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This invention relates to electrical systems and in par 
ticular to systems for actuating selected ones of a plurality 
of receivers to the exclusion of all other receivers. 

In recent years there has been an increased demand 
for so-called paging systems, e.g., systems by which a 
central station can communicate with selected individuals 
carrying portable receivers. The central station trans 
mits certain signals which are received by the receivers 
and utilized to alert selected ones of the carriers of the 
receivers. Paging systems may be of two general types, 
i.e., ones in which all receivers respond to the transmitted 
signal, or ones in which only selected receivers respond 
to the transmitted paging signals. It is with the latter 
type of system, the selective paging system, that this in 
vention is concerned. 

Selective paging systems may be categorized by their 
operative principles; a few of the many types of selective 
paging systems will now be mentioned in order to clarify 
the advantages of the present invention. One type con 
sists of a transmitter which sends out electrical signals 
modulated at predetermined frequencies which are re 
Iceived by a number of receivers. Each receiver has a 
mechanically resonant reed which is tuned to a different 
modulation frequency. When the transmitted modula 
tion signal has a frequency to which a particular reed is 
resonant, the receiver containing said reed emits an 
audible signal which informs the carrier that he is to call 
the central station to obtain the desired intelligence, or 
tells him to stand by for further information subse 
quently to be transmitted. These receivers, containing 
mechanical frequency selection apparatus, are subject to 
the disadvantages common to mechanical systems. Thus, 
for example, physical shocks and vibrations can result 
in false calls, temperature variations can cause malfunc 
tion because of temperature sensitive components, me 
chanical wear causes the reeds to detune easily since 
there is loss of mass in the resonant device due to such 
wear, standardization of the frequency of a number of 
the resonant reeds having the samme nominal natural fre 
quency is difficult to achieve, and the range of resonant 
frequencies practically available is severely limited. 

Another type of system employs an "inductive loop' 
usually located on the periphery of the calling region 
which, when energized, induces a signal in the receiver. 
The induced signal may be applied in the receiver to a 
frequency discriminating circuit such as a resonant reed 
or a piezo-electric device. However, the disadvantages 
of resonant reeds have already been mentioned and piezo 
electric crystals at the usual audio frequencies are rela 
tively large, are fragile, and some, such as chelate crys 
tals, cannot withstand high environmental temperatures. 
The above mentioned prior art systems involve a number 
of receivers each adapted to be actuated by a different 
selected signal frequency. Such systems are practically 
limited in the number of receivers that may be selectively 
alerted. 
The prior art also contains systems in which particu 

lar receivers are actuated in response to a group of 
transmitted pulses. However, if it is desired to use 
pulse systems for general commercial use, the limitations 
imposed by the Federal Communications Commission as 
to permissible side band radiation are so rigorous that 
in practice they constitute effective economic and techni 
cal barriers against their widespread use. 
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It is therefore a principal object of the present inven 

tion to provide selective paging systems which possess 
inherent operational and frequency stability. 

Another object of the present invention is to provide 
selective paging systems which permit the use of a much 
greater number of receivers than is ordinarily possible 
with mechanically resonant-type devices. 

Still another object of the invention is to provide selec 
tive paging systems in which frequency sensitivity of the 
frequency-selective parts of the receivers may be easily 
standardized. 
Another object is to provide paging systems which are 

very compact. 
Another aim of the invention is to provide a frequency 

discriminating system of much greater selectivity than 
has hitherto been available. 

Still another object of the invention is to provide a 
frequency discriminating system whose bandwidth and/or 
central frequency is easily adjustable. 

In accordance with my invention I provide a trans 
mitter which transmits a group of signals having different 
frequencies, each of which corresponds to a certain chair 
acter or digit of a predetermined selected group of char 
acters or digits that constitute a call number. Each 
transmitted signal will actuate those of the circuits in 
the receivers which are set therefor. When all the signals 
representative of the digits of the call number have been 
transmitted, those of the receivers which have circuits 
responsive to all of the tones transmitted in the proper 
sequence will produce an audible or visible “alert” signal, 
for example, which informs the carriers of those receivers 
that there is a message to be received. All receivers have 
provision for enabling the alert signal to be shut off when 
the carrier of the receiver is alerted. The called carrier 
then communicates with a designated Switchboard which 
discloses the message to him. In one form of the inven 
tion I provide for the transmission of a so-called "cancel 
signal' after the transmission of the tone representing 
the last digit of the number. This signal prevents false 
calls by disabling all circuits in all receivers which have 
circuits which have responded to some, but not all, of 
the tones of the just-called number. 
The invention will now be explained in more detail. It 

