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American Philips Company, Inc., New York, N.Y.

Filed Dec. 22, 1955, Ser. No. 554,385
13 Claims. (Cl. 324—68)

This invention concerns a timer arrangement and more
particularly an electronic timer circuit.

The principal object of this invention is the provision
of an electronic timer arrangement for reproducing a
time period substantially exactly,

An object of this invention is the provision of an elec-
tromic timer arrangement for reproducing a time purlod
to an accuracy within a tenth of a microsecond.

An object of this invention is the provision of an elec-
tronic timer arrangement which is highly reliable and
efficient in operation.

These and other objects and features of the invention
will be apparent from a consideration of the following
detailed description taken in connection with the accom-
panying drawing wherein:

Fig. 1 is a bleck diagram of the electronic timer ar-
rangement of the present invention;

Fig. 2 is a schematic diagram of the electronic timer
arrangement of Fig. 1 partly in block diagram form and
partly in circuit schematic form;

Fig. 3a is a schematic diagram of a part of the elec-
tronic timer arrangement of Fig. 1 partly in block dia-
gram form and partly in circuit schematic form; and

Fig. 3b is a schematic diagram of the remaining part
of the electronic timer arrangement of Fig. 1 partly in
block diagram form and partly in circuit schematic form.

In Fig. 1 the timer arrangement of the present inven-
tion is shown in block diagram form and comprises a
source of input data %, a gate control 2, a gate 3, a pulse
source 4, a reversible counter § and a source of output
data 6. The input data source 1 is connected to the gate
control 2 and the reversible counter 5 and applies start,
stop and start input data signals to said gate control and
applies reversal and zero shift means actuation signals
to said reversible counter in a manner to be described.
The gate control 2 is connected to the input data source
1, the gate 3 and the output of the reversible counter 5
and receives start, stop and start input data signals from
said input data source, receives stop signals from said
reversible counter and applies control signals to said gate
in a manner to be described. The gate 3 is connected
to the gate control 2, the pulse source 4 and the reversible
counter 5 and receives control signals from said gate,
receives pulses from said pulse source and applies con-
trol signals to said reversible counter in a manner to be
described. The pulse source 4 is connected to the gate
3 and applies pulses to said gate in a manner to be de-
scribed. The reversible counter 5 is connected to the
gate 3, the input data source 1, the gate control 2 and
the output data source 6 and receives control signals
from said gate, receives reversal and zero shift means
actuation signals from said input data source, receives
reset means actuation signals from said output data
source, applies stop signals to said gate control and
applies utilizable output data to said output data source
in a manner to be described. The output data source 6
is connected to the reversible counter 5 and receives
utilizable output data from said reversible counter and
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applies reset means actuation signals to said reversible
counter in a manner to be described.

The input data source I may comprise any suitable
source of input data start, stop and start signals and
reversal and zero shift means actuating signals. A suit-
able input data source 1 may comprise, for example, a
pulse source 7, a counter 8§ connected to said pulse source
and actuated by pulses produced by said source, a plural-
ity of time delay stages 9, 10 and 11 connected in the
cutput of said counter, and relay means 12 and 13 con-
nected to the time delay stages 9 and 10, respectively,
and actuated to apply a D.C. of suitable magnitude to the
reversal and zero shift circuits to actuate the reversal
and zero shift means in the reversible counter 5 in suit-
able sequence. By any of many means known in the art
the pulse source 7 of the input data source 1 may be
made to produce a start signal, apply it to the gate con-
trol 2, to the counter 8 of said input data source 1, and
maintain a supply of actuating pulses to said counter for
a predetermined period of time. The counter 8 of the
input data source I may be made to produce a stop
signal when it has completed its count for said predeter-
mined period of time and apply it to the gate control 2.
The output signal of the counter 8 of the input data
source 1 may then be applied through the time delay
stages 9, 18 and 11 of said input data source to actuate
the relay means 12 for applying a suitable D.C. to the
reversal circuit to actuate the reversal means in the re-
versible counter 5, after a brief time delay; to then
actuate the relay means 13 for applying a suitable D.C.
to the zero shift circuit to actuate the zero shift means
in said reversible counter 5, after a slightly longer time
delay; and then, after a longer time delay, to apply itself
to the gate control 2 as a start signal.

The pulse source 7, the counter 8, the time delay stages
9, i8 and 11 and the relay stages 12 and 13, of the input
data source I may comprise any of many suitable circuits
known in the art for performing their prescribed func-
tions. The gate control 2, the gate 3, the pulse source 4
and the output data source 6 of the electronic timer
arrangement of the present invention may also comprise
any of many suitable circuits known in the art for per-
forming ‘their prescribed functions.

