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Does Shelyubskii’s evaluation method characterize the homogeneity

of glass?"
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A formula given by Shelyubskii has been used in several publications to characterize the homogeneity of glasses from internal
spectral transmittance curves of Christiansen filters. It is shown that this evaluation method cannot provide any useful data on the

homogeneity of glass.

Kann die Glashomogenitat nach der Shelyubskii-Formel bestimmt werden?

In mehreren Publikationen wurde die Homogenitét von Glas aus dem internen spektralen Transmissionsvermégen von Christiansen-
Filtern mit Hilfe einer Formel von Shelyubskii bestimmt. Es wird gezeigt, daBl mit dieser Auswertemethode keine brauchbaren
Ergebnisse tiber die Homogenitat von Glas erhalten werden konnen.

1. Introduction

According to a recent paper [1], Raman’s theory [2] fails
to characterize the internal spectral transmittance curves
of Christiansen filters correctly. On the other hand,
Raman’s formula has been extended by Shelyubskii to
characterize the inhomogeneity of glasses from such
transmittance curves. According to [3], the internal
transmittance 7 of Christiansen filters made of powder
of inhomogeneous glass is given by

T = exp(—k2n2 A" 2dz(An? + 0?)) (1)

with the constant k> depending on the shape of the
grains and on the packing density, the wavelength A, the
average diameter of the grains d, the thickness of the
filter z, the difference An of the refractive indices
between the glass grains and the immersion liquid, and
a2 is the “square of the standard deviation of the refrac-

tive index from the mean value 77(4)”, i.e.,

ot = ST (1 7Y AP AV, ®

VO Vo

where dV is the volume element and V; is the total
volume under consideration. ¢ is considered to be ap-
proximately independent of the wavelength since the in-
homogeneities are presumed to shift essentially the dis-
persion curve n(4) of the glass parallel to the n axis. For
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a? = 0 equation (1) corresponds to Raman’s formula [2].
Since it was shown in [1] that various experimental
characteristics of the spectral transmittance curves of
Christiansen filters using powder of the optical glass K5
[4] are not correctly described, one would also expect
that equation (1) is not adequate to characterize the
homogeneity of the refractive index. Nevertheless, equa-
tion (1) has been applied in several publications [5 to 11]
to quantify the homogeneity of glasses from the spectral
transmittance of Christiansen filters without and with
questioning the reliability of the evaluation method.

In order to clarify the situation, the relevance of
equation (1) for the determination of the homogeneity
of glasses from the spectral transmittance curves of
Christiansen filters is investigated in the present paper.
The author does not consider in detail the practical
problems of determining and evaluating the trans-
mittance curves of Christiansen filters as a function of
the wavelength nor the basics for a theory.

2. Shelyubskii’s evaluation of the spectral
transmittance curves of Christiansen filters

From a mathematical point of view one can characterize
the homogeneity from equation (1) in a straightforward
manner irrespective of its validity: the transmittance
reaches its maximum

Tmax = exp(—k2n2A"2dz0?) 3)
for An? = 0. The value of half maximum

Tmax/2 = exp(—k2n2A"2dz(An}, + o?)) 4)
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Figure 1. Theoretical internal transmittance of Christiansen fil-
ters made of homogeneous glass as a function of wavelength,
A, according to Raman’s formula (equation (1) with o? = 0) for
different values of k2. Parameters: z = 5 mm, d = 0.19 mm; the
data of the refractive indices are taken from [1].

defines two solutions for the difference between the
refractive indices of the liquid and the glass grains.
Neglecting small corrections for A? in the denominator
of the argument of the exponential, one obtains from
equations (3) and (4)

0 = (Anipp) In(1/ Tnax)/In(2) (%)

Thus, it is necessary to know the difference An;/, be-
tween the refractive indices of the immersion liquid and
of the glass grains for T7;,,/2 at constant temperature
with sufficient precision. This problem, however, can be
overcome by a different procedure: one determines the
temperature coefficient drng/d of the refractive index of
the fluid (being much larger than that of the glass) and
measures the spectral transmittance curve at constant
wavelength (632.8 nm of the HeNe-laser, e.g.) as a func-
tion of the temperature. (The variation of the refractive
index of the glass with the temperature is often
neglected, since the temperature coefficients of inorganic
glasses dngy/dd are usually much smaller than those of
liquids. If necessary, however, the variation of the refrac-
tive index of the glass with the temperature can be taken
into account.) In this case, the difference of the refractive
indices is not varied by changing the wavelength but by
a variation of the temperature. This results in a spectral
transmittance curve of the Christiansen filters as a func-
tion of the temperature. With the temperature ¥; and
,, for which the transmittance is just half maximum,

