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1 0.20000| 0.17057| 0.08492] 0.05881| 0.04521] 0.03678} 0.03102] 0.02683| 0.02364| 0.02113] 0.01911
2 0 | 0.42943] 0.34338] 0.19518| 0.14337] 0.11433| 0.09540| 0.08198| 0.07194| 0.06412] 0.05785
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8 0 0 0 0 0 0 0 | 1.01889| 0.83482| 0.52467| 0.41191
9 0 0 0 0 0 0 0 0 | 1.08645| 0.89122 0.56228
10 0 0 0 0 0 0 0 0 0 | 1.15004] 0,94429
11 0 0 0 0 0 0 0 0 0 0 | 1.21030
12 0 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0 0
19 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0
21 0 0 0 0 0 0 0 0 0 0 0
22 0 0 0 0 0 0 0 0 0 0 0
23 0 0 0 0 0 0 0 0 0 0 0
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ik 1 2 3 4 5 6 7 8 9 10 1
1 5.00000-1.98601| 0.45016\-0.16640| 0.03563-0.01882| .0.00123]-0.00336-0.00094|-0.00112-0.0007 1
2 | 0.00000| 2.32867|-1.39867| 0.27794-0.13459| 0.01674/-0.01933|-0.00275/-0.00505|-0.00255/-0.00222
3 0 0 | 1.74917-1.17746] 0.22404'-0.12273| 0.01030-0.01990-0.00452/-0.00600|-0.00344
4 0 0 0 1.45998/-1.03745| 0.19337-0.11360| 0.00691|-0.01982|-0.00543|-0.00649)
5 0 0 0 0 | 1.278891-0.93800| 0.17277/-0.10619| 0.00488|-0.01948/-0.00591
6 0 0 0 0 0 | 1.15189-0.86264| 0.15771/-0.10002| 0.00356/-0.01503
7 0 0 0 0 0 0 | 1.05650/-0.80295 0.14605-0.09479| 0.00266
8 0 0 0 0 0 0 0 | 0.98146-0.75415| 0.13666/-0.09029
9 0 0 0 0 0 0 0 0 | 0.92043-0.71328| 0.12890
10 0 0 0 0 0 0 0 0 0 | 0.86954]-0.67842
11 0 0 0 0 0 0 0 0 0 0 | 0.82624
12 0 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0 0
19 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0
21 0 0 0 0 0 0 0 0 0 0 0
22 0 0 0 0 0 0 0 0 0 0 0
23 0 0 0 0 0 0 0 0 0 0 0
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Summary

The size-frequency distribution of ice particles in snow cover is an important factor
in describing the snow cover. Since present methods of size analysis are confined to the
separated particles, those methods can not be used for the analysis of snow cover, because
the snow cover is made of a net work of ice particles and it is difficult to separate the
particles without destroying them. The result is that no one has so far reported the size
distribution of ice particles in snow cover. W. C. Krumbein tried to determine the size-
frequency distribution of indulated sediments by means of thin section, but he only suc-
ceeded in calculation of the moments of grain size distributions in sediments. He did not
solve an integral equation representing the relation between size-frequency distribution of
unharmed perfect grains and that of cross sectional domains of the grains appearing on
the section of the rock. At the present time, since we can utilize the electronic computing
machine, we can easily solve the integral equation numerically. This paper reports how
the size-frequency distribution could be obtained from microphotographs of the cross sec-
tion of snow cover.

A piece of snow sample was immersed at temperature —5°C in aniline which contained
suspended powders of ferric oxide (rouge), and it was solidified at a temperature about
—25°C, then it was cut and planed. The microphotographs of the cross section were
obtained by the light reflected at the surface of the section which was illuminated vertically
and obliquely (Fig. 1). The magnification of the photograph was 14.6 times.

At first, on the photograph the length of segments of a straight line caught by a
boundary line of a sectional figure of snow particles was measured by means of comparator.
That is, both positions where the straight line crosses the periphery of each particle were
registered and the length of segments was calculated. The length-frequency distribution
of segments was obtained for a set of 60 parallel lines 150 mm long and at 1 mm intervals.
This means the area 150X 60 mm on the photograph was observed. The distribution is
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shown in Fig. 4. The segments were classified according to their length. Each class had
an interval of 0.4 mm.

