
1,480,235 
C, WHTE 

CARRIER WAWE SIGNALING SYSTEM 

Jan. 8, 1924. 

?? 

1920 

/7 ve/7/o/, 
(Aa//es W.2/72 

Filed Dec. 2, 

  

  



5 

10 

s 

20 

25 

30 

40 

45 

50 

Patented Jan. 8, 1924. 

UNITED STATES 

1,480,235 

PATENT OFFICE. 
CHARLES WHITE, OF EAST ORANGE, NEW JERSEY, ASSIGNOR TO weSTERN ELECTRIC 
COMPANY, INCORPORATED, OF NEW YORK, N. Y., A CORPORATION OF NEW YORK. 

CARRIER-WAVE SIGNALING SYSTEM. 

Application fled December 

To all whom it may concern: 
Be it known that I, CHARLEs WHITE, a 

citizen of the United States, residing at 
East Orange, in the county of Essex, State 
of New Jersey, have invented certain new 
and useful Improvements in Carrier-Wave 
Signaling Systems, of which the following 
is a full, clear, concise, and exact descrip 
tion. 
This invention relates to carrier wave sig 

naling systems and more particularly to sys 
tems of multiplex telephony employing car 
lier waves wherein carrier waves of distinc 
tive frequencies are used for transmissions 
in opposite directions, and wherein such car 
rier waves are normally impressed upon the 
transmission medium. Such medium may 
comprise any of the natural media employed 
in radio transmission or a conductive trans. 
mission line of any kind. 

Call signaling systems of this general type 
are known wherein the removal of the car 
rier wave from the transmission medium 
acuates a signaling device at the called 
station. Such systems may be defective how 
ever in the fact that any accidental removal 
of the carrier wave from the medium will 
cause the actuation of the signaling device 
and so give rise to a false signal indication. 
The object of this invention is to provide 

an organization of elements in a system of 
this general type, wherein such defect will 
be overcome. Another object of the inven 
tion is to provide a call signaling system 
wherein the signaling device will be actu 
ated only when the carrier is removed from 
the transmission medium in a predetermined 
manner. Still another object is to provide a 
system of this kind which is not affected by 
foreign currents which may find their way 
into the system. A still further object is 
to provide a system which will accomplish 
the above results and still be simple in con 
struction and operation. 

These objects are accomplished in the 
present invention, by providing means for 
removing the carrier wave from the trans 
mission medium periodically at a predeter 
mined rate and means at the called station 
for acutating a signaling device only in re 
sponse to such removal at such predeter 

21, 1920. Serial No. 432,191. 
mined rate. At a carrier. wave transmitting 
station a relay may be actuated in response 
to ordinary low frequency ringing current 
incoming from a calling station to inter 
mittently short-circuit the carrier wave sup 
ply to a transmission line. At a cooperating 
receiving station a second relay 
actuated at each interruption of the carrier 
wave. A third relay controlled thereby and 
responsive only to such periodic actuation 
may cause a signal indication at a called sta 
tion. 

Proceeding now to a detailed description 
of the invention with reference to the accom panying drawing Fig.1 shows one embodi 
ment, thereof. Fig. 2 shows a detail of the 
system of Fig. 1. It is to be understood that 
other organizations of elements may be em 
ployed in the working of the invention. 
In Fig. 1 there is shown, a two-way 

channel 1 of a carrier wave terminal station with its accompanying signaling apparatus 
and low frequency terminal line 3, and a 
second low frequency line 2 connected through 
suitable means to a common transmission 
line ML. For the purpose of description one 
terminal station only of the system is shown. 
It is to be understood that a similar cooper 
ating station is connected to the distant end 
of the common line MILu. 
The low frequency line 2, terminating at 
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one end in a station B is connected to the 
common line ML through a low-pass filter 
LP. This filter is of a type described in 
patent No. 1,227,113 issued on May 22, 1917 
to G. A. Campbell. It will be referred to 
hereinafter as a low-pass filter since it is 
designed to pass without appreciable attenu 
ation currents of all frequencies below and 
including the highest essential frequency of 
the voice range, and practically to extinguish 
currents of higher frequencies. 
A carrier current terminal station is also 

