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SIGNALING CIRCUITS
Pieter G, Cath, Ann Arbor, Mich., assigaer vo Bell Tele-
* phone Laberatories Incorporated, Mew York, N.X,, a

corporation of New York .
Filed Oct. 31, 1958, Ser. No. 770,296
14 Clatms, {(CL 179-—-6.3)

This invention relates to signaling and control systems
and, in particular, to remote control systems.

Although the invention is not limited in its application
by the type of equipment being controlied, it has particu-
lar utility when applied to the control of coin collectors
such as those typically found in pay tclephone stations
and hence will be described in such an application.

Coin collectors have, for many years, employed elec-
tromechanical devices for controlling deposits and re-
funds. Such devices, requiring relatively large valued
currents, have usually been controlled from the ceniral
office by direct current signals. “With the advent of elec-
tronic telephone systems, which to a large extent employ
solid state devices and low valued line currents, there have
been proposed compatible coin collectors which likewise
employ electronic devices. It has been recognized that
such systems do not lend themselves particularly well io
direct current control signals and that greater efficiency
and economy may be realized by employing low valued
alternating currents for signaling. One such signaling
system is disclosed in the copending application of E. R.
Andregg, Serial No. 752,371, filed July 31, 1958, and
assigned to applicant’s assignee.

In telephone systems, however, control signals are usu-
ally transmitted over the same medium as the voice sig-
nals. The problem of protection against false operation
is therefore made more difficult by the use of an alter-
nating current control signal, which, of necessity, usu-
ally lies in the voice frequency range, since voice synthesis
of the control signal will result in false operation. Fur-
ther, where the signal controls the refund of coins at
pay telephone stations, the problem is not merely statis-
tical; deliberate atterapts to secure illegal refunds are
to be expected. It is, therefore, necessary to provide

protection not only against random noise and statistical -

interference, but also against deliberate imitation of the
control signal by voice or otherwise.

Tt is, therefore, an object of the present invention to
render the performance of a remotely controlled function
or device substantially immune to both random and in-
tentional interference.

More particularly, it is an object of the present inven-
tion to prevent false operation of a device connected to a
speech-carrying transmission line and, nominally, remote-
1y controlled by a voice frequency control signal trans-
mitted over the same line. )

In accordance with the present invention, the above.

and other objects are attained in an illustrative embodi-
ment by utilizing a frequency modulated control signal
having a preselected carrier frequency, modulation fre-
quency and index of modulation. If these characteristics
are held within narrow limits, it is virtually impossible
to duplicate the control signal by voice or by means of
any simple device. These characteristics may then be
detected at the controlled station and only signals having
all of the necessary characteristics will operate the con-
trolled apparatus. : -
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As is well known, the index of modulation of a fre-
quency modulated signal determines the distribution of
energy in the frequency spectrum represented by the car-
rier and the sidebands of the frequency modulated signal.
In further accord with the present invention, the detect-
ing apparatus is arranged to respond only to signals hav-
ing the energy distribution resulting from the preselected
index of modulation. More particularly, one of the side-
bands, for example the first lower sideband, may be de-
tected both in frequency and in amplitude. The fre-
quency of this sideband depends both on the carrier wave
frequency and the modulating frequency. The ampli-
tude of this sideband depends on the index of modulation
of the control signal. If the demodulator is enabled only
if both of these quantities fall within the preselected
narrow limits, the possibility of erroneous response to
random or fraudulent signals is reduced to a great extent.
If, in addition to this, the amplitude and the frequency of
the modulating wave, as provided by the demodulator out-
put, are also detected and used, the possibility of errone-
ous response is substantially eliminated.

One feature of the present invention resides in the ease
and simplicity with which these control signals may be
generated and detected. Since cost and reliability are
both related fo complexity, it is dimportant that the sig-
naling circuits be made as simple as possible. In a pre-
ferred embodiment of the invention to be described, the
detecting circuits utilize transistors and other solid state
components to provide a simple, compact arrangement
which may be entirely energized over the transmission
line, thus doing away with the necessity of a local source
of power.

These and other objects and features, the nature of the
present invention and its various advantages, may be
more fully understood upon consideration of the attached
drawings and of the following detailed description of
the drawings.

