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. 1. Introduction.

A number of investigations on the generation and the propagation
of elastic waves have been -accomplished in the field of mathematical
physics, and the results are already applied in the elucidation of seismic
waves generated and propagated in the crust of our planet, throwing
remarkable light on the nature and the origin of earthquakes. The
investigations so far attained in these branches could sufficiently explain
the regional distribution of the initial dilatation and compression as well
as ‘the magnitude of the first impulsion, though the character of the
first impulsion, whether it is of shock type or not, is still to be
explained.

As to experimental studies of elastic waves, we have only a few
works as compared with those on theoretical studies. The experimental
difficulties owing to the high velocity of propagation seems to have
prevented the developement of studies in this branch of investigation.
But in view of the bearing of the experimental studies in the elucida-
tion of seismic waves and the verification of theoretical results, some
step forward is to be made in the domain of experimental studies no
matter how difficult the realisation may be.

With this in view, we have first studied, for simplicity’s sake, the
generation and propagation of elastic waves along metallic wires. We
certainly aware that the nature of waves propagated in three dimensions
is not immeadiately inspected from the mere knowledge of that of one
dimensional waves, and the extension of our experiments to more general
cases will be made in future. ' *

The results of our preliminary study, however, contains points of
some importance as will be seen from the descriptions in the following.

2. Experimental Arrangement.
Experiments were made on the generation and propagation of distor-

* Communicated by Prof. M. Ishimoto.
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tional waves along metallic wires attached with a number of wooden
pieces in equal distances.” (See Fig. 1. PL. 1.) This disposition is not what
we have aimed at, but this contrivance reduced the velocity of propa-
gation to so small a value that we can easily observe the phenomena
in the laboratory. The dimensions of wooden pieces used are 11-94 cm x
1:65 cm x 120 cm, and the weight of which were 13:0 gr in the mean,
the deviation being within +1 gr.

Two kinds of wires were used in the present experiment, the one
being a brass wire with a diameter 0:059 cm, and the other steel wire
of 0064 cm dia. The length of wire between consecutive wooden pieces
were 1:89 cm in each experiment. The wire was hung from the ceiling
and clumped at the lower end. The lengths of wire between wooden
pieces and the upper and the lower clumps were also made 1:89%cm,
equal to the distance of consecutive wooden pieces.

The motion of a wooden piece was recorded on smoked paper (arround
a drum driven by a synchronous moter) with an indicator of straw arm
which is directly connected to the wooden piece. This recording device
is the same with those used in the Ishimoto acceleration seismometer
and Hagiwara velocity seismograph, with the credit of the smallness
of the weight of the arm and the friction at the indicator end. The
driving rate of the smoked paper was 094 cm/sec.

At both ends of a certain wooden piece small iron pieces so light
that they exerted no appreciable influence were attached in order to pull
by electromagnets in case of giving impulsive couple to the suspended
wire or clumping the wooden piece at required positions. But in some
cases wooden pieces move to and fro through the position of electro-
magnets in the above arrangement. In such cases wooden pieces were
connected by silk thread with iron pieces, which after leaving the electro-
magnets did not hinder the motion of wooden pieces. -

The forces applied were couples in each case, and lateral vibrations
of the wire were never excited when the positions of the magnets were

properly adjusted.

3. Measurement of Velocity of Propagation.

First using the brass wire model, an impulsive couple was given at
the lower end of the wire, and travel times were observed at various
points. From the travel time curve (Fig. 2) the velocity of propagation
was obtained as 35'9 sections/sec. Since the length of one section consist-
ing of the wire of length {=1'89 cm and wooden piece of breadth I'=

1) This contrivance was invented by Prof. M. Ishimoto and a model was
constructed by him.
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1-65cm is 3:54 cm the velocity comes out 35'9 x 3-54=127 in cm/sec.
On the other hand, the
equation of motion refered to .
x-axis taken in the direction s
of wire and measured by the
length of one section (I+1') is
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where £ represents angular , , ,
displacement, r the moment of 0 100 200 300 x
couple of the wire of length I Fig. 2. Time distance curve for brass
when the one end of the wire wire model.
is rotated through one radian, and n and a denote the rigidity and radius
of wire, while I is the moment of inertia arround the axis of rotation
of one section and practically equal to that of the wooden piece as the
part due to the wire is negligibly small. Then ¢=+/ §/T is the velocity
of propagation and v=c(l+1) is the velocity in c. g. s. unit. Introduc-
ing the dimensions already mensioned and the value of =343 x10" ¢
g. s. as determined experimentally, we have v=132 cm/sec in good accord
with the observed value 127 cm/sec.
Similar determination with the steel /
wire model gave (Fig. 3) ¢=62'35 sec-
tions/sec or v=220'7 cm/sec.