should first be remarked that each tone transmitted by the 
central station actually consists of an RF carrier modu 
lated by a selected audio frequency. Each receiver has 
provision for (1) demodulating the audio from the RF 
carrier, (2) using each cycle of the demodulated audio to 
generate a pulse, and (3) integrating the resultant chain 
of pulses, whose repetition rate corresponds to the modu 
lating audio frequency, to obtain a D.C. signal whose 
amplitude is uniquely a function of the audio frequency. 
The integrated D.C. signal is simultaneously supplied to 
all of a number of switching or "relay' circuits that are 
found in each receiver. There is one switching circuit in 
each receiver for each digit of the group of numbers which 
identify a particular receiver so that if the call numbers 
have three digits, for example, each receiver will have 
three switching circuits. 

Each of the switching circuits is so designed that it 
can be actuated only when the integrated D.C. voltage 
applied to it is within a certain range of amplitude values. 
Thus, since each transmitted tone will cause the produc 
tion of a distinctively different integrated D.C. voltage 
it is seen that each Switching circuit can respond only 
when a certain one of the possible tones is transmitted. 
The switching circuits in each receiver are connected 

serially and are so designed that when any one of them 
(except the last of the series) is actuated by a trans 
mitted audio tone, it produces an output “enabling signal' 
which must be applied to the next switching circuit in the 
series to enable the latter circuit to be actuated by a 
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transmitted audio tone for which said next circuit is set. 
The last circuit in the series, however, produces an out 
put “alert' signal when the previous circuit applies an 
"enabling” signal to it simultaneously with the applica 
tion thereto of a transmitted tone for which said last cir 
cuit is set. This “alert” signal may consist of an audible 
signal like a ring, buzz, etc., or a visual signal such as a 
flashing light, or may be used to turn on apparatus for 
receiving the ensuing message. 
After the last of the tones has been transmitted, the 

“cancel' signal, which has a frequency which will cause 
each receiver to produce an integrated D.C. voltage of 
such a value as to turn off the first of the Switching circuits, 
is transmitted. When the first circuit is turned off, it no 
longer produces an enabling signal with the consequence 
that the following switching circuit, and the ones after 
that (except the last) are similarly disabled. The last 
one is so constructed that once it has begun to produce 
an alerting signal, it can only be deactivated by a mantial 
operation by the carrier of the receiver. Since all other 
circuits of all other receivers have been "cleared' or 
“reset' by the cancel signal they are again free to respond, 
or not respond, as the case may be, to subsequently trans 
mitted groups of transmitted tones representative of other 
call numbers. This cancel signal serves to prevent "false 
calls” as will be explained in some detail hereinafter. 
The invention may be understood from a perusal of the 

drawings in which: 
FIGURE 1 is a block diagram of an overall system 

constructed in accordance with my invention; 
FIGURE 2 is a schematic diagram illustrating the forms 

which certain of the components illustrated in FIG. 1 may 
take; 
FIGURE 3 is a group of three graphs illustrating the 

operation of the apparatus shown in FIG. 2; and 
FIGURES 4 and 5 are schematic circuit diagrams of 

still other components of the system shown in FIG. 1. 
Overall Operation of the System 

Referring to FIG. 1 a transmitter 11 is located at a 
point near the calling area in which paging is to be effec 
tive. The transmitter 11 may comprise conventional ap 
paratus for transmitting (1) an RF carrier which is modu 
lated at diferent audio frequencies to correspond to dif 
ferent digits and (2) the so-called "cancel" signal. Let 
us assume, for purposes of illustration, that it is desired 
to alert or summon the individual (or individuals) carry 
ing a receiver which is set to respond to the number 756. 
The operator at the transmitter 11 accordingly transmits, 
in sequence, a carrier modulated at Say, 7 kc., 5 kc., and 
6 kc. In the right-hand part of FIG. 1 are shown the 
constituent components of the receivers used in conjunc 
tion with the transmitter 1. 
The transmitted modulated carriers are applied, in 