From the measurments, the line density, that is the proportion of the summed up
length of segments to the whole length of the original line, was also obtained. The line
density for one line differs from that for the neighbouring line. In Fig. 3, the line density
for each line was plotted in the order of the position of the line. The mean line density
was 0.428 and the standard deviation was 0.0692. From the value of standard deviation,
it is understood that 80 lines must be used for the calculation of the mean line density,
if one expects the mean value to fall in the interval 0.428-£0.02 with the reliability of
999. As the mean line density must be the same to the volume density, it was multiplied
by the density of ice 0.917 g/cm®; then the density of the snow sample 0.392 g/cm® was
obtained. This value, obtained from the microphotograph, is in accord with the value
0.39 g/cm® that had been measured from the weight and volume of the sample before it
was immersed in aniline.

At first, figures of cross sectional domain of the grains are assumed to be similar
figures. The longest diameter of the figure is denoted by D, and the frequency distribution
of D is denoted by #(D). If the length of the segment is represented by /, and the fre-
quency of the segments is represented by ¢(J), then the relation between (¢)I and (D) is
represented by the following equation.

o(l) = SjF(—é)sﬁ(D)dD

where F(//D) is a characteristic function for the similar figure. The function can be
calculated for any figure. If the segments or the diameters are classified into many groups
according to their length and the deviation of length in every group is of small range
4l or 4D, then the representation of the group @; or ¥, is defined by Eqgs. (5) and (10).

£47
%:S o(dl, i=1,2 ,n. (5)
(4-1)42
k4D
m:S SDAD, k=12 n. (10)
(k=1)4D

If Fi: is defined by
1 241 k4D l
Fu = 4D S(i—l)AlS(k—l)Al)F<ﬁ>dldD’

then the following equation
mizzFikW.ka i=1,2,"',7l (12)
k=1

is introduced. 1In the calculation the approximate Eq. (9) in the text has to be satisfied.
If @; is known, then ¥, is obtained as the solution of Eq. (12). For the circle F(//D)
which is necessary for calculation Fy; is defined by Eq. (18) or Eq. (18') in the text. Where
dy represents the intervals of the parallel scanning lines drawn on the plane on which
the circle is figured.

In application, a microphotograph of a section of a sample of snow cover shown in
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Fig. 1 was used. At first, the segments cut from the parallel lines by the ‘boundary line
of the sectional figures of snow grains were measured and the frequency distribution was
obtained. (After this, the frequency distribution obtained by this treatment will be referred
to merely as “frequency distribution of segments”.) Then, the frequency distribution of
the diameters of corresponding circles was calculated by the use of Eq. (12). The interval
of parallel lines 4y was 1 mm, and the interval of histogram 4! and 4D was 0.4 mm, and
the maximum value of 7 and % was 23, that is m=7n=23. The numerical calculation of
Eq. (12) was made by the electronic computor. The histograms for the diameter shown
in Figs. 6 and 7 were calculated from the histogram for the segment shown in Fig. 4.

In calculation of Fig. 7, the moving average of @, that is, %(@¢—1+20¢+0)iﬂ) was used

instead of @;,. Meanwhile the area of the sectional figure of each grain was measured and
the frequency distribution of the diameters of circles which had the same area as the
sectional figures was obtained. This is shown in Fig. 5 and with a dotted line in Figs. 6
and 7, too. The errors of calculation seem to be concentrated in ¥; whose suffix & is
small.

The relation between the frequency distribution of diameters of spheres and those of
sectional figures, circles, is the same as the relation between the frequency distribution of
circles and that of segments. The frequency distribution of diameters of corresponding
spheres of the snow particles is shown in Fig. 12 being calculated from Fig. 5. The full
lines of Figs. 8 and 9 show the data having appeared in the paper of Krumbein. Figure 8
shows the frequency distribution of grains on thin section and Fig. 9 shows that of loose
grains. The dotted line of Fig. 8 was calculated from the full line of Fig. 9, and the
dotted line of Fig. 9 was calculated from the full line of Fig. 8, with the use of Eq. (12).

In this paper, the statistics of size were so far taken about the diameters of corre-
sponding circles which have the same area as the sectional figure of the grain. Therefore
the error caused by this treatment was examined. An ellipse was considered, for example.
The ratio of major and minor axes was 2:1 and the area was =, that is, the radius of
the corresponding circle was 1. The frequency distribution of segments obtained from
the ellipse was found to be the same as that obtaind from a group of circles of which
the distribution of radii A was f(A) in Fig. 10. The histogram of segments obtained from
an ellipse whose major and minor diameters are 105X+ 2 and 10.5/4 2 or from a group
of circles of which the distribution of diameters is represented by ¥; in Fig. 10, is shown
by a full line in Fig. 11 and the histogram of segments obtained from a corresponding
circle of radius 10.5 represented by the dotted line in Fig. 10 is shown by a dotted line
in Fig. 11. From these results, one can expect that the error on the frequency distribution
caused by regarding ellipses as circles may not be large, if the curve of frequency distri-
bution is mild and broad.



