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Experiments on the Effect of an Irregular Successsion
of Impulses upon a Simple Vibrating System.

By
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94 Torahiko' TERADA and Ukitird NAKAYA
Tn 1917, one of the present authors published a paper®” on some theoretical
considerations regarding the behaviour of a simple resonator acted upon by an
irregular succession of discontinuous impulses. For the case when the duration
of a single impulse is small compared with the intervals of successive impulses
and a great number of such impulses takes place before the initial amplitude
is sensibly damped, an expression for the mean kinetic energy of the resonator
was derived. Thus, when the equation of motion for the natural vibration is
m&+fz+ kx=0
the mean kinetic energy is given by
azQz
: " dmady
where @ is the amplitude of a single impulse considered as constant and #, the
mean interval of the impulses. o is the measure of damping given by
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Q is a function of the natural frequency‘ givenlby B where
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as well as of the duration T of the single impulse, the function differing according
to the form of the pulse. v »

The ideal case treated in the above theory may be applied to the case of
a physical pendulum of which the suspended mass is subjected to an irregular
succession of impacts by a stream of some granular substance such as’shots or
sand directed upon it. It is, however, diffiicult to see to what degree of ap-
| proximation the assﬁmption made for the ideal case is fulfilled in this actual
case, especially when the number of grains colliding per unit time becomes
large and the mutual independence of the clementary pulses cannot be insured.

An experimental study of the problem seems, therefore, not without interest,

especially in connection with some fundamental problem of seismology.
These considerations led the present authors to undertake a series of ex-

periments in this line. Though the method and apparatus used are of a

(1) Proc. Tokyo Math.-Phys. Soc., [ii] 9 (1917), 142; the promised publication of the results
of further investigation has been reserved on account of the lack of immediate application, as our
conception on the nature of X-rays has since that time been greatly modified. For the problems
as are concerned in the present paper, however, the result given in the paper cited seems to be
sufficient for an approximate discussion.
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provisory nature and the results obtained are still fragmentary, we may be
allowed to give a brief account of them in the following.

The experiments were made in' two series, the first with a large number
of grains impinging on the pendulum in unit time and the second with a small
number. Our descriptions of the experiments will therefore be conveniently
divided into two parts.

I. ExPERIMENTS WITH LARGE NUMBER or IMPuLsEs pER UNrr TIME.

(a) | Apparatus.

For a preliminary experiment, a physical pendulum consisting of a lead
bob and a brass rod was subjected to impact of two streams of fine sand
directed on two opposite sides of the bob and the motion of the rod was re-
corded on a smoked paper covering a rotating drum, by means of a light style
attached to the rod. The amplitudes of irregular oscillations of the pendulum
thus excited were too small to be subjected to the method of analysis intended.
Stream of water was also tried instead of sand without success. Finally, we
decided upon the use of ordinary gun shots as the most suitable material for
our present purpose.

The pendulum No. I used in the earlier part of the first series of experi-
ment was a simple brass rod suspended by an iron pin attached perpendicular
to the rod near the upper end of the rod, the pin playing the role of a knife
edge, resting upon a plane support. Near the lower end of the pendulum rod
a pair of thin iron plate was attached in diametrally opposite positions for
receiving the impacts and serving as the targets of the two streams of shofs
respectively. This plate was bent in a form of semi-cylinder, with its axis
parallel to the rod and its concave side outward, in order to avoid the lateral
scattering of the impinging shots. After a few trial experiments made with
this pendulum, another pendulum No. IT (Fig. 1) was constructed, for which
a knife edge K was replaced for the pin of No. I. The natural period of the
pendulum was 1.48 sec. A pair of liquid dampers D was also provided for;
by means of which the rate of damping could be adjusted through a wide
range by using different kinds of liquid, or by varying the dimension of the
vane. The semi-cylindrical receivers or targets S were retained. The shots were

fed from the funnel I and directed upon the receiver S by means of a conduit
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Fig. 1. ' C with a fixed inclination
£ ’ of about 22°. ‘The velocity

of the shots impinging

¢ . v
~ upon S could be varied
om o lllo' \ ; . .
by displacing the funnel
F along the length of

7 ‘ the conduit. A difficulty

c was felt in sending oub

sl ls a nearly uniform stream
ﬂ @ | of graips from the mouth
‘-;‘L j ' of the funnel upon the

K, Knife edge; P, pendulum rod; . conduit, as the grains

D, damper; S, semi-cylindrical receiver; " are apt to stop their own
--C, conduit; F, funnel; G, glass rod. outlet when the aperture
is made too small and if the aperture be widened the flow became too large.
This difficulty could be avoided by inserting a thin glass rod G in the funnel
as shown in Fig. 1 and by giving it an oscillating motion in the vertical
direction. The motion was given by hand with an average frequency of 3-6
vibrations per second. It was verified later by special experiments that the
variation in the frequency of motion of the glass rod produces no sensible
change in the numerical results of the experiments.

