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T h i s  p a p e r  de>scribes a s i m p l e  c a l c u l a t o r  fo r  f u n c t i o n s  s u c h  as  cos  (hx+ky).cos lz. V a l u e s  of t h e s e  
functions may be readily read off from suitably arranged tables of cos hx.cos lz, after a simple 
mechanical shift of origin by an amount Icy. 

Introduction 

A simple mechanical device has previously been 
described (Radoslovich & Megaw, 1955) which allows 

~sin~ (hx+ky+lz)* to be read directly from values o f / c° s )  

Gables of ~sin/(hx). This is useful for space groups /_cosj 
PI and P1, and for certain two-dimensional projec- 
tions of the monoclinic space groups. The device has 
also been extended (Radoslovich, 1955) to compute 
Z cos (hx+ky+lz). I t  would, however, be more useful 
when studying monoclinic crystals to be able to 
tabulate directly quantities of the kind 

sin (hx+ky). (lz). 
cost (cos t 

This is the form assumed by both A and B in the 

* i.e. e i ther  sin (hx+ky+lz) or cos (hx+ky+lz), as re- 
quired.  

structure factor expression F = A +iB for the space 
groups nos. 3 to 15 in the Internatiomd Tables (1952). 

The earlier device has been redesigned to permit 
such calculations. The tables have been enlarged to 

read ~sin~ (hx)~sin~ (lz)directly, at suitable inter- 
/cosj "[cosj 

vals of lz and for integral values of h. These tables can 
still be moved mechanically, however, to include the 

~sin~(hx+ky).~sin~(lz). 
term ky in the form (cost (cos t 

Description 

The three angles to be specified (viz. hx, ky and lz) are 
given as decimal fractions of a cycle, at intervals of 
0.01 (i.e. 3.6°); values of cosines are given at the same 
angular intervals. There are 26 different tables of 
K cos hx, where K has values K = cos lz, and lz = 
0.00, 0.01...0.25, for successive tables. 

The values of hx are set out on four strips of paper 

:Fig. 1. General  view of calculator ,  with cover  removed .  This shows the  ky scales on the  two edges of the  char t ,  and  the  four  
columns of the hx scale on the  cover,  wi th  some 'h' pins in place. (The block of figures on the  r ight  of the  cover  are for  
use with the  cos (hx+ky+lz) sect ion of the  calculator) .  The  marke r s  are conven ien t ly  s tored in the  top  c o m p a r t m e n t .  



12 G E O M E T R I C A L  S T R U C T U R E  F A C T O R S  F O R  S P A C E  G R O U P S  OF  L O W  S Y M M E T R Y .  I I I  

_"4 O0 

o, 

IZaF°r[nd cos Iz. cos(hx+ky.) 
cos Iz. sin (hx +ky)] 

I ,oo o, o, 

I I I I  I °° oo I00 O0 I00 06 99 13 O0 100 O0 O0 

,OOlOOl,OOlO 1   of loo oo o, 

t s~ ' , t  Beginsa/- 
hx-o.oo hx--o.zs 

Iz for sin Iz. cos (hx,ky.) 
[and sin lz. sin (hx+ky) ] 

2s oo 24 o, 2s o2 zs! so z4 5,,Izs 52 

2~ ~o ~6 4~ 27 ~s ~5 oo z~ 991~zls8 

leo oolloo 06  99 13  0 0  00 00 00[00 00 

lO000I/O0 06 99/2 0 6  O0 06 00/06 OI 

ky 

25 

26 

27 

hx--o.5o hx =o.Ts 
Fig. 2. Fi rs t  section of the  movable  char t .  Arrows point  to the  table for cos 0.01.cos hx, which is given four  t imes  (see text) .  

W h e n  lz values are in red (sloping figures here) t hen  cos lz or sin lz is negat ive.  

glued to the lower side of a perspex cover carried on 
the sloping face of the ins t rument  (Fig. 1). These 
strips are correctly spaced to reveal, through the 
remaining t r ansparen t  sections in the perspex cover, 
just  one a t  a t ime of several vertical  tables of cosines. 
The required table on the  char t  undernea th  can be 
chosen by moving the cover sideways, up to about  two 
inches. 

Small holes are drilled in the perspex, a t  the position 
of each 'hx', into which can be inserted flat  markers  
mounted  on a short  pin. The markers  are numbered  
1, 2, 3 , . . . ,  corresponding to values of h, and there 
are two sets, with black and red figures on a white 
background,  for h and/~. The markers  are not  essential, 
but  are an aid to quick reading. 

