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23,919 
SYSTEM OF SEISMIC RECORDING 

James E. Hawkins, Broken Arrow, Okla" assignor, by 
inesne assignments, to Seismograph Service Corpora 
tion, Tulsa, Okla., a corporation of Delaware 

Original No. 2,578,133, dated December 11, 1951, Serial 
No. 562,552, November 8, 1944. Application for re 
issue March 3, 1953, Serial No. 340,175 

11 Claims. (Cl. 181—_-0.5) 

Matter enclosed in heavy brackets II] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. _ 
The present invention relates to improvements in sys 

tems for recording and analyzing seismic signals and 
more particularly to improved methods and apparatus 
for facilitating the recording and interpretation of the 
seismic signals‘ generated by a single, shot engendered, 
earth disturbing impulse. 

In seismic prospecting as generally practiced in the 
art, the earth waves generated by each earth disturbing 
impulse or shot are picked up as separate signals at vari 
ous points within the area under survey, and the different 
signals are transmitted over separate two wire channels 
to different elements of a seismic recording camera to be 
recorded upon a common ?lm. The usual seismic signal, 
as pickedup and recorded in this manner, contains a 
wide variety of frequency components, only certain bands 
of which will, when analyzed in the absence of other 
components, give the desired information. Thus, the 
usual seismic signal is picked up in the presence of wind 
and ground noise components which are mixed with the 
desired signal frequency components to distort the re 
corded signal. Speci?cally, the mixed signal and noise 
energy of a given ,signal may, for example, be made _up 
of reflected wave train frequency components ranging 
from 40 to 50 cycles per second, “ground roll" noise 
components having frequencies ranging from 10 to 20 
cycles per second, and wind noises having frequencies 
from 190 to 200 cycles per second. Filtering may be 
resorted to in suppressing the undesired frequency com 
ponents at a point in each signal channel between the 
signal pickup device and the recording camera, so that 
only the desired frequency components are actually re 
corded. This raises the problem of accurately preselect 
ing the desired signal frequency band before the earth 
disturbing impulse is generated to produce the signal 
record. Unfortunately, the desired frequency bands, 
i. e.‘ the bands containing the wanted Signal frequency 
components, are not the same and are entirely unpre 
dictable as between different geographic locations. For 
a given location, therefore, conventional practice dictates 
a trial and error method of ascertaining the desired fre 
quency band. With conventional systems, this procedure 
involves taking a plurality of shots, recording the signals 
generated at each shot and making ?lter adjustments 
between successive shots in an attempt to locate the 
desired frequency band. Not only is this procedure 
wasteful of explosives and ?lm, but more important it is 
inaccurate. Thus, to maintain proper accuracy in the 
relationship between the successively recorded signals, 
the same shot hole should be used in exploding the several 
charges. However, each shot or explosion causes earth 
shattering in the vicinity of the shot hole which causes 
changes in the characteristics of the successively gener 
ated earth impulses. Maintenance of uniform conditions 
in generating the ground impulses is, therefore, substan 
tially impossible. This problem is also of importance in 
the production of so-called mixed trace records which 
are obtained by mixing the components of different pairs 
of signals and recording the resultant signals to thereby 
emphasize the ratio of reflected energy to other energy. 
Another problem involved in the production of reliable 
mixed trace records is that of obviating the effects of 
erratic differences in re?ection times, occasioned by dif 
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2 
ferences in weathering delay times and elevational differ 
ences at the separated signal pickup points, in order to 
obtain proper emphasis between the re?ection energy 
and other energy. Conventional seismic recording sys< 
terns also require the use of individual cables or a single 
mult-i-conductor cable of four or more wires to intercon 
nect the recording camera with the signal pickup devices. 
Since the distances separating the pickup points from 
each other and from the recording camera may be con 
siderable, such a wiring arrangement is relatively expen 
sive and rather dif?cult to handle in the ?eld. 

It is an object of the present invention, therefore, to 
provide an improved seismic recording system wherein 
at least a part of the above-mentioned di?iculties are 
obviated. > 

It is another object of the present invention to provide 
an improved method of seismic recording which speci? 
cally obviates the signal band selecting difficulties out 
lined above. . 

According to a further object of the invention, an 
improved method of seismic signal recording is provided 
which permits electrical band by band analysis of the 
signal frequency components of one or more signals gen 
erated by a single earth impulse and also permits perma 
nent pictorial recording of the signal frequency compo 
nents within any selected frequency band. 

In accordance with still another and more speci?c Ob‘. 
ject of the invention, the recording of the desired fre 
quency components of the selected signal or signals is 
carried out in a plurality of successive recording steps, 
the ?rst of which provides for recording of all frequency 
components of the signal or signals which are picked up, 
and also provides for repeated electrical reproduction 
of the signal or signals for purposes of analysis and fre 
quency band selection. 

It is yet another object of the invention to provide an 
improved seismic recording method of the character de 
scribed which may be readily used in the production of 
mixed signal. record traces without requiring additional 
shots for this speci?c purpose. 

According to a still further object of the invention, the 
trace distortion effects involved in the production of 
mixed signal traces and caused by erratic differences in 
individual signal re?ection times which in turn are occa 
sioned by differences in weathering delay times and differ 
ences in elevation at the different signal pickup points, 
are minimized by appropriately delaying the recording 
of certain of the signals involved in the production of 
the mixed signal record. 

it is another object of the present invention to provide 
an improved and highly effective method of compositely 
recording a plurality of seismic signals upon a common 
recording medium from which the signals may be easily 
and repeatedly resolved or reproduced without distortion 
of the phase relationships originally existent between 
the signals. 

