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hld Fob8 F¢~c. a (°) 
512 8"0 8"3 344 
522 5"9 5"6 26 
532 5"3 3"4 123 
542 5"7 5"0 338 
552 6"5 5"7 338 
562 3"8 4"3 107 
572 4-4 4"3 285 
582 2"7 2"9 299 
592 2"2 2"8 88 

5,10,2 1'5 1"9 101 

503 - -  1.1 270 
513 6.4 4.6 205 
523 2.6 3.6 264 
533 11.7 12.3 171 
543 2.9 3.4 42 
553 - -  2.3 348 
563 3.2 3.4 264 

504 - -  0.4 180 
514 2-7 2-1 238 
524 3.4 3.2 338 
534 2.9 2.4 120 
544 - -  0.7 23 

600 2.7 1-4 180 
610 7.7 6.6 270 
620 5-1 3.9 0 
630 1.2 1.2 90 
640 1.0 3.0 0 
650 7.5 8.2 270 
660 5.2 6.8 180 
670 6"7 5.7 270 
680 2.9 1.6 180 
690 1.1 0.7 270 

6,10,0 - -  0-1 180 

T a b l e  2 (cont.) 

hkl Fot, B. F¢,lc. a (o) 
6,11,0 5"9 5"9 270 

601 0"9 0"2 270 
611 2"3 1-2 197 
621 5"3 3"1 80 
631 3"0 2"3 112 
641 4"9 5"7 355 
651 2"0 2"5 15 
661 5"1 3-9 86 
671 2"6 2"4 138 
681 2"0 2"6 355 
691 4"3 3"6 348 

6,10,1 1"7 2"3 113 

602 9"2 10"6 180 
612 9"0 8"5 237 
622 1"9 2"3 17 
632 2"9 1"7 327 
642 3"2 3"0 257 
652 6"7 7"0 233 
662 3"9 3"8 161 
672 3"7 3"9 264 
682 2"7 4"1 332 

603 5"0 5"1 90 
613 2"7 2-7 302 
623 0"8 0"9 201 
633 4"1 4-2 17 
643 2"9 2"8 103 
653 2"2 2"6 205 

604 2"9 3"4 180 
614 4"2 4"0 303 

700 8"1 8"3 180 
710 2"5 1-2 270 

hkl Fob8 F~c. a (o) 
720 0"9 0"2 0 
730 2"1 2"2 270 
740 3"8 3"0 180 
750 - -  1.3 90 
760 1.4 0.2 0 
770 - -  0.7 270 
780 1.8 0.7 0 

701 5.1 6.7 90 
711 3.8 3.6 316 
721 6.7 6.4 259 
731 3"9 3"9 6 
741 4.0 3.5 213 
751 2.7 2.1 316 
761 1.1 2.3 114 
771 1.7 1.2 269 
781 3.5 4.5 249 

702 0.7 0.8 180 
712 2-6 1.1 168 
722 1.3 1.3 6 
732 3.4 3.1 26 
742 1.7 2.0 90 

703 1.0 0.7 270 
713 1.3 1.0 162 

o 
810 0.8 90 
820 1.4 1.9 0 
830 2.1 2.4 90 

801 3"0 2.3 90 
811 3.2 2.8 88 
821 3-9 1.3 299 
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(Received 14 

I n  t h e  Hol le r i th  m e t h o d s  for s u m m i n g  Four i e r  series 
which  h a v e  been  descr ibed  h i t he r to  (e.g. Cox, Gross & 
Je f f rey ,  1947) t he  p u n c h e d  cards  h a v e  been  essent ia l ly  
m o r e  accu ra t e  B e e v e r s - L i p s o n  strips.  I t  was  possible to  
r educe  the  n u m b e r  of  cards  b y  us ing t h e  t e c h n i q u e  of  
'p rogress ive  d ig i t ing ' ,  a n d  s u b s e q u e n t l y  we f o u n d  t h a t  
f u r t h e r  a d v a n t a g e s  could  be ob t a ined  b y  express ing t h e  
a m p l i t u d e s  in t he  b i n a r y  scale a n d  us ing the  f ea tu re  of  t he  
B.T.M. Rol l ing Tota l  T a b u l a t o r  w h e r e b y  a c o u n t e r  can  be 
a d d e d  into  i tself  to double  its con t en t s ;  never the less ,  all 
m e t h o d s  r e t a ined  an  undes i rab le  f ea tu re  of  t he  original  
B e e v e r s - L i p s o n  procedure ,  n a m e l y ,  t h e  p r e l i m i n a r y  selec- 
t ion  of  cards  f rom a filing sys tem.  H a n d  select ion requi res  
careful  checking,  a n d  u l t i m a t e l y  t h e  cards  m u s t  be refi led 
a n d  again  checked ;  these  are  ted ious  a n d  t i m e - c o n s u m i n g  
opera t ions ,  howeve r  well t h e y  are  organized.  

