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AN ALIGNMENT PROCEDURF: FOR THE KRATKY SMALL-ANGLF: X-RAY CAMERA 

J. W. Anderegg,l P. G. Mardon,2 and R. W. Hendricks 

USTRACT 

A precis ion alignment procedure has been developed f o r  
t he  Kratky small-angle x-ray camera. This method uses only a 
proportional counter t o  measure the  x-ray in t ens i ty  dis t r ibu-  
t i o n  i n  t h e  incident beam, as opposed t o  other methods which 
require  fluorescent screens and x-ray f i l m .  During the  
progress of t h i s  work, two useful  auxi l ia ry  alignment s l i t s  
were a l s o  developed. Their use i s  described i n  de t a i l .  The 
ro les  of previously developed vacuum bellows sea ls  and a d i f -  
f rac ted  beam graphi te  monochromator i n  the  alignment procedure 
a r e  discussed. 

INTRODUCTION 

The small-angle x-ray camera based on the  collimation geometry 

proposed by Kratky3 has become increasingly important i n  the  f i e l d s  of 

metallurgy, physics, chemistry, and biophysics. Effective use of t h i s  

instrument requires t h a t  a l l  s l i t  edges i n  the  collimation system be 

p a r a l l e l  t o  each other and p a r a l l e l  t o  t he  l i n e  view of the  x-ray tube 

foca l  spot. In addition, t he  collimation system must be accurately 

pointed a t  the  foca l  spot. 

dure for  prec ise ly  achieving these conditions. 

Two views of t he  assembled camera a re  shown i n  Fig. 1. Those pa r t s  

This report  presents a step-by-step proce- 

which play a ro l e  i n  the  alignment procedure have been labeled. 

i den t i ty  of each labeled p a r t  i s  given i n  Table 1. 

The 

It i s  t o  be noted 

'On leave from t h e  Biophysics Laboratory, University of Wisconsin, 

20n leave from AERE, Harwell, England. 

30. Kratky and Z. Skala, Z. Elektrochem. 62, - 73 (1958). 

Madison, Wisconsin. 
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Fig. 1. Two Views of a Modified Kratky Small-Angle X-Ray Scat ter ing 
Camera. Nonstandard components of t h i s  
un i t  consis t  of (i) bellows sea ls  between coll imator vacuum cover, speci- 
men chamber and vacuum path t o  detector,  (ii) di f f rac ted  beam graphite 
monochromator box and preamplifier mounted on detector,  and (iii) spec ia l  
alignment s l i t s  A 1  ( f r o n t )  and A2 ( r e a r ) .  

(a)  Side view and (b)  r ea r  view. 
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Table 1. Definition of Kratky Camera Variables and Symbols 

Symbol Function 

Alignment slits' 

A1 
A2 
A3 

Locking bolts 

B1 
E32 

Displacement 
micrometers 

D1 

D2 
D3 
D4 

D5 

~ 

Horizontal translations 

Adjustable position front alignment slit (1 mm wide) 
Adjustable position rear alignment slit (1 mm wide) 
Special' Kratky alignment device 

Vacuum sam-ple chamber locking bolt 
Collimation system locking bolt (required only with 
bellows) 

Receiving slit (upper edge only) displacement 

Specimen chamber displacement micrometer 
Detector/monochromator dis lacement micrometer 
Receiving slit ( lower edge P displacement micrometer 
Monochromator radiation shield displacement screws 

mic r ome t er 

(determines the scattering angle 20) 

H1 Front horizontal camera translation micrometer 
H2 Rear horizontal camera translation micrometer 
H3 Vacuum tank horizontal translation screws 

Collimation slits 
L1 Beam length collimation 
L2 Beam length collimation 
L3 Receiving slit length 

Rotation screws 
. R 1  Graphite monochromating 

Tilt micrometers I 

T1 Collimation system tilt 

slit 
slit 

crystal 28 adjustment 

micrometer 
T2 . Vacuum tank tilt micrometer 
T3 
T4 Specimen chamber tilt micrometer 

Receiving slit (upper edge only) tilting screw 

Vertical translation 

v1 Front camera height adjustment pivot 
v2 Rear camera height adjustment pivot 

Collimation slits 

w1 Entrance slit width 
w2 
w3 Receiving slit width 

Nonexistent - determined by W1 



t h a t  both cameras 

several  important 

A d i f f rac ted  
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i n  use i n  t h i s  laboratory have been modified i n  

respects,  a s  discussed below. 

beam monochromator has been mounted between t h e  

receiving s l i t  ( s l i t  3) and the  proportional counter. 

