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My invention relates to an intelligence~trans-
mitting means using two tones which are im-
pressed upon a carrier-current wave, preferably
by amplitude-modulation of the carrier, although
the carrier might be freguency-modulated. It is
a distinctive feature of my invention that one of
the two tones which are used in the transmission
of any bit of intelligence is normally being trans-
mitted, when there is ne intelligence to be trans-
mitted, and is used, at the receiving end, as a
restraining means or as a lock-out means, for
preventing any signal-response. When intelli-
gence is-to be transmitted, the tone-frequency is
changed or shifted from the normal tohe-fre-
quency to the other tone-frequency of the pair
of tones which are associated with that particu-
lar piece of intelligence, and hence, at the receiv-
ing end, the restrdint or response-prevention is
removed, and the receiving apparatus is free to
respond to the second tone, thus completing the
transmission of the intelligence in question.

The word carrier is here used as indicative of
any high-frequency currents which are used as
a cerrier for transmitting a superimposed tonhe-
signal having a much lower freguency than the
garrvier. The ecarrier current may be either a
radic-frequency current which is superimposed
uponr one of the line-conductors of a transmis-
sion-line, or an ultra-high-frequency microwave
current which is beamed to a remote terminal
of a transmission systemr by means of a direc~
tional antenna located at the relaying station or
line-terminal, or any other kind of carrier wave
which is used in any kind of communication
system.

Heretofore, the use of tone-signals has been
considered for reiaying purposes, but the time-
delays which are involved have been such as to
make the direct keying of the tone-transmitter
too slow for many relaying purposes. It requires
about five cycles of the tone-frequency, after key-
ing-on a tone, to build up the magnitude of the
tone to a usable value. After the turning off of
the tone-transmitter, it requires about ten cycles
of the tone-frequency for the tone to die out.
With my freguency-shifting system, it requires
onl J about two cycles of the tone-frequency to
shift from one tone-frequency to a distinguish-
ably different tone-freguency.

An important advantage of my present system
is to avoid the possibility of incorrect operations
or responses, as a result of interference caused
by transients. Generally, a transient that will
generate one tone-frequency, will generate a wide
band of tone-frequencies in that vicinity, due to
the steep wave-front of the transient, thus simul-
taneously producing both of the tones which are
associated with any particular kind of intelli~
gence which is to be transmitted. In using my
invention, the restraint which is-produced by one
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of these tones is so strong, or so effectively ap-
pled, that no response can be obtained when -
both tones are bheing received, as was the case in
previous tone-responsive intelligence-transmit-
ting means.

My shifting-tone signalling~-means is advan-=
tageous over means which depend upon the am-
plitude of the carrier-current medulation, as dis-~
tinguished: from the fone-ireguency of the .car-
rier=current miedulation, particularly in. t ose’
carrier-systems which are subject to wide and
studden fluctuations of attenuation in the carrier-
current transmission, because, in my sysiem; no
attention nesds to bBe paid-to either the amplitude
of the modulation or signal, or the amplitude-
ratio of the signal to: the unmodulated carrier
wave. In my system, it is possikle to selecmvely
pick out the tone er the pair.of tones to w
o response is- to be obtdined, and thert 4]
said tones to a constant amplibude, whie ]
bé the same regardless of tlie carrier- curlen;;
attenuation, and then the response can be made
to the frequency of ‘the téne or to the ir equﬂncy—
shift of the tone.

With the foregoing and othel objectives in
mind, my inhvention consists in the circuits, sys-
tems, combinations, dpparatus, parts; and me’s‘h‘--'
ods of design and use, hereinafter deseribed and
claimed, and illustrated in the  accompanying
drawing, wherein?

