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which is in fact the b axis of the  monoclinic cell. There 
were occasional hollow or semi-hollow tabular  crystals, 
probably due to twinning.  

X-ray  pictures of the  ni t ra te  were taken  using film 
distances be tween 4 and 8 cm. The uni t  cell is mono- 
clinic, probably  P21. A reasonable choice of axes is 

a = 27-9, b = 63, c = 66-3 A, ~ = I14~ °, 

as this makes  all three axes parallel to the  faces of the 
crystal, b being parallel to the  longest  dimension, and  
a to the  shortest.  Moreover, there is a marked  tendency  
for low-order reflexions to be weak or absent  for 1 odd. 

The volume of the  uni t  cell is close to half tha t  of the 
wet  te t ragonal  lysozyme chloride (of which a few pictures 
were taken) which is known (Palmer, Bal lantyne & 
Gavin, 1948) to contain eight molecules, so tha t  there 
is little doubt  tha t  there are four molecules in the  uni t  
cell, and therefore two molecules in the asymmetr ic .uni t .  
The absences ment ioned  above suggest tha t  if we place 
one molecule at  the origin there is a second one roughly 
half way along the  c axis. 

The crystals of lysozyme iodide were similar to the  
nitrate,  though  hollow forms were not  observed. The few 
X-ray photographs taken  suggest tha t  its X-ray  diffrac- 
t ion pa t te rn  is very similar to if not  identical with  tha t  of 

lysozyme nitrate.  I t  is unders tood from Dr C. H. Carlisle 
(personal communicat ion)  t ha t  lysozyme bromide is also 
very  similar to the  ni trate,  and  t h a t  the  dry dimensions 
confirm tha t  there are four molecules in the  wet  cell. 

No further  work has been done on these two lysozyme 
crystals, bu t  they  are more  promising than  the  other 
crystals described in this paper  and  migh t  perhaps repay 
further  study. 

I t  is a pleasure to acknowledge the  help and  advice 
of Dr M. F. Perutz  and Dr J .  C. Kendrew in teaching 
me to take X-ray photographs of proteins. I should also 
like to thank  Dr C. H. Carlisle and  Dr H. Gutfreund for 
allowing me to quote unpubl ished material .  
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The polarization factor for unpolarized incident  
radiat ion (Internationale Tabellen, 1935, vol. 2, p. 560), 
namely  

P = ½(1+cos ~ 20), (1) 

is independent  of the geometrical features of the diffrac- 
t ion experiment ,  since it is a function of the Bragg angle 
only. When  the incident  radiat ion has been mono- 
chromatized by crystal reflexion, however, it is part ial ly 
polarized. The polarization factor is therefore more 
complicated, and depends on the relative orientat ion of 
the reflecting planes of the monochromator  crystal and  
those of the  specimen, as well as on the Bragg angle of 
reflexion at each crystal. In  the  special case when the  
incident  and reflected rays at both  the monochromator  
and the specimen all lie in a plane, it is well known tha t  

the factor reduces again to the simple form 

1 +cos  2 2a cos ~- 20 
P = l + c o s  2 2c~ ' (2) 

where c~ is the  Bragg angle for the  reflexion at  the  
monochromator .  This formula is well known, since it 
applies to the equatorial  plane of a suitably arranged 
powder- or single-crystal camera, and it is in such 
applications tha t  crystal-reflected radiat ion has been 
predominant ly  employed. I t  is the  purpose of this 
communicat ion to derive the polarization factor in the 

general case, and to express it in terms of simple film 
co-ordinates to facilitate its application to incl ined-beam 
photographs recorded on cylindrical films. 

Let  the diffracting crystal be located at O, the  origin 
of orthogonal co-ordinates OX, O Y, OZ such tha t  the  
plane XO Y contains the ray incident  at  O and also the  
ray incident  on the monochromator  crystal M. After  
diffraction, the  ray proceeds along OP which makes  an 
angle Z wi th  the  plane X O Y ,  and its projection OQ, on 
this plane, makes an angle T 0 with O Y  (Fig. 1). 

