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TELEPEONIC REPTLATER.

Application dled ovember 18, 1918. Zerinl IYo. 838,861.

T'o all whom it may concern:
Be it known that we, CrarLEs RoBrnsow
ond Rowaip Marriy CmHamNEY, both sub-

jects of the King of England, residing, re--

spectively, at Reigate, in Surrey, England,
ag& Longon, En, ﬁ»nd, have invg;nted certain
new and useful Improvements in Telephonic
Repeaters, of which the following is a speci-
fication. '

This invention relates to telephonic re-

peaters of the_ transformer type comprising

two sets of spesking-line-windings mag--

netically coupled together, an input wind-
ing which acts as & szcondary to the speak-
ing-line-windings and puts current into amn
amplifier, and an output winding to which
the amplified current thus obtained is sup-
plied, and which reacts by magnetic induc-
tion on the said line-windings.

Heretofore two transformers known as
“input” and “output” transformer respec-
tively have been employed in this type of
repeater. One of these transformers, say
the input, has been wound differentially, one

half of the differential winding being con-.

nected to each half of the circuit or to one
half of the circuit. and a balencing circuit.

the centre point of the differential winding
-of the input transformer. In this arrange-
ment, if the impedances on each side of the
input transformer are equal, the magnified
currents from the output transformer will
divide equally between the differential wind-

 ings of the input transformer and will not

. have the effect upon the repeater of tending

to produce reaction or “howling.”

This invention has for its object to simpli-
.fy the construction of telephonic repeaters
of the type referred to and, in one embodi-
ment, to provide a repeater comprising one
transformer only, -

The expression “line-windings” is used

~ herein to cover windings included either in

a4k

60

an actual line-circuit or in amn artificial or
balancing line-circuit.

Conveniently, a double-amplifier repeater
‘according to the invention and comprising
two transformers may have the latter so
cross connected that the magnified current
from the amplifier fed by the ome trans-
former is supplied to the other transformer,

and one of the line-windings of each trans-
former is connected to an artificial line.
In the accompanying drawings—
Figures 1, 2, 3 and 4 are diagrams illus-
ét;mting various embodiments of this inven-
ion, '
Figure 5 is a diagram showing only the
transformer arrangements for a modified
embodiment of this invention,
Figure 6 is a longitudinal section,
- -Figure 7 is a transverse section, and

Figure 8 & plan illustrating one method

of constructing a transformer in
with this invention.

Referring to Figure 1 which illustrates
one method of carrying the invention into
practice with a single-amplifier telephonic
repeater comprising one transformer only,

accordance

the iron core A of the transformer is built’

up of stampings, each having three limbs,
1. e. one centre and two outer limbs mag-
netically in parallel with one another. The
outer limbs are wound each with a line-
winding B, B%, and on the centre limb is
wound & generator or input winding C,
which is connected to one side of an ampli-

fier, for example to the grid circuit D*«of a

thermionic valve D. The outer limbs are
also wound each with one half of a booster
winding in two halves E, E! connected in
series with one another and having the three
ends of the pair connected to the anode cir-
cuit of the valve D. The line-windings B,

‘B are equal and are connected to the “up”

and “down” lines respectively.

The operation of this single-amplifier; re-
peater is as follows:— ‘

Speech currents passing through the one-
line winding, say B, induce variations of
the potential of ‘the grid D! through the
generator winding C. This causes varia-
tions of the discharge or amplified current
passing through the two halves E, E* of the
booster winding, which in turn induce mag-
nified currents in both line-circuits. The
ma%leto motive forces of the two halves
E, E* are equal and so far as their action
alone is concerned, they set up no difference
of magnetic potentials across the limb car-
rying the input winding C. - |

If, therefore, the impedances of the two

line circuits are equal, none of the flux due
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to the amplified current in the booster wind-
ing E, E' will pass through the generator
winding ' which feeds the grid. The oper-
ation is similar in the case of speech currents
traversing the other line-winding.
Referring to Figure 2 which illustrates a
double-amplifier repeater according to this
invention, two transformers, each similar

to that described above, are used. The cores"

A, generator windings C, amplifier D, line-
winding B and booster winding E are the
same as before. In this case, however, an
artificial line or a balancing circuit F, F?,
represented as having resistance and capa-
city, takes the place of one line in each trans-
former, and the anode circuit of the “up”
valve is connected to the booster windings
B2 I3 of the “down” transformer, while
the anode circuit of the “down” valve is con-
nected to the booster windings E, E* of the
“up” transformer. <

The invention is also applicable to the
telephone systems described in the British
Patents Nos. 131113 and 131114.

