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It is known that in selsmic underground pros-
pecting methods, the time intervals elapsing be-
tween the emission of elastic waves from a given
point and the return to the ground surface of said
waves after reflection on the geological discon-
tinuity surfaces of the underground are measured
and observed by means of a plurality of seismo-
graphs suitably distributed over the surface of
the ground or near said surface. PFrom the vari-
ous time intervals corresponding to the respective
selsmographs, it is possible to deduce the speeds
of propagation, if the latter have not been deter-
mined in advance by direct measurements made
in big bore-holes, and the depths of the various
reflecting horizons, as well as their dips, in mag-
nitude and azimuth. It is thus possible to ob-
tain very accurate and very complete information
concerning the tectonie structure of the under-
ground.

Thus, seismic underground prospecting is very
similar to echo methods as used in hydregraphy.
As a matter of fact, this remark was made by
Harvey C. Hayes, in § paper read on March 21,
1923 and published in the Journal of Franklin
Institute (March 1924, pages 323 to 354). In par-
ticular, he made the following statement:

“The echo method of determining depths is not
confincd to determining submarine depths. It
should serve equally well for determining the
depths below the earth’s surface of abrupt changes
or discontinuitles in the earth’s crust such as are
offered by coal and oil deposits or subterranean
caverns. These surfaces of discontinulty will re-
flcet to the surface a part of any sound disturb-
ance that may be transmitted to them,

The train of sound or elastic waves is produced
in any suitable manner, but most often by de-
tonation of a charge of explosives, with sufficlent
stemming, placed for instance at the bottom of &
smnall bore hole of a depth of some yaids or some
tenthis of yards and filled with water.
this charge is placed on the bottom of a river, a
lake, or the sea, or is buried in a furrow made in
the ground with a linear density of charging suf-
ficiently low to produce .a camocufiet effect. The
seismographs, suitably distributed on the ground
surface, but most generally buried at a small
depth so0 as to protect them against the action of
wind and, as far as possible, acrial sounds, collect
the elastic energy fed by the various waves thus
emitted, and transform 1t Into electrical energy.
The electromotive force supplied by each seismo-
graph depends upon the displacement, or the
speed, or again the accelcration of the ground, or
upch ohe or several derivatives of this accelera-
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tion, at the point where the seismograph is lo-
cated, or upon a combination of these factors.
After having been sultably amplified and filtered,
the tensions supplied by the respective selsmo-
graphs are transmitted to a multiple oscillograph
which records them on a band of paper, or a
photographic film, or otherwise, together with a
signal Indicating the time at which the
waves were emitied, and the marks of an accurate
time counter, for instance an electrically operated
tuning fork. The osclllograms obtalned are
studied with a view to determining, among all the
informatlon suppiled by the seismographs, that
which corresponds to waves returned from the
subterranean space after reflection on a geological
contact, and to determining thelr time of propa

gation, )

Theory and experience have taught that the
propagation of the waves from the point of ex-
plosion is g highly complex phenomenon. ©On the
one hand there are condensation waves, on the
other hand distortion waves, both of these kinds
propagating in all directions, and finally, cloge to
the surface, bi-dimensional waves, especlally the
so-called Raylelgh and Love waves. These sur-
face waves are the slowest; they have a consider-
able amplitude and this amplitude decreases
rather slowly according to the distance of propa-
gation, due to the fact that these waves are prop-
agated only Into two directions. They have a
rather clear pseudo-perlodic character and their
frequency spectrum iz essentially constituted by
very low frequencies, say from 5 to 15 Hertz, by
way of indication.

On the oscillographic records, it Is of interest
to elilminate the movements of the ground that
are due to the waves of all kinds which have trav-
elled close to ground or at a relatively low depth,
and more espccially the waves of the third kind,
because these particular waves cannot give any
Interesting information concerning the gcological
and tectonic structure of the deep strata, but, on
the contrary, risk over-charging the receiving ap-
paratus, and anyway complicating the curves
that are obtaincd, so that the identification of
the rcflected waves is made more difficult or even
impossible. ]

These last mentioned waves, and especially the
longltudinal reflected waves, have a highly com-
plicated frequency spectrum, but the components
that predominhate therein are not so grave as
those of the surface waves. By way of Indication,
the frequencies that predominate in reflected
waves generally correspond to a range froin 25 to
100 Hertz,
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On the other hand, experience has taught that
the discontinuity surfaces called “mirrors” give
reflected waves such that, on the one hand the
amplitude is lower, other things being equal, and,
on the other hand, the frequency spectrum is
poorer in sharp components, and therefore rela-
tively rich In grave components, the lower the
depth of these mirrors. The loss of amplitude is
explained, at least partly, by the normal decreas-
fng of this amplitude as a function of distance
over which the wave has travelled and slso by
the energy losses due to the waves reflected by
the stccessive geologlcal contacts. The relative
absorption of the sharp components in compari-
son with the grave components can reasonably
be attributed to absorption and diffiraction phe-
nomena, For instance, some little coherent for-
mations, such as sand, may be but imperfectly
transparent. This phenomenon would be anal-
ogous to the gradual reddening of white light by
fog.

