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This invention relates to an improved 
communicating system, and its principal ob 
ject is to provide means for controlling 
switching mechanism, and establishing com: municating circuits through the medium of 
high frequency oscillations either trans 
mitted through space in the form of electro 
magnetic waves or guided upon metallic 
conductors. 

It is the object of this invention to pro 
vide a system in which high frequency 
waves may be used as the medium for es 
tablishing communication between any high 
frequency station and any other high fre 
quency station of a number of associated 
stations and as the medium for controlling 
the operation of switching mechanism at the 
distant station; in which automatic switch 
ing mechanism associated with one high fre 
quency station may be operated to place 
that high frequency station in operative rela 
tion with anyone of a number of other high. 
frequency stations; in which the calling 
high frequency station may have associated 
with it a number of local stations, which may 
be subscribers' telephone stations, with 
means under the control of each local sta 
tion for extending 
ciated high frequency trunk; in which two 
or more high frequency stations may be 
available for extending a connection from 
or to any one of an associated group of 

3 5 

local stations; in which the automatic 
switching mechanism and high frequency 
station selecting mechanism of the calling 
high frequency station may be under the 
control of any local station that has extend 

40 

ed its circuit to the calling high frequency 
station, so that the local station may es 
tablish operative relation through the asso 
ciated high frequency station with any of 
the other high frequency stations; in which 
the distant or called high frequency station . 
may be provided with switching mechanism. 
for connecting it with any one of 8, nun 
ber of associated local stations; in which 
this switching mechanism of the called high 
frequency station may be under the control of controlling mechanism at the calling high 
frequency station, which controlling mech 
anism at the calling high frequency station. 
may in turn be under the control of cone 
trolling apparatus at the local station that 

intanicatin 

its circuit to the asso 

has become connected with the calling high 
frequency station, so that the local sta 
tion associated with the calling high fre 
quency station may select and establish oper 
ative relation with any one of the other high frequency stations, and may then select 
and establish operative relation with any of 
the local stations associated with the selected 
or called high frequency station; in which 
the calling local station may control the re 
iease at both high frequency stations; in 
which the calling high frequency station 
may be prevented from establishing com 

w or controlling relation with a 
called high frequency station that is at the 
time in communication, either as a calling 
station or as a called station, with some 
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70 
other high frequency station, or has been ap 
propriated by any of its associated local 
stations preparatory to being used to estab 
lish communication with some other high 
frequency station; in which any local sta 
tion may be prevented from extending its 
circuit to the associated high frequency sta 
tion if that station has been appropriated 
by some other local station; in which a 
called high frequency station is caused auto 
matically to signal its accessible condition 
back to the calling high frequency, station; 
in which the receipt of this signal by the 
calling high frequency station automatical 
ly brings about the operation of apparatus 
for completing the connection of the calling 
station with the called station, and in which 
the failure of such signal to be received pre 
vents the apparatus of the calling station 
from completing the connection; in which 
the unavailable condition of the called high frequency station brings about the applica 
tion of a busy signal to the circuit of the 
calling high frequency station; in which 
the impulses for effecting the control of the 
selecting and connecting switches at the 
called high frequency station may be stored 
up in register apparatus at the calling high 
frequency station, and may be released by 
the receipt of the signal from the called 
high frequency station indicating its non 
busy or available condition; in which the register mechanism at the calling high fre 
quency station may receive at their normal 
rate the impulses determined by the opera 
tion of the controlling switch at the local 
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station, and may translate these impulses into high frequency impulses succeeding 
each other at a different rate; in which the high frequency impulses received at the 
called high frequency station may be stored 
in register mechanism at the rate at which 
they are received, and may be translated into 
impulses at a different rate for operating 
the selecting and connecting, switches that 
complete the connection with the desired 
local station associated with the called high 
E. station; in which the register mechanism at the calling and called high 
frequency stations may automatically in 
terpose a "change-over' interval between the 
groups of impulses transmitted; in which 
carrier waves of different frequencies may 
be employed as the media for selectively es 
tablishing operative relation between each 
high frequency station and the various other 
high frequency stations; in which each high 
frequency station has a normal carrier wave 
frequency for receiving and a different nor 

: mal carrier wave frequency for transmitting 
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and in which the selection of any desired 
high frequency station is accomplished 
through the medium of automatic switch 
ing appratus that operates to tune the trans mitting system of the calling high frequency 
station to the normal carrier wave frequency 
of the called station, and the receiving sys 
tem of the calling high frequency station 
to the normal transmitting carrier wave 
frequency of the called station; in which 
each carrier wave is multiplexed by having 
applied to it one intermediate frequency for 
talking or communicating and another in 
termediate frequency for signaling or con trolling, the E. intermediate frequency 
being modulated by the talking or communi 
cating currents and the second intermediate frequency being modulated by the operation 
of the signaling or controlling apparatus; in 
which the receiving antenna system of each 
high frequency station is arranged to re 
spond selectively to the two superposed in 
termediate frequencies and utilize one for 
the reproduction of the transmitted voice 
or communicating currents and the other 
for the reproduction of the transmitted sig 
nalling or controlling currents; and in which 
the circuit organization of each of the high 
frequency stations is so arranged that the 
circuit operates as a two-way trunk, and 
is automatically adapted for outgoing calls 
originating in the associated local stations, 
or for incoming calls originating in local 
stations associated with other high frequency 
stations. The foregoing are some of the 
principal objects that the system of the pres 
ent invention is designed to attain. The 
nanner in which the foregoing and other 
desirable objects are accomplished will be 
explained in the following description of 
the preferred embodiment of the system, and 
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the structures through which the novel fea 
tures are realized will be defined in the ap pended claims. 
The preferred embodiment of the inven 

tion is illustrated in the accompanying 
drawings, in which Figs. 1 to 8 inclusive 
show diagrammatically as much of the cir 
cuit. Organization as is necessary to enable 
the invention to be understood. The sheets 
of drawing are to be arranged side by side 
in the manner indicated in Figure 9. 
As illustrated in the drawing, there are 

two radio stations or trunks, S-1 and S-3, 
each having associated with it certain local 
stations, A, B and C, D, respectively. It 
will be understood that there may be a plu 
rality of such radio stations or trunks with 
their associated local stations. As the other 
radio stations may all be equipped similarly 
to those illustrated, it is not necessary to 
show them, and the stations S-1 and S-3 
may be assumed to be representative of the 
other stations. Furthermore, in order to 
simplify the drawing, the organizations of 
the two radio stations illustrated are not 
shown in their entirety. As each of the 
radio station circuits is designed and adapt 
ed to operate as a two-way trunk, it is 
equipped with all of the apparatus required 
for enabling it to be used both for incoming 
and outgoing connections, and as it is as sumed for the purposes of the present de 
scription that station S-1 is the calling 
station and station S-3 is the called sta 
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tion, certain of the apparatus at each Sta- 100 
tion that is involved only when the condi 
tions are reversed, or is involved under the 
conditions here assumed but is fully illus 
trated in connection with the organization 
of the other station, is omitted from the 105 
drawing or is partially indicated in areas 
bounded by broken lines. In the complete 
organization the apparatus and wiring fully 
shown at either of the radio stations ilius 
trated, is also present at the other station. 110 

Referring now to the organization as it 
is illustrated at the two stations S-1 and 
S-3, each of the radio trunks is provided 
with a radio terminal consisting of the 
antennae, T-1 and R-1 (or T-3 and 1 
R-3); and also with certain conductive ter 
minals, such as the spring jack 55, the pas 
sive terminals of automatic switches such as 
the selector switch indicated at 6, and the 
active terminals of a line switch as indi-l 
cated at 16. At the spring jack terminals 
55 of the radio trunk the connecting cord 
52 may be connected with the trunk by 
means of the plug 54, the connecting cord 
being provided with the usual equipment 
including a calling dial 51. It is customary 
in the art to make a distinction between 
automatic systems, the switches of which 
are controlled from a subscriber's substation, and Systems. in which manual substations 
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may be connected to an automatic system 
through the medium of an operator's cord 
circuit, such as that show having asso ciated with it automatic switch-controlling 
means. The former type is called a full 
automatic system and the latter type a semi 
automatic system. The present invention is 
equally well adapted to be used in connec 
tion with either a full automatic or a semi 
automatic system and has been illustrated 
as having the necessary connections for both 
types. When the radio trunk is being used 
as an out-going trunk for calls originating 
in the associated local stations, as A, B, the 
local lines are connected with it through the 
medium of line switch 5 and the selector 
switch 6. The line switch 5 may be of the type commonly known as the Keith line 
switch, and the selector switch 6, may be a 
selector switch of the Strowger type, the 
associated circuits for the control of these switches being of the sort ordinarily used; 
or any other of the well-known arrange 
ments used in the telephone art for extend 
ing the connection of a telephone line to the 
central office apparatus may be substituted. 
When the radio trunk is used as an incom 

ing trunk for the extension to one of the local 
lines of a call originating at some other radio 
station, the circuit of the trunk is extended 
through the medium of a line switch 16, a 
selector switch 17 and a connector switch 
18, these switches being conveniently of the type and having the wiring arrangement of 
the switches referred to above. 
The radio terminal of the trunk may con 

sist of two antennae T-1 and R-1. These 
antennae may be of any desired form, and 
should preferably be located at a sufficient 
distance apart to insure the selectivity of the 
receiving antenna with respect to the energy 
in the wave radiated by the transmitting an 
tenna; or, if it is desired to locate the an tennae closer together the irresponsiveness of 
the receiving antenna to the energy it re 
ceives from the transmitting antenna may be 
attained by any of the several methods that 
are available in the art. 
The medium that is employed in the pres 

ent instance for effecting radio communica 
tion between the transmitting antenna T-1 

60 

and the receiving antenna, as R-3, of the 
distant radio station is a high frequency car 
rier wave, the oscillatory current for produc 
ing which is generated in the high frequency 
oscillator 101. The oscillator circuit may be 
of a well-known type comprising a vacuum. 
tube or thermionic amplifier with an oscil 
lation circuit including inductively related 
inductances in the input and output circuits 
of the tube. The filament current for this 
oscillator is supplied by the filament current 
battery 95, and the plate current is supplied 
by the plate current battery 96. 

33 

The carrier wave produced by the high 
frequency oscillator 101 carries two interme 
mediate frequencies, one of these interme 
diate frequencies being generated by the os 
cillator 109 and the other being generated by 
the oscillator 145. Both of these are vacuum 
tube oscillators having oscillation circuits of 
the same type as the carrier wave frequency 
oscillator 101 referred to above. The inter 
mediate frequency oscillatory currents gen 
erated by the oscillator 109 are modulated 
by the voice currents transmitted from the 
telephone transmitter of the associated local 
station. The voice currents from the asso 
ciated local station pass over the talking con 
ductors. 46 and 47 of the trunk and through 
the four equal windings of the two-way re 
peating coil 87 into the balancing network 
88. The junction points of the two serially 
included repeating coil windings in each side 
of the line circuit are connected by way of 
conductors 78 and 79 with the input circuit 
of a thermionic amplifier 107, and the out 
put circuit of the amplifier is inductively 
coupled with the input circuit of the modu 
lator 108. The operation of the oscillating 
and modulating circuits herein disclosed is 
briefly as follows: The oscillator 109 and 
modulator 108 are supplied with plate cur 
rent through the choke coil 97 which has suf 
ficiently large inductance to prevent the pas 
sage therethrough of current fluctuations of 
frequencies as high as those used in trans 
mission of speech. The plate current sup 
ply circuit for the oscillator 109 contains also 
a choke coil 128 which transmits voice fre 
quencies but has sufficient inductance to pre 
vent the passage of current fluctuations cor 
responding to the frequency of oscillator 109. 
Since the current supplied to the tubes 108 
and 109 together in parallel is maintained 
constant whereas the current through the. 
tube 108 alone is controlled by the impressed 
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voice current, the current through the oscil 
lator 109 is made to vary in a complemental 
manner. and, therefore, the amplitude of the 0. 

wave generated by the oscillator 109 varies 
in accordance with voice received over the 
line conductors. The frequency of oscillator 
109 is controlled by the condenser C, while 
the condenser C, which is too large to have 
an appreciable effect on the period of the os 
cillator, serves to prevent short-circuiting of 
the battery 96. 
The oscillators 109, 145 and 101 are all 

connected to and feed into the input circuit 
of the modulating tube 102. Condenser C. 
affords a high frequency by-pass for the 
radio frequency current from oscillator 101. 
The output coils from oscillators 109 and 145 
are in series. . However, the coupling of the 
oscillator circuits to the common work cir 
cuit may be made sufficiently loose to pre 
vent reaction of one oscillator upon another 
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and to prevent the constants of the work cir 
cuit from affecting the period of the oscil 
lators. 
The action of the modulator 102 is some 

what different from that of 108 since all of 
the waves are impressed upon the grid cir 
cuit and the modulating action depends 
upon the variation of the tube impedance to 
the passage of the radio frequency current 
under control of the currents impressed from 
oscillators 109 and 145. The result is that 
the radio frequency wave is modulated by 
each of the waves from the intermediate fre 
quency oscillators each of which is, in turn, 
modulated or controlled by currents or waves 
of lower frequencies, the one by voice fre 
quency waves, as has been explained, and the 
other by control impulses as will now be 
described. 
The operation of the intermediate fre 

quency oscillator 145 is controlled at the con 
tacts of the relay 98, which relay is governed 
in its operation by the controlling apparatus 
of the trunk circuit. When the relay 98 is 
operated, the oscillator 145 acts to generate 
oscillatory currents of the frequency pre 
determined by the adjustment of the induc 
tance and capacity of its oscillating system; 
and when the relay 98 is inert, the oscillator 
ceases to generate these oscillatory currents. 
The output circuit of the modulator 102 is 

inductively coupled with the tuned input cir 
cuit 104 of a power amplifier 105 of the ther 
mionic type, and the output circuit of the 
amplifier is inductively coupled with the 
tuned transmitting antenna T-1 of the 
system. The tuning of the amplifier input 
circuit 104 and of the transmitting antenna 
T-1, as well as of the oscillating circuit of 
the carrier wave oscillator 101 is accom 
plished through the medium of a plurality 
of branches under the control of the relays 
114, 115, 116, and 117; 124,125, 126 and 127; 
and 134, 135 136 and 137. The tuning 
branches of the carrier frequency oscillator 
101 and of the amplifier 105 controlled by the 
relays 114, 115, 116, 117, and 124, 125, 126, 
127, respectively, include condensers; and the 
tuning branches of the transmitting antenna 
T-1 controlled by the relays 134, 135, 136, 
137 include tuning inductances. It is obvi 
ous that while inductances are shown for 
purpose of tuning condensers or both in 
ductances and condensers might be provided 
where only a variable inductance is shown, 
and that they might be controlled by relays 
in the same manner as are the inductances. 
The capacities of the condensers and the 
tuning inductances are made variable so that 
they may be adjusted to produce the desired 
tuning effects in the associated circuits. The 
tuning effects are so regulated that when 
the relays 114, 124, 134, are operated a car 
rier wave of a certain frequency is propa 
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gated from the transmitting antenna T-1, 
when the relays 115, 125, and 135 are oper 
ated a carrier wave of a different frequency 
is sent out; and in the same way for the other 
two sets of relays 116, 126, 136, and 117, 
127, 137, each of which when operated causes 
another and different frequency of carrier 
wave to be transmitted. Each of the four 
sets of relays may be selected for energiza 
tion at the contacts associated with the wiper 
21 of the station-selecting switch 20 of the 
trunk circuit; and the wiper 22 of this switch 
correspondingly selects for energization an 
one of four relays 154, 155, 156, and 15 
which control tuning branches of the receiv 
ing antenna R-1 of the station. 
The radio receiving system of the station 

may be understood by reference to Fig. 5, 
which shows fully the radio receiving system 
of the station S-3, the circuit organization 
of which is exactly the same as that of the 
station S-1. The receiving antenna, as 
R-3, is inductively coupled with the tuned 
input circuit of a thermionic detector 147, 
and the tuning branches are under the con 
trol of relays 154,155, 156, and 157, which 
in turn are controlled by means of the con 
ductors extending to the contacts associated 
with wiper 22 of the station-selecting switch 
20. The branches controlled by the relays 
154, 155, 156 and 157 contain condensers the 
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capacity of which is adjusted and set so that 
when any one of the branches is closed the 
receiving system is made responsive to a 
particular one of the carrier wave frequen 
cies with which the system is designed to co 
operate. The output circuit of the detector 
147 includes serially the two frequency fil 
ters 148 and 149; and also has bridged across 
the filament and plate circuit a condenser 
for eliminating the unmodulated carrier fre 
quency. The filter 148 has its constants so 
adjusted as to select the signaling intermedi 
ate frequency and to pass the talking inter 
mediate frequency, and the filter 149 is ad 
justed to select the talking intermediate fre 
quency and to pass the signaling intermedi 
ate frequency. The filter 149 is inductively 
coupled with the input circuit of the detec 
tor 162, and the output circuit of the detector 
162 is inductively coupled with the input cir 
cuit of the amplifier 163. The output circuit 
of the amplifier is inductively coupled with 
a circuit including two windings of the two 
way repeating coil 87. The inductive rela 
tion of these two windings with the other 
windings of the repeating coil 87 is such 
that the voice currents flowing in the circuit 
of the conductors 74 and 75 are repeated 
into the trunk talking conductors 46 and 47 
connected with the other windings of the re 
peating coil, but are not repeated into the 
branch connection with the amplifier 107 of 
the station of Fig. 6 by way of the conduc 
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tors 78 and 79. As a result of this arrange 
ment, which is well-known in the art, the 
voice current modulations that reach the 
called station through its receiving antenna 
are prevented from re-acting upon the radio 
transmitting system of that station and caus 
ing similar voice current modulations of the 
oscillatory currents passing to its transmit 
ting antenna. 
The filter 148 which selects the signalling 

intermediate frequency of the received oscil 
lation is inductively coupled with the input 
circuit of the thermionic detector 151, and 
the output circuit of this detector is induc 
tively coupled with the input circuit of the 
amplifier 153, the output circuit of which in 
turn is inductively coupled with the circuit 
of the rectifier 159. The circuit of the recti 
fier includes the winding of relay 99, and 
this relay acts through the medium of con 
ductor 80 to govern the operation of cer 
tain switching mechanism of the associated 
trunk. 
The apparatus which is used to transmit 

and receive by means of any one high fre 
quency wave as distinguished from that 
which is used only when a wave of a dif 
ferent frequency is employed is commonly 
known as a channel or a high frequency 
communication channel. It will be seen that 
each terminal apparatus is capable of trans 
mitting or receiving through any one of a 
number of channels and that one such chan 
nel may be selected and appropriated for use 
by a pair of stations, to the exclusion of all 
other stations of the system and that the 
channels, by virtue of the different frequen 
cies which they employ respectively, do not 
interfere with one another, but enable inde 
pendent simultaneous communication be 
tween different stations of the system. 

Each of the radio stations is normally 
tuned to utilize two carrier wave frequen 
cies, the transmitting system being tuned to 
transmit one carrier wave frequency and the 
receiving system being tuned to respond to 
another carrier wave frequency. These pairs 
of frequencies are different for each of the 
radio stations of the system. When a call 
is received by any of the stations it is re 
ceived at the carrier wave frequency that is 
normal to the receiving system of that sta 
tion; and under these circumstances the car 
rier wave that is transmitted from the trans 
mitting system of the called station is the 
frequency that is normal for that transmit 
ting system. When any of the radio stations 
is calling another station, the associated 
switching apparatus is operated to tune the 
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transmitting system of the calling station to 
the carrier wave frequency to which the 
called station normally responds, and to 
tune the receiving system of the calling sta 
tion to the carrier wave frequency that the 
called station normally transmits. For ex 

ample, the carrier wave length that four 
radio stations may normally be tuned to 
transmit and receive may be as follows: 

Transmit- Receiving 
Radio station ting wave Wave 

Reiters Meters 
100 150 
225 275 
350 4.25 
475 

Thus, for instance, in the above arrange 
ment, if radio station S-1 is calling radio 
station S-3, station S-1 operates its 
Switches to tune its transmitting system to a 
wavelength of 425, which is the waye length 

70 

75 

80 

to which the receiving system of station 
S-3 normally responds; and to tune the re 
ceiving system of station S-1 to a wave 
length of 350, which is the wave length that 
station S-3 normally transmits. If radio 
station S-3 were the calling station and 
station S-1 were the called station, then 
station S-3 would adjust its transmitting 
system to the wave length 150 to which the 
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receiving system of station S-1 normally 
responds, and its receiving system to the 
wave length 100 which station S-1 normally 
transmits. In like manner any radio station 
in calling any other radio station operates 
its station-selecting switch 20 to change the 
tuning of its transmitting and receiving sys 
tems from their normal wave lengths to the 
wave lengths of the receiving and transmit 
ting systems respectively of the called sta 
tion. The switch 20 thus in effect selects the 
trunk branch communicating with the called 
station. The carrier wavelengths referred 
to in the above table are merely typical, as 
any desired combination of noninterfering 
wave lengths may be employed and nonin 
terfering communication between as many 
radio stations may be effected as there are 
such combinations of wave lengths to which 
the radio stations may be made selectively 
responsive. . 
The tuning of the transmitting system of 

each station is controlled through the medi 
um of conductors 81, 82, 83 and 84, and the 
tuning of the receiving system of each sta 
tion is controlled through the medium of 
conductors 91, 92, 93 and 94. At each of 
the radio stations the particular conductors 
of these two groups that control the tuning 
of that station to its normal transmitting . 
and receiving wave lengths are not extended 
to the corresponding contact points of the 
wipers 21 and 22 of the associated station 
selecting switch 20, but instead are extended 
to other contacts of the switching appara 
tus that are closed when the associated sta 
tion is receiving a call from some other sta 
tion. Thus, in the case of station S-1 
the conductor 91 of the receiving system 
tuning group is not extended to the first 
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contact point of the wiper 22 of the sta 
tion-selecting switch, but is normally closed 
through the medium of contact 27 of the 
station-selecting switch and a back contact 
of the relay 12, so that normally the receiv 
ing system is tuned to the frequency, to 
which the radio station S-1 is adapted to 
respond. Likewise the conductor 81 of the 
transmitting system tuning group is not con 
nected with the first contact of the wiper 
21 of the station selecting switch, but is ex 
tended to a front contact of relay 62, which, 
as will hereinafter be explained, is energized 
to close its contacts when the station S-1 
is called by some other radio station. In 
like manner at station S-2 the tuning con 
ductors 82 and 92 are disconnected from 
the station-selecting switch and have nor 
mal connections as described above, at sta 
tion S-3 the tuning conductors 83 and 93 
are disconnected from the contacts of the 
station-selecting switch and have normal 
connections as described above, and at sta 
tion S-4 the tuning conductors 84 and 94 
are disconnected from the station-selecting 
switch and have normal connections as de 
scribed above. 
As has been stated, each carrier wave in 

the embodiment of the system disclosed car 
ries two intermediate radio frequencies, one 
of which is modulated to carry the speech 
frequencies and the other of which is modu 
lated or controlled to carry the signalling 
and controlling impulses. These intermedi 

35 ate frequencies may have y desired value 
e above audio-frequency and below the car 

rier wave frequency range. For example, 
the talking intermediate frequency may be 
20,000 and the signalling intermediate fre 
quency may be 50,000. The talking and 
signalling intermediate frequencies may be 
the same for all of the carrier waves em 
ployed, as the non-interference between 
simultaneously communicating pairs of ra 
dio stations is effected by the different car 
rier wave lengths that are employed. 
Each of the radio trunks E. associated 

with it a receiving register switch 100 and 
a transmitting register switch 150, employed 
when the associated radio station is calling 
another radio station; and a receiving reg 
ister switch 200 and transmitting register 
switch 250, employed when the associated 
radio station is being called by some other 
radio station. In the present instance these 
receiving and transmitting register switches 
are each made up of as many single motion 
step-by-step switches as there are groups of 
impulses in the impulse train, or digits in 
the number that is being called, together 
with certain controlling relays. Such step 
by-step switches are well known in the art, 
and need not be particularly described. The 
movement of the switch wipers of each of 
these step-by-step switches is effected by 
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means of an associated stepping magnet 
which is first operated to advance the wiper 
to the desired one of its associated contact 
points; and the return of the switch to nor. 
mal is brought about by further energiza 
tions of the stepping magnet which cause 
row of contact points until it again rests 
on its normal contact point. This same type 
of switch is used for the station selecting 
switch 20 associated with the trunk circuit, 
and also for the auxiliary switches 190 and 
195 associated with the transmitting regis 
ter switch 150. The associated circuits of 
these various switches may be controlled in 
a series of off-normal contacts operated by 
cams on the same shafts that carry the wip 
ers of the Switches. 

