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1
This invention relates generally to electronic
computers and particularly to electronic appara-
tus for counting or timing voltage pulses.

The basic circuit utilized in adapting the in-’

vention herein to the various circuits to be de-
scribed is the well known, “trigger” circuit of the
general type described in “Theory and Applica-
tion-of Vacuum Tubes,” by Herbert J. Reich. In
its simplest form, this trigger circuit includes two
triodes in which the grid of the first triode Is
coupled to the anode of the second triode through
a coupling resistor, and the grid of the second
triode is coupled to the anode of the first triode
through a similar coupling resistor. The
cathodes of both triodes are grounded. Grid and
anode potentials are applied to the respective
electrodes through separate resistors. If desired,
8 gaseous discharge tube may be connected across
one of the anode resistors to indicate circuit op-
eration. i

In operation, if a negative voltage is applied to

the grid of the first triode, the anode current of.
the triode will be reduced and the anode poten-

tial will became more positive. Due to the con-
nection through the coupling resistor, the grid
potential of the second triode will become more
positive, causing an increase in the anode cur-
rent of the second triode, with a resultant de-
<crease In the second triode anode potential. This
decrease in anode potential will in turn cause the
grid potential of the first triode to become more
negative. This action will continue until the
anode current of the first triode is cut off. The
first triode will remain cut off, and the second
triode will remain conducting, until a positive
potential is applied to the grid of the first triode,
or a negative potential is applied to the grid of
the second triode. In either instance, the tube
operating conditions will be reversed, and the first
triode will become conducting and the anode cur-
rent of the second triode will be cut off.

One of the features of the instant invention is
the utilization of such trigger circuits in cascade
arrangement, whereby a predetermined change
in polarization of one triode of the trigger circuit
will generate a pulse to trigger or activate, a cor-
responding triode in a succeeding trigger circuit.
As many trigger circuits as desired may be con-
nected in cascade. A convenient arrangement
comprises ten trigger circuits connected in cas-
" cade, with a connection from the tenth to the
first, and an additional connection to the first of a
succeeding bank of cascaded f{rigger circuits.
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Such an arrangement provides a convenient -

counter in the scale of ten. Such a counter cir-

cuit may also be readily adapted to a scale hav-
ing any other radex, or base of the counting sys-
tem. :

Another feature of the invention is the use of
the trigger circuit for controlling the operation of

a constant frequency source such as an oscillator.
The output of the oscillator is applied to a counter
circuit of the type described. The number of
oscillations occurring during the controlled inter-
val are a measure of the length of the interval.

Among the objects of the invention are to pro-
vide a new and improved means for counting
voltage pulses. Another object of the invention is
to provide an improved means for utilizing con-
ventional trigger circuits in cascade arrangement
for counting voltage pulses. Still another object
is to provide an improved means for connecting
conventional trigger circuits in cascade arrange-
ment to provide a continuous counter. A further
object Is to provide improved means for clearing
the counter after each operation thereof, for con-
ditioning the circuit for counting succeeding ap-
plied pulses. Another object is to provide a new
and improved means for controlling the interval
of oscillation of a constant frequency source.
Still another object is to provide a new and im-
proved means for controlling the interval of op-
eration of a constant frequency source in com-
bination with electronic means for counting the
oscillations during the controlled interval. A
further object is to provide a new and improved
means for preventing the triggering of the oscil-
lator operating interval by other than predeter-
mined starting and stopping voltage pulses.

The invention will be described by reference to
the accompanying drawings of which Figure 1 is
a schematic circuit diagram of a trigger circuit
representative of the prior art; Figure 2 is a
schematic circuit diagram of a counter circuit
comprising one embodiment of the invention;
Figure 3 is a schematic circuit diagram of a
second embodiment of the invention; Figure 4 is
a schematic circuit diagram of a third embodi~
ment of the invention; and Figure 5 is a block
diagram of a preferred combination of the cir-
cuits described in Figures 2, 3 and 4. Similar -
reference numerals are applied to similar ele-
ments throughout the drawings.

- Referring to the drawings, Fig. 1 comprises a
trigger circuit of the type described heretofore.
The grid ¢f of a first triode | is connected to the
anode p2 of a second triode 2 through a coupling
resistor rl. The anode pl of the first triode I is
connected to the grid g2 of the second triode 2
through a second coupling resistor r2. The




3
cathodes of the first and second triodes | and 2
are grounded. A source of negative bias potential
is connected to the grid gl of the tube 1 through
a grid resistor r3 and to the grid g2 of the second
triode 2 through a grid resistor r4. Anode poten-
tial is applied to the anode »l of the first tube §
through an anode coupling resistor 5 and to the
anode p2 of the second tube 2 through a second
- anode coupling resistor 8. A gaseous indicator
tube 8, which may be a conventional neon tube,
is connected across the first anode resistor r5 to
indicate when the anode potential exceeds a pre-
determined value characteristic of the anode cur-
rent cut-off condition of the first tube I.

