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This invention relates to apparatus for exhibiting simul-
taneously a plurality of signals, and, more particularly,
to a cathode ray tube viewing device operable to exhibit
a plurality of voltage signals simultanecously on its fluo-
rescent target.

Many branches of science have need for a device which
will display a plurality of signals visually in simultaneocus
manner, so that correlation between the various signals
can be observed. For instance, petroleum seismology,
aerodynamics and medicine all employ vibration-type sig-
nals for analysis purposes, and such signals are converted
into electrical voltages by transducers and recorded in
suitable manner as an aid to such analysis. :

This invention is particularly applicable to pertoleum
seismology and will be described in that connection, but
it will be evident after the apparatus of the invention has
been described that it could be used in the other sciences
mentioned, as well as for other applications. As a matter
of fact, the apparatus to be described is usable in con-
nection with display visually of a plurality of time base
signals obtained from any source.

Petroluem seismology involves the generation of ground
vibrations by detonation of one or more shots beneath
the surface of the earth or dropping a weight on the
earth, and detection of the vibrations at a plurality of
geophones spaced from the source of the vibrations. A
large amount of the energy that reaches the geophones is
in the category of noise, while a relatively small amount
represents information. In order to increase the “signal
to noise” level of the geophone outputs, it has become
conventional to perform several different operations on
the geophone output voltages, including compositing, filter-
ing, etc. One of the objects of the apparatus of the pres-
ent invention is to furnish an apparatus which will present
the geophone signals in visual form so that the waveforms
can be examined while these various operations are per-
formed on the signals.

The apparatus of the present invention is particularly
adapted for use with magnetic recordings of geophone
signals made in the field and then takem back to the
laboratory for analysis and clarification. Filtering and
phase angle correction of the signals may be performed
in the laboratory, and the present apparatus can be used
to give a visible indication to determine when optimum
filtering or phase shift is obtained.

In display of signals such as geophone output voltages,
it is particularly desirable to furnish some indication of
relative time along with the signals. The apparatus of
the present invention includes circuitry for displaying
timing lines on the cathode ray tube face along with the
signals. The apparatus also includes means for expand-
ing the representation of a selected portion of the signals,
so that portion may be more readily examined.

The apparatus of the present invention, generally speak-
ing, includes a cathode ray tube including the usual beam
sweeping elements and an intensity control means. Means
are provided for sweeping the beam at high speed along
one dimension of the target and at low speed along an-
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other dimension substantially perpendicular to said one
dimension. The beam is normally turned off by the in-
tensity control means, but it is turned on by circuits in-
cluding comparators which compare the signal voltages
and suitable bias voltages therefor with the high speed
sweep, and pulse generators which generate a train of
voltage pulses for the intensity conirol means in response
to the comparator outputs. The beam spot is thereby
caused to generate a plurality of traces corresponding to
the signal voltages spaced apart along said one dimen-
sion. ‘The apparatus also includes means for displaying
the timing lines along with the signal voltages, means for
speeding up the slow speed sweep for a portion of the
sweep to expand a portion of the representation, means
for synchronizing the slow speed sweep with an appro-
priate event, such as the time break signal, and means for

- selecting the position of the faster speed sweep portion
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of the representation (called the “window”) accurately.

The apparatus of the present invention will now be
more fully described in conjunction with preferred em-
bodiments thereof, as shown in the accompanying draw-
ings. )

In the drawings:

Fig. 1 is a somewhat diagrammatical elevational view
of the front of a cathode ray tube viewing device con-
structed in accordance with this invention;

Fig. 2 is a diagrammatical representation of the method
of sweeping the beam of the cathode ray tube along the
target and the method of indicating the signal voltages on
the target; o
~ Fig. 3 is'a block diagram of the apparatus and circuits
of the cathode ray tube viewing device of the invention;

Fig. 4 is a schematic diagram of a portion of the ap-
paratus of Fig. 3 including the high speed sawtooth gen-
erator and the asscciated voltage comparators and block-
ing oscillators;

Fig. 5 is a schematic diagram of the low speed saw-
tooth generator and associated circuits of Fig. 3;

Fig. 6 is a schematic diagram of the intemsity con-
trolling circuits of the cathode ray tube of Fig. 3;

Fig. 7 is a more complete block diagram of the timing
line sync source and the sweep and window sync source
of Fig. 3;

Fig. 8 is a schematic diagram of the apparatus to Fig.
7; and

Fig. 9 is a diagrammatic representation of an alternate

+ method for furnishing a sweep and a window trigger
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voltage for the apparatus of Fig. 3.

The apparatus of the present invention is particularly
designed to.show a plurality of geophone output signal
voltages on the target or face of a cathode ray tube.
For such use, the geophone voltages are preferably played
back from a magnetic recording tape wound on ‘a re-
corder drum and the geophone voltages displayed on the
cathode ray tube target in vertically spaced positions, with
the horizontal dimension of the representation indicating

. time, and the vertical dimension indicating amplitude of
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the geophone voltages at every instant.

It is conventional in petroleum seismology to detect
vibration waves caused by detonation of a shot beneath
the surface of the earth or by dropping a weight onto the
earth at a plurality of points spaced from the source of
vibrations through transducers called geophones. The
geophones may be positioned in any appropriate fashion,
but it is conventional to record the outputs of the geo-
phones for a time period of the order of five seconds after
the vibrations are generated. If a shot is the source of
the vibrations, the time period is measured from the so-
called “time break” indicating the moment the shot is
fired, and the time break is recorded along with the geo-
phone outputs.

In order to represent the geophone output voltages so




3.
obtained with the apparatus of the present invention, the
record of those voltages is played back by rotating the
record number on a drum past appropriate playback
heads in continuous. fashion- such. that the-five second rec-
ord period is repeated over and over.

The geophone voltages are then displayed on the face
of target 28 of a cathode ray tube, such as shown in Fig.
1. In that figure, beginning from the bottom of the face
of the tube, the first nine traces are shown as varying in
amplitude in somewhat similar manner to geophone volt-
ages, though the showings are extremely idealized for
convenience in representation. The next ten geophone
traces are shown as straight horizontal lines, indicating
that no geophone voltages are supplied to these channels
of the viewing device.

In order to represent time on the face of the cathode
ray tube in such.fashion as to make it convenient to.de-
termine. the relative time of any voltage change, timing
lines 21 are generated and placed on the face of the. tube
in a manner to be described. Further, in order that a
portion of the geophone output voltages may be examined
more closely, that portion is expanded on the surface of
the tube by increasing the speed of the sweep for a por-
tion of the extent thereof, such as shown between timing
lines 21q and 215 in Fig. 1. .

The apparatus for expanding this portion of the sweep,
called the “window” will be- described hereinafter.

The positions of the traces on the face of the cathode
ray tube are controlled through potentiometers: having
screws 22 exposed along the upper surface of the cabinet
23 which supports-the face of the cathode ray tube.

The. pesition of the window between timing lines 21a
and 21b is conirolled by a contro! knob 25, while the
width: of the window along the horizontal dimension of
the: tube face is controlled by a knob 26. The speed of
the sweep of the cathode ray tube beam along the hori-
zontal dimension is controlled by a knob 27.

Several controls for the intensity of the cathode ray
tube beam are provided, including knobs 28 and 29 for
controlling the intensity of the timing lines 21 which rep-
resent every one-hundredth of a second and every tenth
of a second, respectively. The intensity of the portion of
the sweep within the window is controlled through knob
30, while the intensity of the overall representation is
controlled by knob 31.

