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To all whonie it may concern’

Be it known that I, Lroyp EspeNsciiiep,
residing at Queens, in the county’ of Queens
and State of New York, have invented cer-
tain Improvements in Means for Ringing
Over Mult:plex Transmission Channels, of
which the following is a specification: .- -

-This invention relates to transmission

systems and more particularly to multiplex
transmission systems employing carrier cur-
rents. The present application is-a con-
tinuation as to common:subject matter of
applicant’s prior. application, Serial No.

>

314,074, filed July 29, 1919. - %

‘Where multiplex transmission is attained
by theise of carrier cutrents a plurality of
carriet " frequericies are transmitted over a
‘comman transmission line, the. carrier-fre:
quencies being separated sufficiently to, pre-
vent interference, and each frequency-be-
ing assigned for use as a-separate channel

of communication so that signals, such, for

instance as telephonic 'variations; may be
transmitted by Impressing .them upon the

carrier frequencies. - Several channels may-
thus be superposed upon'a common trans-

" mission line and-each channel performs the

30

functions of an ordinary telephone trans-
mission line. .- : -

In ordinary telephone transmissio it is -

customary to transmit over the line, in ad-
dition -to the telephone currents, ringing
currents or other signaling currents, for the
purpose of signaling between operators in
establishing connections. In order to ob-

_tain practical telephone service over each

carrier communication - channel, it is. de-
sirable that the channel be utilized for the

. transmission of such ringing or other sig-
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naling currents-as well as for. the transmis-
sion of ordinary telephone currents.: _
This invention. therefore, concerns ineans
whereby ringing and other signals may he
transmitted for each carrier channel.
" The invention likewise has reference to
the provision of a transmission system hav-
ing included thercin a vacuum tube which
nomnally acts to produce one <desired resuit,
but- which under other conditions, operates
as a generator of oscillations. '

A further feature of the invention is the

provision in a transmission cireuit of an
amplifier, which, while normally servingas

“transmissi

a‘p_amp_liﬁer' only; will under certain con-
ditions: operate to- produce oscillations.
Still another. part of the invention re-

lites to an amphfier between two line sec--

tions for the amplification.of current: trans-

-mitted from one line-séction to the other,

which in response to ‘currents ‘transmitted
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from said last mentioned ljrie section, will .

act, as a generator of o/Sdlltitibns‘-to be trans-

mitted to'the.first line -section. ... <"

. The.pbove festures, as well as-others more

fully hereinafter appearing, are
by the drrangements ‘sét ‘fort|
lowing description” & Hus
accompanying-drawing,. Figure 1. of swhich
is“a diagram of ‘such portions: of the ap-
paratus-and ‘circuits of & "carrier system as

mplified
the fol-

Ao

“afe -necessary: for:-a full understanding of

65

“in-the -
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‘the invention; and Figure 2.0f which-illus- -

‘trates: the ‘invention :as applied tp an ordi-
nalrzy .22 repeater system, ;. © - o -
eferring to Fig. 1.of the drawing, ML

designites’.a :main .line :employed: - for - the

terminal‘carrier equipment.is:provided -for

_separating -the frequencies.intotheir re-

spective channels and for associating them
with low.frequency. transmission lines. A

rtion of the apparatus at onesstation only
is illustrated, it being understood that simi-

“lar apparatus will be provided .at: the:other
-station.” At .the: station illustrated: in the

drawing.-the main line ML is balanced by
an artificial line MN and is associated
through -a balanced, transformer arrange-
ment 10" with a. common transmitting cir-

"enit TL arid a.common receiving circuit RL,

the arrangement being such that these two
circuits are conjugate with respect to each
other; ‘so- that ‘electrical variations arising
in the one circuit will be without effect upon

-the other. g B Lo .
-~The common transmitting and receiving

cireuits TT and™ RL are associasted with a

“terminal low frequency line I, through a
two-wav cirenit’ comprising a transmitting
¢hannel TI., and a receiving channel RL,,

5

T oni* of ia “plurality of .carrier fre- : -
-quencies-between: two:main stations:atavhich
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the former chanpel being inductively as-

sociated - with the common circuit TL
through a eonnection including a filter TF,
and ‘the latter chanriel being inductively. as-
sociated with the common receiving cir-