The pulse sources 4 and 7 may comprise, for example,
a tuning fork, suitable electronic pulse generator, or
source of X-ray radiations capable of producing a series
of pulses of proper phase, frequency, shape and polarity
to enable proper operation of the gate control 2 and the
gate 3. The counter § may comprise, for example, a
suitable decade counter of a type known in the art. The
time delay stages 9, 10 and 11 may comprise, for ex-
ample, suitable delay networks of known type. The
relay ‘means 12 and 13 may comprise, for example,
suitable relays of known type which are normally open
and close under the influence of a current flow through
their energizing coils. The gate control 2 may comprise,
for example, a bistable multivibrator, of a type known
in the art, which is able to produce output signals to
open the gate 3 under the control of an input start signal
from the pulse source 7, to then close the gate 3 under
the control of an input stop signal from the pulse source
7, to open the gate 3 again under the control of an input
start signal from the time delay stage 11, and to close
the gate 3 again under the control of an input stop signal
from the reversible counter 5.  The gate 3 may com-
prise, for example, a diode gating circuit, of known type,
which is able to open under the control of an “open”
signal from the gate control 2 and to close under the
contro! of a “close” signal from the gate control 2. The
output data source 6 may comprise, for example, suitable
utilization means such as a printing converter and printer
combination of a type known in the art.
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The reversible counter stage 5 may comprise any suit-
able device respomsive to external control such as, for
example, a decade counter responsive to control by pulses
preduced by the pulse source 4.

Fig. 2 is a schematic diagram of the electronic timer
arrangement of Fig. 1 partly in block diagram form and
partly in circuit sckematic form. Corresponding com-
ponents of Figs. 1 and 2 are indicated by the same refer-
ence numerals. The gate control 2 may comprise a
bistable multivibrator of known type and the gate 3 may
comprise a diode gate of known type; a suitable gate
control and gate circuit are shown in Fig. 2. The oper-
ation of the gate control and gate circuits of Figs. 1
and 2 to permit the application of pulses from the pulse
source 4 to the reversible counter 5 upon the receipt
of a start signal by the gate control 2 from the input
data source 1 and to prevent the application of pulses
from the pulse source 4 to the reversible counter 5 upon
the receipt of a stop signal by the gate control 2 from
the input data source 1, or from the reversible count
5, is obvious and in accordance with the usual operation
of such circuits.

Initially, the grids of multivibrator tubes 88 and 81
are at a potential such that the tube 8¢ is cut-off. In
the initial condition of the circuit, a relay switch 82 is
closed and a relay coil 83 is unenergized. An RC circuit
84 in the input line from the input data source 1 fo the
relay coil 83 effects a differentiating action to energize
said relay coil momentarily, although the current from
said input data source may be continuous. Thus, the
application of a “start” signal from the input data source
1 produces a current flow in the circuit of the relay coil 83
which energizes said relay momentarily, under the in-
fluence of said current, due to the operation of the RC
circuit 84. The energization of the relay coil 83 opens
the relay switch 82 to release the initial potential across
the grid of the tube 80 so that said tube conducts.

The application of a “stop” signal, which is pref-
erably a negative pulse, from either the input data source
1 or the output of the reversible counter 5, through a
capacitor 85 to the grid of the tube 8@ cuts-off said tube.
When the tube 8@ is cut-off by the “stop” signal, the
tube 81 conducts, and the multivibrator circuit 2-is back
in its initial position.

Initially, the cathode of gate diode 86 is at a positive
D.C. voltage and the anode of said diode is at a D.C.
voltage derived from a potentiometer 87 connected in
the output of the multivibrator circuit 2. In the initial
condition of the circuit, the tube 88 of the multivibrator
is cut-off and the voltage on the anode of the diode
86 is less positive than the voltage on the cathode of
said diode, so that said diode is cut-off. When a “start”
signal, applied from the input data source 1, causes the
tube 80 of the multivibrator to conduct, the voltage on
the anode of the diode 86 is more positive than the
voltage on the cathode of said diode, and said diode
conducts.

Thus, when a “start” signal is applied to the multivi-
brator 2, the diode 86 of the gate 3 conducts and said
gate is open to permit the application of pulses from the
pulse source 4 to the reversible counter 5; when a “stop”
signal is applied to said multivibrator, said diode cuts-
off and said gate is closed to prevent the application of
pulses from said pulse source to said reversible counter.

A voltage divider 88 connected in the cathode circuit
of the diode 86 aids in the establishment of a suitable
voltage for application to the cathode of said diode. A
capacitor 89, coupling the voltage divider 88 to ground,
provides a high frequency by-pass to ground. A resistor
90, between the pulse source output and ground, aids
in the establishment of a D.C. voltage level, and a recti-
fier 91, in parallel connection with said resistor, prevents
the application of positive pulses from the multivibrator
circuit to said cathode. Pulses from the pulse source 4
are applied to the cathode of the diode 86 through a
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series connected capacitor 92, and from the anode of said
diode to the reversible counter 5 through a series con-
nected capacitor 93.

The operation of the electronic timer arrangement of
the present invention may best be described in conjunc-
tion with Figs. 3a and 3b, which together comprise a
schematic diagram of the electronic timer arrangement
of Fig. 1 partly in block diagram form and partly in
circuit schematic form.