In the drawings:

FIG. 1 is 2 block diagram of a remote control signaling
system in accordance with the principles of the invention;

FIG. 2 is a graphical and qualitative representation of
the energy distribution in.various sidebands of a frequency
modulated signal as a function of the index of modulation;

FIG. 3 is a schematic diagram of an all transistor re-
ceiving circuit suitable for use in the system of FIG. I;
and )

" FIG. 4 is a circuit modification of FIG. 1 by which the
number of functions which may be controlled is increased.

In FIG. 1 there is shown a block diagram of a remote
control system comprising a controlling station 10 in-
cluding a frequency modulated oscillator 66 having a
variable reactance element 61 in its feedback path. As
is well known, the reactance of element 61 may be varied
in accordance with a modulating signal source, oscillator
63. A variable attenuation device 62, is provided to
control the amplitude of the modulating frequency and
hence the index of modulation of the frequency modu-
lated signal. )

In accordance with the present invention, osciilator 68
is adapted to generate and transmit a frequency modu-
lated signal having a fixed carrier frequency f, modulated
by well-kniown means with a fixed modulating frequency
fm. In addition, the signal generated by oscillator 60

has a fixed index of modulation, deterniined by attefiua-
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tion device 62, where this index is defined as the ratio
between the maximum frequency deviation of the modu-
lated signal and the frequency of the modulating signal.
Such oscillators are well known in the art and, since they
form no part of the present invention, will not be further
described here.

As is well known, the total amount of energy in a fre-
quency modulated signal is constant, provided, of course,
the amplitude of the frequency medulated signal remains
fixed. . The distribution of this energy between the carrier
and the sidebands of the frequency modulated signal,
however, is a function of the index of modulation. This
relationship has been illustrated graphically in FIG. 2.

Thus in FIG. 2 there is shown a graph of the relative
amplitudes of the carrier frequency and the sideband
frequencies of a frequency modulated wave versus the
-index of modulation. The carrier amplitude, represented
by curve 11, begins at a relative amplitude of unity when
the modulation index is zero, that is, the carrier wave is
-unmodulated. As the index of modulation is increased
from zero, the relative amplitude of the carrier falls off
while the relative amplitudes of the sidebands increase.
Thus curves 12, 13, 14 and 15 represent the relative
amplitudes of -the first, second, third and fourth side-
bands, respectively. - It is to be understood that both the
upper and the lower sidebands have these relative ampli-
tudes.

In accordance with the present invention, the index of
modulation of the frequency modulated wave transmitted
from-oscillator 6@ in FIG. 1 is preselected by device 62
such that the signal can be accurately and uniquely de-
‘tected by measuring the amplitude of at least one of the
sidebands.  As an illustrative example, the modulation
index may be chosen as approximately 1.85. At this
value, the relative amplitude of the first sideband is a
maximum, equal to about 0.582 of the unmodulated car-
rier amplitude, and the carrier and the other sidebands
are at relatively low values, less than three-tenths of the
unmodulated carrier amplitude. A wave modulated in
‘this way has a first sideband frequency which is relatively
simple to detect and has an amplitude easy to distinguish
from the other signal components. For the remainder of
this description, it will be assumed that the signal gener-
ated -in oscillator 60 has a modulation index of 1.85. It
is apparent from FIG. 2, however, that many other values
of modulation index would yield a sideband distribution
capable of detection and measurement.

Returning to FIG. 1, oscillator 69 applies a frequency
modulated signal having an index of modulation of ap-
proximately 1.85 to a transmission medium 16 which is
capable of carrying such a wave. Medium 16 is illus-
trated schematically in FIG. 1 as a single line. It may,
however, comprise any suitable transmission medium in-
cluding a radio link, a voice frequency telephone line, or
a portion of a'carrier transmission system. In any event,
medium 16 connects controlling station 18 with a remote
controlled station 17 which is at the location of the spe-
cific apparatus which is to be controlled. ’

Controlled station 17 comprisés a limiter 18, which
removes any amplitude variations introduced into the
signal, for example, by noise and distortion, a gate 19 and
‘a filter 20. Gate 19 is a signal transmission gate which
is normally disabled so as to block the limited frequency
modulated signal. A signal on lead 22, however, haviag
the proper amplitude, serves to enable gate 19 and allow
the frequency modulated signal to pass.

