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My invention relates to the art of communication and 
is especially concerned with an electro-magnetic system - 
in which intelligence substantially at voice frequency is 
transmitted from a sending station to a receiving station. 
In such a system, it is customary to have at the receiving 
station not only equipment which is designed to render 
audible the received voice frequencies but also other equip 
ment actuated by means of various energizing impulses. 
This auxiliary equipment may be dialing or ringing mecha 
nism, for example. It is customary to provide the ener 
gizing impulses at some frequency other than the voice 
frequencies normally transmitted and to have such im 
pulses remotely spaced in the frequency spectrum from 
the voice frequencies. 

If the auxiliary equipment were responsive to voice fre 
quencies, then normal conversation over the communica 
tions circuit would from time to time and in unwanted 
instances actuate the auxiliary equipment. To avoid un 
wanted or inadvertent, random actuation of auxiliary 
equipment it has been necessary heretofore to resort to 
various means involving departure from the voice spec 
trum for handling the impulses for uniquely energizing 
the auxiliary equipment. There is an increasing necessity 
to utilize as narrow a frequency spectrum as possible for 
direct communication and also for auxiliary equipment, 
and so it is highly desirable to reduce the frequency spec 
trum required for all purposes. 

It is therefore an object of my invention to provide a 
signalling system for use with voice frequency intelligence 
transmission in which the impulses for actuating auxiliary 
equipment are within the voice frequency spectrum, yet 
in which the voice itself does not inadvertently or at 
random actuate lthe auxiliary equipment. 
Another object of the invention is to provide an in 

band signalling system in which impulses for actuating 
auxiliary equipment are transmitted eüectively at fre 
quencies Within the voice spectrum yet in which the voice 
itself does not produce unwanted actuation `of the aux 
iliary equipment. 
Another object of the invention is to -provide a simple 

and straightforward means for distinguishing, within a 
voice frequency spectrum, signals for actuating auxiliary 
equipment. ’ 

Another object of the invention is to provide auxiliary 
equipment responsive to signals Ywithin the voice frequency 
spectrum but not substantially actuated by the voice. 
Another object of the invention is, 4in general, to im 

prove communication signalling systems. 
A still further object of the invention is to provide a 

practical inband signalling system of a relatively simple, 
effective nature. 
An additional object of the invention is to provide an 

inband signalling system not dependent upon complex 
guard circuits, band elimination and elaborate filter com 
binations. 

Other objects, together with the foregoing, are attained 
in the embodiment of the invention ldescribed in the ac 
companying description and illustrated in the accompany 
ing drawings, in which 
FIGURE l is a block diagram of an inband signalling 

system arranged in accordance with lthe invention. 
FIGURE 2 is a diagram showing the relationship of 

various signal plots in the inband signalling system. 
While the inband signalling system of the invention 

10 

15 

20 

30 

40 

45 

50 

55 

60 

65 

70 

3,661,783 
Patented Oct. 30, 1962 ice 
2 

can be utilized in connection with various means of 
transmitting intelligence and can be adapted directly or 
by analogue to widely variant forms of such means, i-t has 
successfully been commercially embodied substantially as 
illustrated herein. In this arrangement, there is provided 
a voice sending station 6 of any recognized sort in which 
the energy of the human voice at its cus-tomary speech 
frequencies is translated into electro-magnetic impulses 
impressed on a conductor 7 and transmitted over a trans 
mission path 8. This path may be with or without metal 
lic conductors and is especially designed for the efficient 
and effective carriage of the intelligence impressed at the 
sending station 6. One example of the transmission path 
8 is a carrier telephone circuit. The path 8 extends to a 
conductor 9 ending at a voice receiving station 'lil at which 
-the electro-magnetic energy is translated into a reason 
abel reproduction of the sound impressed at the sending 
station 6. The frequency spectrum of the reproduced 
energy at the receiving station 10 is approximately the 
same as the frequency spectrum of the energy impressed 
upon the sending station 6. ` 

