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2,411,648 
METHOD AND APPARATUS FOR . . . 

GENERATING IMPULSEs 
. Howard H. Brauer and Robert w. Knebel, Roch 

ester, N.Y., assignors to Stromberg-Carlson is 
Company, Rochester, N. Y., a. corporation of 
New York Application April 21, 1944, serial No. 532,170 

This invention relates to a method of generating 
- impulses and impulse generating arrange 
ments for use in connection with automatic 
telephone systems and the like. w 
In automatic telephone systems, it is commonly 

the practice to employ a so-called dial impulse 
sender to generate code impulses corresponding 
to the several digits of the wanted party's line. 
In its commonest form, this dial impulse sender 
includes a pair of contact springs connected in 
series with the signaling circuit, these contact 
springs being periodically opened under the action 
of an interrupter arranged to be operated a de 
sired number of times determined by the sub 
scriber's manipulation of a finger hold dial. Such 
an impulse dial sender includes a mechanical 
governor, intended to control the regularity of 
operation of the interrupter so that the men 
tioned contact springs, are periodically actuated 
with a uniform interval between impulses. It 
Will be understood that if a dial impulse sender 
deviates materially from a predetermined inter 
val, faulty operation of the switching equipment 
will take place. For example, if the mentioned 
contacts are interrupted too frequently, as in the 
case of a so-called "fast dial,' the Switching 
equipment controlled thereby will have in 
Sufficient time in which to operate in accordance 
With the impulses, and consequently, an incorrect 
Operation of the Switching means will take place. 
On the other hand, if the contacts are interrupted 
too infrequently, as in the case of a so-called 
'slow dial,' slow-releasing relays associated with 
said switching means will fail to be held operated 
during the long period between pulses and con 

7. Claims. (Cl 177-380) 
Another feature of the invention relates to 

the use of thermionic means for generating 
pulses of exact predetermined wave form and 
periodicity. w 

Other features and advantages of the inven 
tion will appear from the detailed description and 
claims when taken with the drawings in which: 

Fig. 1 is a block diagram representing the 
equipment which can be utilized in practicing 
the invention. . . . . . . . . . . . . . . . . 

Fig. 2 illustrates the nature of the generated 
impulses as observed in the cathode ray oscil 
loscope, as enlarged in Fig. 2a; 

2) 

30 

Fig. 3 is a diagrammatic showing of a pulse 
number counter or metering circuit suitable for 
use in the arrangement diagrammatically illus 
trated in Fig. 1; and Fig. 4 is a diagrammatic showing of a pulse 
number counter or metering circuit similar to 
the arrangement of Fig. 3 but somewhat sim 
plified. 
In accordance with the present invention, 

there is provided a generator 5 which is adjust 
able to develop a given frequency in a predeter 
mined range, such, for example, as a range from 
600 cycles to 2300 cycles. This generator may 
be a standard beat frequency oscillator, the out 
put of which is provided with a network including 
a capacitor and a resistor, for the purpose of 
differentiating the waves in order to provide 
sharp peaks for calibrating. The output of 

Sequently the Switching means will be released. 
Therefore, it is important in the original testing, 
as well as in the repairing of such dial impulse 
Senders, to have a so-called standard impulse 
generating device or impulse simulator against 
which the mentioned dial impulse senders can 
be compared for accuracy of operation. 

In addition, in the testing of a telephone system, 
it is frequently desirable to employ an impulse 
sender wherein the periodicity of the pulses can 
be varied at will, and wherein the ratio of the 
time of pulse to no pulse can be controlled as 

... desired. . . . 
In accordance with the main feature of the 

present invention, there is provided, for satisfy 
ing the mentioned requirements, a method of 
generating.pulses, in which method the ratio of 
pulse to no pulse and the speed or frequency of 
pulsing as well as the number of pulses, and the 
amplitude thereof can be controlled exactly. 

