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1. Introduction.

It is well known that, as a prospecting method for determining
_ the construction of the earth’s layers, there is a device which makes
use of artificial seismic waves. In this method, the waves are of course
generated by a shock applied to the earth’s surface by dropping a suitable
weight or by exploding a effective dynamite.  In measuring the travel
times of the waves in the earth, generally at least two seismometers
of moving coil type are used for detecting weak seismic waves, which
are usually set at two different localities, i.e. A4 and B on the ground
respectively, the locality A being near the shock origin. The output
voltages of the transducers of these two seismometers induced by the
travelling seismic waves are amplified and then recorded on an oscillo-
graph paper by using an electro-magnetic oscillograph. The travel time
of the shock between the two localities A and B is obtained by measuring
the distance between the two thresholds of initial motions of the respec-
tive wave-phases taken on the paper. Varying the distance between
the two localities 4 and B on the ground by moving the locality B,
we obtain the travel time of the shock for respective varied distances,
and hence we are able to obtain the “time-distance
curve” which is necessary in determining the proper-
ties of the stratified layers of the earth. Fig. 1 shows
schematically the paths of propagated waves which
are excited by a shock. In Fig. 1, if the transducer
B is set near the transducer A which is set near the
position of the shock origin, the wave propagated directly through the
surface of the earth arrives first at the seismometer B. But, if the
distance between the two localities of seismometers becomes rather long,

Fig. 1.
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the wave which propagates through the- second layer arrives at the
locality B faster than the direct one, because the velocity in the second
layer becomes larger than that in the first, or in other words, the wave
propagated through the pathACEB, becomes faster than that propagated
through the path AB,. Now, the surface of the earth consists generally
of a number of layers in which the seismic waves have different velocities
respectively, and therefore we can see, on the “time-distance curve”,
many lines with different tangents in accordance with the layers under
the ground. Assuming the boundaries of the stratified layers to be
parallel to the surface of the earth, we are able to obtain the depth of
the first layer H with the aid of the “time-distance curve”, which is
determined by the following formula:

_Z ‘/v,—*—v;

Vy—;
in which Z shows the horizontal distance between the origin and the
point which corresponds to the first intersection point of the “time-
distance curve”, and both v,, v, are velocities corresponding to the first

and the second layers respectively, they being directly read off from
the tangents of the “time-distance curve”.

SHOCK Now, in the usual method, to obtain

IW 6] the “time-distance curve”, we must
i s T measure the time interval between the
I—’FAHPUHER A HRECT]HER A two initial mOtions recorded on the OSCil‘

L {hvurie & NOTIR B J—| lograph paper, as ah:eady explained. In
- the present prospecting apparatus, how-

ever, the procedures of measuring the -
THYRATRON A FLIP-FLOP : ) .

time interval on the oscillograph paper

HYRATRON CIRCUIT - . .
and using an electro-magnetic oscillo-

graph, are dispensed with and the measur-

Tk‘:qEP‘LLI‘;I“YLED OSCILLATOR ing procedure of the time interval is done

automatically by electronie circuits. The
COUNTER principles of the present new-designed
CHRONOGRAFH apparatus will be explained by both dia-
gramatic and schematic methods as fol-
jows. In the block diagram Fig. 2, the
output voltages gained from two trans-
ducers A and B are fed to the amplifiers A and B respectively. The
output of the amplifiers is rectified in the next circuit. The respective
output voltages gained from the rectifying circuits appear always in the

Tig. 2. Block Diagram
of the Apparatus.
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positive no matter whether the sign of the input voltage given to the
rectifying circuit becomes positive or negative, owing to the mechanism
of the circuit. The respective output voltages are fed to the following
thyratron grids respectively. When the shock waves arrive at the seismo-
meter, the thyratron ignites instantaneously, and then the differentiated
pulse appears at the output of it. Next, the two pulses produced at A
and B thyratron outputs are fed successively to the grids of flip-flop circuit.
Then the variation of the plate voltages at the flip-flop circuit becomes
rectangular as shown in Fig. 8. On the other hand, a local oscillator
of 8000 c/s is involved in this instrument

and the output voltages of this oscillator  TRaswc:R A
are amplified by an amplifier which is T 8 ————

controlled by the plate voltage of the i AW
above-mentioned flip-flop circuit and is  spurs mevvl\/lgl\yw

capable of amplifying the 8000 ¢/s waves rppn g 00— S
during only the time interval in which , jpm 5 ,Jwvwi]f\
voltage of rectangular form as shown | |

Fig. 3 is excited. In short, the 8000 ¢/s
waves are amplified during the time in-
terval between the two thresholds of out-
put voltages gained from the two seismo- TR - HAARIAW—
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excited only for finite time interval are  “Gr Lwes) 09?99??9(3)9'@//%

fed to the counter chronograph which is ) o . ’

. e Fig. 8. Schematic Show of the
constructed to indicate the number of the Principle of the Apparatus.
fed pulse by the neon lamp. ignition
device. From the above explanation, we can see that when we use the
present electronic instrument, we are able to read quickly and easily in
direct manner the time interval which is necessary to obtain the “time-
distance curve”.