PFigure 1 is a diagrammatic view of circuits
and apparatus illustrating the receiving end of
a tone-shifting carrier-¢urrent: transfer-tripping
relaying system usihg my invention;

Fig. 2 is a tone-frequency diagram illustrative. -
of my invention; and ’

Fig. 3 is a block diagram of circuits and ajp=-
paratus illustrating & complete six-tone carrier-
current systém using my present ifivention.. -

Pig. 1 shows the tone-responswe end of ah ex-
emplary appliéation of my two- -toné earrier~cur-
rent receiver, as applied to a transfer-tripping
operation in which the intelligence which is to be’
received is information concerning the necessity
for energizing the trip-c¢oil TC of a line-section-
alizing eircuit breaker, id response to fault-con-
ditions which are detected at another terminal
of the protected line-sec¢tion. The apparatus
shown in Fig. | inélides a band-pass filter Fig,
a liriter L’10; a discriminator T, amplifier-tubes
Al and A2, and relays SGl, 8G2, SG, and X2.

The filter Fia is any suitable type of band-pass
filter which will permit thé passage of the two
tone-frequencies' f1 and fz which' jointly cooper-
ate in the transmission of the particuldr kind of
intelligence in question. 'This filter should have
sharp cutoff points, so as to substantially pre-
vent the transmission of any higher or lower fre-
quencies through- said filter. There are a num-
ber of forms of band-pass filfers which will per-
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form such a service. 'The illustrated filter Fis,
in ¥ig. 1, has two input-leads Ta and 1b. A first
parallel-resonance device 8 is connected across
said leads, followed by a series-resonance device
9, which is in turn followed by a second parallel-
resonance device 10, connhected in shunt across
the supply-conductors, and finally a shunt-con-
nected resistance Ro.

The output of the band-pass filter Fia is sup=-
plied to a limiter or limited-amplitude amplifier
L/12, through a transformer §i. The purpose of
the limiter XL'12 is to neubralize the effects of a
variable strength or amplitude in the incoming
tone-freguency wave, and to produce a tone of
the same fregquency, having a constant predeter-
mined amplitude or intensity. There are a num-
ker of limiters which are available for produc-
ing such a function. The particular one which
is illustrated in Fig. 1 consists of an overloaded
class-C amplifier-tube (2 in which the grid-cir-
cuit {8 is connected to one output-terminal of
the transformer §i, and in which the cathode-
cirguit i4 is connected to a cathode-circuit re-
sistor 18, and thence to the other output-circuit
{6 of the transformer ii, and also to the nega-
tive hattery-terminal (—). The cathode-circuit
vesistor 18 is shunted by a capacitor Ci. A scc-
ond capacitor Cz is connected between the grid-
circuit (3 and the cathode-circuit 14.

The plate-circuit T of the limiter-tube 12
serves as the output-circuit of the limiter L'ie,
which is coupled to the discriminator 1 by means
of a transformer i8. The essential feature of
the discriminator T is that it shall have two di-
rect-current output-circuits 2i and 22, the volt-
ages of which shift in opposite directions with
respect {o each other, the direction of shift being
dependent upon whether the one tone or the
gther is being received.

In the particular discriminator 7 which is
shown in Fig. 1, there are two separately tunad
discriminators, one of them having the tone-
frequency f1 of tone { for its resonant-frequency
fo, while the other discriminator has the other
tone-freguency fz, corresponding to tone 2, for its
resonant-frequency fo. The connections of these
two discriminators are such that each produces
& zero output-voliage, in its output-circuit 21 or
22, as the case may be, when it receives a pure
tone of the same frequency as its resonance-fre-
quency, but produces a unidirectional output-
voltage at any other frequency of tone-signal.
1 am not limited, however, to this particular type
of discriminator, the only really essential thing
being that T shall obtain a discriminator-re~
sponse which discriminates between the two in-
put-frequencies for which the diseriminator is
adjusted.

In the discriminator T of Fig. 1, the two indi-
vidual discriminators are alike, so that a dsserin-
tion of one will suffice for both, with the under~
standing that the resonant-frequencies are dif-
ferent.
shown, having a discriminator-transformer 23 in
which the primary winding 24 is coupled to the
mid-point 25 of the secondary winding 26 by a
coupling-capacitor Cz. The secondary terminals
27 and 28 are connected by a tuning-capacitor
Cs, which tunes the secondary circuit to the se-
lected resonance-frequency fo which is the same,
say, as the shifted-tone frequency f2 of tone 2.
The secondary terminal 27 is connected to the
outpub~circuit 21 through a rectifier-tube Ti.
The other secondary terminal 28 is connected to
an output-circuit 29 through a second rectifier
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4
tube T2. The two output-circuits 2{ and 29 are
joined by means of a resistance Ri, the mid-
point of which is connected to the mid-point 25
of the secondary winding 28.