In Figs. 3q and 3b the reversible counter 5 is shown
in a preferred embodiment. Although a five stage re-
versible counter is shown, a single stage, two stages,
three stages, four stages, six stages, or an even greater
number of stages may be utilized as a suitable reversible
éounter. Corresponding components of Figs. 1, 2, 3a
and 3b are indicated by the same reference numerals.

The counter stages 20, 21, 22, 23 and 24 are con-
nected in series circuit arrangement between the output
of the gate 3 and the input of the output data source
6. The counter stages 20, 21, 22, 23 and 24 are essen-
tially similar to each other except for the provision of
reset means for the stages 21, 22, 23 and 24 and the
provision of zero shift means for the stages 20, 21, 22
and 23.

Each counter stage 26, 21, 22, 23 and 24 comprises a
pulse shaping stage, labeled 25 in stage 20, 2 coupling
connection between the pulse shaping stage and the out-
put of the next preceding stage, labeled 26 in stage 2§,
a counter tube, labeled 27 in stage 20, a coupling con-
nection between the pulse shaping stage and the counter
tube, labeled 28 in stage 20, and reversal means, labeled
29 in stage 290.

In accordance with the present invention, the gate 3
opens, under the control of the input data source 1, to
permit the application of 2 series of pulses from the
pulse source 4 to the reversible counter 5, to direct said
counter from an initial condition or count position, by
uniform control, to a resultant condition or count posi-
tion; the gate 3 then closes, under.the direction of the
input data source 1, to permit the energization of speci-
fied components of the reversible counter 5 by the input
data source 1 and opens, under the direction of the input
data source 1, to permit the application of a series
of pulses from the puise source 4 to said counter, to
redirect said counter from said resultant condition, by
said uniform control, to said initial condition; and the
gate 3 then closes, under the direction of the reversible
counter 5, to prevent the application of pulses to said
counter from the pulse source 4 when said counter
reaches said initial condition, thereby producing data
at the output data source 6 which is an exact reproduc-
tion of the time period determined by said input data
source.

The control of the counting direction of the counter
tubes from an initial position to a resultant position and
then back from the resultant position to the initial posi-
tion may be effected at any suitable point in the timer
circuit. The pulse source 4 may control the counter
tubes by varying its produced pulses in a suitable manner,
such as by varying the phase, frequency, amplitude, shape
or polarity of said pulses, dependent upon the type of
counter tubes utilized. The counter tube of each counter
stage may also be controlled by varying the pulses in
a similar manner, at a point in the circuit between the
next preceding counter stage and the pulse shaping stage,
or at a point between the pulse shaping stage and the
counter tube. In the preferred embodiment of the in-
vention, the counter tubes are controlled in counting di-
rection by phase variation of the pulses applied to them
at a point between the pulse shaping stage and the counter
tube of each counter stage.

The pulse shaping stage 25 of each counter stage may
comprise any suitable means for applying pulses of proper
phase, frequency, shape or polarity to the counter tube
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27 to control said tube. Furthermore, the pulse shaping
stage should produce an output pulse which may be
varied in phase in order to control the counting direction
of the counter tube. The pulse shaping stage of each
counter stage of the preferred embodiment of the in-
vention, produces a phase-displaced dual output pulse of
proper amplitude and shape for direction control of the
counter tube which may be readily reversed in phase; the
signal on one plate of the dual triode tube being phase-
displaced from the signal on the other plate of said tri-
ode tube. Suitable plate and grid biasing potentials are
provided as well as suitable filament power, to operate the
dual triode pulse shaping stage in a suitable manner.

The coupling connection 26 between each pulse shaping
stage and the next preceding stage and the coupling con-
nection 28 between each pulse shaping stage and the
counter tube 27 may comprise any suitable coupling for
transmitting pulses. The coupling connections 26 and 28
of Fig. 3 are conventional RC networks.

Although the phase reversing means 29 included in
the coupling connection 28 to each counter tube may
comprise any suitable pulse varying means for controlling
the counting direction of each counter tube, depending
upon the type of said tube used in the circuit, in the pre-
ferred embodiment of the invention said means comprises
phase reversing means. The phase reversing means 29
of each counter stage may comprise, for example, a double
throw switch having contact arms 30 and 31 which are
controlled as a urit by a reversing relay 32.

The reversing relay 32 of each counter stage is ener-
gized by a direct current at a predetermined point in the
operation of the timer arrangement determined by the
input data source 1, to throw the contact arms 30 and
31 to their other position and thereby reverse the phase
of the pulses applied to each counter tube. The phase
reversing switch of each counter stage may be so con-
nected in the timer arrangement that when the reversing
relay 32 is unenergized the contact arms 30 and 31 close

with contacts 33 and 34, respectively, to apply a series of .

pulses of suitable phase to direct the counter tube 27 to
count in a predetermined direction, and when the relay
32 is energized the contact arms 3¢ and 31 are thrown
to close with contacts 35 and 36, respectively, to apply a
series of pulses of reversed phase to direct the counter
tube to count in a direction opposite to said predeter-
mined direction.

