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nated by shunting the load inpedances 20, 21 with con 
densers (22, 23) which are large enough to by-pass the 
high frequency components of the distorted waves, e.g., 
harmonics, but not large enough to excessively affect 
either the phase or the amplitude of the desired signal 
signals, i.e., the fundamental. 

Since the galvanometers which I use as output signal 
utilization devices (see 24 in FIG. 1) have relatively low 
input impedances, I employ balanced impedance-trans 
lating circuits (see 25 in FIG. 1) to couple them to the 
outputs of the signal combining circuits. Since the cir 
cuit 25 shown herein merely comprises a push-pull con 
nected pair of conventional cathode followers and there 
fore will be readily understood by those familiar with 
the art and since its circuit details do not constitute part 
of the present invention and are not being claimed per 
se, it is believed unnecessary to describe it in any fur 
ther detail herein. 
The effectiveness of this invention in improving the 

signal-to-noise ratio of geophone signals will be readily 
understood by reference to the family of voltage wave 
forms shown in FiG. 5 in which the waves 30 and 31 
represent actual geophone signals produced by a pair of 
spaced-apart geophones and the wave 32 represents an 
output signal produced by combining the waves 30 and 2 
31 in the apparatus of FIG. 1 in accordance with the 
present invention. 

Referring to FIGS. 2 and 3 each of the blocks 35 and 
36 contains a conventional phase inverter circuit which, 
if desired, may be used in place of one of the phase-split 
ting transformers 12, 13. As in the case of the impedance 
changer 25 the particular circuit details of the blocks 35, 
36 will not be described in detail since they are conven 
tional rather than characteristic of this invention. 

Obviously, many modifications and variations of the 
invention as hereinbefore set forth may be made without 
departing from the spirit and scope thereof and therefore 
only such limitations should be imposed as are indicated 
in the appended claims. 

I claim: 
1. Electrical apparatus for combining a plurality of 

signals to provide an output that is proportional to the 
product of their instantaneous values during input sig 
nal excursions of like polarity comprising a pair of am 
plifying devices each having at least two signal inputs and 
the characteristic of affording for a signal applied to one 
of said inputs a gain which is variable in accordance with 
variations in the potential of the other input; a phase 
splitter for receiving a first signal and applying it to each 
of a pair of said inputs in a different one of said devices 
in respectively opposite phase; another phase splitter for 
receiving a second signal and applying it to each of the 
remaining pair of said inputs in respectively opposite 
phase; and means for biasing each of said inputs substan 
tially to cut-off in the absence of an applied signal, and 
output means for said devices. 

2. Apparatus as in claim 1 in which said output means 
comprises a push-pull output circuit for the two devices 
whereby the polarity of the signal output corresponds 
to that of the input signals. 

3. Apparatus as in claim 1 which further comprises 
two geophones each connected to a respective one of said 
phase splitters. 

4. Apparatus as in claim 1 which further comprises 
recordings of the signal outputs of two geophones, means 
for reproducing each of the recordings and feeding the 
reproduced output to a respective one of said phase split 
ters, and means for adjusting the relative phase of the 
reproduced outputs before feeding them to the phase split 
terS. 

5. Apparatus as in claim 4 in which each of said de 
vices includes an output electrode and which further com 
prises a recording utilization device connected to said 
output electrodes. 

6. Apparatus as in claim 5 in which said utilization 
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device comprises a galvanometer and which further com 
prises animpedance-lowering circuit connected between 
said output electrodes and the input of Said galvanon 
eter. 

7. Apparatus as in claim 6 which further comprises 
a push-pull output for the two devices and in which said 
impedance lowering circuit includes a push-pull connect 
ed pair of cathode followers. 

8. Apparatus for combining two electrical signals to 
provide an output whose magnitude is proportional to 
the product of the instantaneous values of said signals 
during intervals when said signals are of the same po 
larity and which output otherwise corresponds substan 
tially to zero comprising a pair of amplifying devices 
each having two electrodes normally biased substantially 
to cut-off and an output electrode; a signal-receiving trans 
former including a secondary having a center tap which 
is grounded and two oppositely-off-center points each of 
which is connected to one of said input electrodes in a 
different one of said devices; another signal receiving 
transformer including a secondary having a center tap 
which also is grounded and two oppositely-off-center 
points each of which is connected to a respective one 
of the input electrodes not connected to the first-men 
tioned secondary; a circuit for applying energizing elec 
trical energy to said output electrodes from a common 
point over respective load impedances; and means for 
deriving an output signal from the apparatus across a 
circuit comprising both of said impedances in series, 
thereby to derive an output wave that retains the funda 
mental frequency characteristic of the combined signals. 

