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Two problems cont inual ly  met  in working wi th  the  
Buerger precession camera are (i) the set t ing of the layer- 
line screen for isolation of a desired layer, and  (ii) the 
reor ienta t ion of mis-set crystals by  use of photographs  
t aken  wi thout  a layer-line screen. Two charts  are given 
here for the rapid solution of these problems. 

Al ignment  charts  have been published by  Evans ,  

t Contribution No. 6 from The Protein Structure Project. 
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Tilden & Adams (1949) and  by  Tavora  (1951) for use in 
set t ing the layer-line screen. However,  the char t  given 
here is of par t icular ly  simple form, and  has been designed 
to be applicable to a wide range of radii  of screens, in- 
cluding those which might  be used in prote in  crystallo- 
graphy.  Since the  magnif icat ion factor 2' a lmost  univer- 
sally used is 60 ram., the d*' scale has been drawn for 
this value of 2" only. 

The char t  for set t ing the  layer-line screen, Fig. 1, is 
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a combina t ion  of simple nomograms  for solving the  
equat ions:  

cos ~ = cos ~ - g * ,  
a n d  

s = rs cot ~ ,  

where  ~ is the  precession angle, ~ is the  cone angle of the  
desired layer,  d* (= ~t/d) is the  height  of this layer  above 
the  origin in reciprocal space, s is the  crystal- to-screen 

distance, and rs is the mean radius of the annular slit 
in the  screen. 

The chosen value of ~ and  the  required  d* are al igned 
wi th  a ruler,  and  the  value  of ~ is read  on the  lower 
(cosines) scale. This value  is read  off and  found on the  
upper  ~ (cotangents) scale; the  point  on the  upper  
scale is t hen  al igned wi th  an  available screen radius  rs, 
and  the  corresponding value  of s is read.  If  this value of 
s is no t  possible on the  ins t r tunent ,  ano ther  value  of 
rs is tr ied.  

The upper  ~ scale has been ex tended  to a value  of 2 ° 
for convenience in screen set t ings for zero layers  wi th  
ve ry  small  values of ~. Such small  values of ~ are often 

0ol 
useful in recording the  central  area  of the  zero layer  for 
crystals  wi th  large un i t  cells, and  are somet imes neces- 
sary  if the  crystal  is ve ry  small. W h e n  the  char t  is used 
for such zero-layer settings, inaccuracy  due to the  com- 
pression of the  lower 6 scale a t  low values  of 9 m a y  be 
avoided,  since ~ = ~ for zero layers,  and  the  va lue  of 
m a y  be found direct ly  on the  upper  9 (cotangents) scale. 

Fig. 1 m a y  be used also to de te rmine  whe the r  a given 
layer-l ine slit is sufficiently na r row to isolate a given 

nth layer from neighboring layers in reciprocal space. 
After  rs and  s have  been chosen for a g iven  value  of 9, 
the  range of cone angles 9 which  will pass th rough  the  
slit is de te rmined  by  connect ing points  rs+½w and 
rs--½w (w is the  w id th  of the  slit) wi th  the  chosen value  
of s, and  reading Y on the  upper  scale. I f  this range  does 
no t  include the  cone angle values for the  ( n + l ) t h  and  
(n- -1) th  layers, there  will be no overlap of layers  on the  
film. Obviously for any  given slit wid th ,  the  largest  
possible values of s and  rs will give the  best  resolut ion of 
layers.  

The second chart ,  Fig. 2, is used to f ind the  angle-of- 
or ienta t ion error e of a crystal  f rom the  eccentr ic i ty  of 
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the  observed area in which a central  reciprocal-lattice 
plane records. Buerger (1944) has given an analyt ical  
m e t h o d  for finding e from film measurements ,  the  equa- 
t ions being based on the  solution of triangles. The chart  
given here provides a simple graphical me thod  for solving 
the  triangles appearing in his method,  but  m a y  also be 
used according to an a l ternat ive  re la ted m e t h o d  which is 
shorter. 