the generator is coupled to and supplies pulses 
to a ten-to-one pulse counter 6. This pulse 
counter may be of any well-known form, such, 
for example, as that shown on page 57 of the 
RCA Review for July 1940. This pulse counter 
derives square wave pulses of is the frequency 
of those developed by the generator 5 and sup 
plies these pulses to a second ten-to-one pulse 
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counter 7 of like construction, to which it is coupled. The second counter 7 thus develops 
triggering pulses of one one-hundredth the fre 
quency of those delivered by the oscillation gener 
ator 5, and is coupled to a square wave gener 
ator. 8 of the trigger type which develops square 
waves of a frequency determined by the triggering 
pulses. This square wave generator, which has 
provisions for changing, at will, the width of 
its square wave pulses, may be of the arrange 
ment shown on page 176 of the text book en titled “Ultra-High-Frequency Techniques,' by 
Brainerd, Koehler, Reich and Woodruff, tenth 
printing. 
The square wave, so generated by the gener 

55 ator 8, is delivered to a pulse number counter 

  

  

    

  



3 
9 (to be described in connection with Fig. 3) 
which counter meters the number of pulses 
that are supplied to power amplifier 40. It will 
be appreciated that when the generator 5, the 
counters 6 and l, the Square wave generator 8, 
as well as the pulse counter 9 and the amplifier 
are operating, the output of the amplifier will 
consist of a specified number of Square wave 
pulses of a frequency variable from 6 to 23. 
pulses per second and having a variable width 
(timing) and amplitude. 
The present arrangement also includes means 

for visually indicating the duration, amplitude 
and character of the impulses delivered by the 
power amplifier. This last-named means com 
prises a mixer 42 of the vacuum tube type in 
which signals from the generator 5, the counter 
6 and the square wave generator 8 are mixed 
and the mixed signals from this mixer are de 
livered to a cathode ray Oscilloscope 43 which 
may be similar in arrangement to that shown on 
page 225 of the text book “Ultra-High-Fre 
quency-Techniques,' referred to above. The 
mixed signals delivered by the mixer to the oscil 
loscope will cause the screen of this device to 
visually indicate the character of the output 
pulse which will appear as illustrated in Fig. 2. 
This visual indication will include the Output 
frequency pulses or the square waves. A cor 
responding to the dial impulses being simulated, 
upon which there will be Superimposed impulses 
C from the generator 5 and calibrating impulses 
B from the first counter 6. By counting the 
number of calibrating pulses appearing on the 
output pulse, the percentage of pulse to no pulse 
can be determined quickly and easily. The nor 
mal sweep will allow the tens and the approxi 
mate units to be determined. By expanding this 
sweep, as shown in Fig. 2d, it will be possible 
to determine the number of units and the frac 
tion of the units to be estimated. 
The pulse number counter generally designated 

9 in Fig. 1, may embody the specific circuit ar 
rangement shown in Fig. 3. In this arrangement 
the square wave from the generator 8 is supplied 
to the input circuit of a vacuum tube, such as 
a pentode O which does not pass the square wave 
until it is conditioned to do so in a manner to 
be described. When thus conditioned, Vacuum 
tube 0 acts as an amplifier and allows the re- : 
Sultant of the square waves to be communicated 
to the power amplifier 40 and counter circuit. 
Wacuum tube 0 is under the control of means 

including a counter network and a blocking 
oscillator cooperating with manually selected 
digit keys (to be described) which means dis 
continues the passage of Square WaWe pulses 
through vacuum tube O when a number of Square 
pulses, corresponding to the selected digit key, 
have been communicated. The Square Wave Sup 
plied to the pentode 0 is differentiated by the 
low time constant combination of a condenser 

and resistor 2 and is fed to the grid 3 of the 
vacuum tube f4 during such time as the manual 
switch 5 is momentarily opened. The Vacuum 
tube 4 is biased to cut off so that positive polarity 
pulses only can pass therethrough and be am 
plified. 
A triode 6 of the gas or thyratron type, is 

resistance-coupled to the output of vacuum tube 
f4. Triode 6 conducts whenever a pulse greater 
in amplitude than the normal negative bias is 
present at its grid 7. When the triode 6 con 
ducts, the voltage across the resistor 8 is ap 
proximately equal to the difference between the 

5 

10 

20 

2 5 

- 30 

40 

2,411,648 
4. 