Associated with the trunk in the form 
herein disclosed, are also a number of plung 
er relays, as 68, 70, 72, 141 and 142, which 
are employed to introduce relatively large 
time intervals into the operation of certain 
parts of the organization. As indicated, 
the plungers of these relays are retarded 
in their inward movement and are permitted 
to move freely on their return movement. 
They may be of the type disclosed in the 
United States Patent No. 1,337,680, granted 
April 20, 1920, to Williams et al. 

Briefly stated the operation of the particu 
lar embodiment of the system here disclosed 
is as follows: When a subscriber wishes con 
nection with another subscriber whose sta 
tion must be reached through a radio trunk, 
the taking of his telephone receiver from its 
hook causes his line switch to extend the 
circuit of his line to a selector switch; and this Switch is operated in response to the 
first transmitted group of impulses to bring 
its Switch wipers into engagement with the 
terminals of the first of the radio trunks. 
If the first radio trunk is in use, either in establishing an outgoing connection to some 
other radio station or in establishing an in 
coming connection from such a station, there 
is a busy test potential on the terminals of 
the trunk, and the selector switch is pre 
vented from making connection with this 
trunk, and proceeds to the next radio trunk. 
If the trunk is not in use, the selector switch 
establishes connection with the trunk ter 
minals. The second group of impulses from 
the calling Subscriber's station causes the 
operation of the radio station selector switch 
associated with the selected radio trunk to 
connect with a certain one of the sets of as 
sociated terminals, depending upon the num 
ber of impulses in the second group sent 
from the calling subscriber's line. The ces 
sation of this second or station-selecting 
group of impulses energizes the selected set 
of switch terminals and effects a character 
istic tuning of the high frequency oscillator, 
the power amplifier, and the transmitting 
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antenna of the transmitting system of the 
radio trunk, this tuning being such as to cause the radio frequency carrier wave ap 
plied to the transmitting system to be of the 
frequency to which the receiving antenna of 
the called radio station is normally tuned. 
The receiving antenna of the calling radio 
trunk is also, by the same operation, tuned 
to respond to the carrier wave that the called 
radio station is normally adapted to apply 
to its transmitting antenna. 
As soon as the receiving antenna of the 

calling radio trunk has been brought into 
tune with the transmitting antenna of the 
called radio trunk or station, the calling 
trunk is in condition to respond to the nor 
mal carrier wave of the called trunk. If the 
called trunk has been called by some other 
radio trunk, the transmitting antenna of 
the called trunk is active and is sending out 
its normal or characteristic carrier wave 
with an intermediate signaling frequency 
impressed upon it. Therefore, under these 
circumstances, the receivin calling radio trunk responds to the carrier 
wave and intermediate signaling frequency 
of the called trunk and operates apparatus 
that applies a busy tone to the calling sub 
scriber's line and prevents that line from 
becoming extended to the called radio trunk. 
But if the called radio trunk is not at the 
time receiving a call from some other radio 
trunk, this busy tone is not applied; and an 
instant later apparatus made operative a 
predetermined time interval after the cessa 
tion of the second or radio station selecting 
group of impulses, applies the selected car 
rier wave with its talking and signaling in 
termediate frequencies; and the called radio trunk, responding to the signaling interme 
diate frequency, applies its own normal car 
rier wave with the superposed intermediate 
signaling frequency to its transmitting an 
tenna system, thus making itself unavailable 
to any other calling radio trunk, and also 
rendering itself busy to calling ones of its 
associated lines. At the same time, the 
called radio trunk, in response to the inter mediate signaling frequency applied by the 
calling trunk, extends its circuit to a se lector switch for presently completing con 
nection with the local called line. 

Following the second group of impulses, 
the subsequent impulse groups are applied 
to the line as were the former groups of im 
pulses by means of the dial at the calling 
subscriber's station; and each of these groups produces a corresponding displace 
ment of a corresponding member of a re 
ceiving register switch associated with the 
calling radio trunk. At the end of the last group of impulses the radio trunk operates 
apparatus to extend the talking conductors 
of the trunk to the radio transmitting sys 
tem of the trunk, and also to start the send 

system of the 

7 

ing, under the control of a transmitting reg 
ister switch, of switch controlling radioim 
pulses in accordance with the setting of the 
receiving register switch of the calling 
trunk. . - But this operation is made dependent up 
on another busy test that is completed by 
the calling tR. in the interval between the 
cessation of the second group of received 
impulses and the end of the last group of 
received impulses. This busy test is made 
to determine whether or not the called radio 
trunk is in use as the calling station of some 
other radio connection. If the called radio 
trunk is thus busy, it follows that its radio 
station selecting switch has been moved to bring the radio transmitting and receiving 
system of the called trunk into tune with 
the radio trunk that it is calling, and that 
consequently the receiving antenna of the 
called radio trunk does not have its normal 
tuning, and thus is not responsive to the 
trunk that is now calling it. Therefore, 
when at the termination of the second group of impulses the carrier wave frequency cor 
responding to the receiving antenna fre 
quency of the called trunk is applied to the 
transmitting antenna of the calling trunk, 
the called trunk does not respond to the superposed intermediate signaling frequency 
of the carrier wave, and does not send out 
over its transmitting antenna the carrier 
wave to which the receiving antenna of the 
calling trunk is now tuned. The result of 
this failure to receive a response from the 
called radio trunk is that at the end of the 
last group of impulses the calling radio 
trunk brings about the application of busy 
tone to the calling subscriber's line and pre 
vents the extension of the line to the called 
trunk. But if during this interval the called 
trunk is in its normal condition, and re 
E. to its normal frequency as applied by 
the calling trunk, then the called trunk sends 
out a return signal that is effective, at the 
end of the last group of impulses, to bring 
about the closure of a circuit that starts the 
transmission of the switch selecting impulses 
from the calling radio station and closes the 
talking conductors at that station. 
The transmission of the switch selecting 

radio impulses from the calling to the called 
radio station is effected by successively with 
drawing the SES intermediate fre quency from and applying it to the carrier 
wave at the calling station. The radio im 
pulses are controlled by the transmitting 
register switch at the calling radio station 
under the control of the associated receiving register switch, the apparatus operating to 
transmit the radio impulses at a rate slower 
than that at which the impulses are received 
from the calling subscriber's station; and the 
apparatus also operating to separate the 
groups of radio impulses by “change-over' 
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intervals. At the called radio station the 
received radio impulses produce a COrre 
sponding setting of the switch elements of a 
receiving register switch; and when the re ception of the radio impulses is complete, 
an associated transmitting register switch at 
the called station operates to send to the associated line selecting Switches, groups of 
impulses corresponding to and determined 
by the setting of the receiving register 
switch at the called radio station. The 
transmitting register switch at the called 
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radio station and its associated apparatus 
operate to send operating impulses to the 
line selecting switches at the normal calling 
rate, a rate faster than that at which the radio impulses are received from the calling 
radio station. 
These registers, if desired, could be made 

to transmit the radio impulses at the normal 
calling rate but it is preferred to send them more slowly than switch-controlling in 
ulses as normally transmitted over wire 
ines. One reason for this is to insure a 
more positive action of the radio-receiving 
apparatus and to avoid the effects of static disturbances. For this purpose the relay 
that is actuated by the radio-controlling im pulses is referably made slow-to-respond 
in any well-known manner, so that a more or 
less sustained current is necessary to effect 
its complete operation. The sending regis 
ters are then set to send sufficiently long 
radio impulses to insure the energization of 
the receiving relay, but a static impulse be 
ing of irregular frequency and of compara 
tively short duration will not ordinarily be 
sufficiently sustained to cause a false opera 
tion of the relay. In case the high fre 
quency waves are transmitted over line wires as in the carrier wire systems, this precau 
tion is not so necessary and the sending reg 
isters may, therefore, be set to transmit the high frequency control impulses at a greater 
rate of speed. 
These impulses act to build up the connec 

tion through the line selecting switches to 
the called subscriber's line in the usual way. 
The dis-establishment of the connection is 
under the control of the calling subscriber 
at the calling radio station. When the cali 
ing subscriber hangs up his telephone re 
ceiver, the circuits at the calling radio sta 
tion controlled by the subscriber's switch 
hook are released and the various switches 
are returned to normal. The return of the 
switches to normal withdraws the local busy 
test from the calling radio trunk, re-estab 
lishes the normal tuning of the receiving 
system of the trunk, and interrupts the car 
rier wave with its applied intermediate talk ing and signalling frequencies. The cessa 
tion of the received carrier wave and its sig 
nalling intermediate frequency at the called 
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station and restores the associated relays 
and switches to normal, thus again render 
ing the trunk available for transmitting a 
local originated call or receiving a call from 
a distant radio station. 

Specifically, the operation of the system 
is as follows: When the calling subscriber, 
who may be assumed to be the subscriber at 
station A or B, takes his telephone from 

70 

its hook, the resultant operation of the as 
sociated line switch 5 connects the circuit 
of the calling line with an idle trunk ex 
tending to a first selector switch. 6. The 
means for effecting this operation are well 
known in the art, and need not be described 80 
in detail. The calling subscriber then pro 
ceeds to operate his dial 4 to produce the 
groups of impulses that control the opera 
tion of the automatic selecting switches. 
For the purpose of illustration, it may be 8 
assumed that the terminals of the associated 
radio trunks are-located in the first contact 
level of the first selector switch 6, the termi 
nals of the other levels being connected with 
trunks extending to second selector switches 90 
in the same or other automatic exchanges, 
in the usual manner. 
sumption, the calling subscriber, in order to 
gain access to the terminals of a radio trunk, operates his calling dial so as to produce 
one impulse of current, as a result of which 
the wipers of the first selector switch 6 are 
brought in a well-understood way into en 
gagement with the terminals of an idle radio 

Upon the above as 

95 

trunk. When the calling line thus seizes 
the radio trunk, a circuit is closed through 
the station apparatus and over the conduc 
tors of the calling line that brings about the 
energization of the line relay 11. Relay 11 
in operating closes a circuit that extends 
from battery through the winding of slow 
release relay 12, front contact and armature 
of relay 11, and right-hand back contact and 
armature of relay 42 to ground. Relay 12 
in operating opens at its outer right-hand 
armature and back contact the normal en 
ergizing circuit of the relay 154 of the asso 
ciated receiving antenna system, which ex 
tends by way of conductor 91 and normally 
closed contact 27 of the station selecting 
switch 20. It is the normal closure of this 
circuit that maintains the normal tuning of 
the receiving antenna R-1; therefore the 
opening of the circuit upon the response 
of relay 12 immediately changes the tuning 
of the receiving antenna and makes the asso 
ciated station unavailable for receiving calls 
from other radio stations. , , 
At its left-hand armature and front con 

tact relay 12 in operating closes a circuit 
that applies ground to the test terminal of 
the radio trunk upon the first selector switch 
6, thus making the trunk test busy to other 
calling local stations. This same ground is 5 radio station releases the radio trunk at that applied by way of inner left-handarmature 
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and back contact of relay 42 and inner left 
hand armature and back contact of relay 41 to the winding of relay 40. Relay 40 in 
operating produces a busy test condition 
upon the test terminals of the trunk jack. 55 
of the radio trunk. Relay 12 in operating 
also at its inner right-hand armature and . 
front contact partially prepares a path for 
the transmission of stepping impulses to the 
stepping magnet 28 of the station selecting 
switch 20, Upon the production of the second group 
of impulses by the operation of the dial 4 
at the calling station, the interruptions of 
the line circuit cause an intermittent retrac 
tion and attraction of the armature of line 
relay 11. This serves to open and close the 
energizing circuit of the associated relay 12. 
But as that relay is of a slow releasing type, 
it maintains its armatures attracted during 
the intermittent operation of relay 11. The 
first retraction of the armature of relay 11 
closes a circuit that extends from battery through the winding of stepping magnet 28 
of the station selecting switch 20, winding 
of slow release relay 29, normally closed 
contact 24 of switch 20, inner right-hand 
armature and front contact of relay 12, back 
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contact and armature of relay 11, and right 
hand back contact and armature of relay 42 to ground. This causes the station selecting 
switch 20 to take one step, thus opening the 
normally closed contact 24; but the opera 
tion of relay 29 has closed a locking path for 
itself at its right-hand front contact and ar 
mature, in shunt of the path by way of the 
contacts 24 of switch 20, so that relay 29 
maintains an energizing path for itself and stepping magnet 28. Subsequent retractions 
alternately open and close the energizing 
path through the windings of stepping mag 
net 28 and relay 29 in series. Stepping mag 
net 28 is therefore intermittently operated to 
cause the advance of the wipers of switch 20; 
but relay 29, being slow to release, maintains 
its front contacts closed until, at the end of the group of impulses, the relatively long 
attraction of the armature of relay 11 opens 
the energizing circuit of relay 29 long 
enough to permit it to release. When the re 
lay 29 releases it extends the stepping circuit 
controlled at back contact and armature of 
relay 11 and front contact of relay 12, to the 
operating mechanism of the receiving reg ister switch 100 by way of right-handarma 
ture and back contact of relay 29 and con 
tact 25 of station switch 20 to control the 
operation of the receiving register, as will 
subsequently be described; and also, at its 
left-hand back contact and armature, applies ground from the outer right-hand armature 
and front contact of relay 12 to the wipers 21 
and 22 of the station selecting switch 20. 
The grounding of wipers 21 and 22 of the 

three steps A. trolled by these wipers is applied to the tun 

switch 20 closes a path for the operation of 
the set of tuning relays that controls the 
tuning of this radio trunk or station to the 
radio trunk or station that is being called. 

In the present instance, it is assumed that 
it is the radio station S-3 with which the 
radio station S-1 associated with the call 
ing line is to be operatively related. This 
being the case, the wipers 21 and 22 of sta 
tion selecting switch 20 are resting on their 
third contact points, that is, they have taken consequently the ground con 
ing relays 116, 126 and 136 of the transmit 
ting antenna system, and to the relay 156 of the receiving antenna system. The relays 
116, 126 and 136 close tuning branches of 
the high frequency oscillator 101, of the 
power amplifier 105 and of the transmitting 
antenna T-1 which give the radio transmit 
ting circuit such characteristics that the car 
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rier wave that it produces and transmits has a frequency corresponding to the frequency 
to which the receiving antenna. R-3 of radio 
station S-3 is normally tuned to respond. 
The operation of relay 156 closes a branch 
which tunes the receiving antenna R-1 to 
respond to the frequency of carrier wave that 
the called radio station S-3 normally trans 
mits. Therefore, as a result of the move 
ment of wipers 21 and 22 of selecting switch 
20 to their third contact position, due to the impulses relayed from the calling sub 
Scriber's dial, the transmitting antenna T-1. 
and the receiving antenna R-1 of the asso 
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ciated radio station S-1 are tuned respec tively to the receiving antenna. R-3 and the 
transmitting antenna T-3 of the called radio 
station S-3. 

and attractions of the armature of relay.11 . As soon as the receiving antenna R-1 of 
station S-1 is brought into tune with the 
transmitting antenna T-3 of station S-3, 
if the called station S-3 is busy as a result 
of being in communication with some other 
station that has called it, the transmitting 
antenna T-3 of station S-3 will be ener. gized and sending out the normal carrier 
Wave of station S 3 upon which is super 

05 

10 

posed an intermediate signaling frequency. 
The way in which this comes about will be 
described hereinafter. To this carrier wave 
from the called radio station S-3, with its Superposed intermediate signaling fre 
quency, the receiving antenna system of the 
calling radio station S-1 is now respon 
sive; and as a result the carrier wave from 
the called station brings about the energiza 
tion of relay 99, in a manner hereinafter de 
scribed. The operation of relay 99 closes a 
circuit that extends from battery through 
the winding of busy tone relay 3i (see Fig. 
1), outer left-handback contact and arma 
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ture of relay 35, front contact and armature 
of relay 60, conductor 80, and armature and 
front contact of relay 99 of the receiving 

30 



O 

5 

20 

35 

40 

LO 

antenna system to ground. It should be 
noted at this point that the relay 60 was op 
erated immediately upon the seizure of the 
radio trunk by the calling line, over a circuit extending from battery through the winding 
of relay 60, inner right-hand back contact 
and armature of relay 30, and outer right 
hand front contact and armature of relay 12 
to ground. As a result of the closure of the 
energizing circuit of busy tone relay 31, re 
lay 31 disconnects the talking conductors 46 
and 47 of the radio trunk from their normal 
extensions to the radio transmitting system 
of the trunk, and connects them with a 
source of busy tone current 44, as a result of 
which busy tone is applied to the calling 
subscriber's line, thus notifying the calling. 
subscriber that the radio station with which 
the called line is associated, is busy. Relay 
31 in operating also, at its left-hand front 
contact and armature, closes a locking cir 
cuit for itself that extends by way of the 
outer right-hand back contact and armature 
of relay 30, and outer right-hand front con 
tact and armature of relay 12 to ground. 
This insures the maintained energization of 
relay 31 and the continued application of 
busy tone current until the calling subscriber hangs up and releases relay 12, 
The interval during which the busy tone relay 31 may be energized by the response of 

relay 99 to the carrier wave and signaling 
frequency of the busy called radio station is 
but of brief duration. This interval com 
mences at the instant the receiving antenna 
system of the calling radio station is brought 
into tune with the transmitting system of 
called radio station upon the energization of 
the tuning relays by the release of relay 29, 
and the breaking of the energizing circuit 
of busy tone relay 31 at outer left-hand back 
contact and armature of relay 35 by the op 
eration of that relay upon the release of re 
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lay 29. The operation of relay 35, however, 
is retarded by the interposition of certain 
slow relays between the contacts of relay 29 
and the energizing circuit of relay 35. 
When relay 29 first operates, at the begin 
ning of the station selecting group of lim 
ulses, it closes a circuit which extends from attery through the winding of relay 32, 

left-hand front contact and armature of re 
lay 29 and outer right-hand front contact 
and armature of relay 12 to ground. Relay 
32 in operating operates relay 33; and that 
relay in operating closes a circuit for ener 
gizing relay 34 by way of the front contact 
and armature of relay 33, left-hand back 
contact and armature of relay 31, outer 
right-handback contact and armature of re 
lay 30, and outer right-hand front contact 
and armature of relay 12 to ground. Relay 
34 in operating closes one break in the ener 
gizing circuit of relay 35. But there is an 
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other break in this energizing circuit that is 
not closed until relay 33 releases. At the 
end of the station selecting group of im 
pulses, the release of relay 29 (which in 
stantly brings the receiving system of the 
calling radio station S-1 into tune with the 
transmitting system of the called station 
S-3, as has been described), breaks the ener 
izing circuit of relay 32. That relay re 
eases slowly and breaks the energizing cir 
cuit of relay 33. That relay in turn re 
leases slowly and closes at its back contact 
the second break in the energizing circuit of 
relay 35 before the first break in that ener 
gizing circuit is opened by the slow release 
of relay 34. Therefore, the operation of re 
lay 35, which opens at its outer left-hand 
armature and contact the energizing path to 
the busy tone relay 31, lags for a predeter 
mined interval behind the tuning of the call 
ingradio station to the called radio station; 
and in this interval the operation of the busy 
tone relay 31 by the response of the relay 
99 may take place in case the called radio station is busy. 
When the relay 35 operates a moment af. 