105
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. cuit RL through a connection including a

10

filter R¥,. The transmitting and recelving -

channels- TL, -and RL, are interconnected
at their ends through a transformer ar-

“rangement 11 with the terminal line L, the
“latter line being balanced by aun artificial

line or network N, so that the transmitting
and receiving channels TL* and RI* will
De conjugate with respect fo each other.
The common transmitting . and - receiving
cireyits TL and RL may be similarly asso-
ciatgd with one or more other low  fre-.
quency terminal lines through transmitting

_ - and receiving channels similar to TL, and
15

RL,, the manner in which additional chan-
nels are associated with the commen circuits

"~ TL and Rl béing indicated by the -tonnec-

.20
" TF,.
band filters of the general type- illudtrated -

tions including the filters TF,” and RF,.
The transmitting channel TL; includes,

in addition to the filter TI,’, a similar filter

These filters :ave preferably.broad

" in U. 8. patents issued to George ‘A. Camp-

25
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‘bell, ‘Nos. 1,227,113 and 1,297,114, dated

Muy 22, 1917, These filters. should be so
designed as to-transmit a band of frequen-
cies equal in width -tothe band of - fre-
queéncies employed iy _ordinary  telephonic
transmission, said band extending from the
‘carrier frequency.assigned to-the channel

_to a limiting frequency either above-or: be-

low said carrier frequency .an amount equal:
‘to the width of the band. . = 7 '

In order to translate the low. fréquency
signaling currents transmitted over the line

L, into high frequency currents for trans-

mission over the main line ML, the trans-

. mitting “channel ‘TL, 1is provided: with a’

40

modulator M,. This modulator is prefer-
ably of the duplex vacuun tube type illus-

. trated -and ‘described in the U. Slapplica-
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tion.of B. W. Kendall. Serial No. 125,349,
filed October 18, 1916, or in the- T, 8. pat-
ent to John R Carson, No. 1.343307, issued’

June 15, 1920, The modulator M, is sup-
plied with carrier -oscillations of the fre-
quency assigned to the channel over a cir-
cnit 12, ‘but as: these oseillations are im-

préssed on the common conductor of the bal--

anced eirenit normally no oscillations are
transmitted chrough the modulator.

The transmitting channel T'L; is also pro-
vided with an amplifier TA; included in
said eircuit between the filters TF, and TF "
This amplifier may- ke of any well known
type, but as illustrated, is a duplex vacuum
tube amplifier of the so-called pnsh and

‘pull type.

- The receiving channel RIL,. incindes. in
addition to the filter RF,. o filter RF,’.
These filters are likewise of the general type
ilhistrated and described. in the patents to
Camphell above referred to. the filter RF,
being similar in structure and transmitting
a hand of frequencies similar to that trans-

1,454,159

mitted by the filters TF, and TF,"." The
filter RF,’, however, is a low frequency
filter designed to transmit a range of fre-
quencies extending from zero up to the up-

.per limiting - frequency employed in . ordi-

nary telephonic transmission.

The receiving channel RL, also includes

"a demodulator or’ detector D,. This detec-

tor may be of any well know fype but is
illustrated ‘as being of the duplex vacuum
tube type, illustrated and described in the
U. 8. patent to” John R. Carson, No.
1,343,308, issued June 13, 1920, = As set forth

.in the said’ patent to John R. Carson, this
-demodulator operates in accordance with the

so-called homodyne method of Treceiving

‘and is, therefore, supplied with oscillations-

of the same frequency as.thie corresponding
modulator. These oscillations are supplied

“over the circuit 13 to the common branch of

the balanced input circuit of the demodula-
tor <o that normally. no-high frec}uency 0s-
cillations are transmitted throug

modulator. i L St :
The receiving channel Rl ‘1s™also pro-
vided with an'amplifier RA, for tlie.purpose
of amplifying- the detected -low frequency
currengs. This amplifier thay:be of any
well known' type, but ‘as :illustrated is a
vacuum' tube “having ‘its input”ecircuit "cou-
pled ity its output ciréait through a con-

L the de-

70
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nection “including ‘a’:eircuit 14 inductively .

