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The gas-phase electron diffraction data of the respectively octahedral and tetra-
hedral molecules tungsten hexachloride and lead tetrachloride have been reinves-
tigated by adding three-atom scattering, computed according to an approximate
expression, to the calculated intensities. Relatively large contributions, which lead
to a considerably better agreement with the data, are computed for tungsten
hexachloride. This increases the W—CI distances by the formally significant
amount of 0.008(2) A and reduces the W—Cl vibrational amplitudes from 0.078(2)
to 0.053(1) A. A smaller contribution calculated for lead tetrachloride improves
the agreement noticeably, with no significant changes in the structure parameters.
Experimental corrections to the heavy-atom—chlorine scattering functions com-
puted as five-term polynomials indicate that the standard tabulated scattering
factors of the heavy atoms are not very accurate. Fourier filtering of the pho-
tometer data improve the reproducibility of the data as well as the least-squares
agreement with the models. A new variant of the autocorrelation power spectrum
with a higher resolution in the distance domain than the traditional radial dis-

tribution function is explained and illustrated.

In the investigations of several heavy central atom inor-
ganic or metalorganic compounds carried out by the Oslo
electron diffraction group, the vibrational amplitudes of
the molecules often turn out larger than expected. Im-
proved agreement with the data is frequently obtained by
the multiplication of the phases of the complex atomic
scattering factor of the heavy atom by some factor. This
has led to a growing suspicion about the accuracy of the
standard tabulated scattering factors of heavier atoms.
Two examples are the binary chlorine compounds tung-
sten hexachloride' and lead tetrachloride.? In the octa-
hedral tungsten hexachloride improved agreement was
obtained by multiplication of the phases of the scattered
amplitudes of the tungsten atom by the factor 1.07; rea-
sonable agreement was then obtained between the cal-
culated and experimental vibrational amplitudes. For the
tetrahedral lead tetrachloride, a smaller factor of 1.03 was
applied; however, the experimental Pb—Cl vibrational am-
plitude was determined to be 0.058(2) A, which is con-
siderably larger than the value calculated from spectro-
scopic data of 0.049 A. In tungsten hexachloride, some
contribution from three-atom scattering, which was
not included in the previous investigations, would be
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expected. Thus, it seemed of interest to reanalyze the
data of these two molecules to see if three-atom scatter-
ing could explain at least part of the observed discrep-
ancies.

The photometer data of the Oslo group have for a long
period been digitally Fourier-filtered; this process is de-
scribed and discussed. A new variant of the autocorre-
lation power spectrum is explained and illustrated. For
the two highly symmetrical molecules, the resolution of
this spectrum in the r-domain is sharper than the reso-
lution of the radial distribution function.

Fourier filtering and data reduction

Optical densities recorded by our Snoopy microdensito-
meter for the previous investigations'? were employed.
Snoopy oscillates the plates about 11° around the center
of the in theory radial symmetric scattering pattern. The
light quanta transmitted through one oscillation are
counted for each step of 0.1 mm. Coarse errors are re-
moved by visual inspection of the data. The data were
from six plates for both a long (about 50 cm) and for a



short (about 25 cm) camera distance. The s ranges and
intervals applied for the average molecular intensities
were 1.875, 14.500, 0.125 and 4.00, 28.00, 0.25 A~ ! for
both molecules.

The photometer data from the Oslo electron diffraction
group are routinely filtered by a digital Fourier filter.?
The molecular intensities are periodic functions according
to

sin(r,s) = sin|:2n:ra<i):| < sin2nfi) 1)
2n

With s/27 as the independent variable, s/27 and r, ob-
viously correspond to the traditionally denoted time (z)
and frequency (f) domains of periodic functions. The ap-
plied equidistant s intervals of 0.125 and 0.25 A~ ! have
Nyquist critical frequencies of 25.1 and 12.6 A. The cor-
responding Nyquist frequencies of the photometer data
for the step size of 0.1 mm estimated by eqn. (3) of Ref.
3 are about 147 and 74 A. In the transformation from the
photometer- to the s scale, frequencies of the photometer
data in between the two limiting frequencies would alias
into the narrower frequency range of the s scale. To avoid
this aliasing, the cut frequencies of the filters were set to
the Nyquist frequencies of the applied s intervals, assum-
ing that this way to smooth the photometer data would
minimize the expected increase of the correlation in the
relative intensities on the s scale.