~—> TIME

THYRATRON A —4

THYRATRON B :
FLIP-FLOP

2. Apparatus I. Transducer.

As in the usual seismic prospecting apparatus, the seismometer
used for the present apparatus is also composed of an electromagnetic
transducer of the moving coil type. The sensitivity of it, however,
becomes pretty higher than that of the transducers of the same type
used heretofore, because for its mechanical construction we adopt a
new design wherein the motion of its moving coil is magnified with
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Eden’s twin strips”, one end of which is connected to the moving
pendulum weight of the seismometer. Figs. 4a, 4b and 5 show the
diagram and the photograph of the seismometer for the present study.
The present seismometer consists mainly of the following seven parts:
(1) the outer case A, (2) the pendulum weight B, (3) supporting spring
plates C of the weight, (4) a moving coil E, (5) supporting lever F' of
the moving coil, (6) the Eden twin strips D), and (7) the clamps G of
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Fig. 4a. Seismometer with Eden's Fig. 4b. Seismometer with Eden's
Twin Strips. Twin Stripe.

the weight. The case 4 is made of an Aluminium cylinder of which
the inner and outer diameters are 150 mm and 190 mm respectively and
the height 150 mm. The pendulum weicht B of 3 Kg is fixed to and

1) Eden's twin strips is generally used for statical magnifying device as for precise

comparator. Both the statical and dynamieal properties have been theoretically and ex-
perimentally studied by us in a minute manner, and be fully reported in the next occasion.
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supported by the ends of the two parallel spring plates C of phosphorous
bronze at its top and bottom surfaces respectively and the other ends
of these spring plates C are fixed to the case A. Therefore, through
the total restitutive forces of the two spring plates, the weight B ecan
only do vertical motions in its small vibration amplitudes. The weight
B is composed of two parts: (1) MK permanent magnet of hollow
cylinder and (2) mild steel block which is so shaped that the annular
gap is prepared for the motion of the moving coil E which moves up
and down through the gap where the magnetic flux is concentrated.
The coil £ is attached to one end of the lever F, the other end of
which is fixed to the point of Eden’s twin strips D as shown Figs. 4
and 5. The end of one of Eden’s twin strips is fixed to the pendulum
weight B, and the end of the other strip to the top surface of the case
A. . The longitudinal axis of Eden’s twin strips becomes of course parallel
to the vertical axis of the pendulum weight of cylinder. We are able,
therefore, to understand, concerning the motion of the moving coil E
connected to the weight B with Eden’s twin strips, that if the pendulum
moves upwards or downwards a little, the movement of the coil becomes
also upwards or downwards respectively. But, as a matter of fact, in
spite of the infinitesimal movement of the pendulum weight, the coil’s
movement becomes factually large, because it comes to be magnified
greatly by means of both the magnification mechanisms of Eden’s twin
strips and also the lever system F. Hence, the moving coil with those
magnifieation mechanisms ecan move through the gap of concentrated
magnetic flux with fast speed which becomes larger than that of the
pendulum weight. It is characteristic of the present transducer that
the sensitivity becomes larger than that of the ordinary transducers of
moving coil type. The moving coil is made of 7000 turns of No. 48
enamel covered copper wire and has an electric resistance of 2000 ohms,
its mass being 16 grams weight. When the shock waves arrive at the
seismometer, it begins to vibrate and the output voltage induced in the
transducer becomes of course proportional to the relative velocity between
the coil £ and the pendulum weight B.

Considering the mass of the coil, we can easily derive, from the
fundamental equation of vibration, the relation between dynamical magni-
fication V and geometrical magnification V, of the seismometer as follows:

V=Vs/(1+ V&),

where p==M|/m, and M and m are the masses of the pendulum and
the coil respectively. From the expression of V, we can obtain Fig. 6
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which shows the characteristics of the seismometer. From Fig. 6, we
can see that there is a maximum value of V and this value becomes
large when the value p becomes large. It is actually difficult, from
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Fig. 6. Characteristic Curve of Seismometer.

the technical point of view, to make the value p large, and in the
present case ¢ becomes as follows:

r=(3kg)/(16 gr)=(3000)/(16).
Therefore the maximum point of V for the present seismometer has the
value V=6.7 when V,=13.6.