Pursuant to the invention, there is provided in con 
nection with the sending Istation 6 and usually, although 
not necessarily at the physical location of the sending 
station 6 or adjacent thereto, a means (enclosed by the 
broken line 11) comprising elements eifective to send a 
special inband signal over the transmission path 8. While 
the special signal is well within the frequency spectrum 
of the voice sending station 6, it also has certain character 
istics largely distinguishing it from the voice. For that 
reason, included in the signal sending means il isv appa 
ratus for amplitude modulating two alternately occurring 
carriers of different frequency. Part of the apparatus 
is a primary oscilaltor 12. This oscilaltor is of any con 
venient kind and has no special characteristics except that 
it is operable orituna'ble to operate at either one of two 
selected frequencies. The first selected or predetermined 
frequency is well within the voice spectrum and the sec 
ond predetermined or selected frequency, although of a 
different value and separated from the first frequency by 
a signiñcant amount, is itself still within the frequency 
spectrum of the voice. l 

The primary oscillator 12 is arranged to be operated at 
one of the selected frequencies for a given interval of time 
and then at the other of the selected frequencies for a 
given interval of time so that the frequencies'follow or 
alternate with each other at given or predetermined times. 
It is possible to have more than two predetermined fre 
quencies of operation of the oscillator 12 and three or 
more such frequencies are referred to as a sequence or 
series of such frequencies. Inthe event there are more 
than two, then the different frequencies are arranged to 
follow each other at intervals of time and in a sequence 
which is predetermined. The term “alternating” is there' 
fore intended to apply not only to two frequencies which 
succeed each other but also to a plurality of distinct fre 
quencies which follow each other in selected order and 
for chosen individual duration times. 
The oscillator 12 can be switched between the two (or 

more) frequencies by any convenient means including me' 
chanical or other switching and, in fact, can be substituted 
for by a pair (not illustrated) of individual oscillators 
each of which has one of the predetermined frequencies 
of operation, with the switching being done between them. 
Preferably, the primary oscillator 12 (or the primary os 
cillators) has the function of giving out energy at differ 
ent frequencies Within the voice spectrum under the con 
trol of a secondary oscillator 13. The frequency of os 
cillation of the oscillator 13 is likewise Well within the 
voice spectrum. The secondary oscillator 1'3 is utilized as 
a switching oscillator. This can conveniently be done by 
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connecting the output of the secondary oscillator 13 to 
switch the output of the primary oscillator 12 so that the 
two (or more) selected frequencies of the primary oscil 
lator 12 alternate at the selected switching frequency of 
the secondary oscillator 13. l 

This condition is represented in FIGURE 2 by the sine 
sequence between the lines 14 and 16 showing an oscilla 
tion plot 17 of a set amplitude and modulated at a se 
lected frequency designed f1 and having a time duration 
t1 and by the sinusoidal oscillation plot 18 between the 
lines 1'6 and 19, The plot 1S is at the set amplitude of 
the first oscillation f1 but is modulated at a significantly 
greater frequency represented in the figure as f2 and ex 
tending over a time interval t2 which, although not neces 
sarily so is illustrated as equal in length to the time in 
terval t1. As indicated by the plots between the lines 14, 
16, 19, 20 and 21, the various oscillations at different fre 
quencies succeed each other repeatedly. i 