connected to the common line ML through a 
high-pass filter HP. This filter is also of 
a type described in the ???????! patent 
mentioned above and hereinafter will be 
spoken of as a high-pass filter, since it is 
designed to pass without appreciable atten 
uation all currents having frequencies higher 
than the highest essential frequency of the 
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voice range, and to suppress all currents of 
frequencies within the essential voice range 
and below. 
Connected to the two-way channed 1 of 

the carrier terminal station is a lovy fre 
quency line 3 terminating at the distant end 
in a low frequency station A. 

Low frequency stations A and B, may be 
subscribers' stations or, as is more common, they may be ordinary telephone exchanges. 
The station. A furthermore, may be located 
in the same building with the carrier appa 
ratus or it may be located at a distance there 
fromin. , v• 
The low frequency line 3, at the carrier 

terminal station 1, extends through the nor 
mally closed contacts of relay 4, the func 
tion of which will be described hereinafter, 
to the line terminals of a balanced trans 
former 5. A low frequency network LFN, 
connected to the opposite terminals of the 
balanced transformer 5 is provided to bal 
ance the low frequency line 3 in a well 
known manner. The series winding of the 
hybrid coil 5 is connected to the voice fre 
quency input circuit of a modulator Mí. An 
oscillator O is also connected to the carrier 
current input circuit of the modulator M. 
The output circuit of modulator Mis con 
nected to a band filter MBF. This filter 
is adapted to pass a broad band of frequen 
cies without substantial attenuation, while 
practically suppressing all frequencies out 
side of such band both above and below. 
This filter is also of the general type de 
scribed in the Campbell patent mentioned 
above. Connected in series with the band 
filter MBF, are band filters MBF and 
MBF and one winding of transformer 6. 
The other winding of transformer 6 is con 
nected across the bridge terminals of a high 
frequency balanced transformer 7. The line 
terminals of this coil are connected to the 
common line MHL through the high pass fil 
ter HP. Connected to the opposite termi 
nais is a high frequency balancing network 
HFN. The circuit just described as extend 
ing between the balanced transformer 5 and 
the high frequency balanced transformer 7, 
comprises the transmitting channel 8 of the 
two-way carrier channel 1. 
A corresponding receiving channel 9 of 

the two-way channel 1 comprises the series 
winding of the balanced transformer 7, de 
tector band filter DBF connected in series 
with band filters DBF and DBF, a voice 
frequency detector D, a receiving amplifier 
RA and a low pass filter LPF. This filter is 
similar to the low pass filter LP connected 
in the low frequency line 2. 
The apparatus just described is used pri 

marily for speech transmission. For sig 
naling purposes, an alternating current re 
lay 10 is connected through a condenser 11 
and normally closed lower armature and 

contact of relay 13 across the low frequency 
line 3 at a point between the normally closed 
contacts of relay 4 and the balanced trans 
former 5. By means of this relay 10 the 
output circuit of the oscillator, O may be 
short-circuited for purposes hereinafter to 
be described. The slow release relay 13 is 
provided to guard the system against false 
operation. Its normally open upper contact 
controls a short circuit across the low fre 
quency modulator input circuit, while its 
normally closed lower contact controls the 
continuity of the energizing circuit of re 
lay 10. 
Connected to the receiving circuit 9 be 

tween the receiving amplifier RA and the 
low pass filter LPF and in shunt therewith 
is a signal detecting circuit. This circuit 
comprises a high pass filter HPF, a singal 
detector SID, a relay 14, a condenser 15 and 
a battery 16. The high pass filter HPF 
may be of the same type as the high pass 
filter HP. The signal detector SID may be 
of the well-known three electrode thermionic 
vacuum tube type, which is adapted to 
translate alternating current of carrier wave 
frequency into uni-directional current for 
the operation of relay 14. The battery 16 
provides the energy for the operation of re 
lay 14, while the condenser 15 is connected 
across the windings of relay 14 to improve 
the operation in a well-known manner. Re 
lay 14 controls the energizing circuit of a 
relay 1. In either the actuated or un-actu 
ated position of relay 14 a circuit is closed 
from ground to ground through a battery 
18, the winding of relay 1 and one or the 
other of the contacts of relay 14. 