The counter tube of each counter stage may comprise
any suitable means responsive to being directed from an
initial condition by uniform control to a resultant con-
dition and to being redirected from said resultant condi-
tion by said uniform control to said initial condition,
The counter tube may comprise, for example, any suit-
able counter tube capable of counting in either direction;
that is, from an initial position or condition backward
to a resultant position or condition, and from said re-
sultant position forward to said initial position. A suit-
able counter tube 27 may comprise, for example, a beam
switching tube of the magnetron type which is capable of
counting in either direction and which may be closely
controlled. The counter tube of each counter stage of
the preferred embodiment of the invention may comprise
a tube which has a counting direction determined by the
phase of the pulses applied to it. Such a tube may com-
prise a gas-filled, multielectrode cold cathode tube which
operates on the principle that the ionization of the gas
around the cathode of a gas-discharge tube will lower
the striking potential to an adjacent cathode. The counter
tube may comprise a ceniral anode connected through a
load resistor to a positive bias potential and a plurality
of counter cathodes arranged symmetrically around it and
comnnected independently to ground. In order to clarify
the presentation of the timer arrangement of the présent
invention only three cathodes 37, 38 and 39, of the pln-
rality of cathodes which may be part of each counter
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tube are shown for each counter tube in Figs. 34 and 35,
The counter tube may comprise guide pins or electrodes
40 and 41 positioned between the counter cathodes. Since
all the cathodes have similar characteristics, the burn-
ing potential to a glowing cathode will be lower than the
striking potential to any other cathode. Because of the
partially ionized gas in the region, the striking poten-
tial from the anode to the two cathodes adjacent to the
glowing one will be less than the more distant ones.
The guide pins 40 and 41 are utilized to transmit glow in
the proper direction from one counting cathode to an-
other, thereby permiiting the tube to count in either a
forward or a backward direction in accordance with the
phase of the pulses applied to said guide pins.

Each of the counter stages except stage 20 includes
reset means for resetting the counter tube of each said
stage to a predetermined position at the completion of
the operation of the timer arrangement. The counter tube
of each of the counter stages may be reset in a conven-
tional manner, which may comprise applying a negative
pulse from the output data source § to the cathode to
which the tube is to be reset. In the embodiment of
Figs. 3a and 3D, the reset means are controlled by the
output data source 6 to reset the counter stages 21, 22, 23
and 24 to predetermined positions at the completion of
the operation. In the preferred operation of the em-
bodiment of Figs. 3a and 3b the counter tube 27 of the
counter stage 28 is set to zero and the counter tube of
each of the counter stages 21, 22, 23 and 24 is set and
reset to position number nine.

The counter stages 20, 2%, 22 and 23 further include
zero shift means for shifting the counter tube of anmy
of the stages 21, 22, 23 and 24 one step in the forward
direction upon the occurrence of a zero resultant posi-
tion in the next preceding counter tube. The zero
shift pulse is produced by a counter stage in three situ-
ations; when the resultant position of the next preced-
ing counter stage after the backward counting sequence
is zero, when the resultant position of the next preced-
ing counter stage becomes zero due to a single zero
shift or carry pulse from the counter stage next preced-
ing said next preceding counter stage, and when the
counter stage is shifted from zero to ome by a carry
pulse from the next preceding stage. The zero shift
means of each of the counter stages 26, 21, 22 and 23
may be any suitable means for applying a forward step-
ping pulse to a counter tube when the next preceding
counter tube is at a zero resultant position at the
completion of the first portion of the operation. A suit-
able zero shift means may comprise, for example a relay
controlled capacitor discharge circuit. The zero shift
means of the embodiment of Figs. 3a and 35 is identical
for each of the counter stages 28, 2%, 22 and 23 and
comprises a capacitor, labeled 42 in stage 20, connected
in ‘series between the output of each counter stage, except
the last, and the input of the mext succeeding counter
stage, said capacitor forming a part of a coupling con-
nection, labeled 43 in stage 28, between stages. The
capacitor 42 is short-circuited by an arm, labeled 44 in
stage 2§, of a zero shift relay, labeled 45 in stage 26.
At the completion of the second portion of the operation,
the capacitor 42 is short-circuited and said capacitor will
not be charged. If the preceding counter stage is at
the zero resultant position the capacitor 42 is charged
with a positive voltage, since after the completion of
the count the cathode at which the counter tube is posi-
tioned has a positive potential on it. The zero shift
relay arm 44 short-circuits the capacitor 42 as long as
the zero shift relay 45 is unenergized. When the zero
shift relay 45 is energized, the arm 44 opens the short-
circuit around the capacitor 42 and, if the cathode,
labeled 3% in stage 29, has a positive voltage on it, said
capacitor will charge; if the cathode 39 has no voltage
on it, said capacitor will not charge. The zero shift relay
45 is then deenergized and the capacitor 42 discharges to
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apply a single pulse to the next succeeding counter stage,
thereby stepping the counter tube of said next counter
stage forward one position. The zero shift relay of each
of the counter stages 20, 21, 22 and 23, is energized by
a direct current at a predetermined point in the opera-
tion of the timer arrangement to open and close the
short-circuit around each capacitor 42 and thereby effect
the application of a forward stepping pulse to the next
succeeding counter stage under the conditions set forth.