sequence, to signal receiving and demodulating circuits 
15 which produce audio signals at 7 kc., 5 kc. and 6 kc. 
respectively. Circuits 15 may comprise conventional RF 
and audio demodulation circuits, or may consist of Super 
regenerative detection circuits, or other well-known equiv 
alients. The detected audio signals are applied in sequence 
to a conventional audio amplifier 17, whence they are 
applied to a clipper and differentiator 19 (which may 
be of conventional design) where substantially only the 
positive half cycles of the audio signal are first extracted 
and then shaped by the differentiator into positive and 
negative "pips,' the latter being used to trigger a "one 
shot' multivibrator 2. The latter, which may be of 
conventional construction, produces a positive-going rec 
tangular pulse corresponding to each clipped half-cycle 
as shown in the output of the multivibrator 21. It will 
be apparent that the higher the frequency of the demodul 
lated audio is, the greater will be the number of rectangu 
lar pulses in the output of the multivibrator 21. These 
pulses are then applied to an integrator 23, which may 
be of conventional design, which is constructed to produce 
an output D.C. voltage whose amplitude is a function of 
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4 
the frequency of the audio modulation of the signal then 
being received. Hence, for each transmitted digit-rep 
resentative signal, the output of the integrator at point K 
will have a unique amplitude. The output signal of in 
tegrator 23 is compared in voltage with reference volt 
ages supplied by the voltage reference circuit 31 as will 
be explained in more detail in connection with FIGS. 2, 
4 and 5. Circuit 31 is connected to each of the relays 
at the several terminals shown (C, H, L and their primed 
counterparts) for reasons which will be considered below. 

Operation of "Relays' 
One of the most important features of the invention 

resides in the switching circuits or "relays' 25, 27 and 29 
all of which receive simultaneously at point K the output 
signals from integrator 23. Each of these relays has 
a number of characteristics in common with the other 
relays and a number of distinguishing features. Each 
relay may be considered to be voltage-sensitive, that is, 
it is so arranged that it will turn on and produce an out 
put signal only when the integrator signal at K has a 
predetermined amplitude. Therefore each relay is, in 
essence, responsive only to the reception of a different 
one of the possible transmitted audio-modulated-RF sig 
nals and hence may be considered as being digit-respon 
SWc. 

There are as many relays in each receiver as there are 
digits in the transmitted call-numbers. For example, if 
only numbers in the hundreds are to be called there 
will be three relays such as the relays 25, 27, and 29 in 
each receiver. Relay 25 corresponds, and is responsive 
to, the first digit, relay 27 corresponds, and responds to, 
the second digit, and relay 29 corresponds to the third 
digit of a selected call-number. In the illustrative case 
the relay 25 would be set so as to be activated when 
the 7 k.c. audio signal is transmitted, the relay 27 would 
be set to respond to the 5 k.c. audio signal, and the relay 
29 would be set to respond to the 6 k.c. audio signal. 
When the first digit-representative signal (7 k.c.) is 

received the integrator 23 will produce an output signal 
of say, x amplitude units (which is within the predeter 
mined range) that is applied to input terminal A of the 
first relay 25. The latter thereupon is turned on and 

- produces an output "enabling' signal at output terminal 
O which, when applied to the B input of relay 27, con 
ditions the latter to operate whenever a 5 k.c. signal is 
transmitted and received. 
When the second (5 k.c.) signal is transmitted it causes 

the integrator 23 to produce an output signal exceeding 
an amplitude value of say z units, which is applied to 
the inputs A, A, and A' of the relays. However, since 
only relay 27 is constructed so that it can be turned on 
by a signal having more than z amplitude and since it 
has received an enabling signal from the relay 25, it 
alone will be actuated by the (z) signal at input termi 
nal A. As the two requisite conditions do co-exist, the 
relay 27 is turned on and, in turn, will provide an output 
or “enabling signal' to the B' input of the last or nth 
relay 29. 
When the transmitter 11 sends out the 6 k.c. modulated 

carrier signal the integrator-23 will produce an output 
signal exceeding a value of y amplitude units which is 
within the predetermined amplitude range that will cause 
relay 29 to be turned on when applied to the A' input 
of that relay, since an enabling signal is already present 
at the B' input thereof. When this occurs the relay 29 
will produce an output signal which actuates an altering 
device such as the audio oscillator 33, which may be of 
conventional design, whose output is connected to a loud 
speaker 35 which thereupon emits an audible “alert” tone. 
When the carrier of this particular receiver hears the 
“alert signal” he turns off his receiver and, for example, 
communicates with a pre-arranged station to ascertain 
what message there is for him. Since the relays of all 
other receivers are set for different call numbers, how 
ever, their respective alerting devices will not be actuated 
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and hence their carriers will not be aware of the fact 
that anyone is being called. 