9. Electrical apparatus for combining a plurality of 
electrical signals to provide an electrical output that is 
proportional to the product of the instantaneous values 
of said signals during intervals when said signals are of 
the same polarity comprising in combination first and 
second amplifier devices, each of said devices including 
a plurality of input circuits corresponding to the num 
ber of signals to be combined, each of said devices in 
cluding an output circuit that is common to its respec 
tive input circuits, means for simultaneously applying 
each of said signals in phase opposition to an input cir 
cuit of said first and second devices respectively, means 
for biasing the input circuits of said two devices sub 
stantially to cut-off in the absence of an applied signal, 
output means for conubining the outputs of said two 
devices in phase-opposition, thereby to derive an out 
put wave that retains the phase identity of the combined 
signals, 

10. Electrical apparatus for combining a pair of elec 
trical signals to provide an electrical output that is pro 
portional to the product of the instantaneous values of 
said signals during intervals when said signals are of the 
same polarity comprising in combination first and sec 
ond amplifier devices, each of said devices including a 
pair of input circuits corresponding to the signals to be 
combined, each of Said devices including an output cir 
cuit that is common to its respective input circuits, means 
for simultaneously applying each of said signals in phase 
opposition to an input circuit of said first and second 
devices respectively, means for biasing the input circuits 
of said two devices substantially to cut-off in the absence 
of an applied signal, output means for combining the 
outputs of said two devices in phase-opposition, thereby 
to derive an output wave that retains the phase identity 
of the combined signals. 

11. Electrical apparatus for combining a plurality of 
electrical signals to provide an electrical output that is 
proportional to the product of the instantaneous values 
of said signals during intervals when said signals are of 
the same polarity comprising in combination first and 
second amplifier devices, each of said devices includ 
ing an anode, a cathode, and a plurality of control elec 
trodes corresponding to the number of signals to be com 
bined, an output circuit for each of said devices includ 
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ing its respective anode and cathode, means for simul 
taneously applying each of said signals in phase opposi 
tion to a respective control electrode of both said first 
and second devices, means for biasing said control elec 
trodes of said two devices substantially to cut-off in the 
absence of an applied signal, output means including 
the output circuits of said two devices for combining the 
outputs of said two devices in phase opposition, thereby 
to derive an output wave that retains the phase identity of 
the combining signals. 

12. Electrical apparatus for combining a pair of elec 
trical signals to provide an electrical output that is pro 
portional to the product of the instantaneous values of 
said signals during intervals when said signals are of the 
same polarity comprising in combination first and second 
amplifier devices, each of said devices including an anode, 
a cathode, and a pair of control electrodes corresponding 
to the number of signals to be combined, an output circuit 
for each of said devices including its respective anode 
and cathode, means for simultaneously applying each of 
said signals in opposition to a respective control electrode 
of both said first and second devices, means for biasing 
said control electrodes of said two devices substantially 
to cut-off in the absence of an applied signal, output 
means including the output circuits of said two devices for 
combining the outputs of said two devices in phase op 
position, thereby to derive an output wave that retains the 
phase identity of the combining signals. 

13. The apparatus of claim 12 wherein the control 
characteristics of said two devices are adapted and ar 
ranged to provide zero output when the instantaneous 
values of the applied input signals are of different polar 
1ty. 

14. Seismic signal transforming apparatus comprising 
means to establish a first electrical signal which varies 
in amplitude in accordance with vibrations received by 
a seismometer; means to establish a second electrical sig 
nal which varies in amplitude in accordance with vibra 
tions received by a seismometer; means energized by said 
first signal to establish third and fourth signals which 
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are representative of the positive and negative portions 
of said first signal; means energized by said second signal 
to establish fifth and sixth signals which are representa 
tive of the positive and negative portions of said second 
signal; means to multiply said third and fifth signals to 
establish a seventh signal means to multiply said fourth 
and sixth signals to establish an eighth signal; and means 
to subtract said eighth signal from said seventh signal. 

15. Apparatus for combining two electrical signals which 
vary in amplitude each in accordance with vibrations 
received by a seismometer; means energized by each of 
said electrical signals to establish a pair of signals which 
are representative of the positive and negative portions 
respectively of each said electrical signal, means to nulti 
ply said positive portions by one another, means to multi 
ply said negative portions by one another, and means to 
subtract the output of said negative portions multiplying 
means from the output of said positive portions multi 
plying means. 
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