(30 X 5 X 1 mm) f l a t  piece of hot-pressed pyrolyt ic  graphi te  i s  used 

a s  the  monochromating c rys ta l .  4 9  

(ORTEC model 109PC) has been mounted d i r e c t l y  on top of t h e  detector  

A small 

Also, a low-noise preamplifier 

i n  order t o  minimize the  length of the  detector-preamplifier cable and 

hence reduce t h e  e lec t ronic  noise of t he  x-ray detect ion system. 6,7 

Through t h e  use of f l ex ib l e  metal bellows, t he  coll imation system, 

specimen chamber, and vacuum tank have been connected together so  t h a t  

t h e  en t i r e  x-ray path from t h e  collimation system through t h e  sample t o  

t h e  detector s l i t  i s  i n  vacuum. This eliminates t h e  windows (usual ly  

mylar o r  ce l lu lose  ace ta te )  on the  r ea r  of t he  collimation system, on 

both s ides  of t he  specimen chamber and on t h e  f ron t  of t h e  vacuum tank. 

The resu l t ing  decrease i n  background sca t te r ing  var ies  from a fac to r  of 

about 15 a t  t h e  la rger  sca t te r ing  angles t o  over 50 a t  sca t te r ing  angles 

of a few mil l i radians.  The d e t a i l s  of construction f o r  each of these 

modifications w i l l  be described i n  a forthcoming publication. In  the  

i n t e r e s t  of completeness, t h e  alignment procedure described here w i l l  

include the  use of these modifications. For cameras not so equipped, 

t h e  required changes i n  t h e  procedure should be self-evident.  

To a i d  i n  the  alignment procedure, two spec ia l  s l i t s  have been 

constructed. S l i t  Al [Fig. 2 ( a ) ]  i s  a 1.0-mm-wide v e r t i c a l  entrance 

s l i t ,  which may be t rans la ted  horizontal ly  i n  a doveta i l  mounted immedi- 

a t e l y  i n  f ront  of t h e  length collimation s l i t  L 1  [Fig, 2(b) 1.  
i s  a 1.0-mm-wide v e r t i c a l  receiving s l i t  which may be t r ans l a t ed  horizon- 

t a l l y  i n  a doveta i l  cut i n  t he  f ron t  surface of t h e  standard detector  

S l i t  A2 

‘C. J. Sparks, Metals and Ceramics Div. Ann. Progr. Rept. 
June 30, 1966, ORNL-3970, p. 57. 

5C. J. Sparks, t o  be published. 

6R. W. Hendricks, Rev. Sci. In s t r .  - 40, 1216 (1969). 

7R.  W. Hendricks, t o  be published. 

8R.  W. Hendricks, t o  be published. 

- 
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Fig. 2. Kratky Camera Entrance i ts .  (a)  Special  alignment 
s l i t  Al mounted on the  standard length collimation s l i t  L1. 
spec ia l  locking bo l t  B2 required with systems equipped with vacuum bel- 
lows. 

Also note 

(b)  Length collimation s l i t  L1. 
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mounting bracket [Fig. l ( b )  1 .  
and f i d u c i a l  mark so t h a t  i t s  horizontal  displacement can be measured. 

Care was taken t o  a l ign  t h e  f i d u c i a l  marks so t h a t  a s e t t i n g  of 0.0 m 

centered each s l i t  on t h e  camera ax is .  The advantage of these s l i t s  i s  

pr imari ly  t h a t  they may be mounted or  dismounted from t h e  camera with- 

out i n t e r f e r ing  with the  s e t t i n g  of any other s l i t  i n  the  coll imation 

system, thus making it easy t o  check t h e  alignment a t  any time. As  

w i l l  become apparent i n  the  following discussion, these aux i l i a ry  s l i t s  

a re  a convenience, not a necessitv.  

by using Ll, the  doubl ?n e c i a l  s l i t  A 3  

(Fig. 3) f o r  scanning tne  iengtn 01 t n e  Deam. 

a r e  ava i lab le  from the  manufacturer. 

Each s l i t  has an engraved metric sca le  

Their flrnctions mav be performed 

"ne l a t t e r  two devices 

" 

Le- s l i t  alignme 
I -  -, I .  