Referring to Figure 3, which shows an
arrangement corresponding to that described
in the British Patent No. 131113, the one-
line winding B, preferably in series with a
condenser is connected in shunt across
the telephone line. A suitable balancing
circuit It is connected across the other line-
winding. The operation of this arrange-
ment is similar to that of the single-ampli-
fier repeater described above,

Referring to Figure 4, which illustrates
an arrangement corresponding to the tele-
phone system “described in the.British Pat-

~ent No, 131114, the one-line winding is
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. Figure 1.
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divided into two equal parts B2, B¢, which
are connected one in each line of the tele-
phone circuit. A suitable balancing circuit
F is connected across the other line-winding,
which is also divided into two equal parts
F* and F2 The other elements of the sys-
tem are the same as before. The operation
of this repeater is also similar to that of the
single-amplifier repeater described with ref-
erence to Figufe 1. N '

Figure 5 shows .the application of our
invention to provide a phantom-circuit su-

perposed on two side circuits, all three cir--
cuits being relayed. I, L? represent the -

13 ”

up” and “down” lines of one circuit con-
nected to the line-windings of the trans-
former S*. L2 and L* represent the lines of
a second circuit connected to the line-wind-
ings of the transformer S2. The line-wind-
ings of the transformers S, S? are wound
direrentially, and centre points are con-
nected to a third transformer S®. An am-
plifying-valve is connected to each of the
transformers S*,” S? and S® as shown in
These - connections are omitted
from Figure 5 for the sake of clearness

except to the lower transformer S%. The-

‘acteristics of the .circuit.

1,429,634

arrangement shown as applied to trans-
former S° is merely duplicated for the:
transformers S' and $?, the arrangement
being in each case the same as shown in
Figure 1 as far as the valve D is concerned. 70
By means of this arrangement, speech cur-
rents in the circuit L' or L? are amplified
by the valve connected to the transformer .
St those in the circuit Lé or L# are ampli-
fied by the valve connected to the trans- 78
former S?%, while those in the phantom-
circuit are amplified by the valve connected

to the transformer S° If the lines L, L2,
L3 and L* and also the differential wind-

ings of the transformers are correctly bal- 80

anced, there will be no interference between
the three circuits.

Referring to Figures 6, 7 and 8, E-shaped
stampings ‘A of suitable magnetic material,
such as “stalloy,” are placed so as to form 86 .
a magnetic core which is continuous with
the exception of two narrow air-gaps H
in"the outer limbs of the core. This stalloy
as analyzed by Prof. Turner in the Uni-
versity of Birmingham may comprise .03.90
carbon, 3.4 silicon, .04 sulphur, .01 phos-
phorus, .32 manganese and 96.2 iron. The
width of these gaps is secured at the right
value by means of a non-magnetic spacing-
piece. The bobbins J surrounding the outer 25
limbs of the core are wound with the line-
and anode-windings. The bobbin J* on the
centre limb of the core carries the grid-
winding. _ ' ' A

The stampings are firmly. clamped be- 100
tween wood blocks K by means of the bolts
and nuts K*. A sheet-iron case K? encloses
the transformer, so that when arranged in
banks each shall be shielded from stray-
fields. The connections to the windings are 108
taken through the base M to the connection
tags M* mounted in the ebonite block M2

‘The. number of turns in the windings
used depends upon the characteristics of °
thermionic valve and also upon the char- 110
For unloaded
underground circuit§ and a valve having
an internal impedance of about 26,000 ohms.
the following windings are suitable :—

Grid winding__ 16,000 turns. -
Anode winding_ 2 x 8,500 turns.
Line winding__ 2x700 turns.

An additional winding may be provided
on one of the transformer limbs, if desired, 120
for connection to a telephone so as to afford
means for listening, at the repeatér station,
to the speech on the lines, ’

It will be appreciated that various modi-
fications may be made in the forms de- 125
scribed above without departing from the
spirit of the invention. For example, in
the single-amplifier repeater first described
above -the positions of the. generator and
booster windings -on the inner and outer 130
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.iimh%, respectively, of the transformer may

be interchanged. - o _
. What we claiin as our invention and de-
sire {o secure by Letters Patent 1s:—
1. In & telephonic repeater, the combina-
tion of a current-magnifying device, a mag-

‘netic core structure comprising three cores

magnetically in parallel with one another
between two yokes common to the two sets
of concurrent ends of the cores, two line-
windings, one upon each of two said cores,
a beoster winding in two equal halves in
series to assist one another, each mounted
upon one of the said two cores which carry
line-windings and having their two {ree
ends connected to one operative side of the
said current-magnifying device, a generator
winding mounted on the third said core of
the said core structure, and connected to the
other operative side of the current-magni-
fying device, substantially as described.