4. Energy of waves Generated
from the Release of
Statical Strains.”

The upper and the lower end of the
wire as well as the fourth wooden piece
from the lower end were clumped in
strainless positions. Then the lower end

was rotated through a certain angle 6, so | P " r—
that strain energy was stored between the  Fiz 3. Time distance curve
lower end and the fourth wooden piece. for steel wire model.

(Fig. 4 represents the angular displacement of the wire.)

2) The possibility of the generation of earthquakes from the release of statical
strain has often been suggested since the beginning of seismology, and recently Prof.
Ishimoto called attension of this fact and Messrs. H. Kawasumi and K. Yosiyama [Bull.
Earshq. Res. Inst., 13 (1935),496~503, & Disin, 7 (1935), 359~375.] could for the first
time prove it theoretically although Prof. K. Sezawa and Mr. K. Kanai (Bull. Esrthqg.
Res.Inst., 13 (1935), 740~749; 14 (1936), 10~18.) contested against this conclusion.
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When the couple which has kept the fourth wooden piece in its

@) (b)

8 12 16 20 X 0 -4 8 12 16 20 x
Fig. 4. Initial strain. (a): Type A. (b): Type B.

original position is taken off, the statical strain energy stored in the
lower part is transported by the elastic waves then generated and pro-
pagated upward. Fig. 5 (PL.II) is the record of this wave at 36th piece
from the lower end. From this record we see a wave with permanent
displacement in one direction. The small undulation following the large
displacement seems to be the free oscilation of one section, since the
calculated period 27/4/7/T =017 sec is equal to the observed period.
0 0

The energy flux through a point is ré—éz ,and the total energy F
transported across a point is
£\ 2 .
E=jfa£§§dt.:-ij(ai) at, @)
cxot cJ\ot

because of the fact that ¢=f(x-cf). On the other hand the initial

strain energy l
4
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where ¢/ is the coefficient of couple
due to the rotation of 4 sections, while
0 is the initial angular displacement [

at the lower end. Then the ratio of
energies _

) =.£j(§>2dt ﬁz_, 4) 0 ‘ ’

V C ot 8 0 1 o ol

Since the result of comparison  Tie 6'1 C(zllzrellation between the
(Fig. 6) of the deflections & by waves angular displacement & and ini-

tial strain 4. (L=15¢em is the

with 6 shows a linear inter-relation, length of indication arm.)
the wave energy E and the strain ® Brass wire model.
energy V seem also to be linearly O  Steel wire model.

proportional through the relation (4).
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Then in order to calculate the energy of wave by the formula (2)
the original record was enlarged photographically and the deflections
were read off at every 1/200 sec. As the indicator end moves on a
circular arc, due corrections to:-the amplitude and time are applied.
Full line curve in Fig. 7 represents the corrected curve, while the curve

Fig. 7. Corrected displacement & L (full line curve) and

. .. dEL . .
its time derivative “at (broken line curne) due to waves

generated by the initial strain of type A. (Brass wire
model).

in broken line is the corresponding velocity obtained by numerical dif-
ferentiation by means of the formula®

@) = W), (5)
where ¥’s are deflections at equal (unit) time interval. This is the first
derivative of a cubic equation determined by the method of least squares
using five consecutive values at the central point. Although the displace-
ments and velocities required are angular displacements and velocities,
all the arms of indicators being of equal length the readings from the
records were used as they were without reducing to the angular ones.
From these values of velocities, energy of wave E was calculated by
the equation (2) by means of Sympson’s method of numerical integra-
tion. The comparision of the result with the initial strain energy shows
that they are nearly equal in magnitude although the wave energy is a
little less than the strain energy. This may naturally be attributed to
the loss in the excitation of the free oscillations of wooden pieces as
well as damping of surrounding air. To make clear of this relation,
observations were made at five positions. The results of calculation
from five observations of the primary wave as well as five values corres-

3) This formula was obtained by Mr. H. Kawasumi.
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ponding to the reflected wave at the upper end are plotted in Fig. 8 (a)
aginst‘the distances from the lower end. From this diagram we see
that the wave energy is dissipated nearly exponentially with distance
from the initial values which is equal to the initial strain energy.

E

v £
v

. 10
10 \o\ \0\0*0\

o~o. 0

\ \Q\c\ .
) > 0}0\
° -
oS °9c 05
0 1 1 ' 0 t 1
0 50 100 150 X 0 50 100 150 X
(a): Brass wire model. (b): Steel wire model.

Fig. 8. Dissipation.of wave energy E with distance of the wave generated by
the initial strain of type A (Fig. 4). The ordinates are measured in fraction of
initial strain energy V.