ter the termination of the second group of impulses, it not only closes a locking path 
for itself by way of its inner E. E. 
contact and armature, but also closes a cir 
cuit that extends from battery through the 
winding relay 89 (Fig. 3), conductor 90, 
closed contacts 26 of switch 20, outer right 
hand armature and front contact of relay 
35, left-hand back contact and armature of 
relay 29, and outer right-hand front contact 
and armature of relay 12 to ground. The 
operation of relay 89 closes the main leads 
over which current is supplied from the 
source of filament current 95 and the source 
of plate current 96 to the radio transmitting 
apparatus. Relay 35 in operating also closes 
a circuit that extends from battery through 
the winding of relay 98 (see Fig. 3), con 
ductor 85, right-hand front contact and ar 
mature of relay 35, and back contact and ar 
mature of relay 39 to ground. Relay 98 in 
operating as a result of the closure of this circuit, completes the path for the applica 
tion of the plate current to the signaling in 
termediate frequency oscillator 145. This 
causes the oscillator 145 to generate currents 
of an intermediate frequency and to apply 
them to the circuit of the modulator 102 
where they are superposed upon the currents 
that are being generated by the high fre 
quency carrier wave oscillator 101, and the 
resultant or component current is passed 
through the intermediate train of apparatus 
to the transmitting antenna T-1, from 
which the wave is transmitted to the receiv 
ing antennae of the various other radio stations. 
As the carrier wave component of the 
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modulated wave that is being transmitted 
is of the frequency for which the receiving 
antenna of the called station S-3 is normal 
ly tuned, and as the receiving antennae of 
the other radio stations are not normally 
tuned to this frequency, the receiving sys 
tem of radio station S-3 is the only one 
the detector 147 of which responds. The 
current in the output circuit of the detector 
147 passes to the frequency filters 148 and 
149, the signaling frequency component pass 
ing through the series of detecting, am 
E: and rectifying devices, as has al ready been described, and causing the oper 
ation of the associated relay 99. This relay, 
in operating, closes a circuit that extends 
from battery through the winding of relay 
61 (reference now being had to the appara 
tus at the called radio station S-3), back 
contact and armature of relay 60, conductor 
80, and armature and front contact of relay 
99 to ground. Relay 61 in operating closes 
at its right-hand front contact and armature 
an energizing circuit for relay 62, and relay 
62 in operating closes a locking circuit for 
itself by way of its inner right-hand front 
contact and armature and the inner normally 
closed contacts of the plunger relay 68. 
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When relay 62 operates it energizes de 
vices to tune the transmitting system of the 
called radio station S-3 to its normal car 
rier wave frequency, to close the main leads 
for supplying filament and plate current to 
the radio transmitting devices of the called 
station and to close the circuit for applying 
the intermediate signaling frequency to the 
called station carrier wave. This is ac 
complished as follows: The operation of re 
lay 62 applies ground to the conductor 83 
for the energization of tuning relays 116, 
126 and 136 that are associated respectively 
with the output circuit of the high fre 
quency oscillator 101, the input circuit 104. 
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of the power amplifier 105, and with the 
circuit of the transmitting antenna. T-3 of 
the called station S-3. These relays in op 
erating close the particular branches of the 
associated tuning circuits that adapt the 
radio transmitting apparatus to the produc 
tion and transmission of a carrier wave 
having the frequency which is normal to 
this particular station S-3. In its opera 
tion relay 62 also closes at its outer left-hand 
armature and front contact the energizing 
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circuit of relay 63; and relay 63 in oper. 
ating closes a circuit that extends from 
battery through the winding of relay 89 
(see Fig. 6), conductor 90, and inner right 
hand front contact and armature of relay 63 to ground. This operates relay 89. 
which in operating closes the current sup 
ply leads from the source 95 of filament cur 
rent and the source 96 of plate current and 
causes the production and transmission of 

the normal carrier wave with its superposed 
talking intermediate frequency. Relay 63 
in operating also closes a circuit that ex tends from ity through the winding of 
relay 98 associated with the signaling inter 
mediate frequency oscillator 145 of station 
S-3, conductor 85, outer left-hand arma 
ture and front contact of relay 63, back con 
tact and armature of relay 39 to ground. 
Relay 98 in operating completes the circuit 
for the application of plate current to the 
associated signaling intermediate frequency 
oscillator 145, thus causing the signalin 
intermediate frequency to be superpose 
upon the carrier wave. Relay 63 of station S-3 when it operates 
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as a result of the receipt of the signal from 
the calling radio station, also closes a circuit 
that extends from battery through the wind 
ing of relay 64, outer right-hand front con 
tact and armature of relay 63 and right 
hand back contact and armature of relay 66 to ground. Relay 64 in operating closes 
a circuit that extends through the winding 
of relay 14 associated with the line switch 
16 of the called station radio trunk (see Fig. 
7), inner back contact and armature of relay 
13, retardation coil 43, armature and front 
contact of relay 64, left-hand back contact 
and armature of relay 40, outer left-hand 
back contact and armature of relay 41, and 
Outer back contact and armature of relay 18 to ground. Relay 14 in operating ener 
gizes the associated relay 13 by way of its 
left-hand winding, and relay 13 operates 
the plunger (not shown) which extends the 
conductors of the radio trunk by way of the 
line switch 16 to a preselected trunk extend 
ing to a first selector switch. When relay 13 
operates the line switch 16 it closes a circuit 
that extends from battery through its right 
hand winding, right-hand back contact and 
armature of relay 41, inner right-hand back 
contact and armature of relay 40, and the 
test terminal and corresponding contact of 
the line switch 16 to ground by way of the 
test conductor of the trunk to the first selec 
tor. Closure of this circuit maintains relay 13 energized. Relay 13 in operating discon 
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nects relay i4 from the talking conductor 49 
of the radio trunk, disconnects ground from 
conductor 48 of the trunk, and applies 
ground by way of outer left-hand arma 
ture and front contact of relay 13 for the energization of relay 42. Relay 42 in oper 
ating applies battery by way of the outer 
left-hand front contact and armature of re 
lay 42 and outer right-hand back contact 
and armature of relay 40 to the test termi 
nal of trunk spring jack 55 to make the 
trunk test busy at this point. Relay 42 also, 
at its inner left-hand front contact and 
armature, applies ground to the test termi 
nal of the radio trunk at the first selector 
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at this point. It also, at its right-hand 
armature and front contact closes a circuit 
for energizing relay 30. Relay 30 in operat 
ing disconnects the trunk talking conduc 
tors 46 and 47 from the branches 56, 57, and 
58, 59, over which the local calls have ac 
cess to the radio trunk, and connects the 
talking conductors 46 and 4 with the con 
ductors 48 and 49 over which the incoming 
calls from distant radio stations are ex 
tended through to the local lines associated 
with the trunk. Relay 30 also at its left 
hand armatures and their resting contacts 
disconnects the ground controlled at the 
front contact of relay 12 from conductors 
extending to various relays that are in 
volved in the operation of the trunk on 
connection with calls incoming from local 
lines-including the conductor extending to 
relay 60, which is thus rendered incapable 
of shifting the connection of the conductor 
80, controlled by relay 99 of the receiving 
antenna system, from the winding of relay 
61 which controls the call-receiving operat 
tion of the radio trunk. 
Another function performed by the relay 

63 of the called radio station upon the re 
ceipt of the radio signal from the calling 
station is that of completing the connection 
of the talking conductors 46 and 47 of the 
associated trunk with the radio transmitting 
and receiving apparatus of the trunk. This 
it does by closing the circuit that extends from battery through the winding of relay 
36 (see Fig. 7) and inner left-hand arm 
ture and front contact of relay 63 to ground. 
Relay 36 in operating completes the connec 
tion of the talking conductors 46 and 4 
with the two-way repeating coil 87, and 
through it to the radio transmitting and re 
ceiving p of the trunk. 
From the foregoing it may be seen that the result of the application of the signal 

ing intermediate frequency to the carrier 
wave of the calling radio station at the end - 
of the second group of impulses at the call 
ing station, is to cause the called station to 
send out its normal frequency carrier wave 
upon which is superposed the talking and 
signaling intermediate frequencies; and to 
cause the radio trunk of the called station 
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to close its talking circuit, disconnect the 
talking circuit from the branches over 
which local calls may be received and ex 
tend the trunk to a first selector trunk, and 
make the local branches of the radio trunk 
test busy. 

Returning now to the operations that are 
taking place in the circuit of the callingra 
dio trunk, the end of the second or station selecting group of impulses brings about the 
release of relay 29, so that at the retraction 
of the armature of relay 11 at the beginning 
of the next group of impulses, a circuit is 

of relay 129, norma 
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closed that extends from battery through 
the winding of stepping magnet 118 of the 
first switch of receiving register 100 (see 
Fig. 2), winding of associated relay 119, 
normally closed switch contact 111, conduc 
tor 166, contact 25, now closed, of the sta 
tion selecting switch 20, right-hand back 
contact and armature of relay 29, inner 
right-hand front contact and armature of re 
lay 12, back contact and armature of relay 
11, and right-hand back contact and arma 
ture of relay 42, to ground. The first im 
pulse opens register switch contact 111; but 
in the meanwhile relay 119 is operated to 
close an alternate path by way of its left 
hand front contact and armature, so that subsequent impulses produced by the opera 
tion of the relay, 11 pass to the stepping magnet 118 over this path. Relay 119 is so 
constructed as to be slow to release, as a re 
sult of which it maintains the circuit of itself and the stepping magnet 118 closed as 
long as the impulses are passing, and opens 
it when relay 11 becomes continuously ener 
gized at the end of the group of impulses. 
For each of the impulses that pass through 
the stepping magnet 118, the associated 
switch wiper 110 moves forward one step, 
and at the end of the impulses is left resting 
upon an associated contact corresponding in 
number to the number of impulses in the 
group sent by the calling subscriber's sta 
tion. . . . . . 
When the relay 119 is released at the termi 

nation of this group of impulses it extends 
the stepping circuit controlled by relay 11 
to the next switch of the receiving register 
100, so that when relay 11 next releases at the first impulse of the succeeding group, it 
closes a circuit that extends from battery 
through Yi, of relay 128, windin 

y closed contact 121 o 
the second switch, contact 112, now closed of the first Witch left-handback contact and 
armature of relay 119, and thence over the 
path already traced by way of contact 25 of 
the station selecting switch and contacts of 
relays 29, 12, 11 and 42 to ground. The 
operation of the apparatus of the second 
switch is exactly like that of the first regis 
ter switch and need not be described in de 
tail. As a result of this operation, the sec 
ond switch advances its wiper 120 to a con 
tact corresponding in number to the number 
of impulses in the particular group that is 
being received. At the conclusion of the 
impulses in this group, the relay 129 of the 
second switch releases and extends the step 
ping circuit by way of contact. 122, now 
closed, of the second switch to the operat ing magnet of the third receiving. register 
switch. The stepping circuit that is closed 
upon the release of relay 11 at the start of 
the next and last group of impulses, ex 
tends from battery through the windings of 139 
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E. magnet 138 and relay 139, and nor 
y clo sed contact 131 of the third switch, 

contact 122, now closed, and left-hand back 
contact and armature of relay 129 of the 
second switch, contact 112 now closed, and 
left-hand back contact and armature of re 
lay 119 of the first switch, and thence to 
ground, over the path already traced 
through the back contact and armature of 

y 11. The operation of the third switch 
of the receiving register is also like that of 
the first switch, as already described; and 
at the end of the group of impulses the 
wiper 130 of the third switch is left resting 
upon a contact corresponding in number 
to the number of impulses in the last 
g"WE en relay 139 releases at the end of the 
last group of impulses, it closes a circuit that 
extends from battery through the winding 
of relay 37 (see Fig. 1), outer right-hand 
armature and back contact of relay 139, and 
contacts 132, now closed, of the third switch 
to ground. The operation of relay 37 is . 
adapted to effect the control of two paths, 
one of which is for operating the busy tone 
relay 31, and the other of which is for start 
ing the sending of radio impulses in accord 

regis 
ter switch, and also for completing the talk 
ing circuit of the trunk to the telephonic 
radio transmitting and receiving apparatus. 
The closure of the path that operates the 
busy tone relay 31 is subject to the control 
of relay 38; and that relay is arranged to 
son to the return signal transmitted 

from the called radio station if that station 
is not in use, and, in responding, to prevent 
the operation of the busy tone relay 31, and 
permit the sending of the impulses and the 
closing of the telephonic radio circuit at the 
calling station. The manner in which this 
is accomplished is as follows: When the 
called radio station S-3 responds to the 
transmitted signaling intermediate fre 
quency and sends out its own return signal 
as has previously been described, that signal 
operates through the receiving antenna sys 
tem of the calling radio station S-1 to cause 
the operation of the associated relay 99 (see 
Fig. 4). Relay 99, in responding, closes a 
circuit that extends from battery through 
the winding of relay 38 (see Fig. 1), outer 
back contact and armature of relay 37, outer 
front contact and armature of relay.35 (that 
relay having been energized, as previously 
described, at the end of the station selecting 
group of impulses), front contact of relay 
60, conductor 80, and armature and front 
contact of relay 99 to ground. Therefore, if 
the called radio. station S-3 is in its normal 
condition and sends out a return signal in 
response to the signal from the calling sta tion, the relay 38 is operated, and in operat 
ing locks up over a circuit by way of its 

8 

left-front contact and armature, outer right 
hand back contact and armature of relay 
30, and outer right-hand front contact and 
armature of relay 12 to ground. When relay 
37 is operated at the conclusion of the series 
of impulse groups from the calling subscrib 
er's station, as has been described, it is pre 
vented by the operation of relay 38 from 
closing at its inner front contact and arma 
ture a path for the energization of the busy 
tone relay 31, as the path is opened at the 
right-hand back contact and armature of the 
operated relay 38. 
But if the called radio station is itself a 

calling station and is engaged in communi 
cating with some other radio station at the 
time calling radio station Si sends its sig 
nal, then the called station S-3 has its re 
ceiving antenna system tuned to the fre 
quency of the radio station with which it at 
the time is communicating and not to its own 
normal frequency. Therefore, it does not 
respond to the calling signal from the calling 
station S-1, and does not send out the re 
turn radio signal that brings about the re 
sponse of relay 99, and the energization of 
relay 38 at the calling station. As a result, 
when relay 37 operates at the end of the 
Series of groups of impulses from the calling 
subscriber's station, it closes by way of its 
inner front contact and armature, and right 
handback contact and armature of relay 38, 
now inert, a circuit for the energization of 
the busy tone relay 31, which relay then op 
erates to apply the busy tone to the calling 
Subscriber's line and to open the locking cir 
cuit of relay 35. 
Assuming that the called station S-3 is 

found in an available condition, then the 
operation of relay 37 at the end of the train 
of impulse groups closes a circuit that ex 
tends from battery through the winding of 
relay 143 (see Fig. 2), outer resting contact 
of plunger relay 141, outer resting contact 
of plunger relay 142, outer right-hand back 
contact and armature of relay 189, outer 
front contact and armature of relay 37, outer 
front contact and armature of relay 35, 
front contact and armature of relay 60, con 
ductor 80, and armature and front contact 
of relay 99 to ground. The closure of this 
circuit starts the operation of the plunger 
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relays 141 and 142, and the afiei relays 
143 and 144, which together form a group 
for producing a slow succession of impulses 
for operating the transmitting register 150, 
and g out over the radio.transmittin 
system of the E. station S-1 groups o impulses correspon 
pulses recorded on the receiving register 100. 
When relay 143 operates as a result of the 
closure of the above-described energizing 
path, it closes a locking circuit for itself by 
way of its left-hand front contact and arma 
ture and outer resting contact of the plunger 
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relay 142 to the circuit that has caused the initial energization of relay 143. Relay 143 
in operating also closes the energizing cir 
cuit of the plunger relay 141, which there 
upon slowly draws in its plunger and, af 
ter a predetermined time interval, effects the 
closure of the inner contacts of relay 141. 
When this occurs a circuit is closed that ex: tends from battery through the winding of 
relay 144 and the inner contacts of plunger 
relay 141 to f'S at the end of the pre viously-traced energizing path of the in 
pulse producing devices 140. Relay 144 in operating closes the energizing circuit of 
the associated plunger relay 142, and that 
relay at the outset of the inward movement 
of its plunger opens its outer contacts ill 
cluded in the locking circuit of relay 143, 
and at the same time closes at these contacts 
a locking circuit for relay 144 by way of the 
left-hand front contact and armature of re lay 144 and the previously-traced energizing 
path to ground. When the locking circuit 
of relay 143 is opened, that relay releases 
and thus deenergizes the plunger relay 141. 
That relay thereupon permits its plunger 
to move outwardly and to close its outer con 
tacts at the end of its movement. This has the effect of closing at one point the energiz 
ing path for the winding of relay 143, the 
E. oint being closed when plunger relay 
142, after opening the locking circuit of re. 
lay 144 at the limit of the inward movement. 
of the plunger, is deenergized by the retrac 
tion of the armatures of relay 144, and per 
mits the return of its plunger and the closure 
of the associated outer contacts at the end 
of the outward movement of the plunger. 
This restores the original condition of the 
relays 141, 142, 143 and 144, whereupon the 
process is repeated, and continues as long as 
the energizing circuit for the group 140 re 
mains closed at the outer right-hand back 
contact and armature of relay 189. 
The effect of the intermittent operation of 

relay 143 under the control of the slow-act 
ing plunger relays 141 and 142, is to in termittently apply ground to and withdraw 
it from the conducting paths extending from 
the middle and outer right-hand front con 
tact of the relay 143, this ground being Sup 
plied over the initial energizing path by 
way of the outer right-hand armature of 
relay 189. When relay 143 operates it 
closes a circuit that extends from battery 
through the winding of stepping magnet 168 
of the first switch of the transmitting regis 
ter 150, outer back contact and armature of 
relay 169, and middle right-hand front con 
tact and armature of relay 143 to ground by 
way of the impulse group energizing circuit. 
At the same time a circuit is closed from 
battery through the winding of relay 39 
(see Fig. 1), inner left-hand back contact 
and armature of relay 189, inner left-hand 
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back contact and armature of relay 179, in 
ner left-hand back contact and armature of 
relay, 169, and outer right-hand front con 
tact and armature of relay 143 to ground by way of the impulse group energizing cir 
cuit. Consequently upon the energization 
of relay 143 the stepping magnet 168 of the 
first switch of the transmitting register 150 
and relay 39 are both operated. Stepping 
magnet 168 in operating causes the first 
switch to advance its wiper 160 one step, and 
at the same time relay 39 in operating opens 
the energizing path of the relay 98 (see 
Fig. 3) that controls the application of plate 
current to the signaling intermediate fre 
quency oscillator 145. Suite steps of 
the wiper 160 of the first switch of the 
transmitting register are accompanied in like 
manner by corresponding intermissions of 
the signaling intermediate frequency ap 
plied to the radio transmitting system of E. 
calling station, each of the slow retractions 
of the armatures of relay 143 causing the 
wiper 160 of the transmitting register to 
advance one step and the transmitting sys 
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tem to send out one signaling impulse in the 
form of an intermission of the signaling in 
termediate frequency. This continues until 
the wiper moves on to the contact corre 
sponding in number to the contact upon 
which the wiper 110 of the first switch of 
the receiving register is resting. When this 
occurs, a circuit is closed that extends from battery through the winding of relay 169, 
wiper 160 and the contact to which it is now 
advanced, the corresponding contact to 
which wiper 110 has been advanced and that 
wiper, right-hand back contact and arma 
ture of relay 119, left-hand back contact and 
armature of relay 31, outer right-hand back 
contact and armature of relay 30 and outer 
right-hand front contact and armature of 
relay 12 to ground. This energizes relay 
169, which locks up over a circuit by way of 
its right-hand armature and front contact, 
and thence to ground over the above-traced 
path by wa 
armature of relay 31. Relay 169 in operat 
ing disconnects the middle impulse contact 
of relay 143 from the winding of the step 
ping magnet 168, and connects it by way 
of the outer left-hand armature and front 
contact of relay 169, and wipe 
mal contact of auxiliary switch 190 with the 
winding of the stepping magnet 194 of that 
switch. Relay 169 in operating also dis 
connects the outer impulse contact of relay 
143 from the previously-traced path lead 
ing to the winding of relay 39, and connects 
it, at the inner left-hand armature and front 
contact of relay 169, with wiper 193 of the 
auxiliary switch 190. 
As a result the impulse circuit through the 

winding of relay 39, which controls the 
energization of the relay 98 for controlling 
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the transmission of the signaling radio im 
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pulses, is kept open until the auxilary switch 
190 has taken two steps. These steps are 
taken as a result of the next two energiza 
tions and deenergizations of the relay 143, 
acting through the medium of the stepping 
magnet 194 of the auxiliary switch. object of the interposition of this auxiliary 
switch in the impulse circuit for operating 
the radio impulse controlling apparatus, is 
to interpose a certain time interval between 
the impulses of the succeeding groups, so as 
to allow certain changes to be effected in the impulse-receiving apparatus at the called 
radio station S-3, as will hereinafter be 
described. This time interval may be made 
of any desired value by increasing or de 
creasing the number of steps that must be 
taken by the auxiliary switch 190 before 
it shifts the circuits that it controls. In the present instance, as the auxiliary 
switch 190 completes its second step in re sponse to the operation of the impulse relay 
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143, it breaks the energizing path of the 
stepping magnet 194 at the first contact 
from normal of wiper 191, and extends the 
path controlled by the middle impulse con: tact of relay 143 through the winding of 
stepping magnet 178 of the second switch of the transmitting register, this path being by 
way of the outer left-hand armature and 
front contact of relay 169, wiper 191 and its 
second contact from normal, and outer left 
hand armature and back contact of relay 179 
associated with the second switch. In mov 
ing its wiper 193 to its second contact point 
from normal, the auxiliary switch 190 closes 
a circuit from the outer impulse contact of 
relay 143 by way of inner left-hand armature 
and front contact of relay 169, wiper 193 
and the contact upon which it is resting, in 
ner left-hand armature and back contact of 
relay 179, and inner left-hand armature and 
back contact of relay 189, to the relay 39 that controls the energizing circuit for the radio. signaling impulse apparatus. Therefore, the 
succeeding impulses determined by the op 
eration of the slowly-acting relay 143 serve 
to advance step by step the wiper 170 of the 
second switch of the transmitting register 
150, and at the same time correspondingly 
to operate the relay 39 to produce intermis 
sions of the application of the signaling in 
termediate frequency to the radio transmit ting system through the agency of relay 98. 
The operation of the second switch of the 

transmitting register and the stopping of the 
wiper 170 upon the contact point correspond 
ing to the contact point upon which the 
wiper 120 of the second receiving register 
switch is resting, are effected in exactly the 
same manner as has been described in con 
nection with the operation of the first switch 
of the transmitting register. When this con 
tact point is reached and the relay 179 is op 
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erated, the outer impulse contact of relay 143. 
is disconnected from the relay 39 an the 
middle impulse contact of relay 143 is ex 
tended to the stepping magnet, 199 of the 
auxiliary switch 195 by way of wiper 196 of 
that switch. The next two impulses deliv 
ered by the relay 143 therefore do not cause 
the operation of the relay 39, but are utilized 
to advance the wiper of the auxiliary switch 
195 and thus interpose a brief pause in the 
sending of the radio impulses. When the auxiliary switch 195 has ad vanced its wipers two steps, the energizing. 
path for the stepping magnet 188 of the third switch of the transmitting register is 
extended through at the wiper 196 and its 
second contact point from normal, and the energizing path for the relay 39 is extended 
through by way of the wiper 198 and its sec 
ond contact point from normal. Thereafter 
the impulses controlled by the relay 143 are 
effective to cause the stepping of the third 
switch of the transmitting register 150, and 
to produce a corresponding succession of ra 
dio impulses as a result of the operation of 
the relay 39. When the wiper 180 of the 
third switch encounters the contact that is 
connected with the contact terminal upon which the wiper 130 of the associated receiv ing register switch is resting, relay 189 is energized and locks up by way of its inner 
right-hand front contact and armature and 
the connection to the holding ground con 
ductor controlled at the outer right-hand 
front contact and armature of relay 12. Re lay 189 in operating not only opens the en 
ergizing circuits of the stepping magnet 188 
and impulse-controlling relay 39 to put a 
stop to the stepping of the third transmit 
ting register switch and the sending of the radio impulses of the corresponding group; 
but it also opens at its outer E. a 
mature and back contact the main path over to this moment the circuit has been 
afforded for the energization of the impulse 
devices 140. Thus the completion of the op eration of the third transmitting register 
switch stops the radio impulse-sending op 
eration. We may now consider the effect of the re 
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ceiving of this train of radio impulses at 
the called radio station S-3. After the 
calling radio station S-1 has established 
operative relation with the called station 
S-3, the relay 99 of the called station (see Fig. 5) is continuously energized, as a result 