The original center of the plate was adjusted by de-
manding that the first derivatives of each side should be
as equal as possible. The photometer data for each side
of the plates were transferred to the s scale by linear in-
terpolations, a single hit blackness correction with
d=0.35 was applied* and the relative intensities were ob-
tained by corrections for the rotating sector’ and the ap-
plication of planar plates. Levelled intensities were ob-
tained by division with the background computed from
the applied atomic scattering factors® and scaled to an
average value of one.

Backgrounds were drawn on the levelled intensities
from each side of the plates as fifth- (long camera dis-
tance data) and sixth- (short camera distance data) de-
gree polynomials to the differences between experimental
and calculated intensities by the least-squares method.
The molecular intensities for each side of the plates were
scaled to an average background value of one and were
based on the modification function s/|f (s)iy|>. The av-
erage molecular intensities with standard deviations, re-
garding the data from one plate as one observation, were
computed. The calculated intensities are scaled in the
least-squares refinements to the average experimental
ones for both of the camera distances, and for perfect
agreement between experiment and model, these least-
squares scale factors should be equal to one for the lev-
elled experimental intensities scaled to an average back-
ground value of one.” In practice, values of the scale
factors somewhat smaller than one are determined; these
scale factors are equivalent to Bartell’s indices of reso-
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Table 1. Comparision of the average percentage R-factors R,
and R, obtained for the molecular experimental intensities
from each side of the plates in relation to the total average
experimental intensities for the unfiltered and digitally Fourier
filtered data of the two camera distances.

WClg PbCl,
Camera distance Long Short Long Short
R, unfiltered: 4.6 18.8 8.8 23.8
R, filtered: 3.1 13.3 6.6 16.8
R,,. unfiltered: 3.8 12.3 7.6 16.7
R, filtered: 2.4 7.8 5.9 10.6

lution® and give a measure of the agreement between the
experimental data and the applied model. In addition the
unweighted and weighted percentage factors R, and R,,
are extensively used to judge the agreement between two
related data sets /,; and I, ;:

lel,i - I2,1'|

R, = 100 S 2
2 1/2
RW=100(Z[W£;{I‘2 }12,,->J ) - gl )

The R, and R, values for the molecular intensities of
each side of the plates measured against the average
molecular intensities of all the plates were calculated for
both the unfiltered and the digitally Fourier filtered pho-
tometer data. The averages of these R factors are given
in Table 1. Smaller factors should indicate a higher
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Fig. 1. Tungsten hexachloride. Above: experimental (+) and
calculated (—) molecular intensities of the long and short
camera distance data. Below: calculated three-atom scat-
tered intensities and the differences between the experimen-
tal and calculated intensities with standard deviations of the
average experimental intensities.
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Fig. 2. Lead tetrachloride. Above: experimental (+) and cal-
culated {—) molecular intensities of the long and short camera
distance data. Centre: calculated three-atom scattered inten-
sities multiplied by the factor 3.5, which is the ratio of the
total number of /;, terms of PbCl, and WCl,. Below: differ-
ences between the experimental and calculated intensities
with standard deviations of the average experimental inten-
sities.

1

internal consistency of the data set. The average molecu-
lar intensities and standard deviations obtained for the
two molecules are included in Figs. 1 and 2.

Three-atom scattering. In the three-atom scattering, a
wave from an atom i enters an atom j and the outgoing
wave from j interferes with an outgoing wave from a third
atom k. Accordingly, three-atom scattered intensities in-
volve the sum over all triangles in the molecule. A first
application of the Glauber approach to three-atom scat-
tering gave a simple expression® which accounted for the
discrepancies between the observed and the convention-
ally calculated molecular intensities of rhenium hexafluo-
ride.'” A correction to the orientational averaging proce-
dure used in Ref. 9 has been discussed,'! and this
expression seemed to work well for tellurium hexafluo-
ride.'”” The shadow propagation model introduced a
phase factor to take care of the three-dimensional struc-
ture of the molecule,'? and the orientational average was
modified to incorporate the shadow propagation model."*
The simplest of these expressions for contributions from
three-atom scattering is the shadow propagation model
according to eqn. (23) of Ref. 13, and the present cal-
culations were started from this expression. The calcu-
lated three-atom scattered contributions for tungsten
hexachloride showed improved agreement with the data
by including the correction term ¢ of eqn. (32) of Ref. 11
in the argument of the Bessel function. This term is pro-
portional to 1 /rzy. and further connected to the first and
second derivatives of the scattering factors with respect
to s; and s;. Including the effects of molecular vibrations,''
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the equation used to compute the three-atom intensities
was

