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[51] ABSTRACT 
A tone control circuit is in a receiver adapted to re 
spond to a sequence of control tones alternately se 
lected from a ?rst group of tones in a first band of fre 
quencies and a second group of tones in a second 
band of frequencies, wherein the two bands are sepa 
rated by an intermediate band and wherein the time 
duration of the gap between adjacent tones in the se 
quence of tones is substantially zero, the tone control 
circuit including a ?lter device which is tuned to the 
frequencies of the control tones as they are received, 
a plurality of AND circuits corresponding in number 
to the control tones and respectively having one input 
coupled to the ?lter device and another input coupled 
to the preceding AND circuit so that each AND cir 
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TONE CONTROL CIRCUIT HAVING A 
FREQUENCY CONTROLLABLE FILTER. 

Matter enclosed in heavy brackets I: 1 appears in the 
original patent but forms no part of this reissue specifl~ 
cation; matter printed in italics indicates the additions 
made by reissue. 

The present invention relates to communication sys 
tems, and particularly to communication systems for 
selectively transmitting intelligence from a transmitter 
to at least one selected receiver. 

It is an important object of the present invention to 
provide in a communication system for selectively 
transmitting intelligence from a transmitter to at least 
one selected receiver, the combination comprising a 
transmitter including a tone-generating circuit for gen 
erating tones selected from a ?rst group of tones in a 
?rst band of frequencies and for generating tones se 
lected from a second group of tones in a second band of 
frequencies separate and distinct from the first band of 
frequencies, the tone-generating circuit generating a 
sequence of tones alternately selected from from the 
?rst and second groups of tones, a transmitter output 
circuit coupled to the tone-generating circuit for trans 
mitting signals corresponding to the sequence of tones 
and corresponding to the intelligence to be transmitted, 
a receiver including an input circuit for receiving the 
signals from the transmitter, at detecting circuit coupled 
to the input circuit for detecting the sequence of tones 
and the intelligence of the signals, a translating circuit 
coupled to the detecting circuit for translating the intel 
ligence into a useable form, an output control circuit 
coupled to the translating circuit and effective in a ?rst 
condition thereof to render the translating circuit inop~ 
erative and effective in a second condition thereof to 
render the translating circuit operative, ?rst and sec 
ond tone control circuits, the ?rst tone control circuit 
being coupled to the detecting circuit and to the second 
tone control circuit and responsive to the application of 
tones from the ?rst group of tones to provide ?rst con 
trol signals to the second control circuit, the S..;COIld 
tone control circuit being coupled to the detecting 
circuit and to the ?rst tone control circuit and respon 
sive to the application of the tones from the second 
group of tones to provide second control signals to the 
?rst tone control circuit, and means for applying an 
output control signal from the tone control circuits to 
the output control circuit upon the application of the 
last tone in the sequence of tones for actuating the 
output control circuit from the ?rst condition thereof 
to the second condition thereof, thereby to render the 
translating circuit operative. 

In connection with the foregoing object, it is another 
object of the invention to provide a communication 
system of the type set forth wherein the control tones 
are in the audio range of frequency, each band of fre' 
quencies containing at least 10 separate tones with 
each tone separated from the adjacent tones by about 
3 V3 percent of the frequency thereof with instantaneous 
switching between adjacent tones in the sequence. 
Another object of the invention is to provide a com 

munication system of the type set forth wherein the 
transmitter produces a carrier signal upon which the 
intelligence and the control tones are applied by modu 
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2 
lation, the preferred type of modulation being fre 
quency modulation. 
Yet another object of the invention is to provide a 

communication system of the type set forth wherein 
each tone in the sequence of tones has a time duration 
substantially not greater than about 40 milliseconds, 
and the spacing between adjacent tones in the se 
quence of tones each has a time duration as short as 
possible, whereby to provide for rapid receiver turn-on 
with freedom from false operation. 

Still another object of the invention is to provide an 
improved receiver for use in a communication system 
of the type set forth. 

In connection with the foregoing object, another 
object of the invention is to provide an improved re 
ceiver of the type set forth having therein two tone 
control circuits each having a tapped ?lter therein 
adjustable to a selected one of a plurality of positions 
respectively corresponding to a selected tone in one of 
the groups of tones so that upon the application of the 
selected tone thereto, an output is derived therefrom. 
Yet a further object of the invention is to provide an 

improved receiver of the type set forth wherein the 
tapped ?lter has a plurality of connections thereon, the 
appropriate connection being electronically estab 
lished thereby to select the response frequency of the 
tapped ?lter. 

Still another object is to provide an improved com 
munication system compatible with a numbering sys 
tem (or alphanumeric designation) wherein there will 
be a large shift in frequency between any pair of suc 
cessive digits or letters regardless of the number or 
letter to be selected, all while requiring only a relatively 
narrow total frequency spectrum. 
A still further object of the invention is to provide a 

receiver of the type set forth wherein the taps selected 
on the tapped ?lters, and therefore the frequency of 
response of the ?lter, are selected and determined by 
the connectors interconnecting the tapped ?lter and 
the other circuit components of the receiver. 
A further object of the invention is to provide an 

improved tapped ?lter for use in the receiver of the 
present invention. 
Further features of the invention pertain to the par 

ticular arrangement of the elements of the communica 
tion system, the receiver therefor, and the components 
circuits and elements thereof, whereby the above 
outlined and additional operating features thereof are 
attained. 
The invention, both as to its organization and method 

of operation, together with further objects and advan 
tages thereof will best be understood by reference to 
the following speci?cation taken in connection with the 
accompanying drawings, in which: 
FIG. 1 is a schematic diagram of a communication 

system made in accordance with and embodying the 
principles of the present invention, the transmitter and 
the receiver embodying the system being illustrated in 
block form; 
FIG. 2 is a more detailed schematic and block dia 

gram of the receiver forming a part of the communica 
tion system of FIG. 1; 
FIGS. 3, 4 and 5, taken together, comprise a sche 

matic electrical diagram of the tone control circuits 
forming a part of the receiver of FIG. 2; 
FIG. 6 is a schematic block diagram of a second form 

of a receiver made in accordance with and embodying 
the principles of the present invention; 



Re. 28,739 
3 

FIG. 7 is a schematic electrical diagram of the ?lters 
and inverter forming a part of the receiver illustrated in 
FIG. 6; 
FIG. 8 is a schematic block diagram of a third form of 

a receiver made in accordance with and embodying the 
principles of the present invention; and 
FIG. 9 is a schematic electrical diagram of the ?lters 

and the NOR circuit forming a part of the receiver of 
FIG. 8. 
The principles of the present invention are equally 

applicable to communication systems utilizing wire 
lines, modulated supersonic signals, AM radio signals, 
and FM radio signals. For illustrative purposes, there is 
shown in the drawings a communication system em 
ploying FM radio signals. Those skilled in the art will 
readily understand that the various principles to be 
described hereinafter in conjunction with the system 
employing FM radio signals can be readily adjusted to 
the other types of communication systems using other 
forms of transmission such as those set forth above. 
Referring to FIG. 1 of the drawings, there is shown a 

mobile FM radio communication system made in ac 
cordance with and embodying the principles of the 
present invention, the system being generally desig 
nated by the numeral 20. The system 20 includes an 
FM transmitter 30 and an FM receiver 100, it being 
understood that the transmitter 30 and/or the receiver 
100 may be either ?xed or mobile, each ‘operating 
system typically containing both a transmitter 30 and a 
receiver 100. 
The transmitter 100 includes the usual RF oscillator 

