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This invention relates to signaling sys-
tems and more particularly to a method of

and apparatus for producing and applying -

signaling currents to inform a calling sub-
scriber or operator that ringing operations
are under way on a telephone connection.
As well understood in the art, current for
operating a signal or bell at a called tele-
phone station is usually of low frequency
such as 16 or 20 cycles per second. In the
handling of local connections various ‘ar-
rangements have, in the past, been employed
for ~automatically deflecting a suitable
amount of such low frequency current into
the line of a calling party to produce a tone
usually referred to as an audible ringing
signal or a ring back signal, in the receiver
' ' the periods such signaling current is

to ihe called line. While various de-

not adapted to, nor adequate for, use in con-
nection with toll and long. distance systems.
For example, on lines provided with equip-
ment for simultaneous telephony and tele-
graphy low frequency signaling current, of

sufficient magnitude to operate the usnal sig-

nals or bells employed, cannot be used due
to ‘its adverse effect on the telegraph equip-
ment. Further, such low: frequency ring
back signals are not suitable for transmis-
sion over circuits which may be relatively
non-conductive or opaque to currents of such
low frequencies. This may be due to coils
and equipment, particularly in the form of
telephone repeaters which are adapted to
afford a maximum transmission efficiency for
the higher frequency currents in the voice
range, but which effectively obstruct pas-
sage of the low frequency ringing currents.
The control of call signals over such circuits
is ordinarily accomplished by the use of
composite ringers, whereby the low fre-
quency ringing current controls relay equip-
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ment to connect current of the order of 135
cycles for transmission over the line, which
in turn controls other relay equipment at
the distant or receiving end to connect the
usual 16 or 20 cycle current to actuate the
recelving device. ‘

In local exchange systems wherein the be-

fore mentioned andible ringing signals are.

employed, such signals are usually manifest-
ad in the calling subscriber’s receiver in the

form of a well defined tone corresponding to .

the successive half waves of the ringing cur-
rent employed. Usually the arrangements
employed for deflecting this current towards
the calling end.of a connection regult in non-
uniformity of the volume or intensity of the
signals in the telephone receiver; the charze-
ter and length of the called line having sub-
stantially as marked an effect in this regard
as the character and length of the ealling
line. ’ ‘
The character of the audible signal em-
ployed as mentioned in connection with the
handling of local service traffic appears to
have now hecome a well understood form of
signal both to telephone users and the tele-
phone operating force. Therefore, a umi-
versal or common ring back signal for all
classes of telephone service, may, therefore,
be best and niost readily realized by provid-
ing such 2 signsl current of a. character
which will be substantially unchanged re-
gardless of the line to which it is applied.

The principal feature of this invention.

thérefore, regides in a system for providing
a . ring back signal wherein means are em-
ploved for producing alternating current of
a frequency suitable and adequate for trans-
mission over substantially any form of tele-

phone circuit and wherein other means are

employed  for modulating sald current by
current of a second frequency and for apply-
ing such modulated current to the calling
line.

Another feature of the invention resides
in providing means whereby when signaling
current of one frequency is connected to one
section of a line, current of a different fre-
quency varied or modulated by said first
mentioned frequency is connected with an-
other section of said line and whereby said
sections of the line ave rendered independent
of each-other as regards the current respec-
tively present therein. :

Another feature resides in a method of
producing an alternsting cnrrent wavé of
one frequency varied -or modulated in ac-
cordanece with a second frequency which con-
sists in generating an alternating current of
a relatively low: frequency and applying it
to the primary side of a transformer, in
periodically varying a source of direct cur-
rent at a higher rate than said alternating
current frequency by means of a short-cir-
cuiting vibrator in series with said direct
current source and in applying said varied
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divect current to the primary side of. said
transformer whereby said low frequency al-
ternating current affects the operation of
said vibrator to produce in the secondary
of said transformer an alternating current
wave of the frequency of said vibrator va-
ried in amplitude in accordance with the fre-
quency of said low freguency alternating
current. :