.coupled “through ‘a. transformer 15 with.a
“circuit- ipcluding _conductors 16, 17 and . 18,

conductors 16 and 18 being connected to one
winding of a transformer 19 in the output

- eireuit -of the amplifier. ~ Conductor 17 is

noimally connected in series with conductor
18 and includes ‘a” condenser 20, while the
conductor 16 includes an inductance 21 A
cohdenser 22 is bridged across the primary
windings of the transformer 15, thereby

quency. _ U
In the amiplification of telephonic cur-
rents whi¢h may he considered  to extend

100
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forming a ¢ircuit.resonant at a critical fre- -

110

over a range from abeut 300 cycles.to about -

9,000 cveles, the fee'l back connection. above

described is without substantial effect .and-
the amplifier vperates to amplify telephonic.

frequencies in the ordinary manner. It is
desirable, however, that the detected ringing
currents which’ will be impressed upon, the
amplifier as hereinafter ‘described, shall be

amplified to'a greater degree than the talk-

ing currehts. ” These ringing currents should
be of some frequency outside the telephone

“range described, as, for instance, 133 eycles.

By means of the. condenser 22, the circuit 14
is therefore tuned to resonate at 133 cycles.
The prinvary of the feed back coil 15 is di-
vided into two parts similar but reversed in
respect. to their subsequent _circuits. The
phase yelations established by one of ‘these
circuifs, that “associated  with condenser 20,

120
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is such as to cause reamplificatiori but no

_ singing of the feed back cireuit; syhile that

20

I
o

50

. bridge including- the: relay :23.." The <o

)

of the other winding associated with_eon-

denser 35 is such as to cause singing. “Each -

of ‘the two.primary circuits are tuned by
means, respectively, of condensers 20 and 35.
to the frequency of the ringing éurrent.” In
the normal receiving condition the feed haek -

‘cireuit is- established through the reamplfi-

fying but non-singing secondary ‘circuit as
ilustrated. - - : ' T
In order to control the transmission- 6§’
ringing current-of suitable frequency .to the
terminal line L, in response to ringing:sig-
nals received, detected and amplified by the'
apparatus in the receiving channel R}
relay 23 is bridged across the recei
channel RL, beyond the filter' RF,”

‘lized. for this purpose, it is convenient to uti-
lize the-amphfier RA,: as a source of ‘ring-
Aing current. . e

or this purpose the feed back circuit of

tation of relay 83 under the control of -
felay: 82, the conductor 18'is shifted. from
connection with the copiductor 17 and is se-.
rially eonnected to a cogiductor 34 including
a condenser- 35. " This gandenser is of such

. ‘capacity as to.resonate.to 133 cycles the cir-

K ﬂ;& amplifier RA, is so arranged that by the 7¢
0

(3

cutt ‘which includes one primary winding of -

coil -1%-and coil 21. . This one of -the two
primary windings 18 #o connected that the

' feed back circuit canses ¥he. amplifier’RA,

to oscillate at133 cycles and to thereby gen-,

- erate. ringing current. -It- will be under-
- gtood :that other k?ﬁwn ‘methods .of adjust-

5 eral above 300 cycles. ::In. ordér: to.insure -

"tance 26 and 'condenser 27 isserially inserted-connéctiof’

5 the flow of current of this frequency -beyénd

means of a circuit tuneéd:to 133 -

through the ag'en,ciy of an inductancé : _

a condenser 25. . This bridged circuit farins used; instend of that above:described,. .

a path of low impedance to ringing curiénts . In-order/Ahat the ringing cufrent gener-

of 133 cycles, but offers a high impedance to* ated by the‘amplifier RA, may be transmit-

telephonic, currents which may: be. in-gen- ted to-the modulstor:M,, airelay 36 is pro-
: ; vided :under the control of relay 82, said re-

that the maximum amount of ringing cur- lay being: arranged-to short circuit the line

rent shall fldw through the bridgeincliding Y, between'

the relay 23, a circuit including an induc-. 31; !jthereb

~ment Lo change the: circuit from the non-.