The adjustment of this discriminator-cireuit
is such that the direct-current output-voltages
across the two halves of the resistance Ri are
equal and opposite to each other when the input-
frequency into the discriminator is the same as
the resonance-frequency fo to which this dis-
criminator-circuit is tuned, so that no voltage
appears in the output circuit 21 under these
circumstances. - When the other tone-freguency
is fed into the discriminator-circuit in guestion,
a predetermined positive voltage appears in the
output-circuit 21.

The other discriminator-circuit, shown in
Fig. 1, is similar to the discriminator-circuit just
described, except that its secondary-winding ter-
minals 21" and 28’ are reversed, and its tuning
capacitor C’4 is of such size as to tune the sec-
ondary circuit to a resoncnce-frequency fo which
is the same as the unshifted tone-frequency fi
of tone {, so that this second discriminator-gir-
cuit develops a zero voltage in its output-circuit
22 when toune | is received, while it develops a
predetermined positive voltage in its oubtpui-
circuit 22 when tone 2 is received.

The operation of my apparatus, as thus far
described, is illustrated in ¥ig. 2, wherein re-
sponses (current-strengths or voltages) are
plotted against frequencies. Curve (a) of Pig. 2
shows the effect of the band-pass filter Fis, which
is tuned to a center-frequency fe, halfway be-
tween the two tone-ireguencies f1 and fo which
are to be passed by the filter. This curve (@)
shows how the filter passes the two desired tone-
frequencies f1 and fa, but does not pass a sub-
stantial amount of current having either the next
higher tone-frequency f3 or the next lower tone-
frequency fa.

In Tig. 2, the second curve (b) shows the mag-
nitude of the outpui-voltage of the first discrim-
inator-circuit, as it appears in the ocutput-cir-
cuit 2§, plotted as a function of the freguency.
It shows that this output-voltage is zero at the
resonant frequency, which is f» for this discrim-
inator-circuit, while, for the other received tone-
frequency fi, the output-voltage of this discrim-
inator-circuit has its maximum positive value.

In Fig. 2, the third curve (¢) shows the magni~
tude of the output-voltage of the second discrim-~
inator-circuit, as it appears in output-circuit 22,
and shows that this output-voltage is zero when
the frequency fi is being received, while it has
its maximum positive value when the other fre-
quency f2 is being received.

The first oulput-cireuit 21 of the discriminator
1, in Fig. 1, is applied to the grid of an amplifier
tube A, the plate-circuit of which contains the
coil of a relay SGi{ which thus responds to the
frequency f1 of tone 1. Inlike manner, the second
output-circuit 22 of the discriminator 7 is ap-
plied to the grid-circuit of an amplifier tube A2
which energizes the operating coil of a second
relay SG2, which thus responds to the frequency
fa of tone 2.

The first relay SG{ has a back-contact 3i,
whieh is connected in series with a make-con-
tact 32 of the second relay SG2, to energize the
operating coil of a relay 8G. The last-mentioned
relay SG has a back-contact 33 and a make-con-~
tact 34. The back SG confact 33 is in an ener-
gizing circuit for the operating coil of a slow-

dropout relay X2, which is shown as having a
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short circuited coil or slug 35 .which delays its
dropout action for a suitable time. The slow-
drepout relay X2 has a back-contact 88 which
is connected in series with the SG make contast
34 in a tripping circuit which energizes .the
breaker trip-coil TC in response to the SG re=
lay, before the slower-acting X2 relay can open
its back-contact 36.

