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To all whom  may concern:

Be it known that I, Frank M. Srovues,
citizen of the United States, residing at
Elyria, in the county of Lorain and State of
Ohio, have invented a certaln new anc use-
ful Improvement in Transformers, of which
the following is a full, clear, concise, and
exact description, reference being had to the
accompanying drawings, forming a part of
this speciglc{altlon. i

My invention relates to telephone signal-
ing systems, particularly to the ringing cur-
rent producing mechanism therefor. :

My invention is particularly adaptable to
selective systems which employ harmonic
converters or polarity cha.nﬂers for trans-
forming direct current into alternating cur-
rent, and in which transformers are used for
transforming the produced alternating cur-
rent into alternating current of proper vol-
tage for ringifAg service. When these po-
larity changers are in operation, contacts are
repeatedly, opened and closed to cause alter-
nating current flow through the primary
winding of the transformer from a direct
current battery,and to reduce or to prevent
sgark'mg . the contact points of the polarity
changers, & is usual to connect a condenser
across th§ primary winding. This use of
the condenser together with the repeated
opening and closing of the polarity changer
contacts results in irregularities in the cur-
rent produced in the secondary winding.
The result is, instead of an efficient smoo
sine wave current flow through the second-
ary winding and signaling circuit, the
wave form of the secondary current is dis-
torted. This irregular current flow mani-
fests itself as disturbing noises in the tele-
phone circuits whose conductors parallel the
conductors conveying the secondary signal-
ing current, these noises being parti rl?
noticeable and disagreeable in the operator’s
telephone set. -

The mzin purpose of my invention is to
remedy these disturbing factors and to pro-
dvee a current flow through the secondary
winding which is in accordance with a
smooth sine curve; and I accomplish this by
an improved nrrangement of the trans-
former magnetic circuit and windings and
an improved arrangement of the condenser
mechanism.

The usual arrangement of transformers is
to place both the primary and secondary
windings of the transformer on the same
limb or section of the transformer core, the
windings being usually superposed, the re-
sult being that whatever wave forms are
groduced in the primary winding are faith-

ully produced in the secondary winding
together with all irregularities and disturb-
ing elements. :
accordance with mgni]nvention, I sepa-
rate the secondary winding from the pri-
mary, winding to permit more or less mag-
petic leakage between such windings from
the core of the transformer. The effect of
this magnetic leakage npon the wave form
of the electromotive force induced in the
secondary winding is to smooth out the ir-
regularities that would otherwise be caused
by the irregular .wave form of the electro-
motive force impressed upon the terminals
of the anary winding, and to produce a
wave form of electromotive force more
nearly in accord with a sine wave.

It 1s particularly desirable in connection
with telephone party-line signaling systems
to use an electromotive force of sine wave
form, since the apparatus which is best
adapted for party line sigpaling for use at
subscribers’ stations is what is kmown as
harmonic ringers, that is, ringers in which
the vibrati.l:ﬁ part is tuned to respond only
to a particular rate or frequency of alter-
nating current when impressed upon such
rinlgler. These ringers, it has been found,
while they nd best to the exact fre-
quency for which they are tuned, will also

nd, but less effectively, for a slight
variation either above or below the fre-
quency for which they are designed. It has
also been found that the range of responsive-
ness is less with an alternating current of
sine wave form than with any other form
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of alternating current wave, and that this

range of responsiveness is greatest with that
form of alternating current wave in.which
the instantaneous value at the beginning

100

of each cycle is very large compared with the

remaining values during the cycle. Hence,
in this work, it is very desirable to suppress
the abnormally high values usually pro-
duced by polarity changers and to modify
t.}%e wave form of the alternating current
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supplied to the signaling circuit to as nearly