2 1
Licls) = - EJO[W‘(l —g - 3 w? )]
ii

XSS /(1 = el2s?) e~ 1572
X Sin[ni(si) + n,(s) — nls) + (;";()(W: - S?):I 4)

where
> = 13ir} 5)

r, is the projection from atom k to the connection line
between atoms i and j. /| and /, are the components of
the root mean-square vibrational amplitudes perpendicu-
lar and parallel to r; relative to the intersection of the
normal from & to r;. For a more precise definition of the
different symbols, the reader is referred to the articles
cited. The three-atom intensities computed in this way
are included in Figs. 1 and 2 and the contributions to the
radial distribution functions are shown in Figs. 3 and 4.
For the short camera distance data of tungsten hexachlo-
ride, the absolute values of the computed three-atom
scattered intensities are 299, of the absolute values of
the total computed molecular intensities. In lead tetra-
chloride this percentage is reduced to 4%, and in Fig. 2
the computed three-atom scattered intensities for lead
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Fig. 3. Tungsten hexachloride. Above: experimental (¢) and
calculated (—) radial distribution functions and autocorrelation
power spectra. Below: Fourier sine transform of the calcu-
lated three-atom scattered intensities and differences be-
tween the experimental and the calculated radial distribution
functions and power spectra.
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Fig. 4. Lead tetrachloride. Above: experimental (e) and cal-
culated (—) radial distribution functions and autocorrelation

power spectra. Below: Fourier sine transform of the calcu-
lated three-atom scattered intensities and differences be-
tween the experimental and the calculated radial distribution
functions and power spectra.

tetrachloride were multiplied by the factor 3.5, which is
the ratio between the total number of ij,k terms of the two
molecules. The dominant effect of the molecular vibra-
tions on the three-atom scattered intensities is the expo-
nential term in eqn. (4). As demonstrated in Figs. 1 and
2, the three-atom scattered intensities calculated for the
right-angled triangles of tungsten hexachloride are the less
dampened,'® and for this molecule an /, value in the
range 0.05-0.06 A gave the best agreement with the ex-
perimental data. This range is consistent with the vibra-
tional amplitude of the W-CIl distance computed from
spectroscopic data.! The vibrational parameters of the
three-atom intensities were estimated from the vibrational
amplitudes calculated from spectroscopic data;'” how-
ever, for non-right-angled triangles the three-atom scat-
tered intensities fall off so rapidly that an accurate esti-
mate of the vibrational parameters does not seem to be
critical.

Calculation of a correction to the scattering
functions

For the chosen modification function of s/|f (s)|? the
scattering function g(s) of the molecular intensities'® for
the CI---Cl distances is equal to one, and for harmonic
vibrations these peaks on the radial distribution function
should have a gaussian shape. The scattering functions of
the X-Cl distances of the molecules are then

| /x(s)]
|fc1(5)|

& oils) = cos[n,(s) = no(s)l, X=W,Pb (6)
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Including the calculated three-atom scattered intensities
in the least-squares refinements, most of an asymmetric
difference between the experimental and calculated W-Cl
peaks of the radial distribution function of tungsten
hexachloride was removed. For both of the molecules the
difference was now approximately symmetric about the
X-Cl distance and sufficiently large to indicate a sys-
tematic error in the computed gx_c(s) functions. The dif-
ferences between the experimental and calculated Cl---Cl
peak(s) were considerably smaller. The calculation of an
experimental correction to the scattering functions,
Agx_c(s), from the experimental intensities and the least-
squares model is straight forward; the experimental in-
tensities are scaled to the theoretical ones, connected and
brought on the same s intervals of 0.25 A ~! and averaged
for part of the overlap region. Then three-atom intensities
and Cl---Cl contribution(s) are subtracted, the resulting
X-Cl contribution is antidampened, and divided by
sin(r, x_ci5) and the multiplicity of this distance, which
leaves an experimental gyx_c(s) including all systematic
and experimental errors. Finally, a correction is obtained
by subtracting the computed gx_c(s). On the assumption
that this correction should be smooth and with a rela-
tively long period, N-term polynomials were fitted to the
experimental correction by the least-squares method ap-
plying the singular value decomposition method.'® Before
the least-squares refinements were carried out, some large
corrections, arising from the division with small values of
sin(r, x_ci5), were set equal to zero, and the standard de-
viations for the weights in the least-squares calculations
were set proportional to the inverse of the absolute value
of this sine function. A five-term polynomial was neces-
sary, and this polynomial worked better than a six-term
one. According to this scheme

g2 als) = g8 oi(s) + Agg _ cils)
a4
= g5 oi(s) + Zaisi' @)
i=o

The scattering functions computed from the tabu-
lated values® and the experimental correction terms are

- 2 . T _— ’. = 23
0 5 10 15 20 s/A
Fig. 5. Calculated scattering functions according to eqn. (6)
and the experimental correction terms of eqn. (7) multiplied
by a factor of five for WCIg (=) and PbCl, (s).
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Table 2. The constants a; for the five-term polynomials of
the correction terms to the W—CI and the Pb—Cl scattering
functions according to eqn. (7).