A central  reciprocal-lattice plane in its correct position 
parallel to the  film will record within  a circle of radius 
F R  ---- 2F sin ft. As Buerger has shown, when  the  reci- 
procal-lattice plane is inclined at  an angle ~ to the  film, 
the  margin  of the area of recording is an eccentric curve. 
He denotes  the  m a x i m u m  outward  displacement  of the  
margin  beyond  F R  as FA, and  the  m a x i m u m  inward 
displacement  as FA' ,  and gives expressions for e in terms 
of each. t 

Fig. 3, reproduced from Buerger 's  monograph,  shows 
tha t  e is obta ined by  solving triangle S U J ,  with sides 
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S U =  1, and  U J - - A ,  and SUJ---- 90°+~.  The angle 
J S U  is then  2~. Similarly, 2s may  be obtained from a 
triangle of sides 1 and  A', and  included angle 90°--5. 

The chart,  Fig. 2, is a graph for rapid solution of a 
tr iangle wi th  sides of lengths 1 and  D and  included angle 
9 0 ° + M .  The coordinates on the  D scale are mul t ip l ied 
by  60 for use wi th  a camera wi th  a magnif icat ion factor 
F of 60.~: The angle opposite side D is designated as 2E. 

The value of E is obta ined by  locating a point  of co- 
ordinates (D, M) in the  polar coordinate plot  and  aligning 
this point  wi th  the  reference point  in the  lower lef t -hand 
corner. The ruler will intersect  the  E scale at  the  required 
value. Thus, e may  be obta ined by a l ignment  ei ther wi th  
point  (FA, ~) or wi th  point  (FA' , - - f i ) .  

The procedure m a y  be shortened,  however.  In  order 
to f ind A or A' from film measurements ,  one mus t  cal- 
culate F R  ---- 2F sin ~, and  then  find the  displacements 
by  difference. However,  one m a y  use directly the  maxi- 
m u m  radius, F ( R + A ) ,  or m i n i m u m  radius, F(R- -A ' ) ,  of 
the  area of recording. Thus, in Fig. 3, one m a y  solve 
tr iangle SOJ,  with  sides SO -- 1 and OJ = R + A ,  and 
included angle S O J  = 90°--ft. The angle JSO is 2(5+e) .  
Hence  one m a y  locate a point  on Fig. 2 wi th  D---- 
tZ(R~-A), M = --5, and  read E- - - -5÷~ .  Similarly, one 
m a y  locate a point  wi th  D ---- F(R- -A ' ) ,  M = --5, and  
read E ---- 5--e .  

The modes  of using Fig. 2 m a y  be summarized thus :  

Locate 
^ Read 

D = F A  M =  /z E =  s 
D = F A "  M---- --~ E =  s 
D = F ( R + A )  M = - - f i  E = ~ + s  
D = F(R--A')  M = --~ E = fi--e 

Charts are available from the  Charles Supper Company,  
Newton  Center, Mass., U.S.A., giving e as a funct ion of 
A for certain selected values of ~. While  these charts are 
more accurate t han  Fig. 2, they  are applicable only at  
the  selected values of ft. Fig. 2 is applicable not  only a t  
in te rmedia te  values of ~, but  also in cases where s is 
very  large, up to 35 ° . In  practice, no difficulty arises 
when  e is greater  t h a n  ~. I n  such cases, the  area of 
recording has a bl ind space extending  to one side from 
the  origin, but  A or A' m a y  still be measured.  Since A' 
then  is greater  t han  R, it is equal to R plus the  maximum 
radius of the  bl ind space. 

The author  wishes to t h a n k  Prof. M . J .  Buerger for 
permission to republish Fig. 3, and  Dr Thomas C. Furnas,  
Jr. ,  and  Miss Virginia Hong  for assistance in preparat ion 
of the charts. 

I t  should be noted that some of Buerger's expressions are 
in error. Equation (25), p. 25 in his monograph, should read: 

c o t  2~ = ( I / A )  see  ~+tan~. 
Equation (23'), p. 25, should read: 

A' = sin 2e/cos (2e--~).  
$ Note that the D scale, as reproduced in Fig. 2, is not a 

scale of true centimetres. 
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