8 sine wave as possible. In this connectio:‘ni ‘

it should be noted that the reluctance offer:

to the flow of magnetic flux by the core of
the transformer is dependent largely upon
the rate of change of the magneto motive
force; that is, if

value in a comparatively small portion-of
the cycle, the reluctance offered to the mag-
netic flux is much greater proportionally
than if the time interval were larger. This
effect is due to the hysteresis and magnetic
lag of the material of which the core is com-
and in my improved construction, I
make use of this property to force a portion
of the magnetic flux across the air gap be-
tween the two windings of the transformer
from one portion of the core to another, and
thus to cause, momentarily, an abnormal
amount of magnetic leakage between such
windings. In this way the induction in the
secondary winding, which would result from
the abnormally high value of the current
at the start of the cycle, is avoided, and the
effect is to produce an induced electromotive
force in tlfe secondary winding of nearly
sine form. .
In comnection with la.rit{ changers, it
has been found desirable to bridge a con-
denser across the terminals of the primary
winding to neutralize the sparking that
wontﬁ otherwise take plac:?1 a&?e c:)intacts
on the polarity changer, an condenser,
I find, can be used to materially assist in
modifying the form of wave of the im-
S ectromotive force. However, if
epended upon alone to produce this eifect,
it would not be sufficient. I also find it de-
sirable, under certain circumstances, to make
use of a condenser bridged across the ter-
minals of the secondary winding of the
transformer, and find that by means of the
arrangement of windi and condensers
above described, when taken together, I am
able to produce an electromotive force in the
secondary winding of practically sine wave
form. In this connection, it should be noted,
however, that it is not practicable to use a
condenser in connection with the secon
winding that will entirely produce this mod-
ification in wave form, since this would
result in serious phase displacement and in-
r tendency toward sparking at the
vibrator contacts in the primary circuit. I
also t‘grovide means for normally disconnect-
ing the condenser bridged across the second-
ary terminals from such secondary winding,
when the transformer is not in use, as a
result of which for no load conditions the
current required by the primary windi
of the transformer will not be excessive.
have also found it desirable to provide means
for readily adjusting the air_ga]p over which
magnetic leakage takes

e mafnetiziqg current in-.
creases from a zero value to its maximum-
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lace, in order that different conditions
ound in practice may readily be met by
means of the same transformer. .
The several drawings illustrating iy in-
vention are as follows: ‘
Figure 1 illustrates the usual arrangement
of windings and core in transformers; Fig.
2 shows an arrangement of these parts in ac-
cordance with my invention; Fig. 3 diagram-
matically illustrates the curve of the electro-
motive force of the primary of the traus-
former of Fig. 1; Fig. 4 di tically
illustrates the electromotive force curve of
the secondary of the transformer of Fig. 1;
Fig. 5 represents the sine curve of the elec-
tromotive force and current of the secondary
winding of the transformer in Fig. 2, and
Fig.6 atically illustrates a selective

signaling system, showing the adaptation of

my improved transformer.

Fig. 1 represents one of the usual trans-
formers now used. The magnet core 1 is
built up of rectangular laminations having
the rectangular openings 2 and 8 cut there-
in to leave the central member 4 on which
are mounted both the primary winding 5
and the secondary winding 6, usually super-
imposed upon each other, the coils being so
close to each other that the magnetic flux
caused by current uow through :hg:primn
winding would also pass through the second- -
ary winding, incluging the magmetic flow
due to the superimposed irregularities, and
the electromotive foree and current curves
in the secondary winding will be distorted
as shown in Figs. 3 and 4, the wave forms
shown bein%atraoed by means of the oscillo-

ph and faithfully showing the exact be-
avior of electromotive force and current for
the arrangement shown in Fig. 1. The super-
imposed ar magnetic changes are very
rapid in action and will follow the path of
least resistance, and this path in the trans-
former shown in Fig. 1 include the core
surrounded by- both windings. In Fig. 2,
however, an 1mproved a ment in ac-
cordance with my invention is shown, the
laminations bem% rectangular in form and

