit. 
counter tube. 