20 

of the Superposed signaling intermediate 
frequency sent out upon the carrier wave 
that is being transmitted by the callingra 
dio station. This signaling intermediate 
frequency is controlled by relay 98 at the 
calling station; and this relay, as has been 
described, is under the control of relay 39, being operated to steadily apply the signal. 
ing intermediate frequency when relay 39 
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is inert. At each attraction of the armature of relay 39, therefore, the relay 99 at the 
called radio station S-3 releases its arma 
ture. This causes relay 61, controlled by re 
lay 99 through the medium of conductor 80, 
to release its armatures. This closes a cir 
cuit that extends from battery through the 
winding of relay 69, outer normally closed 
contact of plunger relay 68, middle right 
hand front contact and armature of relay 62, 
and right-hand back contact and armature 
of relay 61 to ground. As a result relay 69 
operates and closes a circuit that energizes 
relay 68 and causes it to start the inward 
movement of its plunger. The rate of the 
inward movement of the plunger is so ad justed that it requires for its completion a 
materially longer time than that which is 
consumed in the sending of a single impulse 
of the radio signal. Therefore, before the 
plunger of relay 68 is able to move far 
enough to open its inner contacts, and thus 
release relay 62 (which became locked up 
at the initial operation of relay 61), relay 
61 is again energized at the end of the radio 
impulse and releases relay 69, which in turn 
releases relay 68 and permits the immediate 
return of the plunger to its original condi 
tion. Therefore the passage of the radio 
impulses, and the consequent alternate re 
tractions and attractions of the armatures of 
relay 61, does not bring about the release 
of relay 62, this relay remaining steadily en 
3. until the connection between the radio stations is finally released. 
As relay 61 retracts and attracts its arma 

tures as a result of the receipt of the signal 
ing impulses, it closes and opens a circuit 
that extends from battery through the wind 
switch of the receiving register 200, left 
hand winding of relay 219, resting contact 
211 of the first switch (and, after the first 
impulse, through the left-hand front con 
tact and armature of relay 219), inner left 
hand armature and front contact of relay 62, 
and left-hand back contact and armature of 
relay 61 to ground. Each impulse of the 
first group of selecting impulses transmitted, 
therefore, causes the wiper 210 of the first 
switch of the receiving register to advance 
one step; so that at the end of the group 
of impulses the wiper is left resting on 
the contact corresponding in number to the 
number of impulses in the group. During the receipt of the selecting impulses of the 
first group, the relay 219 is held operated 
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and is released to transfer the stepping cir 
cuit controlled by relay 61 to the stepping magnet of the next switch of the receiving 
register at the end of the group of impulses. 
This is accomplished as follows: When the 
relay 219 is energized upon the first retrac 
tion of the armatures of relay 61, a circuit is closed for continuing its energization by 
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way of its right-hand winding, inner right 
hand front contact and armature, and the 
inner normally closed contacts of the plunger 
relay 70 to ground. The operation of relay 
219 also prepares a path for the energiza 
tion of relay 71 that is completed upon the 
following energization of relay 6. This 
path extends from battery through the 
winding of relay 71, outer normally closed 
contacts of plunger relay 70, outer right 
hand front contact and armature of relay 
219, and left-hand front contact and arma 
ture of relay 61 to ground. Therefore at 
each energization of relay 61 between im 
pulses transmitted to the stepping magnet 
218 of the first switch, relay 71 is energized 
and closes at its right-hand front contact 
and armature an energizing circuit for plunger relay 70. This relay thereupon 
starts the inward movement of its plunger. 
But the rate of movement is so adjusted that 
the plunger is unable to move far enough to 
cause, the opening of its inner contacts in the 
interval between impulses during which re 
lay 61 remains energized. Therefore when 
relay 61 is again released to cause the first 
switch of the receiving register 200 to take 
another step, relay 71 is released by the 
opening of its energizing circuit at the left 
hand front contact and armature of relay 
61, and in releasing opens the energizing 
circuit of plunger relay 70. When this 
pens, the plunger of relay 70 is immediately 
restored to its original position. 
This intermittent partial movement of 

the plunger of relay 70 continues as long 
as the impulses of the group are passing. 
At their termination the auxiliary switch 
190 associated with the first transmitting ing of stepping magnet 218 of the first register switch at the calling radio station 
acts to interpose a delay before the impulses 
of the next group are started, as has here 
inbefore been described. The interval re quired for the complete operation of plunger 
relay 70 is so adjusted as to be shorter than 
the interval between impulse groups inter 
posed by the auxiliary switch at the calling 
radio station. 
receiving station at the end of the impulse 
group maintains its armatures attracted long enough to permit the plunger relay 70 
to move its plunger all the way in and open 
the associated inner contacts at the end of 
the inward movement. When this occurs, the locking circuit of relay 219 by way of its 
right-hand winding and inner right-hand: 
front contact and armature is opened at the 
inner contacts of relay 70, and relay 219 is 
released. This releases relay 71, which in 
turn releases relay 70 and permits the return of the plunger to its original position. 
When relay 219 releases it extends the 

stepping control circuit to the stepping 
magnet of the second switch of the receiv 
ing register; so that when the relay 61 is 
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again released at the start of the second 
group of impulses a circuit is closed that 
extends from battery through the winding 
of stepping magnet 228 of the second switch of the receiving register, left-hand winding 
of reiay 229, resting contact. 221 of the asso 
ciated switch (and after the first step of 
the switch, by way of left-hand front con 
tact and armature of relay 229), contact 10 212, now closed, of the first receiving regis 

5. 

iter switch, left-hand back contact and arma 
ture of relay 219, inner left-hand front con 
tact and arnature of relay 62, and left-hand 
back contact and armature of relay 61 to 
ground. The impulses of this group there 
upon cause the advance of the wiper 220 
of the second switch in the same manner as 
was described in connection with the opera 
tion of the apparatus of the first switch; 

20 and the relay6i also controls the plunger 

25 

relay 70 through the medium of outer right 
hand armature and front contact of relay 
229 in the same manner that it controlled 
relay 70 through the medium of the outer 
right-hand armature and front contact of 
relay 219 of the first switch, the relatively 
long attraction of the armature of relay 61 
at the end of the second group of impulses 
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bringing about the full operation of plunger 
relay 70 to release relay 229 in the same man 
ner as was described in connection with the 
operation of the first switch. 
When the relay 229 of the second switch 

releases it extends the stepping circuit con 
trolled by relay 6 through to the third 
switch of the receiving register 200, so that 
upon the release of relay 61 at the first im 
pulse of the third group, a circuit is closed 
that extends from battery through the step 
ping magnet 238 of the third switch, left 
hand winding of associated relay 239, rest 
ing contacts 231 contacts 222, now closed, 
of the second switch, left-hand back con 
tact and armature of relay 229, closed con 
tacts 212 of the first switch, left-hand back 
contact and armature of relay 219, inner 
left-hand armature and front contact of 
relay 62, and left-hand back contact and 
armature of relay 61 to ground. The third 
group of impulses causes the wiper 230 of 
the third switch to be advanced to a con 
tact point corresponding in number to the 
number of impulses in the group, and the 
termination of this group of impulses oper 
ates plunger relay 70 to release relay 
239 in the same manner as that heretofore 
described. w 
When relay 239 releases at the termina 

tion of the third and last group of impulses, 
it closes a circuit for starting the produc 
tion of a series of groups of impulses for 
the operation of the associated transmitting 
register switch 250, and for the transmit 
ting of corresponding impulses to the select 
ing switches that serve to complete the con 

nection of the trunk circuit of the called 
radio station S-3 to the particular local 
line that is being called. The circut thus 
closed extends from battery through the 
winding of relay 66, back contact and arma 
ture of relay 67, conductor i75, outer left 
hand back contact and armature of reiay 
267, closed contact 232 of third receiving 
register switch, and outer left-hand back 
contact and armature of relay 
of the closure of this circuit, it operates 

239 0 
ground. When relay 66 operates as a result 

7. 

relay 67, which releases relay 66, which 
releases relay 67, and so continues to effect 
the intermittent operation of these relays 
as long as the main energizing circuit is 
closed. Relay 66 in operating alternately operates 
relay 64 to make and E. the connection 
of retardation coil 43 across the line con 
ductors of the trunk, and stepping magnet 
268 of the first transmitting register switch 
to cause the advance of wiper 260 of that. 
switch. The circuit for the operation of the 
first transmitting register switch extends 
from battery through the winding of step 
ping magnet 268, inner E, 
tact and armature of relay 267, right-hand 
winding of relay 269, normally closed con 
tact 261 of the first transmitting register 
switch, conductor 176, and right-hand front 
contact and armature of relay 66 to ground. 
Relay 269 in operating locks up by way of a 
path through its right-hand front contact 
and armature in parallel with the path 
through the normally closed contact 261; so 
that the energizing path of the stepping 

ack con 

35 

9. 

95 

magnet 268 is maintained after the advance 
of the switch opens contact 261. Relay 269 
in operating also locks up by way of its 
left-hand winding and inner left-hand front 
contact and armature, and the inner contact 
of the plunger relay, 72. At the same time 
a circuit is closed at the outer left-hand 
front contact and armature of relay 269 that 
is effective upon the release of the impulse 
relay 66 at the end of the first impulse to 
energize relay 

05 

0. 

3, this circuit extending. . 
from battery through the winding of relay 
73, normally closed outer contact of plunger 
relay 72, outer left-hand front contact and 
armature of relay 269, conductor 167, and 
left-hand back contact and armature of re 
lay 66 to ground. When relay 73 operates, 
it locks up by way of its left-hand front con 
tact and armature, and at its right-hand 
front contact and armature it closes the en 
tergizing circuit of the plunger relay 72. 
That relay thereupon starts the inward 
movement of the plunger. But an instant 
later relay 66 is energized to produce an 
other impulse of current over the stepping 
circuit, and in its operation breaks the en 
ergizing circuit of the relay 73, thus releas ing that relay and deemergizing relay 72 to 
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release its plunger, which thereupon re 
turns to normal. 
As long as relay 66 is operating to pro 

duce impulses of current in the stepping 
circuit, relays 73 and 72 are not permitte 
to remain energized long enough to com 
plete the inward movement of the plunger 
of relay 72. The stepping continues until 
wiper 260 of the first transmitting register 
switch has been advanced into engagement 
with the contact corresponding with the 
complementary contact of the first receiv 
ing register switch upon which wiper 210 is 
resting. When this occurs a circuit is closed 
that extends from battery through the wind 
ing of relay 267, wipers 260 and 210 and the 
contacts on which they are resting, outer 
right-hand back contact and armature of re 
lay 219, conductor 172 and left-hand front 
contact and armature of relay 61 to ground. 
This operates relay 267, which thereafter 
remains locked up by way of its right 
hand armature and front contact and the 
outer left-hand front contact and armature 
of relay 62 to ground. Relay 26 in operat 
ing opens, at its inner left-hand back con 
tact and armature, the energizing circuit of 
the stepping magnet 268; and the same time, 
at its outer left-hand armature and back contact, opens the energizing path by way 
of conductor 175 for the interrupting or im 
pulse producing relays 66 and 67. There 
ore, the result of wiper 260 engaging the 
contact identified by wiper 210 of the receiv 

5 ing register switch 250, is to stop the pro 
duction of the stepping impulses and bring 
the wiper 260 of the transmitting reg 
ister switch to rest. 
When the operation of the impulse relays 

66 and 6 is stopped, the energizing circuit 
of relay 73 remains closed steadily at the 
left-hand back contact and armature of re 
lay 66; and therefore plunger relay 72 re 
mains energized to complete the inward 
movement of its plunger. e rate of move 
ment of the parts of the plunger relay 72 is 
so adjusted that the time required for the 
plunger to complete its inward movement 
and open its inner contact is equal to the 
interval normally interposed between suc 
cessive groups of impulses in the opera 
tion of automatic - switches. When the 
plunger opens the associated inner con 
tact at the limit of its inward movement, 
relay 269 is released, and a circuit is closed 
that extends from battery through the wind 
ing of relay 66, back contact and armature 
of relay 67, conductor 175, outer left-hand 
back contact and armature of relay 277 asso 
ciated with the second transmitting register 
switch, middle left-hand back contact and 
armature of relay 269, outer left-hand front 
contact and armature of relay 267, closed 
contacts 232 of the third receiving register 
switch, and outer left-hand back contact and 
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armature of relay 239 to ground. This 
causes the impulse relay 66 and 67 again 
to start their operation, and the intermittent 
ground applied at the right-hand front con 
tact of relay 66 is effective to cause the op 0 
eration of stepping magnet 278 of the second 
transmitting register switch, this circuit ex 
tending from battery through the windin 
of stepping magnet 278, inner left-han 
back contact and armature of relay 277, 
right-hand winding of relay 279, normally 
closed contact 271 of the second transmit 
ting register switch (and after the first 
impulse, by way of right-hand front contact 
and armature of relay 279), contact 262, 
now closed, of the first transmitting register 
switch, right-hand back contact and arma 
ture of relay 269, conductor 176, and right 
hand front contact of relay 66 to ground. 
The advance of the second transmitting 

register switch wiper 270, the stopping of 
the switch wiper and the deenergizing of the 
impulse relays 66 and 67 when the wiper 
reaches the contact identified by wiper 220 
of the receiving register switch, and the op 
eration of the plunger relay 72 to interpose 
the change-over interval and then release the 
relay 279, are in all respects as have been 
described in connection with the operation 
of the first transmitting register switch. 
When the relay 279 is released at the end of 
the change-over interval, the impulse relays 
66 and 67 are again energized over a circuit 
that extends by way of conductor 175, outer 
left-hand back contact and armature of re 
lay 287 of the third transmitting register 
switch, outer left-hand back contact and 
armature of relay 279 of the second trans 
mitting register switch, outer left-hand 
front contact and armature of relay 277 of 
that switch, intermediate left-hand back 
contact and armature of relay 269 of the 
first transmitting register switch, outer left 
hand front contact and armature of relay 
267 of that switch, closed contaut 232 of the 
third receiving register switch, and outer 
left-hand back contact and armature of re 
lay 239 to ground. The impulse relays 66 
and 67 are thereupon again set into oper 
ation, and the intermittent closing and open 
ing of the circuit at the right-hand front 
contact and armature of relay 66 controls 
the stepping circuit that is now extended by 
way P right-hand armature and back con 
tact of relay 279, closed contact 272 of the 
second transmitting register switch, nor 
mally closed contact 281 of the third trans 
mitting register switch, right-hand winding 
of relay 289, and inner left-hand back con 
tact and armature of relay 287 to stepping 
magnet 288 of the third transmitting regis 
ter switch, this circuit after the first step of 
the switch being maintained at the right 
hand front contact and armature of re 
lay 289. 
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The advance and stopping upon the iden 
tified contact of the wiper 280 of the third 
transmitting register switch is similar to 
the corresponding operation described in 
connection with the first and second trans 
mitting register switches. When relay 28 
of the third transmitting register switch is 
operated upon the finding of the identified 
contact by wiper 280, the energizing circuit 
for the impulse relays 66 and 67 is broken at 
the outer left-handback contact and arma 
ture of relay 287, and thereafter the impulse 
sending operation of the relays 66 and 67 
ceases. Relays 267,277 and 287 of the three 
transmitting switches are now energized, 
and are held energized by way of the path 
to ground over conductor 174 and the outer 
left-hand front contact and armature of re 
lay 62 as long as that relay remains ener 
gized; and wipers 210 and 260, 220 and 270, 
and 230 and 280, respectively of the receiv 
ing and transmitting register switches re 
main at rest upon the contacts to which they 
have been advanced. The deenergization of 
impulse relay 66 also closes steadily the ener 
gizing circuit of relay 64, which relay holds 
the retardation coil 43 bridged across the 
talking conductors 48 and 49 of the trunk. 

It is unnecessary to describe in detail the 
manner in which the groups of impulses de 
termined by the operation of the transmit 
ting register switch 250 control the auto 
matic switches for building up the connec 
tion to the called subscriber's line as this is 
something that is well understood in the 
automatic telephone art. Each step taken 
by the transmitting register switch 250 is 
accompanied by an interruption of the nor 
mally closed circuit by way of the retarda 
tion coil bridged across the talking conduc 
tors 48 and 49 of the trunk; and each such interruption causes a corresponding step to 
be taken by one or another of the train of 
selector and connector switches 1 and 18 
that are operatively associated with the 
trunk circuit at successive stages of the op 
eration; the final step taken by the connec 
tor switch completing the extension of the 
trunk circuit to the called subscriber's line, 
at which time the connection through these 
switches either is released if the called line 
is busy, or ringing current is applied in the 
ordinary and well-known way if the called 
line is idle. If the called line is found to be 
busy, the calling subscriber will be apprised 
of that fact by the receipt of the usual busy 
tone transmitted from the usual source at 
the final connector switch, or elsewhere in 

60 
the system to which the called line has con 
nection, back over the voice conductors and 
through the radio link to the talking conduc 
tors of the calling subscriber's station. The 
path over which this busy tone is transmit 
ted is the same as that, heretofore traced, 
over which the voice is transmitted, and in 

s 

cludes the two modulators associated respec 
tively with the talking intermediate fre 
quency oscillator and with the radio fre quency oscillator at the callel radio station, 
and at the calling radio station it includes 
the two detectors for the radio wave and the 
talking intermediate frequency wave respec 
tively together, with associated amplifiers 
and the like. 
When the called line subscriber at station 