having a central opening 7, the primary
winding 5 encircling ;ﬁﬁmh 8 at the end
of the core and the secondary winding 6 en-
circling the liml:’hi) alt the other ﬂ;di;h of the
core. Owing to this lengthening of the core
and the relative location of the windings
thereof, there is great increase in the mag-
netic reluctance of the core and a tendency
for the magnetic flux to go in part between
the windings from one portion of the core to -
the other, especially when the rate of change
of the magneto motive force is rapid, and as
a result the impressed electromotive force
and current waves will be modified, for rea-
sons already indieated, and will appear in
the secondary winding 1n the form indicated
in Fig. b, that is, for this form of core and
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relation of windings, the path of least reluc-
tance for a portion of the magnetic flux will
be from one part of the transformer core lo
another, and this path will lie between the
5 windinigs of the transformer, as a result of
which the extreme effect of the rapid change
in the magneto motive force in the primary
winding is avoided, and the wave forms of
the current and electromotive force in the
10 secondary winding are made to approximate
a sine wave form. - .
In Fig. 6 a selective signaling circuit is
shown, showing the ad'ﬁ)ltabihty of my im-
Froved transformer. e party telephone
15 line L is shown as supplying two garty sub-
stations represented by signal bells ¢ and 5,
this line terminating at the central exch
C in spring jack J. The cord circuit at the
central exchange comprises the tip and sleeve
20 strands ¢ and s respectively, terminating in
the plug p. Connected with the tip strands
are the key springs corresponding in number
to the number of parties on the ine—in this
case, 2—and represented by Za and_Fkb.
25 The companion spring m rs ke and kd
connect with 2 common grounded conductor
10. Contact 11 for key s‘pringl ka connects
through conductor 12 with the secondary
winding 6 of transformer Ta, while contact
30 13 for spring &b connects through conductor
14 with the secondary winding of trans-
former Tb, the other terminal of the trans-
former being grounded. Thus, if the first
selective key is depressed, current generated
85 in the secondary winding will flow through
the following circuit; from the secondary
winding of transformer Tea, through con-
ductor 12 to contact 11, key spring ka, tip
of plug p, throngh the spring jack and line
40 L, through the signal- e and b,
the sleeve side of the line and cord circuit,
through spring 15 and contact 16 of the mas-
ter key K to ground, and thence to the
grounded terminal of the secondary winding
45 of transformer Ta, this master key being ac-
tuated to disconnect the ringing key from
the remainder of the cord circuit for well
known reasons. For each transformer there
is provided a polarity changer driven by di-
50 rect current flow from a main battery B for
transforming the direct current into alter-
nating current flow through the primary
winding of the transformer.
Each polarity changer is controlled by a
55 relay Re. Contact 17 for key spring %c con-
nects through conductor 18 with one ter-
minal of the relay whose other terminal
connects through conductor 19 with one ter-
minal ~€ the battery B whose other terminal
8¢ js grounded. In the same manner, contact
20 for spring %d connects throngh conductor
21 with one terminal of relay Rb whose
other terminal connects through conductor
22 with the main battery. -Thus, upon de-
66 pression of the first selective key, current

will flow from battery B through conductor
19, relay Ra, conductor 18, contact 17, sgrmg
ke and through conductor 10 to ground an
thence to the grounded terminal of the bat-
. Armature r of the relay Ra is con-
nected with conductor 18, while its contact
99’ connects through conductor 23 with the
armature 24 of the polarity chanﬁ:r. Esach
armature carries a weight 25 which es
the rate of vibration of the armature ,.
and thus the frequency of the current
produced. Contact 26 carried by arma-
ture 24 normelly engages contact 27 con-
nected through conductor 28 with one ter-
minal of the winding of the electro-mag- 5,
net 29, the other terminal of this winding
being grounded. Upon attraction of arma-
ture 7, current flows from the main battery,
through conductor 19, armature r, through
conductor 23, contacts 26 and 27, conductor gg
28, and through electromagnet 29, causing
attraction of armature 24 and disengage-
ment of contacts 26 and 27. This disengage-
ment of contacts 26 and 27 raptures the cir-
cuit through electromagnet 29, and armature g,
24 Leing released, again engages contact 26
with contact 27 to cause closure of the circuit
through electromagnet 29 and attraction of
armature 24 to disrupt the circuit, and
so on, the result being vibration of armature
24 on the well known rheotome principle.
Armature 24 carries a spring 30 having
electrical contact therewith and a spring 31
insulated therefrom and connected with
ground. The outer contacts 32 and 33 are
associated with springs 30 and 31 respec-
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100