Filter 20 is of the bandpass type having a narrow pass-
band which will pass only the first lower sideband of
the frequency modulated signal. This filter therefore
passes the frequency (fo—fm) and rejects all of the other
signal components of the frequency modulated signal.
The output of filter 20 is converted to a direct current
control voltage by rectifier 21 and applied to lead 22.
This direct current control voltage on lead 22 enables
gate 19 only if it has a sufficient amplitude to overcome
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the bias on gate 19. This amplitude, of course, corre-
sponds. to the amplitude it should bave with the given
modulation index of 1.85, that is, 0.582 of the amplitude
of the nnmodulated carrier.

When gate 19 is enabled by the control voitage on
lead 22, the signal from limiter 18 is applied to a de-
modulator 23 which demodulaies the frequency modu-
lated signal to recover the modulating frequency fm. If
this modulating frequency is present in the frequency
modulated signal,. it passes filier 24 and is applied to a
relay circuit 25. Relay circuit 25 has.a threshold which
must be overcome by the signal from filter 24 before it
wiil ‘operate. When so operated, the relay circuit per-
forms the actual control funmction such as, for example,
energizing a coatrolled circuit 26.

From the above description, it can be seen that circuit
26 will be energized onmly if the received signal has the
proper lower sideband and, furthermore, only if this side-
band has the necessary amplitude. Filter 20 serves to
detect the sideband frequency; the amplitude of this side-
band frequency component must be sufficient to overcome
the operate threshold of gate 19. It will be noted, how-
ever, that many combinations of f, and fy, will produce
the necessary frequency component to pass filter 20. Fil-

ter 24, however, serves to prevent any of these signals

from operating relay circuit 25, excepting the one having
the desired modulating frequency fr, and, in combination
with filter 20, the proper carrier: frequency f.. Signals
including the frequency component fy but not the side-
band (fo—fwn) will not operate the circuit because gate
19 will remain disabled. Furthermore, signals including
both of the frequency components f, and fm Will operate
the circuit only if these components have the required
amplitudes, that is, if the signal has the necessary index
of modulation. Amplitude modulated signals are effec-
tively blocked by limiter 18. Since this frequency modu-
lated signal is almost impossible to duplicate, either by
chance or intentionally with simple apparatus, a high de-
gree of protection against random or intentional inter-
ference is provided.

Proceeding to FIG. 3 of the drawings, there is shown
a detailed schematic diagram of a circuit suitable for de-
tecting the frequency modulated signaling wave utilized in
the arrangement of FIG. 1. The receiving and detecting
circuit of FIG. 3 utilizes transistors as the active elements
and is powered over the transmission line. It is tc be
understood, however, that many other elements and cir-
cuit configurations would be suitable as embodiments of
the present invention.

Proceeding to FIG. 3, signals arriving on transmission
line 36 are first limited by varistor 33. This limiting ac-
tion, however, removes only very large line surges which
might damage the semiconductor devices. These par~
tially limited signals are applied to the base of transis-
tor 31. ]

Transistors 31 and 32, together with associated circuit
components, comprise a limiter employing ‘the phenom-
enon known as “limiter capture” by which the stronger
of two signals applied to the limiter determine, at least to
a first approximation, its output.

Transistor 31 is so biased as to provide a highly sensi-
tive limiting action, sometimes known as “exireme limit-
ing.” That is, an input signal of any significant ampli-

ude whatscever saturates transistor 31 and produces es-
sentially a square wave output. It can be seen that the
power -output of transistor 31 is essentially constant since
this transistor is normally saturated. The zero crossovers
of the output wave, however, are determined by the input
waveform. Any input frequency component having more
than one-half of the total input power will essentially
“capture” the limiter and determine the output frequency.
Other frequency components may vary the instantaneous
zero crossovers of the dominant frequency, but will not
normally produce additional cressovers. . For this reason,
the transistor limiter 31 will be “captured” by the highest
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smplitude frequency component of the input wave and
will not produce any substantial response to other fre-
quency components such as noise or speech.

Varistor 34, connected to the collector of transistor 31,
prevents too large 2 signal from appearing on the base
of transistor 32 and thus shifting its operating point, while
at the same time allows transistor 32 to go into saturation
on each cycle. A square wave therefore appears-on the
collector of transistor 32 hraving essentially the frequency
of the highest amplitude input signal. This square wave
is simultaneously applied to transistor 35, cperated as a
gate, and the filter 28, comprising inductor 37 and capaci-
tor 38. The signal across filier 26 is applied to the base
of tramsistor 39. The emitter voltage of transisicr 3%,
determinad by the setting of potentiometer 49, .15 main-
tained at a value such that trapsistor 39 does not conduct
unless the voltage across filter 20 rises above a preselected
value. Transistor 32 rectifies voltages on its base which
exceed the threshold set by potentiometer 48.