In Fig. 8 I have indicated, by block diagram,
an iliustrative system in which my invention ean
be used or applied. In any tone-signal or fre-
quency-signal system, where the transmission of
intelligence is dependent upon the fransmission
or non-transmission of one or two selected fre-
quencies, whether audio-frequency tones, or
supersonic tones or radio frequencies, it is prac-
tically always true that there will be other in-
formation-transmitting channels using other se-
lected tenes or frequencies in the adjacent spec~
trum. This will be true, whether the selected
tone or ifrequency is superimposed on a carrier
wave, or transmitted by itself. There are also
various kinds of intelligence which are to he
transmitted, including printing telegraph. sys-
tems, as well as the kind of intelligence-trans-
mivting system which is associated with the oper-
ation of slternating-current power-transmitting
systems for which my invention was primarily
designed. By way of illustration, therefore, I
have chosen to represent a system, using my in-
vention, which is adapted to the needs of power-
line operation, with the understanding, however,
that my invention is not hmlted to this partmular
field of application.

In Fig, 2, therefore, I have shown g three-phase
trans*"ussmﬂ-lm section 4f which is connected to
a station-bus 42 through a circuit breaker CB
having a trip coil TC. Various types of intelli-
gence need to be transmitted from one station to
another, during the successful operation of the
line 4i. Such information can be transmitted
through various kinds of communicating chan=
nels, such as a radio-frequency carrier-wave
which is superimposed upon the power-line &1,
pilot wires owned by the power company, tele-
phone or telegraph wires or channels leased by
the power company, or directional radio or micro-
waves which are not 0vulded by the power-line
conductors.

I have chosen to illustrate, in Fig. 3, a commu=~
nicating channel consisting of a carrier wave
which is produced by a carrier transmitter 43, and
which is coupled, by a transformer 44, to one
of the phass-conductors of the power-line ‘4,
through a tuned circuit 48 and coupling capaci-
tors 437. At the same station, there will generally
be carrier-receiving apparatus, which may be
connected onto a tapped point 48 in the coupling-

transformer 44, through a tuned receiver-cireuit.

49, As the sarme equipment is, or may be, used at
both ends of the protected line-section 41, I have
illustrated only one end or line-terminal, with
the understanding that the other terminals may

be duplicates of the illustrated terminal, except

possibly for the tone-frequencies which are used.

In Fig, g, I have illustrated, by block diagrams,
three typical kinds of information which have to
be transmitted, at times, from one end of the pro-
tected line-section to the other, during the suc-
cessful operation of the line, and for protecting
the line against faults. Thus the block §i in-
dicates a tvansfer—tnpp ing control-apparatus,
which detevmines, from information available at
the relaying station in gquestion, that a fault exists
within the protected line-section 41, and that i}
is necessary to transfer or transmit this informa~
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tion to the remote terminal of the protected line-
section, in order to.trip the circuit breaker which
is located at said remote terminal.

I have also illustrated a.fault-responsive car-
rier-control apparatus .52, in which information
which is received, by carrier, from the remote
terminal of the protected line-section is com-
pared with information ebtainable at the relaying
station, for the purpose of determining whether
any given fault.on the. transmission-system is
located within the confines. of the protected line-
section 41,

.- I'haye . also illustrated-a telemeterlng, conurol-
apparatus 53, whereby information eoncerning
the generating conditions and fthe load-distribu=-
tion at the relaying station can be transmitted to
a load-dispatcher at some other poindt in the
transmission system, or whereby the dispatcher
at ‘the relaying station can operate automatic
load~control equipiment at some remeofs station.

As various means are known, for these three
types of carrier-comnfroliing apparatus, they are
indicated only by block-diagram, as being under
the control of a set of line-eurrent transformers
84 and potential transformers §5.

Two tones or frequencies are assigned to each
carrier=control apparatus, thus making a spec-
trum of six tones or freguencies which are in-
volved in the fransmission of three kinds of i
telligence, as in the particular communication-
system which is shown in Fig. 3. Thus, the trans-
fer-tripping eontrol-apparatus 8i controls an os-
cillator Oi2 which is continupusly osecillating to
produce either tone i or tone 2, or either the
frequency fi. or the frequency f2, sh1f<,1ng fro :
one tone to the other, under the control of ,he;
transfer-tripping control-apparatus 5¢. The out-
put of this osecillator Oi2 is shown as being next
passed through a limiter or wave-shaper Ligz, and
thence on into the modulator-part &7 of the car-

er-current transmitter 43. The carrier-current
modulatmn may be gither amplitude-modulation
or frequency-modulation. At present, amphtude-
modulation is the preferred kind, and I have sg
indicated, in the diagrammatic representation g_f
the modulator &7.