The timer arrangement of the present invention, as
shown in Figs. 1, 2 and 3, operates to reproduce a time
period substantially exactly. In the first portion of the
operation of the timer arrangement of the present inven-
tion the pulse source 7 of the input data source 1 pro-
duces a start signal which is applied to the counter 8
of said input data source to start its counting operation
and which is also applied to the gate comtrol 2 to direct
said gate control to open the gate 3. The application
of an “open” signal from the gate control 2 to the gate
3 opens said gate to permit the application of a series
of pulses to the reversible counter 5 from the pulse
source 4. This series of pulses is applied through the
gate 3, the coupling connection 26, the pulse shaping
stage 25, the coupling connection 28, the switch contact
arms 30 and 31 and the switch contacts 33 and 34 of the
phase reversing means 29 to the guide pins 41 and 40
of the counter tube 27, the short circuit arm 44, and the
coupling connection 43 of the first counter stage 20.
This series of pulses is them applied to the succeeding
counter stages 21, 22, 23 and 24 in a similar manner.
The pulses of this series of pulses have a phase-displace-
ment which directs the counter tube of each counter stage
to count in a backward direction from the initial position
for a period of time determined by the input data
source 1.

The initial position of the counter tube 27 of the
counter stage 20 is set to the zero position, and the
initial position of the counter tube of each of the count-
er stages 21, 22, 23 and 24 is set and reset to the posi-
tion number nine. The counter tubes utilized in the timer
arrangement are preferably of a type that produces an
output pulse for each counting cycle of the tube from
the zero position through the plurality of positions, pref-
erably nine, back to zero. Thus, the greater the number
of counter stages connected in the embodiment of Figs.
3q and 3b, the longer the time period that may be ex-
actly reproduced. In the preferred embodiment of Figs.
34 and 3b, for example, 3000 pulses direct the counter
stage 20 to complete 300 counting cycles, the counter
stage 21 to complete 30 counting cycles, the counter
stage 22 to complete 3 counting cycles, the counter
stage 23 to step three positions and the counter stage
24 to remain unaffected.

When the counter 8 of the input data source 1 com-
pletes its predetermined count it produces an output sig-
nal which is applied to the gate control 2 to direct said
gate control to close the gate 3 and which is also applied
to the time delay stages 9, 18 and 11. The application
of a “close” signal from the gate control 2 to the gate 3
closes said gate to prevent the application of pulses to
the reversible counter 5 from the pulse source 4 and com-
pletes the first portion of the operation of the timer
arrangement.

The application of an output signal to the time delay
stages 9, 16 and 11 of the input data source 1 initiates
the second portion of the operation of the timer arrange-
ment of the present invention. At the initiation of the
second portion of the operation, the backward count,
which is of a magnitude determined by the predetermined
time period of the input data source 1, is completed.
The counter tubes of the counter stages are at the result-
ant positions and the application of pulses from the pulse
source 4 to the counter stages is prevented. The output
signal of the counter 8 is applied to the time delay stage
9 where it is delayed for a brief period by said time delay
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stage and is applied to the relay means 12. The relay
means 12 is actuated by the delayed output signal of
the counter 8 to apply sufficient current to the reversing
relay of each of the counter stages 20, 21, 22, 23 and
24 to energize the reversing relay of each said counter
stage. Energization of the reversing relays 32 throws
the switch arms 30 and 31 to the contacts 35 and 36,
respectively, thereby reversing the phases of the pulses
in said arms. Any following series of pulses produced
by the pulse source 4 will then be applied to the guide
pins of the counter tubes in a reverse phase from that
of the pulses in the first portion of the operation. Thus,
for example, if, when the switch arms are closed to con-
tacts 33 and 34, the pulses applied to the guide pin
40 and the pulses applied to the guide pin 41 are so dis-
placed in phase that the pulses applied to the pin 40
lead the pulses applied to the pin 41 so that the counter
tube 27 counts in one direction, then when the switch
arms are closed to contacts 35 and 36, the pulses applied
to the guide pin 40 and the pulses applied to the guide
pin 41 are phase reversed so that the pulses applied to
the pin 41 lead the pulses applied to the pin 49 and the
counter tube 27 counts in the opposite direction. The
phase-displacement is such that the first counting direc-
tion is backward from the initial position and the second
counting direction is forward from the resultant posi-
tion. The output signal of the counter 8 is then applied
to the time delay stage 10 where it is delayed for a brief
period by said time delay stage and applied to the relay
means 13. The relay means 13 is actuated by the delayed
output signal of the counter § to apply sufficient current
to the zero shift relay of each of the counter stages 29,
21, 22 and 23 to emergize the zero shift relay of each
said counter stage. Energization of the zero shift relays
directs each counter tube, the next preceding counter
tube to which is at zero resultant position, to count one
step forward. ’