" 

.t device, and t h e  s p ~  

. .  I _I I ,  

Fig. 3. Special  Kratky Alignment S l i t  A3 f o r  Measuring t h e  Trans- 
mitted Power along the  Length of t he  Incident Beam. 
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Several s teps  i n  the  alignment procedure require t h a t  s l i t  W1 
(Fig. 2 )  be changed. 

t i v e  t o  t h e  foca l  spot during such a change. 

between the  tube face and the  entrance s l i t  must be designed with t h i s  

requirement i n  mind. 

by mounting each camera on a s l i d e  which moves i n  a dovetai l  with a 

motion p a r a l l e l  t o  t he  camera axis .  

f i d u c i a l  mark and metric scale, respectively,  which allows the  camera 

t o  be backed away from the  tube face a known distance.  After in te r -  

change of t he  s l i t s ,  t he  camera may be returned in to  t h e  radiat ion 

shields  t o  prec ise ly  the  same location. 

It i s  necessary t h a t  t h e  camera not be moved rela-  

The radiat ion shields  

In  our laboratory, t h i s  problem has been solved 

The dovetai l  and s l i d e  have a 

A schematic drawing of t he  camera i s  shown i n  Fig. 4 t o  locate  the 

important camera parameters. Horizontal and v e r t i c a l  cross sections 

the  collimation system a r e  shown i n  Fig.. 4 (a )  and (b) ,  respectively.  

ORNL-DWG 69-77(4 

L 2  
L t  (45.0) . 

(10.2) 

I I i I SAMPLE I I 

4P5 +;-- 

t 
V2 REAR 
HEIGHT ADJUST 

2 6 2  -+70-t PIVOT 

V I  

\PLANE OF 
FOCAL SPOT 

ALL DIMENSIONS IN 
MILLIMETERS 

D4 
EFFECTIVE 
DETECTOR 

PLANE 

of 

Fig. 4.  Schematic Drawing of Collimation System. (a )  Horizontal 
cross sect ion of camera. 
sions a r e  those used i n  t h i s  laboratory ( i n  mill imeters).  

(b)  Ver t ica l  cross section of camera. Dimen- 
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The dimensions required t o  compute t h e  width and length weighting func- 

t ions  from the  r e s u l t s  of Hendricks and Schmidtg and Buchanan and 

Hendricks'' may readi ly  be obtained from these diagrams. 

shown a r e  not c r i t i c a l ,  but a r e  those i n  use i n  t h i s  laboratory. 

The dimensions 

It i s  important t o  note t h a t  t h e  spec ia l  Kratky f o c a l  spot 

(dimensions 2.8 X 7.0 mm) has been used i n  t h i s  study. 

spot dimensions a re  used, appropriate changes i n  the  locat ion of s l i t  A 1  

must be made i n  s teps  B and C of t he  following discussion t o  ensure 

t h a t  t he  detector  i s  viewing t h e  ends of t h e  foca l  spot. 

If other foca l  

THE ALIGNMENT PROCEDURE 

A. Preliminary Adjustments 

Mount the  components of t he  camera as shown i n  Fig. 1, p. 2. 

Adjust t h e  height of t h e  f ront  and back v e r t i c a l  t r ans l a t ions  V 1  and V2 

so t h a t  t he  camera takeoff angle i s  approximately 6" from t h e  horizontal  

and so t h a t  t he  coll imator i s  aimed by eye t o  point a t  the  foca l  spot.  

Adjust s l i d e s  H 1  and H2 t o  make the  camera ax i s  perpendicular t o  the  

tube face and centered on the  e x i t  po r t  of the  x-ray tube. Put i n  a 

20-11 entrance s l i t  W1. In  f ront  of it mount the length s l i t  L 1  and the  

auxi l ia ry  v e r t i c a l  s l i t  A l .  The j a w s  of L 1  should be wide open. Set 

t he  length of t h e  second s l i t  I 2  t o  1.0 mm centered about 0.0 mm ( t h e  

camera ax i s ) .  Place the  vacuum cover over t h e  collimator, but do not 

evacuate. Ensure t h a t  the  specimen chamber i s  empty. Mount a l l  radia- 

t i o n  shielding and s l i d e  the  camera up t o  t h e  tube face.  

detector  s l i t  W 3  a t  0.000-mm v e r t i c a l  displacement by adjust ing t h e  20 

micrometer I&. 
as possible  (2.5 X 30.0 mm),  

Set t he  

Open the  receiving s l i t  width W 3  and length L3 as la rge  

Direct ly  behind L3 i n s e r t  t h e  second 

'R. W. Hendricks and P, W. Schmidt, Acta Phys. Austriaca 26, - 97 
(1967). 