31, the output of which is applied via the conductor 32 
to a modulator 40, the modulator 40 serving to impress 
audio signals upon the RF carrier provided by the oscil 
lator 31 by means of frequency modulation. One of the 
audio inputs to the modulator 40 is derived from a 
voice input appearing on a conductor 51 which is ap 
plied through an audio ampli?er 50 to a conductor 52 
serving as an audio input to the modulator 40. There 
also is provided a tone sequence generator 60, the 
output of which is connected to the conductor 51 and 
is applied through the audio ampli?er 50 and through 
the conductor 52 as a second input to the modulator 
40. The output of the modulator 40 appears on the 
conductor 41 which is coupled to the output circuits 70 
where power ampli?cation is effected, the output from 
the circuits appearing on the conductor 71 that is cou 
pled to a transmitting antenna 80, all in the usual con 
struction and arrangement. 
The tone sequence generator 60 is of the type that 

can generate a sequence of tones, for example, a se 
quence of two tones, three tones, ...seven tones, etc., 
the tone sequence being preferably generated automat 
ically after being encoded therein. Furthermore, alter 
nate tones in the tone sequence are selected from two 
different groups of tones in two different bands of 
audio frequencies. For example, the ?rst, third, ?fth, 
etc. tones would be selected from a ?rst group of tones 
in a ?rst band of frequencies, while the second, fourth, 
sixth, etc. tones in the sequence of tones would be 
selected from a second group of tones in a second hand 
of frequencies separate and distinct from the ?rst band 
of frequencies. Preferably the two bands of frequencies 
are separated by a substantial frequency gap from each 
other. In an illustrative example of a typical system 
providing I0 tones in each group of tones, the ?rst 
group of tones would have the following frequencies 
providing 10 different channels: 1177, 1219, 1261, 
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4 
1306, 1352, 1400, 1449, 1500, 1533 and 1608; while 
the second group of tones would have the following 
frequencies providing 10 different channels: 1980, 
2049, 2121, 2196, 2274, 2354, 2437, 2523, 2612 and 
2704. It will be noted that each tone is spaced from the 
adjacent tones in an amount equal to approximately 3% 
percent of the frequency thereof, while there are ?ve 
tones missing between the two groups of tones, thus 
constituting the frequency gap between the nearest 
adjacent tones in the two groups of tones. in a typical 
illustration, the odd-numbered tones in the sequence of 
tones would be selected from the ?rst group of frequen 
cies, while the even-numbered tones in the sequence of 
tones would be selected from the second group of fre 
quencies. Selecting one tone from each group of tones 
to provide a two-tone sequence permits 100 di?'erent 
codes, while choosing four tones from one group of 
tones and three tones from the other group of tones to 
provide seven tones can provide 10 million different 
codes. If the frequency groups are reversed in sequence 
an additional 100, or 10 million codes can similarly be 
provided for 227-tone sequences. In the tone sequence 
generator 60, each tone may, for example, have a time 
duration of 15 to 100 milliseconds, a typical time dura 
tion being 30 milliseconds, for a seven-tone sequence 
or 75 milliseconds for a two-tone sequence, while the 
time gap between adjacent tones in the sequence 
should be as short as possible; as a consequence, for a 
seven-tone sequence, response times as low as 100 
milliseconds are available, all while providing greater 
security against false activation, as will be explained 
more fully hereinafter. 
The transmissions from the transmitter 30 are 

adapted to be received by the receiver 100 and more 
particularly by the antenna 101 thereof which is con 
nected by a conductor 102 to the usual RF and IF and 
detecting circuits 103-113. The output from the cir 
cuits 103-113 appears on a conductor 114 which ap 
plies an input to the audio output circuit 115-117 that 
in turn have the output connected as the input to audio 
speaker circuits 120-133. In accordance with the pres 
ent invention, no output is obtained from the audio 
speaker circuits 120-133 unless the tone decoder cir 
cuits 200~300 are ?rst operated by a suitable tone 
sequence, the input to the tone decoder circuits being 
on a conductor 124 and the output therefrom being on 
a conductor 126. 
There is illustrated in FIG. 2 of the drawings, a more 

complete diagram of the radio receiver 100 forming a 
part of the communication system of the present inven 
tion. The carrier signal from the transmitter 30 is 
picked up on the antenna 101 and is conveyed by the 
conductor 102 to the input of a radio frequency ampli 
?er 103. The output of the radio frequency ampli?er 
103 is supplied by a conductor 104 as one of the inputs 
to the mixer 105, the usual local oscillator 106 being 
provided and having the output thereof connected by a 
conductor 107 as a second input to the mixer 105. The 
intermediate frequency which is the output of the 
mixer 105 is applied by a conductor 108 as the input to 
the [F ampli?er 109, the output of which is transmitted 
by the conductor 110 to the input of a limiter 111. The 
output of the limiter 111 appears on a conductor 112 
and is the input to the discriminator 113, the output of 
the discriminator 113 being an audio frequency signal 
appearing on the conductor 114. The audio signal on 
the conductor 114 is ampli?ed by an audio ampli?er 
115 and is then conveyed by a conductor 116 to an 



Re. 28, 739 
5 

audio output ampli?er 1 17. The output from the ampli 
?er 117 is applied to an output transformer 120, and 
speci?cally to the primary winding 121 thereof, a sec 
ondary winding 122 being provided having one tenni 
nal connected by a conductor 123 to one of the input 
terminals of a loudspeaker 125, and the other terminal 
being connected to a conductor 124. The conductors 
123 and 124 are also connected as an input to the 
limiter 150 which provides a signal for a ?rst tone con 
trol circuit 200 and a second tone control circuit 300. 
Before there is any output derived from the loud 
speaker 125, the tone control circuits 200-300 must be 
activated by a proper sequence of control tones, the 
output then being applied to a control relay 130 includ 
ing a coil 131 to which are connected the conductors 
134 and 139, respectively. The armature of the relay 
130 controls a movable switch contact 132 which co 
operates with a ?xed switch contact 133 connected to 
the conductor 124. A conductor 126 interconnects the 
other input terminal of the loud speaker 125 and the 
switch contact 132. A proper output from the tone 
control circuits 200-300 operates the relay 130 to 
close the contacts 132-133 thereby to connect the 
loudspeaker 125 across the output terminals of the 
transformer secondary winding 122, thus to provide an 
audio output from the receiver 100. 
The ?rst tone control circuit 200 has an input thereto 

a ?rst control tone as the output of the limiter 150 that 
appears on the conductor 165, the input being a series 
of pulses of essentially square wave form that are ap 
plied as an input to a tapped ?lter 201, the output of 
the tapped ?lter 201 being a sinusoidal wave form 
appearing on a conductor 209, provided that the fre 
quency of the input pulse is that to which the tapped 
?lter 201 is tuned. The conductor 209 connects to a 
recti?er 220 which serves to rectify the input and to 
provide a DC output voltage on a conductor 227 that is 
connected as one input to a Schmidt trigger circuit 230. 
Another input to the Schmidt trigger 230 is a suitable 
bias from a DC voltage that is applied on a conductor 
155. The output of the Schmidt trigger 230 is con 
nected by a conductor 244 to a delay circuit 260, and 
if the DC voltage on the conductor 244 persists for a 
predetermined period of time, an output is derived 
from the delay circuit 260 upon cessation of the ?rst 
control tone. The output of the circuit 260 appears on 
a conductor 262 that is connected to the input of the 
monostable multivibrator 270. The multivibrator 270 is 
e?'ective to produce an output pulse on a conductor 
296 which is applied as one of the inputs to the second 
tone control circuit 300. 
The second tone and control circuit 300 has as one of 

the inputs thereto a second control tone as the output 
of the limiter 150 that appears on the conductor 165, 
this input being a series of pulses of essentially square 
waveform that are applied as an input to a tapped ?lter 
301, the output of the tapped ?lter 301 being a sinusoi 
dal wave form appearing on a conductor 309, provided 
that the frequency of the input pulses is that to which 
the tapped ?lter 301 is tuned. The conductor 309 con 
nects to a recti?er 320 which serves to rectify the input 
and to provide a DC voltage on a conductor 327 that is 
connected as one input to a Schmidt trigger circuit 330. 
Another input to the Schmidt trigger circuit 330 is the 
pulse on the conductor 296 from the monostable multi 
vibrator 270 described above. The output of the 
Schmidt trigger 330 is connected by a conductor 344 to 
a delay circuit 360, and if the control voltage on the 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
conductor 344 persists for a predetermined period of 
time, an output is derived from the delay circuit 360 on 
a conductor 366 that is connected as the input to the 
control circuits 370 that is sufficient to control 370. 
The output of the control circuits 370 appears on the 
conductors 134 and 139 that apply an energizing po 
tential to the relay 130 to connect the loudspeaker 125 
to the audio output of the receiver 100 after the proper 
sequence of tones has been received. There further is 
provided a holding circuit 335 that has the input con 
nected to the conductor 344 and has the output con 
nected by a conductor 298 as one of the inputs to the 
monostable multivibrator 270. 
Referring to FIG. 3 of the drawings, there is illus 