It is a further object of the invention to provide im 
proved apparatus capable of being used to practice the 
present improved methods. 
. According to another and more speci?c object of the 
invention improved apparatus is provided for compositely 
recording a plurality of phase related signals upon a com 
mon magnetizable medium and for reproducing selected 
frequency ‘components of the signals without distortion 
of the phase relationship thercbetween. 
The invention, both as to its organization and method 

of operation, together with further objects and advantages 
thereof, will best be understood by reference to the fol 
lowing specification taken in connection with accompany 
ing drawings, in which: . 

Fig. 1 schematically illustrates improved apparatus 
embodied in the present improved system to pick up and 
produce a composite record of a plurality of seismic sig 
nals_generated by a single earth disturbance; 

Fig. 2 illustrates improved apparatus embodied in the 
system. to reproduce and resolve the composite signal 
back_1nto its component parts and to pictorially record 
thed signals either separately or in various combinations; 
an 

Figs. 3A, 3B and 3C, respectively illustrate the pictorial 
records which are produced under different conditions of 
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operation of the apparatus shown in Fig. 2 of the draw 
in s. \ 

gReferring now to the drawings and more particularly ‘to 
Fig. 1 thereof, the improved signal pickup and composite 
signal recording apparatus is there indicated generally at 
10 as comprising a magnetic recorder 12 having a re 
cording‘head 12a coupled or connected to a mixing and 
translating channel 15 and adapted to record signals re 
ceived over this channel upon a magnetizable medium 

' in the form of a wire 12b, which is fed from a feed reel 
12c through the ?eld of the head 12a to a takeup reel 12d. 
This recorder may be of any' desired commercial type 
although preferably is of the improved wide range type 
disclosed in Carnras Patent No. 2,351,005, issued J une 13, 
1944, and having a recording range in excess of 50,000 
cycles per second when operated at full speed. The mix 
ing channel 15 is comprised of only two conductors 15a 
and 15b which extend as a cable from the recording 
point at which the magnetic recorder 12 is located to 
transmitting channels 16, 17, etc., individually provided 
at the different points of signal pickup. The identi?ed 
transmitting channels are of identical arrangement. Spe 
ci?cally, the channel 16 comprises a signal pickup device 
in the form of a geophone 13 of any desired commercial 
construction arranged to feed signal energy through an 
ampli?er stage 16a into a modulator stage 16b, the out 
put of which is mixed with the carrier output of an os 
cillator 16c at the input side of an ampli?er 16d. At the 
output side of the ampli?er 16d, the signal modulated 
carrier energy is delivered to the mixing channel 15 for 
transmission to the recording head 12a of the recorder 12, 
through a frequency selective circuit tuned to the par 

I ticular carrier frequency of the oscillator 16. Similarly, 
the transmitting channel 17 comprises a signal pickup 
device 14, an ampli?er 17a, a modulator 17b and an 
ampli?er 17d connected in tandem in the order named, 
with a carrier producing oscillator 17c being provided at 
the input side of the ampli?er 17d to convert the low 
frequency signal energy picked up by the pickup device 14 
into carrier frequency energy modulated at the signal 
frequency rates. At this point it is noted that the am 
pli?ers 16d, 17d, etc., individual to the various transmit 
ting channels and commonly coupled to the mixing chan 
nel 15, serve to preventinteraction between the carrier 
producing oscillator 16c, 17c, etc., which might result in 
spurious operation of these oscillators at frequencies 
other than those for which they are designed. The stages 
16a,‘ 16b, 16c and 16d of the transmitting channel 16 
may be of substantially conventional circuit arrangement, 
and accordingly the component parts thereof have not 
been speci?cally identi?ed in the drawings. It is noted, 
however, that the oscillator 16c is of the well known 
electron coupled type employing interclectrode coupling 
within the tube thereof to sustain its operation at its 
rated carrier frequency; that the ampli?er 16a is resistance 
coupled to the modulator 16b; and that the signal voltage 
appearing at the output side of the modulator 16b is im» 
pressed across the input electrodes of the amplifier 16d 
in parallel with the output voltage from the oscillator 16c 
over a coupling path which includes‘a C biasing battery 
16c and a carrier frequency choke inductance 16f. It is 
noted further that the oscillators 16c, 17c, etc., indi 
vidual to the various transmitting channels, have output 
frequencies which are sulliciently widely separated to 
permit easy separation thereof after being mixed together 
and compositcly recorded upon the recordingwire 12b 
of the recorder 12. Thus, and depending upon the 
number of transmitting channels used, the output carrier 
frequencies of the oscillators 160,170, etc., may have a 
frequency separation of the order of 1,000 to 5,000 cycles 
or more without exceeding the recording range of the 
magnetic recorder» 12. ‘ 

Referring now more particularly togiig. 2 of the draw 
ings, the reproducing and signal res‘v lving apparatus of 
the system is there indicated generally at 11 as comprising 
a magnetic reproducer 18 having a reproducing head 18a 
in which the composite signal recorded upon the wire 12b 
is picked up for transmission to a plurality of signal sepa 
rating channels 20, 21, 22, etc., over a common channel 
19. In the identi?ed separating channels,‘ the carriers 
and the signals respectively modulated thereon are sepa 
rated one from the other, demodulated and ampli?ed for 
transmission to the mirror driving elements 25a, 25b, 25c, 
etc. of a seismic recording camera 25, either directly or 
through a mixing panel 27 in the manner more fully ex 
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4 
plained below. The seismic recording camera 25 may 
be of any desired commercial type having the required 
number of recording elements and preferably is provided 
with facilities for visually inspecting signals impressed 
upon the mirror driving elements 25a, 25b, 25c, etc., as 
well as recording such signals upon a common ?lm 25d 
which is driven at a known synchronous speed. More 
speci?cally, the ?rst signal separating channel 20 com 
prises a carrier band pass ?lter 203. which may be tuned 
to pass the carrier and signal frequency components ap~ Y 
pearing at the output side of the transmitting channel 16, 