"Mary G. Buchanan and R. W. Hendricks, Program Weight: A FORTRAN IV 
Program for Evaluation of Weighting Functions Used i n  Small-Angle X-Ray 
Scattering, OWL-TM-1950 ( September 1967). 
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auxi l ia ry  v e r t i c a l  s l i t  A2. 
chromator i s  t o  be used, do not mount it u n t i l  l a t e r .  If the  camera i s  

equipped with vacuum bellows, re lease  the  O-ring seals ,  but t igh ten  

locking bo l t  B2. 
from moving when the  camera i s  l a t e r  evacuated. Turn on the  x-ray tube 

a t  low power ( typ ica l ly  45 kv and 1 m a ) .  

Mount the  detector behind A2. If a mono- 

The purpose of B2 i s  t o  keep the  collimating system 

With A 1  centered a t  0.0, make a horizontal  scan of t he  d i r ec t  beam 

with A2. 
pointing a t  the  foca l  spot. 

at tenuating f o i l s  t o  reduce the  in t ens i ty  of t he  d i r ec t  beam.) 

p r o f i l e  of t h i s  scan i s  n o t  centered on zero, t he  vacuum tank i s  not 

centered on t h e  camera axis .  Adjust t he  pinning screws H3 i n  the  

appropriate d i rec t ion  and re-scan. Repeat u n t i l  the  tank i s  centered. 

If t h e  auxi l ia ry  s l i t  A 1  i s  available,  t he  camera i s  now ready t o  

(It may be necessary t o  r a i s e  or lower V2 t o  ge t  t he  collimator 

It may a l s o  be necessary t o  use some 

If the  

s e t  t he  f i n a l  lengths of s l i t s  L1 and L2. If A 1  i s  not avai lable  it 

will be necessary t o  narrow L1 t o  1.0 mm and use it i n  place of A l .  

order t o  achieve maximum incident power on t h e  sample, it i s  necessary 

In 

f o r  t h e  en t i r e  foca l  spot t o  i l luminate as much of the  sample as possible  

without any p a r t  of t h e  d i r e c t  beam s t r ik ing  any surface i n  the  system 

except t he  designated collimation s l i t s .  With t h e  a id  of a sca le  dia- 

gram such as shown i n  Fig. 4(a),  the  length of L2 i s  computed without 

regard t o  L1 so as t o  i r r a d i a t e  a maximum amount of the  sample. It i s  

important t h a t  the  most divergent rays do not s t r i k e  the  sample holder 

or t h e  inside walls of the  vacuum path t o  t h e  detector.  Once L2 i s  

determined, t he  length of L1 i s  computed t o  j u s t  in te rcept  t he  rays 

from the  edge of t he  foca l  spot t o  the  edges of L2. 

L2, replace auxi l ia ry  s l i t  A 1  and the  vacuum s l i t  cover. 
evacuate the  camera. 

Having s e t  L1 and 

D o  not 

B. Ti l t ing  t h e  Collimator P a r a l l e l  t o  the  Focal Spot 

I n  the  previous section, t he  vacuum tank was centered on the  camera 

axis,  and t h e  f i n a l  lengths of t h e  collimation s l i t s  L1 and L2 were se t .  

In  t h i s  and the  following f i v e  sections,  we s h a l l  step-by-step a l ign  

the  collimator p a r a l l e l  t o  and pointing a t  the  foca l  spot and a l ign  a l l  
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succeeding edges which l i m i t  t h e  d i r ec t  beam so t h a t  they a r e  p a r a l l e l  

t o  t he  collimator. 

Set A 1  a t  +3.0-mm displacement and A2 a t  +lO.O-mm displacement. 

A s  shown i n  Fig. 5, the  detector  w i l l  now see a sect ion of t h e  f o c a l  

spot which i s  centered 1.8 m f r o m t h e  right-hand end of t he  f o c a l  spot. 

Make a v e r t i c a l  scan of t h e  entrance s l i t  across t h e  foca l  spot by 

adjusting V1. Repeat t h e  process on t h e  left-hand end of t h e  foca l  

spot by se t t i ng  A 1  a t  -3.0 mm and A2 a t  -10.0 m. 

foca l  spot i s  higher than the  other, t he  two v e r t i c a l  scanning curves 

w i l l  be displaced from each other as i n  Fig. 6 (a ) .  

tilt of t h e  collimator i s  required t o  bring t h e  two curves i n t o  coinci- 

dence. Loosen locking bo l t  B2; adjust T 1  f o r  t he  proper tilt; re t igh ten  

B2 and repeat t h e  scans. Acceptable f i n a l  alignment i s  i l l u s t r a t e d  i n  

Fig. 6 (b) .  