In Fig., 2 a plurality of trigger circuits, which
may be of.the general type described in Fig, 1,
are connected in cascade arrangement by con-
necting the anode ol of the first tube of the
first trigger circuit A to the grid gl of the first
tube of the second trigger circuit B through a
first coupling capacitor 4’. Similarly the anode
pi of the first tube of the second trigger circuit

- B is connected to the grid of the first tube of =
third trigger circuit C through a similar coupling
capacitor 4’’. Likewise the anode pl of the first
tube of the third trigger circuit C is connected
to the grid ¢l of the first tube of a fourth trigger
circuit D through a similar coupling capacitor
‘III‘
connected in this cascade arrangement. As ex-
plained heretofore, the counter may be made
continuous, by connecting the last trigeer circuit
of any bank to the input of the first trigger cir-
cuit. Pulses to be counted are applied to the
first grid gl of the first tube { of each of the
trigger circuits through separate second coupling
capacitors §. The second ecapacitors § should
preferably be of lower capacity than the first
coupling capacitors 4, in order that control po-
tentials due to the cascading of the trigger cir-
cuits may over-ride pulses applied through the
capacitors 5. In order to compensate for the
additional loading of the anode circuit of the
first trigger tube in each trigger circuit due to
the coupling to the next succeeding trigger cir-
cuit, capacitors 6 are connected in parallel with
each of the coupling resistors which connect the
anode of each first tube to the grid of each
second tube. If desired,, compensation may be

- provided by applying different. bias voltages to
the grids of the first and second tubes of each
trigger circuit. . . .

In operation, if it is assumed that trigger
circuits ‘A, C and D are polarized so that the
anode currents of the first tubes 1 of each of the

. trigger circuits are cut off, and the second tubes
2 are conducting, while in trigger circuit B the
first tube [ is eonducting and the anode current
of the second tube 2 is cut off, the neon tube
3b will be illuminated, indicating the different
condition of the trigger circuit B. If a negative
pulse is applied to the pulse input terminals 8,

- which are connected to the capacitors 5 and
ground, it will not affect the trigger circuits

. A, C, and D since the first tube of each of these
circuits is already cut off. However, the negative

. pulse will cut off the anode current of the first
tube of the trigger circuit B which was previously
conducting. The resultant increase in the anode
potential of this tube will apply a positive pulse
to the grid circuit of the first tube 1 of the trig-

ger circuit C. When this occurs the indicator

lamp 3b will be extinguished, and the indicator
Jamp 3¢ will be illuminated, indicating the con-
ducting condition of the first tube | of the trigger
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circuit C. Subsequent negative pulses applied to
the terminals 6 will sequentially trigger succeed-
ing trigger circuits in the same manner. The
particular illuminated indicator lamp will indi-
cate the total pulses applied. To clear the
counter after each operation, a switch T is
opened. This removes the negative bias from -
the second tubes of trigger circuits B, C and D, -
and the first tube of trigger circuit A, thereby
tripping all trigger circuits except A into the
same polarization, and causing the mdica,tor tube
3a to be illuminated.

Fig, 3 is- a counter circuit energized by pulses
generated by a light responsive device 18, or
other device to be timed, which produces a voli-
age of approximately square wave form. 'This

' ; voltage is amplified and phase inverted in a

As many trigeer circuits as desired may be -
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first amplifier tube 11, and applied to a differ-
entiating circuit comprising a capacitor 12 and
a resistor 5§0. The square wave voltages are il-
lustrated by the graphs 14 and 15, while the
voltage output of the differentiating circuit is

illustrated by the graph 16, The differentiated

voltage (6, is applied to asecond amplifier tube
11, the output of which is phase inverted, as
indicated by the graph 18. The thus amplified
voltages are next applied to the input of a clip-
ping amplifier or rectifier {9 which passes only
the negative half-cycle of each voltage pulse, as
indicated by the graph 22. This pulse corre-
sponds to the start of pulse 18. The pulses 18
are also applied to a phase inverter tube 20 and
rectified by a second rectifier tube 21 which
passes similar negative half-cycles of the pulses
18, as indicated by the graph 23, which corre-
spond to the end of pulse (4.