Referring now to Fig. 2, this figure represents in dia-
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grammatic form the method of generating a raster on the _
face of the cathode ray tube and intensity modulating the -

beam to represent the voltages on the tube face. In order
to.accomplish the sweep.shown diagrammatically in. Fig.
2, the beam is deflected vertically through a very high
speed. sweep voltage having a period of the order of 200
microseconds, while the beam. is swept.along the horizon-
tal dimension by a voltage having a period. of the order
of about five seconds. At the beginning of one complete
sweep, the beam spot wounld be at the lower left-hand
corner of the tube face 20 and would proceed therefrom
upwardly along a nearly vertical line 354. When the
spot reaches the upper end of the tube, it is returned very
rapidly to the lower end along a substantially vertical
path 36a. The beam spot repeats this vertical sweep
action a very large number of times during a horizontal
sweep. cycle to describe the sweep paths shown diagram-
matically in Fig. 2.

The cathode ray tube is provided with an intemsity
control which normally keeps the beam turned off so that
the spot is not seen. on the surface of the tube. However,
the beam is turned on through the intensity control in
accordance with a comparison between the various signal
voltages.and the vertical sweep, by pulses: of voltage reach~
ing the intensity control from a plurality of comparator;
stages, to be described. When a signal voltage. is applied.
to the trace channels, the beam is caused to be turned on
af points indicdated by the dots in Fig. 2, so describing
the voltages supplied the trace channels. It will be under-
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stood that the representation of Fig. 2 has been expanded
considerably so as to show the sweep action of the beam.
The sweep is actually very much faster than indicated in
Fig. 2, with the result that the vertical sweep is very
nearly perpendicular to the horizontal dimension of the
tube face and the dots on-the face of the tube are spaced
apart by such small distances that they appear to form
continuous lines.

When no signal voltages are supplied to the. trace
channels, the beam is turned on in such fashion as to
generate substantially horizontal lines for these channels.

General circuit description

Referring now to Fig. 3, a complete apparatus for
furnishing the representations shown in Figs. 1 and 2 is
shown therein in block diagram form. In that figure,
the cathode ray tube 40 is provided with a vertical de-
flection circuit 41 which is supplied with sweeping energy
from. a high speed sawtooth generator and shaper 42. A
horizontal deflection circuit 43 is supplied with sweeping
energy from a low speed sawtooth generator and
shaper 44.

The intensity controlling means for the cathode ray
tube beam includes a cathode circuit 45 and a grid cir-
cuit 46. Cathode circuit 45 is supplied with veltage
pulses’ to turn the beam on from a video amplifier 47
which receives its input from ‘a plurality of channels.
Each of the channels providing an input to the video
amplifier 47 includes a blocking oscillator 48 and a volt-
dge comparator 49, One of the inputs to each of the
voltage comparators 49 is a voltage from the high speed
sawtooth generator 42, while the geophone output signals
provide the other inputs to the voltage comparators.

The geophone signals are fed into the system through
playback of the record tape on which they are recorded
on a magnetic recorder drum 59 driven by an appropriate
recorder drum drive 51.  The drum moves the record
tape past a plurality of playback heads 52, one for each
of the geophone channels recorded. The outputs of the
playback heads 52 are supplied to demodulators 53 if, as
is conventional, the geophone output voltages have been
frequency modulated before recording on the record
tape. Each of the demodulators 53 is connected to the
appropriate voltage comparator 49 to supply the gec-
phone output voltage to the comparator for comparison
with the high speed sawtooth.

“This comparison action results in the video amplifier
providing a train of voltage pulses to the cathode circuit
45 which turns the beam on each time it receives a pulse
of voltage.

The initiation of the low speed sweep is controlled by
an appropriate synchronizing pulse such as that which

.. can be obtained by recording a time break pulse on the

record tape with the ‘geophone ‘signals and playing back
the time break pulse at the beginning of the playback
cycle. It is conventional to record the time break pulse
on a channel separate from the geophone cutput voltages,

" though it could as well be recerded along with the output
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voltages. As indicated above, the time break indicates
the moment of initial generation of the vibrations de-
tected by the geophones. If the time break is recorded
on a separate channel, a playback head 55 is provided

. to detect this recording and furnish it to a source of

* 58 of the control circuit.

synchronizing voltage indicated generally at 56 in Fig. 3
and termed “time break pulse.” The output of the block
56 is supplied to the control circuit 57 of Fig. 3 and,
more particularly, to the sweep and window sync source
This sync source provides a
sweep trigger voltage to the low speed sawtocth gen-
erator 44 to initiate the horizontal beam sweep.

The window on the face of the cathode ray tube may
be controlled in one of two ways. The first is by com-

"+ paring the Jow speed sawtooth voltage with a control-
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lable bias voltage in a window comparator 60 and pro-
viding the resultant output of the comparator to a window,
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multivibrator and control circuit 61. The circuit: 61 is
used to control the low speed sawtooth circuit 44 during
" a portion of the horizontal sweep to increase the sweep
speed.

An alternative method for controlling the window is
by providing a window trigger -voltage from the sync
source 58 to the window multivibrator.

- In order to furnish timing lines 21, such as shown in
Fig. 1, along with the geophone representations, the
control circuit 57 includes a timing line sync source 65
which provides synchronizing voltage for a timing line
generator 66. Generator 66 provides an input voltage
for an intensity gate circuit 67 which controls- grid. cir-
. cuit 46. Each time that a timing line voltage is gener-
ated, intensity gate 67 provides a pulse of voltage to the
grid circuit 46 to turn the beam on during the vertical
sweep corresponding to the time of the timing line volt-
age.

In addition, the intensity gate is provided with voltage
from the window multivibrator 61 to increase the in-
tensity of the beam during the window time period, since
the higher sweep speed during this period would normal-
1y result in an apparent decrease in beam intensity.

In order to turn the beam off at the end of the trace
and until the beam spot returns to the lower left-hand
corner of the tube face, horizontal deflection circuit 43
provides a flyback blanking voltage to intensity gate 67.

In order that the various synchromizing sources in
the control circuit 57 may be reset at the end of one
complete beam sweep, -a flyback pulse from the hori-
zontal deflection circuit is provided as a reset to each
of the time line sync source 65 and the sweep and window
sync source 58,

Vertical sawtooth generator

Referring now to Fig. 4, the circuitry of the high
speed sawtooth generator and the associated blocking
oscillators will be more completely described. . The high
speed sawtooth is generated by a blocking oscillator 70
including a triode tube 71 having its cathode grounded
and its plate connected through the primary of an iron
core transformer 72 and a resistor 73 to a source of posi-
tive voltage indicated only as B+. The grid of the triode
is connected through the secondary of the feedback trans-
former 72 and a capacitor 74 to ground. The primary
of the transformer and the B+ source are shunted by a
capacitor 75.