If one end of t h e  

Compute how much 

ORNL-DWG 69-7712R 

A23 

10 mm 

CENTER LINE OF CAMERA 
. 4 6 4 m m  * 

PLANE OF RECEIVING SLIT 3 

Fig. 5. Ray Diagram of Geometry for Adjusting the  T i l t  of t h e  
Monochromator. 

The v e r t i c a l  scans of t h e  foca l  spot discussed i n  t h e  preceding 

paragraph can be used as a measurement of the width of t h e  foca l  spot. 

-om the  diagram i n  Fig. 4 ,  p. 7, it can be.seen t h a t  moving t h e  v e r t i -  

c a l  height adjustment (V1) through a ce r t a in  dis tance r e s u l t s  i n  the  
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0 
1400 

1200 

' 200 

0 
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3.30 3.35 3.40 3.45 3.50 
SETTING V4 (rnm) 

Fig. 6. Collimator T i l t  Alignment Curves. (a) Misaligned. 
(b)  Aligned. 
the  in t ens i ty  var ia t ions  along the  foca l  spot (see sect ion on "Measuring 
t h e  Focal Spot In tens i ty  Distribution," f o r  discussion).  

The curves i n  (b )  do not superimpose per fec t ly  because of 
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observed p a r t  of t he  foca l  spot moving by 613/377 = 1.63 times t h a t  

distance. 

required a movement of V 1  of 0.16 mm which corresponds t o  a motion of 

0.26 m i n  the  plane of t h e  foca l  spot. 

width i s  the  t r u e  foca l  spot width plus  t h e  width of t he  scanning beam. 

With W 1  s e t  a t  0.02 mm t h e  width of t h e  scanning beam i n  t h e  plane of 

t h e  foca l  spot i s  (143/60)(0.02) = 0.05 mm. 

we get  0.21mm f o r  t h e  width of t he  foca l  spot i n  our example. 

Hence, i n  Fig. 6 (b)  t he  complete scan of t he  foca l  spot 

The observed scanning curve 

Unfolding t h i s  from 0.26 mm 

C. Pointing t h e  Camera Axis a t  the  Center of t h e  Focal Spot 

Ver t ica l  Center 

Set t he  v e r t i c a l  height adjustment V 1  so t h a t  t h e  coll imator i s  a t  

t h e  center of i t s  v e r t i c a l  scan across the  foca l  spot as determined i n  

s tep  B, p. 9. In  t h e  example of Fig. 6 (b ) ,  a s e t t i n g  of 3.38 would be 

appropriate. 

Horizontal Center 

Set auxi l ia ry  s l i t  A 1  a t  +3.0 mm, 

receiving s l i t .  In  t h i s  s i tua t ion ,  A2 
t h e  right-hand end of t he  foca l  spot. 

and scan s l i t  A2 across the  

i s  viewing t h e  region very near 

Sh i f t  A 1  t o  -3.0 m and repeat 

t h e  A2 scan. If t h e  camera ax is  i s  not pointed a t  the  center of the  

foca l  spot these curves w i l l  not be symmetric about t he  zero of A2 
t rans la t ion .  If such i s  t h e  case, compute t h e  required horizontal  

camera t rans la t ion ,  move H 2 ,  and.repeat t he  procedure u n t i l  t he  curves 

a r e  symmetric about t h e  A2 zero as shown i n  Fig. 7. If the  misalignment 

i s  very bad, it may be necessary t o  ad jus t  H 1  as well. For f i n a l  align- 

ment, H2 motion i s  t o  be preferred because of i t s  grea te r  lever  a r m  and 

hence grea te r  s ens i t i v i ty .  

