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Diffraction Intensity by a Bounded Radial Distribution Function 
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The convolution of (sin Rs/ s)" and the intensity diffracted by gaseous, liquid , and 
amorphous substances is proved to give a modified intensity function expected from the 
radial distribution function bounded by nR and modified by function M .,. as follows, 

_!_ loo tJ(t)(sin R (st- t ) )dt = 4rcRn-l \"'n r D(r )M.,.(r I R ) sin sr dr , 
7C J- oo s- Jo 

where 

M,.(r/R)= ~ [ j si~ X r cos ( ~ x )dx. 

The integration can be properly approximated by a summation, if the spacing is selected 
with due consideration for the non.zero range of the substance. 

Since the modified intensity can be calculated from the observed intensity, from the 
modified intensity, atomic distances shorter than nR can be analyzed, regardless of 
the presence of the longer atomic distances than nR, by the correlation method . 

The structure of gas molecules has been 
effectively analyzed by so-called correlation 
method consisting in the calculation of the 
diffraction intensity for various models and 
comparison with the observed intensity data. 
In the case of liquid and amorphous substances, 
however, the method may not be so effectively 
applied as in above case because of the vast 
number of structural parameters and models. 
It may be a problem that even bond distances 
cannot be definitely determined without the 
adequate information about all distances 
longer than the distances. But this can be 
solved and atomic distances shorter than a 
distance R can be determined independently 
of the longer distances beyond R by the cor
relation method, if from the observed intensity 
data one can obtain the diffraction intensity 
due to the atomic distances shorter than R 
(a modified diffraction intensity). 

The convolution of the observed intensity 
function and the function (sin Rs/s)"' (s=(4rc/J.) 
sin (8/2), n=positive integer) such that 

sf .. , n(s)=__!J oo tl (t ) (sin R (s-t)) " dt 
7C J-oo s-t 

=- (s-t)l (s- t ) -- dt, 1 ~
00 

(sin R t )"' 
7C -oo i 

can be expressed in terms of the radial dis
tribution function D(r) as follows : 

sl.,..n(s) =4rcR"- 1 [ rD(r )M .,.(r !R ) sin s1· dr, 

where 

r D (r ) = (l /2rc2)[s/(s)sinsr dr, 

and 

M.,.(-l)=_!_l oo (sin x ) "'cos J.x dx 
7C J -oo X 

=0 for IJ.I ~ n. 

(Dirichlet integral) 

Thus !,. .n(s) is the intensity function due to 
a bounded radial distribution function, which 
vanishes beyond r=nR and is modified by 
M ,.(r !R) ; illustrated in Fig. 1. Consequently 

Fig. 1. 

44 



Diffraction Intensity by a Bounded RD Function 45 

D 0 0 
I 

IT 
I 

~~--- 27t/At 27t/6t ----27t/l'.t -~tr-

Fig. 2. M1(r!R ) 

the desired modified intensity can be obtained
from the observed one by this procedure. 

In the numerical calculation of the modified 
intensity, as usual, the integral should be 
.approximated by" a sum over evenly spaced 
t values as follows. 

sl,., n(s) 

oo (sin RiL1t )" = (Jt/rr~~~s-iLlt) J (s-iL1t) iL1t 

"This can be transformed further: 

sl,. ,n(s)= 4rrR"- 1 ~~ rD(r )M,.(r !R) sin sr dr, 

where 

oo (sin iL1t )" M ,.(J. ) = (L1t! J. ~ ];:"" iL1t cos (J.iL1t) . 

The discrepancy between I,.,n(s) and l ,. ,n(s) 
-can be estimated from that between M ,.(}. ) 
and M,.(J.) . M ,.(J. ) is an even periodic func
tion with the period 2rr/L1t, and if rr /M > nR we 
nave M,.(J. )=M,.(J. ) for IJ. I..:;, rrfL1t, as illustrated in 
Fig 2. Consequently, if a spacing smaller than 
:rr/nR is taken for the summation and rD(r ) of 
-.the substance vanishes beyond r= (2rr/L1t)-nR, 

we have l ,. ,n(s)=I,. ,n(s). In order to compute 
adequately the modified intensity, an infor
mation is required about the non-zero range 
of the substance, beyond which the rD(r ) 
must vanish. 

The information can be derived from the 
observed intensity data by the following treat
ment. In case Il .n(s) equals to J(s), the Fourier 
inversion derives the relation 

rD(r )(l-MJ(r !R))=O, and rD(r )=O 

for ((2m-l)rr/L1t)- R <r < ((2m-l)rr/L1t)+ R 
(m=positlve integer), since M1(J. ) is a square 
wave function, as illustrated in Fig. 2. There
fore, the comparison of hn(s) with I (s) can 
supply the information required for the cal
culation. 

As the result, the modified intensity due 
to atomic distances shorter than a selected 
length can be calculated properly from the 
observed intensity with due consideration for 
the non-zero range of the substance, and the 
atomic distances shorter than the selected 
length can be analyzed by the correlation 
method as effectively as in the case of small 
gas molecules. 