. for example, a demodulator 20b for detecting the signal 
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frequency components of the signal modulated carrier, 
an ampli?er 20c for amplifying the detected signals, and 
a low ‘frequency band pass ?lter 20d for selecting par 
ticular frequency components of the ampli?ed signals and 
for transmitting the same either to the driving element 
25a of the recording camera or to the mixing panel 27. 
This ?lter is of the well known T-type, being provided 
with adjustable series and shunt condensers which are 
mechanically arranged for uni-control operation to vary ' 
the pass band characteristic of the ?lter without distorting 
the phase relationship between the passed signal compo— 
nents. The second signal separating channel 21 similarly 
comprises a carrier band pass ?lter 21a, a demodulator 
21b, an ampli?er 21c and an adjustable low frequency 
band pass ?lter 21d connected in tandem in the order 
named. This separating channel may be utilized to se 
lect from the composite signal, the signal modulated car 
rier produced in the transmitting channel 17 and to re 
solve the signal frequency components from the carrier 
for transmission either to the driving element 25b of the 
seismic recording camera 25 or to the mixing panel 27. 
Cascade connected stages 22a, 22b, 22c and 22d are simi 
larly provided in the third signal separating channel 22 
for_the purpose of selecting from the reproduced com 
posite signal the signal modulated carrier appearing at 
the output side of the third transmitting channel and for 
resolvingthe signal components from the carrier for 
transmission either to the driving element 25c of the 
camera 25 or the mixing panel 27. 

_ As will be evident from the foregoing explanation, the 
signal components respectively appearing at the output 
sides of the separating channels 20, 21 and 22 may either 
be transmitted directly to the recording camera 25 for 
separate observation or recording upon the ?lm 25d of 
this camera, or may be transmitted to the mixing panel 
27 for inter-mixture in a predetermined order following 
which the mixed signals may be transmitted from the 
output side of this mixing panel to the recording elements 
of the camera 25 for observation or recording of the re 
sultant signals. For the purpose of selectively directing 
the signals appearing at the output terminals of the sepa 
rating channels 20, 21, 22, etc., either directly to the 
camera 25 or to the mixing panel 27, switching means 
are provided which include a pair of switching relays 50 
and 70 arranged for selective energization under the con 
trol of a switching key 90 of the well known locking type. 
Electronic mixing is employed in the mixing panel 27 for 
the purpose of inter-mixing‘ the signals in the desired or 
der. Speci?cally this panel comprises a plurality of mix 
ing tubes 28, 29, 30, etc., one of which is provided for 
each pair of signals to be mixed and each of which is 
of the twin triode type. These tubes are arranged to 
deliver their_mixed outputs respectively to the driving 
elements 25a, 25b and 25c of the recording camera 25 
through coupling transformers 31, 32 and 33. They are 
respectively provided with associated cathode biasing net 
work 28a, 29a and 3021 having the function of maintaining 
the proper potential relationships between the cathodes 
and grids thereof. As explained more in detail below, 
under certain circumstances and in order to obtain the 
proper time relationship between certain of the signals 
which are mixed within the mixing panel 27, it is neces 
sary to alter the time relationship between the different 
signals before ‘they are introduced into the mixing panel. 
To this end time delay networks 34, 35 and 36 are pro 
vided ahead of the tubes 28, 29 and 30 in individual asso 
ciation with the signal separating channels 20, 21 and 22 
to delay transmission of the signal components from these 
channels to the tubes of the mixing panel. These net 
works are of the well known series shunt type, function 
substantially uniformly to delay signal components of all 
frequencies within the range for which they are designed, 
and preferably are provided with adjustable circuit com 
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ponents in order to vary the delay intervals as desired. 
Speci?cally, these networks may be of the character ana 
lyzed by C. E. Lane in an article, Phase distortion in 
telephone apparatus, appearing in tilt? Bgll System Tech 

o. . 

In considering the operation of the apparatus illus 
trated in Fig. 1 of the drawings to compositely record 
a plurality of seismic signals, it will be understood that 

obtain data from which the 
geophysical structure at a particular location may be as 
certained, the signal pickup devices, i. e., the geophones 
13, 14, etc., are placed at selected separated points within 
the area of survey, and that the various transmitting 
channels 16, 17, etc., are connected with the recording 
head 12a of the magnetic recorder 12 over the two con 
ductors of the mixing and translating channel 15. After 
the signal pickup devices have thus been properly located, 
-a shot is exploded at a selected point remote from the 
respective signal pickup points. As a result, waves are 
engendered in the earth within the area of survey and are 
re?ected to the earth’s surface in accordance with a pre 
determined time pattern indicative of the geophysical 
structure under survey, where they are separately collect 
ed by the spaced apart signal pickup devices. The re 
?ected ground waves are of necessity collected by the sig 
nal pickup devices in the presence of noise signals of 
the same and different frequencies which have their origin 
in different sources. For example, the low frequency, 
high amplitude surface propagated seismic wave generated 
by the shot itself and commonly referred to as “ground 