Fig. 8(b) for the steel wire model also indicates the same relation.
Next, the upper and the lower ends as well as the 8th piece from
the lower end were clumped at strainless positions and the fourth one was
rotated through a certain angle. Fig. 4 b represents the angular displace-
ment of the wire (Type B). Then the couples which were acting to the
fourth and the 8th pieces were suddenly taken off at the same time. 1In
this case the strain energy stored between 8th piece and the lower end is
transmitted upward. The wave form is shown in Fig. 9(PL. III). With
this wave, the calculation of energy were done as in the former example.
Curves in Fig. 10 represent
corrected displacement and ve- M
locity. Ratios of energies SN
(E/V) at five positions were t \H
found for primary as well as L, "%~ - .

the reflected waves. Fig.11(a)  Fig. 10. Corrected displacement & L (full
and 11 (b) represent the dissipa- der

line curve) and its time derivative — -

. dt
tions of waves.as they are pro- (broken line curve) due to waves gene-
pagated along the brass and rated by the initial strain of type B.

steel wires respectively. (Brass wire model.)

Thus we see from Figs. 8 (a), 8 (b), 11 (a), and 11 (b) that the wave
Energy E is dissipated nearly exponentially, and extrapolation to x=0
shows in each case that the wave energy is practically equall to the
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energy rgleased from the initial statical strain. We may, therefore,
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(a): Brass wire model. (b): Steel wire model.

Fig. 11. Dissipation of energy E with distance of the waves generated from the
initial strain of type B (Fig. 4).

safely conclude that the whole statical strain energy is converted into
wave energy and transmitted to distances, although a part of which is
gradually dissipated in exciting the free oscillations of wooden pieces
and owing to the damping effect of surrounding air. If the medium
were perfectly homogeneous and there were no oscillators, the waves
generated from the release of statical strains would keep their propaga-
tion without loss of energy but for the air damping.

These results are nothing but the experimental proof of the principle
of the conservation of energy.

5. Forms of Waves Generated from the Release of Statical
Strains or by Actions of Impulsive Forces.

Recent investigations revealed that the frequent occurrences of a
kind of wave forms usually called a shock type at the very commence-
ment of earthquakes, and methods of deducing actual amplitudes from
the observed first impulsions on the seismograms have been worked out
assuming the ground motion of such type. But no explanation on the
mechanism of occurrence of waves of this type has been given. We
have tried and succeeded to generate waves of such form propagated
along metallic wires, as will be described in the following. Of course,
as the writer has already stated, some precaution and restriction will
be necessary in the application of the present result to the interpreta-
tion of seismic waves which are propagated in three dimensions.

In the experiments described in the above sections, the waves reflected
at the lower end were superposed on the primary waves, and the results
are not applicable to the present problem directly. In roder to avoid
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the boundary effect, impulsive couples or the initial strains were given
in the present experiments at the central part of the wire. When a
pair of impulsive couple were given (Fig. 12 I), the wave of permanent

displacement to one direction was
generated as shown in Fig. 13 (a), but
when two pairs of couples were applied
simultaneously in opposite directions as
shown in Fig. 12 II, then the wave of
shock type was generated. (Fig.13 (b).)
Other forms of initial strains and the Ww
waves therefrom are indicated in Fig.
12 111, 1V, and Figs. 13 (c) and 13 (d) )
(PL. IV) respectively.

The waves generated by mechanisms
of type I and type III are almost
identical while those of type II and
type IV are irrespectively of shock g /l i v
type. It is interesting to note that the Fig.12. Types of initial disturbances.
number of couples required to obtain a I, II: Impulsive couple(s).
type of wave form are always less than IIL IV: Initial strain.
the number of couples required to obtain the statical strain which give
rise the same type of waves when the strain is released. It is also to be
noted that the directions of initial motions above and below the central
part where the disturbances are given are the same in the mechanism
of type I and IV, while it is oposite in types II and III.  The
consequence is that the motions by the impulses and the release of strain
are not equal when the reflected waves arrived.

By the superpositions of these mechanisms, waves of various types
are to be generated. But the waves of complex types were not tried,
as the adjustments of appratus were very difficult and such waves are

of no practical value at present.

~
[

6. Conclusions.

In the present experiments, the distortional waves along metallic
wires were studied. In order to diminish the velocity of propagation
many wooden pieces were successfully attached to the wire, although
the consequentious free oscillations of elementary parts were excited with
some inconvenience. But the dissipation of the wave energy in this
way was nearly exponential with the distance. =~ Taking this into con-
sideration following results were obtained.

. 1. Energy of wave generated from the release of statical strain is
equal to the energy of the statical strain then released. .
2. Forms of waves generated from the release of statical strams or
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(a): DBrass wire model,

() : Steel wire model,

Fig, 9,
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(a): tvpe I,

(d): type IV,

Fig, 13. Waves due to various initial localized disturbances

the central part of the wire,
(a): (b), Initial impulsive couple(s),
(c): (d), Initial

strain (See Fig, 9),
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by the actions of the impulsive forces at a part of one dimensional
medium were found. Special attension was paid to the mechanism by
which waves of shock-type were generated.

In conclusion, the writer wishes to express his best thanks to Prof.
M. Ishimoto for his kind suggestions and guidance, and deep thanks are
also due to Mr. H. Kawasumi for his valuable discussions.
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