
4                                           1,090,428         In accordance
with the present invention,  a normally cut off stage 165 which is biased
the signal from  stage 130 is coupled to a  at the same level as stage 130.
It will be     shaper circuit 136 by way of coupling cap-  noted that the
bias voltage for stages 130     acitor 137. The signal is applied by way of
and 165 is developed on conductor 166 from 5  transformer 138 of the
emitter-base circuit of  a potentiometer in the circuit 167 which is  70
a transistor 139.  The collector of transistor  powered by D.C. source 167a
for energiza-     139 is connected by way of resistor 140 and  tion of the
filaments of the various amplifier     battery 141 to one terminal of a
gate 142.  tubes. The output signal from the stage 165     The collector of
transistor 139 is also con-  is coupled by way of capacitor 168 to a 10
nected by way of diode 147 to the gate elec-  diode 169. The cathode of the
diode 169 is  75      trode of a silicon controlled rectifier 148. One
connected to ground by way of resistor 170.      terminal of a storage
capacitor 149 is con-  Thus the output signal from the stage 165 is
nected to battery 141. The charging circuit for  half way rectified and is
applied by way of      capacitor 149 by battery 141 includes con-  the
diode 169 to the control grid of stage 15  ductor 150 leading to one side
of capacitor  130. The output of stage 165 is further fil-  80      149. A
resistor 151 and conductor 152 lead  tered by the action of the condenser
171 and      to the other side of capacitor 149 from gate  resistor 172,
the anode of the diode 169 being      142. The diode 147 is connected by
way  coupled to the control grid of stage 130 by      of resistor 154 to an
output terminal 155 which  way of resistor 172 and conductor 173. 20  is
common to the cathode of silicon con-    The action of the squelch circuit
is to pro-  85      trolled rectifier 148. A resistor 156 is con-  vide a
negative D.C. bias level which is pro-      nected between terminal 155 and
conductor  portional to the average half cycle amplitude      150. Thus,
the second output terminal 157 is  of the signal from  the stage 165. Thus
a      connected to conductor 150.                   reverse bias voltage
is applied to the grid 



25    In operation, the circuit through gate 142  of the stage 130 through
the resistor 172. The  93      is closed in response to the time break to
time constant of the circuit comprising resistor      initiate charging of
condenser 149 through re-  172 and capacitor 171 is such that only a
sistor 151. When the stage 130 conducts, the  few  cycles of the water
break arrival are      signal applied to the base of transistor 139
permitted to overcome the threshold bias of 30  triggers the silicon
controlled rectifier 148  the stage 130. Stage 10 produces an exponen-  95
to discharge condenser 149. The discharge of  tially decaying half cycle
alternating current      the condenser 149 produces an output pulse  output
at the signal arrival time. This is      having a waveform generally as
shown by the  because the D.C. level of the squelch output      solid
outline in FIGURE 4.                    exponentially decreases from ground
level, at  35    Pulse 160 has an abrupt onset and persists  quiescence, to
a maximum of about -24 volts 100      for an interval substantially greater
than the  D.C. at the arrival of the large signal. The      interval
between samples taken of a given  actual squelch D.C. level varies with the
input      trace by the multiplexer.  As illustrated in  signal amplitude
and the amplifier gain set-      FIGURE 4, the half wave rectifier
alternat-  ting. However, when the cathode bias levels  40  ing current
signal at the output of amplifier  at stages 130 and 165 are properly
adjusted, 105      stage 123 is very high in frequency and is  the
squelching action is effective to overcome      such that the wave form
162 shown  in  the amplifier for any change in signal that can      FIGURE
4 might be missed by the sampling  overcome the threshold level at stage
130.      operation of the multiplexer. However, with  Preferably the
maximum gain setting for the  45  the wave form  160 persisting for a
substan-  amplifier as controlled by the potentiometer 110      tial
period, the multiplexing operation may be  121 is a function of the ambient
noise level      carried out without any possibility of missing  from  the
marine seismometer streamer 10.      the water break pulse. Using the
filter illus-  That is to say, the average noise level gener-      trated
in  FIGURE  2, the period  T  in  ated before the shot is detonated is used
to  50  FIGURE 4 for the water break pulse would  determine the gain
setting. The gain setting  115      be less than 0.001 second and in
general is  is such that the ambient noise level will not      in the
frequency range of well above 1000  produce any output from  stage 130. It
is      cycles. By producing a signal from  each of  preferable that the
gain be maintained at a      the water break channels which has persist-
level substantially below that level at which  55  ence greater than the
sampling interval there  the noise will actuate stage 130 but at a suffi-
120 