For recording the motion of the pendulum, a thin aluminium rod was
attached to theyrpe’ndulum rod P near S. The end of this aluminium rod
carried a light style taken from a seismograph of Omori type, which recorded
the motion upon the smoked paper covering a revolving drum, also borrowd
from a-seismograph. ‘

The shots used were mainly of two kinds:

No. Mass of a single grain
5 - 0.15gr.
12 0.024 gr.

The shot No. 12 was used only in a few earlier experiments; in the later
experiments, No. 5 was chiefly used.

(b) Methods of Numerical Reduction of the Results of Experiments.

In order to obtain an approximate measure of the magnitude of the
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impulse due to the collision of a single grain of shots, it is needed to determine
the velocity with which it impinges upon the pendulum. As it suffices for
‘the present purpose to know an approximate relative measure of the momentum
-of the grain, we determined the average velocity of the stream of grains at the
-outlet of the conduit by éstimating the mean horizontal distance o traversed by
‘the stream during its fall from the muzzle of the conduit to the floor below.
If the height of the muzzle above the floor be /,, the distance between the
foot of the muzzle and the foot of the stream be o and the angle of inclination
-of the conduit be @, the muzzle velocity v, will be given by

2
ga

’ng N b)
2cos 8 (hcosf—aqasin0)

‘where ¢ is the acceleration due to gravity. The horizontal - component will be
:given by ‘wcos @, if desired. ,

As already mentioned, the velocity was varied by varying the distance
‘between the outlet of the funnel supplying the shots into the head of the
-of the conduit and the muzzle of the conduit facing the pendulum target. The
result of experiment showed that the velocif’y is approximately independent of
‘the number of grains » flowing per unit time when the number is varied from
300 to 450 per sec. The relation between [ and v, may be tabulated as follows:

_ Though a more detailed investigation

I(cm.) volem/sec.) regarding the relation between I and
48 143 vo will of itself form an interesting
28 117 theme for some technical physicists,
15 88 we were for the present satisfied with

obtaining thus an approximate re-
lative measure of the momentum transmitted to the pendulum by the impact
-of a single grain.
A discussion regarding the details of the actual mechanism of collision of
‘a stream of grains upon a given form of the receiver such as here used is by
no means an easy matter. We assume, therefore, simply that each grain
‘transmits a momentum proportional to Mw, where M is the mass of a single
:grain, and proceed to see empirically in which way the motion of the pendulum
is governed by Mw, n and the logarithmic decrement. ‘ \
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The damping ratio « of the pendulum was measured by the ratio of the
successive swings in alternate directions. It is related with o above defined
and the natural-period of oscillation 7' by the equation

al =2log«
The values of & obtained in different sets of our experiments was 1.00, 1.15,
1.72, 10, 100 and oo respectively. The latter two numbers are of course very
roughly estimated. For the aperiodic case, a mixture of water glass with water
was used for the damping liquid instead of paraffin used in other cases.

For a measure of the mean kinetic energy of the pendulum excited by the-

‘“ mean variability ’’ of the dis-

impact of the stream of shots we adopted the
placement of the pendulum. The concept of the mean variability of a physical
quantity y depending on another z was introduced by Dr. S. Ono® as a
convenient measure of the activity of disturbance in the terrestrial magnetic-
field, or of any physical quantity subjected to a similar fluctuation. Thus, the-

variability of y referred to a definite interval of z, say [, is defined by the-

V. =—%—[) z(%z-)zda;.

The mean value ¥ of this quantity for different intervals throughout a certain;

integral

range of z is called the mean variability of y in that range.

In the present case, taking y for the displacement of the pendulum as a
funtion of time =, ¥ is proportional to the mean kinetic energy, as the-
vibrating mass of the pendulum is kept constant.