In like manner, the fault- 1esnonswe carrier-~
control apparatus §2 controls a tone-oscillator
Oaz4, which produces either tone 8 or tone 4, hav-
ing either the frequency f3 or fi, according to the
control which it receives; and this osciliator Oss
is ~connegted  to the —amplitude-modulator 51
through its own limiter Lsz..- In the same WYy,
the telemetering- conurol apparatus 53 controls its
oscillator Ose, producing tone § or tone g, ?navmg
the - frequency- fs or fe, w‘zmsmxt,tmg the same'
through its limiter Lss, to the modulator 51,

The carrier-receiving equipment, in Fig. 3, is
illustrated as inciuding, first, a carrier- ~frequency
limiter 59, which is coupled to the tuned receiver-
circuit 49, and which Iimits the am*:_.htqde of the
carrier-wayve which is passed on to the sensitive
detector 60, so that the detector will not be.
damaged by the hlgh amplmude carrvier-wave
which is 1ece1ved from the local tr ansmitter 43.

The detector &8 has an output Whmh contains
all of the tone-frequencies whlch are included
in the received carrier wave. This dstector-
output is passed on to three band-pass flters
F12, F3s and Fse,.each of which is designed %o
pass only the two adjacent tones, in the tone-
spectrum, to which its apparatus is intended to
be selectively responsive. While I have used the
same numbers to designate the tones in the re-
ceiving appa;atus, ‘as in designating the tones
in the corresponding ‘transmitter-controlling ap-
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paratus, it is to be understood that the receiving
apparatus is designed to respond to certain tones
which are transmitted from the other line-ter-
minal, which is not illustrated, while the trans-
mitter-controlling tones are intended to actu-
ate the receiving apparatus at the remote line-
terminal. In most cases, a different set of tones
is used in the transmitter-controlling apparatus
at each station or line-terminal, in order that
separate information may be transmitted both
ways, without interference. This is not neces-
sarily so, however. At any rate, it should be
understood that the tones which are referred to,
in describing the receiving apparatus, are the
tones which are used in controlling the trans-
mitter at the other end of the protected line-
section 41.

The outputs of the three band-pass filters Fiz,
Fyeand Fse are first passed through their respec-
tive limiters or amplitude-limited amplifiers
L’12, I’34 and L/s6, which bring up the respective
pairs of tones, if they are present in sufficient
volume, to a substantially fixed amplitude, re~
gardless of fluctuations in attenuation during the
course of transmission.

The constant-amplitude tones which are pro-
duced by the respective limiters L1z, L'34 and L5
are next passed on to suitable discriminators
which have a separate output-circuit for pro-
ducing direct-current voltages which are se-
lectively varied in response to each of the received
tones, respectively. Any sort of discriminator-
apparatus or arrangement, which will accomplish
such a function, may he used, so far as the work-
ings of the system as a whole are concerned.
I have indicated separate discriminators Di, Da,
Ds, Dy, Ds and Ds, one for each tone, where the
subseript designates the number of the tone to
which the resonant-frequency fo of the discrimi-
nator is tuned, but I intend such illusiration to
be indicative, broadly, of the use of any sort of
discriminator-means for distinguishing between
the frequencies of the pair of tones which are
used in each of the intelligence-transmitting
channels.