Still another featurs resides in a method
of producing an alternating current modu-
lated wave, which consists in. generating anm
alternating current of a relatively low fre-
quency and- passing it through the primary
winding of a transformer and the windings
of a short-circuiting vibrator to cause said
vibrator to operate, thus varying the ampli-
tude of the alternating current flowing in the:
primary winding-of the transformer to pre-

~duce a modulated wave in the sscondary

winding thereof.
Other features of the invention will ap-
pear from . the following description and

- appended claims in connection with the ac-

30

35

40

45

50

65°

80:

companying drawings in which Figs. 1 and
2. illustrate alternate arrangements for prac-
ticing the features of the invention, and
Figs. 3 and 4 are curves illustrating the
modulated currents produced by the respec-
tive arrangements shown in Figs. 1 and 2.

Referring to Fig. 1 of the drawing, let
it ‘be assumed that a call, originating n a

Arst toll area at point A for a station at

point B in a second toll avea, is routed by
way of an originating” operator’s position
at point C to an operator’s position which
commands the link circuit D which may
serve for completing the connection between
the two remote points. The operation of
key I{ in the link circuit D applies ringing
current over an obvious path from a source
1, for calling the station B. The key K
also connects the winding 5 of transformer
2 to the calling’ line extending to point A,
it being assumed that the answering plug
10 of the link circuit D is inserted in
jack 11.

Assumé that a direct current source 12
oi approximately constant voltage be con-
nected in series with winding 9
stantially constant direct carrent will flow
n it circuit, the magnitude of the current
being determined by the resistince of the
civeuit and the E. M. F. of the source. If,as
illustrated in Tig. 1, there be also’ included
in theciver

wit 2 vibratcr 8 which, in short-
circuiting its energizing windings varies the’

rvesistance of the direet current cireuit, the

current.through winding 9 will be caussd to
vise anid £all. The difference Between the
maximun and minimum’ valies of this di-
rect current will depend both tpon the inag-
vitiide 6f the resistance’ which is short-eir:
cuitéd and upon the E. M. F. of the source

(12 A larger B M, . owill give g lavger

A sub-
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chenge-in current, other conditions remain-
ing the  same and a smaller B. M. F. a

smaller change in currvent. If the vibrator

operates to close its armature contact 425
times per second, the uriidirectional current
i -winding 9 will increase and decrease 425
times per second and in consequence there
will be induced in winding 5, which is in-
ductively related to winding 9, an E, M. F.
of 425 cycles frequency. This alternating
current has a substantially constant’ magni-
tude which depends upon the I. M. F. of
scurce 12.  Assume further that current
source 1 produces alternating current of
twenty: cycles frequency and that the in-
ductance § permits current of this frequency
to pass through winding 4 to ground. In
conrequence of the’ inductive relation be-
tweert windings 4 and 9 an alternating H.

I

AL F. of twenty cycles frequency will be:

-
1
t

neerd in winding 9: Accordingly, the E.

the source 12 through: the winding 9 will be
alternately aided and opposed by the E. M.
1. of the twenty cycle current superimposed
thereon. Bearing in mind that the magni-
tude of the 425 cycle current induced in
winding 5 depends upon the unidirectional
E. M. F in the circuit of winding 9 it will

be apparent that when the twenty cycle !