In Ono’s paper cited, a very simple method is given for evaluating the-
mean variability from the grapil representing y=f (2). A transparent paper or-
plate ruled with a number of parallel lines with a constant interval p is placed
upon the 'graph such that the ruled lines are parallel to the axis of 2. - The
number of the points of intersection of the curve with the equidistant parallel:
lines is counted, including the point at which the curve comes into contact
tangentially with one of the parallel lines. Let this number be denoted by R.
for a range of » extending over a length of 7. The variability for the range-

7 is then given by the expression

(1) S. Ono, Ann. Rep. Centr. Met, Obs. Jap., Magnetic Observation for the Year 1916; Jap..
Journ. Astr, Geoph., 3 (1925), 11.
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T=2Rp"
2

T

The mean value of V for a number of intervals may be taken as the mean
variability for those intervals. The numerical factor of the above expression
may deviate from 2 in some extraordinary cases, but seems to be approximately
equal to 2 in most cases of fluctuation in kindred natural phenomena.

In order to apply the above method in our case, we used a glass plate
ruled with equidistant parallel lines with the interval p=2mm. for the most
cases except for a few records with small amplitude of vibration, in which case
another plate with p=1mm. was used. For a number of records, mean R
per unit time was counted with each of the two plate and it was found that
the product Rp is very nearly independent of p, though with a tendency to
be slightly greater for the smaller p. Thus, for example, the ratios of two
R’s obtained with the two values of p were 2.14, 2.12 and 2.02 for the three
records examined. 7

In order to obtain V for one second, we must count the actual number
R for each second and calculate the mean value of R? for a number of data.
As the calculation is not simple, we took the mean value of R per second
from the record extending over several ten seconds and réplaced (I?)2 for R,
as it may be shown that the two quantitities are approximately proportional
in ordinary cases.” In any case, we may conveniently take (R)? obtained with
a constant p as an approximate measure proportional to the mean kinetic
energy of the pendulum, i.e. Iyo0 (R)%.

From (1), we have

L=0-2,
atb
where C is a constant inversely proportional to the pendulum mass. If the
number of impulses, or of the grains impinging per second be n, we have Lo=1/n.
Since ¢ is proportional to the mean velocity v, for a given mass of the single
grain and « to log « as already mentioned, we obtain

b
log «

where C’ is a constant proportional to the square of the mass ‘of a single

(1) Usﬁally R222(R)?; See Ono’s paper, loc. cit.
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grain. This value of I, will be proportional to (R)* or R* as above determined
from the experimental records.®

The methods for evaluating vy and « have already been described. = could
be estimated approximately from the time required for streaming out a known

total mass of shots and the mean mass of a single grain.

(e) Results of Experiments.

In the earlier part of the experiments some test has been made regarding the
effect of the mass M of the single grain, using the shots No. 5 and 12. It was found,
for example, that comparing the two cases with M=0.15, n=700 and M=0.024,
n=2000, the disturbance of the pendulum is decidedly larger for the former
case. The proportionality between R? and M?n could, however, not be con-
firmed. This experiment was, however, made before the final improved form
of the apparatus was decided upon and wants a future revision.

In Table I we give a summary of the results of the experiments carried
out with the apparatus described in a previous section, using various com-

binations of the values of V'n,,- « and w or M, available.

TaBLE 1.
r?;g;ldt;el;lgd K n Mo, R R?
0 1.00 300 21 7.24 52.4
” " 320 18 5.43 29.5
” . 340 13 4.32 18.7
” ” 490 21 5.87 345
” " 510 18 4.05 16.4
" ” 525 13 3.21 10.3
10 1.15 305 21 5.81 33.8
” ” 355 18 3.46 12.0
” ” 470 21 4.07 16.6
” ” 470 18 3.62 181
10 172 295 21 2.87 8.2
5 10 320 21 1.94 3.8
5 100 320 21 1.68 2.8
10 " 470 21 190 | 3.6
” ” 620 21 1.51 2.3

(1) The theoretical case treated was that of one-sided impulses, i. e. a was all of the same
sign, while in the case of our present experiment the shots were directed upon the pendulum
from two opposite sides so that the impulses consisted of nearly equal numbers of positive and
negative ones. It will, however, be evident that the expression for I, still holds for this case,
provided we take for » the total number of the shots impinging on both sides of the pendulum.
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The result will be seen to be far from agreeing with the thereotical
relation. In the following we will, therefore, exaniine in what respect the
discrepancy is brought about. : , ; .