~unbalancing .the : ttansformer .
tween the transmitting channel

28 and -singing fo:the ossillating condition-may be 86

Be transformer 11 and the relay -

in one side of .the channel'RL, beyond the TL, and ﬂie_~=receiying channel RL, so that: 98

he channels.are tio. longer iconjugate. The
illations .mpgredf;by .the. amplifier RA,
maythefefore:be transmitted from:the re-
ving channel: RL, - to .the trensmitting -
hannel “TL;:and:applied to the modulator
M,. . In ‘order topreventthe..oscillations

denser 27 and- the .inductance 26 gré
chosen as to form a circuit which is-anti-
resonant ‘at 133 “cycles,"thereby preventing:

the bridge -including the relay23. The.

* lay 23, while being unresponsive to currents ‘thus transmitted. from. operating- the relay '

- of voice frequency, is readily responsive.to..23.and in-order to.provide a :transmission

40
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local source of ringing current may be.

ance.for the:133 cycle.cur-
to disconnect

ringing currents of 133 cyeles f“and,oge,mtes_ ..path:of Jow. im
through reldy 28 a relay ‘29, where y-the: rents, the‘relay.36 is.a 8% '
terminal line: L, ‘is ‘disconnected: from ‘the"the -bridge:including the-relay 23 -and- to
channels TL, and RL, and ringing current. short circuit ;the. anti-resonant” combination
‘rom a local source of some: suitable fre- 26—27. .. . 'l ¢ .
quency,such as 16 cycles or 133 cycles, ig:ap-~ * Further'details. of .the ap ratus will be
plied to said. line. In order to' prevent the clear ‘from 'a-description..of the operation
unbalance. of the two-way circuit including which is’as follows: - .- 1 e

- the channels TL, and RI,, ‘during this oper- ;' Telephone currents incoming-from the line

ation, the relay 29 also operates to connect "L, are transmitted: over the; outer back con-
an auxiliary network or resistance 30 across 'tacts of ‘relay ‘29 and through the trans-
the terminals of the windings of ‘the trans. .former 11.to:the transmifting channe] TL,
former 11 in order to”balance the artificial without actuating the r'els;1 31, the circuit
v ' T .of ‘which 'is so:designed as’to offer a large
Iz oider that ringing signals incoming impedance:tc. currents of ;telephonic fre-
from the line L, may.be transmitted -over quency. Theitelephone currents upon-being
the Iine ML to a distant station through the - transmittéd - to the channel TL, “are. im-
transmitting channel TI.. a relay 31 is pressed upon' the input_eircnit of the modu-
hridged across the line Ly: said relay being lator M. - As already stated. the circuit of

10

30

110

116

12¢

responsive to ringing current of any desir- the modulator M, is normally balanced. so

able frequency, as, for instance, 16 cycles or - that.carrier oscillations from the source 12
133 cycles. - This ringing responsive relay are: not-transmitted. . The telephonic cur-
21, upen being actiated. operates through:a ,rents impressed upon' th - modulator, how-
slow zeting reluy 82 to apply ringing .cur- . ever: unbalance its circuit so that carrier os-
rent from a local source upon_the.input cillations are transmitted by the modulator
civeuit of the modulator ‘M,. ~ While any whose amplitude‘is-"directlf"proportional to

titi- . the amplitude of the modulating voice wave.

125

13¢
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“currents of other frequencies from other

-1,454

These modulated” oscillations are. _passed
through the filters TF,, amplified by the am- -
plifier TA;, and then passed through the
filter TIF)’ to the.common transmitting cir-
cuit TL., Simultaneously modulated.carrier

charinéls are impressed upon the circuit TL, -
The several modulated frequenciés are trans-
mitted through the transformer 10 and over
the main line ML to the distant station.
Carrier currents having frequencies cor-

?159

of the ringing current transmitted from the
line I, shall be impressed upon the relay 31.