trated in detail of portion of the tone control circuits, 
and speci?cally the limiter 150 and the two tapped 
?lters 201 and 301. The output from the audio output 
ampli?er 117 is coupled via the output transformer 120 
and the conductors 123-124 to the input of the limiter 
150, and speci?cally to the input tenninals of a trans 
former 151. More speci?cally the transformer 151 has 
a primary winding 152 and a secondary winding 153, 
the terminal of the primary winding 152 being con 
nected respectively to the conductors 123-124. The 
secondary winding 153 is center tapped and has con 
nected to the center-tap one terminal of a limiting 
resistor 154, the other terminal of the resistor 154 
being connected to the conductor 155. It will be under 
stood that the +DC source circuit of which the conduc 
tor 155 is the output terminal provides a ?xed DC 
voltage of for example 12 volts positive, the value of 
the voltage being regulated to a stable value as by a 
Zener diode, for example. 
The upper terminal of the secondary winding 153 is 

connected as an input to a transistor 160, and particu 
larly to the base 161 thereof, the collector 162 being 
connected as an output to a conductor 165 and through 
a resistor 167 to the +l2-volt DC conductor 155; and 
the emitter 163 is connected to a conductor 166. The 
lower terminal of the secondary winding 153 is con 
nected by a conductor 168 has an input to a second 
transistor 170, and speci?cally to the base 171 thereof. 
The collector 172 is connected by a conductor 174 to 
the +l2~volt DC conductor 155, while the emitter 173 
is connected to the conductor 166. There also is pro 
vided in the limiter 150 a bias circuit in the form of a 
transistor 180, the base 181 of the transistor 180 being 
connected by a conductor 184 to one terminal of a 
potentiometer 185, the other terminal of the potenti 
ometer 185 being connected to the +l 2-volt conductor 
155, the potentiometer being provided with the usual 
arm 186 having one end connected to the conductor 
184 and the other end contacting an adjusted point on 
the resistive member of the potentiometer 185. The 
collector 182 is connected to the conductor 166, while 
the emitter 183 is connected by a conductor 187 to one 
terminal of a resistor 188, the other terminal of the 
resistor 188 being grounded as at N. 
The output from the limiter 150 is a train of essen 

tially square waves appearing on the conductor 165, 
the train of square waves being coupled to the ?lter 201 
and 301 by the conductor 165. 
Considering now the construction of the tapped ?lter 

201, there is provided an input capacitor 208 and an 
inductor in the form of a coil 202 having associated 
therewith a magnetic core 203, at least a portion of the 
core 203 being movable and adjustable, whereby the 
inductor 202 can be slug tuned. The inductor 202 has 
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an input terminal 204 that is connected by a conductor 
209 to one terminal of a capacitor 205, the other termi 
nal of the capacitor 205 being grounded as at N, the 
output being on the conductor 209. As illustrated, the 
inductor 202 has a plurality of taps thereon, and specif 
ically l0 taps that are connected to contacts numbered 
210 through 219. Associated with the contacts is a 
movable contact arm 206 which is also grounded via 
the conductor N. The series of resonance impedance of 
the ?lter 201 can be readily changed by moving the 
contact arm 206 from one contact to another, whereby 
to change the frequency at which the parallel circuit 
consisting of the tapped coil 202 and the capacitor 205 
become series resonant with the capacitor 208. At 
resonance the output from the ?lter 201 will be a maxi 
mum and the output will be sinusoidal. 
The construction of the tapped ?lter 301 is identical 

to that of the tapped ?lter 201, whereby like reference 
numerals in the 300 series have been applied to like 
parts thereof, and in the interest of brevity, no further 
description of the tapped ?lter 301 will be given, ex 
cept to point out that the output therefrom is a sinusoi 
dal wave on the conductor 309, and that the output will 
be a maximum when the audio input pulse rate is at the 
frequency to which the output ?lter 301 is tuned. 
Referring to FIG. 4 of the drawings, there is illus 

trated the details of the construction of the remainder 
of the ?rst tone control circuit 200. The sine wave on 
the conductor 209 is applied as an input to the recti?er 
220, the recti?er 220 more speci?cally being a transis 
tor having a base 221 to which the conductor 209 is 
connected. The collector 222 of the transistor 220 is 
connected to the +12-volt DC conductor 155, while 
the emitter 223 is connected by a conductor 225 to a 
voltage divider network including resistors 226 and 228 
connected in series to ground potential as at N, the 
adjacent terminals of the resistors 226-228 being con 
nected by a conductor 227. A ?ltering capacitor 229 is 
connected between the conductor 225 and the ground 
potential and in parallel with the series resistors 
226-228. 
The output from the recti?er 220 is a DC voltage 

appearing on the conductor 227 which is applied as one 
of the inputs to the Schmidt trigger circuit 230, and 
speci?cally to a transistor 240 therein, the base 241 of 
the transistor 240 being connected to the conductor 
227. The collector 242 of the transistor 240 is con 
nected via a conductor 244 and a resistor 245 to the 
+DC conductor 155, a capacitor 246 being provided in 
parallel with the resistor 245; while the emitter 243 is 
connected by a conductor 239 to a bias transistor 231 
and to another transistor 250. 
The bias transistor 231 has the base 232 thereof 

connected by a potentiometer 235 to the +DC conduc 
tor 155, the potentiometer 235 being provided with a 
movable contact 237 having one terminal thereof con 
nected by a conductor 236 to the base 232 and having 
the other terminal thereof in sliding adjusted engage 
ment with the resistive element of the potentiometer 
235. The collector 235 is connected to the conductor 
239, while the emitter 234 is connected through a resis 
tor 238 to ground potential as at N. 
The transistor 250 has a base 251 that is connected 

by a conductor 256 to one terminal of a resistor 257 
and to one terminal of a resistor 258, the other terminal 
of the resistor 257 being connected to the conductor 
244, while the other terminal of the resistor 258 is 
connected to ground potential as at N. The collector 
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252 of the transistor 250 is connected via a conductor 
254 and a resistor 255 to the +DC conductor 155, 
while the emitter “253 is connected to the conductor 
239. ' 

The output from the Schmidt trigger circuit 230 is a 
DC voltage appearing on the conductor 244 ‘that pro 
vides an input to‘the delay circuit 260 which comprises 
a capacitor 261 and a resistor 263 interconnected by a 
conductor 262. More speci?cally, one terminal of the 
capacitor 261 is connected to the conductor 244 and 
the other terminal thereof is connected to the conduc 
tor 262, and one terminal of the resistor 263 is con‘ 
nected to the conductor 262 and the other terminal 
thereof is connected to ground potential as at N. 
The output from the delay circuit 260 is a voltage 

pulse appearing on the conductor 262 that is applied as 
one of the inputs to the monostable multivibrator 270, 
and speci?cally to the input transistor 280 thereof. The 
transistor 280 has the base 281 thereof connected to 
the conductor 262, has the collector 282 thereof con 
nected via a conductor 284 and a resistor 285 to the 
+DC conductor 155, and has the emitter 283 thereof 
connected to a conductor. 
A bias transistor 271 is provided to apply suitable 

bias to the transistor 280 and a second transistor 290 in 
the monostable multivibrator 270. The transistor 271 
has a base 272 that is connected through a potentiome 
ter 275 to the +DC conductor 155, the potentiometer 
275 having a movable contact 277 bearing against the 
resistive element thereof, which contact 277 is con 
nected by a conductor 276 to the base of 272. The 
transistor 271 also has a collector 273 connected to the 
conductor 279 and an emitter 274 connected to the 
ground conductor N. 
The transistor 290 has the base 291 thereof con 