9. In 8 telephonic repeater, the combina-

tion of two current-magnifying devices, two.

magnetic core structures, each comprising
three cores magnetically in paralle]l with
one another between two yokes common to

-the two sets of concurrent ends of the cores,

two line-windings, one upon each of two
cores  of the one said core structure, two
line-windings one upon each of two cores
of the other said core structure, a booster
winding in two equal halves in series con-
nected to assist one another, each said half

mounted upon one of the two cores which

carry line-windings on the one meagnetic
core structure and having their two free ends
connected to one operative side of one said

current-magnifying device, & similar booster :

winding on the corresponding two cores of
the other core structure and having its free
ends connected to the corresponding opera-

" tive side of the current-magnifying device,

two generator windings one upon each of

* the two third cores of the core structures
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and cross connected so that each is connected
to the second operative side of the current-
magnifying device whereof the first said
operative side is connected to the booster
winding on the other magnetic core struc-
ture, substantially as described. '
3. In a telephonic repeater, the combi-

nation of a current-magnifying device, a

magnetic core structure comprising three
cores magnetically in parallel with one an-
other between two yokes common to the two
sets of concurrent ends of the cores, two
line-windings, one upon each of two said
cores, of which said line-windings one is
connected to an artificial line and the other
is connected to the speech-line in series with
& condenser, a booster winding in two equal
halves in series to assist one another, each
mounted upon one of the said two - cores
which carry line-windings and  having their

two free ends connected to one operative
side of the said current-magnifying device,
a. generator winding mounted on the third
said core of the said core structure and con-
nected to the other operative side of the
current-magnifying device, substantially as
described, - . _
4..In a telephonic repeater, the combi-
nation of a ‘current-magnifying device, a
magnetic core structure comprising three

" cores magnetically in parallel with one an-

other between two yokes common to the two

sets of concurrent ends of the cores, two line-

windings, one upon each of two said cores,
whereof one is connected to an artificial line
and the other is connected to one speech-
line, a third line-winding connected to a
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speech-line and mounted on the same core

as that which carries the winding of the first
said speech-line, a booster winding in two
equal halves in series to assist one another,
each mounted upon one of the said two cores
which carry line-windings and having their
two free ends connected to one operative side
of the said current-magnifying device, a

generator winding mounted on the third

said core of the said core structure and con-
nected to the other operative side of the
current-magnifying device, substantially as
described. . ‘

5. In a telephenic repeater, the combina-

-tion of a current-magnifying device, a mag-
netic core structure comprising three cores

Iying side by side in substantially one plane
extending between two yokes magnetically
common to the two sets of concurrent ends
of the cores and of which cores the conti-
nuity of each of the two outer ones is inter-
rupted by an air-gap, two line-windings, one
upon each of the said two outer cores, a
booster winding in two equal halves in se-
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ries to assist one another, each half mounted

upon one of the said two outer cores and
having their two free ends connected to one
operative side of the said current-magnify-
ing device, & generator winding mounted on
the .center core of the said three and con-
nected to "the other operative side of the
current-magnifying device, substantially as
described. o :

" 6. In a telephonic repeater, the combina-
nation. of 2 thermionic valve, a magnetic
core structure comprising three cores mag-
netically in- parallel with one another be-
tween two yokes common to the two sets of
concurrent ends of the cores, two line-wind-
ings, -one upon each of two said cores, a
booster winding in two equal halves in series
to assist one another, each mounted upon
one of the said two cores which carry line-
windings and. having their two free ends
connected to one operative side of the said
thermionic .valve, a generator winding
mounted on the third said core of the said
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_core structure and connected to the other

" between two yokes common to the two sets’

10’

16

20

N

operative side of the thermionic valve, sub-
stantially as described.

7. In a telephonic repeater, the combina-

tion of two thermionic valves, two magnetic
core structures, each comprising three cores
magnetically in parallel with one another

of concurrent ends of the cores, two line-
windings, one upon each of two cores of
the one "said core structure, two line-

'Winding:sa one upon each of two cores of the

other said core structure, a booster winding
in two equal halves-in series connected to
assist one another, each said half ‘mounted
upon one of the two cores which carry line-

ree ends connected

windings on the one mQ%netic core structure -

and having their two:f _ ecte
to one operative side of,one said thermionic
valve, a similar booster winding on the

1,420,684

corresponding two cores of the other core

structure and having its free ends connected .

to the corresponding operative side of the
thermionic valve, two generator windings
one upon each of the two third cores of the

core structures and cross connected so that

each is connected to the second operative
side of -the thermionic valve, whereof the
first said operative side is connected to the
booster winding on the other mafgnetic core
structure, substantially as set forth.

26
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In testimony whereof we have signed our

names to this specification- in the. presence
of two subscribing witnesses.

CHARLES ROBINSON.
RONALD MARTIN CHAMNEY.
Witnesses: . . :
" Harorp H. Srmmoxns,
- Hagry G. GripEY,