Relay 31, in response to the ringing current, .
.opens a circuit of the slow acting relay 32,

which ‘completes. circuits energizing relays 70 . '

-83 and 36. Relay 33, upon being energized,.

at its left-hand contact disconnects ground
from the normally opened circuit of the re-
lny. 29 to prevent any possibility of this re-
lay being actuated to connect ringing -cur-
rent from-a local source to the line L, At - -

- responding to the several channels at the. its front left-hand contact relay 33-connects

station of Fig. 1 and modulated at the dis-’
tant station in accordance with telephone
sigmals; after being transmitted over the line
ML, pass into the-common receiving cirruit -
RI. from which the different carrier fre-

- quencies are selected into the proper receiv-.

20

on

ing channels through the agency of filters
such-as RF,. RF,, ete. “The modulated car-’

rier oscillations passed through the filter

RF, are impressed upon the iriput circuit of -
the demodulator D, :where they react with
unmodulated -oscillations from the source 13
to produce in the output circuit of the de-

modulator low frequency telephonic currents,
corresponding to the telephong-currents; in
accordance with which the high’frequency '

. oscillations were modulated at the 'distant.

a0

'y .
-t

40

5 stated, is so arranged as to cause the ampli-

station.  The low frequency telephope cur-
rents thus supplied are impressed upon the

-amplifier RA, and are transmitted through -

the amplifier without substantially affecting
the feed back " circuit, -which; ‘as already

fier to reamplify oscillations having a fre-
quency of 183 cycles which is" below the -
lower™ limit of  telephone currents. The"

“telephone current$ are therefore amplified -

Liy the amplifier RA, in the normal manner
and are -transmitted through -the: trans--

" former 19, passing through the low fre-

45
50
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‘quency. filter' RF,’ to the midpoints of the

transformer 11.  The bridges including the
relay' 23 and the anti-resonant combination
2627 do not materially decrease the trans-

./ The_relay .36 upon b
right-hand front contact o

round directly to the. grid .of the amplifier -

A, thiough the: primary ‘winding of the
transformer 15, thereby short circuiting the 8¢
potentiometer 39, At ‘its right-hand: front -
eontact, relay 86 disconnects -conductor 18

from conductor. 17 and connects it to conduc- -

tor 84 which includes the condenser 35, so..
that the féed back circuit is so adjusted that 8%
the amplifier. RA;, -oscillates at 133 cycles to .
generate’ ringing - current. A distinet: ad-
vantage arises.from the short circuiting.of
the potentiometer 39 in the manner just de- 3.
scribed, due to:the fact that‘the setting of 20
the potentiometer is varied -from: time o
time, under practical operating conditions
to vary the amplification of the amplifie
RA; 'in_ accordance with' theé:transmission -
conditiojis of the circuit, and by:short cir- 95°
cuiting - "the _potentiometer;.-the . ,@pliﬁe o
when - functioning as’an:oscillator: ' will“al--
ways be ensbled to generate oscillationsiof .
the samié amplitude: » = s

being enérgizex 1o
] ' ens the bridge in
cluding the relay 23, thereby preventing said - .-
relay’ from being actuated by the 183 ¢cycle -
oscillatiohs supplied by the.amplifier RA, - .~ -
and .at the' same- timé it short circuits the . JOF -
anti-resonant combination - 2627, -which
if it remained. in the circuit,: would :sub-
stantiglly prevent. the transmission of the.os-
cillations tothe transformer 11. = At’its.left-." ", -
hand front contact relay 36. connects a short 11%
circuit across the left-hand terminals of the- .

mission of the channel RL,, since they are line windings of the transformér 11, thereby-
. designed to be affected with regard to cur-

rents in the neighborhood of 133 cycles only.
The telephone currents upon artiving at the
midpoints of the windings of the trans-
former 11 divide, part of the energy flowing
to the artificial line N, and part of the en: -
ergy-flowing over the back -éontacis of the
relay 29 to the line L. L e
Ringing current transmitted over thé'line
L, from a distant terminal. station passes
over the back contacts of the relay 29 and
through the windings of the ringing res-
ponsive relay 31.. Condensers 87 and.38, hav-
ing a high impedance to ringing currents,
but readily permitting.the passage of tele-
phone currents, may be inserted between the

relay 31 -and the transformer 11 to insure'

that the- greater proportion of the: energy

unbalancing the circuit so that transmission. ... ..
miy take plice from.the receiving chancel :
RL,, ‘through the transformer 11 to the
transmitting channel TL;. The 133 cycle os-