-roll," is transmitted through the earth for collection by 
the signal pickup devices in the presence of the re?ected 
shot-engendered ground waves. Wind noises having fre 
quency components usually in excess of 100 cycles per 
second also commonly accompany the collection of the 
desired re?ected ground waves by the signal pickup de 
vices. High frequency noise interference may also be gen 
erated by the shot itself, in the'forrn “hole chatter” which 
is caused by material being blown out of the shot hole 
and vibration of the hard strata near the hole. The mixed 
signal energy as made up of the desired and undesired 
frequency components and as collected at the location 
points‘ of the different signal pickup devices, is separately 
modulated upon the carriers respectively produced by 
the oscillators 16c, 17c, etc., following which the signal 
modulated carriers are transmitted through the ampli?er 
16d, 17d, etc., to the mixing and translating channel 15. 
In this channel, the composite signal is formed and trans 
mitted to the recording head 12a for magnetic recording 
upon the common magnetizable wire 12b which is travel 
ling between the feed spool 12c and the take-up spool 12d 
of the recorder. More speci?cally, the signal collected 
by the geophone 13 is ampli?ed through the ampli?er 
and modulator stages 16a and 16b, modulated upon the 
carrier produced by the oscillator 16c at the output side 
of the modulator 16b, and transmitted through the am 
pli?er 16d with a resultant signal amplitude gain to the 
channel 15 for mixing with the modulated carrier outputs 
of the other transmitting channels. In this regard it is 
noted that. the ?xed tuned circuit provided at the output 
side of. the ampli?er 16d is center-tuned to the carrier 
frequency produced by the oscillator 16c and is charac 
terized by a band pass characteristic such that it is 
capable of passing to the channel 15 without distortion 
any and all components of the signal energy collected 
by the geophone 13. Since the collection of the signals 
occurs concurrently at the different points of collection, 
i. e., at the points of location of the individual pickup 
devices, it will be understood that the modulated carriers 
appearing at the output sides of the respective transmit 
ting channels are mixed in the mixing channel 15 and re 
corded upon the wire 12b of the recorder 12 without any 
appreciable distortion or change in the phase relationship 
between the frequency components of the separately col 
lected signals. , 

After a composite record has thus been made of the 
signals generated by a single earth disturbing impulse, the 
signal frequency components of the composite signal may 
be resolved for a variety of di?'erent purposes by utilizing 
the reproducing apparatus illustrated in Fig. 2 of the 
drawings. To this end. the wire 12b upon which the 
composite signal is magnetically recorded is run through 
the pickup ?eld of the reproducing head 18a to cause 
reproduction of the composite signal as a high-frequency 
voltage between the conductors of the channel 19. From 
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this channel the individual signal modulated carriers are 
separately transmitted through the separating channels 20, 
21, 22, etc., for resolution. Thus the ‘signal modulated 
carrier produced by modulating the signal collected by 
the pickup device 13 upon the carrier produced by the 
oscillator 16c within the transmitting channel 16 may be 
passed only by the carrier ?lter 20a provided‘ in the 
?rst signal separating channel 20. Again, the selective 
characteristics of the carrier ?lter 21a provided in the 
second signal separating channel 21 may be such as to 
pass to the demodulator 21b only the signal modulated 
carrier appearing at the output side of the transmitting 
channel 17 during the composite signal recording step 
described above. The signal modulated carrier which 
is thus caused to appear at the output side of the ?lter 
20a is passed to the demodulator 20b wherein the signal 
frequency components are detected in an entirely conven 
tional manner. Following this operation, the signal volt 
age is ampli?ed through the ampli?er 20c and impressed 
upon the input terminals of the band pass ?lter 20d. 
In an entirely similar manner, the signal frequency com 
ponents of the carriers respectively passed by the ?lters 
21a, 2221, etc., provided in the other separating channels 
are demodulated, ampli?ed and impressed upon the in 
put terminals of the band pass ?lters 21d, 22d, etc. 
The purpose of providing the identi?ed low-frequency 

band pass ?lters 20d, 21d, 22d, etc., is explained more 
fully below. For the present it is noted that the signal 
voltages appearing at the output terminals of the respec 
tive ?lters are either transmitted directly to the camera 
25 for inspection or recording, or are transmitted through 
the time delay networks 34, 35 and 36 and the mixing 
panel 27 to the camera 25, depending upon the setting 
of the switch 90. Thus if this switch occupies its illus 
trated normal position, the two switching relays 50 and 
70 are deenergized so that circuits are established through 
the odd»numhered contacts thereof for impressing the 
signal voltages appearing across the output terminals of 
the ?lters 20d, 21d, and 22d, respectively, across the 
driving elements 25a, 25b and 25c of the camera 25. On 
the other hand, if the switch 90 is operated to its closed 
circuit setting, the relays 50 and 70 are energized in 
obvious circuits to open their odd-numbered contacts 
and close their even-numbered contacts, whereby the 
output terminals of the ?lters 20d, 21d and 22d are re 
spectively connected through the time delay networks 34, 
35 and 36 to the mixing panel 27, and the output termi 
nals of the mixing panel are respectively connected to 
the mirror~actuating coils 25a, 25b and 25c of the re 
cording camera 25. It will thus be apparent that through 
selective manipulation of the switch 90 the signals re 
spectively appearing at the output sides of the ?lters 20d, 
21d and 22d may either be separately inspected or re 
corded through the facility of the camera 25 or may ?rst 
be mixed together in a predetermined order and then 
visually inspected or recorded by means of the recording 
camera. 
As indicated above, the phase or time relationship be 