C or D responds to the ringing of his bell 
and removes his telephone receiver from its 
hook, conversation may proceed between the 
calling station and the called station through 
the medium of the conductive connections of 
the stations with the respective radio trunks 
and the radio connection of these trunks 
with each other, the voice currents being 
produced and propagated in the manner de 
scribed in a preceding portion of this speci 
fication. 
As long as the calling subscriber's station 

and called subscriber's station are in com 
munication, the relays 98 of both the calling 
radio station and the called radio station are 
energized to cause the application of the 
signalling intermediate frequency of the 
corresponding station to the carrier wave 
that station is transmitting; and the relays 
99 of the calling radio station and called ra 
dio station, respectively, are held energized 
as a result of this intarmediate signalling 
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frequency component liesent in the com 
posite wave received from the other radio 
station. 
The disconnection and return to normal of 

the radio trunks at the calling and called 
radio stations are under the control of the 
calling subscriber. When the calling sub 
scriber replaces his telephone receiver on its 
switch hook, relay 11 is released, and re 
leases relay 12. The release of relay 12 
closes, at its left-hand back contact and ar 
mature, a circuit for effecting the restora 
tion to normal of the station selecting switch 
20 and the various switch elements. of the 

mitting register switch 150. This restoring 
circuit includes in parallel branches receiv 
ing register stepping. magnets 118, 128 and 
138, with their respective armatures and 
back contacts and corresponding register 
switch closed contacts 113,123 and 133; and 
also the stepping magnet 28 of the station 
selecting switch 20 with its armature and 
back contact and the closed contact 23 of the 
switch 20. Therefore when the release of re 
lay 12 closes the switch restoring circuit, all of 
these stepping magnets operate under the 
control of their own vibratory contacts to 
step the associated switches on around to 
normal position, in which position the ener 
gizing circuits of the stepping magnets are 
opened in the associated switch contacts 113, 
123, 133 and 23, respectively. 
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Upon the restoration of thc switches of 
the receiving register 100 to normal, the re. 
storing circuit controlled at the left-hand 
armature and back contact of relay 12 is ex 
tended by way of contacts 113, 123 and 133 
of the receiving register switches to the 
stepping magnets 168, 178 and 188 of the 
transmitting register switches, the energiz 
ing circuits of these magnets being com 
pleted by way of their armatures and back 
contacts and their associated switch con 
tacts 161, 171 and 181, respectively, and the 
resting contacts 113, 123 and 133, respec 
tively, of the receiving register switches to 
the switch restoring circuit. The wipers 
160, 170, and 180 of the transmitting regis 
ter switch 150 are thereupon returned to nor 
mal. Upon the return of these elements of 
the transmitting register switch, the restor 
ing circuit is further extended to the step 
ping magnets 194 and 199 of the associated 
change-over switches 190 and 195, the con 
nection with the restoring circuit being by 
way of the armatures and back contacts of 
the magnets and contacts 192 and 197 re 
spectively of the associated switches, and 
thence by way of the contacts 161 and 171 
respectively of the transmitting register 
switch, and the contacts 113 and 123 respec 
tively of the receiving register switch. e 
extension of the restoring circuit to the 
stepping magnets 194 and 199 causes the 
stepping around to normal of the associated 
switches. 
As long as any of the branches of the re 

storing circuit are closed, the low resistance 
relay 15 included in the common portion of 
the restoring circuit is held energized to 
maintain operated the slow releasing relay 
45. This relay as long as it is operated 
Imaintains abusy test condition upon the va 
rious branches of the associated radio trunk, 
so that it may not again be seized until the 
restoration of the trunk to normal has been 
fully effected. 
In the restoration of the station selecting 

switch 20 to normal, the particular tunin 
control branches that have been held close 
by way of wipers 21 and 22, and which in 
the present instances have been assumed to 
be the branches associated with the conduc 
tor 83 extending to the transmitting anten 
na system and the conductor 93 extending 
to the receiving antenna system, are opened, 
and the associated relays 116, 126, 136 and 
156 are released. At the same time the con 
tact 26 of station selecting switch 20 is 
opened to deenergize relay 89, and thus with 
draw current supply from the radio trans 
mitting system; and contact 27 is closed to 
complete an energizing path by way of con 
ductor 91 to operate relay 154 and thus es 
tablish the normal tuning of the receiving 
antenna system so that it may be responsive 
to calls from other radio stations. 
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The removal of this ground connection at 
the outer right-hand armature and front con 
tact of relay 12, breaks also the holding cir 
cuit traced by way of the back contact of 
relay 30 for relays 38, 169, 179, 189 and 35. 
These relays thereupon release. Relay 35 in 
releasing releases relay 98, thereby opening 
the path for the application of current for 
energizing the signaling intermediate fre 
quency oscillator 145. Therefore, when slow 
releasing relay 12 deenergizes upon the hang 
ing up of the calling subscriber, the i 
ling intermediate frequency is withdrawn 
from the carrier wave, and the withdrawal of 
this intermediate frequency at once brings 
about the deenergization of the relay 99 at 
the called radio station. 
When relay 99 at the called radio station 

S-3 is deenergized it releases relay 61; and 
relay 61 in releasing closes a circuit that 
extends from battery through the winding of 
relay 69, outer contacts of plunger relay 68, 
middle-right-hand front contact and arma 
ture of rely 62, and right-hand back contact 
and armature of relay 61 to ground. Relay 
69 in operating closes a locking circuit for 
itself, and also closes a circuit for energizing the plunger relay 68. Relay 68 thereupon 
starts the inward movement of its plunger; 
and as relay 61 is now continually deener. 
gized, relay 69 remains energized and relay 
68 completes the inward movement of its 
plunger and opens, at its inner contacts, the 
energizing circuit of relay 62 at the end of 
the inward movement of the plunger. The 
resultant release of relay 62 opens, at its 
outer right-hand armature and front contact, 
the energizing circuit for the tuning relays 
116, 126 and 136 of the transmitting antenna 
system, thus releasing these relays and caus 
ing them to open their branches of the tuning 
circuit. Relay 62 in releasing also opens the 
energizing circuit of relay 69 to permit the 
retraction of the plunger of relay 68, opens 
at its outer EE armature and front 
contact the locking circuit that is maintain 
ing the energization of relays 63,267,277, 
and 287, and closes at its outer left-hand 
armature and back contact a circuit for caus 
ing the stepping of the receiving and trans 
nitting register switches 200 and 250 back 
to normal. The last mentioned circuit is 
completed in parallel branches through the 
windings and vibratory contacts of stepping 
magnets 218, 228 and 238 of the receiving 
register switches, thence by way of contacts 
213, 223 and 233 of these switches, respec 
tively, conductor 173, and the winding of the 
low resistance relay 65 to ground at the outer 
left-hand back contact and armature of relay 
62. The closure of these parallel branches 
causes the stepping of the switch wipers 210, 
220 and 230 back to normal. When the 
switch wipers reach their normal position 
the switch restoring circuit is extended by . 
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way of contacts 213, 223 and 233, respec 
tively, of the three receiving register switch 
elements and the contacts 263,273 and 283 of the corresponding transmitting register 
switches to the stepping magnets 268,278 and 
288, respectively, of the transmitting register 
switch. Therefore the three stepping mag 
nets are operated to move the corresponding 
switch wipers 260, 270 and 280 on around 
until the stepping magnet circuits are opened 
at contacts 263,273 and 283 when the corre 
sponding transmitting register switch wipers 
reach normal. The low resistance relay 65 
remains active until the switch restoring cir 
cuit is opened at the completion of the res 
toration of all the switches, and maintains 
energized the relay 45 (see Figs. 7 and 1) 
thus keeping the busy test condition on the 
trunk until the switch restoration is com 
pleted. 
When relay 63 is released by the release of relay 62, it opens the energizing circuit of 
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relay 36 to interrupt the talking conductors 
of the trunk, opens the energizing circuit of 
relay 89 to disconnect the current supply 
leads from the transmitting antenna system, 
opens the energizing circuit of relay 98 to 
de-energize the signaling intermediate fre 
quency oscillator 145, and opens the energiz 
ing circuit of relay 64 to interrupt the bridge 
of the trunk talking conductors 48 and 49 by 
way of the retardation coil 43. The inter 
ruption of this bridge across the talking con 
ductors 48 and 49 effects in a well-known 
way the release and restoration of the line 
and selector switches that have operated to 
establish the connection of the radio trunk 
with the called subscriber's line, the con 
nector switch at the end of the series being 
released in the usual manner by the hanging 
up of the called subscriber. This completes 
the restoration to normal of the apparatus 
that has been involved in the establishment 
of the connection between the calling sub 
scriber's line associated with one radio trunk 
or station and the called subscriber's line 
associated with another distant radio trunk 
or station. 
In the foregoing description no specific 

location has been assigned to the radio or 
high frequency stations of the system. 
These stations may be located at widely 
separated points, and each may have asso 
ciated with it a plurality of local stations 
constituting an exchange, between which ex 
changes interconnection is had through the 
medium . of the associated radio trunks. 

SO 

But, if desired, two or more radio trunks or 
high frequency stations, may be associated 
with and available to the local stations of 
each exchange system, so that the local sta 
tion of any exchange may have two or more 
avenues or - channels of communication for 
establishing connection with a local station 

s 

of another exchange. In such case, if one 
of the channels is in use communication may 
be established by way of another of the channels extending between the two ex 
changes. The procedure under these cir 
cumstances would be for the calling sub Scriber, upon receiving the busy signal in 
forming him that the channel first tried is 
in use, to hang up and then initiate a second 
call which he would dial in such a manner 
as to select another of the available channels 
between his exchange and the distant ex 
change in which the local station that he is 
calling is located. 
Where the system of the present inven 

tion is employed in this manner, and two or 
more of the high frequency or radio stations 
ae Ele within the limits of the same telephone exchange, the means for enabling 
each radio station to tune its transmitting 
and receiving antenna systems to the other 
radio station or radio stations included in 
the same exchange area may of course be 
eliminated, and only means be provided for 
tuning such radio stations of the same ex 
change system to radio stations of the other 
distant exchange systems. 

it will be understood that by the use of a 
wire or conductive connection between the 
two distant stations for guiding the high frequency waves or oscillations between 
these stations, in place of the unguided 
transmission of these waves or oscillations 
through space as herein disclosed the pres 
ent system may be employed as a system of 
wire communication. 

Since the apparatus at either station 
Would be of the same nature, whether the 
System were a high frequency wire system 
or a radio system, the claims are directed 
to a high frequency system and are intended 
to cover systems of both types. In general 
the frequencies employed on a high fre 
quency wire line or a carrier line, would be 
lower than the numerical values hereinbe 
fore given. These values, however, are 
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O given merely as examples, and frequencies 
much lower than these could be used in a 
radio system, if desired. By “high fre 
quency” is meant a frequency high as com 
pared with the frequency of the signal which 
is transmitted by the high frequency wave 
and no limiting values can be given. It may 
be said, however, that for satisfactory high 
frequency telephony the frequency of the 
carrier wave should be near or above the 
upper limit of audibility and frequencies 
from about 10,000 cycles upwards have 
proyed satisfactory in practice. For teleg 
raphy or other types of signaling employing 
lower frequencies than telephony, still lower 
carrier frequencies can be used. For con 
venience the frequency of the signaling cur 
rents themselves, such as voice currents, tele 

5 

20 

25 



() 

5 

40 

45 

subject of co-pending 

22 

graph currents or other signaling currents 
are referred to in certain of the claims as 
low frequencies to distinguish them from 
the high frequencies or carrier frequencies. 

In order fully to disclose the present in 
vention in its preferred form it has been 
necessary to disclose certain features in con 
nection with the production and propaga 
tion of the high frequency wayes that are the applications Serial 
No. 81,980, filed March 3, 1916, Serial No. 
131,868, filed November 17, 1916, and Serial 
No. 18i,581, filed July 19, 1917, of various 
inventors assigned to the assignee of the 
resent application. Such features include 
or example the specific oscillators 191, 109, 
145, the transmission of a purity of inter 
mediate frequencies by means of the same 
high frequency carrier wave, each of which intermediate frequencies may be separately 
controlled, the specific modulating systems, 
the specific detecting arrangements, and the 
general circuit arrangements embodying 
these elements in a high frequency System. 
The structure and operation of these ele 
mens will, however, be evident to all those 
skilled in the art to which these elements 
ertain, especially in view of the description 
ereinbefore given. Since these elements by 

themselves form no part of the present in 
vention, they are not specifically claimed 
herein. Certain features that are specifi 
cally adapted to an automatic telephone 
switching system likewise form no part of 
the present invention and are claimed in co 
E. ing Epitation Serial No. 418,191, ed 5t ber 20, 1920, and Serial No. 
304.212, filed June 14, 1919. What is claimed is: 

1. The combination with two automatic 
telephone systems comprising telephone sta 
tions and automatic switches for intercon 
necting the same, of high frequency carrier 
telephone transmitting and receiving appa 
ratus associated with each system, and means 
controlled by any station of one system for 
causing the operation of said high frequency 
apparatus to establish connection with any 
station of the other system. 

2. In a high frequency telephone system, 
the combination with a EE Sta 
tion, of a telephone line connected with said 
station and having a telephone station pro 
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vided with switch controlling mechanism, a 
high frequency transmitting system for said 
high frequency station, means for tunin said transmitting system to produce an 
transmit any one of a number of wave fre 
quencies, other high frequency stations each 
having high frequency receiving eaS O 
mally set to be responsive to a different one 
of said wave frequencies, and means under 
the control of said switch controlling mecha 
nism and controlled over said line for selec. tively operating said tuning means to select 

1,619,228 

any desired one of said other high frequency 
stations. 

3. In a high frequency telephone system, 
the combination with a high frequency sta 
tion, of a telephone line connected with said 
station and having a telephone station pro 
vided with switch controlling mechanism, a 
high frequency receiving system for said 
high frequency station, means for tuning said receiving system to render it responsive 
to any one of a number of wave frequencies, 
other high frequency stations each having 

it) 
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means for producing and transmitting a dif 
ferent one of said wave frequencies, and 
means under the control of said station 
mechanism and controlled over said tele 
phone line for selectively operating said 
tuning means to render the receiving system 
of the associated high frequency station re 
sponsive to any one of said wave frequencies. 

4. The combination with a high frequency 
station Fried with means for producing 
a plurality of carrier waves of other high 
frequency stations having means for receiv 
jing and responding to said carrier waves, 
each station being normally set to respond 
to a different wave, automatic switch mecha 
nism at said first mentioned high frequency 
station for selecting a particular one of said 
carrier waves for transmission, a telephone 
line having a subscriber's station, and switch 
controlling mechanism at said subscriber's 
station for controlling said automatic switch 
mechanism. 

5. The combination with a station having 
means for producing high frequency oscil 
lations, an automatic switch for Ailing 
the wave length of said oscillations to any 
one of a number of different values, a plu 
rality of other stations, each having appara 
tus normally set to respond to a different 
wave length, a telephone line having an as 
sociated station, and a switch at said last 
named station for controlling the operation 
of said automatic switch to adjust the wave 
length of said high frequency oscillations to 
a particular value and thereby select a par 
ticular one of said other high frequency sta 
tions. V 

6. The combination with two automatic 
telephone systems, of a radio trunk asso 
ciated with each system, each of said radio 
trunks having a conductive terminal and a 
radio terminal, means under the control of 
any station of one of said systems for con 
necting said station with the conductive ter 
minal of the associated radio trunk, means 
for operating said radio trunk to bring its 
radio terminal into operative relation with 
the radio terminal of the radio trunk of the 
other system, and means associated with said 
last-mentioned radio trunk and operated un 
der the control of said first-mentioned radio 
trunk for bringing the conductive terminal 
of said last-mentioned radio trunk into op 
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erative relation with any station of the sys 
tem with which said last-mentioned trunk is 
associated. ... . . . 

7. The combination with a high frequency 
carrier wave signaling trunk having conduc 
tiye terminals and high frequency terminals, 
of a plurality of stations having conductive terminals, a plurality of stations having high 
frequency carrier wave terminals, switching 
means controlled at each of the first-men 
tioned stations for establishing connection 
between the conductive terminals of said 
station and the conductive terminals of said 
high frequency trunk and means for bring: 
ing the high frequency terminals of said 
trunk into operative relation with the high 

- frequency carrier wave terminals of a se 

20 

lected one of the aforesaid high frequency 
stations. 

8. The combination with a high frequency 
trunk having conductive terminals and high 
frequency terminals, of a plurality of sta 
tions adapted for connection with said con 
ductive terminals, a plurality of high fre 

5 quency stations adapted for continuous two way operative relation with said high fre 
quency terminals, and means associated with 
said trunk and controlled by said various 
stations for causing said trunk to establish 
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connection between any high frequency sta 
tion and any of said other high frequency 
stations. . 

9. The combination with a plurality of 
stations each having impulse mechanism, of 
a common high frequency sending apparatus 
adapted to be controlled in its operation by 
the impulse mechanism of any of said sta 
tions, other high frequency apparatus at a 
distant point, an automatic switch controlled 
by said last-mentioned high frequency appa 
ratus under the control of said first-men 
tioned high frequency apparatus, and a plu 
rality of stations with any one of which said 
automatic switch is adapted to make con 
nection. 

10. The combination with a plurality of 
stations, each provided with mechanism for 
sending impulses, a high frequency trunk 
common to said stations, means for connect 
ing a calling one of said stations with said 
high frequency trunk, means for translating 
said impulses into high frequency variations, 
a plurality of high frequency stations, and 
means associated with said high frequency 
trunk, including said translating means, and 
controlled by said impulse mechanism of the calling station for bringing said high fre 
quency trunk into operative relation with 
any of said high frequency stations. 

11. The combination with a calling station 
and a called station, of high frequency trans 
mitting apparatus and high frequency re 
ceiving apparatus at each station, a tele 

85 
phone line associated with the calling sta 
tion, means for extending said line to said 

station, means controlled over said line for energizing the high frequency transmitting 
apparatus of the calling station, a plural 
ity of telephone lines associated with the 
called station, switching mechanism at the 
said called station for selecting one of said 
telephone lines and connecting said called 
station thereto, and means controlled by the 

o 

high frequency receiving apparatus of the 
called station under the control of the high 
frequency. transmitting apparatus of the 
calling station for effecting the operation of 
said selecting and connecting switch mech 
anism. 

12. The combination with a plurality of 
stations each having a plurality of asso 
ciated telephone lines, and each having high 
frequency transmitting apparatus and high 
frequency receiving apparatus, of automatic 
switch mechanism at each station for inter 
connecting the associated station with any 
of the associated telephone lines, means at 
each station for selecting any other station, 
and means at the selected station controlled by the high frequency receiving apparatus 
of that station under the control of R - 
frequency transmitting apparatus of the dis 
tant station for controlling the operation of 
the associated automatic switch mechanism. 

13. The combination with two stations 
each having a plurality of associated tele 
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phone lines, and each having high frequency 
transmitting apparatus and high frequency 
receiving apparatus, of automatic switch 
mechanism at each station for effecting the 
interconnection of the station with any of 
the associated telephone lines, means under 
the control of any of the associated tele 
phone lines of one of said stations for ex 
tending the circuit of that line to that sta 
tion, means controlled by the extended tele 
phone line for controlling the operation of 
the high frequency transmitting apparatus 
of the station to which the line is extended, 
and means at the distant station controlled 
by the response of the receiving apparatus 
of that station for controlling the operation 
of the associated automatic switch mecha 
nism to connect that station to any one of 
the associated telephone lines. 

14. The combination with a plurality of 
high frequency stations each having an asso 
ciated plurality of communicating circuits, 
of a selecting switch at each of said stations 
for selecting a particular one of said com 
municating circuits and connecting the as 
sociated high frequency station therewith, 
a calling high frequency station having 
means to transmit any one of a plurality 
of high frequency waves, a selecting switch 
at said calling station, means under the con 
trol of said switch at the calling station for 
bringing said calling station into high fre 
quency communication with a particular 
one of said other high frequency stations 
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through the medium of a selected one of said 
high frequency waves, and controlling means 
SE with said calling station for first 
controlling the selecting switch of said call 
E. station to select a particular one of the other high frequency stations, and then oper 
ating the selecting switch of the selected 
high frequency station to select a particu 
lar one of the associated communicating cir 
?uits. 

15. The combination with a plurality of 
h frequency stations, each having a plu 
ity of associated communicating circuits, 

of controlling apparatus associated with a 
communicating circuit of one of said high 
frequency stations, switching mechanism 
under the control of said controlling appa 
ratus for connecting said communicating 
circuit with the associated high frequency 
station, a source of high frequency waves at 
said high frequency station, switching mech 
anism at said high frequency station and 

hi 
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under the control of said controlling appa 
ratus for bringing said high frequency sta 
tion into operative relation with one of the 
other high frequency stations by means of 
the high frequency wave from said source, 
and switching mechanism at said other sta 
tion and under the control of said control 
ling apparatus for connecting that high fre 
quency station with a particular one of its 
associated communicating circuits. 

16. The combination with two high fre 
E. stations, each having associated high requency carrier telephone transmitting 
and receiving apparatus, adapted for two 
way communication between said stations, 
of a telephone line associated with one of 
said stations and having switch mechanism 
at the substation thereof, and means under 
the control of said switch mechanism for 
controlling the energization and deenergi 
zation of the high frequency carrier tele 
phone transmitting apparatus of both of 
said high frequency stations. 

17. The combination with two stations, 
each provided with high frequency trans 
mitting and receiving apparatus, of a tele 
phone line having a telephone station pro 
vided with a switch hook, said telephone 
line being associated with one of said sta 
tions, means for establishing operative re 
lation between the high frequency trans mitting and receiving apparatuses of said. 
stations, and means made operative by the 
placin 
at said telephone station for deemergizing 
the high frequency transmitting apparatus 
of the distant station. 

18. The combination with two radio sta 
tions, each provided with radio frequency 
transmittin - g and receiving apparatus, of a 
telephone line having a telephone station 
rovided with a switch hook, said telephone 
ine being arranged for connection with one 

of the receiver on said switch hook 
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of said stations, means for establishing op 
erative relation between the radio frequency 
transmitting and receiving apparatuses of 
said stations, and means made operative by 
the placing of the telephone receiver on said 0 

switch hook at said telephone station for de 
energizing the radio frequency transmitting 
apparatus of the associated station. 

19. The combination with a plurality of 
telephone lines, a high frequency trunk com 
mon thereto, and a source of high frequency 
Waves for transmission through said trunk, 
of a plurality of high frequency stations, 
means for connecting a calling one of said 
telephone lines with said high frequency 
trunk, means for variably controlling trans 
mission of Said waves to cause said high 
frequency trunk to select and establish op 
erative relation with any of said high fre 
quency, stations, means for establishing a 
busy condition of any of said stations, and 
means responsive to the busy condition of a selected high frequency station for prevent 
ing said high frequency trunk from estab 
lishing connection between said busy high 
frequency station and said calling line. 

20. The combination with a plurality of 
high frequency stations, of means for pro 
ducing a characteristic high frequency con 
dition of each of said stations when it is 
busy as a called station, means for produc ing another characteristic high frequency 
condition when the station is in use as a call 
ing station, high frequency means for es 
tablishing operative relation between any 
two of said stations, and means responsive 
to the existence of either of said character 
istic conditions at a called high frequency 
station for preventing a calling high fre 
quency station from establishing operative 
relation therewith. 

21. The combination with two high fre 
quency stations, each provided with com 
municating apparatus and controlling ap 
paratus, and each provided with means for generating, transmitting, and receiving cer 
itain communicating oscillations and certain 
other controlling Oscillations, means for ren 
dering one of said high frequency stations 
busy and at the same time causing it to 
transmit said controlling oscillations, and 
means at said other station responsive to 
said controlling oscillations for operating 
the associated controlling apparatus to pre 
vent the establishment of communicating re 
lations between said two stations. 