[(h — B2) dna/d9* = (2Any2)° (6)

yielding from equation (5)

a2 = |(%h — D) dng/dIf? In(1/ Tiax)/(410(2)) . ™

If the variation of the refractive index of the glass grains
has to be taken into account, dng/dd has to be replaced
in equation (7) by (dnp/dd — dngy/d).

The variation of the refractive index can also be
achieved by applying pressure to the immersion liquid
instead of varying the temperature [12]. In this case, the
spectral transmittance curve is measured as a function
of the pressure.

Figure 1 shows the theoretical internal transmittance
of Christiansen filters as a function of the wavelength 4
for different values of the parameter k2 with the square
of the standard deviation ¢ = 0. With decreasing k? the
spectral width of the transmittance curves becomes
larger. This can also easily be seen in the argument of
the exponential: if k2 decreases, the rest n2A~2dzAn?
must increase in order that the argument remains the
same. Since 12, d, and z are constant and 12 does not
vary considerably, this decrease of k2 has to be compen-
sated by an increase of An?. According to Raman, the
parameter k? is expected to characterize the shape of the
glass grains if the packing density of the filling factor,
i.e., the ratio between the volume occupied by the glass
grains to the sum of the volume of the immersion liquid
and the glass grains, remains constant. Experimentally,
however, one observes that the width of the transmit-
tance curves rather depends on the aperture angles
(horizontal and vertical) of the beam used for the trans-
mittance measurements [12] than on the shape of the
grains and the packing density: large aperture angles
cause broad spectral transmittance curves yielding small
values of k?, whereas small angles are responsible for
small halfwidth yielding large values of k2. This, how-
ever, is in contrast to the proper meaning of k? defined
by Raman [2]. k% has been calculated for special cases
only, such as spheres and cubes. Therefore, k2 has to be
determined in general from experimental spectral trans-
mittance curves. k2, however, determines the value of ¢2.
This can easily be seen from equation (1). If k2 is small,
An? must be large in order that T decreases to fit a bell-
shaped transmittance spectrum. At the same time, how-
ever, the influence of the inhomogeneity of the refractive
index o2 can be seen from the transmittance curve only
if 62 is in the order of An?. Thus, according to equation
(1), small values of a2 can be detected only if & is large,
whereas large o2 can be seen only if k? is small. For
short, the value of k? defines essentially the value of a?.
This has been confirmed by numerical calculations.
Figure 2 shows the internal transmittance spectra from
figure 1 modified by inhomogeneities of the refractive
index, ¢, which are necessary to decrease the maxima
by an appreciable amount according to equation (1). If
a2 > 0, the transmittance maxima are lower, whereas the
halfwidth and consequently k> remain approximately
constant. As has been mentioned already above, k2 and
thus the halfwidth of the transmittance curves depend
sensitively on the aperture angles of the measuring
beam, which can be changed arbitrarily depending on
the experimental equipment. Depending on the aperture
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angle, however, the halfwidth entering equations (5) and
(7) can vary by several orders of magnitude. As a con-
sequence, the value of ¢? characterizing the inhomo-
geneity of the refractive index can be adjusted experi-
mentally at will using equation (1) for the evaluation.

3. Results of different authors

An arbitrary selection of data on the inhomogeneity of
the refractive index of different glasses is summarized in
table 1. All data have been obtained from the spectral
transmittance of Christiansen filters using the evaluation
method of Shelyubskii [3]. It is surprising that optical
glasses show values of ¢? in the order of some 10~° and
10~¢ depending on the year of investigation. Further-
more, the square of the mean deviation of the refractive
index of optical glasses, 2, may be in the same order of
magnitude as that of container glass, as can be seen in
the first and the second line of the table. It is hard to
believe that the homogeneity of container glass is of the
same order as that of optical glass and that the homo-
geneity between optical glasses may differ that much.
The explanation for these remarkable results is easily
understood: the transmittance spectra of [10] have been
obtained using an HeNe laser with rather small aperture
angles (delivering necessarily small values for the homo-
geneity on the basis of equation (1)), whereas the other
data correspond to experimental results using spec-
trometers with larger aperture angles. In fact, the data
of g2 correlate with the aperture, as is expected accord-
ing to the discussion above.