tween the various frequency components of the separately 
collected signals is not altered or disturbed by compositely 
recording these signals upon the magnetizable wire 12b. 
It will be equally apparent that the signal carrier separa 
tion and signal resolution is similarly carried out in the 
various separating channels of the reproducing apparatus 
11 without altering the original phase relationship be 
tween the collected signals. More speci?cally, the sig 
nals respectively appearing at the output sides of the 
?lters 20d, 21d and 22d bear exactly the same phase re 
lationship one to the other as obtained between the 
signals during the collection thereof by the pickup de 
vices 13, 14, etc. 
One of the problems involved in obtaining useful rec 

ords of the separately collected signals in their proper time 
relationship to each other is that of excluding from the 
camera recorded traces all frequency components except 
those representing the re?ected ground waves, insofar as 
possible. In other words, it is desirable to prevent noise 
signal components from being recorded which would 
prevent detection of the time emphasis between the 
ground waves separately picked up at different distances 
from the point of re?ection. 

In accordance with one feature of the present inven 
tion, an entirely novel method of accomplishing this 
end is provided. This method embraces the steps of 
repeatedly resolving the composite signal into the sepa 
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rate signals in the manner just explained and of adjust~ 
ing the band pass ?lters 20d, 21d and 22d to pass only 
certain frequency bands of the signals individually im 
pressed thereon until such time as a properly emphasized 
relationship is observed between the noise and signal 
frequency components of the signals separately impressed 
upon the driving elements of the recording camera. In 
this regard it will be understood that all frequency com 
ponents of all of the collected signals, including noise 
as well as the reflected ground wave components, are 
compositely recorded upon the wire 12b, and compositely 
reproduced in the channel 19. This of course meansv 
that each time the composite signal is reproduced within 
the channel 19, both the desired and undesired frequency 
components of each separately collected signal appear 
at the output side of the separation channel in which 
the signal is resolved. Thus, the signal voltage appear 
ing at the output side of the ampli?er 20c not only 
contains the desired frequency components representing 
the re?ected ground waves but also contains noise sig 
nal components which should be excluded from the ?nally 
recorded trace. Under usual conditions of seismic sur 
vey, the desired ground wave frequency components 
will be disposed within a band which is reasonably free 
from noise. This band may, however, vary widely as 
between different areas of seismic survey. In any event, 
separation of this band containing the desired frequency 
components from the ones in which the noise frequency 
components are predominant may be readily accom~ 
plished by visually reproducing the particular signal at 
the camera 25 and adjusting the band pass ?lter 20d, 
through manipulation of the variable condensers pro 
vided therein, until such time as a proper signal char 
acteristic is observed. This necessarily involves repeated 
reproduction of the original signal in its exact form, 
a step which is not possible with the systems and methods 
known to the prior art. In the present improved sys 
tem, however, this may be readily accomplished by 
repeatedly reproducing the composite record initially 
produced upon the magnetizable wire 12b. After each 
of the band pass ?lters 20d, 21d,v22d, etc., has been 
adjusted in the manner just explained, the composite 
signal carried by the wire 12b may be again reproduced 
with the camera 25 properly set to perform its intended 
?lm recording operation, with the result that the selected 
frequency components of the signals as determined by 
the settings of the ?lters 20d, 21d and 22d are recorded 
in their original time-relationship upon the camera ?lm 
25d. 
As indicated above, in many instances it is desirable 

to mix the individual signals in a predetermined order 
for the purpose of emphasizing the ratio of re?ected 
energy to other energy. This mixing or feed~over of 
energy to produce a composite trace upon a record ?lm 
is well known in the seismic art, although prior prac 
tice has dictated that separate shots be ?red to produce 
each set of mixed traces, with the attendant disadvan 
tages pointed out above. It will be apparent, however, 
that the present invention obviates the necessity for utiliz 
ing a shot for each recording operation. Thus, by com 
positely recording all frequency components of all of 
the signals upon the magnetizable wire 12b, individual 
signal traces in their proper phase relation may be pro 
duced in the manner explained above, following which 
and by continued reproduction of the composite signal, 
the signals may be mixed in the mixing panel 27 to 
produce mixed traces upon the ?lm 25d during a record’ 
ing period of the camera 25. In the circuit arrange 
ment illustrated, facilities are provided for mixing the 
signals respectively appearing at the output sides of the 
channels 20 and 21 to produce a resultant signal-volt 
age which is impressed across the driving clement 25a 
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of the camera 25; for mixing the signals appearing at ' 
the output sides of the channels 21 and 22 and impress 
ing the resultant signal upon the driving element 25b 
of the camera; and for mixing the signal appearing at 
the output side of the channel 22 with that appearing 
across the output terminals of a fourth channel, not 
shown, and for impressing the resultant signal across 
the driving clement 25c of the camera 25. Thus it will 
be noted that with the relay 50 operated, the signal 
voltage appearing across the output terminals of the 
?lter20d is impressed between the cathodes and the upper 
control grid of the mixing tube 28 through the time 
delay network 34, while the voltage appearing across the 
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output terminals of the ?lter 21d is impressed between 
the cathodes of the tube 28 and the lower control grid 
of this tube through the time delay network 35. In a 
similar manner apparent from inspection of the circuit, 
the tube 29 is connected electronically to mix the signal 
voltages respectively appearing at the output sides of 
the ?lters 21d and 22d. The resultants of the signals 
electronically mixed within the tubes 28, 29 and 30 are 
separately impressed across the driving elements 25a, 
25b and 25c of the camera 25 through the output trans 
formers 31, 32 and 33, respectively, which are provided 
with primary windings respectively included in the output 
circuits of the enumerated mixing tubes. 
The character of the mixed signal traces produced 