nected to a conductor 298 that is in turn connected to 
the adjacent terminals of resistors 286 and 299, the 
other terminal of the resistor 286 being connected to 
the conductor 284 and the other terminal of the resis 
tor 299 being connected to the grounded conductor N; 
the transistor 290 also has a collector 292 connected 
via a conductor 296 and a potentiometer 295 to the 
+DC conductor 155, and an emitter 293 connected to 
the conductor 279. The potentiometer 295 is provided 
with the usual contact arm 297 in sliding contact with 
the resistive element of the potentiometer 295, the 
contact arm 297 being connected to the conductor 
296. The output from the monostable multivibrator 
270 appears on the conductor 296 as a positive going 
voltage pulse upon the removal of the ?rst control tone 
from the receiver 100 provided the ?rst tone has been 
present for a period longer than a minimum delay per 
iod determined by the time constants of delay circuit 
260. 
Referring next to FIG. 5 of the drawings, there is 

illustrated in detail the remaining portions of the tone 
control circuit 300. The sinusoidal wave form corre 
sponding to the selected second tone appears on the 
conductor 309 and is applied as an input to the recti?er 
320, the recti?er 320 being in the form of a transistor 
having a base 321 to which the conductor 309 is con 
nected‘ The transistor 320 further has a collector 322 
being connected zto the +DC conductor 155, and an 
emitter 323 connected via a conductor 325, a resistor 
326, a conducton~327 vand a resistor 328 to the 
grounded conductor N,> a capacitor 329 being con» 
nected in parallel with the resistors 326 and 328. 
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The output from the recti?er 320 appearing on the 
conductor 327 as +DC voltage that is applied as an 
input to the Schmidt trigger circuit 330 including a bias 
transistor 331 and a pair of transistors 340 and 350. 
The bias transistor 331 has a base 332 to which is con 
nected the conductor 296 carrying the output from the 
monostable multivibrator 270. The transistor 331 has a 
collector 333 connected to a conductor 339 and an 
emitter 334 connected by a resistor 338 to the 
grounded conductor N. 
The transistor 340 has a base 341 to which is con 

nected the conductor 327 carrying the DC tone recti 
?er output as an input to the Schmidt trigger circuit 
330. The transistor 340 has a collector 342 that is con 
nected via a conductor 344 and a resistor 345 to the 
+DC conductor 155, a capacitor 346 being connected 
in parallel with the resistor 345; and an emitter 343 that 
is connected to the conductor 339. 
The transistor 350 has a base 351 that is connected 

by a conductor 356 to adjacent terminals of two resis 
tors 357 and 358, the other terminal of the resistor 357 
being connected to the conductor 344 and the other 
terminal of the resistor 358 being connected to the 
grounded conductor N. The transistor 350 also has a 
collector 352 connected via a conductor 354 and a 
resistor 355 to the +DC conductor 155 and an emitter 
353 connected to the conductor 339. 
The output from the Schmidt trigger circuit 330 ap 

pears on the conductor 344 as a negative going voltage, 
the output being applied to the HOLD ON circuit 355 
and the delay circuit 360. As illustrated, the HOLD ON 
circuit 355 is in the form of a diode having one terminal 
connected to the conductor 344 and the other terminal 
connected to the conductor 348 to provide a holding 
potential for the monostable multivibrator 270. 
The input to the delay circuit 360 is applied to one 

terminal of the diode 361. The other terminal of the 
diode 361 is connected by a conductor 362 to one 
terminal of a charging capacitor 363, and one terminal 
of a resistor 364, the other terminal of resistor 364 
being connected by a conductor 366 to one terminal of 
a capacitor 365, the other terminal of the capacitor 365 
being connected to the +DC conductor 155. 
The control circuit 370 contains two transistors 371 

and 380, the transistor 371 being of the PNP type, 
whereas all of the other transistors described hereto 
fore, and including transistor 380, are of the NPN type. 
The transistor 371 has a base 372 to which is connected 
the conductor 366, the base 372 also being connected 
through a resistor 375 to the +DC conductor 155. The 
collector of the transistor 371 is connected by a con 
ductor 368 to the base 381 of the transistor 380, and 
the emitter 374 of the transistor 372 is connected by a 
conductor 377 to the adjacent terminals of a pair of 
resistors 376 and 378, the other terminal of the resistor 
376 being connected to the +DC conductor 155 and 
the other terminal of the resistor 378 being connected 
to the grounded conductor N. The collector 382 of the 
transistor 380 is also connected to the +DC conductor 
155 through a resistor 379 and is connected by the 
conductor 367 to one terminal of the capacitor 363. 
The emitter 383 of the transistor 381 is connected by a 
conductor 384 as the input to a transistor 391. 
The conductor 384 more speci?cally connects to the 

base 392 of the transistor 391, the transistor 391 con 
trolling the conduction of current through the control 
relay 130 that has been described above, the conductor 
139 being connected to the collector 393 of the transis 
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tor 391. The emitter 394 of the transistor 391 is con 
nected to ground potential via a resistor 399, a conduc 
tor 387, and a resistor 385, a capacitor 386 being con 
nected in parallel to the resistor 385. The other con 
nection for the relay 130, namely the connector 134, is 
connected to the +DC conductor 155. Arranged in 
parallel with the relay 130 is a “push to reset light" 137 
having one terminal connected by a conductor 136 
through a switch 135 to the +DC conductor 155, and 
having the other terminal connected via a conductor 
138 to one of the power terminals of a silicon-con 
trolled recti?er (SCR) 395, speci?cally to the power 
terminals 396 thereof, the other power terminal 397 
being grounded. A control terminal 398 is provided for 
the SCR 395 and is connected to the conductor 397. 
Considering now the operation of the receiver 100, in 

order to obtain an output from the loudspeaker 125, a 
two-tone sequence of control tones must be applied to 
the receiver 100, each tone preferably having a time 
duration of at least about 15 milliseconds without any 
gap therebetween. Furthermore, the ?rst tone received 
must be that to which the tapped ?lter 201 is tuned, 
and the second tone received must be that to which the 
tapped ?lter 301 is tuned. Upon the reception of the 
?rst tone, an audio signal corresponding to the ?rst 
tone is applied along the conductors 123-124 as an 
input to the limiter 150. The transistors 160-170 pro 
vide in essence a differential ampli?er, the total current 
that can flow through the transistors 160-170 being 
that which ?ows through the transistor 180 which is in 
turn controlled by the setting of the potentiometer 185. 
The potentiometer 185 is adjusted so that the current 
through the transistor 180 is not sufficient to allow one 
of the transistor 160-170 to be driven to saturation 
when the other is nonconducting. The incoming con 
trol tone on the conductors 123-124 alternately in 
creases the conduction of one of the transistors 
160-170 and decreases to cut off the conduction of the 
other, the conduction through the conducting transis 
tor 160-170 being limited by the conduction through 
the transistor 180. Therefore the output on the conduc 
tor 165 is a square wave whenever the amplitude of the 
incoming audio signal is more than a certain minimum 
determined by the gain of the limiter 150 and the ad 
justment of limiting level by the potentiometer 175. 
Assuming that the amplitude of the ?rst control tone 
appearing at the input of the limiter 150 is sufficient to 
cause limiting a square wave output is provided on the 
conductor 165. it is pointed out that once the limiter 
150 operates, the ?lter control band width will be con 
stant if the limiter is symmetrical, i.e., ifthe circuits for 
the transistors 160 and 170 are balanced and symmetri 
cal. An important feature of the limiter 150 resides in 
the fact that with a carefully controlled DC bias poten 
tial on the conductor 155 such as that provided by a 
Zener diode supply, there is no change of the band 
width as a result of a change in the amplitude of the 
incoming tone control signal, since above limiting, the 
voltage level to the output tone ?lters will be constant. 
When the amplitude of the incoming signal is below the 
limiting level, the band width will narrow; however this 
narrowing portion will be very small. By adjusting the 
limiting level of the limiting ampli?er 150 by means of 
the slider 186, the maximum band width can be readily 
adjusted. 
The series of square wave pulses on the conductor 