Since other receivers may also possess relays which 
are set to respond to some of the digits contained in the 
just-called number 756, e.g., receivers set to respond to 
the number 563, and since the first digit of the next num 
ber to be called may be a 3, it is necessary to "clear' all 
relay circuits in all receivers; otherwise the receiver set 
for call number 563 may respond erroneously to the next 
number called. Accordingly, a "cancel signal' is sent 
immediately after the transmission of the signal corre 
sponding to the last digit of the number just called. 
This "cancel signal' resembles the transmitted digit-repre 
sentative signal except for the fact that its frequency 
is higher than any frequency used to represent a digit. 
As was stated above, this cancel signal will turn off 
all receivers except the one or ones responsive to the just 
called number by turning off the first Switching circuit or 
relay in such receivers. 
There is therefore provided in the first relay 25 of the 

just-called receiver as well as in the first relays of all 
other receivers a cancelling circuit which, when the D.C. 
voltage at point K corresponds to the cancel signal, turns 
off the relay 25 so that no output signal or enabling 
signal can be applied to the relay 27 thereby cutting 
off the latter and its production of an enabling signal. 
However, since relay 29 is so constructed that once it has 
been turned on it can be disabled only by a manual 
operation, it is not affected by reception of the cancel 
signal. 

Operation of the First Relay 
FIGURE 2 shows a preferred form that the first relay 

25 and the associated integrator 23 and voltage reference 
circuit 31 may take. It is helpful to consider the first 
relay as consisting of two main parts: (1) a part which 
produces a self-sustaining regenerative output signal and 
(2) a part which determines if and when the relay 
will produce an output signal. 

Part 1 of the relay 25 comprises the regenerative out 
put-signal producing part and includes TR1, TR2, R1, Ro 
and the battery 39. In order for the relay to produce 
an output signal the negative terminal of battery 30 must 
be connected, temporarily to the base of transistor TR1. 
In actuality this is accomplished by turning on TR5 as 
will be explained below in connection with the explana 
tion of part 2. When this happens TR5 will conduct 
and there will be a first current flowing from battery 30 
through the emitter and collector of TRi causing the 
base of TR2 to go more positive. This will cause TR2 
to conduct so that a second current will flow from the 
battery 30 through R1, through TR2, through the output 
resistor R and back to the battery. It is seen that the 
second current through R1 will tend to keep the base of 
TR1 negative thereby causing it to conduct so that TR2 
will likewise conduct whereupon the drop across R1 will 
tend to keep TR1 conductive. This condition is illus 
trated by the dashed-line curve 60 of part Cof FIG. 3 
which shows the current or voltage through R1 (which is 
also representative of the current through Ro) attaining 
and then exceeding the critical value beyond which the 
current is self-sustaining. If the voltage across R1 fails 
to reach the critical level within a specified time and TR5 
is subsequently cut off (part B, FIG. 3) the signal across 
R will not be self-sustaining. However, once the volt 
age across R1 attains the critical level, the circuit of 
part 1 of relay 25 will produce a signal across Ro which 
will continue even if the base of TR1 is Subsequently 
disconnected from the negative terminal of the battery 30 
if TR5 is cut off. R2 is preferably a negative-coefficient 
resistor, e.g., a thermistor, in order to stabilize the regen 
erative circuit for variations in ambient temperature, al 
though other known forms and methods of temperature 
compensation may alternatively be employed. For ex 
ample, another thermistor may be placed between the 
base and emitter of TR2. 
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6 
Part 2 of the relay comprises the circuits connected 

with transistors TR3, TR4, and TR5. In order. to pro 
duce an output signal across Ro, as stated above, a nega 
tive Voltage must be applied from the battery 30 to base 
of TRS. Therefore, if there is applied between K and Q 
a positive D.C. voltage which, when algebraically com 
bined with x volts at terminal L, produces a negative 
Voltage at the base of TR5, the latter will commence con 
duction and the negative side of the battery 30 will be 
connected to the base of TR1. It will be seen that the 
voltage between K and Q must exceed x volts before 
there will be current flow through R1 which may, after 
the lapse of a predetermined interval of time, reach the 
critical level (FIG. 3, part C) at which the signal 
across Ro is self-sustaining. However, until the current 
does reach the critical level, the voltage across R will 
be neither Self-sustaining or large enough to “enable' 
the subsequent relay 27 to be turned on should there be 
subsequently applied between K and L an appropriate 
signal. 
Once the critical level is reached, withdrawal or dim 