D. Adjusting the  J a w s  of W 3  t o  be P a r a l l e l  

Remove auxi l ia ry  s l i t  A l .  With auxi l ia ry  s l i t  A2 a t  -10 m and W 3  

wide open, r a i s e  t h e  lower edge of W 3  using t h e  28 micrometer I% until 
t h e  in t ens i ty  i s  reduced t o  one-half. The bottom j a w  i s  now i n  t h e  
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' 8  
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Fig. 7. Horizontal Scan of the  Two Ends of t he  Focal Spot Required 
f o r  Pointing the  Collimator a t  the  Horizontal Center of t h e  Focal Spot. 
Figure i l l u s t r a t e s  a s l i g h t l y  misaligned collimator. 

center of t he  beam. 

the  x-ray in t ens i ty  a s  a function of D1, the  upper jaw displacement 

micrometer reading. 

every 0.005 mm. P lo t  t h e  curve and note the  se t t i ng  a t  which it extrap- 

o la tes  t o  zero opening, as i n  Fig. 8. Now open s l i t  W3 again and repeat 

t h i s  process with s l i t  A2 a t  +10 mm. 
t h e  height of W3 t o  put t h e  bottom j a w  i n  the  center of t he  beam since 

the  bottom j a w  i s  not necessar i ly  p a r a l l e l ' t o  the  beam at  t h i s  point.  

If the  two se t t ings  fo r  zero opening do not coincide the  j a w s  are not 

pa ra l l e l .  T i l t  the  upper j a w  with screw T 3  unt i l  the  se t t ings  f o r  zero 

opening a t  -10.0 and +10.0 mm coincide as closely a s  possible.  Sa t i s -  

factory r e s u l t s  a r e  i l l u s t r a t e d  i n  Fig. 8 for  th ree  posi t ions of A2: 
-10, 0, and +10 mm. 

A "closing curve" i s  now measured on W3 by recording 

Only the  las t  0.03 mm a r e  important; make readings 

It may be necessary t o  readjust  

Note t h a t  t he  order of t he  curves for  0 and -10 mm 
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Fig. 8. Closing Curves fo r  an Aligned Receiving S l i t .  The curves 
do not superimpose pe r fec t ly  because t h e  receiving s l i t s  a r e  apparently 
not per fec t  s t r a igh t  edges. 

a r e  reversed, thus suggesting t h a t  t h e  f a i l u r e  of t h e  closing curves t o  

agree more closely i s  because the  s l i t  j a w s  a r e  not s t r a igh t  edges. 

S i m i l a r  observations have been made independently by P a t e l  and Schmidt. 11 

E. T i l t i ng  t h e  Receiving S l i t  t o  be P a r a l l e l  
t o  the  Collimated X-Ray Beam 

Set t he  width of t he  receiving s l i t  W 3  t o  20 p. With t h e  auxi l ia ry  

s l i t  A2 a t  -10 m, make a v e r t i c a l  scan of t h e  collimated beam (a  

rocking curve) using the  28 micrometer S. 

+10 mm. If t h e  peaks of these two curves do not coincide, the  receiving 

s l i t  i s  not p a r a l l e l  t o  t h e  entrance s l i t  W1 and hence i s  not p a r a l l e l  

Repeat t h e  scan with A2 a t  

"1. S. Pa te l  and P. W. Schmidt, p r iva t e  communication. 



t o  t h e  collimated x-ray beam. 

shown i n  Fig. 9( a ) .  

Typical r e su l t s  f o r  a misaligned s l i t  a re  

Set t he  28 micrometer ( D 4 )  a t  a v e r t i c a l  displacement corresponding 

t o  the  high angle s ide  of ,one  of t he  rocking curves. Measure the  inten- 

s i t y  f o r  A2 a t  +10 and -10 mm. 

i n t e n s i t i e s  a r e  the  same a t  both se t t i ngs  of A2. 
t h e  complete rocking curves. 

required t o  achieve t h e  best  average match over the  e n t i r e  rocking 

curves. Typical r e su l t s  fo r  an aligned receiving s l i t  a r e  shown i n  

Fig. 9 (b) .  

Adjust t he  tilt micrometer T2 u n t i l  t he  

A t  t h i s  point repeat 

Further minor adjustments df T2 may be 

It i s  appropriate t o  account f o r  the  use of t he  narrow (20 p) 

entrance and receiving s l i t s .  Since t h e  rocking curve i s  the  convolu- 

t i o n  of t he  receiving s l i t  with the  d i r e c t  beam, t o  achieve high resolu- 

t i o n  i n  t h i s  s tep of t he  alignment procedure ( i . e . ,  good separation of 

t he  two rocking curves f o r  small misalignments) it i s  necessary tha t  

( a )  t he  d i r ec t  beam be narrow and (b)  t h e  receiving s l i t  be narrow com- 

pared t o  the  width of t he  beam. 