165 are then applied to the tapped ?lters 201 and 301 
and assuming that the control 206 is positioned so as to 
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be at resonance for the ?rst tone voltage, the output at 
the conductor 209 will be a sinusoidal wave having a 
frequency equal to that of the ?rst control tone. It is 
pointed out that the tapped ?lter 201 responds to the 
selected one of the ID tones in the ?rst group of tones 
that are all disposed in a ?rst band of frequencies ex< 
tending from l,l77 cycles per second to 1,608 cycles 
per second, while the tapped ?lter 301 responds to the 
elected one of the ten tones in the second group of 
tones that are disposed in a second band of frequencies 
extending from 1,980 cycles per second to 2,704 cycles 
per second. It is further pointed out that when the band 
width for a single tone is adjusted as a percentage of its 
resonant frequency by slug tuning of the inductors 202 
or 302, as the case may be, the percentage of band 
width remains constant for all other taps. This results 
from the fact that the frequency of an LC circuit varies 
directly with the number of turns on the coil and be 
cause the Q also varies in a fashion such as to hold the 
band width as a constant percentage of the particular 
frequency selected. This results in substantial savings in 
manufacturing costs since a single frequency or band 
width adjustment adjusts the band width for all fre 
quencies. Stating the matter in another way, in the 
resonant circuit such as the tapped ?lter 201, when the 
capacitance of the capacitors 208 and 205 are held 
constant and the inductance of the inductor 202 is 
varied, by the tap selection, the Q varies proportion 
ately to the number of effective turns used in the induc 
tor 202, the resonant frequency varies inversely as the 
number of effective turns in the inductor 202, and the 
Q varies proportionately to the frequency. If the reso 
nant frequency is varied by changing the number of 
effective turns on the inductor 202, the circuit 0 will 
remain constant at resonance for each selected fre 
quency, i.e., if the turns are doubled, the resonant fre 
quency will be halved while the Q will be doubled by 
the turns increase at the same frequency but halved by 
the frequency change, thereby to leave the Q un 
changed. The voltage as a percentage of the peak volt 
age gives a band width which is a predetermined per 
centage of the resonant frequency for any given 0. If Q 
is held constant, as explained above, the band width 
will remain a constant percentage of the resonant fre 
quency as the resonant frequency is varied, for example 
+2 percent preferred channel separation is that 
wherein the spacing between adjacent frequencies is a 
uniform percentage of resonance, the 3% percent spac 
ing, for example referred to previously. 
The sinusoidal wave corresponding in frequency to 

the ?rst control tone is applied along the chamber 209 
as the input to the recti?er 220, and there appears as 
the output from the recti?er 220 a positive going volt 
age on the conductor 227 that is applied as an input to 
the Schmidt trigger circuit 230. 
Before the application of the input along the conduc 

tor 227 to the Schmidt trigger circuit 230, the bias 
transistor 231 is conducting to establish a bias on the 
emitters of the transistor 240 and 250, the amount of 
bias being adjustable by means of the potentiometer 
235, whereby the potentiometer 23S serves as the band 
width adjustment for the ?rst control tone. lnitially the 
transistor 240 is nonconducting and the transistor 250 
is conducting. Upon the application of the positive 
voltage along the conductor 227 to the base of the 
transistor 240, the transistor 240 begins to conduct and 
quickly drives the transistor 250 to a nonconducting 
condition, the potential on the conductor 244 that is 
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applied to the base 251 of the transistor 250 rapidly 
dropping. After a suitable time delay as determined by 
the time constant characteristics provided by the ca 
pacitor 261 and the resistor 263 and upon cessation of 
the ?rst tone, an input is applied to the monostable 
multivibrator 270 along the conductor 262. 

Prior to the application of the ?rst control tone to the 
?rst control circuit 200, the biasing transistor 271 is 
conducting in an amount determined by the adjustment 
of the potentiometer 275 and applies a bias along the 
conductor 279 which serves to render the transistor 
280 nonconducting and the transistor 290 conducting. 
Upon the application of the ?rst control tone to the 
receiver 100 the voltage on the conductor 244 drops as 
explained above and the capacitor 261 begins to charge 
at a rate determined by the value of the capacitor 261 
and the resistor 263. If the charge time of the capacitor 
261 is suf?cient, when the potential on the transistor 
244 returns to the high potential of the capacitor 261 it 
will supply a voltage to the base 281 of the transistor 
280 that will exceed the voltage at the collector 273 of 
the transistor 271. In other words, the transistor 281 is 
rendered conducting by a positive pulse from the delay 
circuit 260 which exceeds the potential on the conduc 
tor 279 that is established by the adjustment of the 
potentiometer 275, and at the same time the transistor 
290 is rendered nonconducting, thereby to provide a 
positive pulse output on the conductor 296, the poten 
tial on the conductor 296 rising to the DC voltage on 
the conductor 155 (less any voltage drop in the potenti 
ometer 295 caused by condution of the second tone 
circuit 300). 
The initial low bias on the conductor 296 is applied 

to the base 332 of the transistor 331 of the Schmidt 
trigger circuit 330 of the second control circuit 300, 
thereby to render the transistor 331'nonconducting 
which in turn renders the transistor 340 nonconducting 
and the transistor 350 nonconducting, whereby the 
output of the second tone control circuit is blocked 
prior to the reception of the ?rst control tone and for so 
long as the ?rst control tone persists. Upon the removal 
of the ?rst control tone from the input to the first tone 
control circuit 200, the conditions described above in 
the ?rst control circuit are essentially reversed, 
whereby the high positive potential on the conductor 
296 rapidly rises as the transistor 290 is blocked and 
the adjustment of the potentiometer 295 in effect ad 
justs the band width of the second tone control circuit 
300. 
Upon the removal of the ?rst control tone and the 

accompanying rise in potential on the conductor 296, 
the transistor 331 begins to conduct, the transistor 340 
is continued in a nonconducting condition, while the 
transistor 3S0 begins to conduct. Now the second tone 
control circuit 300 is ready to receive the second con 
trol tone. 
Assuming now that a proper second control tone is 

applied to the receiver 100 and passes through the 
limiter 150 and the tapped ?lter 301, there is provided 
on the conductor 309 a sinusoidal wave form having 
the frequency of the second control tone. This input is 
applied to the recti?er 320 thereby to produce a posi 
tive going output on the conductor 327 that is applied 
to the base of the transistor 340 in the Schmidt trigger 
circuit 330. 
As has been described heretofore, at this point in the 

operation of the system, the transistor 340 is noncon~ 
ducting while the transistor 350 is conducting, whereby 
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upon the application of the positive going voltage along 
the conductor 327 to the base 341 of the transistor 340, 
the transistor 340 is rendered conductive. Upon heavy 
conduction of the transistor 340, the heretofore rela 
tively high potential on the conductor 344 rapidly 
drops and this drop in potential in the form of a nega 
tive going voltage is applied to the base of the transistor 
350 to render the transistor 350 nonconducting, and 
the signal is also applied as an input to the delay circuit 
360. The capacitors 363 and 365 now begin to charge 
and after a predetermined time as determined by the 
time constant characteristics of the delay circuit 360 
(for example 40 milliseconds), a potential is reached 
on the conductor 366 which will render the transistor 
371 conductive to provide a positive going pulse on the 
conductor 368. The transistor 380 acts as a current 
ampli?er and ampli?es the positive going pulse applied 
to the base thereof and in turn applies a positive going 
pulse to the base of the transistor 391. The output from 
the transistor 391 is a positive going pulse that is ap 
plied to the gate 398 of the SCR 395, thereby to cause 
heavy conduction thereof to light the indicating light 
137. Heavy conduction of the transistor 391 also oper 
ates the relay 130 to close the switch contacts 132-133, 
thus to apply the output of the transformer 120 to the 
loudspeaker 125 via the conductors 123 and 126. The 
relay 130 will be energized for a short period deter 
mined by the time which the transistor 391 is conduct 
ing. The relay 130 and the lamp 137 could be inter 
changed in their connection in the circuit if desired, 
depending upon the control requirements. The relay 
130 could be used for any control purpose desired. 
Once the SCR 395 is conducting, it will remain con 
ducting until the switch 135 is opened, and such con 
duction will maintain the light 137 in the energized 
condition. ‘ 