January 1950) 

This  n o t e  out l ines  t h e  pr inciples  of  a n e w  m e t h o d  wh ich  
has  been  deve loped  b y  one of  us (D. M. S. Greenha lgh)  
a n d  which  has  t h e  g rea t  a d v a n t a g e  t h a t  h a n d  select ion a n d  
filing of  cards  h a v e  been  e l imina ted .  Ful l  t echn ica l  deta i ls  
are  be ing  pub l i shed  e lsewhere  (Greenhalgh,  1950). F o r  t h e  
first  s tage  of  a synthes is ,  t h e  app rop r i a t e  a m p l i t u d e s  A n 
are  h a n d - p u n c h e d  on to  t h e  re la t ive ly  smal l  n u m b e r  of  
cards  requi red ,  a n d  for subsequen t  s tages t he  a m p l i t u d e s  
can  be s u m m a r y - p u n c h e d  f r o m  t h e  resul ts  of  t h e  pre-  
ceding summat ions .  T h e  t r i gonomet r i c  func t ions  are  repre-  
s en ted  in t h e  b i n a r y  scale in t h e  w a y  descr ibed  below, a n d  
are  t r ans f e r r ed  to  these  cards  f r o m  a m a s t e r  pack .  The  
whole  set  of  cards  can  be s to red  a f t e r w a r d s  as a c o m p a c t  
a n d  p e r m a n e n t  r eco rd  of  t h e  job. 

All t h e  a r i t h m e t i c a l  opera t ions  in a syn thes i s  b y  t h e  n e w  
m e t h o d  are  p e r f o r m e d  in t h e  o r d i n a r y  dec imal  scale on  t h e  
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amplitudes,  the  b inary  digits (0 or 1) of the tr igonometrical  
function (referred to below as the  multiplier) serving only 
to give instructions to the  tabulator .  Four teen b inary  
digits are required to express one value of the  function 
10,000 cos 2zrnx (or 10,000 sin 2zmx), and each digit  is 
represented on a card by  a hole for 1 or a b lank for 0. Only 
one punching position is required to represen~ one binary 
digit (so t ha t  since one coblmn of 12 punching positions 
is required to represent one decimal digit  for conventional  
ar i thmetical  operations, about  four ( ~  12/log210) t imes 
as much information can be carried on a card b y  the  
new method).  Since the  14 digits of one part icular  multi-  
plier are required to give 14 instructions in succession to 
the tabulator  t hey  are represented b y  the  same punching 
position on 14 separate cards. The values of cos 2nx for 
a fixed value of n and values of x from 0 to ]: a t  intervals 
of 1-~0, for example, are represented b y  31 punching posi- 
t ions (less t h a n  3 columns) on 14 cards. There is one such 
pack of 14 cards for each order n, and  the  appropriate 
value of the  (three-figure) A~ is punched in the  normal 
(decimal) way  in the  same columns on all 14 cards (nega- 
t ive ampli tudes being punched as complements in four 
columns). 