Firstly, we will examine the relation between R and «. Arranging the
data according to the magnitude of «, we obtain Table II below.

TasLe II.
‘ 2 Rz
1 logio & n=300 n==500""
1.00 0.000 52.4 34.5
1.15 0.061 ‘ 33.8 ’ 16.6 -
1.72 0.235 : ‘8.2 —
10. S 1.00 38 o =
100. . © .00 ' ' 2.8 o 3.6

The relation is plotted in Fig. 2. Tt will be seen that the mean véu'iability
decreases with the increasivng logarithmic decrement. The apparent deviation
from the theoretical hyperbolic form may be understood if we consider that the
effective magnitude of dam'ping ‘will be much greater when the pendulum is

moving among the stream of granular mass than in the case of free vibration

-4

60t

30t
20

0




102 . Torahiko TERADA and Ukitird NAKAYA

without the impinging shots and that the value of « here used was, of course,
determined for the latter case.
Next, the effect of varying n will be seen from Table III.

'1'ABLE lll.
R R Ratio of R
& M, =300 =500 (n=300"/(1:2=500)

- 22 7.24 5.87 1.5
100 18 5.43 4.05 1.34
13 4.32 3.21 1.84

22 5.81 4.07 1.43

1-15{ 18 3.46 3.62 0.96
100 C29 , 3.39 3.80 0.89

Here, the most striking deviation from the theoretical relation is found. Thus,
while a linear increase of the mean variability with increasing = is expected,
thg gxpefimental results show an inverse relation, especially for the case of
small damping. It is to 'be noted that for x=1.00 the ratio of the variabilities
‘for the two cases with n= 300 and 500 is nearly independent of the value of
i v. TFor a large value of «, the above ratio seems to decrease and becomes
less than ‘unity as expected from the theory. This relation may also be seen
from Fig. 2. This discrepancy may also partly be explained by the increase
of the effective damping with the increase of =, but it is evidently difficult
to explain the above relation by replacing for « some expression of the form
«+f(n) where f(n) is an algebraic function of n. Another cause may be sought
in the increase of the effective mass of the pendulum with the increase of n.
That such must be the case will be understood if we consider an extreme case
in which the pendulum is placed in the midst of two colliding streams of a
dense viscous fluid. Hence, it seems plausible to assume, in the case with
large n, an expression for I, such as

" wn

[m+¢ ()] log [k+f (n)]’

C" being another constant. Though it may be possible to determine the

Iy=

functional forms of f(n) and ¢ (n), if a sufficiently large number of systematic
experiments be carried out, we have refrained for the present from proceeding
any further, as it will lead. too far from our proper subject at hand.

Lastly, the relation between M and R will be shown by Table IV.
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. TasrLe IV,
£=1.00 )
Mo, 13:18:22=1:1.39:1.69
- n=300 4.32:5.43:7.24=1:1.25:1.67
{n'——.500 3.21:4.05:587=1:1.26:1.83
k=115 ’
Mo, 18:22=1:1.22
1_2{ n==300 3.46 : 5.81=1:1.68
n=:500 3.62:4.07=1:1.12

It will be seen that the two quantities are roughly proportional to each other
at least for the case of smaller damping. -

Thus far, we have seen that when the number of shots impinging on the
pendulum is of the order of several hundreds to thousands per second the re-
sult of the simple theoretical calculation does mnot hold even approximately.
The examination of the nature of discrepancy observed has shown that the
swarm of grains seems to play a part of something like an atmosphere of very
dense gas surrounding the vibrating mass, thus conspicuously affecting the
effective mass as well as the damping of the system. In short, the assumption
does not hold that each grain of shots acts as a discrete impulse independent of
others. Thence, we proceeded to carry out another series of experiments with
a decidedly smaller n than in the above, as will be described-in the following.

1I. EXPERIMENTS WITH SMALL NUMBER OF IMPULSES

PER UNIiT TIME.