The natural frequency of the present seismometer becomes about
20 c¢/s and the sensitivity of it becomes 5 Volt/em/sec which is almost
ten times as large as the ordinary one.

Generally, we know that there are two kinds of magnetic type
transducer: (1) the reluctance type and (2) the moving-coil type. From
the viewpoint of our rejuest, the moving-coil type is more convenient
than the reluctance type, because the reluctance type cannot easily
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obtain suitable damping of the seismometer in spite of its high gains.
The damping % of the present seismometer is expressed by the following
formula which is also derived from the basic consideration of both the
electro-magnetic transducer and the equation of vibration: '

h=e/n=R]2nM)- VA + V3w,
in which R becomes a constant concerning the electro-magnetic effects
and the construction of both the coil and the lever and also %, » and
e are indicated in the following equation which is reduced from equations
concerning electro-magnetic transducer:
dPx|dE? + 2eda/dt + nPe=f,
where n is free angular frequency and e damping coefficient. Here, we
can see that the damping becomes proportional to V,? in the range of

small value of V,. In our case, the existence of damping is rather
convenient for preventing the noise effect of the ground.

3. Apparatus II. Gate Circuit.

The gate circuit operates between two successive pulses and is com-
posed of the following six parts: (1) two amplifiers, (2) two rectifiers,
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Fig. 7. Gate Circuit.

(8) two thyratron circuits, (4) a flip-flop circuit, (5) a local oscillator
and (6) a time-limited amplifier. Fig. 7 is the diagram of this circuit,
and its apparatus is shown in Figs. 8a and 8bh.
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The two amplifiers consist of the two bulbs 6SJ7 and 6J5 respectively,
and they amplify the respective voltages gained from the two seismo-
meters. The gains of these amplifiers are regulated by the variable
resistances at the inputs and
the maximum gains becomes
about 50 db. Of course, these
two amplifiers are specially
designed to obtain their re-
spective voltage supply inde-
pendently for the purpose of
avoiding any coupled relation
which shall be excited between

Fig. 8a. Left: Gate Circuit. these two amplifiers.
Right: Counter Circuit.

Next, the output voltage
which comes from the ampli-
fier is fed through the audio
transformer to the rectifying
circuit of 6H6. We ean under-
stand moreover from Fig. 7
that no matter whether the
sign of the output voltage
coming from the amplifier be-
ig. 8b. Left: Counter Cireuit. OIS DOS]tl_Ve OF TiegRLIvE, the

Right: Gate Circuit. voltage which appears at the

grid of the next thyratron

66G, is made to show a constantly positive sign, the circuit connection
of full wave rectifying being used in the circuit. When the grid voltage
is made to be higher than ignition voltage by the output voltage of
rectifying eireuit, the thyratron bulb ignites immediately. It must be
remarked that the output voltage which comes from the rectifying
cireuit is always accompanied with the voltages caused by the noises
of the earth’s ground. Therefore, the grid biag voltage of the thyratron
must be always regulated to have constantly a suitable value which
becomes larger than that of the noise voltage. For it will not, of course,
serve our purpose if the thyratron does its action by the disturbance
voltages due to noises in the earth. The magnitude of the noises varies

always with time and place, and therefore, in respective cases of the
prospecting procedure, we must regulate the action level of the thyratron
appropriately so that it will not be influenced by the noise voltages.
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After the two thyratrons do their actions of ignition for respective
signal voltages, respective plate voltages in the parallel circuits are
differentiated by passing the circuit with a condenser and a resistor
respectively. These two differentiated voltages are successively fed to
each grid of the flip-flop circuit of 6SN7 as shown in Fig. 7. By reset
switching, the flip-flop cirecuit is previously set in the state in which
the plate in one side of 6SN7 becomes conducting and that in the other
side becomes not conducting. Then the voltage of the suppressor grid
of the next amplifying bulb 6SJ7 becomes lower, and therefore the
amplifying action of it is lost. When the first pulse comes in the flip-
flop circuit, a change occurs in the state of the flip-flop circuit and the
suppressor grid voltage of the next bulb becomes high and the bulb
recovers its function of amplifying. Next, when the second pulse comes
in, the state of it returns again to the original one. On the other
hand, the sinusoidal waves of 8000c/s produced by the local oscillator
of 6ZP1 are fed constantly to the control grid of 6SJ7. Therefore, the
waves of 8000 c/s appear at the plate of this bulb during the time when
the suppressor grid attains high voltage.