The well-known action of the blocking oscillator 70
results in the provision to capacitor 74 of a rectangular
pulse of voltage at intervals determined by the param-
eters of the circuit. These parameters are so selected
for the apparatus of Fig. 4 that a high frequency train
of pulses is supplied by the output of the blocking os-
cillator. The time period of such pulses may be of the
order of 200 microseconds for an appropriate design.
Capacitor 74 converts these pulses into sawtooth pulses
of the same frequency. :

The blocking oscillator may be synchromzed by pulses
provided from a circuit including a Colpitts oscillator in-
dicated generally at 76 which provides a sine wave out-
put across a resistor 77. The sine wave voltage across
the resistor is shaped into pulses by a shaper circuit 78
including a pair of triodes 792 and 795 having their
cathodes connected together 'and connected through a
resistor 80 to a source of negative voltage indicated as
B- in Fig. 4. The grid-cathode circuit of triode 79a is
supplied with the sine wave' voltage across resistor 77
and couples its output through a capacitor 81 to the grid
of triode section 79b. The ‘output of the shaper circuit
78 is developed across a resistor 85 which is connected to
the grid-cathode circuit of a trigger triode 86. The grid
of tube 86 is biased so that the tube is normally cut off
by the combination of a resistor 87 and a source of nega-
tive voltage indicated as B—, connected to the grid of the
_tl%be. Trigger tube 86 provides a train jof pulses of volt-
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_circuits of all of the blocking oscillators.

6
age of high speed sawtooth frequency to the plate of the
blocking oscillator tube 71 to synchronize the blocking
oscillator.

The high speed sawtooth voltage developed across-
capacitor 74 is coupled through a cathode follower stage
99 to a pair of coupling cathode followers 91a and 91b.
The cathode follower 90 is designed to maintain the
charging current for the sawtooth capacitor 74 as con-
stant as possible. Coupler stage 91a is cathode coupled
to a vertical driver stage 92 which includes a pentode
93. The output of the pentode 93 is developed across
the primary of a transformer 94. A portion of the sec-
ondary voltage of transformer 94 is used to drive the
vertical deflection coil 95. A damping circuit for the
vertical deflection coil is also provxded by a circuit includ-
ing diode 96.

The sawtooth voltage from coupler section 91b is
cathode coupled by a bus 100 which is connected to one
input of each of voltage comparators 49. More specifi-
cally, in each of the comparator circuits, bus 100 is
connected to a multivibrator 101, by connecting the bus
to the grid of triode section 102¢ of the multivibrator.
The grid of triode section 1025 of the multivibrator is
connected to a voltage divider formed by a trace posi-
tion control potentiometer 103 (controlled by screws 22
of Fig. 1) connected across a source of positive voltage
indicated as. B+, by a series. combination of resistors
104 and 105. Resistor 105 is shunted by a capacitor
106. The geophone output voltage corresponding to the
first geophone channel is developed across capacitor 106
and therefore combined with a bias voltage of magni-
tude determined by the position of the trace position
potentiometer 103. The combination of the bias voltage
and the geophone signal voltage is a composite voltage,
which is compared with the high speed sawtooth voltage
by comparator 101.

As indicated in Fig. 4, each of voltage comparators 49
is provided with a geophone input from a different demod-
ulator. For each of these comparators, the trace posi-
tion potentiometer is adjusted differently, so that a dif-
ferent bias voltage is added to the geophone signal voltage
for the different trace channels.

Multivibrator 101 will flip from its normal condition
whenever the instantaneous vertical sawtooth voltage is
approximately equal to the composite voltage formed
by the geophone output voltage and the bias voltage.
When this flipping action takes place, a pulse of volt-
age will be supplied from the plate circuit of triode sec-
tion 1025 to a trigger tube 107. The output of the
trigger tube controls a blocking oscillator 48 which is
of conventional design. The output of the blocking
oscillator 48 of this first channel is combined with the
outputs of all the other blocking oscillators 48 and
developed across a resistor 108 connected in the cathode
Thus, each
time that one of the composite voltages formed by the
combination of the bias voltages and the geophone sig-
nal voltages is approximately equal to the instantaneous
high speed sawtooth voltage, a pulse of voltage is devel-
oped across resistor 108. The train of these pulses of

" voltage is supplied to the video amplifier.

65
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Horizontal sawtooth generator

Referring now to Fig. 5, the low speed sawtooth gen-
erator for sweeping the beam along the horizontal tube
dimension will now be described. - In order to make the
low speed sawtooth as linear as possible, a phantastron
sawtooth generator circuit 110 is employed. This cir-
cuit includes a pentode tube 111 having its cathode
grounded and its control grid connected through the com-

" bination of a capacitor 112 and series resistors 113 and

g

114 to a source of negative voltage indicated as B—..
The screen grid of the pentode is connected through a
resistor 115 to a source of positive voltage indicated
as Bt and is also connected through the shunt combi-
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nation: off.a: resistor 116 and: & capacitor- $17: to: the: sup--
pressor grid- of” the' pentode. In order to: increase: the:
speed of recovery of the phantastron action, the. plate:

of the pentode is connected to the control grid of a
triode 118 which: has: its cathode connected to the junc-
tion* between: capacitor 112-and- resistor 113 and:its plate
connected:to-B+.

The phantastron: circuit so: far described: is conven-
tional in design- and: yields: a sawtooth wave: gf volt%_xge-:
in-its plate circuit’ which-is: initiated by a: positive-going

synchronizing: pulse applied’ to: its: suppressor: grid, the

sawtooth voltage  being developed: across. resistors: 113

and 114:

As: indicated above;. the initiation: of the horizontal
sweep is: controlled by: a- sweep: trigger: voltage :developed’

in the sweep and window sync source 58 through: the
time: break pulse provided: from head' 55. This sweep

trigger voltage: is connected to. a: polarity: selection. cir--
cuit: 120: of Fig. 5 Kaving a: switch: 12¥ for selecting the:
sweep trigger of appropriate- polarity’ to drive-a Schmitt:

trigger: circuit- 122. The sweep trigger voltage. is. com-

pared: with a- voltage* developed by a:trigger sync poten-

tiometer 123: connected in: a series: circuit: between B+
and- B> through resistors 124 and: 125. The slider of
the potentiometer: is-connected to: the. grid of triode sec-

tion: 126b of. the: polarity: selection® circuit, while' the:
sweep: trigger: is’ connected: to: the: grid of triode. section’

126a:.
The Schmitt: trigger: circuit! is: of conventional design

and supplies: its' output: as: a: positive: pulse: to. the grid:

of. a: cathode: follower: 139 including a: triode: 131,  Tri-
cde:13¥ is: normally- biased: to: cut. off: through a resistor
132: connected . to” B~ and: to® the grid of the triode. A
positive pulse . from the:Schmitt trigger circuit cuts- triode

131 on,. and the resultant: pulse. of voltage developed

across the cathode resistor 133 is supplied to the sup-
pressor. grid- of: the: phantastron pentode: 111 to trigger
the'sweep voltage:

The:sawtooth voltage developed: across resistor 114 is
supplied: to the. grid: of: triode section 135a of a circuit
136.designed: to. convert' the. single-ended sawtooth volt-
age to a push-pull voltage for: driving the horizontal
deflection coil:. Triode: section: 1354 has its' cathode

connected through: a resistor 137 to- B~ and'is' connected

through a potentiometer. 138; wlose: position controls
the: length. of the horizontal' sweep, to- the cathode of
triode sectionm: 135h. The: grid of section 135b. is con-

nected: tos the: slider' of a: potentiometer: 134 whose posi--

tion controls: the: position of’ the: horizontal sweep and
which' is’connected: between B+ and: B+, The plates. of

the: two: triode sections: are: connected: through resistors
The. plate of sec-
tion 135q. is: connected to the: grid of’ a triode driver:

139a: and 139b;. respectively, to: B+.

section. 140qa;. while: the: plate of triodé section- 135b is

connectedito the.grid: of driver triode section- 146h. The:
push-pull: output: from' the: driver including sections: 148a’

and. 1405’ is’ cathode: coupled to the horizontal: deflection
coil 141: Flyback: blanking- and’ flyback: pulses are also
developed:across this:coil-and:used to control the cathode
ray tube: grid: circuit 46. to turn the beam off during fly-
back and to supply-a:reset:voltage -for the control circuit
57, respectively.