inution of the voltage between K and Q cannot pre 
vent the circuit of part 1 from continuing to operate as 
explained previously. In such case, the voltage across 
Ro will be sufficient, when applied to the subsequent 
relay 27, to enable the latter to be turned on should 
the transmitter send out a signal modulated at 5 kc., the 
frequency for which relay 27 is set. 

I have also constructed relay 25 so that if the voltage 
between K and Q, after having exceeded x volts, subse 
quently exceeds x' volts (FIG. 2) TR5 will be rendered 
inoperative by virtue of the action of the "anti-trigger' 
circuit TR4. It will be noted that the base of TR4 is 
connected via resistor 26 to the terminal H which in 
turn is connected to the terminal of the battery 3A at 
which x' is obtained, the latter voltage being of the same 
polarity but of greater magnitude than the voltage x 
(with reference to Q). Thus if the voltage between K 
and Q exceeds x' volts the transistor TR4 will conduct 
thereby effectively shorting the base of TR5 to K. 
This will, of course, cut of TR5 and effectively discon 
nect the base of TRE from the negative terminal of bat 
tery 39. The disconnection of the battery 30 from the 
base of TR1, however, may or may not prevent the pro 
duction of an enabling voltage across Ro. 
Which of the latter alternatives will occur depends 

upon a special circuit which I have incorporated for pre 
venting the production of an enabling signal across Ro if 
the value of the voltage between K and Q does not remain 
between x and x' volts for a predetermined minimum 
time interval. Were it not for this circuit the relay 25 
would respond not only to a relatively steady state voltage 
within the x-x' range for which it is set, but also would 
respond to the build-up to any greater voltage of the 
same polarity when the latter voltage temporarily had 
values in the aforesaid range. This would happen in 
asmuch as the current through Ri would immediately eX 
ceed the critical level. The converse is also true, i.e., 
when a voltage between K and Q in excess of x' was 
diminishing it might, when temporarily in the x-x' 
range, cause relay 25 to produce an enabling signal. 
The circuit which prevents the production of a self 

sustaining enabling signal by relay 25 unless the Voltage 
between K and Q stays within the x-x' range for at 
least the minimum interval comprises the capacitor C1 
and the resistances of the various transistors in part 1 
of the circuit. This time constant circuit prevents the 
voltage across R1 from attaining immediately the critical 
value (part C, FIG. 3). The time constant circuit does 
not affect the build up of the voltage applied between 
A and Q even though the capacitor is connected to ter 
minal A. Rather the time constant circuit operates only 
in conjunction with the circuit of part 1, i.e., TR1, TR2, 
R, R and battery 30, to cause the buildup of current 
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sistor to the output terminal O' of the previous relay 
27, and its emitter is coupled to the base of the trigger 
transistor TR5b (and to the collector of TR4b). When 
the previous relay 27 is non-conductive the voltage be 
tween K and O' is sufficient to cause the transistor TR6 
to conduct thereby preventing the trigger signal from 
being applied to the base of the trigger transistor TR5c. 
When the previous relay 27 is on, however, the voltage 
between K and O' decreases and the transistor TR6 is 
non-conductive so that the proper trigger voltage can 
be applied to the base of TR5b to trigger the relay 29 to 
turn the latter 'on.' 

Unlike the enabling transistors of the intermediate 
relays, which can turn off those relays once they have 
been turned on by shorting the resistor in series with the 
base of TRa, TR6 cannot turn the relay off once it has 
been on as it does not short out the resistor Rb when it 
is conductive. The only thing it can do is to by-pass 
the input signal at the base of TR5b to K whenever the 
previous stage is inactive and thereby prevent initiation 
of operation of the relay 29. This arrangement is delib 
erately made because it is desirable to require a manual 
(Operation to turn off the final relay (and hence the alert 
Signal) after it has once been turned on. 

For this purpose a manual reset switch 50, which 
shunts the resistor R1b, is provided. When it is closed by 
the carrier of the receiver the voltage across R1b is 
reduced so that the circuit 29 will no longer regenerate. 