The negative pulses 22, derived from the first
rectifier tube 19, are a.pplied to key the grid ¢l
of a first tube 3! of a trigger circuit which in-
cludes the tube 3! and a second tube 32. ‘The
negative half cycles derived from the second
rectifier tube 2! are applied to the grid ¢2 of
the second trigger tube 32, The plate resistors
r5 and 76 and the grid resistors 73 and 4 are
connected as shown in the previously described
Fig. 1. The cathodes of the tubes 31 and 32
are connected to ground through the cathode
resistors 33 and 34 respectively. A coupling
circuit, comprising the parallel connected re--
sistor 38 and capacitor 36, is connected between
the grid gf of the first trigger tube 3§ and the
anode p2 of the second trigger tube 32. A second,
coupling  circuit, comprising the parallel con-
nected resistor 37 and capacitor 38, is connecteq
between the anode pl of the first trigger tube '
31 and the grid g2 of the second trigger tube 32.

The operation is as follows: A negative pulse
22, derived from the energization of the light sen-
sitive device 10, tends to cut off the anode cur-
rent of the first trigger tube 81, which is normally
biased by means of its cathode resistor 33 to be
conducting. At the same time, a positive pulse
from the anode of the first tube 31 is applied to
the grid ¢2 of the second trigger tube 32, which
causes it to conduct and apply an additional neg-
ative potential to the grid ¢f of the first trigger.
tube 31, to cut off its anode current. When the
first trigger tube 31 is cut off, the potential across
the cathode resistor 83, which is connected to
the terminals 89, is reduced. A control potential
is derived from the terminals 39, and is utilized
to control the interval of oscillation of a constant’
frequency source, to be described hereinafter.
‘When the light sensitive device (8 is de-energized,

78 the negative pulse 23 is applied to cut off the anode
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current of the trigger tube 32, thereby reversing
the polarization of the trigger tubes. Since the
negative bias potential derived from the anode
of the tube 32 is removed, the trigger tube 31 is
restored to a conducting condition and the volt-
age across the cathode resistor 33 applied to the
terminals 39 is increased. ) :

Pig. 4 is similar to Fig. 3 with the exception
that separate starting and stopping pulses are
provided, and additional trigger circuits or multi-
vibrators are included for deconditioning, or lock-
ing, the oscillator control trigger circuit after
each change in its polarization. In addition, se-
lective means are provided for reconditioning the
circult for succeed'ng starting and stopping
pulses. The circuit includes an amplifier {1. a
differentiating circuit comprising the capacitor
12 and the resistor 58, and a rectifier {9, for
deriving a nedative pulse 22 as described in con-
nection with Fig. 3. An additional amplifier tube.

a differentiating circuit comprising a capacitor |
12’ and a resistor 58’; and an additional rectifier
tube 19’ is also provided for deriving a second

groun of negative pulses of similar type. A trig-
ger circuit 40. which is similar to the trigger cir-
cult described in Fig. 3, is connected so that the
negative pulses 22 derived in the first rectifier
19 are applied to the grid gl of the first tube 3¢.
while negative pulses derived from the second
rectifier 19’ are anplied to the grid ¢2 of the sec-
ond trigger tube 32. .

A starting pulse, applied to the terminal &1,
causes the first trigger tube 31 to be cut off. A
stopping pulse, applied to the terminaj] 42. causes
the second tube 32 to be cut off and the first
trigger tube 31 to conduct. In order to prevent
succeeding pulses appled to the terminals 41 gnd
42 affecting the operation of the trigger circuit
40, a second trigger circuit, or multivibrator, 43
is connected to the output of the firct rectifier {9
and a third trigger circuit, or multivibrator, 44
is connected to the output of the second rectifier
19’. When a pulse 1s applied to the terminal 41,
the trigger circult 48 generates a positive poten-
tial across the cathode resistor 45. This positive
potential is applied to the cathode of the amplifier
tube 1 to bias off the tube anode current, thereby
preventing any succeeding pulses from affectine
the operation of the circuit. The operation of
the third trigeer circuit 44 produces controlling
potentials similar to those described for the sec-
ond trigger circuit 43; the controlling potentials

" from the third trigeer circuit are applied to the
cathode of the amplifier {1’. A “start” pulse an-
plied to the terminal 41 will provide a control
potential across the terminals 38 which will be
unaffected by any other applied pulses, until such
time as the stop pulse is applied to the terminal
42.. Pre-set pulses may be derived in anv suit-

. able manner and applied to the terminals 43’ and

48, respectively, of the second and third trigger

circuits 43. 44, to recondition the circuits for oner-
ation by succeeding “start” or “stop” pulses, The
third trigger circuit #4 is normally in the state
of polarization which prevents transmission of

“stop” pulse. An activating pulse either from the
“start” circuit, or a delay circuit. not shown. re-
verses the polarization of the trigger circuit 44.
=0 that a “stop” pulse on 42 will reverse the polar-
ization of the control trigger circuit 48,

Pe. 5 is a block diagram of a typical arrange-
ment for utilizing the circuits described in Pigs.
2,3and 4. A control circuit 88, which, for exam-
ple, imay be of either of the types described in