Whatever be the causes, the flrst of the two
above mentioned phenomena Imposes the fol-
lowlng conditions:

For gilven posltions of the point from which
the waves are emltted and of the selsmographs,
several successive experiments are necessary,
with more and more intensive emissions, that is
to say, as & rule with greater and greater charges
of explosive. Low intensity emissions will per-
mit of correctly recording the waves reflected
from the shallowest mirrors. With the high in-
tensity emlssions, the over-loading of the appa-
ratus and the distortion it produces, the intricate
superposition of the varlous oscllographic trac-
Ings or the fact that they frequently run out from
the fleld if the recording is effected by deviation,
the reduction of the sensitized emulsion over its
whole thickness if the recording is made with
the varlable density method, will not permit of
observing the shallowest mirrors but, on the con-
trary, the deepest mirrors will supply reflected
waves sufficlently intensive to be easy to discern
on the oscillograms and to mark with accuracy.

But the fact of making several successlve ex-
periments at a given station involves a loss of
time and money which should be avolded. It is
possible to make a single experiment, with a suf-

ficlently Intensive emission of elastic waves for .

ensuring a suitable recording of deep reflections,
provided that the sensitlveness of the recelving
apparatus varles, according to a glven law, as a
function of the time having elapsed from the
emlission, and In such manner that the apparatus
is never overloaded but that the gradual increase
of sensltiveness as a function of time compen-
sates the gradual decrease of amplitude of the
successive reflected waves, In order to maintaln
a good readibjlity as the recording takes place.

As 8 matter of fact, it is stlll necessary, as a
rule, to effect, in addition to the chief experiment
above described, a recording with uniform and
maximum sensitiveness corresponding to a low
intensity emission, in order to determine, for
each of the selsmographs, the time at which the
front of the fastest superficlal wave reaches it.
This time intervenes in the calculation of the
corrections to be applied for taking into account
the presence, under the ground surface of strata
more or less decomposed by atmospheric and blo-
logic infiuences and in which the conditions of
propagation are abnormal,

The problem of automatically controlling the
sensitiveness is similar to those existing is audi-
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ble or ultra-audible sounding for the determina-
tion of submarine depths.

In this fleld of application, this problem was
solved by automatically varying, as a function of
time, the sensitiveness of the thermionic valve
amplifiers interposed between the wave recelver
(microphone) ang the recorder. This automatic
variation of sensltiveness Is for instance obtained
by varying, as a functlon of time and for one or
several of the tubes of the amplifier, the polar-
ization of their control grids.

Omn the other hand, the fact that, in the fre-
quency spectrum of the reflected waves, the pre-
dominating components are less grave than is the
frequency spectrum of the superficial waves has
been used for a long time for ellminating or re-
ducing the disturbing action of these superficial
waves. The amplifiers have been rendered selec-
tive, and even have been combined with complete
filters, the cutting off frequency being chosen low
enough for allowing the gravest reflected waves
to pass without too great an alteration, and high
enough for intercepting the superficlal waves as
far as possible.

The object of the present invention is to take
advantage of the property of the reflected waves
of being relatively the richer in low frequencies
as they come from the deepest mirrors.

This result 1s obtalned, according to the pres-
ent Invention, by varying the frequency curve of
the ampliflers as & function of the time having
slapsed sinee the time of emission, In such man-
ner as to permit the passage of components which
are the graver the more considerable the time
thus elapsed.

With this system, at the beginning of the ex-
periment, the cutting off frequency or the passing
band can be chosen relatively high for ensuring
a good elimination of the superficial waves. This
cufting off frequency or this passing band is then
automatically varied and generally lowered grad-
ually along the frequency scale, so as to permit a
good recording of the waves which have been re-
flested from the deep mirrors, the superficial
waves having then disappeared or, at least, hav-
ing but reduced amplitudes which permit this
lowering.

According to another feature of the invention
I combine this characteristic with the automatio
variation of sensitlveness as a function of time,

Another object of the present invention is to
provide a device for obtalning these results.

Other features of the present invention will
result from the following detalled description of
some specific embodiments thereof.