The output signal of the counter 8 is then applied to
the time delay stage 11 where it is delayed for a period
by said time delay stage and then applied to the input
of the gate control 2 to complete the second portion
of the operation of the timer arrangement and initiate
the third portion of said operation. At the initiation
of the third portion of the operation, the counter tube of
each of the counter stages is conditioned to count in a
forward direction from the resultant position, due to
the energization, in the second portion of the operation,
of the reversing relays. The application of the time
delayed output signal of the counter 8 of the input data
source 1 to the gate control 2 directs said gate control
to apply said signal to the gate 3 to open said gate to
permit the application of a series of pulses to the re-
versible counter 5 from the pulse source 4. This series
of pulses is applied to the counter stages and directs the
counter tube of each counter stage to count in a forward
direction from the resultant position. The counter tubes
count in the forward direction until the counter tube
of the last actuated counter stage reaches its initial posi-
tion. At such time, the last actuated counter tube pro-
duces an output signal which is applied through a con-
nection 46 to the gate control 2, thereby directing said
gate control to close the gate 3. The application of a
“close” signal from the gate control 2 to the gate 3
closes said gate to prevent the application of pulses fo
the reversible counter 5 from the pulse source 4 and
completes the third portion of the operation of the timer
arrangement.

The output signal of the last actuated counter tube of
the reversible counter 5 is also applied to the output
data source 6 for utilization of the data indicating the
reproduced time period determined by the input data
source 1. Said output signal also actuates means in the
output data source 6 for resetting the counter tubes of
the last four stages of the timer arrangement to their
number nine positions.
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Since -the counting direction ‘of the counter tubes in-
volves uniform control, the period of time it takes said
tubes to count backward from the initial position .of each
tube to the resultant position of each tube is exactly
the same as the period of time it takes said tubes to count
forward from the resultant position of each tube to
the initial position of each tube,

The operation of the timer arrangement embodiment
of Figs. 3a and 3b may be illustrated by examples. We
may assume that the time period of the first portion of
the operation is so determined by the input data that
3 57 2 3 pulses are applied to the counter tube 27,
and through it to the succeeding counter tubes, before
the gate conirol 2 prevents the application of pulses to
said tubes in accordance with the input data from the
source 1 and initiates the reversal of the counting direc-
tion of the counter tubes. In this case each tube counts
backward from the initial position, which is zero posi-
tion for the counter tube 27 and number nine position
for the counter tubes of the counmter stages 21, 22, 23
and 24, to the resultant position. The resultant positions
are thus

64277

which is so determined by subtracting unit from unit,
without carryovers; 7 being the resultant position of
counter tube 27, 7 being the resultant position of the
counter tube of stage 21, 2 being the resultant position
of the counter tube of the stage 22, 4 being the result-
ant position of the counter tube of the stage 23, and 6
being the resultant position of the counter tube of the
stage Z4.

The gate control Z then permits the application of
pulses to the counter tubes and each counter tube counts
forward from the resultant position. When each tube
reaches the initial position the tube of the counter stage
24 produces an output signal which prevents the appli-
cation of further pulses to the counter tubes and at the
same time causes the supply of output data indicating
the reproduced time period to the output data source
6 where it may be utilized.

64277
+35723

1 000060

Thus the counter tubes, in counting forward, substan-
tially exactly duplicate the period of time required for
them to count backward.

In another example, we may assume that the time
period of the first portion of the operation is so deter-
mined by the input data that 1 9 O pulses are applied
to the counter tube 27. After backward counting, the
resultant positions of the counter tiibes are

99990
— 190

99%70¢0

The difference of 99990 and 190is 99700
because, in the counter tube of counter stage 21 when
nine is subtracted from nine the resultant is zero, and
when there is a zero resultant a single pulse is produced
ing and applied to the counter tube of the next succeeding
counter stage 22. Thus, the single carry pulse applied to
the counter tube of counter stage 22 effectively changes
the subtraction of one from nine to a subtraction of two
from nine to produce a resultant of seven. The sum -of
99700and190is9 9 8 9 0, which is insufficient
to direct the counter tube of the counter stage 24 to
produce an output pulse to direct the gate control 2 to
prevent the application of pulses to the counting stage
20. To remedy this deficiency, in order to produce
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proper.operation of the timer arrangement, the gate con-
trol 2 energizes the zero shift relays during.the second
portion of the operation. In the second portion of the
operation, after the gate control 2 prevents the applica-
tin of pulses to the counter tubes, the reversal relays are
energized, and the zero shift relays are energized to add
a single step in the forward direction to each counter
tube which next succeeds a counter tube which is at
the zero resultant positicn. Therefore, at resultant posi-
tions 9 9 7 0 0, the counter tube 27 remains at the
zero position and applies, through its zero shift relay,
a single pulse to its next succeeding counter tube (of
stage 21), so that the counter tube of stage 21 counts
forward one step from the zero resuliant position to the
number one resultani position. The counter tube of
stage 21 applies a single pulse to the next succeeding
counter tube (of stage 22), because the counter tube
of stage 21 was at the zero resultant position before the
zero shift carry pulse from the counter tube 27 was
applied to it. The counter tube of counter stage 22 is
therefore shifted from the seven to the eight resultant
position and the next succeeding counter tubes (of stages
23 and 24) remain respectively at the nine and nine re-
sultant positions. Thus 9 9 8 .1 ¢ are the resultant
positions of the counter tubes before commencement of
the third portion of the operation. The zero shift or
carry pulses are sequentially applied to the counter tubes
in the sequential crder of. counter stages 27, 21, 22, 23
and 24.