In this second series of experiment n was to be varied within a range of
small numbers between 5 and 20. In order to obtain suffiently large amplitudes
of the pendulum it was necéssary to use larger shots than in the previous ex-
periments. The shots chosen were of 0.6 mm. diameter with the mass M=1.24
gr. The total mass of the shots used in a series of- experiment was 2600 gr.
50 that the total number impinging upon one side of the pendulum was about
1050.. The frequency n of the impulses was found- by dividing this number
by the number of seconds required for discharging this total mass. '

As the grain diameter of the shots was large, it was found difficult to
obtain a regular flow by means. of the funnel used in'the previous experiment
so that a. different method was .devised for supplying a nearly uniform stream
of shots. Referring to Pl. XII, Fig. 3 and 4, an endless band B of rubber is set
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in a slow uniform motion by means of the two cylinders C revolving on their
parallel axes, over which the band plays the part of a machine belt. The
motion is regulated by means of a motor M and a reducing gear R. The
shots S which is supplied by hand to the rear end of the moving band, fall
through the pair of symmetrically placed conduits D into the ‘‘ distributor ”’
R. The latter is a rectangular shallow box of which the bed plate is studded
with nails at the net points of 1.5cm. square mesh. This devise was intro-
duced to disperse any coherént group of shots which ‘might be formed during
their passage through the conduit. The shots were then guided to the pendﬁlum
P by means of the short canal 7 of which the muzzle was directed to the
receiver V of the semi-cylindrical form as in the previous experiment. The
motion of the pendulum was then recorded on the smioked paper covering the
drum ) by means of the needle N. A shows the damper.

Two kinds of pendulums were used. One of them No. II was of a brass
rod with a mass of about 1.05kg. As the mass of the grain of shot increased,
the transverse vibration of
the pendulum rod became
conspicuous and appeared
superposed on the record. . k=19
Hence, another pendulum

L=15
sop :

No. III was made of iron o 8
o/ x °
tube with 1.65kg. mass. .
. ‘ . ° fo x x
The most experiments were °

made with this latter one.
In the following the results S .
of experiments carried out “q
with the pendulum No.

e

o

IIT will be given graphical-
ly by Fig. 5—8. The ab-
scissae represent the num-

bers of shots impinging on © ——n
~ each side of the pendulum Fig. 5.

per second and the ordinates the quantitics (R)*which is proportional to the
mean variability or the mean kinetic energy. The points corresponding to-

the different values of  are distinguished by the different marks o and x_
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10

2]

&)

Fig. 8.

Thus the relation

n
og «

which does not hold in the

case with large =, is found

Mean variability oc

to hold approximately in the
present case with small n.

In a series of experiment,

another kind of shots receiver
was used which was a hollow
cylinder attached -coaxially
with the pendulum rod and
provided with two lateral
holes for receiving the stream
of shots from the mouths of
the canals 7. The shots en-
tering the holes and imping-

ing on the pendulum target

30|

for

The straight lines are drawn by
Though the

points plotted are considerably scat-

rough estimation.
tered, it will be seen that the pro-
portionality between n and (R)*holds
approximately. From the above
figures, the relation between the
logarithmic decrement and (R)* may
be obtained as shown in Fig. 9.
An approximate hyperbolic trend of

the curves for different values of =

will be noted.

n=20
n=15
n=10

- Fig. 9.

were reflected from it and collided upon the cylinder wall of the receiver im-

parting the components of momentum in the opposite direction.

Tig. 10 shows

the comparison of the results of the experiments with and without the cylin-

drical receiver.

Inspite of the fact that, with the receiver, the effective value

of n may be considered to be larger than without it, the actual value of the

&
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SO}

4 : S /0 /8 20

o : without receiver.
with ”

mean variability is decidedly smaller in the former case than in the latter.

Fig. 10.

This fact may probably be explained partly by an increase in the effective-
mass of the pendulum and perhaps also partly by the presence of a regular
time relation between the direct impact of a shot and the second opposite im-
pact after its reflection.

IIT. CHARACTER or MoTIONS.

Thus far, we have been concerned with the quantitative relation between
the mean kinetic energy of the vibrating system and the quantities specifying
the nature of the system as well as that of the exciting impulses. In the
Jollowing, we will spend a few words on the general qualitative characters of
motion of such system and discuss them in connection with those of some-
kindred motions found in the domain of seimology.