E. M. F. aids source 12 thus inecreasing the
unidirectional current’ through winding 9,
the 425 cycle E.-M. F. induced in wind:
ing 5 will be increased and that when the

20 cycle E. M. F. opposes that of source 12, ?
.the 425 cycle F. M. F. in winding 5 will be:

diminished. From another view-point the

effect of the twenty cycle E. M. T is merely

to increase or diminish the effect of source
12. Since the 425 cycle B M. F. induced in
winding 5 increases and decreases twenty
times per second, the 425 cycle current may
be said to be modulated at the lower fre-
quency. '

The upper curve of Fig. § vepresents the

divect current flowing in the primary wind-
ing 9 of transformer 2 as varied by the 20
cycle current. It will be observed that when
the upper halt of the 20-cycle wave is at its
maXximum, the amplitude of. the direct cur-
rent pulsations are at a maximuwm and that
they gradually diminish in amplitude un-
til the lower half of the 20-eycle wave
reachés its maximum,

The lower curve of
modulated - 4258-cycle altsrnatiz
wave présent in’ the secondary
of transférmer 2 cansed by the
the primary windings as shown in the' up-
per curve. It will be understood, therefore,
that the 425 cycle current serves as'a carrier
wave in transmitting the low frequency 20

cycle current’ over the calling cireuit to any

winding 3

operator that may be- listening in on’ the
eirenit at point O and also to the calling

M. F. of the direct current flowing from:
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subscriber at A. This modulated current

will be heard in any receiver connected to
the circuit as an easily recognized fluctuat-
ing tone.

As it is carried by the 425 eycle current,
the low frequency current will not inter-
fere with telegraph equipment (not shown)
which may be assumed as present in the cir-
cuit at point C. . Such carrier current, how-
ever, will readily pass through any high
frequency coils and repeater equipment com-
monly present on toll and long distant cir-

cuits.

The inductance § may, as before men-

“tioned, be understood as forming a path of

relatively high impedance to the direct cur-
rent pulsations set up by vibrator 5. A con-
denser & serves to favorably affect the tone
quality of the cutput current and also over-
comes any tendency relative to sparking ot
the contact of the vibrator. :

In the handling of toll traffic, called sub-
scriber’s stations are usually reached by
way of trunk lines extending from the toll
board to the local switchboard. Such trunks
may be arranged either for control on-a
manual or an automatic basiz. In such sys-
tems, it is common practice to provide ve-
lays which respond at the moment a con-
nection is extended to the line called for
the purpose of applying ringing current
thereto which application may be continued
vntil automatically disconnected by the re-
sponse of the called station. A variation of
this procedure provides that a toll operator
may start the ringing current which there-
after continues until discontinued, due to
the response of the called subscriber.

In the arrangement of Fig. 2, a relay 21
may be considered as in association with a
runk circuit as before deseribed and con-
trolled in a well known manner, not shown,
to connect ringing current from a source 22
to the tip and ring conductors T and R ter-
minating in a plug 27 which may be as-
sumed to be inserted in the jack of a called
line. Tt will be noted that relay 21 in oper-
ating also disconnects the conductors of the
trunk to the left thereby preventing the
vinging current from flowing back over the
calling end and at the same time connects
the terminals of transformer winding 25
across this portion of the trunk.

Fig. 2 differs further from the arrange-
ment of Fig. 1in that the 20-cycle source 22
is connected in series with a polarized vi-
brator 24 and the primary winding 28 of
transformer 26.

With relay 21 energized, a circuit also ex-
tends from the 20-cycle source 22 through
the winding of polarized vibrator 24 and
primary winding 23 of transformer 26 to
ground, thereby causing the vibrator wind-
ings to be energized.

65 ¢ Depending upon the connection of the vi-

brator in the circait, its avmature will be
attracted against its contacts, thereby caus-
ing it to vibrate during part of one-half
wave of each cycle, but due to the opposite
direction of the current during the other
half wave, the windings will be energized in
an opposite direction to repel the wrmature
away irom its contact,-thereby causing it to
remain at vest during such half wave.