The limiter 112 is shown as feeding the dis-
criminators D: and De, while the limiter L/s
feeds the discriminators Ds and D4, and the
limiter L’ss feeds the discriminators Ds and De.
Thus, each of the six discriminators is impressed
with input-currents having either one or both
of two tone-frequencies. Each discriminator pro-
duces no (significant) voltage in response to an
input-tone having the same frequency as its
resonant-frequency fo. Hence each discriminator
produces a (significant) direct-current output-
voltage only in response to the other one of the
two input-frequencies with which it is supplied.
Thus, the discriminator D1 produces an output-
voltage Fo which is responsive to the received
tone 2, while the discriminator D2 produces an
output voltage E: which is responsive only to
the received tone 1. In like manner, the dis-
criminators Dz, D4, Ds and Ds produce the output
voltages Hs, E3, Es and Es, each of which is re-
sponsive only to the received tone designated
by its subscript.

There are thus produced two discriminator-
voltages for each of the types of information
which are to be received by the receiving equip-
ment illustrated in Fig. 3. In each case, it is
assumed that the corresponding transmitter-
controlling apparatus at the remote station is
normally continuously producing the lower-
numbered of the two tones which are assigned
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8
to the transmission of that particular class of
intelligence, and it is assumed that the intelli~
gence is transmitted by shifting the tone from the
lower numbered tone to the higher numbered
tone, of that pair, and back again, in accordance
with the transmitter-controlling apparatus.

In accordance with my present invention, the
first, or lower-numbpered, tone of each pair is
used, in the receiving apparatus, as a signal-
blocking, signal-restraining or signsl-preventing
means, while the other tone ¢f that pair is used
28 the signal-operating means, the restraint be-
ing so strong or so effective that a signalling op-
eration is not obtained if hoth of the tones should
be received -or detected simultaneously. It is
okvious that various means could ke used where-
by this sort of receiver-operation could be ob-
tained, whereby an operation is produced only
if a second tone is received in the absence of a
first tone. It is intended, therefore, that the
Hustration in Fig. 3 be regarded as a diagram-
matic illustration representative of any receiver-
means for effecting the broad objectives just ex~
plained.

In Fig, 3, the first pazir of discriminators D1
and D2 are used to conirol a transfer-tripping
relaying-apparatus §i. Thus, the tone 2 dis-
criminator-voltage ¥ is fed info the transfer-
tripping relaying-apparatus §{ through the back
contact Xi of a relay Xli, the operating coil of
which is energized by the discriminator-voltage
E: which is produced when tone | is being trans-
mitted.

The second pair of discriminators Dz and Da
are similarly used to control a carrier-controlled
relaying-apparatus 2. The discriminator-volt-
age K4, which is responsive to the second tone
4 of that pair, is supplied to said carrier-con-
trolled relaying-apparatus 62, through the back-
contact X3 of a relay X3 which is energized by
the discriminator-voltage Bz which is responsive
to the tone 3 of the pair. The carrier-controlled
relaying-apparatus §2 is shown as having a
second inpub or control-line 82 which is ener-

5 gized from the output of the local fault-respon-

sive carrier-controlling apparatus 82, so that the
carvier-controlled relaying-apparatus 82 can
comparatively respond to both local line-condi-
tions and remote-end line-condifions at the other
terminal of the protected lins-section 44.

The third pair of discriminators Ds and Ds, in
Fig. 3, are shown, by way of illustration, as con-
trolling o differential typs of ielemetering re-
ceiver-relay TM, which has an operating coil O%
which is energized from the discriminator-volt-
age Hs in response to the second tone § of that
pair, and a restraining coil RS which is energized
from the discriminator-voltage s which is re-
sponsive to the first tone 5 of that pair. It is
understood, of course, that the differential type
of relaying apparatus, which iz shown at TM,
could he replaced by the type of control which
is used for the relaying eguipments #i and 82,
or vice versa.

The transfer-tripping relaying-apparatus 6
and the carrier-controlled relaying-apparatus 62
are beth used to con$rol the energization of the
trip cecil TC of the local line~sectionalizing
hreaker CB, as shown by the diagrammaiically
indicated trip-circuit 4. The telemetering re-
lay TM is used to control telemetering apparatus
(not shown), which may be conventional.

