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Summary

1. Figures (a) and (b) in Fig. 1 of the text show vertical sections of the snow covers which
are both infinitely wide and infinitely long. Lines marked S and G are respectively the surfaces
of the snow covers and those of the sloping grounds upon which the snow covers lie. The
snow covers flow very slowly down the sloping grounds two-dimensionally in the planes of the
vertical sections. Let the snow cover of Fig. 1(a) be called ‘snow cover A’, whereas that of
Fig. 1(b) be called ‘snow cover B’. Each of the two snow covers is described by the use of
its own set of coordinate systems (x, 2) and (X, Z) as seen in Fig. 1. Axes of X and Z are
respectively horizontal and vertical.

2. The snow covers are assumed to be homogeneous incompressible Newtonian viscous fluid
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which sticks to grounds G without gliding upon them. In the previous Paper XXI*, Yosida
and Suzuki determined the components of stress and flow velocity in snow cover A by solving
approximately differential equations [4] and [5] shown in the English summary of the same
Paper. For that approximation, it was assumed that

4y =8/hg1 and 4 =2r6[A=0wdL1. [1]

3. The similar approximate calculations were made for the components in snow cover B and
the results are shown in chapter II of the present Paper XXII. The components are expressed
in the form of

[2]

2 1 2
0y = 0%ty +de6%, 0, =0 +o; 4003 T =i i+ 407k,
u=w+ut+de?, v=1"+v+4.7%

where u and v are respectively x- and z-components of flow velocity. Letters g, p and 7
denote respectively acceleration of gravity, density and viscocity of the snow.

4. Abbreviations are used for constants, variables and functions as shown by Egs. (5~9) and
Eq. (11) of the text. Equations for surface S of snow cover B and for ground G are respec-
tively given by

=0 and C=C+4e0. [3]

Equations (14) of the text give the first terms shouldering index 0 in the right sides of the
above equations [2], while Eqs. (15) and (16) give the second terms indexed with 1. The
third terms are obtained from Egs. (17) multiplied by 4 and Eqgs. (18). The components of
stress are thus determined with errors that are 4%:4,-W in order of magnitude.

5. Yosida introduced in Paper IX” two sets of curves named Cy and Cy, with the intention
of finding a method to study stresses in snow covers by means of something linke illustration.
Curves Cy and Cy in snow covers A and B are drawn in chapter III of the text by use of the
stresses obtained in the previous paper and above in this Paper.

6. Curves Cy and Cy are respectively given by solutions of

dZ/dX = az/tzx = tan ¢ and dZ/dX = zzxfox =tan ¢, [4]

differential equations valid both in the two coordinate systems (X, Z) shown in Fig. 1. These
differential equations are conveniently solved when transformed into those expressed in the
coordinate systems (z, ). Differential coefficients for the curves can in these systems be written
as follows:

dz/dx = tan (o +a) = [(6z/rzx) +tan a]/[1 —(ez/rzx) tan a] , } (5]

dz/dx = tan (¢ +a) = [(rzx/ox) +tan al/[1 —(czx/ox) tan & .

The differential equations in (x, 2) are thus obtained by transforming ¢x, oz, zzy in the above
equations [5] into g, 0;, Tz through the well-known formulae shown in the text as Egs. (23).
7. Curves Cyg and Cy were drawn for snow covers A and B directly from the differential
equations by the use of an electronic computer. Figure 2 of the text gives the curves in snow
cover B, while Fig. 4 gives those in snow cover A. In both Figs, curves Cy and curves Cy
are respectively shown in figures {(a) and figures (b). Tree-like figures {c) represent the mag-
nitude of rzx by the length of their horizontal branches. As tangents to curves Cy and Cy
yield the values of gz/rzx and rzxfox respectively, stresses can be known at any point in snow
covers A and B from the three figures (a), (b) and {c). There are two points marked A and
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B on each wavelength 4 of surfaces S in both cases of snow covers A and B. These points
are peculiar in that curves Cy and Cy reach surfaces S at them. Figures (a), (b), (c), (d) are
in Fig. 4 contracted in the direction of x, with straight lines (H) and (V) indicating the hori-
zontal and vertical directions respectively.

8. The subject is here turned to any snow cover C that flows two-dimensionally down a
sloping ground; surface S and ground G may be of any shape and the snow need not be
Newtonian viscous fluid. A pair of principal stresses shall be called SP (single principal stress)
if one of them is very small in magnitude in comparison with the other, while the pair shall
be called PSP (perfectly single principal stress) when one of its components utterly vanishes.
On surface S stresses are PSP which coincides in direction with the tangent to the surface.
This makes surface S a curve Cy and a curve Cy simultaneously. Let I denote the value of
PSP on surface S.

9. It was shown in Paper XV¥ that each of curves Cy starts from a point on ground G to
terminate at a point on surface S of snow cover C, without intersecting others on its way.
But the points of termination are restricted on surface S either to singular points at which
I vanishes or to ordinary points at which the tangent to surface S happens to lie horizontally.
These restrictions make surface S short of points of termination, which brings an embarrasment
in drawing curves Cx. But, from the practical point of view, every point on surface S can be
regarded as a point of apparent termination as will be explained below.

10. Real surface S’ of snow cover C is undulating finely and irregularly ; its commonly used
surface S is nothing else the mean curve of surface S’. Letters I’ and 4 shall respectively be
used for the value of PSP on surface S’ and for its main wavelength which is much smaller
than thickness /& of the snow cover C.

11. Suppose snow cover A of Fig. 1(a) to wave its surface with wavelength &, and call snow
cover A supposed as such by the name of snow cover A’. If snow cover A’ is thought of
as a special case of snow cover C, its [ is equal to 0 everywhere on surface S (straight line
Sy in Fig. 1(a)), while its I’ vanishes twice at singular points A and B in every wavelength
X of surface S’ {curve S in Fig. 4).

12. Let snow cover A’ be transformed continuously to snow cover C through continuous
changes in surface S’, ground G and nature of the snow. During this transformation curves
Cyx also change without stopping to reach surface S at singular points A and B which stay
in the same wavelength 1 of surface $’. At the same time I deviates from zero that was
its initial value to become finite in magnitude.

13. As there are many examples of continuous transformation that is broken due to the
occurrence of a catastrophic phenomenon when pushed on too much, the transformation of
snow cover A’ mentioned above is safely limited in application to the cases in which I of
snow cover C is small in magnitude. But, at any rate, it is seen that curves Cg are not
hindered in finding points of termination on those parts of surface S where magnitude of I is
not great.

14. As a diflerence between I and I’ is small in value, surface S’ of snow cover C will have
no singular point in those parts of its surface S where I is great in magnitude. The great
magnitude of I causes stresses to be SP almost parallel to surface S in thin surface layer Lg
of snow just below it, and this results in extending of curves Cy in layer Lg approaching
surface S little by little until they find points of termination upon it. Figures in Papers XII?
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and XIII® show examples of such behavior of curves Cu in the neighbourhood of surface S.
15. Points of termination will be found where I reduces in magnitude or where the tangent
to surface S becomes horizontal. Curves Cy can thus terminate on surface S if they only reach
layer Lg and no restriction is placed on their reaching it. This means that curves Cu can
practically terminate on surface S at any point upon it, because layer Lg is so thin that it can
be regarded as surface S itself.

16. It is seen from what was stated in Articles 10~15 that curve Cu can practically reach
surface S of snow cover C at any point upon it whether that point is qualified for real termina-

tion or not.



