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Summary

1. Preceding Papers X, Xl and X[l had each figure of curves Cy and Cy in
snow covers which were deposited in different manners on differently sloping
grounds. It was noted, in the last article of the English summary of Paper XII,
that curves Cy kept simple and like forms in all the snow covers, whereas curves
Cy changed forms greatly as the snow covers differed. The above simple and like
form is a bow-like one joining a point on the-ground and a point on the surface of
the snow cover.

2. This Paper XV makes two assumptions, which will be described in Article
4 below, and proves on them that curves C, always start from the ground and
traverse the snow cover to reach surface S, of the snowcover, never returning
to ground G and never intersecting one another on their ways. The two assump-
tions seldom fail. The next Paper XIV will determine the rare conditions under
which the assumptions become untrue.

3. The name ‘type H’ is given to any curve which starts from ground G and
traverses the snow cover to reach surface S,. The name °‘type G’ is given to any
curve which starts from a point on ground G and returns to it at the other point
on it. ‘Interior’ of the snow cover does not include either of surface S, and
ground G.

4. The two assumptions are as follows:

The first assumption: Curve C, does not terminate in the interior of the snow

cover. It can have its end only either on surface S, or on ground G.

The second assumption: Two curves Cy may cross each other, making a point
of intersection in the interior of the snow cover. The point of intersectionis isolate ;
that is, if there are more than one point of intersection, any two of them are

positioned apart with a finite length between. There is no point in the interior
of the snow cover at which more than two curves C, intersect.

5. Figure 1(a) of the text is composed of many segments, each of which
is partly solid and partly dotted. They represent pieces of curve Cy interéecting
one another. Stresses work on the zigzag line of type H joining point A and point
B in the horizontal direction, because its whole length is composed of parts of
curve Cy. Let such a zigzag line be called ‘path C, .

6. Figure 1(b) gives a path Cy which makes a loop. But a mechanical rea-
son prohibits the path C4 from making a loop, because stresses working on it
cannot crearte a vertical force to support the weight of the snow surrounded by
it. Therefore Fig. 1(b) must be rejected and the loops cornering at points D
and F in Fig. 1(a) must be erased.

7. Broken curves(c),(d),(e), (g)and (h) in Fig. 1 represent five types of path
Cy that fit the two assumptions. Types (c), (d) and (e) are mechanically impossi-
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ble, because no stress works on surface S, in cases of types (¢) and (d), while
an infinitely great stress is produced at the foot of path C, of type (e). Thus there
is left a possibility of occurrence of paths C, of type (g) and of type (h);they are
respectively a path C, of type G and a path C, of type H. But the path C, of
type G will be deprived of the possibility due to the reasonings which will suec-
cessively be raised in the following thirteen Articles.

8. Let broken curve AC,C,B of Fig. 3(a) be provisionally a path C, of type
G and let the domain bounded by this path and ground G be called ‘domain K’ .
There will be points of intersection of curves Cy in domain K and on the path. C,
of type G, but they must be finite in number, because they are isolate as hypothe-
sized in the second assumption.

9. No branch or one branch or two branches of curve C, can start inward
into the above domain K from a point of intersection on its peripherial path C,
of type G. Points C, and C, of Fig. 3(a) are points of intersection located next
to each other on the peripherial path, both having an inward branch or branches;
there may be points of intersection with no inward branch between the two.

10. Curve C,DA’ of Fig. 3(a) is a path C; which is so drawn that itstarts
from point C, to reach ground G at point A’ with no curve C, branching on its
left-hand side. Curve C,B’ of the same figure is also a path C, and it is so
drawn that it starts from point C, to reach ground G at point B’ with no curve
Cy branching on its right-hand side. The two paths C,do not meet before reach-
ing ground G, because they will make a prohibited loop if they do.

11. Curve A’DC,C,B’ of Fig. 3(a) thus makes a path Cyof type G which has
no inward branch of curve Cy, that is, from which no curve C, starts inward.
A domain shall be called ‘domain L’, if it is enclosed with ground G and a path
Cy of type G from which no curve C, starts inward.

12. Let domain L be named ‘domain M’ and ‘domain N’ respectively according as
whether or not it has points of intersection of curves Cy inside. The following
discussions will first deny the occurrence of domain N and then that of domain M
too.