upon the ?lm 25d by mixing the signals and then record 
ing ?fty percent of the resultants thereof in the man 
ner just explained is well illustrated in Figs. 3B and 3C 
of the drawings. These two ?gures and the mixed sig 
nal traces respectively illustrated thereby, together with 
the separate signal traces of Fig. 3A, serve clearly to 
indicate the novel function of the time delay networks 
34, 35 and 36 which are inserted in the signal separat 
ing and translating channels between the low frequency 
band pass ?lters 20d, 21d, 22d, etc., and the camera 25 
when a mixed signal recording or observing operation 
is to be effected. More speci?cally, Fig. 3A illustrates 
the time-relationship between the individually recorded 
signals which may be separately collected at the different 
pickup points within the area of survey. As there shown, 
the’large cycles or impulses of the respective traces 
indicate re?ected ground waves. It will be noted, more 
over, that this cycle as it appears in trace 21c lags the 
corresponding cycles of the other four traces by a sub 
stantial time interval. This lag may be caused either 
by greater elevation of the signal pickup device from 
which the signal is derived or to. a greater weathering 
delay time through the earth’s crust at the point where 
the signal 21c is collected. Regardless of its cause, 
this delay between the indicated impulse of the re?ected 
wave prevents a proper emphasis as between the re?ected 
wave energy and other energy when this signal is Com 
bined with either of the two adjacent signals 20c or 
22c. This fact is apparent from a consideration of Fig. 
3B wherein the trace 37 is the resultant obtained by 
mixing the separate signals 20c and 21c and recording 
one-half of the resultant signal voltage, and the trace 
38 is the resultant which is obtained by combining the 
signals 21c and 22c and recording one-half of the result 
ant signal voltage. From an inspection of the two 
curves 37 and 38, it will be noted that the described 
time lag between the re?ected wave impulse of the sig 
nal 21c and the corresponding impulses of the signals 
20c and 22e decreases the emphasis between this impulse 
energy and the other energy, when the signals are com 
bined in the described manner. On the other hand, a 
combination of the signals 22c and 23e to produce the 
resultant signal trace 39 provides for an accentuation 
of the emphasis between the re?ected signal energy and 
the other energy. The same form of result may be 
obtained in combining the signals 20c, 21c and 22e by 
appropriately and deliberately changing the phase rela 
tionship between the signals to wipe out the time delay 
between the described vre?ected wave impulse compo 
nents thereof. This is accomplished by utilizing the 
time delay networks 34. 35 and 36 and by appropriately 
adjusting the circuit components of the individual net 
works until the proper accentuation of the re?ected 
wave impulse components relative to the other compo 
nents of the combined signals is obtained. This may 
involve repeated adjustment of the circuit compo 
nents of two or more of the time delay networks which 
in turn involves repeated reproduction of the composite 
signal carried by the magnetizable wire 12b and resolu 
tion of this signal into the individual signals. Here 
again, the desired adjustment of the time delay networks 
to obtain ,the proper emphasis between the re?ected 
wave impulse components and the other components of 
the mixed signal may, if desired, be carried out by uti 
lizing the facilities of the camera 25 to inspect the mixed 
signals prior to the ?nal recording operation. The 
results obtained by deliberately wiping out the time delay 
between the impulse component of the signal 21c and 
the corresponding components of the two adjacent sig 
nals 20c and 22e is well illustrated in Fig. 36 of the 
drawings wherein the curve 37' represents pietorially 
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one-half of the resultant of the combined signal voltages 
20c and 21e with the time delay between the reflected 
wave impulse component I'c'tlOVCd therefrom, and the 
curve 38’ similarly represents one-half of the resultant 
of the two signals 21c and 22e under the same condi 
tion. From an inspection of these two characteristic 
traces it will be apparent that by removing the described 
time delay between the reflected wave impulse compo 
nents of the three signals 20c, Zle and 22e, the relation 
ship between these components and the other signal fre 
quency components is greatly accentuated in the mixed 
traces 37' and 38'. 

It will be apparent from the preceding description that 
the present improved system provides facilities whereby 
the signals produced by a single earth disturbing im 
pulse may be studied at will under various and different 

- conditions, all of which contribute to maximum accu 
racy in analyzing the geological structure of the area 
under survey. Such analysis is rendered possible by 
compositely recording all signal components of all of 
the generated signals upon the magnetizable wire 12b 
while preserving the exact phase relationship therebe 
tween, thereby to permit repeated resolution of the indi 
vidual signals without altering the described original 
phase relationship. This is accomplished, moreover, 
without any synchronizing problem. Thus, it would be 
possible to individually record the signals collected by 
the individual pickup devices concurrently on different 
recording devices. Under such circumstances, however, 
undesired duplication of the recording equipment would 
be required and it would be necessary to maintain a 
synchronous relationship between the movements of the 
moving parts of the several recording devices during 
the recording operation, and to maintain a correspond‘ 
ing synchronous relationship between the movements 
of the moving parts of the reproducing devices during 
each reproducing step. In the present improved system, 
such difficulties are completely obviated by modulating 
the signals upon carriers which may be readily sepa 
rated, and continuously recording the carriers upon a 
single magnetizable wire. In this regard, it will be 
understood that to facilitate separation of the carriers 
during the reproducing and resolving steps it is desir 
able to maintain a substantial frequency separation there 
between. Conventional recording devices employing 
grooved disks and requiring mechanical translation of 
the various frequency components of a given signal both 
during the recording and reproducing steps are not well 
adapted for use in the present system, for the reason 
that the recording frequency ranges of such devices are 
de?nitely limited not to exceed an ‘upper limit of approxi 
mately 20.000 cycles. By employing a magnetic wire 
recorder of the character described, however, the record 
ing frequency range is in excess of 50,000 cycles, thus 
providing an adequate band to permit recording of all 
of the signals while maintaining a wide separation between 
the carriers upon which these signals are modulated. 