“cillations are now transmitted from the. am-

plifier RA,, through the filter"RF," and .
through the trangfo 11 to the. input cir-
ctitt of the moduldtor M,. The 133 cycle os-
cillations thus trahsmitted operate to modu--

120

. ‘in. the same

‘late -the carrier- fré;quen?‘;‘_vjthrough the

agency of the modulator

‘manner as described in connéctiofi*with tele- -

phone currents. High:frequencyoscillations 125
modulated -in_accordance with the ringing
currents-supplied- by the amplifier RA, are,
therefore; transmitted from: the modulator
M,, through the filter TF,, amplifier TA,,

filter TF,’, comnion circuit TL, transformer 130



- rents, ‘which are then impressed upon the
,  the case of telephone currents. The highly

- 30 vent any substantial amount of the

- 48 _source of ringing current for ringing through

1,454,188 *

station. o
In case it is desired to ring over the line
- "Ly from the distant station, the carrier ap-
s paratus at that station will be operated 1n
-% manner similar to that just described, so
that carrier oscillations modulated in ag-
cordance with 133 cycle ringing current will
be transmitted over the main line ML and
10-into the common receiving circuit RL. ' The
carrier oscillations are then selectively trans-
© mitted through the filter RF, to the input
- circuit of the demodulator D,. These modu- -
lated. oscillations react in the demoduldtor”

“10 and over the main line ML to the distant

.16 D; with unmodulated oscillations from the,..

~ circuit 13 to-produce in the output circuit
of the demodulator 133 cycle ringing cur-

amplifier RA,.. This amplifier’ having its
20 ‘feed back circuit in its normal condition-acts
as a reamplifier at a frequency of 133 cycles’

and consequently the ringinﬁ ¢urrents ‘are
.amplified to a much greater. degree than.in

w8 amplified ringing currents are ‘then passed
through the filter RF,’ and flow through
the bridge, including thq relay 23 to operate
. said relay, - the anti-resonant combination.
26—27 at_the same time functioning to pre-

. energy from being transmitted’ beyon
- relay 93. Relay 93 tpon being energized
L "dﬁ)'ens the circuit of the slow ctinfg Telay 28,
.‘thereby ‘completing the cjrcuit of relay 29,
38 :which at its outer front contacts disconnects
‘the line L, from the transformer-11 and -ap-
plies ‘a local source ‘of ‘ringing current to
-said Tine. At its innet front contacts, relay’
29-at the same time substitites.an -auxiliary:
40- line 30 for the line L, so that the balance of
.. - thetransmitting-and receiving channels TL,
and ‘RL; is maintained. =~ - : o
“Fig. 2 illustrates the use of a dévice ‘which
normally functions -as ‘an amplifier as a

. an ordinary 22 repeater circuit.”. In thig fig--
ure, LE and LV\P ‘designate two low : fre--
quency transmission lines balanced by attifi-

" cial lines or networks NE and NW respec-

50 tively. - Amplifiers AE and AW uare shown,
these .amplifiers-being, as illustrated, of the -
well known vacuum tube type, althougls the
inventior is equally applicable to other e]l
known types of amplifiers. A ‘transmitting

86 channel TW leads from the ‘lirie I.W 'to the

- amplifier AE and a receiving channel RW .

* leads from the amplifier ' AW to the line LE,
being '~ inductively associated  therewith
through the transformer 11.” The transmit-

80 ting channel TE connects the line LI to the’

amplifier. AW while the receiving channel
- RE leads from the amplifier .\E to the line
- LE, being inductively associated therewith

through. the transformer 11%.-

65 - The amplifiers AE.and AW n(’)rrﬁall)r func-

“onit 'TW gnd"

gmeg A
d. the “through .the ‘transforme :
ings 44 and 45,.and over the normal contacts -
X lay 46 to the circuit RE, from which
“they aretransmitted through the tran
er'1l’ to'the line LE.!"Similarly, telephons
“zeurrents”from .the’liné :LE pass:to the cir-
“cuit "TE- and ‘through " the - transform
and ‘potentiomefer 48 to thé amplifier AW. .
~The amplilied currents are then transmitted
through “t.e  transformer comprising wind-’