Constant a, W-Cl Pb—Cl

a, 0.9451x 1077 0.3124x 107"
a,/A 0.1637x 107" 0.5762Xx10~"
a,/A? -0.4765x 107> —-0.1465x 107"
a5/A® 0.3890x 1073 0.91563x 1073
a,/A* -0.8730x107° -0.1676x10™*

illustrated in Fig. 5. In Table 2 the values of a; for the
five-term polynomials of the correction terms are given.

Least-squares refinements

The structure parameters, r, distances and root mean-
square vibrational amplitudes /, were determined by the
Levenberg—Marquardt method for nonlinear least-
squares by the application of FORTRAN subroutines of
Ref. 16. The distances were refined independently of geo-
metrical models, however, with proper multiplicities ac-
cording to the known molecular symmetries. The calcu-
lated intensities were scaled to the experimental ones by
one scale factor for the data from each of the two camera
distances. This gives altogether eight parameters to be
refined for tungsten hexachloride and six for lead tetra-
chloride. The standard deviation computed for the aver-
age molecular intensities was applied for the diagonal
weighting matrix. The best results are regarded as those
where the three-atom scattered intensities were included
in the calculated ones and where the calculated intensities
were based on the experimentally corrected scattering
functions. The results are given in Tables 3 and 4. The
standard deviations of these two tables are uncorrected
least-squares values which should be doubled to take care
of correlated data, and the standard deviations of the
distances should be expanded by 0.1%, to include an es-
timated uncertainty of the scale. In Table 5 the agreement

Table 3. Least-squares results for tungsten hexachloride with
three-atom scattered intensities included and based on the
experimentally corrected scattering function of the W—ClI dis-
tance.?

Least-squares values Force field values'

r,(W—Cl) 2.2893(5)
liw—ci 0.0528(12) 0.056
r(Cl--Cllgy  3.2253(10)
I(CI*+Cllggy 0.1463(11) 0.140
r(Cl--Cl)yg  4.5574(37)
/iCl---Cl),gy  0.0855(46) 0.074
3(Cl**Cllgy  0.0123(12) 0.005
3(Cl--*Cl)ygo  0.0212(38) 0.008

° r, distances, root-mean square vibrational amplitudes / and
shrinkage 8 based on the r, geometry. The uncorrected least-
squares standard deviations times 10* are given in paren-
thesis. All the parameters are in A units.
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Table 4. Least-squares results for lead tetrachloride with
three-atom scattered intensities included and based on the
experimentally corrected scattering function of the Pb—Cl dis-
tance.?

Least-squares values Force-field values?

r,(Pb—Cl) 2.3693(6)

{Pb—Cl) 0.0482(13) 0.049
r(Cl--Cl)  3.8643(20)

ACI---CI) 0.1406(18) 0.139
3(Cl-+-Cl) 0.0048(21) 0.010

“r, distances, root-mean square vibrational amplitudes / and
shrinkage & based on the r, geometry. The uncorrected least-
squares standard deviations X 10 are given in parenthesis.
All the parameters are in A.

Table 5. Least-squares scale factors (index of resolution) k
and percentage unweighted R-factors R, for the data from
the two camera distances of the molecules.?

WClg PbCl,

Long Short Long Short

k R, k R, k R, k R,
a 0.948 5.2 0.933 249 0939 5.6 0.934 17.0
b 0.963 3.9 0.946 12.9 0.962 5.3 0.958 14.9
c 0.955 3.5 0.942 11.8 0.931 4.3 0.929 10.6
d 0.950 4.8 0.922 12.8 0.9256 4.4 0.918 12.6

7 From above: (a) Fourier-filtered data, scattering functions
from tabulated scattering factors and three-atom scattering
not included. (b) As for (a) except that three-atom scattering
is included. (c) includes in addition to three-atom scattering
use of the experimentally corrected scattering functions of
the heavy atoms. (d) is identical to (c) exept that it is based
on unfiltered data.