F. T i l t ing  t h e  Specimen Chamber t o  be P a r a l l e l  
t o  t he  Collimation System 

Leave s l i t s  W 1  and W 3  a t  20 p and s e t  W 3  a t  t he  peak of the  rocking 

curve. Inser t  an empty l i qu id  sample holder i n to  the  specimen chamber. 

With auxi l ia ry  s l i t  A2 a t  -10 m, r a i s e  the  chamber v e r t i c a l l y  (motion D2) 

u n t i l  t he  beam j u s t  starts t o  get  through the  1-mm s l o t  i n  the  sample 

holder. 

u n t i l  t h e  beam emerges a t  the  same point  i n  each case. Results for a 

misaligned chamber a r e  shown i n  Fig. 13. For the  aligned chamber, the  

curves w i l l  coincide. 

Repeat with s l i t  A2 a t  +lo mm. T i l t  (E&) the  sample holder 

G. Evacuating the  Camera 

Remove the  l i qu id  sample holder. Seal  both s e t s  of bellows. Check 

t h a t  B2 i s  securely tightened; i f  it i s  not, then when the  camera i s  

evacuated the  a i r  pressure w i l l  cause the  bellows t o  collapse and the  

collimating system w i l l  tilt. Evacuate the  camera. Steps B, E, and F 
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receiving slit. 
aligned parallel to x-ray beam. 

(b) Same as (a), except tilt of receiving slit is now 
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Fig. 10. Sample Chamber T i l t  Alignment Curves. Transmitted power 
through each end of a '1-m-high l i qu id  sample c e l l  as a function of 
v e r t i c a l  displacement of sample chamber. 

may now be rechecked. The only one t h a t  i s  l i k e l y  t o  need readjusting 

i s  s tep  E. Tightening the  retaining rings on the  bellows tends t o  t w i s t  

s l i t  W 3 .  It can generally be readjusted t o  i ts  correct  s e t t i ng  by 

simply grasping the  yoke and twisting u n t i l  t h e  peaks of t he  rocking 

curves coincide once more. 

H. Set t ing t h e  Entrance and Receiving S l i t s  and 
Repointing the  Collimator a t  t h e  Focal Spot 

Remove the  20-p entrance s l i t  and replace it with one of t h e  

desired width, consis tent  with incident beam power and angular resolu- 

t i o n  requirements. 

t he  28 displacement micrometer I& to.O.OOO m. 

alignment s l i t s  A 1  and A2. Repeat t he  horizontal  scans across the  ends 

of t he  foca l  spot as described i n  s tep  C, p. 12, t o  ensure t h a t  it i s  

s t i l l c e n t e r e d .  Usually no realignment w i l l  be required. Remove both 

auxi l ia ry  s l i t s  A 1  and A2 and using V1 make a v e r t i c a l  scan across the  

foca l  spot. A t yp ica l  curve i s  shown i n  Fig. 11. Set V1 a t  the  posi- 

t i o n  which gave maximum i n t ens i ty  (denoted by the  arrow i n  Fig. 11). 

Open the  receiving s l i t  W 3  t o  f u l l  width and s e t  

Remount t h e  auxi l ia ry  
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Fig. 11. Ver t ica l  Scan of t h e  Focal Spot with 300-p Entrance S l i t .  
For maximum transmitted power, camera v e r t i c a l  height V 1  should be set 
a t  3.31 m. 

Using the  micrometer D1 and the  zero position.determined from the  

"closing curves" described i n  s tep  D, p. 12, set receiving s l i t  W3 t o  

t h e  desired width. Set s l i t  L3 t o  t h e  desired length. 

I. Mounting t h e  Monochromator 

Mount the  monochromating c r y s t a l  i n  the  box such tha t  the  ax is  of 

monochromator ro t a t ion  passes through t h e  exposed surface of t he  c rys t a l .  

Rotate the  c r y s t a l  with R 1  t o  t h e  Bragg angle (26.6" 28 f o r  hot-pressed 

pyrolyt ic  graphi te) .  

receiving s l i t  W3. Posi t ion W3 i n  an intense region of t he  d i r e c t  beam 

and lower t h e  assembly with micrometer D3 u n t i l  t h e  x-ray beam j u s t  

Mount the  box (without t h e  detector)  behind the  

passes over t h e  top of t h e  c r y s t a l  as seen on a f luorescent  screen. 