“the'rélay 51

8

quency in a well known manner. but they. are
so.arranged that the input and output cir-
cuits may be coupled together o that t‘le tubes
.oscillate at.some suitable rinfing frequency,
as, for example, 133 cycles per second. The
coupling of the input and output circuits of

tion to- amplify currents of telephonic fre-

70

the amplifier AE is controlled through suit- .

able relay arrangements, the action of which
is determined. by a ringing responsive re-
lay 40, brid%ed across the transmitting chan-
nel ' TW, The ringing responsive relay 40
also functions. to provide a path whereby
gie x;inirin;? current generated by the ampli-
er

channéel TE, controls through .a suitable

.chain of relays the coupling of the input and

‘output circuits of the amplifier AW to trans-

mit ringing current. to thée line LW. . -
Turther. détaild of the apparatus will be

. clear from a' description of its operation,
“which is'as follofws: : -~ - -

A

. Tele hdné'burregtq_tof})é transmitted from’

‘theline LW

suit "TW :a hrough the transformer 42
‘and :poténtiometer 43 to the: amplifier AE.

*Th ifampliﬁed ‘telephone currents.appearing - -

a h@er pass
mprising wind-

of the relay 46’

hrough “the transformer 47

,-over the normal contacts of

ings 49.and
he circuit RW,, from which

‘tircuit . they

“transformer 11 to'the line LW. .

“Ringing current incoming over the'line
LW ‘passes over the normal contacts of the

‘rélay 52, into the circuit’ TW and through

the ‘windings of the ringing responsive re-
lay *40. The ringing. responsive relay 40
causes- the release of the slow -acting relay
53, which- eloses the circuit through .relays
46 and 54. Relay 46, upon being energized,
'shifts the’ connection from. the winding 45
of the output Yranéformer of the amplifier
AE from the (iredit RE to the circut 55.
The lower armature’ of the relay 46 at the
same time disconmnects the grid of thé ampli-

% may be transmitted to the line LE..
~In a similiy manner, & ringing responsive
relay ‘41, bridged across. the transmitting

Lo

8¢

85

the.line LE, pass to the cir-

95
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105

transmitted through ' the

10 .

115

120 ¢

fier AE from the potentiométer 43 and con-

nects said grid to an oscillating circuit in-
cluding a winding 56 and a condensér 57,
The winding 56 is in inductive relation with

125

‘the windings 44 and 45, and the output and -

input circults of the amplifier AE are now
coupled together so that the amplifier acts
‘as’t generator of oscillations, the frequency

130
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of which is determined by the oscillating
cirepit. The oscillating circuit is so. tuned
that the frequercy generated will be a fre-
quency - suitable- for- ringing, such for ex-
ample, as 133 cycles. The ringing .current
thus generated is trunsmitted to the circuit

" 55. The relay 54, which was energized at

.10

" comin
- 18

the same time ag relay 46, disconnects the..

line LE from the transformer 11’ and di-
rectly connects said line to the cirvcuit 55 so
that the ringing current is transmitted over
the line LE. - - :

In a similar manner, ringing current in-
oming over the line LE passes over, the
normal contacts of the relay 54 to the circuit
TE, actuating the ringing responsive relay
41. The relay 41 opens the circuit of the
slow acting relay 58 which in turn closes the

"circuit of relays 51 and 52. Relay 51, upon’

20

" the amplifier AW from the circuit RW and

30

being actuated, disconnects the winding 50
of the transformer in the output circuit-of

connects said winding to .the-circuit’ 59. At
the same time, the lowen armature of the
relay 57 disconnects the grid of the ampli-

fier AW from the potentiometer 48 and con--'

nects said grid to an oscillating- circuit-in-
cluding’ a winding 60.and a condenser- 61._
The winding 60 is inductively related to the

windings 49 and 50 so’that the input and'

output circuits of the amplifier are now cou-

“pled together and the amplifier oscillates.at

“a frequency determined by its oscillation

‘35
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circuit. This frequency is set at the desired
ringing frequency, which in the case under
consid.ration, may be 133 cycles per second.
This ringing. frequency is transmitted over
the front contacts of the relay 51 to the.cir-
cuit 59." Relay 52, upon being energized,"
disconnects. line LW from the transformer