The speed of the horizontal sawtooth sweep is con-
trolled: by- the control’ portion- of the' window multivi-
brator: and’ control 61, the: control circuit including a
resistor: 145-and’ a7 pair of parallel-connected triodes 146
and. 147 having their plates connected to B+,

of: phantastron pentode’ 111’ and capacitor 112. As will

be:obvious, the:charging current:for-the-capacitor passes’
through oneor:both.ofi the-triodes; so-that:the plate cur«-

rent' of the: triodés détermines: the magnitude of the
charging current, and* hence"the slope’ of the: sawtooth
voliage:

¢ 1 The side
of: resistor 145:remote from- the' cathodes of the-triodes-
is: connected to the junction between the control grid’

Triode-146-iS normally conductihg to an extent’
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adjustable: by control: of .a sweep- speed potentiometer’
148 havingits- slider- (controlled’ by- knob 27 of Fig. 1)
connected’ to- the grid’ of the triode- 146, the: potentiom-
eter being connected between B+ and ground. Triode:
T47 is: normially biased: to cut off, but' it may be- cut
on to increase the capacitor charging current through:
a multivibrator 150 including triodes 151 and 152; Mul-
tivibrator: 150 is- of conventional’ design- having tridde
section- 15¥ normally cendiicting and adapted to be flipped:
by- @ negativel pulse applied’ tor the' grid of the triode:
151, to-supply a positive pulse: of voltage: at- the-. output:
of triode 151! The width offthe positive pulse so sup--
plied is: controlled” by a window- width potentiometer:
153 (controlled by knob 26 of Fig: 1) which-is-connected’
in-the gridieircuit of triode 152: .

The: trigger: pulsé for multivibrator- 150 to' control the
time: when: the: window- of the- sweep: is: iftitiated’ may" be-
supplied from an external source, or may be generated”
within' window comparator 6. A switch 155 selects the
external window- trigger or-the: local’ window  comparator
circuit. The window comparator circuit includes-a> mul:
tivibrator' 56" which is: of conventional design: and has;
the grid of its-triode section: 157 supplied with- the- hori:
zontal sawtooth: voltage from- across resistors’ ¥13 and
114 The grid' of triode  section: 158" is' provided with-
a controllable: bias- voltage through' a potentiometer 159-
(controlled’ by knob 25 of Fig: 1) which controls the:
position- of thie- window in the-horizontal sweep. When
switch 155+ is: in ifs lower position® connecting the- win:
dow' comparator to:the window multivibrator 150, triode
section- 158¢is' normally- condiicting and” the multivibrator-
156-flips- to- a: condition' such’ that triode section’ 157 is-
conducting when the horizontal sweep voltage on the-
grid of triode 357 is: low. enough to: permit tnode 157
to conduct.

Beam: intensity: control: circuits

Referring - now* to- Fig: 6, the intensity controlling. cir-
cuits  of the cathode-ray tube.and the’ circuits which- pro=
vide. voltages' therefor will now. be déescribed. As indi-
cated in conjunction with Fig: 4; the traih of pulses from
across’ resistor’ 108’ is. supplied to 4 .video amplifier 47..
Amplifier 47 includes a pair of pentodés 165 and 166,
with the pulse train from the blocking oscillators being:
supplied' to the control grid of the first. pentode,. and.
the plate thereof being transformer-coupled to-the con-
trol grid of the second pentode. The plate: of the. sec-
ond pentode is connected’ through a pair of resistors. 167
and 168 to B+.. The junction between these resistors.
is capacity-coupled. to. the cathode of: the. cathcde ray
tube. 40. and the amplified. pulses from the. video ampli~
fier are developed across.resistor 169;.connected between.
the. cathode and. ground.. A. circuit including potentis-
ometer 178 (controlied.by. knob.31.of Fig. 1). connected
between. the cathode of the cathode ray tube and. B¥
determines the over-all intensity of the cathode ray bean.

As indicated. in. conjunction. with. Fig. 3,. the. grid . cir-
cuit 46-of the cathode ray tube is supplied. with voltage:
from an. intensity gate 67. This intensity’ gate includey
a cascode. circuit. including- the series- combination: of a-
triode 170 with.the. shunt combination of a-resistor 17%
and- three triodes 172-174; and a- cathode resistors 175:
The: control grid of the. cathode ray tube. is- connected:
through -2 pair of resistors- 176 and. 177 to the junction-
between  the. cathodes- of. triodes. 172—174 and. resistor:
175, so that a- voltage determined. by the current. flow~-
ing. through: the four. triodes- is- developed between: the-
control grid and.cathode of the-cathode ray tube.

The -plate current of: triode. 17¢ is- controlled. in: part:
by a resistor: 186. connected between: the: grid- thereof:
and B*, so-that the tube. is. normally, conducting,. but.the:
grid. is:supplied. with.a flyback: blanking. pulse: at. the: end..
of ‘every. horizontal sweep to. cut-off.the.tube.and. thereby;
cut off the cathode ray beam..

The grid of“triodé 172 Has it§ voliage controlied from
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a circuit including a pair of triodes 181 and 182 which
form a differential amplifier. The grid. of triode 181
is connected to the grid of triode 147 of the window
muitivibrator- and control circuit, to receive a pulse of
voltage each time the window is genmerated. The triode
182 has a controllable bias adjustable through a poten-
tiometer 183 (controlled by knob 39 of Fig. 1) connected
in the grid to cathode circuit of the triode.

The plate current through each of triodes 173 and 174
of the intensity gate circuit is controlled through tim-
ing line generator 66. This generator is intended to
place timing lines on the face of the cathode ray tube
for every one-tenth and one-hundredth of a second. of
the horizontal sweep. To accomplish this function, a
pair of multivibrators 185 and 186 is used, one being
controlled by the one-tenth second timing line sync volt-
age, and the other being controlled by the one-hundredth
of a second timing line sync voltage. The first multi-
vibrator controls the bias of triode 173 while the sec-
ond controls the bias of triode 174. The static bias
of the grid circuits of each of these tubes is controlled
through triode circuits 187 and 188, respectively, each
having potentiometers in their grid circuits to control
the normal conduction level of triodes 173 and 174.
Potentiometer 189 (controlled by knob 29 of Fig. 1)
in the grid circuit of triode 187 controls the intensity
of the tenth of a second timing lines, while potentiom-
eter 199 (controlied by knob 28 of Fig. 1) in the grid
circuit of triode 188 controls the intemsity of the one-
hundredth of a second timing lines.

