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Summary

A structural analysis of a polycrystalline ice (including snow) consists of two parts,

geometrical and optical, where the former is concerned with such geometrical features

as grain sizes, shapes, specific boundary areas and so on, while the latter with the

optical direction of each grain.

A standard digital method for the former goes as follows: At every point of

a grid on a sample, some information capable of distinguishing one grain from another
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is collected, digitalized and fed to a computer, then a comparison is made successively
between two sets of information taken at two adjacent points. If the two sets are
equal, the computer recognizes that two points belong to a grain.

The optical direction of an ice grain offers the best information to distinguish it
from other ice grains. Hence, if one uses it as a source of grain identifying informa-
tion in the digital method, an optical analysis will be simultaneously done with a
geometrical analysis.

Swiss researchers have been working on this principle to make a “Tomograph”
(automatic thin section analyzer for snow) with a seemingly limited success. Though
it gives a good result for a geometrical analysis, it takes rather a long time to treat
a sample and yet optical direction measurements are not sufficiently accurate.

The reason is that they have attempted to obtain complete information on optical
directions at every grid point. Since the number of grid points should be large (250
X250 as standard) to give a good geometrical analysis, a very short time is allowed to
collect optical information at one grid point.

Difficulties will be easily overcome if one seperetes geometrical from optical ana-
lyses. Indeed, as grain identifying information, incomplete information on optical
directions such as brightness of an orthoscopic image is sufficient, which may be col-
lected by electronic scanning as rapidly as less than one second over all grid points.
After recognizing grains by geometrical analysis, one needs to measure optical direc-
tions only once for each grain. Since the number of grains is about one hundredth of
that of grid points, even if one spends ten times as long as the case of a Tomograph,
one can reduce a treating time to one tenth shorter than that of the Tomograph.

Thus a system of automatic structural analys has been considered: firstly a geo-
metrical analysis using brightness of an orthoscopic image as grain identifying infor-
mation, and secondly an optical analysis to obtain information on the optical direction
of each grain which has been identified by the geometrical analysis.

Because many devices for a geometrical analysis have been already commercially
available, only the latter analysis is discussed in the following: In the above system,
an optical analysis is based on the identification of a grain by the geometrical analysis.
But since a geometrical anayzer is rather expensive, it is desired that an optical ana-
lyzer is able to work independently of a geometrical analyzer. Hence, a semi-automatic
optical analyzer doing the following procedures is proposed:

1) The orthoscopic image of a specimen is projected on a “coordinate digitizer”.

2) Points to be measured are indicated manually on the coordinate digitizer, which
digitalizes their coordinates and feeds digitalized data to a computer.

3) The specimen is set on a moving stage which by the control of the computer
carries the first point to a device of collecting optical information.

4) The device collects information and feeds it to the computer.

5) The computer controls the stage so as to carry the next point to the device,
while translating the information into two angular data (zenithal and azimuthal)
during the movement of the stage.

6) Repeat procedures 4) and 5) until the last point is treated.

7) The computer makes various statistical analyses, including Schmidt’s net ana-
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lysis.

The information collecting device should finish its operation at one point in, say,
two seconds. Then, for a specimen of 600 grains, the scanning time would be reason-
able 20 minutes. The manual method using a four-axis universal atage is difficult to
be automated to do the operation in that short time, because the method requires
many back and forth rotational movements around several different axes. Hence,
a method using a one-way rotation around one axis is devised, which may be called
as “tilted axis rotation method”.

Consider an ordinary crossed Nicol system. Take a Cartesian coordinate system
Xyz with Xp-plane being parallel to the polarizer and the analyzer, X¥-axis to the polar-
izing axis of the former and F-axis to that of the latter. Consider another Cartesian
coordinate system xpz, fixed on a paralle]l surfaced ice with z axis being normal
to the surface. Let the zenithal and the azimuthal angle of the optical direction of
ice referred to xpz system be 9 and ¢ and those referred to x¥z system 9 and @,
respectively.

As is well known, when the ice is put between the polarizer and the analyzer
with z parallel to Z and is rotated around z, the transparency of the whole system for
a ray moving along Z is changed as shown in Fig. 2, where @ is the rotational angle
of the ice with w=0 showing that x coincides X. For a favorable thickness of the
ice, ¥ is a one-value function of the maximal trasparincy, Imax, and can be determined
by it, while ¢, being calculated from @ at Iy.x, has four possible values.

This arbitrariness of ¢-determination disappears if the rotational axis z is tilted
to 2. As an example, a case where z tilts from Z by an angle 22.5° to the direction
X+ is considered. Fig. 3 shows the results of calculations of the transparency I(9, ®)
for a monochromatic light of wave length 2 moving along Z (in ice) and with the ice
of thickness D=21cos 22.5°/(e—v), where v is the refractive index of a normal ray
while ¢ that of an extraordinary ray moving normal to the optical axis. The abscissa
of Fig. 3 is expressed by the linear scale of the rotating angle, w, with «=0 now
showing x to be on 2 z-plane. Numbers indicate 9 of curves. Note that @ is a
complicated function of ¢, ® and 9, but w=—¢ and 7#—¢ correspond to $=45° and
225°, respectively. The numerical values of I(9,, —9)=I(9,, r—¢) are tabulated in the
third cloumn of Table 1, where in the fourth column those for an ice thickness of
0.95D are also shown for their sensitivity to an ice thickness to be seen.

In order to obtain ¥ and ¢ from the transparency curves, one first searches the
highest transparency Imax, and corresponding ;. If one gets two or three values for
o,, skip to searching for the lowest maximum transparency. If not, Im.x is surely
I(9, —¢) and ¢=—o,. Compute 9 from In.x. If one gets 9 less than 45° regard
it as a true value. If not, one may rather use I(:,7—¢) for determining ¢, because
I1(9, —¢) is insensitive to ¢ (>50°) as seen from Table. 1. Now, search for the lowest
maximum Iminimax and corresponding w,;. Because ¥ is now larger than 45° Ininimex
is surely I(J,7—¢). One has only one value for w; except in case 3~90° where one
has two @, values, @, and w,+7n. Here one may choose either one. ¢ is clearly given
by 7—w, and 9 is computed from Iminimax giving a value larger than 45° Above
procedures can be applied to the case where an ice thickness is less than D. If it is
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thicker than D, determination of 4 and ¢ becomes very complicated.

From Table 1, it is seen that, if one measures the transparency to a 1% accuracy,
one can get 9 in an accuracy of 1°, and a comparison between columns 3 and 4 shows
that a 5% error in the ice thickness will give less than an error of 3° for 9.

In section 5, procedures of Schmidt’s net analysis are discussed and a rough design
of a computer program is shown.