Relay 14 is a two-position relay. The 
term “two-position relay' as used in this 
specification means a relay having at least 
two contact closures whereby two identical 
or equivalent circuits may be completed 
therethrough under different energization 
conditions of the relay. For example, the 
energizing circuit of relay 17 is closed by 
the closure of either the front or back con 
tacts of relay 14, therefore, relay 14 is 
termed “a two-position relay.” 

Relay 17 through its normally open con 
tact controls a signal lamp 19, the signaling 
relay 4, and the guarding relay 13. Lamp 
19, relay 4 and relay i3 are energized by 
????? from batteries 20, 21, and 22 respec tively. 

Relay 4 controls the application of ring 
ing current to the low frequency line 3 
through its normally open front contacts 
from the source of ringing current 23. 
A thermionic discharge device suitable for 

use as a signal detector is shown in Fig. 2. 
The lettered terminals of the arrangement 
of Fig. 2 are connected to the correspond 
ingly lettered terminais of Fig. 1. The de 
vice of Fig. 2 operates in well-known man 
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ner, but for further description reference 
may be had to an article by Messrs. Colpitts 
and Blackwell on “Carrier current teleph 
ony and telegraphy" published in the Jour 
nal of the American Institute of Elec 
trical Engineers for April, May and June 
1921. 
The operation of the system for call sig 

naling will now be described. 
Let it be assumed that a party at station 

A desires to get the attention of a party at 
a cooperating station at the distant end of 
the common ? MIL. By the usual ringing 

: thereby. 

14 must remain quiescent in either its actu 
ated or unactuated position for a relatively 
long period of time. In other words, relay 
17 is relatively quick to release but slow to 
Operate. - 

When tly 17 releases, its normally open 
contact is closed, signal lamp 19 being 
lighted and relays 4 and 13 being energized 

The circuit for lamp 19 extends 
from ground, through battery 20, lamp 19, 
closed contact of relay 17 to the ???????t†??? side 
of battery 18. The energizing circuit of re 
lay 4 extends from ground, through battery 

apparatus at such a station, ringing current 21, winding of relay 4, closed contact of 
will be impressed upon line 3 and, flowing 
through the normally closed contacts of 
relay 4, normally closed contact of relay 13, 
winding of relay 10 and the condenser 11, 
will actuate relay 10 periodically at a rate 
determined by the frequency of the ringing 
circuit. Such operation of relay 10 will in 
termittently short-circuit the output of the 
oscillator O by intermittently closing a short 
circuit at the normally open contact of 
relay 10. The effect of this will be to in 
termittently remove the carrier waves at 
the same rate from the common line ML. 
It is, of course, understood that carrier 
waves of distinctive frequency are normall 
impressed upon the common line M 
through the modulator M, the transmitting 
modulator band filter MBF, the end-sec 
tions of modulator band filters MBF and 
MBF, the transformer 6, the balanced 
transformer 7, and the high pass filter HP. 

Referring now to receiving channel 9 
which for purposes of description will be 
considered as the cooperating distant sta 
tion, the normally transmitted carrier waves 
will be normally received from the common 
line ML through the high pass filter HP, 
the balanced transformer 7, the end sections 
of detector band filters DBF and DBF, 
detector band filter DBF, detector D, re 
ceiving amplifier RA, and high pass filter 
HPF, by the signal detector SD. The high 
frequency carrier wave is translated by the 
signal detector SD. into uni-directional cur 
rent, to cause the actuation of relay 14. 
The interruption of the carrier wave at the 
transmitting station by interrupting the 
flow of energy to the winding of relay 14 
allows its armature to retract against its 
back contact. Relay 17 is so designed that 
a single change of position of the armature 
of relay 14 will not permit sufficient de 
energization of relay 17 to allow its arma 
ture to retract. On the other hand, the de 
sign of relay 17 is such that when the arma 
ture of relay 14 vibrates between its front 
and back contacts at a rate corresponding 
to the intermittent intelliption of the car 
rier wave at the transmitting station, relay 
17 will be deenergized. In order now to 
again energize relay 17, the armature relay 