expressed by k and R, is shown for refinements of all the
parameters; (a) with the g(X-Cl) values from tabulated
scattering factors and no three-atom scattered intensities
included, (b) with three-atom intensities included and
(c) using the experimentally corrected g(X—Cl) values in
addition to include the three-atom scattering. Thus (c)
gives the agreement for the parameters of Tables 3 and 4.
Important changes of the structure parameters through
the steps (a)-(d) are discussed later in the paper. The
radial distribution functions of Figs. 3 and 4 were com-
puted by the fast discrete Fourier sine transform (SINFT
of Ref. 16) by scaling the experimental intensities accord-
ing to the least-squares results, transforming to the com-
mon s interval of 0.25 A ~ !, averaging for part of the over-
lap region and adding the inner calculated intensities. A
dampening function of exp(—0.0025s”) was applied to
the intensities before the discrete transform, and the in-
tensities were zero-padded to 2° = 512 points, which gives
an r interval of 0.0245 A. The R, values for the plotted
range of the radial distribution functions were 4.9%, for
tungsten hexachloride and 5.1%, for lead tetrachloride.



An autocorrelation power spectrum

Use of the autocorrelation power spectrum as a repre-
sentation of the molecular intensities in the »r domain has
been investigated.!” The autocorrelation process transfers
dampened sine functions to still more dampened cosines
in the s domain, and the r representation is acquired by
a Fourier cosine transform. The extra dampening of the
autocorrelation function may be canceled by a weighting
function. An important property of the autocorrelation
function, which was noticed in Ref. 17, is that the auto-
correlation may be started at any s value: the sines are
still properly transferred to cosines. The new variant is to
invert the intensities through s =0, which conserves the
periodicity of the sines as the sine function is an uneven
function. This function of doubled s range from —s,,, to
Soax gives an autocorrelation function from 0 to about
25,..- Theoretical intensities are added to the experimen-
tal ones from s=0 to s, before inversion through the
origin. The power spectrum of this function is calculated
by the fast discrete Fourier cosine transform.

The autocorrelation power spectra of the two mol-
ecules computed in this way are included in Figs. 3 and
4. The autocorrelation was calculated by the FORTRAN
subroutine CORREL,'® and the Fourier cosine transform
was carried out by COSFT,'® both routines using the fast
discrete Fourier transform. The intensities may be
weighted by some function before the inversion through
the origin; however, for the s range of the present data,
the dampening inherent in the present autocorrelation
process seems close to the optimal one. The heights of the
peaks at higher r values are more reduced in the power
spectrum than in the radial distribution function. To can-
cel this effect partly, the spectra of the r range shown in
Figs. 3 and 4 were linearly increased by a factor from 1
at r;, to 10 at 7 ...

The resolution of the spectra shown in Figs. 3 and 4
is sharper than the resolution of the corresponding radial
distribution functions. On the autocorrelation power
spectra the splits of the X—Cl peaks due to the phase shift
of /2 and more in the scattering functions (Fig. 5) are
resolved. The differences between the experimental and
calculated spectra seem to have about the same shape as,
but to be somewhat larger than, the radial distribution
function differences. Further investigations of the prop-
erties of this autocorrelation power spectrum as an aid in
the solution of more complicated molecular structures
seem of interest.

Results and discussion

Three-atom scattering and the corrected scattering functions.
Three structure parameters are significantly changed
through these two steps. The W—Cl distance is elongated
and the W-Cl vibrational amplitude is reduced by in-
cluding three-atom scattering. The Pb—Cl amplitude is
reduced by application of the corrected g function.

TUNGSTEN AND LEAD CHLORIDES

By adding the computed three-atom scattered intensi-
ties to the theoretical ones for tungsten hexachloride, the
agreement with the experimental data is considerably im-
proved, as may be seen by comparing the k and R, values
of lines (a) and (b) in Table 5. The W-Cl distance in-
creases from 2.2814(7) [2.281(3) in Ref. 1] to
2.2893(5) A. Doubling both of the standard deviations to
take care of data correlation, the difference of
0.0079(17) A is formally significant.

The W-CI vibrational amplitude obtained in the pre-
vious work! by multiplication of the phase shift of the W
scattering factor by about 1.07 was 0.058(3) A. The value
obtained applying the tabulated scattering factors was
0.0782(19) A, which by inclusion of three-atom scattering
was reduced to 0.0531(13) A.