While there has been described what is at present 
considered to be the preferred embodiment of the inven 
tion, it will be understood that various modi?cations 
may be made therein which are within the true spirit 
and scope of the invention as de?ned in the appended 
claims. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
l. A system for ?rst producing on an elongated mag 

netizable medium a composite magnetic record of a 
plurality of phase related seismic signals which are sep~ 
arately collected in the presence of noise at different 
points, for then separately reproducing the phase related 
signals in their original phase relationship and for mixing 
the reproduced signals to produce resultant signals of 
a predetermined character; which comprises a magnetic 
recording head for magnetically recording signals on said 
medium, a plurality of dispersed signal pickup devices 
operative separatively to pick up said phase related seis 
mic signals and the accompanying noise at said different 
points, means for separately modulating carriers having 
different frequencies with said signals and the accom 
panying noise, a composite signal channel for concur 
rently impressing the modulated carriers upon said re 
cording head, reproducing means including signal sepa 
rating channels individually corresponding to said carrier 
frequencies and each provided with a carrier selective 
?lter followed by a signal and noise demodulator, a mix 
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ing network including means for mixing at least two 
of the demodulated signals to produce a resultant signal, 
and means included in said signal separating channels 
at points following said demodulators for preventing at 
least certain frequency components of the noise from 
entering said mixing network. 

2. A system for ?rst producing on an elongated mag 
netizable medium a composite magnetic record of a plu 
rality of phase related seismic signals which are separately 
collected in the presence of noise at different points, for 
then separatelyreproducing the phase related signals in 
their original phase relationship and for mixing the 
reproduced signals to produce resultant signals of a pre 
determined character; which comprises a magnetic re 
cording head for magnetically recording signals on said 
medium, a plurality of dispersed signal pickup, devices 
operative separately to pick up said phase related seismic 
signals and the accompanying noise at said ditferent points, 
means for separately modulating carriers having different 
frequencies with said signals and the accompanying noise, 
a composite signal channel for concurrently impressing 
the modulated carriers upon said recording head, repro 
ducing means including signal separating channels indi 
vidually corresponding to said carrier frequencies and 
each provided with a carrier selective ?lter followed by a 
signal and noise demodulator, a mixing network includ 
ing means for mixing at least two of the demodulated 
signals to produce a resultant signal, means included in 
said signal separating channels at points following said 
demodulators for preventing at least certain frequency 
components of the noise from entering said mixing net 
work, and time delay networks included in at least certain 
of said channels at points following said demodulators 
to shift the phase relationship between at least certain 
frequency components of at least certain of the signals 
entering said mixing network. 

3. A system for ?rst producing on an elongated mag 
netizable medium a composite magnetic record of a plu 
rality of phase related seismic signals which are separately 
collected at different points, reproducing the phase related 
signals in their original phase relationship, and mixing 
the signals to produce resultant signals of a predetermined 
character; which comprises a magnetic recording head for 
magnetically recording signals on said medium, a plurality 
of dispersed signal pick up devices operative separately to 
pick up said phase related seismic signals at said di?erent 
points, means for separately modulating carriers of differ 
ent frequencies with di?’erent ones of said signals, a com 
posite signal channel for concurrently impressing the 
modulated carriers upon said recording head, magnetic 
reproducing means for reproducing the signals recorded 
on said medium and including signal separating channels 
individually corresponding to said carrier frequencies, 
each of said channels being provided with a carrier se 
lective ?lter followed by a signal demodulator, a mixing 
network coupled to said dernodulators at the output sides 
thereof and including means for mixing the demodulated 
signals from dilferent ones of said channels in pairs to 
produce predetermined resultant signals, and time delay 
networks included in said channels at points following 
said demodulators to change the time relationship be 
tween at least certain components of at least certain of 
the signals entering said mixing network. 

4. A system for separately reproducing a plurality of 
phase related seismic signals which together with noise 
are separately carried as modulation components on car 
riers of different carrier frequencies and are compositely 
recorded on a magnetizable medium and for then mixing 
at least two of the reproduced seismic signals to produce 
a predetermined resultant signal; which comprises a mag 
netic reproducing head for reproducing the composite 
signal, signal separating channels individually corre 
sponding to said carrier frequencies and commonly 
coupled to said reproducing head. said channels respec 
tively including carrier selective ?lters operative to pass 
different ones of said carriers and followed by signal and 
noise demodulators, a mixing network including means 
for mixing at least two of the demodulated signals to pro 
duce a resultant signal, and means included in said 
channels at points following said demodulators for pre 
venting at least certain frequency components of the 
noise from entering said mixing network. 

