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Summary

In the photograph of Fig. 1 of the text, A and B are two solid cylinders of brass
suspended at their tops by piano wires p’s which are held across a rigid framework C
made of thick brass plates. As both cylinders A and B are quite the same in dimen-
sion and weight, they swing at the same period 7, composing thus one type of
the so-called double pendulums. The whole of double pendulum is hung through four
strings from plate E held aloft by a strong tripod. The bottom plate of framework C
is fastened through connector D to the top edge of snow plate E which stands upright
with its foot frozen to the floor of a cold room. If one of the two pendulums, say B,
is pulled aside by hand and then let loose, a periodic force is exerted to the top edge
of the snow plate, with the result that the whole of doulbe pendulum and the snow plate
begin to oscillate as one body with a period almost the same as the period 7' of free
oscillation of each of pendulums A and B. Needless to say that the oscillation of the
snow plate is a bending oscillation, because its foot is firmly fixed to the floor of the
cold room. Although the whole of double pendulum continues oscillating, pendulum B
does not keep swinging with a constant amplitude. Pendulum B decays gradually in
swinging to come finally to a standstill after a time interval of /2, while the other
pendulum A starts to swing with growing amplitude in such a way that it attains a
maximum value at the moment when pendulum B stops swinging. After that the
energy of swinging is shifted reversely from pendulum A to pendulum B just in the
same manner as it was shifted from pendulum B to pendulum A before, and, after
another time interval of /2 pendulum B is swinging most strongly whereas pendulum
A comes to a standstill. Such a periodic shift of swinging energy will be repeated
indefinitely at the period of r between the two pendulums, if no energy dissipation
takes place.

If a force f is applied horizontally to the top edge of the snow plate standing on
the floor, the top edge will be displaced by an amount & which is proportional to the
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force f, that is, f and & will be connected to each other by the equation

f=k. (1)
The proportional constant 2 may be called the rigidness of the top edge of the snow
plate. If the value of % is known, Young’s modulus E of the snow plate can be given by

l3

E= 2bc®

k, (2)

where I, b and ¢ represent respectively the height, the width and the half thickness of
the snow plate.
The period 7 of energy shift of the double pendulum depends upon the rigidness
k: the smaller % is, the shorter © becomes. It is shown by the theory of dynamics that
there holds the following relationship between % and 7:
Ar?

K= a—’fT-sﬂ r. (3)
where m is the mass of each of pendulums A and B. The constant « is dimensionless
and is given by

a=mr?l, (4)

if the distance between the center of gravity and the fulcrum of each pendulum and
its moment of inertia around the fulcurum are denoted by » and I. Therefore, if the
period 7 of shift of the swinging energy is determined experimentally, Young’s modulus
E of the snow plate can be calculated by the aid of equations (2), (3) and (4).

The whole of double pendulum used by the present authors weighed 9.35kg.
Numerical values concerning the solid cylinders of brass constituting pendulums A and
B were

a=324cm, L=1198cm, m=3352¢g, r=383cm,
where a and L mean the radius arid the length of each cylinder respectively. These
numerical values give '
I=6.70x10*g-cm?, T = 0.458 sec,
4r’m
&g

Because of its visco-elastic nature, Young’s modulus of snow determined by a vibra-

=1.016 X 10°dyn/cm -sec .

tional method varies in value according as the frequency of the used vibration is varied,
and, usually it is not an easy matter to carry out a vibrational measurement at a fre-
quency lower than 100 Hz. As mentioned above, the snow plate connected to the double
pendulum continues a bending oscillation of a period almost exactly coinciding with that
of pendulums A and B, namely 7'=0.458 sec. Therefore the double pendulum method
described hitherto gives Young’s modulus of snow at a frequency as low as 2.2 Ha.
The photograph in Fig. 2 of the text shows the lower half of pendulum B. To the
end of a short rod protruding from the bottom of the pendulum is soldered a piece of
platinum wire. It makes an uninterrupted contact with mercury pot g placed on the
bottom of framework C if the swinging amplitude of the pendulum is limited within
a narrow range. Both the platinum wire and the mercury pot are connected by wires
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to a recording voltmeter and a dry cell. Figure 3 gives an example of the curves
recorded by tne voltmeter. The curve looks like a sequence of hills. Flat tops of the
hills show the time intervals during which the platinum wire kept contact with the
mercury pot. Therefore the middle points of flat tops as marked (2) and (4) give the
moments when the pendulum came to a standstill, and the period = of energy shift of
the double pendulum can be obtained by measuring the distance between those middle
points.

The low frequency Young’s modulus £ was measured by the above mentioned
method of a double pendulum not only on snow plates of various densities but also on
a plate of commercial ice, at temperatures ranging from —5°C to —60°C. The results
of the measurements are shown by curves in Fig. 4 of the text. Such decimals as 0.33
or 0.35 attached to each curve are densities of the samples counted in the unit of g/cm?,
the curve with 0.92 being for the plate of ice. All the curves show that Young’s mod-
ulus E rises with decreasing temperature until it reachces —35°C, and is kept at con-
stant values from that temperature down to —60°C. Let the density and the tempera-
ture of the samples be denoted by ¢ and @ respectively. Then the results of the meas-
ure ments shown in Fig. 4, including those for ice, can be expressed approximately by
the following formulas:

E= {(1.08 p—0.23)(|0]~5)+103 p* 2| X 10°dynfem® for —5°C>0>—35°C,

and

E=1.108x10"dyn/cm? for —40°C>6>—60°C.