The much smaller amount of three-atom scattering
computed for lead tetrachloride still leads to a noticeably
improved agreement with the data [Table 5, lines (a) and
(b)]. The Pb-Cl dxstance of 2.3693(6) A agrees with the
value of 2.373(3) A of Ref. 2, and the vibrational Pb—Cl
amplitude obtained in this investigation by the multipli-
cation of the phase shift of the Pb scattering factor by
about 1.03 was 0.058(2) A. A value of 0.0602(16) A was
obtained by the application of the tabulated scattering
factors. None of the structure parameters of this molecule
was essentially changed by the inclusion of the three-
atom scattering.

Employing the experimentally corrected scattering
functions for the X-Cl distances in addition to the in-
clusion of the three-atom scattering, the parameters of
Table 5 (b) and (c) show that all the R, values are further
reduced; however, so are also all the k values. The main
change of the structure parameters is the reduction of the
Pb-Cl vibrational amplitude from 0.0602(16) to
0.0482(13) A, a value in better agreement with the am-
plitude computed from spectroscopic data of 0.049 Az
The W-Cl amplitude is only slightly reduced from
0.0531(13) to 0.0528(12) A (0.056 A from spectroscopic
datal).

Thus improved agreement with the spectroscopically
estimated W—Cl vibrational amplitude and with the data
is obtained by including the three-atom scattering accord-
ing to the expression (5) in the calculated intensities. This
expression is an approximation, and a better estimate
might of course lead to further improvements. The for-
mally significant elongation of the W-Cl distance might
be sensible to minor errors in the periodicity of the Bessel
function, and it should be mentioned that this elongation
leads to a poorer agreement with the spectroscopically
computed shrinkage values (Table 3) than was obtained
in Ref. 1. In the case of lead tetrachloride it seems un-
likely that an improvement in the calculated three-atom
intensities could be sufficiently large to take care of the
indicated errors in the Pb—Cl scattering function. The ac-
curacy of the experimentally determined corrections were
limited by the shape of the applied polynomial as well
as errors of the data, and a high precision cannot be
expected. One may at least hope that they give some
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Table 6. Average correlation coefficients p as function of |s, —s,| in A~ for unfiltered (U) and filtered (F) data of the long and

short camera distance data of the molecules.

WClg PbCl,

Long Short Long Short
|s,—S| u F U F U F U F
0.125 0.46 0.56 0.72 0.78
0.250 0.31 0.33 0.37 0.56 0.53 0.56 0.41 0.59
0.375 0.17 0.15 0.35 0.34
0.500 0.08 0.03 0.13 0.27 0.16 0.15 0.19 0.39
0.750 -0.07 -0.04 -0.03 0.09 -0.14 -0.13 0.00 0.15
1.000 -0.25 -0.19 -0.08 0.02 —-0.36 -0.33 -0.13 0.01

indication of the size and form of the errors, which were
also demonstrated by the incorrect phase shifts observed
in previous studies. The suspicion about the accuracy of
the scattering factors of heavy atoms in this range does
not seem to be lessened by the present results. Improved
calculations seem desirable, if possible.

Digital Fourier filtering. The different R factors of Table 1
show an improved agreement from 22 to 37°, for the
Fourier-filtered photometer data. In the least-squares re-
finements the improvements of the R, values vary from 2
to 279, [Table 5, lines (d) and (c)]. None of the structure
parameters was significantly changed by the filtering. Set-
ting the cut frequencies of the filter to the Nyquist limiting
frequencies of the applied s intervals, the idea was not to
achieve aliasing of these high frequencies of the photom-
eter data into the intensities on the s scale, in this way
hoping to minimize an expected rise of data correlation
by the smoothing. The average correlation coefficients'®
p(|s, —s,|) are compared in Table 6 for the filtered and
unfiltered data. For the long camera distance the data
correlation rises moderately owing to the filtering process,
while the larger increase of the short camera distance data
correlation is somewhat worrisome and indicates that a
higher cut frequency might be tried to see if the correla-
tion of the filtered data could be reduced.

The close to one hundred points on s scale finally used
for the data from both camera distances are, for the ap-
plied photometer step of 0.1 mm, based on nearly 585
photometered points. The filtered photometer data are a
function of all these points, and the reason for the higher
Nyquist limiting frequency of the photometer data is of
course this larger number of points. With the same num-
ber of points of the two scales, the presented way to filter
would not allow the use of any filtering process. Thus this
filtering is not a mere cosmetic smoothing of the data, but
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a way to include more of the information of the plates
into the structure analysis.
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