. Mgs. 3 and 4, provides a control potential at its

6

- terminal 38 in response to pulses applied to the
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Input terminals 49. This potential is applied to
a constant frequency source B, such as a crystal
controlled oscillator, to control the interval of

- oscillation thereof, for example, by blocking and

unblocking the circuit. The output of the oscil-
lator 81 is applied to the input of an electronic
counter circuit §2, which may be of the type de-
scribed in Fig. 2. The indicators of the counter
circuit may also be of theitype described in Fig.
2 wherein'neon discharge tubes indicate the num-
ber of pulses applied to the input of the counter
circuit. The duration of the control voltage de-
rived from the terminals 38 of the timing circuit
50 will determine the interval of oscillation of
the oscillator §1. Since the oscillator output is
of constant frequency, the oscillations counted by
the counter ecircuit 52 will be a direct indication
of the time interval provided by the timing cir-
cuit 50.

Thus the invention described comprises an elec-
tronic counter circuit utilizing trigger circuits or
multivibrators in cascade arrangement, and
means for utilizing additional trigger circuits for
generating control potentials for controlling the
oscillation interval of a constant frequency source.
The oscillation interval is measured by countineg
pulses derived from the constant frequency source
which are applied to the input of the electronic
counting circuit. ’

We claim as our invention: ]

1. A timing circuit including a source of timing
pulses, means for shaping said. pulses, a trigger
circuit including at least two thermionic tubes
each including at least an anode, a cathode, and
a control electrode, means interconnecting the
anodes of each of said tubes to the control elec-
trode of another of said tubes, means for apply-
ing said shaped pulses to one of said intercon-
nected tube circuits of said trigger circuit and to
vary the relative polarization of said tubes, means
for deriving control potentials from said trigger
circuit characteristic of the polarization of said
tubes of said trigger circuit, a source of oscilla-
tions, an oscillation counter, means responsive
to said control potentials for - controlling the
duration of said oscillations, a second trigger cir-
cuit, means for applying said pulses to said second
trigger circuit to trigger said second trigger cir-
cuit, means for deriving a control voltage from
said second trigger circuit, and means for apply-
ing said voltage to said timing pulse source to
bias-off succeeding applied pulses.

2. Avparatus of the type described in claim 1
including means connected to said second trigger
circuit for suppressing said control voltage.

3. The combination of a source of osciilations,:
an oscillation counter, means for applying a tim-
ing pulse of a substantially square wave shape,
timing pulse shaping means for producing a con-
trol pulse in response to the beginning of said
timing pulse. a trigger circuit of ii.e type wherein
a palr of triodes each have operating potential
apolied through separate anode and cathode re-
sistors and each triode has its grid coupled to
the anode of the other triode through a capacitor
shunted bv a resistor. and means responsive to
said control nulse for applying said control pulse
to one of said grids so that current conduction
1= shifted from one to another of said triodes and
there is applied from one of said cathode resistors

- to said source of oscillations a potential whereby

the supvly of said oscillations to said counter is
initiated. : -

4. The combination of a 'soﬁli_‘e of oscillations,
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an occillation counter, means for applying timing
- pulses of g substantially square wave shape, tim-
ing pulse shaping means for producing separa.te
control pulses at the beginning and at the end
of said timing pulse, a trigger circuit of the type
wherein a pair of triodes each have operating
potential applied through separate cathode re-
sistors and each triode has its grid coupled to the
anode of the other triode through a capacitor
shunted by a resistor, means for applying one of
said control pulses to one of said grids, means
for reversing the poldrity of the other of said
control pulses and applying said reversed control
pulse to the other of said grids, and means re-
sponsive to the voltage of one of sald cathode
resistors for starting and stopping the supply of
said oscillations to said counter.

5. A timing circuit including & source of timing

"pulses, means responsive to said timing pulses

for producing control pulses of the same polarity
at the beginning and at the end of said timing
pulses, a trigger circuit including at least two
thermionic tubes each including at least an
anode, a cathode and a control electrode, means
interconnecting the anode of each of said tubes
to the control electrode of the other of said tubes,
means for applying a first one of said control
pulses to one of said interconnected tube circuits
of said trigger circuit and the next succeeding
one of said control pulses to the other of said
interconnected tube circuits of said trigeger circuit
to vary the relative polarization of said tubes of
said trigger circuit, means for deriving control
potentials from said trigger circuit characteristic
of the polarization of said tubes of said trigger

5
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circuit, a source of oscillations, an oscillation
counter connected to the output of said source,

. and means responsive to one of said control po-

tentials for starting the supply oscillations from
sald source to said counter and to the other of
said control potentials for stopping said supply
of oscillations.
LESLIE E. FLORY.
GEORGE A. MORTON.
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