An important advantage of the shifting-tone
intelligence-tranmitting equipment, as illustrated
in Fig. 3, is that the same number of tones are

1§
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always:being transmitted by the communication-
system, whether that transmission be by way of
separate tone-frequencies: which are bzaing modu-
lated onio a carrier wave, or whether said trans-
mission be by way of separate independent tone-
frequencies or radio-freguencies- which are
transmitted by themselves, without being super-
imposed upon a higher-frequency carrier-wave.
Each tone, which is used, out of an available
sequence or specirum of tones or freguenciss
necessarily causes some interference with other
tones of the same spectrum or series. This is
inevitable, notwithstanding the faet that various
precautions are used, such as by way of the
limiters or wave-shapers Lagz, Las and Iss in the
transmission-control.  Such . interference will
tenhd to cause false tone-transmission, and hence
false tone-reception; and that interfersnce may
load a receiver until said receiver cannot dis.
criminate between tone and no-tone conditions.

The intelligence-communiecating system, shown
in ¥ig. 8, eliminates this fone-interference trouble
by leaving each tone-transmitier O, O3 and Oss
connected, and .operating, at all times. Xach
tone-transmitier thus “loads” the other tone-
transmitters; or produces side-band tones having
the same frequencies as the other foune-trang-
mitters, but this loading now kecomes constant,
because the tones are always there, and hence
such & loading becomes negligible, because the
receiving apparatus can be adjusted to dis-
criminate against such constant interference.
This system is broadly covered in a copending.ap~
plication of B. E. Lenehan, Serial No. 171,141,
filed June 28, 1950. :

In the intelligence-communicating system, as
used in my present invention, and as shown in
Fig. 3, a proper discrimination between tone and
no-tone conditions is also achieved through the
use of a type of receiving apparatus which re-
sponds to one tone, and is restrained or locked
out by another tone. This sort of safeguard is
particularly advantageous in protecting the ap-
paratus against the sort of interference which
comes from transients of various kinds. Gen-
erally, a transient which will generaie one fre-
quency will generate a wide band of frequencies
in that vicinity, thus producing hoth tones of
each pair of tones which are differentially used

in my tone-receiving apparatus, the apparatus 5

being so designed that it will not respond, if both
tones are received at the same time.

While T have illustrated my invention, and in-
dicated ifs principles of design, operation and
application, with several examples, I wish it to
be understood that my invention is susceptible
of considerable modification, by way of subsbi-
tuting equivalents, or omitting or adding various
parts and refinements, without departing from
the essential spirit of the invention. I desire,
therefore, that the appended claims shall be ge-
corded the broadest construction consistent with
their language.-

I claim as my invention:

1. A frequency-shifting communication-system
comprising a continuously transmitting trans-
mitter normally transmitting a first frequeney,
sighalling controller-means acting on the trans-
mitter for shifting its frequency to a distinguish-
ably different frequency, signal-receiving means
for selectively responding to the shifted frequency
of said transmitter, and signal-blocking means
selectively responsive to the unshifted freguency
of the transmitier for preventing a signal-re-
sponse.
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2. The invention as defined in clairma 1, charac-
terized by said signal-receiving means including
a - discriminator having its resonance-frequency
substantially equal to the unshifted frequency of
the transmitter, and said signal-blocking means
including a- discriminator having its resonance-
frequency substantially equal to the shifted fre-
quency of the transmitter.

3. A frequency-shifting tone-signal communi-~
cation-system comprising a continuousiy trans-
mitting carrier-current transmitter, a shiftable-
frequency tone-frequency modulator for continu-
ously superimposing a tone-frequency modula-
tion on the ecarrier current, said tone-frequency
being mueh lower than the carrier frequency,
signalling controlier-means acting on the modu-
lator for shifting its frequency to a distinguish-
ably different tone-frequency, and receiving ap-
paratus, including means for receiving said modu-
lated carrier current, signal-responsive means
for selectively responding to the shifted tone-
frequency of said received modulated carrier
current, and signal-blocking means selectively
responsive to the unshifted tone-frequency of said
received modulated carrier current for preventing
2, sighal-response.

4. The invention as defined in claim 3, charac-
terized by said signal-responsive means including
a discriminator having its resonance-freguency
substantially egual to the unshifted tone-fre-
quency of the received modulated carrier current,
and said signal-blocking means including a dis-
criminator having its resonance-frequency sub-
stantially equal to the shifted tone-frequency of
the received modulated carrier current.