When conducting, transistor 39 builds up a charge on
capacitor 4% which, when it reaches a presslected value,
is sufficient to enable transistor 35 to conduct. Before
this value is reached, the emitter of transistor 35 is held
positive with respect to its base by the sstting of peten-
tiometer 42. Only when a signal component having a
frequency of (fo—fn) and an amplitude sufficient to over-
come the bias on the emitter of transistor 3% will tran-
sistor 35 be capable of conduction.

The square wave appearing on the collector of transis-
tor 32 is differentiated by capacitor 71 and resistor 72,

-applied to the base of transistor 35 and causes transistor
35 to conduct on positive half cycles, provided, of course,
transistor 35 is enabled by a sufficiently str ong signal
component at the frequency (fo—fw). Each itme tran-
sistor 35 conducts, a charge is deposited on capacitor 43
in its collector circuit. - Capaciter 43 and resistor 44 form
a simple smoothing filter across which a voltage appears
including a direct current component.and an alternating
current component., The aliernating current component
is the modLlatmg frequency fi, while the direct current
component is a measure of the carrier. frequency f.
These components are applied to the base of transistor 43.

The emitter of transistor 45 is held at a preselected
voltage by potentiometer 46. Only when the direct cur-

’ I'Cﬂt compeneit across canacuor ‘5*3 a function of Lﬂ‘)‘

carrier frequency, is of a proper macrnuuda will the base
of transistor 45 be less negative then its emitter. When
the carrier frequency does have the desired amplitude,
transistor 48 is enabled and amplifies the 2lternating cur-
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In one illustrative example, the circuits beretofore de-
scribed may be used to control the réfund and deposit of
coins at pay telephone stations. In this application, trans-
mission line 39 might comprise a conventional voice fre-
guency telephone line used normally for speech but also
suitable for signaling purposes. A frequency modulated
signal in the voice frequency range, for example a one
thousand cycle carrier frequency modulated with a one
hundred cycle modulating frequency, might be applied to
line 30. Filter 20 would then be tuned to the first lower
sideband, namely, nine hundred cycles per second, and
filter 24 to the modulating frequency of one hundred
cycles per second.

In order to control pay telephone stations, however,
it is normally necessary to provide at least two separate
and independent controls, one to initiate the collection
of deposits and another to initiate a refund. The cir-
cuit of FIG. 1 is, of course, capable of performing either
one of these operations. In a pay telephone system,
however, it is desirable that both of these cperations be
performed with as simple and reliable circuit arrangements
as possitle. In accordance with the present invention, the
circuit of FIG. 1 may be modified in the manner shown
in FIG. 4 in order to accommodate two separate control
functions.

Thus in FIG. 4 there is shown a circuit arranuement
by which two separate and independent control operations
may be accommodated. The circuit of FIG. 4 is identical
to that of FIG. 1 except for the inclusion of a second
signal source and a second modulating frequency filter,
Controlling station  1¢’,
which may be a central office in a pay telephone system,

" comprises a. first frequency modulated oscillator 68, a

rent component across capacitor 43, applying this ampli- ..

fled signal to transformer 47,

The secondery winding of transformer 47, together
with capacitor 48, forms a filter 34 tuned to the desired
'modulaimo signal fm. A-tramsistor 49 is tuined on culy

if the signal across filter 84 is of sufficient magnitude as .

determined by the setting of potentiometer 5&. When
transistor 42 is thus enabled, current fiows through a relay
winding 51 in its emitter circuit, causing the relay to op-
erate and close contacts 52.  Contacis 32 may be con-
nected so as to energize circuit 53 by their closure.

It can be seen that the circuit of FIG. 3 serves {o meas-
ure the carrier frequency, modulation freguency and, in
effect, the index of modulation of an incoming signal
Ouly if these three quantities, as determined by filters 28
and 24 and potentiometers 48, 4& and £@, are within pre-
scribed limiis will relay 51 be operated to energize circuit
53.. For this reason, the circuit of FIG. 3 provides a high
degree of protection against erromeous responses to ran-
“dom or intentional interference.