will be avoided any ambiguity in the water  cient gain such that the first
break or the       pulse signals. In general, the sampling time  water
break will drive the normally cutoff       of the multiplexer is about
0.002 second.   stages 130 and 165 to appreciable conduc-
Conduction through the transistor 139 is  tion.  60  terminated by
squelching the stage 130. More    The production of the output pulse 160 at
125       particularly, the squelch circuit consists of a  terminals
155-157 makes certain that the       class A amplifier stage 163 having its
input  multiplexer and converter unit 89 will not       connected to the
output of the stage 122. The  miss the first water break pulse even though
stage 163 is thus connected in parallel with  an extremely high frequency
component of the  65  the stage 123. The amplifier stage 163 drives  water
break signal is employed. The persist- 130    [err]
1,090,428                                      5      ance of the pulse 160
for a time interval  a computer 201 where the foregoing com-     longer
than the interval between samples of  putations are carried out in
connection with     a given trace taken by multiplexer and con-  normal
moveout corrections. Computer 201     verter unit 89 eliminates the
possibility that  may be of the type described in patent speci-  60 5  the
water break pulse will be missed.      fication  946,457. Computer  201  is
pro-       The amplifiers and the multiplexer, and the  grammed to include
the operations represented     converter units illustrated in FIGURE 1 have
by Equations 1-4. 



not been described in detail since they are     known and described in
patent specification     WHAT WE CLAIM  IS: - 10  No. 1,064,038. The
streamer 10 may be of a      1. In a marine seismic exploration system   65
construction   generally  conforming   with  wherein detectors spaced along
a towed mem-     streamers  of the  type  sold  by  Seismic  ber move along
a traverse at a predetermined     Engineering Company of Dallas, Texas and
depth, the method which comprises:     identified as Line Streamer
Sections.           (a) producing a seismic disturbance at a 15    Water
break channels will be used in num-          marine shot location,
70     ber only to the extent necessary and practical.   (b) detecting
acoustic energy generated by     This in no way affects the operations in
which      said seismic disturbance at a set of     the water break pulses
are permanently re-           spaced points in the vicinity of said
corded on magnetic tape. In the course of           location to produce a
corresponding set 20  data processing, the shot-to-seismometer dis-
of electrical signals,                 75     tances are automatically
determined on the    (c) sequentially sampling the amplitudes     basis of
the recorded arrival times of these        of said signals,     pulses. If
fewer amplifiers are used than the    (d) converting the sampled electrical
amp-     number of groups in the spread, the remain-          litudes into
digital signals, 25  ing distances are solved by triangulation to    (e)
magnetically recording said digital sig-  80     determine the distance
from  the shot to all        nals on a real time base referenced
groups.                                         to the time occurrence of
said seismic       The following example will illustrate the
disturbance,     procedure more clearly. Assume a streamer of     (f)
converting the first break energy in 30  length L with 24 evenly spaced
groups and        each of the signals is associated with a  85     a water
break amplifier for groups 1, 5, 10,        sub set of said detectors into
a wave-     15, 20, and 24 as in FIGURE 1. The shoot-           form
persisting over a period greater     ing procedure is that for a split
profile with      than the digital sampling interval, and     the shot
offset broadside from the cable. Cal-    (g) recording the waveforms on
said time 35  culation of distances to groups intermediate         base.
90     to two adjacent water break groups i and j    2. A method according
to claim  1 wherein     will be in accordance with the following ex-  the
onsets of the persistent waveforms are     pressions:
converted into digital signals. 