plate voltage on plate 9 and the voltage drop 
across the triode 6. This sudden high voltage 
at the cathode 20 of the gas triode is used for 
two purposes. The first is to raise the voltage at 
the grid 2 la of a second gas type triode 2 to a 
value at which this triode, will conduct when a 
positive pulse of sufficient amplitude is applied 
to grid 2 a. The circuit in this condition will 
be referred to as being "primed.' The other use 
of the high cathode voltage of triode 6 is to 
raise the voltage on the screen grid 22a of vacuum 
tube fo to a value where the tube O will act as an 
amplifier and allow the original square wave to 
be supplied to the counter network and the power 
amplifier 40. 
The counter network consists essentially of two 

condensers 23 and 24, as well as two diodes 25 
and 26, and a blocking oscillator 27, condenser 
23 being appreciably lower in capacitance than 
condenser 24. The positive voltage present at 
the anode 30 of pentode 0, due to the normal 
non-conducting condition of this tube will have 
charged the two condensers 23 and 24 through 
the diodes to voltages inversely proportional to 
their capacitances. When the voltage on Screen 
22a of pentode O is increased by the gas triode 
6, pentode IO conducts during the positive por 

tion of the Square wave, and this will cause the 
anode 30 to approach zero potential. Condenser 
23 will discharge through the diode 25 but con 
denser 24 will hold its initial charge. The nega 
tive portion of the input wave will 'cut off' the 
grid of pentode 0, causing the voltage on anode 
30 to return to that of the anode supply connected 
thereto. This again charges the two condensers 
23 and 24, thereby accumulating an additional 
charge on condenser 24 every time the cycle is 
repeated. 
From the foregoing, it should be understood 

that each cycle of the input wave will produce 
an additional charge on the condenser 24, during 
the period that the screen of pentode O is posi 
tive, due to the action of the gas triode 6. 
The grid 29 of the blocking oscillator tube 27 

is connected to the condenser 24 SO that when 
the voltage resulting from the charge being ac 
cumulated on condenser 24 exceeds the positive 

6) 

bias present on the cathode 3, the tube 2 will 
conduct, thereby producing a strong pulse in its 
anode circuit. The grid 29 of the oscillator 27 
conducts at this point in the cycle, discharging 
condenser 24 and restoring the counter to its 
initial condition. The number of pulses required 
to “fire' the blocking oscillator can be controlled 
by the bias on the cathode by means of the multi 
unit resistor or bleeder 32 and the Selectively oper 
ated interlocking keys 5 to 59 and 50. This con 
struction of the interlocking keys insures that only 
one key can be closed at any given time. It will be 
noted that these keys allow a selection of positive 
voltage to be applied to the cathode 3 of the 
oscillator 27 by connecting to various points along 
the multi-unit resistor or bleeder. Consequently, 
by operating any given one of the Switch contacts 
from 50 to 5? a corresponding number of pulses 
from one to ten can be delivered. 
The pulse generated in the anode circuit of 

the blocking oscillator 27 is fed to the grid 2 a. 
of the second gas triode 2, which has been 
previously “primed.' This triode conducts and 
raises the cathode voltage across resistor 35 
to the potential B minus the drop in tube 2, 
which raises the voltage at the negative terminal 
of condenser 36. The positive terminal of the 
condenser 36 is now Substantially twice B voltage, 
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which is enough to cut of triode 6 and restore 
the cathode to a low voltage. This causes the 
screen 22a of the first amplifier tube 0 to drop 
in potential, thereby causing this tube to cut 
off and shut of the square wave from the output 
of the counter. The circuit is now restored to 
its original state since condenser 24 is discharged 
and tube 6 is non-conducting, although tube 
2 is still conducting. The next pulse from tube 
6 'primes' tube 2 as before but also causes it 

to be cut off as a result of the operation of the 
condenser 36. Condenser 36 acts in the same 
manner as described above where triode 2 cuts 
of triode 6. 
The pulse number counter of Fig. 3 may be 

somewhat simplified as shown in Fig. 4 wherein 
corresponding parts in both diagrams are desig 
nated by the same numerals. In the arrange 