Pl. XIII, Fig. 11 illustrates some specimens of the records obtained with the-
pendulum No. IIT with different values of » and x. It will be seen that
among the irregular motions recorded the natural period of the system appears.
always conspicuous. This is evident even in the case with very large damp-
ing (Fig. 11, lowest graphs). Those who are familiar with the records of’
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seismographs will easily perceive the most striking analogy of forms between
‘the motions of the earth as recorded by the instruments and the motions
of the pendulum here investigated. Some of the present records resemble
the principal parts of the long waves of some distant earﬁhquake,iwhile the
others reminds as of the microseismic vibration of the ground. Ekperienced
seismologists may feel at a loss to decide which is the natural and which is
the artificial record, if two suitable pieces of matching records be shown for
-connoisseuring.

In the other fields of the domain of geophysics there are also many kinds
-of motion resembling that of the pendulum here investigated. We may cite,
among the others, the secondary undulation of tides appearing on mareograms,
-especially of stations situated in bays or gulfs®™ and also the ‘‘seiches’’ of
some lakes.® These are also the cases in which some oscillators with de-
finite natural periods are excited into irregular oscillations with fluctuating
-amplitudes. -Our present investigation shows that such oscillations may be
caused by an irregular succession of impulses, where no ‘‘resonance’’ in the
-ordinary sense of the word is possible. -

Returning to our records shown in the above figures we may remark that
‘besides the natural period of the pendulum a real ‘‘spectrum ’’ of different
periods is revealed, some of them greater and the others less than the natural
-one. If we pick up as is usual in the case of natural phenomena, a number
of more or less regular trains of waves and determine their average periods,
we will obtain a long list of different values. If we sort out the numbers
‘thus obtained into groups by this or that choice we may obtain a number of
““ apparent proper periods *’ which in reality have nothing to do with the true
‘natural periods of the vibrating system at hand.

These considerations will be sufficient for warning us againt drawing a
‘hasty inference regarding the natural period from the results of an analysis of
‘the kind above stated. For the discrimination of the true period some procedure
is necessary. The periodogram method of Schuster may be one of the criterion,
but it must fail when the natural period is gradually varying or when the
-damping is considerable. A practicable method in such case seems to obtain

(1) Many interesting examples of mareograms will be found in the paper ‘* Secondary Un-
-dulations of Oceanic Tides’”’ by K. Honda and others, Journ Coll. Sci., Tokyo, 24 (1908).
(2) See Journ. Coll. Sci., Tokyo, 28, Art. 5 (1911).

bt

1
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a more or less complete spectrum of frequency curve from a sufficiently large
number of records and search for the conspicuos frequency maxima. We-
must, however, be cautious in that case not to be deceived by the * periodicity *’

due to chance™ of the frequency curve.

IV. Brarwe or THE RESULTS OF THE EXPERIMENTS

ON SEISMOMETRY.

Seismographs in common use are some or other kinds of oscillating system’
with definte natural periods and damping coefficients. . The building within
which the seismograph is installed may be another system. Again the portion
of the earth crust may also have its own natural mode of vibration. If then
a proper succession of a large number of discrete impulses be given to these
systems the seismograph will probably record an irregular train of waves quite
similar to those obtained in our experiment and thence also similar to actual
seismograms. Here seems to arise some questions of fundamental importance
on the true nature of the seismic waves as well as on the reliable method
of seismometry.

Though the present investigation has led to no positive conclusion regarding
these problems, the above may be of some significance in pointing out one of the

lines of inquiry to be taken up seriously for the future development. of
seismology.

The experiments were carried out in the Labaratory of the Institute of
Physical and Chemical Research, Tokyo. Our best thanks are due to Prof.
Okochi, the Director of the Institute, for allowing us the use of the laboratory
room and its installations necessary for the present experiments.

SUMMARY.

A physical pendulum is excited into an irregular oscillation by the impact
of two streams of shots impinging upon it from the opposite sides. The motion
recorded is studied with respect to its mean kinetic energy as a function of
the velocity and the number of the colliding shots and also of the logarithmic
decrement of the pendulum. The results of experiments are compared and

(1) See T. Terada, Proc. Tokyo Math., Phys. Soc., 8 (1916), 492.
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found approximately agreeing with those expected from the theory, in the case
when the number of collision per second is small. When the number-is very
large some discrepancies are observed which may be explained by the increase
in the effective mass as well as the effective damping of the pendulum on ac-
count of the swarm of shots surrounding the vibrating mass.

CTtis pointed out that the general formal characters of the motion of the
pendulum here studied are essentially similar to that of some or other types of '
motion of the earth as recorded by seismographs. An important bearing of

this fact upon the fundamental problems of seismology is briefly suggested.
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