relay 17, to the ground side of battery 18. 
The energizing circuit of relay 13 extends 
from ground, through battery 22, winding 
of relay 13, closed contact of relay 17, and 
the ground side of battery 18. . 
The lighting of lamp 19 provides a sig 

nal at the carrier terminal station to indi 
cate that the distant cooperating station is 
calling. Relay 13 which is quick to operate 
opens the energizing circuit of relay 10 at 
its own normally closed lower back contact 
(now open) and so prevents the party at 
station. A from originating a call. At the 
same time, the operation of relay 13 short 
circuits the low frequency input circuit of 
the modulator Mat its normally open upper 
front contact (now closed). Relay 13 is 
designed to operate quickly in order that 
these functions may be performed before 
the slow-operating relay 4 has caused ring 
ing current from the source 23 to be im 
pressed upon line 3 through its front con 
tacts (now closed). It is necessary to short 
circuit the low frequency input circuit of 
modulator M at this time to prevent sing 
ing, since the normally balanced transform 
er 5 becomes unbalanced when the low fre 
quency line 3 is removed by the operation 
of relay 4. The impression of ringing cul'- 
rent on the line 3 from the source 23 op 
erates a signaling device at station A to 
attract the attention of the called party. 

It should be noted that the same carrier 
frequency is employed by the calling station 
for transmission, as is used by the cooperat 
ing receiving station for reception. It should 
be further noted that carrier waves of dis 
tinctive frequencies are used at each two 
way channel for transmissions in opposite 
directions and that carrier waves of distinc 
tive frequencies are used for transmission 
through the several channels of the same 
station. In some cases the distinctive fre 
quencies of the carrier waves used for trans 
mission by the several channels may be 
grouped together in a continuous frequency 
range and the distinctive frequencies used 
for reception may likewise be grouped to 
gether though in a different continuous fre 
quency range. In other cases the distinctive 
frequencies used for transmission may al 
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ternate with the distinctive frequencies used 
for reception and may extend over the whole 
frequency range. 

In the drawing, the complete circuit of one 
channel only is shown while two additional 
channels are merely indicated. It is to be 
understood that the system is not to be lim 
ited to any particular number of channels 
but that any number of additional channels 
may be added as the requirements of the 
case may demand. 

lit is, of course, understood that the inven 
tion is not limited by this particular ar 
rangement of elements but is to be limited 
only by the scope of the appended claims. 
What is claimed is: 
1. A method of signaling in a carrier wave 

signaling system employing a two-position 
relay, a controlled element and a second relay 

20 for controlling said element, which method 
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comprises receiving impulses of carrier 
waves at a predetermined impulse perio 
dicity, actuating the controlled element only 
when the two-positioned relay is changing 
from one position to the other and vice versa 
at a predetermined rate, and energizing the 
second relay to prevent actuation of the con 
trolled element when the first relay remains 
in either position for a duration of time ex 
ceeding a definite minimum period. 

2. In a signaling system, a transmission 
medium, means to impress carrier waves on 
said medium, means to periodically withdraw 
said waves from said medium at a prede 
termined rate, a two-positioned relay main 
tained in one of its positions by the incom 
ing carrier wave and in the other posi 
tion when the carrier wave is withdrawn, a 
Second relay energized when said first men 
tioned relay remains in either of its two po 
sitions during a period of time longer than 
that due to the predetermined rate of with 
drawal of the carrier waves, and a signaling 
device controlled by said second relay. 