O 

ment of Fig. 4, the condenser 4 f is connected to 
the cathode 20 of the gas triode 6 in order to 
shut off triode 6 directly, instead of connecting 
condenser 4 to input of the second gastriode 2 
for the purpose of developing the shut off voltage 
for triode 6. 
The circuits of the present disclosure should be 
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25 
taken not in a limiting sense but merely as illus 
trative of the invention since there can be var 
ious modifications in these circuits, within the 
scope of appended claims without departing from 
the present invention. 
What we claim is: 
1. Apparatus for simulating dial impulses and 

the like which comprises means for generating 
square waves, means for differentiating said 
square waves into pulses of positive and negative 
polarity, means for utilizing the differentiated 
pulses of one polarity to cause the communica 
tion of square wave pulses to a utilization point, 
means for selectively establishing one of several 
possible conditions, each different condition be 
ing indicative of a different fixed number of 
pulses desired in a given group, means for accu 
mulating a component corresponding to each 
square wave communicated until the total of said 
components bears a predetermined relation to 
said selected condition, and means for terminat 
ing the communication of said Square waves ini 
response to the fulfillment of said predetermined 
relation whereby said group comprises a desired 
number of impulses. 
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2. Apparatus for simulating dial impulses and . 
the like which comprises means for electronically 
generating square waves, means for differentiat 
ing said square waves into pulses of positive and 
negative polarity, means for utilizing the positive 
pulses to cause the electronic communication of 
square wave pulses to a utilization point, means 
for selectively establishing one of several possible 
conditions, each different condition being indica 
tive of a different fixed number of pulses desired 
in a given group, means for accumulating a con 
ponent corresponding to each square wave Com 
municated until the total of said components. 
bears a predetermined relation to said selected 
condition, and means for electronically terminat 
ing the communication of said square waves in 
response to the fulfillment of said predetermined 
relation whereby said group comprises a desired 
number of impulses. 

3. Apparatus for producing and visually ob 
serving the nature of recurring impulses of pre 
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6 
determined character which comprises means for 
generating primary pulses at a frequency sub 
stantially greater than that of the desired in 
pulses, means for deriving therefrom a submulti 
ple number of secondary pulses, means for utiliz 
ing said derived pulses to trigger a source of im 
pulses of predetermined form and amplitude, 
means for setting up a condition indicative of a 
desired number of impulses in a group, means 
for terminating the communication of said in 
pulses to said utilization point in response to the 
fulfilment of said condition, and means for si 
multaneously developing a visible indication of 
the nature of said primary pulses and of said 
secondary pulses as well as of said communicated 
impulses. 

4. In an impulse generating system, a continu 
ously operating pulse generator, a wave gener 
ator triggered by pulses from said pulse generator 
to deliver impulses, and an impulse number coun 
ter coupled to said wave generator and selectively 
operated to deliver a predetermined number of 
impulses. 

5. In an impulse generating system, a gener 
ator of primary pulses greater in number for a 
given unit of time than the number of impulses 
eventually desired, a pulse counter for developing 
from said primary pulses a sub-multiple number 
of secondary pulses for the given unit of time, a 
square wave generator coupled to said Counter 
and triggered thereby to develop square wave im 
pulses, and an impulse counter coupled to said 
wave generator and selectively operated to de 
liver a predetermined number of said impulses. 

6. In an impulse generating system, a gener 
ator of primary pulses greater in number per 
given unit of time than the number of impulses 
eventually desired, a primary pulse counter for 
developing from said primary pulses a sub-multi 
ple number of secondary pulses per the given 
unit of time, a secondary pulse counter for de 
veloping from said secondary pulses a further 
sub-multiple number of pulses per the given unit 
of time, a square wave generator Coupled to said 
secondary pulse counter and triggered by pulses 
therefrom to develop impulses, and an impulse 
number counter coupled to said Wave generator 
and selectively operated to deliver a predeter 
mined number of said impulses. 

7. In an impulse generating System, a gener 
ator of pulses greater in number per given unit 
of time than the number of impulses eventually 
desired, a primary pulse counter for developing 
from said primary pulses a sub-multiple number 
of secondary pulses per the given unit of time, a 
secondary pulse counter for developing from said 
secondary pulses a further sub-multiple number 
of pulses per the given unit of time, a square wave 
generator coupled to said secondary counter and 
triggered by pulses therefrom to develop square 
wave impulses, an impulse number counter cou 
pled to said wave generator and selectively oper 
ated to deliver a predetermined number of im 
pulses, a mixer unit for superimposing primary 
and secondary pulses on said square wave in 
pulses, and an oscilloscope coupled to said mixer 
unit and controlled thereby to display the result 
ant of said primary and secondary pulses as well 
as said square wave impulses. 

HOWARD H. BRAUR, 
ROBERT W. KNEB; 