In order to know the duration time in which the shock makes the
action on the first seismometer A and next on the second seismometer
B on the ground, we must count the numbers of the waves which
appeared at the output of the bulb 6SJ7 by the next counter chrono-
graph circuit.

4. Apparatus III. Counter Chronograph Circuit.

The diagram shown in Fig. 9 is the circuit of the counter chrono-
graph for the present apparatus, and its practical apparatus is shown
in Figs. 8a and 8b. The first bulb of the circuit has an important role
in making the operations of the next flip-flop circuits smooth and changing
the sine wave form of the waves which come from the preceding circuit
into square form. Because, in the case of sinusoidal waves of 8000 ¢/s,
the circuits cannot operate owing to their low frequency. The squared
voltages are then fed to the series of many flip-flop circuits as shown in
Fig. 9. Now, the flip-flop eircuit used for the present apparatus becomes
Higinbotham’s® “scale of two” circuit. The action of the series of the
first three steps of these is to reduce the 8000 c/s scaling down to 1000
e/s. Beside these series, there are two: groups which are constructed by
four “scale of two” circuits. These are “scale of ten” ecircuits modified

2) W.A. HIGINBOTHAM, R.S.I., 18 (1947), 706.
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by the “scale of sixteen” by the leap phenomena, in counting, produced
by the two triods as shown in Fig. 9. By the two “scale of ten” circuits
above mentioned, the square waves of 1000 ¢/s is reduced to those of 10 ¢/s.

By these procedures, the states of all flip-flop circuits are varied
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favourably in accordance with the numbers of fed pulses of square waves,
and henceforth the numbers which show the time duration, are instantly
indicated by the twenty-three neon tubes connected suitably to the pre-
sent circuit. These neon tubes are schematically shown in the last
line in Fig. 3. In the circuits connected as shown in Fig. 9, three
neon-tubes indicate 1/8, 1/4 and 1/2 milli-seconds, and ten neon-tubes
indicate respectively the numbers of 1 milli-second order, and also another
ten the numbers of 10 milli-second order respectively. By these procedures
with this counter chronograph circuit, we can actually and easily read
the numbers of the fed pulses which come from the gate circuit. For
instance, in the last line in Fig. 8, if we assume that the shaded four
neon tubes are lightened by the fed pulses, we can immediately read
that the time interval of the fed two pulses becomes 82 and 8/8 milli-
seconds.

For the time intervals which becomes longer than 100 milli-seconds,
this circuit repeats the operation of the same procedures as already
discussed, so that the mechanical counter is able to indicate the repeated
numbers. The circuits composed of the bulbs of 6SL7 and 6V6 are made
to drive the mechanical counter.

For this counter chronograph, the time is measured at an accuracy
of 1/8000 seconds, because the frequency of the local oscillator becomes
8000 ¢c/s for the present case. Therefore, if we want to change the
accuracy of the counter, it may be done by changing the frequency of
the local oscillator. In the actual case of the prospecting of detecting
the rather shallow layers, we think that it is suitable to use the fre-
quency of 8000~1000 ¢/s as the time scale.

5. Experiment.

The experiment with the present new-designed prospecting apparatus
was carried out at the ground in front of the Department of Geophysies,
Faculty of Science, Univ. of Tokyo. At this ground, the seismic prospecting
by ordinary method with electro-magnetic oscillograph has already been
done by some investigators, and therefore the structure of the earth’s
surface under this ground is somewhat clear.

The two new-designed seismometers were also set on the ground,
and one of them was set of course very near the place where the arti-
ficial shocks were given. Before the commencement of the measurement
proceeding, both the gains of the amplifier and the grid bias of the
thyratron were regulated to secure the state in which the thyratron
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grid voltage becomes a little higher than
the noise level of the ground under pro-
specting.  We then closed the “reset
switeh”. Then, the state of the flip-flop
circuit in the gate circuit became normal
and the twenty three neon lamps indicated
zero. Hereby, we made the ecomplete pre-
paration for the measurement procedure.
At a signal to produce a shock on the
ground surface, a steel ball filled with lead
weighing the 40 kg, was dropped from a
suitable height as shown in Fig. 10. Then
the set of the neon-tubes of the counter
chronograph instantly showed the time in-
terval needed for the shock travel between
the two seismometers on the ground. By
this procedure, varying the distance be-
tween the two seismometers, we were able
to obtain the data in Table I quickly
and easily. Therefore the “time-distance
curve” were obtained from Table [ as
shown in Figs. 11 and 12, in whieh the
unit of ordinate becomes 10-* sec., and that

Table I. Indieation of neon lamp.