5. A multi-channel frequency-shifting tone-
signal communication-system comprising a con-
tinuously transmitting carrier-current transmit-
ter, a plurality of shiftable-frequency tons-fre-
quency modulators, each continuously superim-
posing a distinctive tone-frequency modulation
on the carrier current, said tone-freguencies he-
ing much lower than the carrier freguency, a
separate signalling controller-means acting upon
each modulator for shifting its frequency to a
distinguishably different tone-frequency, and re-
ceiving apparatus, including means for receiving
said modulated carrier current, a plurality of
signal-responsive means, each selectively re-
sponding to a particular shifted tone-frequency
of said received modulated carrier current, and
2, signal-blocking means associated with each
signal-responsive means for preventing a signal
response, each signal-blocking means being se-
lectively responsive to the corresponding un-
shifted tone-frequency.

6. The invention as defined in claim 5, charac-
terized by each signal-responsive means includ-
ing g discriminator having ifs resonance-fre-
quency substantially equal to the corresponding
unshifted tone-frequency, and each signal-block~
ing means including a discriminator having its
resonance-frequency substantially equal to the
shifted tone~frequency to which the associated
signal-responsive means is selectively responsive.

7. A freguency - shifting communication - sys-
tem comprising a continuously {ransmitiing
transmitter normally transmiiting a first fre-
quency, signaliing controller-means acting on the
transmitter for shifting its frequency teo a dis-
tinguishahly different frequency, receiver-means
for seiectively receiving a frequency-band in-
cluding said shifted and unshifted frequencies as
substantial limiting-frequencies of the received
band, and signal-receiving means for selectively
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responding to the shifted frequency of said trans-
mitter, said signal-receiving means including a
discriminator having its resonance-frequency
substantially equal to the unshifted frequency of
the transmitter. '

8. A frequency - shifting tone - signal com-
munication-system comprising a continuously
transmitting carrier-current transmitter, a shift-
able-frequency tone-frequency modulator for
continuously superimposing a tone-~freguency
moedulation on the carrier current, said-tone-
frequency being much lower than the carrier
frequency, signalling controller-means acting on
the modulator for shifting its frequency to a
distinguishably different tone-frequency, and re-
ceiving apparatus, including means for receiving
said modulated carrier current, band-pass means
for selectively receiving a frequency-band includ-
ing said shifted and unshifted tone-frequencies

as substantial limiting-frequencies of the re- :

ceived band, and signal-responsive means for
selectively responding to the shifted tone-fre-
quency of said received modulated carrier cur-~
rent; said signal-responsive means including a
discriminatos
substantially equal to the unshifted tone-fre-
quency of the received modulated carrier current.
- 9. A multi-channel freguency-shifting tone-
signal communieation -~ gystem comprising a
continuously transmitting carrier-current trans-
mitter, a plurality of shiftable-frequency tone-
frequency modulators, each continuously super-
imposing a distinctive tone-frequency modulation
on the carrier current, said tone-frequencies
being much -lower than the carrier frequency, a

having its resonance-frequency -
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separate signalling controller-means acting upon
each modulator for shifting its frequency to a
distinguishably different tone-frequency, and
receiving apparatus, including means for receiv-
ing said modulated carrier current, a plurality of
signal-responsive means, each including a band-
pass means for gelectively receiving a frequency-
band including, as substantial limiting-frequen-
cies of said band, the shifted and unshifted
tone-frequencies of one of said modulators, and
a plurality of signal-receiving means, each selec-
tively responsive to the shifted tone-frequency of
its band, each signal-receiving means including
a discriminator having its resonance-frequency
substantially equal to the corresponding un-
shifted tone-frequency.

10. In a relay system, a device to be controlled
responsive to an intelligence signal, actuating
means associated with said device, means com-
prising frequency shift apparatus for applying a
blocking sighal to said actuating means at all
times when an infelligence signal is absent and
for removing said blocking signal during all times
when an intelligence signal is present.
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