Preferred embodiments of the present inven-
tion will be hereinafter described, with reference
to the accompanylng drawings, glven merely by
way of example, and in which:

Fig. 1 Is a diagrammatic explanatory view il-
lustrating the arrangement of the apparatus and
the travel of the waves in the ground;

Fig. 2 1s a dlagram showing, by way of example,
a recorded curve system;

Pig. 3 Is a general view of a system according to
my invention, including one of the selsmographs,
its amplifier, and a recording element, with
means for automatically varying selectivity;

Fig. 4 shows another embodiment of the ampli-
fler, ensuring automatic variation, as a function
of time, both of selectivity and sensltiveness;

Fig. 5 Is a partial view showing another em-
bodiment of the invention;

Fig. 6 1s a diagram showing, by way of example,
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a sensitiveness curve corresponding to the ar-
rangement of Fig. 5;

On all the figures, the same reference charac-
ters designate the same parts,

Flg. 1 shows a diagrammatic section of the
ground, The waves are emitted from center I,
the initial shock being generally produced by a
charge of dynamite the importance of which de-
pends upon the dimensions of the field which is
to be studled, the charge being more consider-
able the deeper the mirrors to be detected.

I have shown the path of travel of the super-
ficial rays, as well es that of the rays reflectzd
from a deep mirror 2. These waves are received
at suitably chosen points by means of suitable
seismographs 3, connected through electrie lines
with a recording center provided with amplificrs
4 and a multiple recorder 5.

The recording of the various curves is generslly
effected on the same band in such manner as to
obtain, for instance, the curves shown by Fig. 2.

In order to obtaln the automatic variation of
selectivity as a function of time, a method con-
sists. in disposing, at the input end of amplifiers
4, or between two stages of said amplifiers, a fre-
quency filter of the high-pass kind, that is to say
8 filter which permits the passage of frequen-
cies higher than a predetermined value and con-
stituted, for instance, by a cell ineluding two re-
actance coils in shunt with the line and & con-
denser in serles therewith.

It is known that the cutiting off frequency of
a filter of this kind depends upon the value of
the capacity of this condenser.

By varying this capacity, I obtain therefore the
desired variation of the selectivity.

Fig. 3 diagrammatically shows a device for ob-
talning the automatic variation of the selectivity.

In this system, 0 is the charge of explosive lo-
cated at the peint of emission ( of Fig. 1, and the
ignition of which ig produced by an electric deto-
nator 7 operated by battery 8 through switch 9
and wires 18.

Battery 8 feeds in parallel the primary |l of &
transformer the secondary (2 of which s con-
neeted to the grid 3 of a vacuum tube 14,

The plate circuit of this tube is connected to
the coil 24 of an electro-magnetic clutch located
at the recording station and which is hereinafter
described.

Reference numeral 3 diagrammatically shows a
seismograph acting through a suitable line on
the grid 15 of a vacuum tube 1§ also located at
the recording station.

In the plate circult of this tube is inserted the
filter above mentloned, this filter consisting of
two reactance coils (1—18 (generally with iren
cores) mouwated In shunt with respect to the line
and the ends of which, opposed at thelr common
point, are connected respectively to the two arma-
tures of a variable condenser 19. The cutput of
this filter feeds current to the other stages, dla-
grammatically shown at 20, of the amplifier,
which controls one of the oscillographs of re-
corder 5.

Reference numeral 22 designates an eclectric
motor which is started a short titne before the
charge of explosive is ignited. This motor drives,
by means of an electro-magnetic ctutch dlagram-
matieally shown by the two plates 23, the rotor
keyed on the spindle 25 of the variable condenser
19. This electromagnetic cluteh is 1tself actuated
by coll 24 which is inserted in the plate circuit of
tube 14.
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This apparatus works in the following man-
ner: .

Electric motor 22 turning at its normal speed,
switch 8 is operated. During the short period
of time (some thousandihs of & second) neces-
sary for bringing the filament of detonator 7 to
incandescence, the source of current B is practi-
cally short-cireuited sand, consequently, the inten-
sity in the primary t{ of the transformer is neg-
ligihle.

The short-circuit approximately produced in
the detonator is eliminated at the time of the
explosion. This produces a substautial output or
flow of current through primary ({, and there-
fore an induced electromotive force at the fer-
minals of secondary §2. The connections of the
transformer are designed in such manner that
this electro-motive force increases the potential
of grid 13, whereby the plate current of tube 4
increases substantially at the time of the explo-
sion. As a consequence, clutch 23 is let in and
the rotor of condenser 19 is started rotating.

The outline of the blades of this condenser is
chosen in such manner as to obtain the desired
law of variation.