In the third portion of the operation the gate control 2
permits the application of pulses to the counter tubes,
which count forward from the resultant positions
9 9 81 0. When each counter tube reaches the initial
position the counter tube of counter stage 24 produces
an output. signal which prevents the application of fur-
ther pulses to the counter tubes and at the same time
causes the supply of output data indicating the reproduced
time period to the output data source 6, where it may be
utilized.

99810
4+ 190
1 00000

Thus the counter tubes, in counting forward, exactly dupli-
cate the period of time required for them to count
backward.

The timer arrangement of the present invention is
especially suitable for use in radiation counting systems
where very large numbers of pulses are produced in short
time intervals. The time period which may be repro-
duced increases in magnitude with the number of count-
ing stages utilized in the timer arrangement. The ac-
curacy of reproduction of the time period increases with
the frequency of production of pulses by the pulse
source 4.
~ It.is to be understood that the invention is not limited
to the details disclosed but includes all such variations
and modifications as fall within the spirit of the invention
and the scope of the appended claims.

Having thus set forth the nature of my invention, what
I claim is:

1. A circuit arrangement for reproducing a fixed time
interval comprising a pulse counting device, a source of
input data, control means connected to said device and
to said source comprising pulse means for directing said
device to count from an initial condition to a resuitant
condition for a period of time determined by input data
irom said source, pulse means for directing said device
to count from said resultant condition back to said
initial condition and means for stopping said control
means at said initial condition whereby said period of
time determined by said input data is exactly reproduced,
and means for deriving data indicating said reproduced
time period from said device.

2. A circuit arrangement for reproducing a fixed time
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interval comprising a pulse counting tube, a source of
input data, control means connected to said tube and to
said source comprising pulse means for directing said
tube to count from an initial position to a resultant posi-
tion for a period of time determined by input data from
said source, pulse means for directing said tube to count
from said resultant position back to said initial position
and means for stopping said control means at said initial
position whereby said period of time determined by said
input data is exactly reproduced, and means for deriving
data indicating said reproduced time pericd from said
tube.

3. A circuit arrangement for reproducing a fixed time
interval comprising a pulse counting tube having a plu-
rality of electrodes, a source of input data, control means
connected to said tube and fo said source comprising
means for applying a number of pulses of predetermined
phase-displacement to selected omes of said electrodes
thereby to direct said tube to count from an initial posi-
tion in a predetermined direction to a resultant position,
said number of pulses being determined by input data
from said source, means for applying a series of pulses
of reversed phase from said predetermined phase-dis-
placement to said selected ones of said electrodes thereby
to direct said tube to count from said resultant position
in a direction opposite to said predetermined direction
and means for stopping the application of pulses to said
selected ones of said electrodes when said tube reaches
said initial position whereby the time equivalent of said
number of pulses determined by said input data is exactly
reproduced, and means for deriving said reproduced time
equivalent data from a selected electrode of said tube.

4. A circuit arrangement for reproducing a fixed time
interval comprising a plurality of pulse counting tubes in
series connection each having a plurality of electrodes, a
source of input data, control means connected to the first
of said tubes and to said source comprising means for
applying a number of pulses of predetermined phase-
displacement to selected ones of the electrodes of the
first of said tubes thereby to direct said tubes to count
from initial positions in a predetermined direction to
resultant positions, said number of pulses being deter-
mined by input data from said source, means for apply-
ing a series of pulses of reversed phase from said prede-
termined phase-displacement to said selected ones of said
electrodes thereby to direct said tubes to count from said
resultant positions in a direction opposite to said prede-
termined direction and means for stopping the application
of pulses to said selected ones of said electrodes when
said tubes reach said initial positions whereby the time
equivalent of said number of pulses determined by said
input data is exactly reproduced, and means for deriving
said reproduced time equivalent data from a selected
electrode of the last of said tubes.