lt is further pointed out that upon receiving the sec 
ond control tone so as to provide the negative going 
voltage on the conductor 344, a pulse is transmitted via 
the holding circuit 395 and the conductor 298 to the 
monostable vibrator 270 to hold the multivibrator 270 
in a condition such that the Schmidt trigger circuit 330 
will continue to be held in a condition to transmit the 
signals generated by the second control tone. In this 
manner it will be appreciated that the Schmidt trigger 
330 also serves as an AND circuit wherein the output 
from the ?rst tone control circuit 200 must be applied 
thereto before the application of the second control 
tone output from the recti?er 320 is effective. 
Further the feedback of the HOLD ON voltage per 

mits the second tone to continue for as long as desired, 
so long as it appears soon enough alter the ?rst tone 
period to cause the hold on voltage to be generated, 
thereby controlling the multivibrator 270 in the “on” 
condition. The multivibrator 270 may, for example, be 
on for only 15 or 20 milliseconds in the absence of a 
HOLD ON voltage. During this period, control tone 
two must be applied, and the ?lter output must rise to 
a voltage suf?cient to produce the HOLD ON voltage. 
An important feature of the tone control circuit of 

the receiver 100 resides in the freedom from falsing, 
i.e., the freedom from operation by false and spurious 
signals that may be applied as an input thereto. The 
freedom from falsing results from several factors. First, 
by utilizing the tone ?lter circuitry (including the lim 
iter 150, the tapped ?lters 201-301, the recti?ers 
220-330) having the characteristics as described; there 
positively can be no response to signals that lie out of 
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14 
the ?lter band pass, regardless of the false signal dura 
tion or intensity. Second, by requiring that subsequent 
tones in a tone sequence be spaced apart in frequency 
by several tone channels, together with requiring sub 
stantially instantaneous switching between successive 
tones, a signal of smoothly varying pitch such as might 
be produced by a heterodyne circuit, a siren near a 
microphone or like source, cannot actuate the tone 
control circuits, this resulting from the fact that the 
tone control circuits require a sudden jump or change 
in frequency between successive tones. 

It is further pointed out that the described tone con 
trol circuit is readily adaptable to and compatible with 
a decimal numbering system, at 10 different frequen 
cies in each group of tones corresponding to and repre 
senting the 10 different digits, with successive tones 
being selected altemately from the two groups of tones. 
if only 10 frequencies were utilized (rather than the 20 
frequencies of the present system), to represent the 10 
digits, i.e. , with no change or jumping between bands of 
frequencies on successive digits, it would not be possi 
ble to utilize codes such as 22, 55, etc., in two-tone 
sequence systems. Although it has been suggested that 
an llth tone be utilized as a repeat tone in such se 
quence, the frequency spectrum utilized if ?ve chan 
nels are to separate adjacent tones would be substan 
tially greater than that required for the present system, 
and the circuitry would be substantially more compli 
cated. It is pointed out that utilizing this present system 
wherein alternate tones are selected from two groups of 
tones wherein the groups are separate at a minimum 
gap of ?ve tones, only a 25-channel spectrum is re 
quired to produce any pair of digits in sequence while 
still maintaining a minimum gap of ?ve channels there 
between. ‘ 

Referring now to FIG. 6 of the drawings, there is 
illustrated a second embodiment of the present inven 
tion wherein a sequence of four tones is required to 
actuate the receiver, the receiver being designated by 
the numeral 400 and being illustrated in schematic and 
block diagram form. ‘The receiver 400 utilizes the input 
circuits and components from the antenna 101 through 
the limiter 150 and onto the conductor 165, from the 
receiver 100, whereby ‘the same reference numerals 
have been applied to these components and the de 
scription thereof will not be here repeated in the inter 
est of brevity. ‘ 
The output of the limiter 150 on the conductor 165 is 

fed to two-tone control circuits, the lower tone control 
circuit including a special tapped ?lter 401 identi?ed 
by the legend FILTER # 1 of a construction to be 
described hereinafter, the input to the ?lter 401 being 
a series of square waves and the output thereof appear 
ing on a conductor 409 in the form of a sinusoidal wave 
having a frequency of the selected control tone. The 
conductor 409 connects to a recti?er 440 which serves 
to rectify the input thereto and which has the same 
construction as the recti?er 220 described above. The 
output from the recti?er 440 is a positive voltage that is 
supplied along a conductor 441 as one of the inputs to 
an AND circuit 445. The output from the AND circuit 
445 appears on a conductor 446 that is connected to 
the input of a Schmidt ‘trigger circuit 450, the AND 
circuit 445 and the Schmidt trigger circuit 450 having 
the construction of’ the Schmidt trigger circuit 330 
described above. The output from the Schmidt trigger 
circuit 450 is connected by a conductor 451 to a delay 
circuit 452 of the same construction as the delay circuit 
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260, and the output from the delay circuit 452 is con 
nected by a conductor 453 as one input to a monosta 
ble multivibrator 455 of the construction described 
above with respect to the monostable multivibrator 
270. The output from the multivibrator 455 appears on 
a conductor 525 that connects into the upper tone 
control channel. Also associated with the lower tone 
control channel is an inverter 460 having an input 
thereto from a conductor 435 and having an output on 
a conductor 425 that connects as an input to the ?lter 
401, and to provide the second input to the AND cir 
cuit 445. 
The upper tone control channel includes a special 

tapped ?lter 501 identi?ed as FILTER # 2 also to be 
described more fully hereinafter, one of the inputs to 
the ?lter 501 being from the conductor 525 and an— 
other being from the conductor 165. The output from 
the ?lter 501 appears on a conductor 509 connected to 
a rectifier 540 of the same construction as the recti?er 
320 described above. The output from the recti?er 540 
is on a conductor 54] that supplies one input to an 
AND circuit 545, the output of which appears on a 
conductor 546 connected as an input to a Schmidt 
trigger circuit 550; the AND circuit 545 and the 
Schmidt trigger circuit 550 together having the con 
struction of the Schmidt trigger circuit 330 desccribed 
above. The output from the Schmidt trigger circuit 550 
appears on a conductor 551 and is supplied as an input 
to a delay circuit 552 having the construction of the 
delay circuit 260 described above. The output from the 
delay circuit 550 appears on a conductor 553 and is an 
input to a monostable multivibrator 555 having a con 
struction like the monostable multivibrator 270. 
The outputs on the conductors 435 and 441 are ap 

plied as inputs to an AND circuit 560, the output from 
the AND circuit 560 being on the conductor 561 that is 
connected to a Schmidt trigger circuit 565 of the con 
struction of the Schmidt trigger circuit 330 described 
above. The conductor 561 also connects to the mono 
stable multivibrator 555, and the conductor 475 also 
connects to the Schmidt trigger circuit 565. The output 
from the Schmidt trigger circuit 565 appears on the 
conductor 566 and is applied to a delay circuit 570 
having the construction of the delay circuit 260 de 
scribed above, the output from the delay circuit 570 
being on the conductor 57] connected to a monostable 
multivibrator 575. The monostable multivibrator 575 is 
of the same construction as the monostable multivibra 
tor 270 and is connected by a conductor 576 to a com 
bination Schmidt trigger and AND circuit 580, of the 
construction of the circuit 330, the output of which is 
connected to a delay circuit 585 of the construction of 
the delay circuit 260, the output of the delay circuit 
585 being on a conductor 586 connected to an output 
control circuit 590 having the same construction and 
arrangement as the control circuits 370 described 
above. The conductor 576 also connects via a conduc 
tor 535 as an input to the filter 501, the conductor 541 
is also connected as an input to the AND circuit 580 
and a HOLD ON circuit is provided interconnecting 
the conductor 581 and a monostable multivibrator 575. 
Referring now to FIG. 7 of the drawings, there are 