N 
To carry out  the  s,~mmation Z A n cos 27rex all the  

0 
14(/V+ 1) cards are sorted into groups in the order of the 
binary digits. They  are then  tabula ted  in such a way  t h a t  
the  ampli tude is fed into the counter only ff the  corres- 
ponding b inary  digit on the card is 1. At  the change of 
the b inary  digit, i.e. from the  first to the  second and  so on, 
the  contents of the  counter are added to itself. Suppose in 
a very  simple synthesis  the da ta  are as follows (the missing 
A, ' s  being all zero): 

n A n 
1 120 
4 65 
6 20 
8 10 

Multiplier (e.g. 10 sin 2nxr) 
t 

Decimal Binary 
2 0 0 1 0 
7 0 1 1 1 
9 1 0 0 1 

10 1 0 1 0 
a b c d 
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The following tabulator  operations are required to obtain 
ZAn sin 2~nxr = 97.5: 

(a) Add 20+ 10 into the  counter and double 60 
(b) Add 65 and  double again 250 
(c) Add 10 + 65 + 120 and double again 890 
(d) Add 2 0 + 6 5  975 

In  practice negative multipliers occur, and  these m a y  
be dealt  wi th  ei ther  

(i) b y  adding 1 to all the  sine and cosine values before 
converting to the  b inary  scale, and  subsequent ly 
making the necessary subtract ion;  

or (better) 

(ii) by  operating in the  'scale of minus  two ' .  Any  
number,  positive or negative,  m a y  be split into 
powers of - 2 ,  and  the only change needed to mul- 
t ip ly  in this  scale is to punch the ampli tudes for 
a l ternate  digits wi th  signs reversed. 

Since the data  for each one-dimensional synthesis occupy 
only a few cohlmn,u of the cards, the  information for as 
m a n y  syntheses as convenient  are punched into one pack 
of cards: for example, wi th  3-figure ampli tudes and  wi th  
syntheses extending over one-quarter of a cell side a t  i -~  oth 
intervals there is space for 18 one-dimensional syntheses.  
I t  is then  possible, for example, a t  one passage of the  same 
cards, to calculate the  electron densi ty  a t  a number  of 
points simultaneously either along the line (x, Yl, za) or 
along the  line (x ,  y, Zl). This flexibility is of considerable 
value in exploring l imited portions of an electron-density 
distribution. 

We are indebted to Prof. E. G. Cox for providing 
facilities for this  work and for his interest  in it. 
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A n o m a l o u s  X-ray reflexions from copper crystals. B y  W. A. RAOHI~G~R, Baillieu Laboratory, University of 

Melbourne, Australia (Received 28 December 1949) 

I n  a recent invest igat ion of the plastic properties of copper 
single crystals, i t  was found t h a t  when a deformed crystal  
was set  in position for the high-angle (004) Co K a  re- 
flexion there sometimes appeared another line close to the 
main (004) reflexion. The relative position of this line and 
the  (004) reflexion is shown in Fig. 1, which is a flat-film 
back-reflexion diagram. The extraneous line has a doublet  
s tructure and is not  concentric wi th  the (004) Debye 
circle. Thls la t ter  fact  rules out  the possibili ty of the line 
being a p r imary  Bragg reflexion due to radiat ion of 
another  wave-length. I t  was also found t h a t  the reflexion 
was not  a 'sli t-effect '  or due in a n y  way to the experi- 
menta l  arrangement. 

The line can, in fact, be shown to be due to a double 
reflexion of the incident X-ray beam, first by a (IYI) and 
then by a (YI3) plane. This is illustrated by Fig. 2, which 
represents the trace of the (I I0) plane across the standard 
stereographic projection of a cubic crystal. The (IT1), 

(001) and (113) poles are represented, not  as points,  bu t  
as circular areas since, as will be seen later, the  double 
reflexion will accompany the p r imary  (004) reflexion only 
in crystals which are imperfect in t h a t  their  reflecting 
planes have a considerable orientat ion range. I f  the crystal  
is set so t h a t  the X-ray  beam lies parallel to the (110) 
plane and is inclined at  8.3 ° to the  mean  position of the  
(001) normals,  then  the direction of the beam will be 
represented b y  the point  A in the s tandard  projection. 
Now with  the crystal  in this position the (004) reflexion, 
for which 8=81 .7  ° , will take place and the direction of 
the reflected beam will be represented by  the point  B. The 
(1Y1) reflexion ( 0 - 2 5 . 4  °) will also take place provided 
t h a t  the range of the (1Y1) normals is greater t h a n  _+ 1.6 °, 
since a poin~ A" can then  be found in the (111) region 
which is 9 0 - 0 ( =  64"6 °) from the incident  beam A. The 
r ay  reflected from this  plane A '  will be represented b y  the  
point  G. This (1T1) reflexion can be fur ther  reflected by  