The control circuit of Fig. 6 also includes a so-called
“anti-blossoming” circuit to préevent the beam from being
unduly intensified when a timing line is being placed on
the face of the cathode ray tube and a pulse from the
blocking oscillators simultaneously tends to turn the beam
on. Wheén these two conditions occur simultaneously,
the tendency would be for the beam to be intensified to
such an extent that some of the information on the face
of the cathode ray tube would be obscured. In order
to prevent this, the grid of the cathcde ray tube is con-
nected to ground through a dicde 195 and a resistor 196
connected in series, while the plate of pentode 166 is
connected to ground through the series combination of
a resistor 197 shunted by capacitor 198 and resistor 196.
The action of this circuit is such as to decrease the
amplitude of the pulse supplied by pentode 166 to the
cathode of the cathode ray tube when a timing line is
being generated.

Synchronizing and control circuits

Referring now to Fig. 7, the control circuit 57 of Fig. 3
will be described in more detail. The control circuit
includes a source of internal standard frequency 200 which
may be, for instance, 1 kc. The output of the standard
200 is supplied to an amplifier and shaper 201 when
a switch 202 is in the appropriate position. The switch
202 may also be used to supply the amplifier with an
externally-generated standard frequency. The output of
the amplifier is connected to a gate 203 and is passed by
the gate only when the gate is turned on by a. pulse
supplied from a main latch circuit 204. As indicated,
the main latch circuit includes a bi-stable multivibrator
which is flipped to condition such as to open the. gate by
the time break input. .

When gate 203 is opened it supplies a sweep trigger
voltage to the low speed sawtooth generator of Fig. 3.
After the gate is opened, and until it is closed again, the
gate transmit pulses from the amplifier and shaper 201
to a series of decade counters 205 through 208. Decade
counters 205 and 286 are connected in series and each
has the function of providing an output pulse for every
tenth pulse supplied to its input. The counters are of

conventional design and are readily.available on the mar-

ket, so that they will not be more particularly described.
Counter 205 divides the one ke. internal standard by ten
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10
and supplies one-hundredth of a second pulses to multi-
vibrator 186 of the timing line generator, while counter
206 divides the output of counter 205 by ten and supplies
one-tenth of a second pulses to multivibrator 185 of the
timing line generator.

The third and fourth decade counters have the char-
acteristic of supplying an output pulse for every n input
pulses, with » being manually selectable. The result is
that counters. 207 and 208 provide pulses for a number
of tenths of a second and for a number of seconds after
the time break, respectively, to the delay latch trigger
circuit 210. The output of the delay latch trigger circuit
is supplied to the delay latch 211 which, as indicated, is
a bi-stable multivibrator, and the delay latch, when in
open position, supplies a window trigger pulse to the
window multivibrator 158. As indicated in Fig. 7, the
main latch and the delay latch are reset to their proper
positions at the end of every sweep by a reset voltage, and
the main latch, when reset, supplies a reset pulse to reset
stage 212. Reset stage 212 supplies controlling voltages
to decade counters 285—208 to reset the counters to zero
at the end of every horizontal sweep.

Referring now to Fig. 8, the control circuit of Fig. 7
will be described in more detail. The one ke. internal
standard is supplied by an oscillator 215 which provides
a sine wave voltage to amplifier and shaper circuit 201.
This circuit consists of a triode amplifier 216 and a
Schmitt trigger circuit 217 which shapes the input sine
wave into a series of pulses of voltage of frequency cor-
responding to that of the oscillator 215. The output of .
the trigger circuit 217 is supplied to gate 203 through
capacity coupling to one triode section 2184 of the gate.
The other triode section 2185 of the gate is normally con-
ducting, so that section 2184 is normally turned off, but
section 218b is turned off by a voltage supplied from the
main latch 204.

Main latch 204 includes an amplifier section including
a triode 220, and a trigger triode 221. Trigger triode 221
is biased to cut off by a circuit including a resistor 222
connected between the grid of the triode and a negative
voltage B—. When the time break .signal is supplied to
the main latch, it is amplified in triode 220 and applied
in positive sense to the trigger triode 221 to cause plate .
current to flow therein and furnish a negative pulse of
voltage at the output of the trigger. This negative pulse
is applied to the grid of triode section 2185 of gate 203
to open the gate, so that pulses from the amplifier and
shaper 201 pass through the gate to the decade counters.

The trigger time break pulse from trigger 221 also
flips a multivibrator circuit including triode sections 223a
and 223b, the trigger output being supplied to the plate of
section 223a,  After the arrival of the trigger pulse, triode -
section 223« is conducting, while section 2235 is cut off.
The main latch is also controlled by a reset trigger circuit
including triode 224, the reset trigger -tube also being
normally cut off through a circuit including a re-
sistor 225 connected between its grid and B—. The
grid of triode 224 receives the reset input furnished
by the flyback pulse of the horizontal deflection coil, and,
when this positive-going pulse is supplied to the reset
trigger, a negative pulse is applied from the trigger to
cut off triode section 223a of the gate and cut on triode
section 223b. The positive pulse of voltage from triode
section 223a caused by the reset trigger operation is then
coupled to reset stage 212, including a tricde cathode-
coupled amplifier 226. .

The reset action accomplished with the cutput of triode
226 will be described hereinafter.

When gate 203 has been opened by arrival of the time

.break trigger pulse, the shaped pulses from the oscillator. .
" 215 drive decade counter 285. As described in conjunc-

tion with Fig. 7, counter 205 has the property of dividing
the number of pulses supplied its input and supplying at
its output one puise for every ten pulses at its input.

-One output of the decade counter 265 is supplied to the
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input of like decade counter 206, while the: other output’

iy provided: to a shaper circuit: including’ a triode- 23@.

The:shaper circuit supplies one-hundredth of a second tim=

ing:line sync pulses to the timing generator 66 of Fig. 6:

Decade counter 286 also provides' two' outputs, with:

one’ pulse for every ten pulses provided its input, and
one ouiput of the decade counter drives 4 shaper ci{‘cuig;
including triode- 231. The output of the shaper circuit

provides one- tenth of a second timing line sync pulses'

to the timing line generator.

The other output of decade counter 206 drives decade
counter 267 which, like counter 208, is of somewhat
different design than counters 205 and 206. Counter 207

has one output which represents a division of the input’

of the counter- by ten, while the other output of the
counter provides one pulse for every n pulses at its in-
put. The number # is selected by push-buttons such as
shown- at 235 on the block of the decade counter. Thus,
with the one kc. oscillator 215 and the two decade coun-
ters ahead of it in the chain, the second output of decade
counter 207 provides a pulse a ‘number of tenths of a
second after the time break determined by the pushbut-
ton: 235 depressed. This pulse is provided to a delay
latch trigger circuit 210 through a resistor 236 connected
to the grid: of a triode 237.

Decade counter 208 is identical with counter 207 and

provides an' output pulse delayed a number of seconds
after the time  break determined by which of pushbut-
tons 235" is depressed. This pulse is' supplied to the
delay latch trigger circuit through a resistor 238 likewise
connected to the grid-of tricde 237.

The delay latch trigger circuit controls a bi-stable

multivibrator of delay latch 211 including triode sec-
tions ‘240a and 2405, When the trigger is operated by
pilses supplied from both the decade counters 267 and
208, triode section 240b is turned on to supply a nega-
tive pulse in its plate circuit as a window trigger voltage
for the window multivibrator 61 of Fig. 5. Despite any
action of the counters 207 and 208, no window trigger
will be supplied until the delay latch is reset. The reset
input is connected to the delay latch through the com-

bination of a capacitor 241 and a rectifier 242 connected

to the grid of triode section 249a. When the horizontal
deflection coil supplies its filyback pulse as this reset in-
put to triode section 240a of the delay latch, section: 246a
is turned on and section 240b is turned off to prepare
the:latch for its next operation to provide a window trig-
ger:

Reset stage 212 provides its output across the cathode
resistor of triode 226 to the reset input of the decade
counters 265-—208; to reset all of the counters to zéro at
the end: of a horizontal sweep.