tively and are connected by conductors 34
which connects with one terminal of the

primary winding of the transformer. The
mner contacts 35 and 36 for the springs 30
and 31 are connected together and with the
other terminal of the primary wmdn;g
Thus, when the armature is attracted,
springs 30 and 81 will be carried into en-
gagement with contacts 35 and 83 respec-
tively, causing current flow from the battery
through armature r, conductor 23, armature
24, spring 30, contact 35, primary winding,
contact 33, and spring 31 to und, the
current flow being through the primary
winding in one direction. Upon release of
the armature springs 30 and 31 are thrown
against contacts 82 and 86 respectively, and
current flowing to armature 24 flows through
spring 80, contact 32, conductor 84, primary
winding, contact 36, and spring 31 to ground,
the direction of current flow through the
primary winding being in the opposite di-
rection, and thus upon vibration of the ar-
mature 24, alternating current flow will be
produced through the primary winding
which will be induced into the secondary
winding. A suitable condenser ¢ is usually
bridged across contacts 26 and 27 to Eu(lavcnt
sparking, and also to prevent sparking at 130
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the polarity changer contacts a condenser ¢’
is ug?n]l{tyemployed bridged between the
primary terminals.

The combination of my improved trans-
former arrangement and the condenser ¢’
tends to eliminate all irregular and disturb-
ing elements from the secondary circuit -and
to produce current flow along a smooth sine
curve which form of current flow is best
adapted and safest for uses in selective sig-

ing systems. As the polarity ck
are during the greater part of the time un-
der no loal conditions, the condenser ¢ i
preferably desigmed to prevent sparking at
the polarity changer contacts under such
no load conditions.  When, however, current
flows through the secondary winding and
circuit, the condenser is no lon§er able to
suppress all the sparking, and I find that
sparking can be entirely prevented under
working conditions by bridging a condenser
d’ about the secondary winding. I find that
the use of this condenser across the second-
ary winding also assists in smoothing out
the wave form and through which reaction
on the primary circuit of the transformer
greatly improves the operation of the polar-
or converter. ,

One of the advantages of a condenser
across the secondary circuit is to take u
the high voltage discharges due to the rapi
drop in magnetization when the circuit in
the primary is abruptly opened. These
high voltage discharges, unless suppressed,
are sufficient under certain circumstances to
puncture the insulation of the switchboard
conductors and other apparatus connected
with the ringing circuit. The condenser &’
should, however, be carefully adjusted.
Where the secondary current used is not
very heavy, a condenser of small capacity

d be used and could be bri directly
across the secondary terminals without seri-
ously influencing the operation of the con-
verter under no load conditions. .

When the current in the secondary circuit
is to be heavy, a larger capacity condenser,
of course, must be used across the secondary
in order to suppress the ing at the
converter contacts, and if the condenser were
bridged directly across the secondary wind-
ing, & héavy load would be placed on the

rimary winding under no load conditions.

t is, therefore, preferable, when a large
capacity condenser is used, to provide for
disconnecting the condenser from eircuit un-
der no load conditions. One way of accom-
plishing this would be to include the wind-
ings of a relay 2’ in the secondary circuit
of the transformer, the connection of one
terminal of the condenser d’ with the sec-
ondary winding being controlled by the ar-
mature y’ and contact 2’ of the relay. Nor-
mally the condenser circuit is open, but upon
depression of a ringing key, the secondary