Also as illustrated in FIGURE 2, the alternations be 
tween the primary oscillator frequencies f1 and f2 can be 
represented by a sinusoidal plot 22 of fixed amplitude and 
frequency extending either side of its axis 23. When on 
the positive side of the axis, the plot 22 represents pro 
duction of the frequency f1 during the time interval t1 
and when on the negative side of the axis 22, the plot 22 
represents the production of the frequency f2 for an 
equal time interval t2. The undulations of the plot 22 
represent the frequency of alternation impressed by the 
secondary oscillator 13 upon the primary oscillator 12 
so that the curve 22 represents the frequency f3. The 
points such as 24 and 25 and 26 at whichV the plot 22 
crosses the axis 23 are spaced to represent the times at 
which the frequency changes. 
The curve 22 representing the frequency f3 need not 

be sinusoidal but can be of lany shape so long as it 
alternates on opposite sides of the axis 23 and crosses 
the axis at the points 24, 25 and 26 at the times of fre 
quency switch. Thus, in any case, FIGURE 2 represents 
the operation of the secondary oscillator 13 and of the 
primary oscillator 12 to generate continuously a signal 
made up of voice frequency modulations and comprised 
of at least two primary oscillations or two tones each at 
a voice frequency different from the other and them 
selves alternated at a set frequency; that is, modulated at 
the voice frequency or third tone of the'secondary oscil 
lator. The term “tri-tone” is conveniently applied to the 
system. 

While the production of the three tones or compound 
voice frequency signal from the primary and secondary 
oscillators may be continuous, it is not impressed con 
tinously upon the transmission path 8. Rather, this sig 
`nal as generated is itself governed by an amplitude mod 
ulator 27. This modulator can be of any convenient 
kind effective to vary the amplitude with which the com 
pound oscillator signal is impressed upon the transmission 
path V8. For example, the modulator 27 may include a 
switch 28 which opens the conductor interposed-between 
the oscillators 12 and 13 and the transmission path 8. 
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The switch 28 can be opened and closed so that when the . 
path is continuous the impulse from the oscillators 12 and 
13 travels over the transmission path `8 and when the 
switch 28 is open there is no transmission of the signal 
impulse over the transmission path 8. The closure of the 
switch 28 is represented by the amplitude modulated curve 

' 29 in FIGURE 2. 
In sum, at or adjacent to the sending station 6 there 

is afforded a means for impressing upon the transmission 
path 8 for conduction thereover a compound or complex 
signal impulse which is comprised of individual oscilla 
tions, each at a different voice frequency rapidly follow 
ing each other at a distinctV voice frequency, constituting 
three tones` The transmission path 8 thus can carry 
sequentially but within the same band not only the voice 
frequencies from the sending station 6 but also when the 
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switch 28 is closed the three tone signal energy from the 
signal means 11. 

Although not necessarily so located, there is conven 
iently provided at or adjacent the receiving station 10 an 
impulse receiver, generally designated '31, which includes 
certain auxiliary equipment 32 designed to be appropri 
ately actuated in connection with the transmission of the 
intelligence. In a telephone installation, for example, the 
mechanism 32 might be a ringing device. The receiving 
means 31 is connected to the transmission path 8 and 
preferably includes a signal limiter 33. The limiter in 
effect reduces amplitude variation of frequencies from 
voice transmission along the path ‘8 to a very low value, 
too low to have an actuating effect upon the auxiliary 
equipment 32. The relatively strong signal from the mod 
ulator 27, being substantially deprived of amplitude var 
tion by the limiter, now appears at the output of 33 sub 
stantially as the wave form 17, 18 of FIG. 2. It is 
passed into a discriminator 34 wherein the frequency f3 
of the secondary oscillator is recovered, and appears at 
the output thereof substantially in the form shown at 22 
in FIG. 2. 

The output 22I of the discriminator 34 is fed into a band 
pass ñlter 36 designed to block all frequencies other than 
the frequency f3 and pass only the frequency f3, the fre 
quency at which the secondary oscillator 13 is effective. 
Since‘the other frequencies are screened out, only the 
frequency f3 is passed to a rectifier 37 in which the sig 
nal originally impressed by the amplitude modulator 27 
is detected and recreated to substantially the form shown 
at 29, and so serves as an impulse for actuating the auxil 
iary device 32. Thus, the three tone signal which is put 
upon the transmission path S at the output of the ampli 
tude modulator 27 is ultimately effective to actuate the 
auxiliary equipment 32. 