5. A system for separately reproducing a plurality of 
phase related seismic signals which together with noise 
are separately carried as modulation components on car 
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riers of different carrier frequencies and are compositely 
recorded on a magnetizable medium and for then mixing 
at least two of the reproduced seismic signals to produce . 
a predetermined resultant signal; which comprises a mag 
netic reproducing head for reproducing the composite sig 
nal, signal separating channels individually corresponding 
to said carrier frequencies and ‘commonly coupled to said 
reproducing head, said channels respectively including 
carrier selective ?lters operative to pass different ones of 
said ‘carriers and followed by signal and noise demodula— 
tors, a mixing network including means for mixing at 
least two of the demodulated seismic signals to produce a 
resultant signal, a time delay network included in at least 
one of the two channels from which said two mixed 
seismic signals are derived for changing the time rela 
tionship between at least certain frequency components 
of the mixed signals, and means included in said channels 
at points following said demodulators for preventing at 
least certain frequency components of the noise from 
entering said mixing network. 

6. A system for separately reproducing a plurality 
of phase related seismic signals which are separately car 
ried as modulation components on carriers having dif 
ferent carrier frequencies and are compositely recorded 
on a magnetizable medium and for then mixing at least 
two of the reproduced seismic signals to produce a prede~ 
termined resultant signal; which comprises a magnetic 
vreproducing head for reproducing the composite signal, 
signal separating channels individually corresponding to 
said carrier frequencies and commonly coupled to said 
reproducing head, said channels respectively including 
carrier selective ?lters operative to pass different ones 
of said carriers and followed by signal and noise de 

, modulators, and a mixing network including means for 
mixing atleasttwo of the demodulated seismic signals to 
produce a resultant signal. 

7. A system for separately reproducing a plurality of 
phase related seismic signals which are separately carried 
as modulation components on carriers having di?erent 
carrier frequencies and are compositely recorded on a 
magnetizable medium and for then mixing at least two 
of the reproduced seismic signals to produce a predeter 
mined resultant signal; which comprises a magnetic re 
producing head for reproducing the composite signal, 
signal separating channels individually corresponding to 
said carrier frequencies and commonly coupled to said 
reproducing head, said channels respectively including 
carrier selective ?lters operative to pass different ones of 
said carriers and followed by signal and noise demodula 
tors, a mixing network including means for mixing at least 
two of the demodulated seismic signals to produce a re~ 
sultant signal, and a time relay network included in at 
least one of the two channels from which said two mixed 
seismic signals are derived for changing the time relation 
ship between at least certain frequency components of the 
mixed signals. 

8. Apparatus for recording and analyzing seismic sig 
nals each containing a range of frequencies divisible into 
bands and generated by a common earth disturbance, 
which comprises recording means for compositely record 
ing all frequency components of all of said signals upon 
a common medium from which the signals may be electri 
cally resolved, resolving means for repeatedly and elec 
trically resolving said signals in their entirety from the 
composite signal recorded on said medium, ?lter means 
for separately selecting from the respective signals those 
frequency components thereof which are disposed within 
predetermined frequency bands of the respective signal 
ranges as said composite signal is repeatedly resolved, 
signal mixing means for mixing the selected components 
of at least two of said signals during at least one of 
said resolving steps, and additional recording means for 
recording at least a part of the resultant of the mixed 
components upon a second recording medium. 
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9. Apparatus for producing a permanent record of 

only certain desired frequency components of seismic sig 
nals generated by a common earth disturbance and each 
containing other frequency components, which comprises 
recording means for compositely recording all frequency 
components of all of said signals upon a common me 
dium from which the signals making up the composite 
signal may be electrically resolved, resolving means for 
electrically resolving said signals in their entirety from 
the composite signal recorded on said medium, ?lter ' 
means for selecting said certain desired frequency com 
ponents of each signal as said electrical resolution of the 
composite signal proceeds, mixing means for mixing the 
selected components of ditferent pairs of said signals, 
additional recording means for separately recording at 
least parts of the resultant of the ‘mixed components of 
said different pairs of signals upon a common recording 
medium, and delay means for delaying the mixing of at 
least one of said signals with the other signals, thereby 
to emphasize certain components of the resultant derived 
from said one signal. 

10. In apparatus for recording a seismic wave, the 
combination which comprises a .reismometer capable of 
picking up seismic waves in a wide frequency band in 
cluding low seismic frequencies, a magnctizablc medium, 
a modulator for modulating a high frequency carrier with 
the output of the seismomcter including the low frequency 
seismic components, means for recording the resulting 
modulated carrier wave as a magnetic trace on the mag 
netizable medium, means for picking up the modulated 
carrier wave from the medium, means for demodulaiing 
the picked up wave, means for filtering the demodulated 
wave to eliminate all but a preselected band of seismic 
frequencies and means for reproducing the ?ltered wave 
for inspection. 

II. In apparatus for recording a seismic wave, the 
combination which comprises a seismomcter capable of 
picking up seismic waves on a wide frequency band in 
cluding low seismic frequencies, a magnetizablc medium, 
a wide band ampli?er connected to the output of the 
seismomcter, a modulator connected to the output of 
the ampli?er for modulating a high frequency carrier 
with the ampli?ed output of the scismomerer, means for 
recording the resulting modulated carrier wave as a 
magnetic trace on the magnetizable medium, means for 
picking up the modulated carrier wave from the medium, 
means for demodulating the picked up wave, means for 
?ltering the demodulated wave to eliminate all but a 
preselected band of seismic frequencies and means for 
reproducing the ?ltered wave for inspection. 
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