3. In a signaling system, a transmission 
medium, means to impress carrier waves on 
said medium, means to periodically withdraw 
said waves from said medium at a prede 
termined rate, a two-position relay main 
tained in one of its positions by the incom 
ing carrier wave and in the other position 
when the carrier wave is withdrawn, a 
second relay energized when said first men 
tioned relay remains in either of its two 
positions during a period of time longer 
than that due to the predetermined rate of 
withdrawal of the carrier waves, and de 
energized when said first mentioned relay is 
alternating between its two positions in 
synchronism with the withdrawal of the 
carrier Wave and a signaling device con 
trolled by said second relay. 

4. A call signal receiving system compris 
ing a therminonic device adapted to trans 
late high frequency oscillations into unidi 

rectional current, a relay connected to said 
thermionic device and adapted to be nor 
mally energized by unidirectional current 
therefrom, a second relay, an energizing cir 
cuit for said second relay, the continuity 
of which is completed by said first mentioned 
relay when in either its energized or deen 
ergized condition and interrupted during the 
period of change from the energized to the 
deenergized condition and vice versa, and a 
signaling device controlled by said second 
mentioned relay. 

5. A call signal receiving system compris 
ing a thermionic device adapted to trans 
late high frequency oscillations into unidi 
rectional current, a relay connected to said 
thermionic device and adapted to be nor 
mally energized by unidirectional current 
therefrom but responding to interruptions of 
said oscillations at a predetermined rate to 
change the position of its armature, a sec 
ond relay, an energizing circuit for said sec 
ond relay the continuity of which is inter 
rupted by the response of said first men. 
tioned relay to the interruption of said os 
cillations at said predetermined rate and a 
???! controlled by said second mentioned 

relay. 
6. In a call signaling system, a transmis 

ision medium, means to impress a carrier 
wave on said medium, means to periodically 
withdraw said wave from said medium at a 
predetermined rate, a receiving station, a 
signal at said receiving station, a two posi 
tion relay, maintained in one position by the 
received carrier wave and in the other when 
the carrier wave is withdrawn, a second re 
lay adapted to cause an indication by said 
signal when said first mentioned relay is 
changing position at the predetermined rate 
of interruption of said carrier wave and 
to prevent such indication when said first 
mentioned relay remains in either of its po 
sitions longer than a predeterminable period 
corresponding to said predetermined rate. 

7. In a carrier wave call signaling system, 
a plurality of speech transmission channels. 
carrier waves of distinctive frequencies nor 
mally impressed upon each channel, means 
to intermittently withdraw any of said 
waves from their corresponding channels at 
a predetermined rate, a two-position relay 
for each channel, each of said relays being 
maintained in one of its positions by the 
carrier wave of distinctive frequency as 
signed to that channel and in the other posi 
tion when said carrier wave is withdrawn, 
a second relay for each channel energized 
when said first mentioned relay remains in 
either of its two positions during a period 
of time longer than that due to the pre 
determined rate of withdrawal of the car 
rier waves, and a signaling device for each 
channel controlled by said second relay. 

8. In a carrier wave call signaling system, 
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a plurality of speech transmission channels, 
carrier waves of distinctive frequencies nor 
mally impressed upon each channel, means to 
intermittently withdraw any of said waves 

5 from their corresponding channels at a pre 
determined rate, a two-position relay for 
each channel, each maintained in one of its 
positions by the carrier wave of distinctive 
frequency assigned to that channel and in the 

10 other position when said carrier wave is 
withdrawn, a second relay, means to ener 
gize said second relay when said first men 
tioned relay is changing its position in 
synchronism with the withdrawal of the car 

15 rier wave and a signaling device controlled 
by said second relay. 

9. A signaling system comprising a line, 

means for applying periodic impulses of al 
ternating current. th?reto, a relay responsive 
to said impulses, a controlled element, and a 
slow-operating ???ll?s:[{ relay con trolled by the first relay and controlling 
said element. 

10. A signaling system comprising a trans 
mission medium, means for impressing peri 
odic impulses of alternating current thereon, 
a relay responsive to said impulses, a con 
trolled element, and a slow-operating quick 
releasing relay controlled by the first relay 
and controlling said element. 
In witness whereof, I hereunto subscribe 

my name this 17th day of December, A. D., 
1920. 

CHARLES WHITE. 
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