22. The combination with two high fre 
quency stations, of means for establishing 
high frequency communication between said 
stations, means made operative in the estab 
lishment of communication between said sta 
tions for changing the high frequency con 
dition of each station, a third high fre 
quency station, and means associated with 
said third station and responsive to the 
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altered high frequency condition of said 

sation third high frequency station and respon 
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stations to prevent said third station from 
being into communicating relation 
therewith. w 

23, The combination with a calin 
frequency station and a called high i 
quency station, of means for establishing 
high frequency communication between 

high 

said stations, means associated with the 
called high frequency station for changing 
the high frequency condition thereof when 
said station is called, a third high frequency 

and means associated with said 
sive to the changed high frequency condi 
tion of said called high frequency, station 
for preventing said third station from bein 
brought into communicating relation wit 
said called station. 

24. The combination with a calling high 
frequency station and a called high fre 
quency station, of means for establishin 
high frequency communication between said 
stations, means associated with said, calling high frequency station for changing the 
high frequency condition thereof in calling, 
a third high frequency station, and means 
associated with said third high frequency 
station and responsive to the changed high 
frequency condition of the calling high fre: 
quency station for preventing said third 
station from being brought into communi 
cating relation with said calling radio sta 
tion. 

25. The combination with a high fre 
quency trunk having low frequency termi 
nals and high frequency terminals, of high 
frequency stations and other stations pro 
vided with means for establishing operative 
relation with said trunk, and means includ 
ing circuits for impressing a test potential on 
the low frequency terminals and a high fre 
quency wave on the high frequency termi 
nals upon the establishment of operative re 
lation between said trunk and any of said 
high frequency or other stations for prevent 
ing any other high frequency or other sta 
tion being brought into operative relation 
with said trunk. 

26. The combination with a calling high 
frequency station, a called high frequency 
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station, and a high frequency generator at 
each station, of high frequency controlled 
means for changing the high frequency elec 
trical condition of said called station when 
it is called, other stations adapted to be brought conductively into operative relation 
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with said called high frequency station, and 
means responsive to the changed high fre 
quency electrical condition of said high fre 
quency station when it is called for prevent 
ing the conductive connection of said other 
station with said high frequency station. 

27. The combination with a high fre 
quency station having a telephone circuit 

fre 
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adapted for connection there with, of another 
high frequency station, means for changing 
the high frequency condition of the same 
when it is unavailable for connection, means 
at the first high frequency station for pro ducing a busy indication, and high frequency 
controlled means associated with said first 
high frequency station and responsive to the 
changed high frequency condition of said 
second high frequency station when it is un 
available, for bringing said busy indicating 
means into operative relation with said tele 
phone circuit. 

28. The combination with a high fre 
quency station and a telephone line connegt 
ed thereto, of a second high frequency sta 
tion, a source of busy tone current, and high 
frequency controlled means responsive to an 

70 

75 

30 

unavailable condition of said second high 
frequency station and dependent upon the 
transmission of a high frequency wave from 
said second high frequency station for ap 
plying said source of busy tone current to 
said telephone line. 

29. The combination with a calling high 
frequency station and a telephone line adapt 
ed for connection therewith, of a called high 
frequency station, a third high frequency sta 
tion with which said called high frequency 
station is adapted to be brought into opera 
tive relation, a source of busy tone current, 
and high frequency controlled means re 
sponsive to the existence of operative rela 
tion between said called station and said 
third station and dependent upon the trans 
mission of a high frequency waye from said 
called high frequency station for applying 
said source of busy tone current to said 
telephone line. 

30. The combination with a high fre 
quency station having a telephone line con 
nected thereto, said telephone line being 
provided with a telephone station having a 
switch hook, of other high frequency sta- - 
tions, means associated with said first-men 
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tioned high frequency station for creating 
a normal high frequency condition of said 
station to render it responsive to calls from 
said other high frequency stations, and 
means made operative by the closure of said 
telephone station switch hook for changing 
the high frequency condition of said first 
mentioned high frequency station to render 
it unresponsive to calls from said other high 
frequency stations. 

31. In a high frequency, telephone system, 
the combination with a high frequency sta 
tion having a high frequency receiving sys 
tem, of means fortuning said receiving sys 
tem to be normally responsive to a certain 
wave frequency, other high frequency sta 
tions provided with means for transmitting 
waves of said frequency, a telephone line 
connected with said first-mentioned high fre 
quency station and having a telephone sta 
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tion provided with a switch hook, and means, 
operated by the closure of said switch hook 
to change the normal tuning of the receiv 
ing system of the associated high frequency 

5 station to make it unresponsive to the afore 
said wave frequency. 

32. The combination with a calling high 
frequency station and a called high fre 
uency station, of means at said called high 
requency station for generating a high fre 
quency wave to which said calling high fre 
quency station is responsive, means at said 
calling station for generating and transmit 
ting a different high frequency wave to 
which said called station is responsive, and 
means at the called station for transmitting 
the called station high frequency wave under 
control of the transmission of the high fre 
quency wave at the calling station. 

33. The combination with a calling sta 
tion and a called station, each provided with 
high frequency transmitting apparatus and 
high frequency receiving apparatus, means 
at the calling station for energizing the high 
frequency transmitting apparatus of that 
station upon the initiation of a call, and 
means at the called station controlled by the high frequency transmitting apparatus at 
the calling station for energizing the high 
frequency transmitting apparatus at the 
called station. 

34. The combination with a calling high 
frequency station and a called high fre 
quency station, of means for changing the 
high frequency condition of the called sta 
tion as a result of the calling station making 
high frequency connection therewith, a com 
municating circuit associated with said called 
station, and means responsive to the changed 
high frequency condition of the called sta 
tion for bringing said communicating cir 
cuit into operative relation with said calling 
high frequency station. 

35. The combination with a calling high 
frequency station and a called high fre 
quency station of means responsive to the 
calling of said called station for changing 
the high frequency condition thereof, a third 
high FE station, communicating cir 
cuits associated respectively with said call 
ing high frequency station and said third 
high frequency station, means for bringing 
an associated communicating circuit into op 
erative relation with said calling high fre 
uency station, and means responsive to the 

changed high uency condition of said 
called station and dependent upon the emis 
sion of a high frequency wave from one of 
said stations other than said calling high 
frequency station for preventing a said asso 
ciated communicating circuit from being 
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brought into operative communicating rela 
tion with said third high frequency station. 

36. The combination with two high fre 
65 quency stations, of means actuated upon the 
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initiation of a call at one of said stations for 
producing a high frequency signal, means 
at the other station responsive to said high 
frequency signal for producing a return 
high frequency signal, connection-controllin 
switch mechanism at the first station, an 
means at the first station controlled in re 
sponse to said return signal for actuating 
said switch mechanism. 

37. The combination with a calling high 
frequency station and a called high fre 
quency station, of a communicating circuit 
associated with the calling station, means ac 
tuated upon the initiation of a call at said 
calling station for producing a high fre 
quency signal, means at the called station re sponsive to said high frequency signal for 
producing a return high frequency signal, 
and means at the calling station responsive 
to said return high frequency signal for es 
tablishing operative relation between said 
calling station and said associated communi 
cating circuit. 

38. The combination with two high fre 
quency stations, of a communicating circuit 90 
associated with each station, means at one of 
Said stations for producing a high frequency 
signal in the initiation of a call from the as 
sociated communicating circuit of that sta 
tion, means at the other high frequency sta 
tion actuated in response to said high fre 
quency signal for establishing operative re 
lation between said station and its associated 
communicating circuit and for producing a 
return high frequency signal, and means at 100 
said first-mentioned high frequency station 
responsive to said return high frequency sig 
nal for establishing operative relation be 
tween said station and its associated com 
municating circuit. 

39. The combination with a calling high 
frequency station and a called high fre 
quency station, of a communicating exten 
sion circuit associated with said called sta 
tion, means responsive to the initiation of the 
call at said calling station for transmittin 
a high frequency wave, and means at sai 
called high frequency station responsive only 
to said high frequency wave for establishing 
operative relation between said called sta- 115 
tion and its associated communicating exten 
sion circuit. 

40. The combination with a high fre quency station having a communicating cir 
cuit associated therewith, of a second high 120 
frequency station, means at the first station 
operated upon the initiation of a call by the 
associated communicating circuit for pro 
ducing a high frequency signal, means at the 

city station responsive to said high fre- 125 
quency signal for producing a return high 
frequency signal, means at the second high 
frequency station made operative by an un 
available condition of said second station for 
preventing the production of said return sig- 130 
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anal, means at the first high frequency sta 
tion responsiye to the production of said re turn signal for establishing operative rela: 
tion between said communicating circuit and 
said first high frequency station, and means 
at the first high frequency station controlled by the non-production of id return signai 
to prevent the establishment of said opera 
tive relation and apply a busy indication to 
said associated communicating circuit. 

41. The combination with two high fre 
quency stations, of a communicating circuit 
associated with each of said stations, means 
at the first station for producing a high fre 
guency signal in response to the initiation of 
the call by the associated communicating cir 
cuit, means at the second station responsive 
to said high frequency signal for producing 
a return high frequency signal and establish. 
ing operative relation between said second 
station and its associated communicating cir 
cuit, means at the second station for prevent 
ing the production of said return high fre 
quency signal, and means at the first station 
controlled by the production or non-produc 
tion of said return signal for establishing 
operative relation between said first station 
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and its associated communicating circuit if 
said return signal is produced, and for pre 

ng the establishment of operative rela: 
ind applying a busy indication to said 

minicating circuit if said return signal 
is not produced. 

; 42. The combination with a calling sta 
tion and a called station, of means at the 
calling station for producing direct current 
impulses, means for translating said con 
ductive impulses into impulses of a high fre 
quency wave and transmitting the same, 
means for receiving said high frequency in 
pulses and translating them into direct cur 
rent impulses, a step-by-step switch selec 
tively controlled by said direct current in 
pulses for completing connection with the 
called station, and means for thereafter uti 
lizing said high frequency wave in the trans 
mission of signals to the connected called sta 
tion. . . . 

43. The combination with a calling high 
frequency sation and a called high fre 
quency station, of a plurality of telephone 
lines associated with said called station, im 
pulse operated switches for selectively con 
necting said called high frequency station 
with any of said associated telephone lines, station designating receiving register appa 
ratus at the called station, impulse-sending 
apparatus at the calling high frequency 
station, means responsive thereto for con 
trolling the setting of said receiving regis 
ter apparatus at the called station, and im 
pulse-sending apparatus at the called sta 
tion operated in accordance with the setting 
of said receiving register apparatus to effect 

a selective operation of said impulse oper 
ated switches. 44. The combination with a calling high 
frequency station and a called high fre 
quency station, of a plurality of telephone 
lines at said cailed station, impulse-operated 
switch mechanism at the called station for 
selectively connecting said called station 
with any of the associated telephone lines, 
means at the calling high frequency station 
for generating a high frequency wave and 
controlling the same to produce character 
istic successions of impulses, registering 
mechanism at the called high frequency sta 
tion for receiving such characteristics suc 
cessions of impulses, and means controlled 
by said registering mechanism for transmit 
ting to said impulse operated switch mecha-, 
nism successions of impulses corresponding 
to those received to bring about the selective 
operation of said mechanism, and means for 
utilizing said high frequency wave to trans 
mit speech. 

45. The combination with a calling high 
frequency station and a called high fre 
quency station, of means at the calling high 
frequency station for generating a high fre 
quency carrier wave having an intermediate 
signaling frequency, 
means at the calling station and impulse re 
ceiving means at the called station cooper 
ating through the medium of said signaling 
intermediate frequency, registering appara 
tus at said called station set by the received 
impulses, impulse-operated selecting switches 
at the called station, means controlled by 
said registering apparatus in accordance 
with its setting for supplying impulses for 
the selective operation of said switches, and 
a plurality of telephone lines with which 
said called high frequency station may be 

impulse producing 
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brought into connection through the me 
dium of said selecting switches. 

46. The combination with a calling high 
frequency station and a called high fre 
quency station having high frequency trans 
mitting and receiving apparatus, of a plu 
rality of lines associated with said called 
station, switch mechanism for connecting 
said called station selectively with any one 
of the associated lines, an automatic impulse 
sending device at the calling high frequency 
station, means at the called station respon 
sive to the impulses sent by said impulse 
sending device for effecting the operation of 
said switch mechanism, and means controlled 
from the called high frequency station for 
releasing said automatic impulse sending 
device to send its impulses. 

20 

47. The combination with a calling high 
frequency station and a called high fre 
quency station having high frequency trans 
mitting and receiving apparatus, of switch 
ing mechanism at said called station, coop 
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erating controlling mechanism at said call 
ing station, and means controlled from said 
called station through the medium of the high frequency transmitting apparatus 

5 thereat for rendering said controlling mecha 
nism operative. 

48. The combination with a calling high 
frequency station and a called high fre 
quency station having high frequency trans 
mitting and receiving apparatus, of an au 
tomatic signal sending device at said calling 
station, a cooperating signal receiving de 
vice at said called station, means at said 
calling station for setting said signal sending 

lö device in accordance with the signal to be 
sent, and means controlled from said called 
station through the medium of said high fre 
Sely apparatus for releasing said sending 
evice to transmit its signal. 
49. The combination with a calling high 

frequency station having high frequenc 
transmitting apparatus, of a called hig 
frequency station having high frequency re 
ceiving apparatus, a plurality of lines asso 
ciated with said called station, switch mech 
anism for connecting said called station 
selectively with anyone of the associated 

lu 

lines, an automatic impulse sending device 
at the calling high frequency station for 
sending impulses of a high frequency wave, 
means at the called station responsive to the 
impulses of high frequency sent by said im 
pulse sending device for effecting the opera 
tion of said selective switch mechanism and 
means for thereafter variably controlling 
the high frequency waves transmitted from 
said calling high frequency station to trans 
mit signals to the connected line. 

50. The combination with two stations 
each having a plurality of associated tele 
phone lines, of an impulse producing device 
associated with a calling telephone line of 
one station, a receiving impulse-storing reg 
ister at said station set by said impulses, a 
transmitting register at that station operated 
under the control of said receiving register 
to transmit corresponding impulses of a high 
frequency wave fo the other station, a re ceiving impulse-storing register at said other 
station set by the received high frequency 
impulses produced by the transmitting reg 
ister of the first station, a transmitting reg 
ister at the said other or second station op 
erating under the control of the associated 
receiving register to transmit corresponding 
impulses, and automatic switch mechanism 
controlled by the impulses sent by the trans 
mitting register of said second station for 
selectively connecting said station with the 
particular one of the associated telephone 
lines that is being called. 

51. In a high frequency, communicating 
system, the combination with two stations, a 
high frequency transmission path connecting 
said stations, slow-acting high-frequency 
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waye impulse-producing means at one of said stations, quick-acting direct-current-impulse 
operated switches at the other station, and 
receiving and sending impulse-storing regis 
ter mechanism at said last-mentioned sta 
tion for receiving the slow high frequency 
wave impulses produced at the first station 
and translating them into rapid direct-cur 
rent impulses for operating said automatic 
switches. 

52. The combination with a calling high 
frequency station and a called high fre 
quency station, of registering apparatus 
comprising a receiving impulse-storing reg 
ister and a transmitting register associated 
with each station, a calling line connected 
with said calling high frequency station, 
means associated with said line for setting 
the receiving impulse-storing register of the 
calling station, means associated with said 
receiving impulse-storing register for con 
trolling the operation of the associated trans 
mitting register, high frequency transmit 
ting apparatus controlled by said transmit 
ting register, high frequency receiving appa 
ratus responsive to said transmitting appara 
tus to effect the control of the receiving reg 
ister of the called high-frequency station, 
means controlled by the called station re ceiving impulse-storing register for control 
ling the called station transmitting register, 
a plurality of local lines associated with the 
called high frequency station, and selecting 
switch mechanism controlled by said called 
station transmitting register for selecting 
any desired one of said lines. 

53. The combination with a station pro 
vided with communicating apparatus, of 
means for generating a carrier wave having a 
communicating intermediate frequency and 105 
a signaling intermediate frequency, means 
for applying said signaling intermediate fre 
quency to said carrier wave when said station 
is in use, a calling station also having com 
municating apparatus, and means at said lio 
calling station responsive to said carrier 
wave with its superposed intermediate sig 
naling frequency for preventing the estab 
lishment of communicating relation between 
said calling station and said first-mentioned lls 
station. 

54. In a telephone system, the combination 
with two stations each having means for gen 
erating a characteristic carrier wave to 
which the other station is responsive and for 120 
generating and superposing upon the car 
rier wave a communicating intermediate fre 
quency and a signaling intermediate fre 
quency, of telephone apparatus associated 
with each station having associated means 125 
for modulating the communicating interme 
diate frequency generated by that station in 
accordance with the telephone voice currents 
and for responding to the modulated com 
municating intermediate frequency of the 130 
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other station, means at each of said stations 
for controlling the associated signaling in termediate frequency, and telephonic switch 
ing apparatus at each station responsive to 
the controlled signaling intermediate fre 
quency of the other station. 

55. In a telephone system the combina 
tion with two stations each having means 
for generating a characteristic carrier wave 
to which the other station is responsive and for generating and superposing upon the 
carrier wave a communicating intermediate 
frequency and a signaling intermediate fre 
quency, of communicating apparatus asso 
ciated with each station having associated 
means for modulating in accordance with 
the communicating currents the communi 
cating intermediate frequency generated by 
that station and for responding to the modu 
lated communicating intermediate frequency 
of the other station, means at each station for 
controlling the associated signaling inter 
mediate frequency, and a communicating ap 
paratus controlling switch at each station 
responsive to the controlled signaling inter 
mediate frequency of the other station. 

56. The combination with two high fre 
quency stations, each provided with commu 
nicating apparatus and controlling appara 
tus therefor, of means at each station for 
generating, transmitting and receiving cer 
tain characteristic currents for establishing, 
operative relation between the communicat 
ing apparatuses and other characteristic cur 
rents for establishing independent operative 
relation between the controlling apparatuses 
of the two stations, and means for opera tively relating the communicating appara 
tuses, and controlling apparatuses of the two 
stations through the medium of their re 
spective characteristic currents. 

57. The combination with two stations, 
of means at one station for producing and 
transmitting waves of different frequencies, 
receiving means at the other station selec 
tively responsive to said waves, communi 
cating apparatus and controlling apparatus 
at each station, means for operatively re 

50 
lating the communicating apparatuses of the 
two stations with each other through the 
medium of one of said waves, and means for operatively relating the controlling appa 
ratuses of the two stations with each other 
through the medium of the other wave. 
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58. The combination with two stations, each having communicating apparatus and 
controlling apparatus associated therewith, 
of imeans at each of said stations for pro 
ducing a carrier wave having two interme 
diate frequencies, means at each station for 
modulating the two intermediate frequen 
cies, of its carrier wave, means at each sta 
tion responsive to the modulations of one in 
termediate frequency of the carrier wave 
of the other station for controlling the as 

ae 
sociated communicating apparatus, and 
means at each station responsive to the mod 
ulations of the other intermediate fre 
quency of the carrier wave of the other sta 
tion for controlling said associated control 
ling apparatus. 

59. In a telephone system, the combina 
tion with two stations, each having associate ed telephonic communicating apparatus, of 
means at one of said stations for producing 
a carrier wave having two intermediate 
frequencies, means at said station controlled 
by the associated telegate apparatus for modulating one of sai frequencies, control 
ling apparatus at said station for modulat 
ing the other intermediate frequency, means 
at the distant station responsive to the 
modulations of the first-mentioned interme 
diate frequency for actuating the associated 
telephonic communicating apparatus, and 
switching mechanism at the distant station 
responsive to the modulations of said other 
intermediate frequency. 

60. The combination with a station having associated communicating apparatus and con 
trolling mechanism therefor, of a distant 
station provided with means for producing 
a high frequency wave having two inter. 
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mediate frequencies, high frequency receiv 
ing apparatus at said first-mentioned sta 
tion selectively responsive to said two inter 
mediate frequencies and adapted to control 
said communicating apparatus and said con 
trolling mechanism, means at said distant 
station for modulating one of said frequen 
cies to operate said communicating appa 
ratus, and means at said distant station for 
modulating the other frequency to control 
said controlling mechanism. 

61. The combination with a station hav ing associated communicating apparatus and 
controlling mechanism therefor, of a distant 
station provided with means for producing 
a high frequency wave having two inter 
mediate frequencies, communicating appa 
ratus at said distant station for SE 
one of said intermediate frequencies, means 
responsive to said modulated frequency for 
operating the communicating apparatus at 
the first-mentioned station, a switch at said 
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distant station for modulating the other in 
termediate frequency, and means responsive 
to said other modulated frequency for oper 
ating said controlling mechanism at the first 
mentioned station. ; : 

62. The combination with two high fre 
120 

quency stations, of separate communicating 
circuits and controlling circuits with in 
cluded communicating and controlling ap 
paratus at each station, means at one of said 
stations for producing and at the other sta 
tion for receiving a carrier wave having 
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two intermediate frequencies, and means for 
establishing independent operative relation 
between the communicating circuits of the 130 
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two stations and the -controlling circuits of 
the two stations over Said single high fre 
quency wave. 0. 

63. The combination with a calling line, 
of a radio trunk, an automatic switch un 
der the control of said calling line for con 
necting said line to said trunk, a second ra dio trunk, radio frequency means for es: tablishing operative relation between said 
trunks, a called line, an automatic switch for connecting said called line with said second 
trunk, ES means controlled by said calling 
line for restoring both said automatic 
switches. 

64. The combination with two stations, each having high frequency transmitting 
and receiving apparatus, of a calling line 
associated with one of said stations, a called 
line associated with the other station, a Se 

20 lecting switch, for connecting said other sta 
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to which said line has access, eac 

tion with the associated called line, means 
controlled from the first mentioned station 
over the calling line for transmitting to the 
distant station impulses of a high frequency 
wave to operate selectively said switch, 
means for transmitting said wave contin 
uously during the establishment of the con 
nection, and means dependent upon the con 
tinuous transmission of said wave to main 
tain said switch in its operated condition. 