087,877

circuit is closed, and current flow through
the relay causes attraction of its armature
and closure of the condenser circuit, the con-
denser ¢’ then becoming effective, The re-

lay used in this case should preferably be’

of the slow acting type, in order that it
may not be vibrated by the alfernating cur-
rent in the secondary circuit and thereby
cause arcing at the contact 2’. - Other ways,
of course, could be readily devised for caus-
ing the secondary condenser to be effective
only when ng current is to be used.
In an arrangement like this there will be
no sparking at the converter contacts under
no load conditions nor under operating con-
ditions when ringing current is being used,
and the condensers and the ormer

"winding arrangement mutually assist each

other to prevent such sparking and to im-
prove the action of the transformer to give
the proper form of alternating current wave.

As shown ir Fig. 2, I provide means for
varying the amount of magnetic leakage
above described, which I have found desir-
able to meet the various conditions found in
practice, so that the same design transformer
may be used to meet these different condi-
tions. This consists, as indicated, in pro-
viding an adjustable member 87 in one
of the & ormer by means of which the
air-gap in the leakage path may be increased
or decreased, as desired. A clamping screw
88 is provided to secure the member 37 in
any desired adjustment.

aving described my invention, I desire
to secure by Letters Patent the following
claims:

L In a signaling system, in combination
with suitable signal receiving apparatus, a
source of signaling current, a polanty
changer connected to such source of current,
a transformer havinghprimary and second-
ary windings, such polarity changer adapted
to intermitfently supply current from such
source to such primary winding, such sec-
ondary winding connected to such signal re-
ceiving apparatus, and means for automatic-
ally including reactive means in circuit with
the secondary winding when current is de-
livered from such secondary winding.

2. Ina silgnnling system, in combination
with suitable signal receiving apparatus, a
source of signaling current, a polarity
changer connected to such source of current,
a transformer havinghpnm' ary and second-
ary windings, such polarity changer adapted
to intermittently supply current from such
source to such primary winding, such sec-
ondary winding connected to such signal re-
ceiving apparatus, and means for automatic-
ally including reactive means in circuit with
the secondary winding when the current
flowing in the secondary winding reaches a
predetermined strength.

3. In o signaling system, in combination
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with suitable signal receiving apparatus,

source of signaling current, a polarity changer-

connected to such source of current, & trans-
former having primary snd secondary
windings, such polarity changer adapted to
intermittently supply current from such
source to such primary winding, such sec-
ondary winding connected to such signal re-
ceiving apparatus, reactive means normally
disconnected from such secondary wmdm%,
and means for automatically including suc
reactive means in circuit with the secondary
E‘i;xding when current is delivered there-
m.
4. In a signaling system, in combination
with suitable signal receiving apparatus, a
source of signaling current, a polarity
changer connected to such source of current,
a transformer having primary and second-
ary windings, such polarity changer adapted
to intermitfently supply current from such
source to such primary winding, such sec-
ondary winding connected to such signal re-
ceiving apparatus, reactive means rormally
disconnected from such secondary wmdmi,
and means for automatically including suc
reactive means in circuit with the seconda:
winding when the current flowing in su
secondary winding reaches a predetermined
strength. ling b
5. In a signaling system, in combination
with suitagignsignal sicelvmg apparatus, a
source of signaling current, a polarity
changer connected to such source of current,
a transformer having primary and second-
ary windings, such poiarity changer adapted
o intermittently supply current from such
source to such primary winding, such sec-
ondary winding connected to such signal-re-
ceiving aggmtus, a condenser normally
disconnected from such secondary winding
and means for automatically connecﬁnﬁ
suc

‘such condenser across the terminals of

secondary winding when current is deliv-
ered therefrom.