Raise the  box u n t i l  t h e  beam i s  centered on the  c rys ta l .  

monochromator Bragg angle 28 

t h e  fluorescent screen. Mount a lead beam stop behind the  c rys ta l ,  and 

lower the  rad ia t ion  sh ie ld  D5 but do not in te rcept  any of t he  incident or 

d i f f rac ted  beam. Mount t h e  detector  bracket, detector,  and preamplifier 

Adjust t h e  

u n t i l  a d i f f r ac t ed  beam i s  observed on M 
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such tha t  t h e  d i f f rac ted  beam enters  the  center of t he  proportional 

counter. 

maximum di f f rac ted  in tens i ty .  

Fine-tune the  monochromator Bragg angle with R 1  t o  achieve a 

J. Measuring t h e  Rocking Curve and Computing the  Weighting Functions 

A t  t h i s  point t he  collimation system should be completely aligned. 

To complete t h e  procedure, t he  experimental and theo re t i ca l  rocking 

curves a re  t o  be compared. The theo re t i ca l  weighting functions have 

been computed with t h e  program described by Buchanan and Hendricks’* 

f o r  t he  collimation system dimensions taken from Fig. &(a) and ( b ) ,  

p .  7. The r e s u l t s  a r e  shown i n  Fig. 12. The experimental s l i t -width 

weighting function is ,  i n  fac t ,  the  rocking curve obtained by scanning 

the  receiving s l i t  W 3  through the  d i r ec t  beam. The r e s u l t s  a r e  shown 

i n  Fig. 12(a) ;  the  agreement i s  considered t o  be good. 

K. Measuring t h e  Focal Spot In tens i ty  Distr ibut ion 

Although not essent ia l ,  it i s  ins t ruc t ive  t o  measure the  in t ens i ty  

d i s t r ibu t ion  along t h e  length of t he  foca l  spot. This i s  done by 

se t t i ng  A 1  a t  0.0 mm and scanning the  length of t h e  d i r ec t  beam with a 

narrow v e r t i c a l  s l i t  a t  t h e  back of t he  camera. 

entrance s l i t  t o  foca l  spot distance [81 mm i n  Fig. 4 (a) l ,  t he  length 

of t he  d i r ec t  beam a t  the  receiving s l i t  i s  of ten longer than the  maxi- 

mum length of L2. 

Fig. 3 ,  p.  6) f o r  measuring the  length of t he  beam i s  needed. 

aligning t h e  tilt of the  collimator ( s t e p  B), t he  specimen chamber and 

vacuum tank a re  removed, and A 3  i s  mounted as i n  Fig. 3. S l i t  A 1  now 

becomes an e f fec t ive  pinhole, and by scanning A 3  across t h e  full  length 

of t he  d i r ec t  beam, the  in t ens i ty  d i s t r ibu t ion  along the  foca l  spot i s  

obtained. A t yp ica l  r e s u l t  i s  shown i n  Fig. 13. The maxima and minima 

a r e  a r e s u l t  of t h e  h e l i c a l  c o i l  construction of t he  filament. It i s  

Depending on the  

In  t h i s  case, t h e  spec ia l  Xratky device ( s l i t  A3, 
After 
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DISPLACEMENT OF ALIGNMENT SLIT A 2  (rnrn) 

Fig. 13. X-Ray In tens i ty  Along t h e  Length of the  Focal Spot. 
Maxima and minima a r e  due t o  the  c o i l s  i n  the  filament. 

these maxima and mininia which cause the  imperfect symmetry of t h e  v e r t i -  

c a l  scans of t he  f o c a l  spot observed i n  Fig. 6 (b) ,  p. 11. 

procedure of s tep  B, the  s l i t  A2 was moved s l i g h t l y  i n  e i the r  d i rec t ion  

from the  plus  o r  minus se t t ing ,  t he  shapes of t h e  peaks i n  Fig. 6 (b)  

changed, 'consistent with the  above arguments. The s l i t - l eng th  weighting 

function has been computed using t h i s  foca l  spot i n t ens i ty  d i s t r ibu t ion  

and t h e  camera geometry of Fig. 4 ( a ) ,  p.  7. 
function computed f o r  a camera of t he  same geometry but assuming a 

uniform foca l  spot i n t ens i ty  has been shown i n  Fig. 12(b),  p. 20. 

was  found t h a t  these weighting functions a r e  d i f f e ren t  only i n  t h e i r  

outer regions, and there  they d i f f e r  only by a few percent. 

central  region, they agree t o  within O.l$. 

If, i n  the  

The s l i t - l eng th  weighting 

It 

In t h e  f l a t  
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