65. The combination with two stations, 
each having high frequency carrier tele 
phone transmitting and receiving apparatus, 
of a called line associated with one of said 
stations, a selecting switch at said station, 
means for operating said Switch, to connect 
said called line with the associated station, 
switch mechanism at said other station, and 
means at said first mentioned station con 
trolled by said switching mechanism through 
the medium of said high frequency carrier 
telephone apparatus for releasing said se 
lecting switch. 

66. In a signaling system, a line, a plu 
rality of high frequency signaling stations 

of said 
high frequency stations having apparatus 
for transmitting a number of high frequency 
waves of different frequency, means con 
trolled over said line for automatically se 
lecting an idle one of said high frequency 
stations and for thereafter selecting for use 
a high frequency wave that has not at that 
instance been appropriated for use, and 
means dependent for its operation upon the 
idle condition of the selected high frequency 
wave for operatively connecting said line 
with the hig y apparatus of the se 
lected station and of the selected high fre quency wave whereby signals on said line 
control the said high frequency wave. 
6. A communicating system, including a 

high frequency wave system having high 
frequency transmitting and receiving appa 
ratus at each terminal, low frequency lines 
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adapted for connection to each of said ter 
minals, means controlled over a low fre: quency line for connecting it to a terminal 
of said high frequency wave system and for 
controlling the wave transmitted from said 
terminal, and means including said receiv 
ing apparatus at the other terminal respon 
sive to said transmitted wave for connecting 
said last mentioned terminal to a desired low 
frequency line whereby communication can 
be carried on between said low frequency 
lines connected through the medium of said 
high frequency wave system. 

68. In a signaling system, a line, a plu 
rality of high frequency signaling stations 
to which said line has access, there being 
a series of g frequencies assigned to each 
of said high frequency stations for enabling 
selective communication with distant similar 
stations, and means controlled over said line 
for automatically selecting an idle one of 
said stations and for thereafter selecting and 
appropriating for its exclusive use any one 
of such high frequencies comprising means 
for preventing appropriation by a station of 
a wave that is in use by other stations. 

69. A system of communication compris 
ing a telephone system and a distant tele 
phone system and a high frequency wave 
E. system for interconnecting said te 
system employing waves of preassigned high 
frequencies, and means controlled over one 
telephone system for selecting for use a 
particular one of said high frequency waves 
and for controlling the distant telephone 
system by means of the selected high fre 
quency wave. 

70. A system of communication compris 
ing a telephone system, and a distant tele 
phone system, and a high frequency wave sig 
naling system for interconnecting said tele 
phone systems, said high frequency wave 
system employing waves of preassigned high . 
frequencies, means controlled from a station in one telephone system for selecting and ap 
propriating for use a high frequency wave, 
and means responsive to the appropriation 
for use of the selected high frequency wave 
for preventing any other station of either 
telephone system from selecting for use a 
wave of the same frequency. 

71. A system of communication compris 
ing a telephone system, and a distant tele 
phone system, and a high frequency wave sig 
naling system for interconnecting said tele 
phone systems, said high frequency wive sys 
tem employing waves of preassigned high 

70 

75 

80 

85 

95 
ephone systems, said high frequency wave 

00 

05 

10 

120 

frequencies, means controlled from a sta 
tion in one telephone system for selecting 
and appropriating for use a high frequency 
wave, means Eye to the appropria 
tion for use of the selected high frequency wave for preventing any other station of 
either telephone system from selecting for use 130 
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a wave of the same frequency, and means at 
said station for controlling said selected 
high frequency wave to place said station 
in communication through said high fre 
quency wave system with another station in 
the distant telephone system. 

72. A high frequency system comprising 
a number of high frequency communication 
channels for transmitting waves of respec 
tively different distinctive frequencies and 
having respective terminals, low frequency 
lines having access to said terminals, means 
controlled over a calling low frequency line 
for seizing an idle high frequency channel, 
means responsive to such seizure for render 
ing the seized terminal of the high frequency 
channel busy to other calling lines and for 
rendering the distant terminal of the seized 
high frequency channel busy to calling lines 
accessible to that terminal. 73. A high frequency system comprising 
a number of high frequency communication 
channels arranged to transmit waves of re spectively different distinctive frequencies 
and having respective terminals, low. fre quency lines having access to said terminals, 
means controlled over a calling low fre 
quency line for seizing an idle high fre 
quency channel, means responsive to such 
seizure for rendering the seized terminal of 
the high frequency channel busy to other 
calling lines and for rendering the distant 
terminal busy to high frequency transmit 
ting apparatus of other high frequency 
channels. 74. A system of communication compris 
ing a number of two-way high frequency 
communication channels terminating at each 
end in transmitting and receiving appara 
tus, low frequency lines adapted to be asso 
ciated with each end of said channels, and 
two-way repeating means adapted to be con 
nected between the apparatus of each ter 
minal of each high frequency channel and 
an associated low frequency line for enabling 
signals to be repeated between said chan 
nel and line, switching means controlled 
over a calling low frequency line for asso 
ciating it through said two-way repeating 
means with a selected high frequency chan 
nel, and other switching, means controlled 
over said calling low frequency line and the 
selected high frequency channel for selecting 
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a low frequency line adapted to be associated 
with the distant terminal of the selected high 
frequency channel and for associating said 
selected line with said distant terminal 
through the two-way repeating means at 
said terminal. 

75. In a high frequency signaling system, 
a high frequency channel having transmis 
sion circuits' adapted to be operatively asso 
ciated therewith means to transmit a high frequency wave through said high frequency 
channel and to control the wave in accord 

3. 

ance with the designation of the desired cir 
cuit to be connected with, selective switching 
means responsive to said high frequency 
wave for selecting and connecting a desired 
transmission circuit with said high fre 
quency channel, and means for thereafter 
exercising a different kind of control over 
said high frequency wave to transmit signals 
to said selected circuit. - 

6. In a high frequency signaling system, 
a high frequency channel having transmis 
sion circuits adapted to be operatively asso 
ciated therewith means to transmit a high frequency wave through said high frequency 
channel, selective switching means responsive 
to said high frequency wave for selecting and 
connecting a desired transmission circuit 
with said high frequency channel, and 
means for thereafter controlling said high 
frequency wave to transmit speech to said 
selected circuit and for controlling said 
high frequency wave to disconnect said cir 
cuit from said channel. 

77. An automatic or semi-automatic tele phone system comprising a high frequency 
channel and low frequency telephone lines, 
adapted to be connected thereto, switching 
means controlled by the high frequency 
wave transmitted through said high fre 
quency channel for selecting a desired low. 
frequency telephone line and connecting it 
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to said high frequency channel, and means 
for thereafter controlling said high fre 
quency. Wave to transmit speech through 
said high frequency channel and for re 
peating the speech so transmitted into the 
selected low frequency telephone line. 

78. An automatic or semi-automatie tele phone system comprising a high frequency 
channel and low frequency telephone lines 
adapted to be connected thereto, switching 
means controlled by the high frequency. 
wave transmitted through said high fre 
quency channel for selecting a desired low 
frequency telephone line and connecting it 
to said high frequency channel, and means 
for thereafter controlling said high fre 
quency. Waye to transmit speech through 
said high frequency channel and for con 
trolling said high frequency wave to dis 
connect automatically the selected low fre 
quency line from said channel. 
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79. In a system of communication includ 
ing lines, means for extending a long dis 
tance connection, comprising means to trans 
mit direct current impulses over one of said 
lines, means controlled by said impulses for 
automatically extending the connection a 
portion of the distance, means for control 
ling a high frequency wave by impulses 
similarly transmitted to extend automati 
cally the connection further through the 
medium of said high frequency wave, and 
means to transmit intelligence over said 
long distance by currents transmitted from 
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said line and by the energy of the high 
frequency wave controlled in turn by said 
currents. 

'80. In a system of communication includ 
ing a line, a high frequency station to which 
said line has access, a distant high fre 
quency station, means to transmit high fre 
quency waves between said stations, said line 
being adapted to have operative connection 
with said distant high frequency station 
through said first station and through the 
medium of a said high frequency wave 
transmitted between said stations, means 
for automatically connecting said line to 
said first station, and means responsive to 
a said wave sent out from said distant sta 
tion for preventing extension of the opera 
tive connection between said line and said distant station. 

81. In a system of communication includ 
ing a line, a high frequency station to which 
said line has access, a distant high frequency 
station, means to transmit high frequency 
waves between said stations, said line being 
adapted to have operative relation with said 
distant station through said first station and 
through the medium of a said high fre 
quency wave transmitted between said sta tions, means for automatically connecting 
said line with said first station, and means 
under control of said line for transmitting 
control waves to said distant station, said 
last mentioned means being made operative 
or inoperative to transmit said waves under 
control of a wave transmitted from said 
distant station according as said distant sta 
tion is idle or busy. 

82. A system of communication compris 
ing a high frequency channel and low fre 
uency lines, means for transmitting a high 
requency wave to select a desired low fre 
quency line and automatically to connect. 
said high frequency channel to the selected 
low frequency line, and for thereafter trans 
mitting a high frequency wave carrying 
speech variations through said high fre 
quency channel and repeating speech into 
said low frequency line. 

83. In a system of communication, low 
frequency lines and a high frequency system, 
means for transmitting low frequency con 
trol currents over a low frequency line to 
connect said low frequency line automatical 
ly with said high frequency system, and for 
transmitting other similar control currents 
and translating them into high frequency 
control energy for automatically selecting a 
distant low frequency line and connecting 
said distant low frequency line to said high frequency system. 

84. In a system of communication, low 
frequency lines and a high frequency sys 
tem, means for transmitting low frequency 
control currents over a low frequency line 
to connect said low frequency line automat 
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ically with said high frequency system, and 
for transmitting other similar control cur 
rents and translating them into impulses of 
high frequency control energy for auto 
matically selecting a distant low frequency 
line and connecting said distant low fre 
quency line to said high frequency system 
and for utilizing said high frequency energy 
to maintain the connection between said two 
low frequency lines and said high frequency 
system under control of one of said low fre quency lines. 

85. In a system of communication, low 
frequency lines and a high frequency system, 
means for transmitting low frequency con 
trol currents over a low frequency line to 
connect said low frequency line automatical 
ly with said high frequency system, and for 
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transmitting other similar control currents 
and translating them into high frequency 
control energy for to NEA selecting a 
distant low frequency line and connecting 
said distant low frequency line to said high 
frequency system and for maintaining the 
connection between said two low frequency lines and said high frequency system under 
control of one ; said ". requency lines, 
and means for thereafter transmitting speech 
through said two connected low frequency 
lines and high Y. system in series, in 
cluding means to translate speech into high 
frequency wave variations. s 

86. In a system having high frequency 
channels, terminals for said channels and ex 
tension circuits adapted to be connected to 
each terminal of said channels, means for 
transmitting control current over a said cir 
cuit to connect automatically said circuit to 
a said channel, and for transmitting similar 
control current and translating the control 
current into energy of a definite high fre 
E. for transmission through said high 
requency channel, to control the automatic 

connection of said high frequency channel 
to a second of such circuits, means for utiliz 
ing said energy of said definite high fre 
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quency to maintain under control of one of 
said connected circuits said connections so 
made, and for causing the high frequency 
channel so connected to exhibit a busy con 
dition at both of its terminals to prevent 
other circuits from connecting with either 
terminal. 

87. The method of controlling a high fre 
quency system which comprises transmitting 
a high frequency wave, superposing two in 
termediate frequency waves upon said high 
frequency wave, controlling one of said in 

120 

termediate frequency waves to control con 
nections of said high frequency system to 
desired cfrcuits, and controlling said other 
intermediate frequency wave to transmit in 
telligence through said high frequency sys 
temand the connected circuit. 

88. The method of controlling a high fre 30 
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quency system which comprises transmitting 

0 
other said intermediate frequenc 

a high frequency wave, superposing two in 
termediate frequency wayes upon said high 
frequency wave, controllinor one of said in 
termediate frequency waves to control con 
nection of said high frequency system to de 
sired circuits, maintaining when made the 
said, connection under control of the inter mediate frequency wave by which the con 
nection was effected, and controlling the 

wave to 
transmit intelligence through said high fre 
quency system to the connected circuit, 

5 
89. In a communicating system, the com 

bination with a plurality of high frequency 
stations, of means at each station for trans 
mitting and responding to a plurality of 
high frequency waves, and means for auto 
matically ESEF, of said stations from transmitting a high frequency wave of 
a wave length on which any other of said 
stations has started to signal. 

90. In a radio trunking system, a vacuum 
tube detector, a circuit for impressing re 
ceived radio frequency waves thereon, a 
switch for automatically extending a tele 
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phone connection, and a circuit controlled 
by said detector for controlling the EPE of said switch in accordance with said hig frequency impulses. 

91. In combination, a telephone line cir 
cuit, other circuits, a repeating coil opera 
tively associated therewith, a switch for 
automatically extending the connection of 
said line circuit to other of said circuits, a stepping relay for controlling the actuation 
of said switch and a vacuum tube detector 
having its output side operatively associated 
with both said repeating coil and said step 
ping relay for both controlling actuation of 
said relay and impressing speech. currents 
on said repeating coil. 

92. In a carrier telephone system, means 
for transmitting a high frequency wave and 
controlling the wave in accordance with 
speech waves, and with switch-controlling 
impulses, a detector for deriving from said 
wave, components resulting from the con 
trol of EP high frequency wave in accord 
ance with speech and other components re 
sulting from the control of said high fre 
quency wave by said switch controlling im 
pulses, a telephone receiver circuit, and a 
connection-extending switch-operating cir 
cuit operatively associated with the output 
side of said detector for controlling said 
telephone receiver circuit in accordance with 
said other components. 

93. A high frequency transmitting circuit, 
and a high frequency receiving circuit at the 
same station, a source of low frequency 
variations at said station to be impressed 
upon said high frequency transmitting cir 
cuit, and means dependent upon energiza 5 tion of said receiving circuit for impressing 

38 

said lgw frequency variations upon said 
transmitting circuit. 

94. In combination, telephone lines, a high 
frequency transmitting circuit, and a high 
frequency receiving circuit associated with 
one of said lines at a station on said line 

O 

and in neutral relation as to each other, and 
means controlled from said receiving cir 
cuit for automatically extending the con 
nection of said fssociated line to another of 
said lines. 

95. In a telephone system, a plurality of 
telephone lines, a high frequency transmit 
ting circuit associated with one of said lines 
at a station on said line, a high frequency re 
ceiving circuit associated with said line and 
arranged in neutral relation with said high 
frequency transmitting circuit, automatic 
switching arrangements for interconnecting 
said one line and another of said plurality 
of lines, and means to repeat signals between 
said high frequency circuits and the con 
nected line. 
96. In a communicating system, a two 

way high frequency station comprising high 
frequency transmitting apparatus, high fre 
quency receiving apparatus, and a low fre 
quency circuit continuously associated in 
speech transfer relation with both men 
tioned apparatus, and arranged for two 
way communication through said high fre 
quency apparatus, telephone lines, and an 
automatic switching apparatus for atto 
matically connecting said low frequency cir 
cuit and one of said telephone lines for two 
way communication between the connected 
line and said high frequency apparatus. 

97. In a carrier telephone system employ 
ing high frequency waves, a station, means 
thereat for receiving from said station a 
voice modulated high frequency wave and 
deriving speech variations therefrom, a plu 
rality of outlying telephone stations, lines 
connecting said outlying stations with said 
first-mentioned station, and means con 
trolled by a high frequency wave received 
at said station from said system for select 
ing, a said outlying station and repeating 
said speech variations, thereto through the 
medium of one of said telephone lines. 

98. In a carrier telephone system, two 
distantly separated stations, oppositely di 
rected conjugately related carrier wave com 
munication channels between said stations, 
means at one station to transmit a high fre 
quency wave through an outgoing channel, 
and means at the other station actuated in 
response to the receipt of said wave from 
the first station for transmitting a high fre 
quency wave through the oppositely directed 
channel to the first station. 

99. In a carrier telephone system employ 
ing high frequency waves for the transmis 
sion of speech, a carrier telephone station, a 
second carrier telephone station arranged to 
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communicate there with, outlying stations, 
lines extending between said outlying sta 
tions and said first carrier telephone station, 
means at said first carrier telephone station 
controlled from said second carrier tele 
phone station for automatically selecting a 
desired outlying station and extending an 
operative connection thereto from said first 
carrier telephone station through the 
medium of one of said lines, and means for 
effecting telephonic communication between 
said second carrier telephone station and 
the connected outlying station through the 
medium of a said high frequency wave and 
the connected line. 100. In a high frequency communicating 
system, three or more stations, any one of 
which is arranged for communicating with 
any other of the stations through the me 
dium of a high frequency wave, a switch at 
one station automatically controlled to select 
and energize high frequency signaling appa 
ratus at that station, and circuits for pre 
venting the energization of the particular 
high frequency apparatus under control of 
said switch when a wave of the frequency 
ERY by said high frequency apparatus 
is at the time being used for communication 
by others of said stations. 

101. In a high frequency communicating 
system, a plurality of stations arranged for 
intercommunication through the medium of 
high frequency waves, a switch at each sta 
tion for automatically selecting for use a 
high frequency wave and for controlling the 
energization of high frequency wave appa 
ratus employing the selected high frequency, 
and means at another of said stations respon 
sive to the transmission of said wave of se 
lected high frequency for giving a busy sig 
nal to signify that the selected high fre 
quency has been taken for use by another 
station. 

102. In a two-way radio station, a trans 
mitting antenna and a receiving antenna, 
separate tuning elements for each antenna, 
and a controlling member for simultaneously 
tuning said two antennae. 

103. In a two-way radio station, a trans 
mitting antenna, a receiving antenna sepa 
rated at a distance therefrom and arranged 
in neutral relation thereto, tuning elements 
associated with each antenna, and a centrally 
located controlling member for altering the 
relations of the tuning elements of both of 
said antennae to adjust their tuning. 

104. In a two-way radio station having 
separate transmitting and receiving antennae, 
arranged to employ for any two-way com 
munication, each a different radio frequency 
tuning, a common controlling device for ad 
justing the transmitting antenna to one tun ing and simultaneously setting the receiving 
antenna to another tuning. . . 

105. In a signal system, a two-way radio 
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station having geographically separated 
radio transmitting and radio receiving appa 
ratus, a two-way telephone line terminal, cir 
cuits for associating said terminal with said 
radio transmitting apparatus and said radio 
receiving apparatus, and means controlled 
from said telephone line terminal fortuning 
both said radio apparatus to desired wave 
lengths and for rendering said transmitting 
apparatus active to transmit radio messages 
by means of waves of the selected transmit 
ting wave lengths. 

106. In combination, a two-way carrier 
telephone channel, a telephone line, means 
for establishing, a two-way talking, connec 
tion between said channel and said line, a 
generator for supplying carrier current to 
said carrier telephone channel, and means 
actuated in the establishing of a two-way 
connection for automatically starting said 
generator into operation and for maintain 
ing said generator in continuous operation 
dependent upon the continued establishment 
of said two-way connection. 

107. In combination, a carrier telephone 
transmitting channel, a carrier telephone re 
ceiving channel, a telephone line, connection 
extending apparatus for operatively connect 
ing said line with both of said channels 
simultaneously, a source of carrier waves 
for said carrier transmitting channel, and 
means dependent upon the operated or non 
operated condition of said connection-ex 
tending apparatus for rendering said source 
active or inactive to supply carrier waves. 

108. In combination, a calling carrier tele 
phone station and a called carrier telephone 
station, each provided with connection-ex 
tending apparatus, local telephone circuits 
adapted to be connected with each carrier 
telephone station, means at one station un 
der control of said connection-extending ap 
paratus for automatically sending out a car 
rier wave, wave-responsive means at the 
other station actuated by the wave so sent 
out and current-responsive means associated 
with said connection-extending apparatus at 
said other station and arranged to be actu 
ated by said wave-responsive means. 

109. In a carrier telephone system, sta 
tions, a carrier telephone channel at a calling 
station for communicating with a distant 
station, telephone lines terminating at said 
calling station, interconnecting apparatus 
for said channel and said lines, a signal in 
the calling station, means under control of 
said apparatus for sending out a carrier 
wave and for actuating said signal, means 
also at the distant station for sending out 
a carrier wave, and means for disabling the 
signaling circuit in response to receipt of 
said wave from the distant station. 

110. In a carrier telephone system having 
a calling station and a called station, a two 
way carrier telephone channel terminating in 
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each station, telephone lines and connection 
extending apparatus at each station for es 
tablishing operative connections between said 
channel and a line, a signal at the calling 
station and local circuits for actuating said 
signal under control of said connection-ex 
tending apparatus, means also under the con trol of said connection-extending apparatus 
at the calling station for automatically send 
ing out a carrier wave, a relay at the called 
station responsive to said wave, a current 
responsive device associated with the connec 
tion-extending apparatus at the called sta 
tion and actuated by said relay, means con 
trolled by the connection-extending appa 
ratus at said called station for sending out a 
carrier wave, and a relay at the calling sta 
tion responsive to said last-mentioned carrier 
wave, said last relay being arranged to dis 
able said local circuits and said signal. 

111. In a carrier telephone system having 
a transmitting and a receiving high fre 
quency station, and outlying telephone sta 
tions accessible from said receiving station, 
means to establish a communicating connec 
tion between said transmitting high fre 
quency station and one of said outlying tele 
phone stations through said receiving high 
frequency station, means to transmit a car 
rier wave between said high frequency sta 
tions, means to control said wave by speech 
and to repeat the speech to the connected 
telephone station, a relay at the receiving 
high frequency station arranged to be held 
energized by said carrier wave for the dura 
tion of said connection, and means concerned 
in the establishing, maintaining, and sever 
g of said connection operated by said re 

ay. 
112. In a carrier telephone system, means 

to establish a communicating connection, 
means to transmit a carrier wave over the 
established connection, means to control said 
wave to transmit speecha relay arranged to 
be actuated by said carrier wave independ 
ently of the transmitted speech variations 
and means operated by said relay for deter 
mining the duration of the establishment of 
said connection. 