Consider a plane polarized ray incident  on the  mono- 
chromator  crystal at  the Bragg angle a and with its 
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e lec t r ic  v e c t o r  a t  a n  ang le  ~ to  t h e  re f lec t ing  p lane .  Af t e r  
re f lex ion ,  a r a y  p roceeds  a long  MO w i t h  c o m p o n e n t s  of 
a m p l i t u d e  p r o p o r t i o n a l  to  sin q cos 2~ a n d  cos ~, a n d  
po la r i zed  para l le l  t o  O X  a n d  OZ respec t ive ly .  Af t e r  
d i f f rac t ion  a t  O, t h e  X c o m p o n e n t  wil l  g ive  rise to  
c o m p o n e n t s  of a m p l i t u d e  p r o p o r t i o n a l  to  

- -s in  ~ cos 2a sin g sin :Y0 po la r ized  in t h e  p lane  P O Z  
a n d  sin ~ cos 2c~ cos T 0 po la r i zed  p e r p e n d i c u l a r  to  th is  
p lane .  T h e  Z c o m p o n e n t  gives  co r r e spond ing  c o m p o n e n t s  
of a m p l i t u d e  p r o p o r t i o n a l  to  cos ~ cos Z po la r ized  in  t h e  
p lane  P O Z  a n d  zero in  t he  p e r p e n d i c u l a r  d i rec t ion .  T h e  
i n t e n s i t y  d i f f r ac t ed  a long  OP is a cco rd ing ly  p r o p o r t i o n a l  
to  

(cos ~ cos z - s i n  ~ sin )~ sin T 0 cos 2a) 2 
A-sin 2 ~ cos 2 2a cos ~" Y0 • 

Af te r  ave r ag ing  this  r esu l t  over  all  va lues  of ~, to a l low 
for t he  u n p o l a r i z e d  n a t u r e  of t he  r ays  i nc iden t  a t  M ,  
we  o b t a i n  

½( c°s2 Z +  sin2 Z sin2 :lro c°s~ 2c~+ c°s~"/'0 c°s~ 2a) . 

cos Z sin To = cos v sin Y 
a n d  

c°s~ Z = e°s~ v sin ~ :Y+ cos ~ # cos s v cos 2 Y +  sin s t t  sin 2 r 

+ ½ sin 2/~ sin 2v cos T ;  

a n d  hence ,  b y  s u b s t i t u t i o n  a n d  r e a r r a n g e m e n t ,  

P = {cos 2 2c~ + cos ~ # cos 2 v + sin st t  sin ~ v 
+ c o s  2 v sin s T (sin ~ 2 a - - c o s  s it) 
+½ sin 2tt sin 2v cos :r}/{1 + c o s  2 2a} . 

F o r  purposes  of n u m e r i c a l  ca l cu la t ion  this  express ion  can  
be r e g a r d e d  as be ing  of t h e  fo rm  

P = A + B  sin s I '+C  cos :Y, (5) 

w h e r e  A ,  B a n d  C are  c o n s t a n t s  for  a n y  g iven  l a y e r  l ine 
r e c o r d e d  w i t h  a g iven  c a m e r a  se t t ing .  

B y  p u t t i n g  c~ = 0 in  t h e  a b o v e  express ion  we ob t a in  

P = ½{l + (cos tt cos v eos Y +  sin # sin v) ~} (6) 

Since,  b y  a well  k n o w n  resul t ,  t h e  i n t e n s i t y  i nc iden t  a t  a s  a c o n v e n i e n t  f o rm  of t h e  f ac to r  for  u n p o l a r i z e d  
0 is p r o p o r t i o n a l  to  ½(1 A-cos 2 2a),  t he  po la r i za t ion  fac to r  
is 

cos2 X + sin2 Z sin~ To cos 2 2~ + cos ~ T0 cos 2 2~ 
P . . . . . . . . .  . (3) 

1 + c o s  ~- 2 a  

The  angles  T 0 a n d  g a re  su i tab le  f i lm co-o rd ina te s  on ly  
in t h e  n o r m a l - b e a m  a r r a n g e m e n t .  I n  t h e  i n c l i n e d - b e a m  
a r r a n g e m e n t  su i t ab le  co -o rd ina te s  a re /x ,  v a n d  T, w h e r e  
/x, v a re  t h e  inc l ina t ions  of t h e  inc iden t  a n d  d i f f r ac t ed  
b e a m s  to  t h e  e q u a t o r i a l  p l ane  of t he  camera ,  a n d  T is 
t he  a z i m u t h  of t h e  d i f f r ac t ed  r a y  def ined  in t he  usua l  
w a y  (Buerger ,  1942, p. 297). I t  can  t h e n  be shown  b y  
a p p r o p r i a t e  t r a n s f o r m a t i o n  of t he  axes  of co -ord ina tes  
t h a t  

r a d i a t i o n  in  t e r m s  of t h e  same  co-ord ina tes .  Expres s ion  
(6) can  of course  be  m o r e  s imp ly  de r i ved  b y  d i rec t  
t r i g o n o m e t r i c a l  t r a n s f o r m a t i o n  f rom (1). 

I wish  to  t h a n k  t h e  Di rec to r s  of F e r o d o  L t d  for  
permiss ion  to  pub l i sh  th is  c o m m u n i c a t i o n .  
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