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Résumé

In order to study the friction between iron and snow an annular plate of iron was
put on a rotating disc of snow.. (See the photograph in Fig. 1 of the text.) The annular
plate was held at its center by a tube of phosphorbronze on the surface of which were
cemented strain gauges. The force of the friction between the annular plate and the
snow gave a twist to the tube of phosphorbronze and the strain gauges on it converted
that twist into an electric current. The electric current was registered by a recording
galvanometer or by an electromagnetic oscillograph. The experiments were made at
several temperatures lying between —2 and —23°C. The frictional speed v, that is, the
linear speed of snow against the iron plate, was altered in a wide range from 10-° to
10® cm/sec. )

It was found that there are three types of kinetic friction. The author names them
A, B and C. The three curves of frictional force shown in Fig. 5 belong to types A, B,
C respectively from above to below. Type A is continuous, type B is saw-toothed and
type C is characterised by small irregular fluctuations. Which of the types is realized
depends upon the frictional speed » and the temperature 7. They are indicated on
T—logv plane of Fig. 6 by different marks: type A by crosses, type B by light circles
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and type C by solid circles. Type A occupies the region of high temperature and low
speed, type C that of high temperature and high speed, while a wide region is covered
by type B at low temperatures. The values of the coefficient 4, of kinetic friction are
plotted on T—log v plane of Fig. 8. Their general dependency on T and v will be seen
from the thin curves which are drawn so as to run through the points of prescribed
values of i

Kinosita (reference (4)) compressed snow at constant speeds of different magnitude
and registered the resistance R exhibited by the snow against the compression. He
found among the curves of R three types quite similar to those shown in Fig. 5. The
contraction of snow corresponding to types A, B, C of kinetic friction were named re-
spectively plastic contraction, destructive contraction and destructive contraction of the
second kind. Which type came into existence depended also in this case upon tem-
perature T and the speed v of compression ; in Fig. 6 the broken lines are drawn so as
to divide the T—log» plane into the regions of those three types of contraction.

The saw-toothed character seen here on the frictional curve of type B was dis-
covered by Bowden first in the friction occurring between iwo metals of different kinds.
Within the interval of the rising oblique portion of the saw-tooth the snow remains
stuck to the iron while a slip occurs between them at the instant of the sudden drop
at the end of the saw-tooth. Bowden called this phenomenon “stick-slip.” With the
increase in frictional speed v, the saw-teeth diminish both in height and width and finally
change into the small fluctuations of the friction of type C.

The product of v into r—the time interval of one saw-tooth—-gives the length
d(=vr) of the slip. The length d rises rapidly with decreasing » as shown in Fig. 12.
If v is so decreased as to give the friction of type A, the curve of frictional force starts
in such a manner as shown in Fig. 9. On setting the snow disc into rotation at point
A, the curve rises rapidly to reach point B and, after having dropped a short distance,
bends to become horizontal. From point A to point B the snow sticks to the iron and
then slips causing the drop from point B to point C. In this way a saw-tooth is made.
It is not followed by another saw-tooth—unlike in the case of B-type—but is followed
by the horizontal line which indicates that a long slide occurs between the snow and
the iron. The author believes that there is no essential difference between slip and
slide. Then it may be supposed that the slip characteristic to type B is prolonged by
being followed by the slide, if d, the length of the slip, should have to be indefinitely
lengthened due to the unlimited decrease in the frictional speed v. In a formal sense
at least, the shift from type B to type A caused by decreasing » can be explained in
such a way. _ ‘

In order to examine if the snow can be melted on its rubbed surface by the heat
of friction, on the snow powder of methylene-blue was scattered beforehand. When put
in contact with methylene-blue, water becomes blue by dissolving it while ice has no
effect upon it. Therefore, if any trace of melt is found on theé powder after the snow
surface on which it was scattered has been rubbed, it can be concluded that the snow
surface has been melted. The microphotograph (3) of Fig. 13 shows a small portion .of
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the snow surface rubbed by the iron plate at —5°C. On the ice granule located at the
center one will see an oval ring which is in actdality is blue in color. The grains of
powder stuck to that granule have got out of shape. The likes can also be seen in
photograph (4} which shows the snow surface rubbed at —10°C. These indicate with
no doubt that the snow has melted. If an annular plate of methacrylic acid resin is
used in place of the iron one the ice granules of snow become tinted blue all over their
surfaces showing that snow has been melted more vigorously. Bowden is of the opinion
that the melt water is very effective in lubricating the snow surface. Then the friction
should have been smaller on methacrylic acid resin than on iron. But the reverse was
found actually as shown in Fig. 14. In this figure the light and solid marks indicate
the coefficient u, of kinetic friction respectively for the cases of methacrylic acid resin
and iron; the light marks are positioned on the average higher than the solid ones.