113. In a wave transmission system, means 
to send out a carrier wave continuously, dis 
tantly located signaling apparatus and auto 
matically operating step-by-step apparatus 
separate from said signaling apparatus, 
means for utilizing said wave at times under 
control of an o rator to cause actuation of 
said automatically operating apparatus and 
means to utilize said wave at other times to 
transmit signals. 

114. In a carrier telephone system, means 
to impress on the system a carrier wave con 
trolled by speech and another wave control 
led in accordance with numerical designal 
tions, means for separately receiving said 
waves and for deriving speech and control 
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currents respectively from said waves, a 
switch adapted to be selectively set in ac 
cordance with said control currents and a 
telephone connection including contacts of 
said switch for transmitting said speech cur 
rent. 

115. In a carrier telephone system, a re 
ceiving station, a telephone line, other lines, 
means, to receive a speech-controlled carrier 
wave from said system and to repeat the 
speech components into said line, means to 
receive another wave from said system, and 
an automatic switch controlled by said last 
mentioned wave for extending the connec 
tion of said telephone line to a selected one 
of said other lines. - 

116. In a communicating system means to 
rive from said wave a voice-modulated car 
rier wave and an impulse controlled wave 
differing in frequency from the other men 
tioned wave, a circuit for receiving the voice 
currents, and a Switch in said circuit con 
trolled by said impulse-controlled wave. 

117. In a communicating system means to 
transmit waves of different high frequencies 
and to impress speech on the wave of one 
frequency and to produce control designa 
tions in a wave of another frequency, a cir 
cuit at a distant point for receiving the 
speech and a switch in said circuit actuated 
under control of said control designations. 

118. In a communicating system means to 
transmit a carrier wave controlled by speech 
and another wave of a different frequency 
controlled in accordance with station desig 
nations, separate receiving circuits at a dis 
tant point of the system and means for sepa 
rating said waves to said circuits, a con 
nection-extending switch associated with the 
receiving circuit for said speech-controlled 
in accordance with the station designations 
of said other wave. 119. In a communicating system, dis 
tantly separated high-frequency stations, 
means at a station for transmitting a car 
rier wave, means at a distant station oper 
ated in response to said wave for sending 
a return carrier wave to the first station, 
and means for maintaining the simultane 
ous transmission of the waves from both 
stations and for separately and independ 
ently controlling each wave in accordance 
with signals. 

120. In a communicating system, a sta 
tion adapted to transmit carrier waves of 
different frequencies, distantly-located re 
ceivers for separately receiving said waves, 
sources of carrier waves of different fre 
quencies at said receivers, means controlled 
by each receiver for operatively associating 
one of said sources with said receiver to 
transmit a return carrier wave of a differ 
ent frequency to said station and means to 
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maintain simultaneous transmission of the 
wave sent to any receiving station and the 
corresponding return wave and to control 
each wave by signals. 

121. In a communicating system having 
three or more carrier-wave signaling sta 
tions, means at a station to transmit a car 
lier wave to call any other station, the 
station called being dependent upon the 
frequency of the carrier wave sent out 
from the calling station, means at the called 
station actuated by recept of said wave for 
sending out a return carrier wave different 
in frequency from the received wave and 
means to maintain simultaneous transmis 
sion of the wave sent to any receiving sta 
tion and the corresponding return wave and 
to control each wave by signals. 

122. In a communicating system having 
stations, means at a station to call and com 
municate with another station by means of 
a carrier wave of a particular frequency, 
means at said first-mentioned station to call 
and communicate with a different other sta 
tion by means of a carrier wave of another 
particular frequency, and means at each 
called station actuated in response to the 
wave from said first mentioned station for 
sending out each a wave of different fre 
quency to serve as return carrier communi 
cating channels to said first station while 
continuing to receive and respond to the 
wave sent out from the first station. 

123. In a carrier telephone system, a 
transmitting carrier channel comprising 
means to transmit a high frequency wave 
and to modulate the wave in accordance 
with speech, a distant telephone station to 
be communicated with through the medium 
of said carrier wave channel, a call signal 
at said station, means to transmit the car 
rier wave of said channel continuously dur 
ing the talking period, a relay held energized 
by said wave, and means controlled by the 
deenergization of said relay in response to 
the control of said carrier wave for caus 
ing the signal at said distant station to be 
actuated. w 

124. In a communicating system, a sta 
tion adapted to transmit carrier waves of 
different frequencies, distantly-located re 
ceivers for separately receiving said waves, 
means controlled by each receiver for trans 
mitting a return carrier wave of a different 
frequency to said station and means to 
maintain simultaneous transmission of the 
wave sent to any receiving station and the 
corresponding return wave and to control 
each wave by signals. 

125. In a radio signaling system, a cen 
tral station comprising receiving and trans 
mitting circuits adapted for communication 
with a plurality of stations, switching 
mechanism associated therewith, said mech 
anism controlling calling means for selec 
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tively calling any distant station and for 
connecting in the receiving circuit. 

126. A signaling system comprising a two 
way low frequency communication circuit, 
a carrier wave circuit comprising a receiv 
ing channel conjugately associated with a 
transmitting channel including a normally 
inactive source of carrier waves, and means 
associated with said low frequency circuit 
for rendering said carrier source active. 

127. A carrier telephone system compris 
ing a telephone circuit, a carrier wave cir 
cuit comprising a receiving channel in con 
tinuously operative condition simultaneously 
with a transmitting channel, said channels 
forming together a two-way conversational 
channel, said transmitting channel includ 
ing an inactive source of carrier waves, and 
means l'esponsive to connection of said tele 
plhone circuit to said carrier circuit for auto 
natically causing said carrier source to be 
come active. 

128. A carrier telephone system compris 
ing a telephone circuit, a carrier wave cir 
cuit having a receiving channel and a trans 
mitting channel connected to the same end 
of Said telephone circuit for simultaneous 
operation, an inactive source of carrier waves 
included in said transmitting channel, and 
means asSociated with said telephone chan 
nel for causing said carrier wave source to 
become active. 

129. In a communicating system, the com 
bination with a line, of a plurality of high 
frequency stations having means for pro 
ducing and utilizing a plurality of pairs of 
high frequency waves for communicating 
between said stations, means controlled over 
said line for automatically selecting an idle 
one of said high frequency stations, and 
means at each of said high frequency sta 

O 

75 

80 

85 

90 

95 

00 

05 

tions for automatically selecting for use one 
of said pairs of high frequency waves. 

130. In a communicating system, the com 
bination with a line, of a plurality of high 
frequency trunks, each trunk having means 
for producing and utilizing a plurality of 
high frequency waves, means controlled over 
said line for automatically selecting an idle 
one of said high frequency trunks, auto 
matic means for selecting for production and 
utilization an idle one of said high frequency 
waves, and means to indicate the selected 
wave as busy at other trunks of the system. 

131. In a signaling system, a line, a plu 
rality of high frequency signaling stations 
to which said line has access, means at each 
of said high frequency stations for trans mitting and receiving a plurality of high 
frequency waves for utilization in effecting 
non-interfering communication with distant 
similar stations, means controlled over said 
line for automatically selecting an idle one 
of said stations, and means for thereafter 
selecting and appropriating for exclusive 
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use an available one of said high frequency 
waves, including means to indicate the selec 
tive wave as busy at other stations of the 
system. . 

132. In a communicating system, the com 
bination with two high frequency stations, 
each having communicating apparatus and 
controlling apparatus, of means at each sta 
tion for producing and responding to high 
frequency waves, and automatic switching 
means for making received waves operative 
to control alternatively said controlling ap 
paratus and said communicating apparatus. 

133. The combination with two high fre 
quency stations each having means for pro 
ducing and responding to a high frequency 
wave, of automatic means at each station 
controlled by said responding means for 
bringing the producing means of that sta 
tion into operative relation with the respond 
ing means of the other station in turn 
through the medium of said wave. 

134. In a high frequency communicating 
system, the combination with a plurality of 
high frequency stations, each provided with 
high frequency transmitting and receiving 
means including a transmitting antenna and 
a receiving antenna separate therefrom, of 
tuning circuits for each high frequency sta 
tion controlling the tuning of the high fre 
quency transmitting and receiving means 
of that station, an electromagnetically op 
erated step-by-step switch for selectively 
controlling said tuning circuits, an asso 
ciated station, and means thereat for con 
trolling the operation of said step-by-step 
switch. - 

135. In a system of communication in 
having means for transmitting and receiv 
ing a number of high frequency waves, 
lines each having access to all of said sta 
tions, automatic means for selecting an idle 

45 

50 

55 

60 

65 

station for connection with a calling one of 
said lines, and means controlled over the 
two sides of the calling line for selecting for 
use a wave of a desired high frequency and 
for operatively associating said calling line 
with the high frequency apparatus, using 
said selected high frequency wave whereby 
signals on the calling line are repeated as 
variations of the selected high frequency 
WaWe 

136. In combination, a high frequency 
signaling system having a number of sta 
tions, each station being capable of com 
municating through any one of a number of 
high frequency channels, said channels in 
cluding provisions for simultaneous and 
non-interfering transmission and reception 
from and to said station, means for auto matically selecting for use an idle station, 
and means for automatically selecting a de 
sired high frequency, channel of said station. 

137. In combination, a high frequency 
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signaling system having a number of sta 
tions, each station being capable of com 
municating through anyone of a number of 
high frequency channels, a line adapted to 
be connected to any one of said stations, 
and means controlled over the two sides of 
said line for automatically selecting and ap 
propriating for use an idle one of said sta 
tions and for automatically connecting said 
line to a desired channel of said station for 
communication over said line and through 
said high frequency channel. 

38. A system of communication compris 
ing low frequency lines and a high fre 
quency channel, and means for transmitting 
impulses over the two sides of a said low 
frequency line to connect automatically. 
said line with said high frequency channel 
and for thereafter transmitting signals over 
said low frequency line and translating said 
signals into high frequency wave variations 
for transmission through said high fre 
quency channel. 

139. In a system of communication, low 
frequency lines and a high frequency sys 
tem, and means for transmitting control cur 
rents over the two sides of a low frequency 
line to select automatically under control of 
said current an idle station of said high fre 
quency system, and means for automatically 
selecting a high frequency channel terminat: 
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ing in said station and for connecting said 
low frequency line to said selected high fre 
quency channel. 

140. The combination with a telephone 
line, of a high frequency station having a 
source of high frequency waves for trans 
mitting, and means controlled over the two 
sides of said telephone line for operativel 
associating the terminals of said line wit 
said source and for thereafter variably con 
trolling the transmission of high frequency 
waves from said source in accordance with 
signals on said line. 

141. The combination with a telephone 
line, of a high frequency station, means 
thereat for generating waves of different 
high frequencies for transmission, an auto 
matic switching mechanism controllable over 
said telephone line for selecting any one of 
a plurality of said wave fic to be transmitted and for operatively associating 
the terminals of the line with said means to 
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control the transmission of the waves of 
that frequency in accordance with signals on 
said line, and means at said station opera 
tive simultaneously with said wave generat 
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ing means for receiving high frequency 
waves from a distance and translating them . 
into signals for transmission over said line. 

142. In a signaling system, a two-wire 
line, a plurality of two-way high frequency 
wave channels, said channels comprising 
rovisions for simultaneous and non-inter E. transmission and reception of high 
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frequency waves including apparatus, for 
generating, a plurality of distinctive high 
frequency waves and controlling each of El waves to transmit signals, a step-by-step 
switch at a station of said system controlled 
over the two sides of said line and arranged 
to select and actuate apparatus individual 
to one of said channels and employing a par 
ticular one of said high frequency wayes, 
and means controlled over said two-wire line . 
for variably transmitting waves from the 
selected apparatus. 's e 

143. In a signaling system, a radio station 
comprising radio apparatus, a two-wire tele 
phone transmission line associated with 
said radio station, and selective means cons 
trolled over the two sides of said line and 
operable to connect said radio apparatus to 
and to disconnect it from a terminal of said 
transmission line. 

144. In a signaling system, a radio sta 
tion comprising radio apparatus, a two-wire 
signal transmission line associated with said 
radio station, a control station associated 
with said line, and selective means at said 
radio station controlled over the two sides of 
said line from said control station to connect 
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said radio apparatus to and disconnect it 
from a terminal of said line. 

145. In a signaling system, a radio station 
comprising radio apparatus, a plurality of 
transmission circuits associated with said 
radio station, and automatic selective means 
at said radio station controlled by said radio 
apparatus whereby said radio apparatus can 
be put into communicative relation with 
any of said lines. 

146. In a signaling system, a radio station 
comprising. radio apparatus, a plurality of 
two-wire signal transmission circuits, and 
automatic selective means at said radio sta 
tion whereby said radio apparatus can be 
put into communicative relation with one of 
said transmission circuits, said automatic 
selective means being controlled over a se 
ries circuit including the two wires of any 
of said transmission circuits. 

147. In a signaling system, a radio sta 
tion comprising radio apparatus, a two-wire 
signal transmission line associated with said 
radio station, and means at said radio sta 
tion controlled over the two sides of said 
line for changing the operating wave length 
of said radio apparatus. 

148. In a telephone system, a calling sub 
scriber's station, a called subscriber's station, 
a telephone line connected with at least one 
of said stations, a source of high frequency 
carrier current, automatic means operable 
over a series circuit including the two sides 
of said telephone line for selectively assos 
ciating said source of carrier current with 
said line, and means including said source of 
carrier current and said telephone line for 
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transmitting speech between said subscriber's 
stationis. 

149. The combination in a telephone sys 
tem, of a source of high frequency carrier 
current for the propagation of speech, a 
telephone transmission line, and automatic 
switching means controlled over the two 
sides of said telephone line for operatively 
associating said source of carrier current 
with said line. 

150. The combination in a telephone sys 
tem of a plurality of sources of high fre 
quency carrier current for the propagation 
of speech, a telephone transmission line, and 
means automatically controlled over the two 
sides of said telephone transmission line for 
selectively and operatively associating said 
sources of carrier current with said line. 
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151. The combination in a telephone sys 
tem including a telephone circuit of a two 
way carrier wave communication channel in 
cluding an outgoing and an incoming branch 
both simultaneously associated in speech 
transfer relation with said telephone circuit, 
a telephone transmission line, and means au 
tomatically controlled over said telephone 
transmission line for connecting said line to 
said circuit. 
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152. The combination in a telephone sys 
tem including a plurality of telephone cir 
cuits of a plurality of two-way carrier tele 
phone channels, each including an outgoing 
and an incoming branch similtaneously 8S 
sociated in speech transfer relation with one 
of said telephone circuits, a telephone trans 
mission line, and means automatically con 
trolled over said line for operatively asso 
ciating said line with any one of said cir 
cuits. 

153. The combination in a telephone sys 
tem of a high frequency carrier wave chan 
nel for the propagation of speech, a tele 
phone transmission line, and means auto 
matically controlled through the medium of 
said carrier wave channel for operatively 
associating said carrier wave channel with 
said line. 

154. The combination in a telephone sys 
tem of a plurality of sources of high fre 
quency carrier current for the propagation 
of speech, a plurality of telephone transmis 
sion lines, and automatic selecting means 
controlled over the two sides of a telephone 
transmission line for associating any of said 
sources of carrier current with the corre 
sponding transmission line in speech trans 
fer relation thereto. 

155. In a telephone system, a calling sub 
scriber's station, a called subscriber's sta 
tion, a telephone line connected with at least 
one of said stations, a plurality of sources 
of high frequency carrier current, means au 

o controlled over the two sides of 
said telephone line for selectively associat 
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ing said sources of carrier current with said 
line, and means including said line and a se 
lected one of said sources of carrier current 
for transmitting speech between said sub 
scribers' stations. 

156. In a telephone system, a calling sta 
tion, a called station, a telephone line con 
nected with at least one of said stations, a 
high frequency transmitting terminal, a high 
frequency receiving terminal, means auto 
matically controlled from said calling sta 
tion for operatively associating with said 
line said high frequency transmitting termi 
nal and said high frequency receiving ter 
minal in neutral relation with respect to. 
each other, and means including said line 
and said connected high frequency terminals 
for carrying on two-way conversation be 
tween said stations. 

157. In a telephone system, a calling sta 
tion, a called station, a line connected with 
at least one of said stations, a carrier wave 
transmission terminal, a carrier wave re 
ceiving terminal, an impulse sending device 
at said calling station, means automatically 
operable under the control of said impulse 
sending device for extending a two-way 
signaling path between said stations includ 
ing said line and said carrier Wave trans 
mission and receiving terminal in neutral 
relation with respect to each other, and 
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means including said carrier wave transmis 
sion and receiving terminals and said tele 
phone line for propagating speech between 
said stations. 

158. In a signaling system the combina 
tion with a metallic circuit signal transmis 
sion line of a source of high frequency waves, 
means operable in response to the opening 
and closing of said line circuit for connect 
ing the terminals of said line with said 
source, means for projecting signals over 
said line to said high frequency source, and 
means for modulating the high frequency 
waves in accordance with said signals. 

159. A telephone system comprising tele 
phone exchanges, subscribers stations, two 
wire telephone transmission lines, means at 
said telephone exchanges for selectively ef. 
fecting connections between said subscribers' 
stations through the medium of said trans 
mission lines, said means being controlled 
over the two-wire circuit of the respective 
line, a plurality of separated radio stations 
operatively associated with said telephone 
exchanges, and means whereby a signal may 
be propagated through the medium of any 
of said telephone exchanges, and a plurality 

60 
of said radio stations conjointly and simul 
taneously. 

160. In a combined wire and radio com 
munication system, a telephone line compris 
ing a conductor and a return path, radio 
stations, means controlled over said conduc 
tor and return path for automatically con 
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trolling a plurality of said radio stations, 
and means controlled over the same conduc tor and return path used for controlling 
said radio stations, for propagating speech 
through the medium of said line and said 
plurality of radio stations simultaneously. 

161. In a telephone system, distantly sepa 
rated radio or earrier stations including 
transmitting and receiving radio or carrier 
apparatus, a telephone subscriber's station, 
a telephone switching station, means thereat 
controlled from said subscriber's station for 
operatively connecting said subscriber's sta 
tion with the radio or carrier transmitting 
and receiving apparatus at one of said radio, 
or carrier stations and for enabling said sub 
scriber to carry on a two-way conversation 
through the medium of the connected radio 
or carrier station with the said other radio 
or carrier station. 

162. In a telephone system, distantly sepa 
rated telephone exchanges, a two-way radio 
telephone link between said exchanges, out 
lying subscribers' stations connectible with 
the respective telephone exchanges, and 
means whereby a subscriber in one exchange 
area may call and converse with a subscriber 
in another exchange area comprising said 
two-way radio link and switching means 
controlled by the calling subscriber for 
automatically connecting his line with said 
radio link. 

163. In a telephone system, a long dis 
tance two-way radio trunk terminating in 
respective telephone central stations, sub 
scribers' stations, means automatically con 
trolled from a subscriber's station for oper 
atively associating his line with a terminal 
of said radio trunk, and means whereby said 
subscriber may carry on a two-way conver 
sation over his line and the connected radio 
trunk with a distant station, the connection 
of said subscriber's line with said terminal 
of said radio trunk being maintained con 
tinuously for the duration of said conver 
sation. 

164. In a telephone system, a long dis 
tance two-way high frequency carrier wave 
trunk, a telephone exchange including an 
operator's position, a subscriber's line incom 
ing to said position, automatic selective 
switching means controlled from said oper 
ator's position for extending a talking con 
nection from said subscriber's line to a ter 
minal of said carrier wave trunk, and means 
whereby a two-way conversation may be 
carried on over said subscriber's line, talking 
connection and carrier wave trunk with a 
distant party entirely under the control of 
the talking parties. 

165. A system, according to claim 164, in 
which said means for carrying on a two-way 
conversation includes means for connecting 
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said subscriber's line with the transmitting 
and receiving apparatus of said carrier wave 30 
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trunk and for maintaining such connection 
for the duration of the two-way conversa 
tion. : 

166. A system, according to claim 164, in 
which said means for carrying on a two-way 
conversation includes means for connecting 
said subscriber's line with the transmitting 
and reeciving apparatus of said carrier wave 
trunk and for maintaining such connection 
for the duration of the two-way conversa 
tion, and in which the means for connecting 
to the transmitting and receiving apparatus 
of said carrier wave trunk comprises a hy 
brid coil in the talking connection, the con 
jugate limbs of which are connected to said 
carrier wave transmitting and receiving ap 
paratus, respectively, for the duration of the 
conversation. 

167. In a carrier wave communication 
system, a plurality of receiving stations each 
having a normal tuning, a transmitting sta 
tion equipped with transmitting apparatus, 
means for tuning and operating said trans 
mitting apparatus with reference to the nor 
mal tuning of any of said receiving stations, 
and an indicator at said transmitting sta 
tion operable from a receiving station under 
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control of waves received thereat sent out 
from said transmitting station for giving 
different indications dependent on whether 
the receiving apparatus at said last men 
tioned receiving station is operating in reso 
nance or out of resonance with the trans 
mitted wave. 

168. In a high frequency duplex telephone : 
installation, the combination of a telephone 
exchange, carrier wave transmitting and re 
ceiving stations in connection therewith, a 
starting relay at the exchange whereby the 
transmitter is set in action, a control relay 
controlling the circuit of the starting relay, 
a holding relay adapted to be energized on 
the receipt at the receiving station of oscil 
lations from a distant station and control 
ling the circuit of the control relay, and local 
means for maintaining said holding relay 
operated after cessation of the oscillations 
from the distant station. 

In witness whereof, we hereunto subscribe 
Names this 29th day of March A. D., 
1920. m 

SAMUEL B. WILLIAMS, Jr. 
LEWIS M. CLEMENT. 
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