Operation.

“In operation of the apparatus described above, the re-
corder drive 51 of Fig. 3 is operated to start the mag-
netic recorder drum 59 rotating. Head 55 picks up the
time break pulse, which operates. the main latch circuit
and opens gaté 203. The time break pulse is simul-
taneously applied as a sweep trigger pulse to the low
speed sawtooth. generator to begin the horizontal sweep.
The vertical sweep of the cathode ray tube beam also
begins through operation of the usual power switch (hot
shown) so that the beam begins its trace back and forth
across the vertical dimension of the cathode ray tube
target, while being deflected slowly along the horizontal
dimension of the target. The vertical sawtooth voltage
is compared in the circuits of Fig. 4 with. the composite
voltages formed by the bias voltages selected: by po-
tentiometers' 103 and the signal voliages obtained: from
magnetic heads 52 of the recorder.
voltage approximately coincides with the vertical sweep
voltage,. the appropriate blocking oscillator 48 provides

a pulse of voltage to the: video  amplifier 47, and that
pulse: is supplied to: the cathode of the cathode ray tube

As each composite.

b

12

fo: turn the beam on instantaneously. ‘This last-detailed
dction repeats automatically’ during' each vertical sweep
of the: cathode ray beam, with-the positions of the visible'
spot in each trace being determined by the instantancous
magnitudes of the signal voltages at the relative: tinies
with' respect’ to' the time break.

Every one hundredth of a second and every tenth of
a second after the time break, decade counters 205 and'

206 provide pulses to multivibrators 185 and 186, which
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in turn provide pulses to the grid of the cathode ray
tube to turn the beam on for a period of time appropri-
ately coinciding with the length of onme vertical sweep
of the beam. Thereby, one-tenth of a second and one
hundredth of a second timing lines are generated on the
face of the cathode ray tube.

After an interval of time from the time break deter-
mined by the setting of the pushbuttons. of counters 267
and 208, or by the setting of the window position poten-
tiometer 159, depending upon which position switch 155
is in, the multivibrator 150 of Fig. 5 generates a posi-
tive  pulse which turns on triode 147 to increase the volt-
age across cathode resistor 145 and’ thereby increase the.
speed of charge of the phantastron: capacitor 112. - The
slope of the horizontal sawtooth is thereby increased, to
increase the speed of the horizontal sweep for a por-
tion of the horizontal sweep time determined by the set-
ting of the window width potentiometer 153. This win-
dow expands the corresponding portions of the geophone
voltages on the face of the cathode ray tube.

After the multivibrator 150 returns to its normal con-
dition to- cut off tricde 147, the horizontal sawtooth re-
turns: to its normal slope and completes the horizontal
trace of the cathode ray beam. When the horizontal
trace is completed, the horizontal deflection coil. 14Y
supplies a flyback blanking pulse to the intensity gate
67 to- turn off the beam, and the same coil supplies a’
flyback pulse to the control circuit of Fig. 8 to reset the
delay latch, reset the main latch, return gate 283 to its
closed condition, and reset the decade counters. When
the magnetic recorder drum again reaches a position in
which the recorded time break pulse is opposite pick up
head 55, the above-described sequence of operations is
repeated.

For the normal five second recording tape of the geo-
phone-outputs, the horizontal sweep time may be selected
to be of the order of three to five seconds, while the
vertical sweep time may be of the order of 200 micro-
seconds. The fluorescent material of the target of the
cathode ray tube is preferably selected to be of the high
persistence type that will show the information presented
thercon for a period of the order of the horizontal sweep
time,

Modified. synchronizer

It: is not necessary that. the: horizontal sweep be. ini-
tiated. by the time break puise, or that the window be:
synchronized by output pulses from decade. counters.
The apparatus of Fig. 9 is: designed. to accomplish both
of these functions. That apparatus includes a. commuta-
tor generally indicated: at 256 which has a rotatable con-
tact member 251 driven by the: magnetic' recorder drum
drive-5%. A plurality. of arcuately-spaced stationary con-
tacts: 252 are:positioned in' the: path of the rotatable con-
tact member and are each connected to: one side of each
of a pair of switches: 253 and 254. The other sides of
switches 253 are connected: together to a common: cir-
cuit: 255 which: may' be' connected: to the sweep trxgger
circuit, such as shown in Fig. 5.

The other sidés of switches 254 are connected to-
gether to a common circsit 256 which may be connected
to. the window trigger circuit, such as the multivibrator
189 ¢f'Fig. 5.

The rotatable- contact member 251 is connected to
any- appropriate source of voltage 257.

The operation of the apparatus of Fig: 9 is as fol-
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lows. When recorder drum drive 51 is operated to be-
gin rotation of the recorder drum, the rotatable con-
tact member 251 rotates in synchronism with the drum.
The operator may depress any one of each of switches
253 ‘and 254, thereby selecting whén the horizontal
sweep is initiated, and when the window of that sweep
is initiated. - When the rotatable contact membeér touches
the stationary contact corresponding to the closed switch
253 or 254, a pulse of voltage is supplied to the trigger
circuit 255 or 256 to initiate the appropriate operation.
. The apparatus of the present invention has been de-
scribed in conjunction with preferred embodiments there-
of. It will be obvious that many minor changes could
be made in this apparatus without departing from the
scope of the invention. Therefore, the invention is not
to be considered limited to the apparatus specifically de-
scribed herein, but only by the scope of the appended
claims.

We claim:

1. In a cathode ray tube viewing device for exhibit-

ing a plurality of signal voltages on a fluorescent target
and including means for generating a beam of electrons
and directing it at the target, means for controlling the
intensity of the beam to turn it on and off and first and
second means for deflecting the beam along one dimen-
sion and another dimension substantially perpendicular
to said one dimension of the target, respectively, means
for generating a first sawtooth wave of high frequency
and applying it to said first deflecting means, means for
generating a second sawtooth wave of low -frequency
and applying it to said second deflecting means,- means
for adding a different bias voltage to each of said sig-
nal voltages to produce a plurality of composite volt-
ages, means for comparing the composite voltages in-
dividually with the first sawtooth operable to produce
pulses of voltage at different points along the first saw-
tooth determined by the bias voltages and by the magni-
tudes of the signal voltages, said last-named means be-
ing connected to said intensity-controlling means to turn
the beam on each time said last-named means provides
a pulse of voltage, said second sawtooth being linear and
normally of a pre-determined slope, and means for chang-
ing the slope of the second sawtooth along a portion of
its extent to change the speed of sweep of the beam
along a portion of said. other dimension.
.-2. The apparatus of claim 1 in which said means for
generating the second sawtooth includes a capacitor and
a charging circuit therefore, and in which said slope-
changing means includes means for changing the im-
pedance of said charging circuit.