General Remarks 

While the invention has been described as a complete 
System used for signalling purposes, its potential uses are 
many and diverse. It has been demonstrated that the 
receiver has components which respond to different in 
coming modulating signal frequencies. It is therefore 
evident that it can be used as a frequency discriminating 
and/or detecting device. For frequencies in the lower 
ranges, i.e., up to about 450 kc. it has definite advantages. 
In the lower part of that range conventional filters of the 
LC type are too large, require many components, and 
require component changes in the event that one desires 
to change the frequency response thereof. By using the 
apparatus constructed according to the present inven 
tion relatively few components are involved, the appa 
ratus can be extremely small and compact, and there is 
no need to use different components if it is desired to 
change to frequency to which it is to respond. 

For example, all that is necessary to change the re 
Sponse frequency of the intermediate relay 27 from 5 
kc. to another frequency is to change the bias voltages on 
TR5a and TR4a by connecting to different points on the 
voltage reference circuit 31. For changes of a substan 
tial nature it may also be necessary to make an adjust 
ment of component values in the integrator 23. Inciden 
?tally, the circuit 3E is designed with several considerations 
in mind. The difference between the trigger and anti 
trigger Voltages is governed by a number of factors. One 
of these, of course, is that this differential will depend 
upon the desired selectivity and/or bandwidth to which 
the relay is to respond. Another consideration is the fact 
that some of the components of the receiver may possibly 
be temperature-sensitive and cause minor variations in 
frequency response. Still another consideration is the fre 
quency Stability of the transmitter and the desired tol 
erances in the overall apparatus. 

Also, if it is desired to change the passband of any 
one of the relays it is only necessary to increase the dif 
ference between the voltages applied to the trigger and 
anti-trigger transistor bases. Conversely, if it is desired 
to narrow the passband, the difference between the volt 
ages applied to these bases can be made smaller. While 
FIG. 2 shows that the circuit 31 is constructed so that 
there is a difference between the voltage required to op 
erate the anti-trigger circuit of one relay and the trigger 
circuit of the next, it is entirely possible to have them the 
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10 
same thereby permitting the use of fewer batteries. Of 
course, the entire battery circuit may be supplanted by 
appropriate voltage divider networks as are well known 
in the art. 

It is also characteristic of these circuits that the pass 
band curve has extremely steep skirts which characteristic 
is especially valuable when these frequency discriminating 
circuits are to be used as switches as in telemetering ap 
plications where the device to be controlled can be 
activated or deactivated directly from the frequency re 
Sponsive relay. Resort to conventional techniques to ob 
tain these features would probably necessitate employing 
expensive and complicated circuits. 
The relay circuits have been shown as having certain 

transistors of the PNP type and others of the NPN type. 
It is apparent to those skilled in the art that other cir 
cuit configurations are possible using NPN transistors 
instead of PNP and vice versa. It is likewise apparent 
that circuits other than the novel relay circuits shown 
and explained previously can be used alternatively in 
their place, provided they respond to the voltages at the 
output of the integrator in the same manner. The novel 
circuits shown have proved eminently satisfactory for 
the purpose, but circuits using tubes or other analogs of 
the transistors undoubtedly could be devised to perform 
the same functions in the system. 

It should be remarked that with the system as shown, 
there should not be within any given receiver two suc 
cessive relays which are set to respond to the same volt 
age ranges, i.e., two relays which are responsive to sig 
inals representing the same digit. By the same token, 
with the system as shown hereinbefore the transmitted 
call number should not contain two successive identical 
digits. However, variations of the general system as 
shown are possible in which the call number can have 
Successive characters which are the same. 

This may be accomplished by resort to any one of 
several ways which are based on variation in the dura 
tion of the time that each digit-representative signal is 
transmitted and/or variations in the time constants of the 
relays within any receiver. By way of illustration, one 
possible arrangement could be to employ a receiver 
whose relays were set for the digits 4, 4 and 5 respective 
ly. The time constant of the first relay might be .1 sec 
ond and the time constant of the second relay might be 
.2 second for example. The transmitter could be designed 
to transmit variable length bursts of sinusoidal waves of 
the same frequency. Thus, in order to call 445 the op 
erator would send out a first burst of a 4 kc. modulated 
carrier having a duration of .15 second (or more than .1 
second but less than .2 second) which would be of suf 
ficient duration to turn on the first relay in the receiver 
which would thereupon produce an output signal for en 
abling the second relay. However, the first burst would 
be too short to cause the second relay to turn on despite 
the application thereto of an enabling signal from the 
first relay. 
To actuate the second relay of that receiver the opera 