Tig. 4 represents dingrammatically the
character of the current flowing in the pri-
mary and secondary windings of the trans-
former. The upper curve representing the
20-cycle current in the primary ag varied
during each positive helf wave by the ac-
ticn of the vibrator, and the lower curve of
the figure shows the modulated wave pres-
ent in the secondary of the transformer. It
will be observed that due to the non-vibra-
Hion of the armature of vibrator 94 during
1% of each of the 20-cycle periods, there wiil
be a corresponding interruption of the tone
applied to the left-hand portion of the
trunk cirveuit:

What is claimed is:

1. In a modulating system, a source of di-
rect current; a vibrator adapted to short-civ-
cuit itself when energized and operated by
said direct current and a source of alternsat-
ing current superimposed on said divect cui-
rent to vary the direct current energizing
said vibrator in accordance with the wave
form of said alternating current.

2. In a modulating system a circuit in-
cluding a coupling device, a polarized seli-
short-circuiting vibrator and a source of di-
rect current for operating said vibrator at a
predetermined rate, a source of alternating
current and means for applying said alter-
nating current to said vibrator to alternately
increase and decrease the effective voltage
of said direct current.

3. In a modulating system a transformer,
a source of direct current and a source of
low frequency alternating current, a short
circuiting vibrator having a tuned arma-
ture therefor, said armature operating in
response to said direct current for produe-
ing, in conjunction with said transformer,
alternating current of a relatively high fre-
quency and means for superimposing said
low frequency current on said direct current
to cause the amplitude of said direct cur-
rent to vary in accordance with said low
frequency whereby said high frequency cur-
rent is modulated in accordance with said
low frequency. .

4, In a system for converting direct cur-
rent into alternating current, sources of di-
rect current and low frequency alternating
current, a -vibrator of the chort-circuiting
type having a tuned armature responsive to
said: direct current for producing relatively
high frequency alternating current, and
means to apply said low frequency alternat-
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ing current to the path of said direct cur-
rent to modulate the-high frequency alter-
nating current produced thereby. :

5. In a system of signaling by means of

alternating current, a transformer, sources:

of pulsating direct and low frequency al-
ternating current included in circuit with
said transformer whereby said source of
pulsating current is varied by said low fre-
quency alternating current to produce a
modulated alternating current in a secondary
winding of said transformer, a first signal-
ing cirvcult and means for connecting it with
said low frequency current scurce and a sec-
ond signaling circuit joined to said second-
ary winding of said transformer under con-
trol of said means.

6. In a signaling system, a source of high
frequency carrier current. comprising a
source” of direct current, a vibrator and a
transformer winding, a source of low fre-
quency current, a first line conductive to said
low frequency current, and means for. con-
necting said low frequency thereto, a second
line circuit substantially non-conductive to
sald low frequency current, a secondary
winding' on said transformer connected to
said second line cireuit under control of said
means and a path for applying said low fre-
quency current to said first mentioned frans-
former winding to modulate said high fre-
quency carrier current in accordance with
said low frequency. :

7. In a signaling system, a first and a
second line section, a source of high fre-

1,608;520

quency current to said first mentioned trans--
prising a short circuiting vibrator, a source
of direct current and a primary winding
for a transformer, a source of low frequency
current for said second line section, a control
means for energizing said second line section
from the source of low frequency current,
means for modulating said high frequency
current by said low frequency current and
means affected by said control means for
energizing said first line section from said
modulated high frequency current.

8. In a signaling system, a transformer,
current sources to -provide energy at a first
and a second frequency for energizing wind-
ings of said transformer and effecting mod-
ulation of said first frequency by said sec-
ond frequency, selective paths to effect sep-
aration of said frequencies relative to the
respective sources, and means for employing
said modulated current and current at said
secondary frequency in signaling.

9. Ina signaling system, sources of high
and low frequency current, a transformer
energized by said currents for effecting mod-
ulation of said high frequency current by
said low frequency current, a plurality of
selective paths for isolating current of one
source from the sources of the other fre-
quencies, and means for applying said modu-
lated current and unmodulated currents in
signaling. :

In witness whereof, T hereunto subscribe
my name this Ist day of October, A. D. 1924. -

HENRY W. ONEILL.
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