illustrated the further details of the ?lters 401 and 501 
and the inverter 460. As illustrated, the ?lter 401 in 
cludes an inductor in the form of a coil 402 having 
associated therewith a magnetic core 403, at least a 
portion of the core 403 being movable and adjustable, 
whereby the inductor 402 can be slug tuned. The in 
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ductor 402 has an input terminal 404 that is connected 
by a conductor 409 to one terminal of a capacitor 405, 
and through a capacitor 408 to the conductor 165, the 
other terminal of the capacitor 405 being grounded as 
at N, the output from the ?lter 401 appearing on the 
conductor 409. The inductor 402 has a plurality of taps 
thereon, and speci?cally l0 taps that are identi?ed by 
the numerals 410 through 419. Associated with se 
lected ones of the taps are two transistors 420 and 430. 
More speci?cally, the transistor 420 has a base 421 that 
is connected to one terminal of a resistor 426 by means 
of a conductor 404, the other terminal of the resistor 
426 being connected to the conductor 425. The transis 
tor 420 has a collector 422 that is connected to the tap 
419 on the inductor 402, while the emitter 423 is con~ 
nected to ground potential. 
The transistor 430 has a base 431 that is connected to 

one terminal of a resistor 436, the other terminal of the 
resistor 436 being connected to the conductor 435. 
The transistor 430 has a collector 432 that is connected 
to the tap 412 on the inductor 402, while the emitter 
433 is connected to ground potential. 
The tapped ?lter 501 includes an inductor in the 

form of a coil 502 having associated therewith a mag 
netic core 503, at least a portion of the core 503 being 
movable and adjustable whereby the inductor 502 can 
be slug tuned. The inductor 502 has an input terminal 
504 that is connected by a conductor 509 to one termi 
nal of a capacitor 505 and through a capacitor 508 to 
the conductor 165, the other terminal of the capacitor 
505 being grounded as at N, the output from the ?lter 
501 appearing on the conductor 509. The inductor 502 
has a plurality of taps thereon, and speci?cally, l0 taps 
that are identi?ed by the numerals 510 through 519. 
Associated with the selected ones of the taps are two 
transistors 520 and 530. More speci?cally, the transis 
tor 520 has a base 521 that is connected by a conductor 
524 to one terminal of a resistor 526, the other terminal 
of the resistor 526 being connected to the conductor 
525. The transistor 520 has a collector 522 that is con 
nected to the tap 511 on the inductor 502, while the 
emitter 523 is connected to ground potential. 
The transistor 530 has a base 531 that is connected to 

one terminal of the resistor 536, the other terminal of 
the resistor 536 being connected to the conductor 535. 
The transistor 530 has a collector 532 that is connected 
to the tap 518 on the inductor 502, while the emitter 
533 is connected to ground potential. 
Associated with the tone control circuits is the in~ 

verter 460 that is also illustrated in detail in FIG. 7, the 
inverter being in the form of a transistor 470 having a 
base 471 connected through a resistor 462 to the con 
ductor 435. The transistor 470 further has its emitter 
473 grounded and the collector 472 is connected to the 
conductor 425 and through a resistor 46! to the +DC 
conductor 155. 
Considering now the operation of the receiver 400, in 

order to obtain an output from the loudspeaker 125, a 
four tone sequence of the proper selected control tones 
must be applied to the receiver 400, each tone prefera 
bly having a time duration of at least about 40 millisec 
onds and adjacent tones having substantially no gaps 
therebetween. Furthermore, the ?rst and third tones 
received must be those to which the filter 401 is tuned 
when the transistors 420 and 430, respectively, are 
conducting, and the second and fourth tones received 
must be those to which the ?lter 501 is tuned when the 
transistors 520 and 530, respectively, are conducting. 
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Upon the reception of the ?rst tone, an audio signal 
corresponding to the ?rst tone is applied along the 
conductors 123-124 as an input to the limiter 150, and 
there appears on the conductor 165 a series of square 
wave forms. The transistor 470 in the inverter 460 is off 
at this time so as to allow the transistor 420 to be con 
ducting and thus to tune the ?lter 401 for reception of 
the ?rst control tone. Accordingly, the output on the 
conductor 165 is developed across the resonance cir 
cuit and the output of ?lter'401 as a sinusoidal wave 
form appears on the conductor 409. The sinusoidal 
wave form on the conductor 409 is recti?ed by the 
recti?er 440 and is applied as one of the positive inputs 
to the AND CIRCUIT 445, the other required positive 
input being applied along the conductor 425. 
The output of the AND circuit 445 is a positive volt 

age which triggers the Schmidt trigger 450, thus to 
cause a negative going voltage to be applied alongv the 
conductor 451 to the delay circuit 452 which after a 
predetermined time interval cause a trigger pulse to be 
applied on removal of tone to the monostable multivi 
brator 455. Upon the removal of the ?rst tone from the 
receiver 400, a positive output is derived from the 
multivibrator 455 that is applied along the conductor 
525 to select the second tone in the ?lter 501 by ren 
dering the transistor 520 conductive in the ?lter 501 
and also to provide one of the necessary positive inputs 
to the AND circuit 545. 
Assuming that the second control tone in the se 

quence is now received, the ?lter S01 is resonant to the 
input frequency and thereby develops a sinusoidal 
wave form at conductor 509 of the second control tone 
frequency thereon which is applied to the recti?er 540. 
The output from the recti?er 540 is a positive voltage 
that provides the second required positive input to the 
AND circuit 545, thereby to cause an output therefrom 
that is applied to the Schmidt trigger circuit 550. The 
output from the AND circuit 545 is fed back along the 
conductor 546 to the multivibrator 455 to hold it in the 
active condition for the duration of the second tone, 
regardless of the time duration of the second tone. The 
output from the AND circuit 545 also. trips the Schmidt 
trigger circuit 550 and the output is applied to the delay 
circuit 552, whereby if the output from the Schmidt 
trigger circuit persists for the predetermined delay 
period, the multivibrator 555 will provide an output on 
the interruption of the second control tone. The output 
of the multivibrator 555 is applied along the conductor 
435 to select the proper tone No. 3 in the ?lter 401 by 
rendering the transistor 430 conductive, and the output 
for the multivibrator 555 is also applied along the con 
ductor 435 as a positive input to the AND circuit 560 
and to the inverter 460. The inverter 460 now conducts 
so as to cause the transistor 420 to cease conduction 
and thus effectively to remove the connection thereof 
in the ?lter 401, and at the same time positive voltage 
is removed from the conductor 425 to the AND circuit 
445 preventing it from operating. 

If the proper third control tone is now received on 
the conductor 165, the ?lter 401 will pass the third 
control tone to the recti?er 440 which will now apply 
the third control tone as a positive input to the AND 
circuit 445 (there being no output from circuit 445 
since there is now no input on conductor 425) and also 
to provide a second input to the AND circuit 560, 
whereby a potential is applied along the conductor 561 
to the multivibrator 555 to hold it in the active conduc 
tion so long as the third tone is received. 
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Output of the AND circuit 560 is also applied to the 

Schmidt trigger circuit 565, the output of which is 
supplied along the conductor 566 through the delay 
circuit 570 and the conductor 571 to the multivibrator 
575. Provided that the third tone persists for a time 
interval, determined by the delay circuit 570, upon the 
release or removal of the third tone, the multivibrator 
575 causes an output pulse to appear on the output 
conductor 576 which is fed back to select the proper 
?lter for tone No. 4 along the conductor 535, and this 
signal is also applied as one of the positive inputs to the 
AND circuit 580. 
Assuming that the proper fourth tone in the sequence 

of tones is now received, there will be an output from 
the ?lter 501 and the recti?er 540 which is applied 
along the conductor 541 as a second positive input to 
the AND circuit 580, thereby to provide an output 
therefrom that is fed via the conductor 581, the delay 
circuit 585 and the conductor 586 to the output control 
circuits 590, whereby the circuits 590 are energized if 
the time duration of the fourth tone is longer than the 
delay provided by the delay circuit 585. It is noted that 
a HOLD ON potential is applied from the output of the 
AND circuit of the conductor 580 along the conductor 
581 to the multivibrator 575 to hold it in the active 
condition so long as the fourth tone is received. The 
output signal on the conductor 586 is operative to 
cause operation of the circuits 590 in the same manner 
as the control circuits 370 described above, thereby to 
energize the relay 130 and to connect the loudspeaker 
125 to the output of the transformer 120. 