tor next transmits a burst of a 4 kc. modulated carrier hav 
ing a duration of at least .2 second. Since the first relay 
has already been turned on, it will ignore the second burst, 
but the second relay will thereupon turn on and the op 
erator then needs only to transmit a 5 kc. modulated car 
rier to alert the person carrying that receiver. 
Another variation would be to employ identical time 

constants in the two successive relays for responding to 
the 4-representative signal. Assuming this time constant 
was .1 second, the operator would transmit a first burst of 
a 4 kc. modulated carrier for between .1 and .2 second. 
This would turn on the first relay which would then pro 
duce an enabling signal that would be applied to the next 
relay. However, the latter relay would not be turned 
on inasmuch as it has had the benefit of the enabling sig 
nal only after . 1 second has elapsed and then only for a 
period shorter than the required .1 second. However, 
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when the next burst arrives, the first relay will ignore it 
as it is already producing an enabling signal, but since it 
has a duration of at least .1 second the second relay will 
turn on. Many other variations are possible, as will be 
apparent to one skilled in the art. 
The present invention is useful even in wired signalling 

systems in which case it is not necessary to employ a car 
rier for the digit-representative signal. Where bandwidth 
and radiation are not a problem, the transmitter could be 
made to send out different sets of pulse trains which would 
correspond to the output of the multivibrator, and hence 
the preliminary parts of the receiver up to the integrator 
could be dispensed with. 
What I claim is: 
1. A signalling system comprising: means for trans 

mitting in a predetermined sequence a plurality of signal 
waves having different frequencies which respectively 
represent selected characters, means for receiving said 
transmitted signal waves, said receiving means including 
means responsive to said signal waves for producing dif 
ferent voltage waves respectively representative of the 
different frequencies of said signal waves, and means se 
lectively responsive to said different voltage waves for 
producing an output signal only when said transmitted sig 
nal waves have selected frequencies and occur in said 
sequence. 

2. A signalling system comprising: means for transmit 
ting in a predetermined sequence a plurality of signal 
waves having different frequencies corresponding respec 
tively to selected characters of a call number, means for 
receiving said transmitted signal waves which comprises 
means responsive to said signal waves for producing a 
plurality of sets of pulses, each set having a repetition rate 
which corresponds to one of said signal wave frequencies, 
means responsive to said plurality of sets of pulses for 
producing a plurality of different voltage waves corre 
sponding respectively to said sets of pulses, and means se 
lectively responsive to said voltage waves for producing 
an output signal only when said transmitted signal waves 
have selected frequencies and occur in said predetermined 
sequence. 

3. A signalling system comprising: means for transmit 
ting in a predetermined sequence a plurality of sinusoidal 
waves having different frequencies corresponding respec 
tively to different characters of a predetermined group of 
characters, and means for receiving said transmitted sinus 
oidal waves which includes means for clipping part cycles 
of said waves, means for producing sets of pulses of sub 
stantially uniform amplitude, each of said pulses corre 
sponding to one of said clipped part cycles, means for in 
tegrating said sets of pulses to produce different values of 
voltage which are respective functions of the repetition 
rates of said sets of pulses, a plurality of switching means, 
one for each character of said groups of characters, said 
plurality of switching means being constructed to receive 
Said voltages and to produce an output signal only when 
said voltages have predetermined values corresponding to 
selected ones of Said predetermined groups of characters 
and occur in the same relative sequence as said trans 
mitted waves. 

4. A signalling System comprising: means for trans 
mitting in a predetermined sequence a plurality of signal 
waves representing selected numbers of a series of call 
numbers, each of said signal waves comprising a carrier 
wave modulated at a different audio frequency, and a 
receiver for said transmitted signal waves which includes 
means for demodulating the audio component of said 
transmitted waves, means for clipping substantially half 
cycles from said demodulated audio component, means 
for producing a plurality of sets of substantially rectangu 
lar pulses having substantially uniform amplitude, each 
pulse of each of said sets corresponding to one of said 
Substantially half cycles, means for integrating the pulses 
of each set to produce respective output voltage waves 
which have amplitude values which are functions of the 
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repetition rates of said pulses, and a plurality of Switch 
ing circuits being constructed to produce an output signal 
only when the applied voltage waves have amplitude 
values which correspond to transmitted signal waves rep 
resenting selected call numbers and occur in said prede 
termined Sequence, 