Tt will be further noted that all of the active elements
in ¥IG. 3 may be powered directly from transmission line
30. To this end, inductor 54 and capacitor 55 form 2
low-pass filter to pass direct current to power supply bus
56 while effectively bloukmg signal {réquency compo-
nents. . This feature is particularly important in tele-
phone systems where it is difficult to obtain local power.
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first variable reactance element 61 and a first modulating
frequency oscillator 63 just as does controlling station 10
in FIG. 1. The coatrolling station 1§’ of FIG. 4 also
includes a second freguency modulated oscillator 69', a

second variable reactance element 61’ and a second modu-

lating frequency oscillator §3’." The variable attenuation
elements have been omitted in FIG. 4 for convenience,
but it is to be understood that the modulation index of
each frequency modulated signal is preselected as before,
for example, 1.85 in the illustrative embodiment.

The frequencies fe, fo', fm and f' are chosen such that

J‘cl —fm’=fc—

In this case the two signals from oscillator 66 and oscil-
lator 68’ have the same. lower sideband frequency, .al-
though the carrier frequencies f. and ;fc are different and
the modulating frequencies fi, and f,," are also différent.

A switch 86 is provided at controlling station 16" to
alternatively ¢onnect medium 16 to contacts 64 and 65,
respectively. ‘Thus, either. the output of oscillator 68 is
applied to medium 16 or the output of oscillator 66’. In
this way, an operator at the controlling station 19" may
select the control signal to be sent and thus secure the
performance of one of two alternative operations.

The remote controlled station 17’, which may compnse
a remote substation in a pay telephone system, is iden-
tical to station 17 in FIG. 1 but for the addition of certain
signal responsive elements. Thus, the portion of con-
trolled station 17’ between dashed lines 67 and 68 is
identical to the corresponding portion of FIG. 1 and has
therefore been shown with the same reference numerals.
Connected to demodulator 23, however, there are two
bandpass filters 24 and 24’. Filter 24 passes the fre-
quency component fy, while filter 24 passes fm'. As de-
scribed above, these frequenmes originate in oscillators 63
and 63’ respectively, in controlling station 1¥'.

Connected to filter 24 is a relay 25 which cperates when
the output of filter 24 is of sufficient amplitude to over-
come a threshold bias. When operated, relay 25 per-
forms a first control function, such as refunding coins in
a coin-operated telephone station.

Also connected to demodulator 23 is a second bandpass
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filter 24’ which serves to pass the frequency component
fm’. When this frequency component is present with a
sufficient amplitude, relay 25° operates and performs a
second control fumction, such as depositing coins in a
coin-operated telephone station.

In order for the frequency component fn,’ to reach
filter 24’, it is necessary that gate 19 be enabled by the
first lower sideband of the received signal. That is, the
received signal must include a frequency component of
(fo—fm) at the proper amplitude. Since fn' must be
different from fy, a carrier frequency f.' must be utilized
which will produce the same lower sideband. That is,

fc""fm’=fc—fm

In the illustrative example, where f, was one thousand
cycles and fy, was one hundred cycles, the difference was
nine hundred cycles. If fn' is chosen as one hundred
and fifty cycles, a carrier frequency f.” of one thousand
and fifty cycles would produce the desired nine hundred
cycle first lower sideband. It is to be understood, how-
ever, that the one thousand and fifty cycle carrier modu-
lated with a one hundred and fifty cycle wave must also
have the required index of modulation, 1.85. With any
other index of modulation, the amplitude of the nine hun-
dred cycle first lower sideband would not be sufficient to
enable gate 5.

It can be seen that the overall arrangement of FIG. 4
is' capable of accommodating two separate and independ-
ent control signals to energize two- different circuits, 26
and 26’. The bulk of the circuit of FIG. 4, however, is
used in common by both of these control signal paths.

For this reason, the amount of circuitry required per con-

trol signal is greatly reduced.
Just as the circuit of FIG. 4 was used to double the
number of control functions accommodaied, so also may

other similar circuits be added to further increase the -

number of control functions. Even in a relatively nar-
row band system such as a telephone system, a large num-
ber of circuits could be separately controlled. It is only
necessary in each case that the control signal include a
first lower sideband having a frequency equal to (fe—fm)
and an amplitude equal to 0.582 times the unmodulated
carrier amplitude,

1t is to be understood that the above-described arrange-
ments are merely illustrative of the numerous and varied
other arrangements which would represent applications
of the principles of the invention. Such other arrange-
ments may readily be devised by those skilled in the art
without departing from the spirit and scope of the inven-
tion. .