4. Critique, discussion, and conclusion

The results show very clearly that Shelyubskii’s evalua-
tion method of the spectral transmittance of Christiansen
filters [3] does not provide useful data on the inhomo-
geneity of glasses. Shelyubskii’s evaluation method is
based on an extension of Raman’s formula [2] on the
spectral transmittance of Christiansen filters made by
immersing glass grains into an index matching fluid.
Since Raman’s formula had already been questioned in a
previous paper [1], it is not surprising that Shelyubskii’s
extension of that formula fails, too. The main reason
is that in Raman’s formula several contributions to
the transmittance losses are neglected. Raman and
Shelyubskii did not consider Fresnel’s reflection losses,
Rayleigh scattering and the change of the aperture
angles due to refraction and diffraction.

Several other authors criticized the application of the
Raman-Shelyubskii formula, too [6 to 9]. However, a
clear statement of the reliability of Shelyubskii’s evalua-
tion method was missing until now. Varshneya, Loo, and
Soules state “the failure of the Raman-Shelyubskii
theory to fully describe the experiment” in [7]. They
applied Monte Carlo calculations considering refraction
and reflection to fit their transmittance data. In the same
paper, however, the authors applied Shelyubskii’s theory
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Figure 2. Theoretical internal transmittance of Christiansen fil-
ters made of inhomogeneous glass as a function of wavelength,
A, according to equation (1), i.e. the formula of Raman and
Shelyubskii [3], for different values of k? and 2. Parameters:
z = 5mm, d = 0.19 mm; the data of the refractive indices are
taken from [1]. 62 has been chosen in such a way that the trans-
mittance maxima in figure 1 (where o> = 0) are appreciably
reduced.

Table 1. Mean square of the deviations of the refractive index
of different glass types, 62, using Shelyubskii’s evaluation tech-
nique of the spectral transmittance of Christiansen filters

type of glass value of ¢? year and reference
optical glass 2.916 - 107° 1995 [10]
container glass 7225 4107 1995 [10]
container glass I 6.76 - 1078 1995 [10]
container glass 11 2.44 - 1078 1995 [10]
float glass 1.69 - 10~8 1995 [10]
optical glasses (2.33-5.62) - 107¢ 1968 [5]
container glass (9.5-91)- 108 1986 [9]
borosilicate glass

(General Electric)  (0.34—0.8) - 107¢ 1985 [7]

and concluded “that good reproducibility and a good
sensitivity are obtained in measuring glass inhomo-
geneity by using the Shelyubskii wavelength scan
method”.

Aylward, Cable, and Wang criticized Shelyubskii’s
evaluation method in [9]; they even proposed a new
formula (unfortunately without derivation). Finally,
however, they concluded: “it is also clear that the cal-
culated Shelyubskii variance is not the true variance of
refractive index in glass but it remains a useful practical
index”. In an earlier paper, Afghan and Cable [6] came
to a similar conclusion: “Although Shelyubskii’s tech-
nique is very useful in practice it does not correctly
predict the variance of the refractive index in the sample;
a theory based on geometric optics is needed for this
case”.

Imagawa critically examined Shelyubskii’s formula in

[13]. The main result was that “a correction factor, f,
was introduced into Shelyubskii’s formula to take into
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account the difference between the actual random
arrangement of the particles and his model of hypo-
thetically rearranged particles”.

Considering these results, one must conclude that the
situation concerning the reliability of Shelyubskii’s
evaluation method has been confusing hitherto. There-
fore, it was necessary to examine the approach of
Shelyubskii critically, as has been done in the present
paper. The conclusion is that Shelyubskii’s evaluation
method of the spectral transmittance curves cannot
deliver useful data characterizing the inhomogeneity of
glass. Thus, the clear answer to the question in the
headline is: no. With a suitable new theory and using
different evaluation procedures, however, it still seems
to be possible to characterize the inhomogeneity of
glasses from the internal spectral transmittance curves
of Christiansen filters.

The author thanks M. Sc. Frank Richter for critical reading of
the manuscript.
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