Since all of the frequencies utilized in the signalling 
means 11 and travelling over the transmission path 8 are 
within the voice frequency spectrum, it might be thought 
that voice frequencies impressed upon the transmission 
path at the sending station l6 might themselves travel 
through the receiving means 31 and be eñective to actuate 
the auxiliary equipment 32. That, however, is not the 
case in fact, certainly not in a commercial sense. It has 
been determined by careful study of voice yfrequency pat 
terns and combinations and by extensive laboratory and 
commercial experience that the frequencies f1 and f2 of 
the primary oscillator 12 when alternated or utilized in 
sequence at the frequency f3 of the oscillator 13 do not 
occur in voice transmission. 

Perhaps it can not be said that such a combination of 
voice frequencies can never occur in speech, still in lab 
oratory tests and in commercial operation over a pro 
tracted period of time, no actuation of auxiliary equip 
ment by such a combination has ever occurred. It cer 
tainly can be said that the incidence or production in the 
voice of the frequencies f1 and f2 at the modulation fre 
quency f3 at all, or for the amplitude modulation inter 
val 29, occurs so seldom in fact and in commercial usage 
as to be well Within the failure expectancy of other items 
of equipment utilized in the system.> For that reason, 
in the claims herein there is reference to the “substantial” 
non-occurrence within voice transmission of the frequen 
cies 1‘1 and f2 modulated at the frequency f3. While it 
cannot be said that it is impossible for the auxiliary equip 
ment 32 to be actuated by the voice sending equipment 
6, yet when the auxiliary equipment 32 is set up with the 
translating equipment 33, 34, 36 and 37, the statistical 
probability of any unwanted actuation occurring is so re 
mote that it can be said substantially never to occur. The 
probability of occurrence of an unwanted actuation is even 
less than the probability of other `failures which oc 
casionally occur in a practical, commercial system. 

There has thus been provided, pursuant to the inven 
tion, an inband signalling system utilizing two base fre 
quencies or tones alternated or modulated at a third fre 
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quency or tone to provide a compound signal amplitude 
modulated for transmission at voice frequency over a 
voice frequency transmission path and which at the re 
ceiving station is so interpreted that it actuates auxiliary 
equipment and in which the interpretation equipment sub 
stantially never receives from the voice transmission a sig 
nal which duplicates the compound signal. Thus, there 
is provided a practical inband signalling system for a voice 
transmission path so that auxiliary equipment can be ac 
curately and positively actuated substantially without false 
actuation and without expanding the necessary frequency 
spectrum beyond that of the voice. In a commercial 
installation, it is feasible to provide a differential of 15 
to 30 db between unwanted voice and the desired signal 
and the performance of the system is not materially 
changed by variation in magnitude of the signal tones 
from O to 20 db below speech. 
What is claimed is: 
1. An inband signalling system comprising means for 

receiving over a voice frequency transmitting path a pulse 
substantially differing from voice frequencies and includ 
ing an amplitude modulated signal resulting `from the 
transmissi-on of two different voice frequencies alternat 
ing at a third voice frequency, said means including in 
sequence a limiter for substantially limiting amplitude vari 
ations of said signal, a discriminator for recovering said 
third frequency from said signal, a band pass filter for 
passing substantially only said third frequency, and a de 
tector for recovering said amplitude modulated signal. 

2. An inband signalling system comprising a sending 
station, a receiving station, means for transmitting intel 
ligence at voice frequencies between said stations, means 
located at said sending station for impressing upon said 
transmitting means an amplitude modulated signal in 
cluding a pair of different frequencies alternating at a 
third frequency, means located at said receiving station 
for limiting the amplitude of said signal, means located 
at said receiving station for discriminating said third fre 
quency in said signal, means located at said receiving sta 
tion for filtering out all but said third frequency from 
said signal, and means located at said receiving station 
for detecting the amplitude modulation of said third fre 
quency remaining in said signal. 