3. A  method  according to claim  1 or                 [err]
(1)    2, further comprising the steps of:        95
(a) reproducing the recorded digital sig-
nals, 40                                      (2)     (b) from the
reproduced signals representa-     where:
tive of said first break signals, com-       x  and  h  are  the distances
shown  in           puting the distance from  said seismic 100
FIGURE 1;                                   disturbance to the detectors of
said       r[err] and r[err] are distances to the two adjacent       sub
set, and, 45      water break groups;                     (c) based on said
distances, correcting the       r[err]>r[err]; and
remaining  reproduced  signals  for          normal moveout.
105        4. In a marine seismic exploration system        wherein a
disturbance is created in water for     generating seismic signals and
detectors are          spaced along a towing member adapted to
[err]                    (3)    move along a traverse at a predetermined
110 depth, the system comprising:       (a) analog-to-digital conversion
means re-             [err]                   (4)          sponsive to the
output signals from     where:
each of said detectors concurrently to       [err] and
produce digital functions representa- 115           tive of the signals
from  said detec-      [err]c=- L.                                   toms,
said output signals being elec-          23
trical analogs of the seismic disturb- 55    As shown in FIGURE 5, the tape
91 is           ance,     applied to a playback unit 200 which feeds    (b)
a recorder responsive to the output of 120     



6                                           1,090,428               said
conversion means to produce re-          produce digital functions
representa-              producible recordings of said  func-          tive
of the signals from said detectors,              tions,
said  output signals being  electrical         (c) signal channels
individually connected         analogs of the seismic disturbance,   5
to a selected subgroup of said detec-    (b) a recorder responsive to the
output  50              tors and having means for producing           of
said conversion means to produce              persistent output signals
beginning in        reproducible recordings of said func-
response to the respective first breaks       tions,              in the
signals from said subgroup, and,   (c) first break signal channels
individually   10    (d) circuit means for applying said per-
connected to a selected subgroup of  55              sistent output signals
from  said signal      said detectors and having a band pass
channels to said conversion means con-        filter whose low  frequency
cutoff is              currently  to record  in  reproducible        an
octave above the  dominant fre-              form the time occurrences of
said first       quency of said detector output signals,   15         break
energy.                             (d) shaping means responsive to the
out-  60          5. A  combination according to claim  4,           puts
of said channels for producing       wherein  said  analog-to-digital
conversion         persistent output signals, beginning in       means
produces digital functions representa-         response to the first breaks
in the sig-       tive of the amplitudes of each of the signals        nals
from  said subgroups, and,   20  from  said detectors at time-spaced
sampling     (e) circuit means for applying said output  65
intervals, and the means in the signal chan-         signals from said
shaping means to       nels produces output signals which each per-
said conversion means concurrently to       sist for a period in excess of
said sampling         record in reproducible form representa-
interval.                                            tions of the time
occurrences of said   25    6. A  combination according to claims 4
first break energy.                    70 



or 5, including  a multiplexer for serially    8. In a marine seismic
exploration system       combining the output signals from  each of
wherein detectors spaced along a towed mem-       said detectors, a
recorder responsive to the  ber move along a traverse at a predetermined
output of said multiplexer to produce re-  depth, the method  substantially
as herein-   30  producible recordings of said functions, and  before
described with reference to the accom-  75       a circuit means for
applying the output sig-  panying drawings.       nals from  said signal
channels through said       conversion means and  said multiplexer to
9. In a marine seismic exploration system       said recorder concurrently
to record in re-  wherein detectors are spaced along a towing   35
producible form the time occurrences of said  member adapted to move along
a traverse       first break energy.                           at a
predetermined depth, the apparatus com-  80          7. In a marine seismic
exploration system   bination  substantially  as hereinbefore  des-
wherein a disturbance is created in water for  cribed with reference to the
accompanying       generating seismic signals and detectors are  drawings.
40 spaced along a towing member adapted to       move along a traverse at a
predetermined             H. D. FITZPATRICK  & CO.       depth, the system
comprising:-                         Chartered Patent Agents,          (a)
analog-to-digital conversion means re-     3, Gray's Inn Square, London,
W.C.1.              sponsive to the output signals from
and   45         each of said detectors concurrently to        5, Park
Gardens, Glasgow, C.3.  Leamington Spa: Printed for Her Majesty's
Stationery Office by the Courier Press.-1967. Published at The Patent
Office, 25, Southampton Buildings, London, W.C.2, from which copies may be
obtained.    