What is claimed is:

1. In 2 selective signaling system, a transmisison line,
- a source of signaling current for producing on said line
a frequency modulated signaling wave having a prese-
lected modulation index, and a signal receiving circuit
connected to said line for responding only to said signai-
ing wave, said receiving circuit comprising normally dis-
abled demodulating means, means for detecting at least
one sideband of said signaling wave, first threshold re-
sponsive means for enabling said demodulating means
only when the output of said detecting means exceeds a
first threshold, filter means connected to said demodulat-
ing means, and second threshold responsive means for
responding only when the output of said filter means
exceeds a second threshold.

2. A signaling system comprising a central station, a
remote controlled station, signal transmitting means at
said central station for tramsmitting a frequency mod-
ulated signaling wave having a preselected index of mod-
ulation to said controlled station, means at said con-
trolled station for detecting the index of moduiation of
said signaling wave, and means at said controlled station
operative only in response to the detection of said pre-
selected index of modulation.

3. The signaling system according to claim 2 wherein
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"said detecting means comprises means for selecting at

least one sideband frequency component of said signal-
ing wave, means for measuring the amplitude of said
sideband frequency component, means for selecting at
least one modulating frequency component of said signal-
ing wave, and means for measuring the amplitude of
said modulating frequency component.

4. In a selective signaling system, a controlling station,
a controlied station, means at said controiling station for
selectively transmitting a plurality of frequency mod-
ulated signaling waves each having a preselected index of
modulation and each having at least one given sideband
frequency component but having different modulating fre-
quencies, means at said controlied station for detecting
said signaling waves, and means selectively operative in
accordance wiih the particular modulating frequency de-
tected.

5. The combination according to claim 4 in which
said transmitting means includes means for modulating
a plurality of carrier -frequencies with modulating fre-
quencies each producing the same given lower sideband
frequency component.

6. The combination according to claim 5 in which
said transmitting means includes means for generating
frequency modulated signaling waves having an index
of modulation substantially equal to 1.85.

7. A telephone system having a central office and
remote pay stations comprising, signal transmitting means
at said central office for transmitting control signals to
said pay stations, said control signals comprising fre-
quency modulated waves having preselected indices of
modulation, carrier frequencies and modulating fre-
quencies, means at said pay stations for detecting said
indices of modulation, carrier frequencies and modulating
frequencies, and means controlled by said detecting means
for operating coin disposal equipment in accordance with
the particular characteristics detected.

8. The telephone system according to claim 7 wherein
said detecting means comprises normally disabled demod-
ulating means, means for selecting at least one sideband
frequency of said frequency modulated waves, threshold
means for enabling said demodulating means in response
to a preselected amplitude of said sideband frequency,
means for selecting said modulating frequency, and thres-
hold means responsive to a preselected amplitude of said
modulating frequency.

9. The telephone system according to claim 8 wherein
said detecting means further includes extreme limiting
means.

10. A telephone system including a central office and
remote pay stations comprising, means at said central
office for ‘sclectively transmitting one of a plurality of
frequency modulated control signals, each of said control
signals having the same first lower sideband frequency
and the same modulation index but different carrier and
modulating frequencies, means at said pay stations for
detecting each of said control signals, and means at said
pay stations selectively responsive to said control sig-
nals for operating pay station equipment in accordance
with the -particular  carrier and modulating frequencies
detected. i

11. The telephone system according to claim 10 where-
in said detecting means comprises means for selecting
said lower sideband frequency component, means for
measuring the amplitede of said lower sideband frequency
component, demodulating means operative only. if said
sideband amplitude exceeds a first preselected threshold
to demodulate said coatrol signals, means for selecting
the modulating frequency components from the output
of said demodulating means, means for measuring the
amplitudes of said modulating frequency components,
and means for selectively energizing said equipment op-
erating means in response to the particular modulating
frequency so selected only if said modulating frequency
amplitude exceeds a second preselected threshold,
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12. The telephone system according to claim 10 where-
in said transmitting means includes means for generating
frequency modulating control signals having an index of
modulation substantially equal to 1.85.

13. The telephone system according to claim 10 fur-
ther including voice transmission lines interconnecting
said central office and said pay stations, and means for
energizing said detecting means from said central office
over said lines.

14. The telephone system according to claim 11 where-
in said detecting means further includes sensitive ampli-
tude limiting means.

b
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