3. An inband signalling system comprising a sending 
station, a receiving station, means for transmitting intelli 
gence at voice frequencies between said stations, means 
located at said sending station for impressing upon said 
transmitting means a signal resulting from the amplitude 
modulation of two different frequencies alternating at a 
third frequency, means located at said receiving station 
for limiting voice amplitude modulations of said signal, 
means located at said receiving station for discriminating 
to recover said third frequency of said signal, means lo 
cated at said receiving station for passing substantially 
only said third frequency, and means located at said re 
ceiving station for detecting said amplitude modulation 
of said third frequency remaining in said signal. 

4. System for transmitting a control signal over an 
audio frequency transmission system and employing audio 
frequencies to effect said control, comprising: a trans 
mission system, audio means for applying to said trans 
mission system transmission signals covering a range of 
audio frequencies, means for producing a control signal 
residing in the audio frequency range, means for fre 
quency modulating said control signal at a predetermined 
modulating frequency also residing in the audio fre 
quency range, means for applying said frequency modu 
lated control signal to said transmission system, means 
for selectively amplitude modulating the control signal 
applied to said transmission system, means for receiving 
from said transmission system the transmission signals 
applied to said transmission system by said audio means, 
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means for receiving from said transmission system said 
control signal, demodulating means for frequency de 
modulating said received control signal to substantially 
recreate said predetermined modulating frequency, filter 
means for receiving the output of said demodulating 
means and for passing only a narrow band of frequencies 
centered substantially at said predetermined frequency, 
and a responding mechanism effective to respond to signal 
passed by said filter means during the sustaining of said 
frequency modulated control signal, thereby to respond 
and thus recreate substantially the selective amplitude 
modulation applied to said control signal. 

5. System for transmitting a control signal over an 
audio frequency transmission system and employing audio 
frequencies to effect said control, comprising: a trans 
mission system, audio means for applying to said trans 
mission system transmission signals covering a range of 
audio frequencies, means for producing a control signal 
residing in the audio frequency range, means for fre 
quency modulating said control signal at a predetermined 
modulating frequency also residing in the audio frequency 
range, means for applying said frequency modulated con 
trol signal to said transmission system, means for selec 
tively amplitude modulating the control signal appiied to 
said transmission system, means »for receiving from said 
transmission system the transmission signals applied to 
said transmission system by said audio means, means for 
receiving from said transmission system said control sig 
nal, means for frequency demodulating said received con 
trol signal to substantially recreate said predetermined 
modulating frequency, and a responding mechanism selec 
tively responsive only to a narrow band of frequencies 
centered substantially at said predetermined `frequency 
and effective to respond during the sustaining of said fre 
quency modulated control signal, thereby to respond and 
thus create substantially the selective amplitude modula 
tion applied to said control signal. 

6. Inband signalling system for transmitting and receiv 
ing audio frequency signal and a control signal, all sig 
nificant frequencies of said signals lying in the audio 
range, comprising: a transmission system, means for ap 
plying to said transmission system audio frequency sig 
nals covering a range of audio frequencies, means for 
applying to said transmission system a control signal, 
means for successively alternating the carrier frequency 
‘of said control signal between two different frequencies 
at a third predetermined alternation frequency, means 
for selectively applying said control signal to said trans 
mission system, means for receiving said audio signals 
from said transmission system, means selectively respon 
sive to the carrier frequencies of said control signal for 
receiving said control signal from said transmission sys 
tem, means for demodulating the output of said last name 
receiving means to create a signal of said predetermined 
frequency, filter means selectively responsive to a nar 
row band of frequencies centered substantially at said 
predetermined frequency for delivering an output in re 
sponse to application thereto of said narrow band of fre 
quencies, and means responsive to the output of said 
filter means for responding to said control signal when 
ever the same is applied to said transmission system by 
said applying means. 
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