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The major  port ion of these calculations was made  
using IBM facilities. However,  it  was found tha t  after 
certain prel iminary computat ions,  it would have been 
feasible to have found the  signs (at the rate of about  
100-150 per day) wi thout  the  use of automat ic  comput ing 
machinery.  The detailed'  procedures for the calculations 
of the  signs were worked'  out  by Karle, H a u p t m a n  & 
Christ and  will be published separately at  a later date.  

For  the  prel iminary structure analysis 944 observed 
F~z's, together  wi th  their  signs, were used to calculate 
electron-density sections over the xz plane at  intervals of 
1/60 for y = 0 to y = 1/4. The 944 terms used are those 
contained within  a sphere of radius equal to sin 0/~t ---- 
0-66 A -1. I n  order to minimize termination-of-series 
effects, an artificial tempera ture  factor exp [ - -B  (sin 0/~t)~], 
wi th  B ---- 2-5 A ~, was mult ipl ied into the  observed Fhkz's. 

Colemanite is monoclinic P21/a , 

a=8-743+0-004,  b=11-264+ 0.002, c=  6.102J: 0.003 A ,  
fl=llO ° 7', 

Fig. 1. Composite projection on (010) of the electron-density 
sections for colemanite. Only a portion sufficient to show the 
essential features of the structure is given. The small black 
circles indicate the boron positions, the small open circles 
the oxygen positions. 

Z -- 4; the  calculated densi ty  is 2.419 g.cm.-3, the  ob- 
served densi ty  2-42 g.cm. -a (Christ, 1953). 

A composite project ion on (010) of the  electron-densi ty  
sections is shown in Fig. 1. This shows clearly t ha t  there  
are infinite boron-oxygen  chains running parallel to the  
a axis, the  chain e lement  being made  up of a BO a tr iangle 
and  two BO a te t rahedra  forming a ring. The chain e lement  
has the composition [BsO4(OH)s] -~. Each  Ca ++ is roughly  
octahedral ly coordinated by  5 oxygens and  1 water  
molecnle. The formula for colemanite may  thus  be wr i t ten  
CaBsO4(OH)s.H20. The average B-O bond length in the  
te t rahedra  is 1-4 S /~, and in the triangles is 1-3~ A. 
Ca ++ has as nearest  neighbors 5 oxygens and  1 water  
molecule at  an average distance of 2-44/~. The discrepancy 
factor R for the  hk0 zone is 25 %. 

This work was made  possible only through the  whole- 
hear ted  cooperation of a number  of people. G. J .  Mowit t  
and  Mrs Violet Rice made  available the  facilities of the  
U.S. Geological Survey IBM Section; Vincent  Latorre  of 
this Section was main ly  responsible for the  calculation 
of the  electron-densi ty sections. Mr Peter  O 'Hara  of the  
Computat ion Laboratory  of the  Nat ional  Bureau of 
Standards carried out  most  of the  IBM calculations of 
the signs. As ment ioned  above, Drs Karle and  H a u p t m a n  
of the  Naval  Research Laboratory  worked intensively 
wi th  one of us (C.L.C) on the  procedures for sign calcula- 
tions. We are great ly indebted  to all of these persons.  
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In  determining precision lattice parameters  by  X-ray  
dif fract ion (e.g. Cohen's method)  it is common to use the  Element 
sin" 0 form of the  Bragg equation. I t  then  becomes Cr 
c o n v e n i e n t  to convert  values of sin S 0 for several wave- Mn 
lengths to a value representing one s tandard  wavelength  Fe 
for the  purpose of calculation. We have found tha t  a Co 

table listing divisors for converting sin ~ 0(~') to sin ~ 0(]), Ni 
where ~ is a desired s tandard  wavelength,  is very helpful Cu 
in speeding computat ions  by  calculating machine.  Such Zn 

Ga a table is based on the wavelengths in ~Lngstr6m units  Ge 
(Table 1) given by  Lonsdale (1950), a l though of course Me 
the  divisors apply also to calculations based on kX.  units. Ag 
Convers ion divisors for these wavelengths,  the  ratio 
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Table 1. Wavelengths of emission lines of certain elements 
K~I K~ 2 Kill 

2"28962A 2"29351A 2"08480A 
2"10175 2"10569 1-91015 
1"93597 1-93991 1"75653 
1-78892 1"79278 1"62075 
1.65784 1.66169 1.50010 
1-54051 1-54433 1"39217 
1"43511 1"43894 1.29522 
1-34003 1"34394 1.20784 
1"25401 1"25797 1"12890 
0"70926 0"71354 0-63225 
0"55936 0"56378 0-49701 

(~t'/2) 2, are listed in Table 2, and  also, for convenience, 
the  values of ~ /3  and  29/4. 
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