13. Cap-shaped broken curve A’B’ of Fig. 3(b), being a path C, of type G with
no curve branching inward, encloses a domain N together with ground G. In the
same figure, point A] is positioned on ground G by an infinitesimal distance to the
right of point A” As no curve C, starts inward from curve AB’ and there is no
point of intersection of curves Cy in domain N, curve C, starting from point A}
goes very close to curve A’B’ without branching, and returns to ground G at point
B/ to form a curve C, of type G, point B} being positioned by an infinitesimal dis-
tance to the left of point B.  Point A} is positioned by an infinitesimal distance
to the right of point A7. Curve Cy starting from point A; makes, by the same
reason as above, curve A}B} of type G which goes very close to curve AiB{ to
return to ground G at point B} positioned by an infinitesimal distance to the left
of point B1.

14 As point A} moves to the right with increasing ;, point B; moves to the

left with the result that both the points come very close to each other and make
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the feet of a very narrow. curve Cy of type G as illustrated by curve APB ofFig.
2(d). It is finite in length, but infinitesimal in width. It will be shown below that
such a shape of curve Cy keeps a contradiction in itself. :

15 A horizontal straight line,cuts curve APB at points R and S positioned at
a finite length away formits top point P. If dx denotes the length of the infinites-
imal segment RS and if W is a quantity finite in magnitude, then Wdx will give
the weight of the snow enclosed by the portion of curve APB which lies above seg-
ment RS. It results from this that —W is equal to vertical component o, of the
stress working on segment RS,

16. Let point P of Fig. 2(a) be the highest point of a curve C, of which a
very small portion is illustrated as curve P,PP,. The lines with arrow heads
represent components 0, and 7., of stress, 6, and 7., being abbreviated to s and r
respectively. It is seen from this figure that o, on curve C, changes its sign at
the highest or the lowest points of curve C,, without doing so anywhere other
than at these points.

17. Point P in Fig. 2(d) is the highest point of curve APB;so ¢, must be
opposite in sign at points R and S. It follows from this that o, is equalto zero
on segment RS in contradiction to the result of Article 15, because o, can change
its sign continuously only when it vanishes at a point lying between - point R and
point S. The very narrow curve Cy of type G will sometimes be of an infinites-
imal length of the shape as illustrated by semi-circle AB of Fig. 2(e). It is shown
that curve Cy of type G cannot also have such a shape of infinitesimal size. Thus
it has been proved that domain N cannot be realized.

18. Cap-shaped broken curve A'B’ of Fig. 3(c) has no inward branch and en-
closes together with ground G a domain L that has a finite number of points of in-
tersection of curves C, in its interior. So this domain L is domain M as defined
in Article 11.

19. In Fig. 3(c), poin C is one of the points of intersection of curves C.
Two paths Cy of type G pass point C and divide the original domain M into four
domains : domain E’ and three domains K, marked K7, K; and K3. When these
domains K are transformed into domains L in the same way as done in the case of
Fig. 3(a), any of the transformed domains L must not be domain N, because domain
N is forbidden.

20. Now that the newly created domains 1. are domains M as shown above, in
each of them can again be created three domains M, nine domains M in total. If
such a procedure is repeated, it cannot be helped that forbidden domain N comes
to be given rise to, because each of the procedures uses in creating new domains
M the points of intersection of curves C, present in the original domain M until
they are exhausted at last . It follows from this that domain M is also a prohib-
ited domain.

21. Absence of domain L follows from that of domains M and N, and absence
of domain K follows from that of domain L, and absence of path Cy of type G fol-
lows from that of domain K. Therefore path C, of type H becomes the only pos-
sible path Cy, because there can be no paths Cyother than those of types G and H
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as shown in Article 7.

22. Two paths Cy of type H cannot intersect each other, because, if they do,
they will make a path C,of type (¢)in Fig.1 which is forbidden on the mechanical
ground. A path C, meeting no other curves C; is a regular curve which is con-
tinuous and has no sharp bend. Thus what was stated in Article 2 has been proved
to be true on the two assumtions described in Article 4. Although two curues C,

were permitted to intersect in the assumptions, they do not do so actually.



