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To all whom it may concern:

Be it known that I, TroMAs SHAw, resid-
ing at Huackensack, in the county of Bergen
and State of New Jersey, have invented cer-
tain Improvements in Transformers, of
which the following is a specification.

This invention relates to electrical trans-
formers, and especially those intended for
use in phantom telephone circuits, its prin-
cipal objects being to provide an efficient
device of this chavacter which shall be so
balanced as to minimize crosstalk.

, The invention is illustrated in one of its

embodiments in connection with a system
for reducing reflection losses in phantom
circuits, which is the subject of my applica-
tion for Letters Patent filed February 28,
1913, Serial No. 751,288, of which this ap-
plication is a division.

TFigure 1 of the drawing represents my’
improved transformer diagrammatically;
and Fig. 2 shows it connected in the phan-
tom circuit.

Similar characters of reference designate
like parts throughout.

In Fig. 2 appears a portion of a phantom
telephone cireuit consisting of physical cir-
cuits L”, I* with the conductors in parallel

furnishing the sides of the phantom. The

physical circuits are considered to be in suc-
cessive sections furnished by connected lines
or portions of a single line, these sections
presenting different impedances. The phan-
tom would therefore have corresponding sec-
tions S, 87, likewise different in impedance,
S being the low and S’ the high impedance
section. At the junction of these sections
reflection losses naturally occur.

Included in the phantom circuit between
the high and low impedance sections is a
reflection reducing device consisting of my
improved transformer U, connected in the
present instance as an autotransformer. The
windings w and »’, »”, 1%, 4*? of this trans-.
former may be looked upon as bearing a
bridge and series relation to the phantom.
v’ and %’ are separately in series with the
two conductors of the side cireuit L/, while
uw?, w*? are similarly ideluded in the con-
ductors of L. Winding u is bridged by
conductors ¢, ¢ between neutral points of the
side circnits through a suitable combination
of inductances and capacities, here illus-
trated as in the bridge windings of auto-
transformers T’, T? belonging to the respec-

tive side circuits I’, L2 The bridge wind-
ing u of transformer U, by virtue of its con-
nection with the said circuits, is entirely
independent of operating current therein
and carries only operating current for the
phantom, this being the difference between
the current in the high and low impedance
phantom sections. The current in said low
impedance section does not traverse the
series windings of the transformer U,
through which flows the current in the high
impedance section of the phantom, together
with thie operating current of the respective
side circuits.

It is desired that the transformer U shall
produce its full reflection reducing effect
upon the phantom circuit without substan-
tial effect upon the side circuits.
end the impedance of the bridge of the
phantom, which consists mainly of the im-
pedance of the winding w, should approxi-
mate the impedance of the phantom section
S: and the impedance of the bridge plus
that of the series windings ’, %'/, and u?,
u** should correspond to the impedance sec-
tion S”. On the other hand, the side circuits
should not be materially affected by the

transformer U.  The relation between the

windings of the transformer should also be
such -as to minimize electromagnetic and
electrostatic crosstalk between the phantom
and its sides and between said sides.
Referring to Fig. 1, where, in addition to
the letters indicating the windings as a
whole, numerals are applied to designate the

terminals, it will be seen that the series

windings 1—2, 3-—4 and 5—6, 7—8 corre-
sponding to the side circuits I and L2, re-
spectively, are each in the form of a twisted
pair of conductors with each pair encircling
the entire core B of the transformer, this
core furnishing a closed magnetic circuit, it
being preferably toroidal. Kach series wind-
ing 1s arranged to balance as to resistance

and inductance by being divided into sec-:

tions each having an equal number of turns

and occupying opposite halves of the core,
with the sections on each half at different’

distances from the core; that is, one section
of each pair is adjacent to the core and the
other section outside a section of the com-
panion pair.