" 11 and connects said line to.the circuit 59 so

45

that the ringing current generated by the
amplifier’ AW is transmitted to the line LW,

It will ‘be seen that by means of the ar-
rangements above described a simple and yet
efficient circuit has been provided:whereby
ringing signals may be transmitted over the
same channel of a multiplex system as is

“used for telephonic transmission~. It.will

50

also beé scen that in accerdance with this-in-
vention, a vacuum tube is provided, which,
while normally functioning to produce one
result, may e, under certain” circumstances, -
caused to function as a genecrator of ringing

-cyrrent, and while in the system as herein

- disclosed, ‘it has seemed most convenient.to

60

employ..the vacuum. tube which normally

functions-as an amplifier for this purpose; -

any other vacuum tul- in the system might
equally well he nsed for the same purpose.
Tt will likewise be obvious that while the

.invention hds been illustrated as embodied

in certain apparatus which has been found
to be desirable from-a-practical standpoint,

.be. em

‘rent transmitted from one of said

the general principles herein disclosed may
bocﬁed in many other organizations .
widely  different = from those illustrated,
without departing from-the spirit of the in-
vention as defined in the following claims,
What is claimed is: I
1. In a.signaling system, a transmission
path, an amplifier and circuits therefor as-
sociated with said path, arid means whereby
the circuits of said amplifier may be con-
trolled over said. path to convert the ampli-
fier into a generator of oscillations.
-2. Iff a signaling system, two transmis-
sion line sections; an amplifier interconnect~
ing said sections for amplifying currents

. transmitted from ‘one section to.the other,

and means responsive to currents incoming
from the latter section to cause said ampli-
fier to function as-an| independent source
section, - "t nt T : »

3. In asignaling system,two transmission

of oscillations for transmission to the former

" line ¢sections,an. amplifier- interconnecting

5
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said sections foramplifyingringingcurrents .
transmitted from one section: to the other,

and- means responsive.to ringing currents
incoming: from ¢l latter section to cause
said amplifier to funetion as a generator of
-Tinging..current for-“transmission to the
former sections. * - 7 a7l

. 4. In a signaling system; two ' transmis-
sion line: sections, a two-way circuit inter-
connecting suid: sections, said two-way cir-
cuit .comprising 'two- paths for. transmis-
sion in opposite directions, an amplifier in
one of said paths, means to convert said am-
plifier ‘into 'a . generator ‘of . oscillations at

A

"will; and means to transmit the oscillations

so generated.to one of said line sections.

5. In a signaling system, two transmijs-
sion line sections, a two-wiy circuit inter-
connecting- said ‘sections; said ‘two-way cir-

-cuit comprising two paths for transmission

in oppositedirections, -in. amplifier in one
of said paths, and means responding to cur-
ine sec-
tions to convert said amplifier into a gen-
erator of ‘oscillations. -~ . = - K

6. In a signaling systém, two transmis-

‘sion. line sections, a "two-way cipcuit inter-

connecting said sections, said two-way cir-
cuit comprising two_paths for transmission

90

100

105

110

115

in opposite directions, an 'amplifier in one

of said paths, and-means responding to ring-
ing current transmitted. from one of said
line sections to convert said amplifier into a
generator of ringing current. ;

path, a vaciium- tube and circuits therefor

normally functioning with respect to said

path to translate currents transmitted over

said path, and means whereby the input and

output circuits of said tube may be coupled

together at will under the control of said
;o .

120

7. In & signaling systém, a transmission .
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path so that said tube becomes a generator
of oscillations. : L
8. In a signaling systeém, a transmission

path, a vacuum tube and cireuits therefor

5 normally functioning with respect to said
path to translate currents transmitted over

July 1920. .
said path, and means whereby the circuits = ]

1,454,150 Co 3

of said vacuum tube may be controlled over

said path, so that the tube will function as

a generator of oscillations. A 10
n testimony whereof, I have signed my

name to this specification this 29th day of -

LLOYD ESPENSCHIED.