5. A circuit arrangement for reproducing a fixed time
interval comprising a source of input data, a pulse source,
control means connected to said sources comprising means
for controlling the number of pulses derived from said
pulse source in accordance with input data from said
source of input data, pulse shaping means coupled to
said control means for controlling the phase-displace-
ment of the pulses derived from said control means, a
pulse counting tube having a plurality of electrodes, cou-
pling means coupling said pulse shaping means to selected
ones of said electrodes for applying a number of pulses
of predetermined phase-displacement to said selected ones
of said electrodes thereby to direct said tube to count
from an initial position in a predetermined direction to
a resultant position, said number of pulses being deter-
mined by input data from said source of input data, and
for applying a series of pulses of reversed phase from
said predetermined phase-displacement to said selected
ones of said electrodes in accordance with a signal from
said control means thereby to direct said tube to count
from said resultant position in a direction opposite to
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said predetermined direction, said coupling means com-
prising switching means and relay means energized by a
signal from said control means for reversing said switch-
ing means, means connecting a selected one of said elec-
trodes to said control means, said control means further
comprising means for stopping the pulses derived from
said pulse source in accordance with a signal from said
selected one of said electrodes when said tube reaches
said initial position whereby the time equivalent of the
said number of pulses determined in accordance with
said input data is exactly reproduced, and means for de-

riving said reproduced time equivalent data from said.

selected one of said electrodes.

6. A circuit arrangement as claimed in claim 5, where-
in said initial position is the zero position of said tube.

7. A circuit arrangement for reproducing a fixed time
interval comprising a source of input data, a pulse source,
control means connected to said sources comprising
means for controlling the number of pulses derived from
said pulse source in accordance with input data from
said source of input data, a plurality of counting stages
in series circuit arrangement connected in series with
said control means each comprising pulse shaping means
for controlling the phase-displacement of the pulses
derived from said control means, a pulse counting tube
having a plurality of electrodes and coupling means
coupling said pulse shaping means to selected ones of
said electrodes for applying a number of pulses of pre-
determined phase-displacement to said selected ones of
said electrodes thereby to direct said tube to count from
an initial position in a predetermined direction to a
resultant position, said number of pulses being determined
by input data from said source of input data, and for
applying a series of pulses of reversed phase from said
predetermined phase-displacement to selected ones of
said electrodes in accordance with a signal from said
control means thereby to direct said tube to count from
said resultant position in a direction opposite to said
predetermined direction, said coupling means comprising
switching means and relay means energized by a signal
from said source of input data for reversing said switch-
ing means, means connecting a selected one of the elec-
trodes of the pulse counting tube of the last of said
counting stages to said control means, said control means
further comprising means for stopping the pulses derived
from said pulse source in accordance with a signal from
said selected one of said electrodes when each said pulse
counting tube reaches said initial position whereby the
time equivalent of the said number of pulses determined
in accordance with said input data is exactly reproduced,
and means for deriving said reproduced time equivalent
data from said selected one of said electrodes.

8. A circuit arrangement as claimed in claim 7, where-
in the initial position of the pulse counting tube of the
first of said counting stages is the zero position of said
tube.

9, A circuit arrangement as claimed in claim 8, further
comprising means energized by said signal from said
selected one of said electrodes for resetting the pulse
counting tube of each of said counting stages except said
first of said counting stages to an initial position, each
said initial position being the number nine position of
each said tube.

10. A circuit arrangement as claimed in claim 9,
further comprising means energized by a signal from said
source of input data for applying a pulse of predeter-
mined phase-displacement to said selected ones of said
electrodes of the pulse counting tube of each of said
counting stages except the last of said counting stages
thereby to direct each said tube to counf one position
from said resultant position in a direction opposite to
said predetermined direction upon the occurrence of a
zero position resultant position in the pulse counting tube
of the next preceding counting stage.

11. A circuit arrangement for reproducing a fixed

.
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time interval comprising a counting device, a source of
input data and conirol means connected to said device
and to said source comprising means for directing said
device to count from an initial condition to a resultant
condition for a period of time determined by input data
from said source, means for directing said device to
count from said resultant condition back to said initial
condition and means for stopping said control means
at said initial condition whereby said period of time
determined by said input data is exactly reproduced.

12. A circuit arrangement for reproducing a fixed time
interval comprising a pulse counting electron discharge
device, a source of input data and control means con-
nected to said device and to said source comprising
means for directing said device to count from an initial
condition to a resultant condition for a period of time
determined by input data from said source, means for
directing said device to count from said resultant condi-
tion back to said initial condition and means for stopping
said control means at said initial condition whereby said
period of time determined by said input data is exactly
reproduced.

13. A circuit arrangement for reproducing a fixed time
interval comprising a pulse counting electron discharge
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device having a plurality of electrodes, a source of input
data and control means connected to said device and to
said source comprising means connected to selected ones
of said electrodes for directing said device to count from
an initial condition to a resultant condition for a period
of time determined by input data from said source, means
connected to said selected ones of said electrodes for
directing said device to count from said resultant condi-
tion back to said initial condition and means for stopping
said control means at said initial condition whereby said
period of time determined by said input data is exactly
reproduced.
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