Over the series windings is placed the
bridge winding 9—10, also enveloping the
whole core and being in sections equally di-
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vided between the halves of said core. With
the elements of the transformer in the rela-
tion shown, and considering first the phan-
tom circuit, the series windings of each side
circuit are in parallel, with the mutual in-
ductance aiding the self inductances; and
.taken together the side circuit windings are
in series with the mutual inductance between
the pairs aiding the self inductances. Fur-
thermore, the mutual inductance between
the br 1d0e winding and all the series wind-
ings increases the total inductance of the
transformer for the phantom. The reflec-
tion reducing efﬁmency of the device may be
expressed by the ratio of the impedance re-
sulting from the series connection of the
bridge winding 9—10 and the pairs 1—2,
3—4 and 5—6, 78 of the series windings in
inductive- aldmo relation (it being remem-
bered that each of these pairs of series wind-
ings considered separately is in parallel
inductiv ely aiding) to the unpedance of the
bridge winding. As the peculiar connection
of the bridge winding prevents its influenc-
ing the side cireuits, “the only effect of the
transformer upon the side circuit will be the
series opposing impedance of the series
windings, which will be equivalent to their
direct current resistance only

The careful impedance balance between
the various windings of the transformer
practically eliminates electromagnetic cross-
talk through it between the phantom and
its  sides. The twisting of both piirs of
series windings and the alternating of the
sections give perfect mutual symmetry with

. respect to the bridge winding, and of course
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., “portant..
By properly proportioning the varlous

45

1

65

60

‘one. to the other. " As to electrostatic cross-
talk, the only direct admittances which ean
cause this and which aie unsynimetrical are

- those between the ‘outer layers of the series

windings and inner layers ‘of the bridge

Wlndlngs of the transformer U an imped-
ance Tatio ‘may be obtained adapting it to
any’ partmular values of impedance of the
circuit sections.. I will give the approxi-
mate data for a transformer sich as hereé-
inbefore described having the ratio of 3 to 1.
The sections of the bridge winding may
have 1,000 turns of conductor with a direct
.current resistanice of 8 ohms; series wind-
ings 1—2,"8—4; 5—6, 78, escl. 365 turns
with a direct current resistance of 4 ohms.
For’the phantom circuit there will be in-
troduced by the transformer at a frequency
of 800 cycles a series impedance of 124 ohims
and 0.493 henry, a. bridge 1mpedance of 233

This is comparatwely unim-

1,133,750

ohms and 0.925 henry and 'a mutual im-
pedance of 163 ohms and 0.67 henry. For
each side circuit there wilt be a series im-
pedance of 8 ohms and 0.001 henry. :

I claim:

1. A transformer comprising a core, wind-
ings on the core consisting of plural con-
ductors arranged in sections on different
portions of the core, the sections being at
different distances from the core, and a wind-
ing consisting of a single conductor extend-
ing about the entire core.

2 A transformer comprising a core, wind-
ings on the core consisting of plural con-
ductors arranged in sections on different
portions of the core, the sections being at
different distances from the core, and a
winding consisting of a single conductor
extending about the entire core. outblde the
sectional windings.

3. A transformer comprising a core, wind-
ings on the core consisting of a plurality of
pairs of twisted conductors, said pairs be-
ing balanced with respect to resistance and
inductance, and another winding condstlnv
of a single conductor.

65

70

‘75

80

45

4. A reflection reducing transformer com-

' prising a toroidal core, windings on the core

including a plurality of pairs of twisted

conductors, each pair being in sections sit-
uated on different portions of the core with

the sections of the same winding at differ-
ent distances from the core.

5. A transformer comprising a toroidal
core, windings on the core. consisting of ‘a
plurality of pairs of twisted conductors,
and another winding consisting of a slngle
conductor, the. twisted windings being in
sections situated on different portions of

the cote with the séctions of the same wind-

mg at different distances from the core and

with the single conductor farthest from the
core. - -

6. A transformer comprmng a’ core, Wmd-
ings: on the core corsisting of plural con-
ductors’ arrariged in_sections on different
portions of the core, the sections of the saitie
winding being at different distances from
the core on the- different portions thereof,
and a winding consisting of a single con-
ductor extending about the entire core.
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In testimony whereof, T have signed my -

niame to this spec1ﬁcat10n in the presence
of two subscribing witnesses, this twenty
fifth day of September, 1913.

THO,MAS SHAW.
“Witnessess+~ ~ S
W. M. Gouwd,
- Jorx F. Reams.