The values of ky and lz, and the 26 tables of Kcoshx  
are set out (Fig. 2) on a moving chart  consisting of a 
strip of t racing linen 8 in. wide and about  15 feet long. 
The Icy values and the cosine tables are a r ranged 
vertically,  with one space between each two-figure 
column, whilst values of lz are set out horizontally,  
as column headings to the cosine tab]es. Since it is 
impossible to accommodate  all the 26 cosine tables in 
parallel columns across the  chart  they  have been set 
out in five sections on the chart ,  six tables in each 
section, except the last. There is a blank space of 
about  two inches between sections. 

The Icy values are set out vert ical ly down the left 
hand  edge of the chart ,  beginning a t  Icy = 0.00 and 
running through 1~ cycles to Icy = 1.25 (equivalent 
to 0.25). This Icy column is duplicated on the right- 
hand  edge of the chart ,  but  here the values begin at  
Icy = 0.25 and run to Icy = 1.50 (i.e. 0.50). This set- 
out  of the Icy values is repeated in each of the five 
sections of the chart  ment ioned above. 

Two values of Icy are always visible a t  the top left 

and r ight  corners of the computer.  A small bracket  a t  
the upper  left corner of the char t  area carries the  word 
'cos' and an arrow. This defines the origin with respect 
to the left-hand Icy scale, to be used when calculating 

cos (hx+ Icy). "~sin'~ (lz). The r ight -hand bracket  defines 
(cos j  

the origin for calculating sin (hz + Icy)"~sin'~ (/z). (cosj 
Now consider the a r rangement  of one K . c o s  hx 

table, e.g. when K -- cos lz for lz = 0.01. This table 
lies in the first section of the chart .  I t  is set out  verti- 
cally, beginning a t  a value 0.99 corresponding to 
cos0.01, coshx for hx = 0.00 and running for 1¼ cycles 
through to hx --- 1.25. The dimensions of the perspex 
cover of the ins t rument ,  however,  permit  only one 
quar te r  of a cycle to be seen a t  any  one time, and 
therefore this K . c o s  hx table is repeated in three 
fur ther  columns, beginning a t  values corresponding to 
hx = 0.25, 0.50 and 0.75 (Fig. 2). In  this way a full 
cycle of one (and one only) K cos hx table is a lways 
visible through the  perspex, no m a t t e r  how tha t  sec- 
tion of the chart  is moved backwards  and forwards  
behind it. Values of K . e o s  hx for which cos hx is 
negat ive are in red. The successive columns of Keoshx  
tables are not  in order of increasing lz, but  are a r ranged 
so t ha t  eos/lz, eoshx and sinllz, coshx (= cos (0-25-/ lz)  
×cos hx) are in adjacent  columns and hence both 
values can be read off with only a slight movement  
of the cover. Values of eos/ lz .eoshx and cos/ lz .s inhx 
are obviously related by a char t  shift of a quar ter  cycle. 

The value of lz (viz. lz = 0.01) to which this table 
corresponds will appear  through the clear sections of 
the perspex .cover a t  the top of the lef t -hand K c o s h x  
column. But  this table also represents values of 
cos 0.99 cos hx, - c o s  0.51.cos hx, - c o s  0.49 cos hx, 
sin 0.26 cos hx, sin 0.24 cos hx, - s i n  0.76 cos hx, and 
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- s i n  0-74 cos hx. All eight values of lz, (under the 
appropriate  heading, and in black or red, as the above 
products have a positive or negative sign) therefore 
appear  at the top of the other three columns of this 
par t icular  table, cos 0.01.cos hx. I t  is by this means  
tha t  all values of lz from 0.00 to 1.00, and all four 

combinat ions / c°s lz (cos hx can be calculated from 

the 26 different tables given. 