5. A system for receiving a plurality of transmitted sig 
nals having different frequencies which respectively rep 
resent different characters and occur in a predetermined 
sequence, said system comprising means for producing a 
plurality of voltage waves in response to said transmitted 
signals, each of said voltage waves representing one of 
said transmitted signals, and means selectively responsive 
to said plurality of voltage waves for producing an output 
signal only when said transmitted signals have selected 
frequencies which occur in said sequence. 

6. A system for receiving a plurality of different signal 
waves having respectively different frequencies corre 
sponding to different selected characters, said system com 
prising means responsive to said signal waves for produc 
ing corresponding different sets of pulses having respec 
tive repetition rates related to the respective frequencies 
of said signal waves, means responsive to said different Sets 
of pulses for producing respective voltage waves corre 
sponding thereto, and means selectively responsive to said 
voltage waves for producing an output signal only when 
said waves have respective predetermined ranges of am 
plitude and occur in a predetermined sequence. 

7. A system for receiving a plurality of different sinus 
oidal waves transmitted in a predetermined sequence hav 
ing respectively diferent frequencies corresponding to dif 
ferent characters of a series of call numbers, said system 
comprising: means to which said sinusoidal waves are 
applied for clipping substantially half cycles of said waves, 
means responsive to said clipped half cycles for producing 
sets of rectangular pulses of substantially uniform ampli 
tude, the number of pulses of each set corresponding to 
the number of said clipped half cycles, means for integrat 
ing said sets of pulses thereby to produce different voltage 
waves having amplitude values which are functions of 
the repetition rates of the said sets of pulses, and means re 
sponsive to said different voltage waves for producing an 
output signal only when said voltage waves have respec 
tive amplitudes which fall within predetermined ranges 
and occur in a sequence corresponding to said predeter 
mined sequence. 

8. The receiver according to claim 7 wherein said 
means for producing said output signal comprises a plu 
rality of means each of which is responsive to a different 
Selected one of said voltage waves, there being one of said 
last-mentioned means for each character of selected ones 
of the series of call numbers, said plurality of voltage 
responsive means being further constructed and arranged 
to receive each of said voltage waves and to produce an 
output signal substantially only when selected ones of said 
voltage waves have amplitudes within selected predeter 
mined ranges. 

9. A signalling system comprising means for transmit 
ting a plurality of signal waves having selected frequencies 
respectively corresponding to selected characters of desired 
call numbers, said transmitting means being constructed 
to transmit signal waves corresponding to two successive 
identical characters of a selected call number for prede 
termined different time intervals, and means for receiving 
said transmitted signal waves which comprises means for 
producing a set of pulses in response to each of said signal 
waves, the repetition rate of each set corresponding to one 
of Said Selected frequencies, said receiving means also 
comprising means for producing a voltage wave in re 
Sponse to each of said sets of pulses, the amplitude of 
Said voltage wave being a function of the repetition rate of 
the set of pulses to which it corresponds, and a plurality 
of circuits having Substantially the same time constants 
for producing cooperatively an output signal substantially 
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only when said voltage waves have selected amplitude 
values. 

10. A signalling system comprising means for trans 
mitting a plurality of signal waves having selected fre 
quencies respectively corresponding to selected characters 
of desired call numbers, said transmitting means being con 
structed to transmit signal waves corresponding to two 
successive identical characters of a selected call number 
for predetermined different time intervals, and means for 
receiving said transmitted signal waves which comprises 
means for producing a set of pulses in response to each 
of said signal waves, the repetition rate of each set corre 
sponding to one of said selected frequencies, said receiv 
ing means also comprising means for producing a voltage 
wave in response to each of said sets of pulses, the ampli 
tude of said voltage wave being a function of the repetition 
rate of the set of pulses to which it corresponds, and a plu 
rality of circuits for producing cooperatively an output 
signal substantially only when said voltage waves have 
Selected amplitude values, those of said circuits which are 20 2,724,780 

14 
directly connected to one another and set to respond to 
voltage waves having the same amplitude values being 
constructed to respond thereto only when said same volt 
age waves are applied thereto for predetermined different 

5 time intervals. 
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