3. The apparatus of claim 2 in which said charging
circuit includes a pair of parallel-connected discharge
tubes each having a control electrode, one of said tubes
being normally cut off and the other tube conducting the
capacitor charge current, and said impedance-changing
means includes means for supplying a pulse of voltage to
the control electrode circuit of said one tube to cause
it to conduct. ‘

4. The apparatus of claim 3 in which said supplying
means includes a monostable multivibrator, and means
for triggering said multivibrator to supply said pulse
of voltage.

5. In.a cathode ray tube viewing device for exhibit-
ing a plurality of signal voltages on a fluorescent target
and including means for generating a beam of electrons
and directing it at the target, means for controlling the
intensity of the beam to turn it on and off and first and
second means for deflecting the beam along one dimen-
sion and another dimension substantially perpendicular
to said one dimension of the target, respectively, means
for generating a first sawtooth wave of high frequency
and applying it to said first deflecting means, means
for generating a second sawtooth wave of low frequency
{md applying it to said second deflecting means, said
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last-named means including a capacitor and a charging
circuit’ normally operable to charge tlie capacitor at a
predeterinined rate to produce a linear sawtooth of pre-
determined slope but operable in.response to. a con-
trolling voltage to charge the capacitor at a faster rate
to increase the slope and thus the speed of sweep of
the beam along a portion of said other dimension, mieans
operable to supply said controlling voltage to said charg-
ing circuit for a portion of the charging operation, means
for adding a different bias voltage to each of said sig-
nal voltages to produce a plurality of composite volit-
ages, and means for comparing the composite voltages
individually with the first sawtooth operable to produce
pulses of voltage at different points along the first saw-
tooth determined by the bias voltages and by the mag-
nitudes of the signal voltages, said last-named means be-
ing connected to said intensity-controlling-means to turn
the beam on each time said last-named means provides
a pulse of voltage.

6. The apparatus of claim 5 including means for initiat-
ing the operation of said means for generating said
second sawtooth wave, and in which said means operable
to supply said controlling voltage is controllable to supply
said controlling voltage a desired time interval after
generation of the second sawtooth wave is initiated.

7. The apparatus of claim 6 including means for gen-
erating a train of equally time-spaced pulses of voltage,
and means for controlling said last-named means to sup-
ply an output pulse of voltage a controllable interval of
time after generation of the second sawtooth wave is
initiated, said output pulse of voltage being operable
to control said means operable to supply said controlling
voltage.

8. The apparatus of claim 5 including means respon-
sive to increase in the rate of charge of said capacitor
operable to increase the voltage supplied to said intensity-
controlling means whenever a pulse of voltage is supplied
thereto to compensate for the apparent decrease in beam
intensity caused by the higher sweep. speed.

9. In a cathode ray tube viewing device for exhibiting
a plurality of signal voltages on a fluorescent target and in-
cluding means for generating a beam of electrons and
directing it at the target, means for controlling the inten-
sity of the beam to turn it on and off and first and second
means for deflecting the beam along one dimension and
another dimension substantially perpendicular to said one
dimension of the target, respectively, means for generating
a first sawtooth wave of high frequency and applying it to
said first deflecting means, means for adding a different
bias voltage to each of said signal voltages to produce
a plurality of composite voltages, means. for comparing
the composite voltages individually with the first sawtooth
operable to produce pulses of voltage at different points
along the first sawtooth determined by the bias voltages
and by the magnitudes of the signal voltages, said last-
named means being connected to said intensity-controlling
means to turn the beam on each time said last-named
means provides a pulse of voltage, means for generating a
second sawtooth wave of low frequency and applying it
to said second deflecting means, means for initiating the
operation of said last-named means to start sweep of the
beam along said other dimension of the target, means for
generating a train of equally time-spaced pulses of volt-
age, counting means operable to supply an output pulse
of voltage in response to arrival of a predetermined num-
ber of pulses from said train generating means, said count-
ing means and said train generating means being effec-
tively disconnected normally but connected together when
the beam sweep along said other dimension of the target
is initiated, said means for generating a second sawtooth
including a capacitor and a charging circuit therefor,
said charging circuit being normally operable to charge
said capacitor at a predetermined rate to sweep said
beam along said other dimension at a predetermined
speed but being operable in response to arrival of a cone
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trolling voltage to. charge the capacitor at a faster rate
to increase the speed of sweep, and means. connected to
said counting means operable to supply said controlling
voltage to said charging circuit in response to generation
of said output pulse of voltage.

10. The apparatus of claim 9 in which said means
for generating a second sawtooth includes a phantastron
having said capacitor connected therein, said charging cir-
cuit including at least one resistor, a source. of voltage and
a pair of parallel-connected discharge tubes, each of said
tubes having a grid-cathode circuit, one.of said tubes being
normally conducting to carry the normal charging current
of the capacitor and the other tube being normally cut
off, said means for supplying said controlling voltage be-
ing connected to the grid-cathode circuit of said other tube
to cause it to conduct for a portion of the sweep to allow
the capacitor to charge at a faster rate.

11. The apparatus of claim 10 including.a main latch
circuit, a gate circuit, a delay latch circuit, and’ a reset

circuit supplied with a flyback pulse from the second de- 2

flecting means operable in response thereto to furnish a
reset pulse, said gate being connected between said count-
ing:means and said train generating means and operative
imr response to initiation of said sweep along said other
dimension to permit the train of pulses to reach the count-
ing means when the gate is in its normal condition, said
miain latch circuit being operable to switch said gate cir-
cuit' to an abnormal condition immediately after said
sweep is initiated, said means connected to said’ count-
ing means including said delay latch circuit, said delay
Jatch circuit being operable when in its normal’ condition
to permit said output pulse of voltage to cause said con-
trolling voltage to be connected to the grid-cathode cir-
cuit of said other discharge tube, said delay latch circuit
being switched to an abnormal condition immediztely after
said’ output pulse of voltage reacties it, and said reset
circuit being connected to said main latch and said delay
latch and operable to reset them to their normal condi-
tions when said flyback pulse is received.

12. In'a cathode ray tube viewing device for exhibiting
a plurality” of signal voltages on a fluorescent target and
including means for generating a beam of electrons and
directing it at the target, means for controlling the in-
tensity of the beam to turn it on and off and first and
second means for deflecting the beamy along one dimen-
sion and another dimension substantially perpendicular
to said one dimension of the. target, respsctively, means for
generating a first sawtooth wave of high frequency and
applying it to said first deflecting means, means for gen-
erating a second sawtooth wave of low frequency and
applying it to said second deflecting means, means for add-
ing a different bias voltage to each of said signal voltages
to produce a plurality of composite voltages, méans for
comparing the composite voltages individually with the
first sawtooth operable to produce pulses of voltage at
different points dlong the first sawtooth determined by the
bias voltages and by the magnitudes of the signal voltages,
said last-named means being connécted to said intensity-
controlling medns to turn the beam on each time. said
last-named means provides a pulse of voltage, means
for generating a train of equally time-spaced pulses of voli-
ages spaced apart a time interval much smaller than the
sweep time along said other dimension, and. means for
supplying said train of pulses: to said: intensity-controlling
means to turn the beam on and provide time. indications
on the target.

13. The apparatus of claimr 12 in which said. one di-
mension is horizental and: said’ other dimension vertical,
said first sawtooth: occupies so much: less time than said
second sawtootly thdt the beam: sweeps up: and down in
the vertical direction: mdny times during one sweep in
the horizontal direction, so that the vertical sweep. is sub-
stantialy perpendicular to the horizontal dimension of the
target, and' said supplying means turns the beam on for
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substantially one complete vertical trace each time a pulse
of voltage reaches it.