~sin~ (hx+ky) .  ~sin ~ The sign of ( c ° s j  (cos j / z ,  which will 

depend on the sign of both components,  is de termined 
from its colour (black or red) on the table. This choice 
is aided by a simple indicator  above the perspex, 
consisting of a metal  bar  sliding behind covers. Values 

~sin~ 
of lz for which (cos) lz is negat ive are shown in red;  

and the metal  bar is moved to place 'lz' on it  opposite 
a black or red dot, depending on the colour of lz on 
the chart. The + and - signs on the bar then show 

whether  all black figures (for the quanti ty~Sm~ (hx+ ky) 

× (cos)(lz)) are to be read as positive and all red 

figures as negative, or vice versa. 
A mechanical  drive* for moving the chart  smoothly 

either forwards or backwards is included, though it  is 
not essential. A small  non-reversing electric motor is 
mounted  on a pivot  so tha t  i t  can be placed in three 
positions determined by  a s tandard  radio switch. In  
the first of these the rubber  driving wheel from the 
motor engages a knurled wheel on one winding drum, 
for forward motion of the chart. The middle position 
is neutra l ;  and in the third position the knurled wheel 
on the other chart  d rum is engaged, for reverse motion. 
Spring-mounted fibre washers on both winding drums 
ensure tha t  the chart  is always taut .  The chart  m a y  
also be moved manual ly .  

The device is used as follows. Coordinates (x, y, z) 
known to any  desired accuracy can be used as a start- 
ing point, and the integral mult iples hx, ky and lz are 
formed to the same accuracy. These quanti t ies  are then 
rounded off to the nearest  0.01. The value of lz for 
some par t icular  calculation (involving either cos lz or 
sin lz) is then  located at the head of one of the five 
sections and  its colour is set on the sign indicator. The 
perspex cover is placed so tha t  this lz is visible through 
one of the t ransparent  strips in the cover. The chart  
is now moved within  tha t  section so tha t  the required 
value of ky lines up with the arrow, for calculating 
either cos (hx+ky) or sin (hx+ky). The h markers  are 
placed at the t abu la ted  values of hx, and are left in 
these positions unti l  a fur ther  a tom is being considered. 
The values on the chart  opposite the markers are 
values for 

* The compu te r  was cons t ruc ted  (and in pa r t  designed) 
b y  Messrs. K.  Ba r row and A. P a l m  in the  workshops  of this 
Division. 

h =  ±1 2 . . . ,  o f '  ' ' '~s in~(hx+ky) .~sin~( lz)  
' (cosj  (cosj  ' 

depending on the position of the cover and on which 
ky scale is used. 

Cos (hx+ky+lz) section 
In  order to make  one device as useful as possible 

two fur ther  sections of chart,  both for calculat ing 

{ sin~ (hx+ky+lz), are included. One of these is an 
COSJ 

exact  copy of tha t  described previously (Radoslovich 
& Megaw, 1955), but  the tables have been more widely 
spaced to match  the t ransparen t  strips on the new 
perspex cover. The other section has the same layout,  
but  the interval  used for all the tables is now 0.005 
cycles, so tha t  the accuracy is doubled. This requires 
twice as m a n y  values of hx, and to accommodate  
these the tables are set out in eight columns ra ther  
than  four. The perspex cover is replaced by one car- 
rying the hx table in eight columns, at  0.005 cycle 
intervals.  

D i s c u s s i o n  

The present computer  retains the several advantages  
of the earlier device, which were discussed in detail  
by  l~adoslovich & Megaw (1955). I t  is, however, worth 
emphasizing tha t  it is now possible to compute 
geometrical structure-factors for all of the triclinic and 
monoclinic space groups direct ly from the formulae in 
the International Tables (1952), so taking advantage  
of any  symmet ry  relations for these space groups. 
Contributions of the separate atoms to the geometrical 
s tructure factor can be read off immedia te ly  by  un- 
skilled computers,  using no more than  a table of hx, ky 
and lz values to set up the device. The rounding-off 
errors are kept  to the m i n i m u m  which is possible 
when using tr igonometrical  tables at  0.01 cycle 
intervals.  

The following example  shows the speed of this 
device. Values of cos (hx+ky).cos lz were calculated 
for an atom for which x=0.938,  y=0--417 and z=0.055, 
the indices being given values h=20 ,  18 . . . . .  18, 20; 
k = 0, 1, . . . ,  6; and 1 = 3 and 4. Eight  minutes  were 
needed to set up the h markers,  and thereafter  300 
values of cos (hx+ky).cos lz were tabu la ted  in 23 
minutes,  i.e. as fast  as they  could be wri t ten down. 
I t  was not  t ir ing to use the computer  at  this speed, 
which is considerably faster than  can be achieved by 
other simple methods of calculating tr igonometric 
products of thi~ form. 
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