It is further pointed out that in the receiver 100 of 
FIG. 2 a ?xed bias has been applied to the ?rst Schmidt 
trigger circuit, which circuit is so designed that a full 
output is obtained therefrom whenever the ?xed volt 
age bias is exceeded. If the ?xed voltage bias is not 
exceeded, the circuit is completely inoperative. The 
limiter 150 provides a square wave as an input to the 
?lters, which square wave is of constant ‘amplitude, 
whereby there is a constant output voltage from the 
?lters for any given tone frequency. These features 
provide a constant frequency bandwidth for the limited 
signal, i.e., the upper and lower frequency that will trip 
the Schmidt trigger circuit is predetermined by the 
interrelationship between the ?lter curve, the limiting 
level, and the DC bias level. As explained above, the 
limiting or bias level can be varied to alter the response 
bandwidth. On all other Schmidt triggers the bias is 
supplied by the monostable multivibrator feeding its 
AND input when it is triggered to the “on" condition. 
These are each shown with a potentiometer similar to 
295 in FIG. 4. 
Referring now to FIGS. 8 and 9 of the drawings, there 

is illustrated a third embodiment of the present inven 
tion wherein a sequence of 7 tones is required to actu 
ate the receiver, the receiver being designated by the 
numeral 600 and being illustrated in schematic and 
block diagram form in FIG. 8. The receiver 600 utilizes 
the input circuits and components from the antenna 
101 through the limiter 150 and onto the conductor 
165 from the receiver 100, whereby the same reference 
numerals have been applied to these components and 
the description thereof will not be here repeated in the 
interest of brevity. 
The output of the limiter 150 on the conductor 165 is 

fed to two-tone control circuits, the lower tone control 
circuit including a special tapped ?lter 601 identi?ed 
by the legend FILTER # l of a construction to be 
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described hereinafter, the input to the ?lter 601 being 
a series of square waves and the output thereof appear 
ing on a conductor 609 in the form of a sinusoidal wave 
having the frequency of the selected control tone. The 
conductor 609 connects to a recti?er 670 which serves 
to rectify the input thereto and which has the same 
construction as the recti?er 220 above. The output 
from the recti?er 670 is a positive voltage that is sup 
plied along a conductor 671 as one of the inputs to an 
AND circuit 672. The output from the AND circuit 
672 appears on a conductor 673 that is connected to 
the input of a Schmidt trigger circuit 675, the AND 
circuit 672 and the Schmidt trigger circuit 675 together 
having the construction of the Schmidt trigger circuit 
330 described above. The output from the Schmidt 
trigger circuit 675 is connected by a conductor 676 to 
a delay circuit 680 of the same construction as the 
delay circuit 260, and the output from the delay circuit 
680 is connected by a conductor 681 as one input to a 
monostable multivibrator 685 of the construction de‘ 
scribed above with respect to the monostable multivi 
brator 270. The output from the multivibrator 675 
appears on a conductor 725 that connects into the 
upper tone control channel. 
The upper tone control channel includes a special 

tapped ?lter 701 identi?ed as FILTER # 2, also to be 
described more fully hereinafter, one of the inputs to 
the ?lter being from the conductor 165 and other in 
puts being from the conductors 725, 735 and 745, to be 
described more fully hereinafter. The output from the 
?lter 70] appears on ‘die conductor 709 connected to a 
recti?er 770 of the same construction as the recti?er 
320 described above. The output from the recti?er 770 
is on a conductor 771 that supplies one input to an 
AND circuit 772, the output of which appears on a 
conductor 773 connected as an input to a Schmidt 
trigger circuit 775; the AND circuit 772 and the 
Schmidt trigger circuit 775 together having the con 
struction of the Schmidt trigger circuit 330 described 
above. The output from the Schmidt trigger circuit 775 
appears on a conductor 776 and is supplied as an input 
to a delay circuit 780 having the construction of the 
delay circuit 260 described above. The output from the 
delay circuit 780 appears on a conductor 781 and is an 
input to a monostable multivibrator 775 having a con 
struction like the monostable vibrator 270. 
The output from the monostable multivibrator 785 

appears on a conductor 63S and is applied as an input 
to the filter 601 and as an input to a NOR circuit 800. 
Other inputs to the NOR circuit 800 are applied by the 
conductors 645 and 655, while the output from the 
NOR circuit 800 appears on the conductor 625. 
The outputs on the conductors 635 and 671 are ap 

plied as inputs to the ?rst of four tone selecting and 
responding circuit 870, each of which includes an AND 
circuit 872, a Schmidt trigger circuit 875, a delay cir~ 
cuit 880 and a monostable multivibrator 885, the AND 
circuit 872 in combination with the Schmidt trigger 
circuit 875 having the construction of the Schmidt 
trigger 330, the delay circuit 880 having the construc 
tion of the delay circuit 260 and the monostable multi 
vibrator 885 having the construction of the multivibra 
tor 270, all described heretofore. 
More speci?cally, the inputs on the conductors 635 

and 671 are applied as inputs to such a tone selecting 
and responding circuit 870A including an AND circuit 
872A. The output from the AND circuit 872A appears 
on a conductor 873A which is connected to the input 
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of a Schmidt trigger circuit 875A, and also as an input 
to the monostable multivibrator 785. The output from 
the Schmidt trigger circuit 875A is connected by a 
conductor 876A to a delay. circuit 880A, the output of 
which is applied along‘a conductor 881A as an input to 
a monostable multivibrator 885A. The output of the 
monostable multivibrator 885A, which is also the out 
put of the tone selecting and responding circuit 870A, 
is applied along the conductor 735 as a tone-selecting 
signal to the ?lter 701 and as an input to the next tone 
selecting and responding circuit 8708. 
The tone selecting and responding circuit 8708 has 

the same essential construction and arrangement as the 
tone selecting and responding circuit 870A, and there 
fore in the interest of brevity will not be repeated, it 
being pointed out that one of the outputs therefrom 
appears on a conductor 8738 which is a HOLD ON 
circuit for the multivibrator 885A, and the output from 
the circuit 870B appears on the conductor 645 and is 
applied as a tone-selecting signal to the ?lter 601 and as 
the input to the next tone selecting and responding 
circuit 870C. 
The tone selecting and responding circuit 870C like 

wise has the same essential construction and arrange 
ment as the circuit 870A, and therefore will not be 
described in detail, except to point out that one of the 
outputs therefrom is along the conductor 837C to the 
multivibrator 885B serves as a HOLD ON signal there 
for, and the output from the circuit 870C appears on 
the conductor 745 and is applied as the signal to the 
?lter 701 to select control tone No. 6. 
The output from the circuit 870C is applied also as an 

input to the circuit 870D which has the same essential 
construction and arrangement as the circuit 870A, it 
merely being pointed out that one of the outputs 
thereof is a HOLD ON signal appearing on the conduc 
tor 873D which is applied to the multivibrator 885C, 
the output of the circuit 870D appearing on the con 
ductor 6,55 and being applied as a signal to the ?lter 
601 to select the control tone No. 7. 
The output of the circuit 870!) is also applied as one 

of the inputs to a combination Schmidt trigger and 
AND circuit 980 of the construction of the circuit 330 
described above, the signal on the conductor 671 also 
being applied thereto. The output from the circuit 980 
is applied along a conductor 981 to a delay circuit 985 
of the same construction as the delay circuit 260, the 
output of the circuit 980 also being applied to the mul 
tivibrator 885D as a HOLD ON signal therefor. The 
output of the delay circuit 985 is applied along a con 
ductor 986 to an output control circuit 990 having a 
same construction and arrangement as the control cir 
cuits 370 described above. 
Referring now to FIG. 9 of the drawings, there are 

illustrated the further details of the ?lter 601 and 701 
and of the NOR circuit 800. As illustrated, the ?lter 
601 includes an inductor in the form of a coil 602 
having associated therewith a magnetic core 603, at 
least a portion of the core 603 being movable and ad~ 
justable, whereby the inductor 602 can be slug tuned. 
The inductor 602 has an input terminal 604 that is 
connected by a conductor 609 to an output terminal 
607 and through a capacitor 608 to the conductor 165, 
the other terminal of the capacitor 605 being grounded 
as at N, the output from the ?lter 601 appearing on the 
conductor 609. The inductor 602 has a plurality of taps 
thereon, and speci?cally I0 taps that are identi?ed by 
the numerals 610 through 619, each of the taps as 


