The impulses recelved by seismograph 3 are
amplified by tube 18, and only the frequencies
lower than the cutting off frequency are trans-
mitted to the next stagzs 20 of the amplifier and
to recorder 5.

Thig arrangement permits of obtaining the de-
sired result, to wit an automatic varlation of the
cutting off frequency as a function of time,

It is elear, that the high-pass filter #T—18—19
might be completed by & low-pass filter includ-
ing variable condensers also keyed on axis 25
which 1s driven through cluteh 23. In this way,
the last stages 20 of the amplifier would receive
only frequencies ranging within two given limits
variable as a function of time. The ensemble of
the twop filters (the high-pass filter and the low-
pass fllter) might be replaced by a band filter,
On the other hand, it is clear that filter 1T—18—19
might be constituted in amny other way, the same
as the control of cluteh 23 might he made dif-
ferently.

Fig. 4 shows another embodiment of the ampli-
fler in which 1 obtain hoth the automatie vari-
ation of selectivity and that of sensitiveness,

The automatie variation of sensitiveness i{s ob-
tained in this case by varying the polarization
of the grids of ome of the stages of the amplifier.

This stage Is constituted by a tube 21, itself
fed with current throuch a pre-amplifier 26, con-
trolled by seismegraph 3.

The polarization of the control grid 28 of tube
27 includes a constant portion supplied by bat-
tery 29 and a variable quantity which is given
by the voltage drop across resistance 38,

This resistance receives the discharge current
of a condenser 3! which 1s charged by battery
32 across the contacts 33 of a relay, normally
closed, the coil 34 of which receives the plate
current of a tube 14, mounted exactly in the
s8Me Manner as in the example shown by Fig. 3.
Thercfore, this coil 34 replaces the coil 24 of this
Fig. 3.

It will be readily understood that, at the time
of the exploslon, coil 34 attracts its armalure
which opens contacts 33. Thercfere, condenser
31 is gradually discharged threugh resistance 38,
It follows that the pclarization is maximum at
the time of the explosion and decreases in a
continuous manner as a function of time. The
constants of the law according to which it de-
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creases are adjustable owing to the choice of
condensers 31, through switch 86 and of the ad-
Justable point of contact on resistance 30. There-
fore, In this way, I fix on the one hand the time
of relaxation of the variable polarization and, on
the other hand, the Initial value thereof. It goes
without saying thet these two adjustments might
be obtained otherwise.

The plate current of tube 27T is in turn trans-
mitted, through a transformer 21, to the other
steges 20 of the amplifier which feed current to
recorder 5.

It will be readily understood that, as a conse-
quence of the variation of the polarization, the
plate current of tube 27 increases in a continu-
ous manner as & function of time. It therefore
follows that a parasitic signal is produced which
would be transmitted to the next stages of the
amplifier. In order to eliminate it, I mount in
opposition on tube 27, according to a well known
arramgement, an identical fube 37 the control
grid of which, 38, recelves the variable polari-
zatlon from resistance 30, but of course does not
receive the signal from 26. Therefore, trans-
former 21 is of the push-pull type as shown by
the drawing.

Furthermore, on the control grid 36 there is
mounted a potentiometer 39, which permits of
adjusting the polarization of 36, in such manner
as exactly to balance the increases of the anode
currents of tubes 27 and 37, when there are vari-
ations of polarization at the terminalg of re-
sistance 30. Furthermore, I insert, If need be, &
resistance 40 In the grid circuit 38 to balance
the impedance introduced in the circult of grid
28 of tube 27 through the pre-amplifier 26.

It will be noted that tube 27 is constituted by
a pentode the suppressor (the grid closer to the
anode) of which 13 connected to the cathode, the
screen grid belng directly connected to the plate.

On the other hand, in this tube, it i3 very ad-
vantageous to arrange this control grid in such
manner that the spires thereof are at intervals
which Increase gradually from one end of thls
electrode to the other end thereof. In other
words, it is advantageous to employ, as tubes 27
and 37, so called *selectode” or “supercontrol”
tubes.

This arrangement permits of obtaining the
automatic variation of selectivity as a function
of time. It is known that the varlation of the
plate current of a thermionic valve as a function
of the frequency is the greater (for a predeter-
mined varlation of the control grid tension) the
lower the intermal resistance of the tube, the
influence upon the plate current of the charge
impedance (constituted in this case by trans-
former 21) being the more considerable as the
internal resistance is lower.