6. In a signaling system, in combination
with suitable signal receiving apparatus, a
source of signaling current, a polarty
changer connected to such source of current,
a transformer having primary and second-
ary windings, such ];ﬁarity changer adapted
to intermittently supply current from such
source to such primary winding, such sec-
ondary winding connected to such signal re-
ceiving apparatus, a condenser normally dis-
connect. om such secondary winding, and
a relay connected with such secondary wind-
ing adapted to automatically connect such
condenser across the terminals of such sec-
ondary winding when current is delivered
therefrom.

7. In a telephone system, a central office,
line wires extending therefrom to a sub-
scriber’s station, signal receiving apparatus
at such subscriber’s station, a source of sig-

naling current at such central office,
larity changer connected to such
carrent, a transformer having primary and
secondary windings, such polarity changer
adapted to supply current from such source
periodically in reversed directions to such
primary windings, means for inducing an
electromotive force of practically sine wave
form in such secondary winding comprisi
in part a condenser normally disconnei;gg
from such secondary winding and adapted
to be automaties'ly connected to the termi-
nals of such winding when current is de-
livered therefrom, alllfi means for supplying
the current induced in such secondary wind-
ing to such line wires.

8. In a telephone system, a central office,
line wires extending therefrom to a sub-
scriber’s station, signal receiving apparatus
at such subscriber’s station, a source of sig-
naling current at such central office, a po-
larity changer connected to such source of
current, & transformer having primary and
secondary windings, such irity changer
adapted to supply current from such source
periodically in reversed directions to such
primary winding, means for inducing an
electromotive force of practically sine wave
form in such secondary winding comprisin
in part a condenser normally disconnecte
from such secondary winding and adapted
to be automatically connected to the termi-
nals of such winding when current is de-
livered therefrom, a second condenser con-
nected across the terminals of the primary
winding of such transformer and in so lo-
cating the windings on such transformer as
to J)ermit magnetic leakage between them,
and means for supplying the current in-
duced in such secondary winding to such
line wires.

9. In & telephone system, a central office,
line wires extending therefrom to a sub-
scriber’s station, signal receiving apparatus
at such subscriber’s station, a source of sig-
naling current at sach central office, a po-
larity changer connected to such source of
current, a transformer having primary and
secondary windings, such polarity changer
adapted to sapply current from such source
periodically in reversed directions to such
primary winding, means for inducing an
electromotive force of practically sine wave
form in such secondary winding pompnsmg
in part a condenser normally disconnecte
from such secondary winding and a relay
in circuit with such secondary winding
adapted to sutomatically connect such con-
denser to the terminals of such windin
when current is delivered therefrom, an
means for supplying the current induced in
such secondary winding to such line wires.

10. In a telephone system, a central office,
line wires extending therefrom to a sub-
scriber’s station, signal receiving apparatus

a po-
source of
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. _at such subscriber’s station, s source of sig-
‘naling current et such central office, & .po-:|-
larity. changer connected to such ‘source of |.n:
‘current, a transformer ;hgmipﬁmgfy;ghdg forn
secondary ‘windings, such- g) arity. changer |

‘ ‘rom suchsource
periodically in reversed. directions to such
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adapted to supply current

primary winding, means for-inducing an

electromotive force of praciically-sine-wave |
form in such secondary winding.comprising:

in part.a condenser normally disconnect:
from: such secondary winding and a relay

in circuit with such secondary winding |

adapted to automatically connect such con-
denser to the terminals of such winding

Jleakage between: them, an

-my name this 22nid day of August A. D.,

ivered ‘therefrom, & soc.

cted ‘across, the' termi.
ary winding of such'trans-
in-go. locating the winding on
‘as to(ferrmt magnetic
plying the current induced" in"such- secong-

ry winding to such line wires..
JAn witness iwhj;éreq% I hereunto subscribe

1907. - e
: ANK M. S
‘Witnesses: LOUGH.

Ray H. Maxsox,
GEo. A. ScoviLLE.
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