Fig. 10.

Shoek Generation
Device With Ball.

(Data A & B show in Figs. 11 and 12 respectively.)

Distance Data A Data B
(m) (milli-sec.) (milli-sec).
. 21, 22, 28, 25 mo——
3 30. 32 2y, 5
4 29 30, 31 26, 27, 97, 29
5 36, 36, 37 28, 30, 31, 33
6 39, 40 82, 36, 37, 87
. 43, 48, 44, B2,
7 b
b3
8 48, 48, 49, b6 39, 43, 44, 47
9 50, 51, 51, b2 41, 47, 48, 49
10 b4, BH
11 57, 57, 58 49, 51, 54
12 62, 63, 63
13 65, 67 63, 63
14 68, 69, 70, 5
16 72, T3
17 78, 79
18 80, 81
19 82, B2

Distance

(m)
22
24
26
28
30

32

Data B
(milli-sec.)
]84, 86
37, 87
89, 92
85, 86, 90, 94, 96,101

95, 97, 104, 106
92, 93, 104, 109, 114
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of abscissa is shown in meter. Of course, these two Figures are taken
from two respective measuring lines on different days. As Fig. 12
shows, at the distances far from the shock origin, the points showing the

X ]O'QA'zo
10 \1‘\/'\9} '
L~

O 4 8§ 12 16 20m

Fig. 11. Time-Distance Curve.

loa

5

bl
; -~

0 4 8 12 16 20 24 28 32 36m

Fig. 12. Time-Distance Curve.

measured time tends to seatter and it becomes somewhat difficult to
determine exactly the “time-distance curves” for these points. The reason
for the occurrence of this phenomenon, perhaps, is as follows: The
magnitude of the noise voltage at this ground becomes comparable with
that of the threshold voltage due to the shock wave at the locality

distant from the shock origin, and also at times the thyratron B in -
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Fig. 7 does its action for another shock of unknown origin different from
the shock wave excited by the experimented shock origin. From these
facts, therefore, it must be remarked that in case of distances far
from the shock origin, we must use a somewhat large energy of shock.
For obtaining a large energy of shock, the general course is to increase
the falling velocity of the dropped weight or use a favourable dynamite.
At the moment when the weight parts from the weight hanger, the
reaction is suddenly execited in the hanger frame. This reaction through
the frame will be propagated in the ground faster than the shock wave
excited by the dropped weight. Therefore, we must arrange seismometer,
which is set very near the shock origin, so as not to be excited by this
reaction. The detailed discussions for the influence of this reaction on
the seismometer’s action will be postponed to the next report. From the
data shown in Figs. 11 and 12, assuming that the layer becomes parallel
to the surface of the ground, we are able to determine the depth H of
the first layer to be about 1.4 meters®. The results obtained so far by
this present apparatus seem’s not to be different from those obtained by
other methods.

6. Conclusion and Acknowledgement.

The present study of the prospecting with this new-designed ap-
paratus shows that the present apparatus may be of some use in actual
seismic prospecting. This instrument, however, is only a trial and there-
fore it contains some deficiencies to be improved. Moreover, in order to
develop the availability of this apparatus, we must compare the results
obtained at various localities with those obtained by other methods such
as the boring method.

It must be added that since the present apparatus is combined with
eliminater type of A. C. source, it cannot be used in localities with no
A. C. source. The report of an apparatus favourable for D. C. source
with the experimental results shall be given in the next occasion.

In conclusion, we must express our sincere thanks to Mr. Shigematsu
Ito and Mr. Yoshiro Komatsu of the Ministry of Agriculture and Forestry
who suggested the necessity of the present study to one of the present
writers and made every exertion in obtaining some expenses for the
present study. The authors also express hearty thanks to Mr. Torawo
Yamazaki of the Shimada Rika Industry Company, Ltd., who also‘

B ‘%)7%‘1"0};11719;12, \\e obtained the following results: The thickness of the first
layer==1.3m, and that of the sccond layer=2.7m.
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suggested the necessity of the present study and encouraged the writers
during the course of the present investigation.
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