In order fully to explain this point, it should
be remembered that, below the secondary reso-
nance and dispersion frequencies, a transformer
coupling, (such as that obtained with 21) pro-
duces, in point of fact, the same effects, to with-
in a constant factor (equal to the transforma-
tion ratio ), as a coupling obtained through &
reactance coil L constituted by the primary of
this transformer. If Ri designates the total re-
sistance of the primary circuit, essentially con-
stituted, in this case, by the intemasl resistance
of tube 27, the gain is given by the following
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in which K designates the factor of amplification
of tube 27 and » the circular frequency of the
signal.

For a given value of said frequency, the gain
increases, other things belng equal, when re-
sistance Ri decreases. Therefore the range of
the frequencles that are transmifted will grad-
ually extend toward lower and lower frequencies,
as the time elapses from the explosion, if the
internal resistance of the tube gradually de-
creases. Now, the gradual disappearance of the
grid polarization available at the terminals of
resistance 30 will gradually open a passage for
the electrons through the zones of tube 2T where
the pitch of the control grid 28 becomes smaller
and smaller and thus gradually lower the Inter-
nal resistance of tube 27.

It should be noted that the problem in this
case is exactly the inverse of the conditions ex-
isting in radio-telephony for the amplification
of high and mean frequencles with an automatic
control of the gain. In this case, it is endeav-
oured to make tubes, the internal resistance of
which is, under all circumstances, very high as
compared with the charge impedance. This is
the reason why selectodes are, In a general man-
ner, tubes having a screen grid (tetrodes, pen-
todes, etc.) and why it 1s difficult to find, on the
market, selectode trlodes, that 1s to say tubes of
this kind having a grid pitch varlable along said
electrode. But it is clear that the present in-
vention might be carried out by employing, as
tubes 27 and 37, such selectode triodes, if they
were constructed. As a matier of fact this Is
not necessary because I have found by experi-
ence that, by taking pentode tubes of the E. F. 5
type or of the American 958 pentode gland, and
by connecting, In these tubes, the screen grid to
the plate, I obtained the equivalent of a low in-
ternal resistance triode, Furthermore, the value
of this internal resistance varies gradually and
within wide limits in accordance with the nega-
tive polarization of the control grid. Therefore,
tube 27 (and also, of course, tube 37) can be
merely congtituted by 956 type, or E. F. 5 type
tubes, or the like, in which the screen grid is
directly connected to the plate.

It will be noted that, in the arrangement illus-
trated by Fig. 4, the law of variation of the
polarization as a function of time is necessarily
an exponential law (discharge of a condenser
across a resistance). If It is desired to obtain
another given law, the polarization variation is
controlled through an arrangement of the kind
of that shown by Fig, 5. This arrangement in-
cludes the motor 22 of the embodiment of Fig. 3,
with 1ts clutch 28 controlled by coil 24 fed with
current through tube (4.

Shaft 28 carries in this case a cam 41 (shown
in front view on the drawlng) cooperating with
a finger 42 applied against the periphery of said
cam by a spring 43, This finger controls the
sliding contact 44 of a variable resistor 45, act-
ing as a poténtiometer owing to the provision
of a battery 47. With such an arrangement, the
potential difference between the end 46 of the
resistance and finger #4 varles automatically as
a function of the time. This voltage replaces
that existing across the terminals of resistance
30 in Fig. 4.

' By sultably choosing the outline of cam 41, it
is easy to obtain any desired law of variation,
without any limitation,

In particular, this variation permits of obtain-
Ing a varlation of the sensitiveness as a function
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of time such that sensitiveness is higher at the
heginning, then drops rapidly to a relatively low
value, and subsequently Increases in a continuous
manner as & function of time, The curve of
sensitiveness corresponding to this i1s that of
Fig. 6. This arrangement permits of correctly
recording the front of the fastest superficlal
waves, the times of arrival of which correspond
to portlon A of the curve, of eliminating the high
amplitude osciliations of the superficial waves
which come next, and in particular the Rayleigh
or Love waves which arrive during the time
period corresponding to portilon B of the curve,
and finally of correctly recording the reflected
rays coming from deeper and deeper mirrors.
Of course, the above mentioned arrangements
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are not the only possible embodiments of the
invention within the scope of the principle
thereof,

In particular, in the arrangement of Fig. 4, I
might arrange tubes 27 and 37 in such manner
as to constitute a true push-pull system, the sig-
nal coming from pre-amplifier 26 being applied,
in phase opposition, to grids 28 and 36, according
to a well known mounting, the variable polariza-
tion voltage heing of course the same in magni-
tude and direction for each of the grids.

It 1s clear that, in this case, the increases of
current, in the anode circuits, resulting from
variations of polarization still eliminate each

other.
RAYMOND MAILLET.