14. The apparatus of claim 12 including means con-
nected. to said comparing means and. said supplying
means operative when a pulse from each reaches the in-
tensity-controlling means simultaneously to prevent the
beafri intensity from being as great as the sum of the
pulses would otherwise direct.

15. In a cathode ray tube viewing device for exhibiting
a plurality of signal voltages on a fluorescent target and
including mieans for generating a beam of electrons and
directing it at the target, means for controliing the in-
tensity of the beam to turn it on and off and first and
second means for deflecting the beam along one dimen-
sicn and. another dimension substantially perpendicular
to said one dimension of the target, respectively, means
for generating a first sawtooth wave of high frequency
and applying it to said first deflecting means, means for
generating a second sawtooth wave of low frequency
and applying it to said second defiecting means, means.
for supplying a synchromizing voltage, means for initi-
ating operation of said means for generating a second
sawtooth in respomse to arrival of said synchronizing
voltage, means for adding a different bias voltage to
each of said- signal voltages to produce a plurality of
composite voltages, means for comparing the composite
voltages individually with the first sawtooth operable to
produce pulses of voltage at different points along the
first sawtooth determined by the bias voltages and by
the magnitudes of the signal voltages, said last-named
means beirg connected to said intensity-controlling means
to- turn- the: beam on each time said last-named means
provides a pulse of voltage, said second sawtooth being
normally of a predetermined slope to sweep the beam. at
a predetermined speéd along said other dimension of the
target, a source of a train of pulses of voltage equally-
spaced in time, first counting means operable to supply
one pulse for every » pulses reaching it, second- counting
means operable to supply one pulse for every n pulses
reaching it and controllable to vary the value of n, a
gate circuit connected-between said source and said first
and second counting means opened by arrival of said
synchronizing voltage, means connected between said
first counting means and said intensity controlling means
operable to turn said beam on every time said first count-
ing means supplies a pulse, means connected to said sec-
ond counting means operable in response to arrival of a
pulse therefrom to increase the slope of said second
sawtooth to increase the speed of sweep of the beam
along said other dimension for a portion of a sweep,
means for increasing the intensity of the beam above
the normal amount directed by a pulse from the com-
paring means when the sweep speed along said other
dimension is increased, and means responsive to simul-
taneous arrival .of a pulse from said comparing means
and a pulse from said first counting means at said in-
tensity-controlling means operable to prevent the beam
intensity from being as great as the sum of the pulses
would otherwise direct.

16. In a cathode ray tube: viewing device for exhibiting
a plurality of geophome output signals simultaneously
on a fluorescent target and including means for gener-
ating a beam. 6f electrons and directing it at the target,
means for controlling the intensity of the beam to turn
it on and off and first and second means for deflecting
the beam along one dimension and another dimension
substantially perpendicular to said one dimension of the
target, respectively, means for generating a first sawtooth
voltage of high frequency and supplying it to said first
defiecting nveans to sweep the beam rapidly along said
one dimension, means for generating a second sawtooth
voltage of low frequency and supplying it to said second
deflecting means to sweep the beam slowly along said
other dimension, said sweep speeds being of such rela-
tive values that the beam sweeps along said one dimen-
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sion many times during one sweep along said other di-
mension, means for increasing the slope of said second
sawtooth voltage to increase the speed of sweep along
said other dimension of the target for a portion of said
sweep, means for initiating the second sweep voltage and
for controliing the time the speed thereof is increased,
means for adding a different bias voltage to each of
said signals to produce a plurality of composite voltages,
and means for comparing the composite voltages in-
dividually with the first sawtooth voltage operable to
produce a puise of voltage every time the magnitude of
a composite voltage substantially coincides with the mag-
nitude of the first sawtooth voltage, said comparing means
being connected to said intensity-controlling means to
turn the beam on each time the comparing means pro-
vides a pulse of voltage. :

17. The apparatus of claim 16 in which said geophone
signals are recorded and played back from a rotatable
drum, said initiating and controlling means includes a
commutator comprising a rotatable contact member ro-
tating with the drum and a plurality of arcuately-spaced
stationary contacts positioned in the path of movement
of the contact member, a source of voltage connected
to the rotatable contact member, said fixed contacts being
each connected to a switch and the other sides of the
swiiches being connected together.

18. The apparatus of claim 16 in which a time break
signal is supplied along with the geophone output signals
and said initiating and controlling means includes a con-
trol circuit supplied with said time break signal and sup-
plying an output sweep trigger voltage to said means
for generating a second sawtooth voltage to initiate
the second sawtooth and also supplying a window trigger
voltage delayed with respect to the sweep trigger voltage
to said means for increasing the slope of the second saw-
tooth voltage.

19. In a cathode ray tube viewing device for exhibit-
ing a plurality of signal voltages on a fluorescent target
and including means for generating a beam of electrons
and directing it at the target, means for controlling the
intensity of the beam to turn it on and off and first and
second means for deflecting the beam along one dimen-
sion and another dimension substantially perpendicular
to said one dimension of the target, respectively, means
for generating a first sawtooth wave of high frequency
and applying it to said first deflecting means, means for
generating a second sawtooth wave of low frequency
and applying it to said second deflecting means, means
for adding a different bias voltage to each of said signal
voltages to produce a plurality of composite voltages,
means for comparing the composite voltages individually
with the first sawtooth operable to produce pulses of
voltage at different points along the first sawtooth de-
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termined by the bias voltages and by the magnitudes of
the signal voltages, said last-named means being con-
nected to said intensity-controlling means to turn the
beam on each time said last-named means provides a
pulse of voltage.

20. The apparatus of claim 19 in which said com-
paring means includes a plurality of monostable multi-
vibrators each having said first sawtooth connected to
one input circuit and one of said composite voltages
connected to its other input circuit, a plurality of block-
ing oscillators each connected to one of said multi-
vibrators and operable to develop a pulse of voliage when
its multivibrator flips to its unstable condition, and means
supplying the pulses from all of said blocking oscillators
to said intensity-controlling means to turn the beam on
each time a multivibrator flips to its unstable condition
and causes its associated blocking oscillator to develop
a pulse of voltage.

21. The apparatus of claim 20 in which said puise
supplying means includes a resistor common to the cath-
ode circuits of all the blocking oscillators, and means
for amplifying the voltage across said resistor.

22, The apparatus of claim 19 in which said means
for generating the second sawtooth includes a capacitor
and a charging circuit therefor, and in which said charg-
ing circuit includes a discharge tube and means for vary-
ing current flow through the discharge tube to change
the speed of the second sawtooth.

23. The apparatus of claim 19 in which said second
means for deflecting the beam includes first, second, third
and fourth vacuum tubes each having at least a cathode,
anode and control grid, means coupling said means for
generating a second sawtooth between grid and cathode of
the first tube, means biasing the second tube to a de-
sired operating level, means directly connecting the anode
of the first tube to the grid of the third tube and the
anode of the second tube to the grid of the fourth tube,
resistors in the cathode circuits of each of said third and
fourth tubes, and a deflection coil connected between
the cathodes of the third and fourth tubes.

24, The apparatus of claim 23 including a variable
resistance connected between the cathodes of the first
and second tubes adjustable to vary the length of the
sweep along said other dimension, and means for vary-
ing the bias on said second tube to vary the position of
said sweep.
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