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ously over a long distance circuit.

quite large on the output side.
more, since the distances between repeaters
vary and since the gains of the repeaters
‘also vary the transmission levels at corres-
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T'o all whom it may concern.:

Be it known that T, SUMNER 3. WriGEHT.
vesiding at East Orange, in the county of
Essex and State of New Jer sey, have in-

vented certain Improvements in Transmis-

sion Circuits, ot whmh the following 18 a

“specification.

This 1invention relates to tr ANSMISSION CIr'-
cuits and more particularly to transmission
circuits equipped with repeaters and ar-
ranged so that three or more stations may
be snnultfmemlsly 111t(,1<:,011110ct0{:1 for tele-—
phonic transmission. -

"~ In telephone practice it is ‘sometimes
found desirable, especially in connection
with public address demonstrations, to in-
terconnect three or more cities 9111’11.11&11"-@—
This 1n-

volves connectmn‘ two of the cities together
over a long dlstame line equipped with tele-

" phone 1epew‘rers and then bridging a line

the
some

third cmr “to  the
intermediate point.

from
at

leading
first line

This problem involves many difficulties,
oue of

the most important of which

~that the transmission level varies at
d]ff@lent points along the line to which the
three-way connectmn 1s to be made: In
other words, if the amplitude of the current
be measured at different points along the
Jine it will be found to varv through wide
Jimits, the amplitude being quite small on
the mput side of a repeater station and
Further-

ponding points of different repeater sta-
tions will be quite cifferent. The result of

all this is that rarely or never will it be

found that the transmission level will be the
same for transmission in t‘he' two directions

at any repeater station and in order to find

a point along the line at which the transmis-

glon level in the two directions 1s the same

it will be necessary to go out to some point
intermediate between two repeater stations.

‘Since the three-way connection should be

made at a point where the transmission
level in both directions 1s substantially the
same it follows that in many instances spe-
cial apparatus would have to be pmmded at

‘somie out of the way point where it wouild

be incorivenient and perhaps mexpedlenf fi0
establish the cannectmm '

Serial No. 672,535,

In accordance with the present mvention,

arrangements are provided whereby a point
-hamnn the same transmission levels in both

directions may be established at a repeater
station so that a three-way connectmn may
be set up at such station.
ject of the 1nvention to establish such a con-
nection with a minimum amount of appara-
tus and, so far as possible, without the use
of any Sneclal equipment other than that or-
dnnuly provided at repeater stations.

The invention may now be more qu]ly un-

~derstood from the following description

 NEW JERSEY, ASSIGNOR 7O AMERICAN TELE-
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It 18 also an ob-
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when read 1n connection Wlth the accom-

panying drawing, in which Figure 1 shows

schematically a two-wire repeatered circuit
“of the type to which the present mvention 1s
applied, Fig. 2 18 a curve showing the trans-

mission levels at various pomts along the
circult of Fig. 1, Fig. 3 shows sohema,ucally
how points of the same transmission level

may be"pmdtced at a repeater station, Fig.

4 1s a curve showing the trfmsmlssmn 1evels-

of the apparatus of f ig. 8, Fig. 5 is a circuit
diagram shmwng'm_some detail how a three-
way connection may be establ

1shed 1n the
circuit of Fig. 3, while Ifig. 6 illustrates the
method of establishing a three-way connec-
tion at an intermediate point between re-
peater stations.

Referring to Ifig. 1, a telephone circuit 1s
shown inter commchnﬂ‘ two distant stations
A and B by means of Tine sections Ly, Lo, L,
and L, with two-way repeaters Gy, G, and
(x,, of ‘the so-called 22-type, In circult at re-
pmter points between the adjacent line sec-
tions. In general the various line sections
will be of different lengths or will be of dif-
ferent construction so that the losses due to
the various line sections may be different.

Furthermore, the gains
individual repeaters may also be different
although, 1n general, the oain of each indi-
mduﬂ repeater will be substmtmlly the
Same in each direction.

Tn Fie. 2, a transmission level dmﬂmm 18
shown ﬂhmfr ting how the amphtude of the
clurrents h:‘ma‘mrtieﬂ varies at different

points along the line in each of the two di-
rections of tmmm‘i ssion. The full line curve
of Tig. 2 represents the transmission from
A to B, while the dntted line curve repre-
sents the transmission int the opposite di-
rection. Beginning af statioi A it will

be seen that Lhe an (*rﬁm, jeaves the station at
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the normal or so-called zero transmission
level and decreases in amplitude until 1t ar-
rives at the repeater station {(z,. At this
point a certain amount of gain is 1ntroduced,
therecby increasing the transmission level to
the point 10, the gain 1ntroduced being
represented by the vertical part of the line
at 11. As the current leaves the repeater it
begins to decrease in value, due to the at-
tennation along the line section 1., untii
1t reaches the pomt 12 at the repeater sta-
tion (z,, when the gain represented by the
vertical line 13 15 introduced and the trans-
mission 1s brought up to the level mdicated
at 14. Upon leaving the 1‘61}9:11:6-1’* the trans-
mission level again drops down to a poim
15, gain being introduced by the repeater (5,
as 1mdicated at 16 so that the transmission
1s brougnt to the level indicated at 17. The
current is again attenuated by means of the
line section L, arriving at the station B
with the amplitude indicated at 18. The
over-all loss 1n transmission between sta-
tions A and B 1s represented by the drop
in level from the point zero at the left of
the curve to the point 18 at the right. The
transmission level for transmission in the
opposite direction is indicated by the dotted
curve, the current starting from the station
B with the same amphtude as that starting
from station A and arriving at the station
A with an amplitude indicated by the point
19, which 1s at the same level ag the point
18 (1t being assumed, of course,
over-all transmission in the two cmectlon%
is the same).

In the transmission level diagram above
plotted it will be observed that the oain

ot each repeater is assumed to be the same

in both directions, For example, the gain
of the repeater (v, 1n the direction from west
to east, as idicated at 16, 1s equal to the
oain of the same repeater in the onposite di-
rection as indicated at 20. In order to make
the case general, howevel the 2ains of the
three repeaters G,, (&, and 1, are each dif-

ferent and the losses of the various line

50

$1t

ections are also made different. The re-
sult 1s that the levels in the two directions
at a given repeater point are not the same.
For example, the transmission level 10 from
west to east at repeater po?ﬂ‘t (v, 1s higher
than the corresponding level from m%i, to
west. On the other hand, the transmission
level 14 in the direction from west to east

at repeater point (&, is lower than the cor-

responding transmission level from east.

to west. Intermediate between each » zm* o
repeaters, however, a point will be found
where the transmission curves for the two
directions cross each other and at these
points, designated & and ¢, the transmission
levels are the same 1n both directions. Sim-
1lar points occur between each terminal sta-
tion and the nearest repeater as indicated

that the

1,515,843

at ¢ and <. It will also be observed that
under the conditions assumed (each repeater
having the same gam 1n both directions and
the losses along the transmission line being
unirtormj, the points along the line at which
the transmission level is the same in both
directions all lie on the same horizontal line.

in other words, the transmission levels at.
points @, O, ¢ and ¢ are equal to each other
and are the same 1 both directions. It will
aiso be obgerved that the transmission level
at these points falls half-way between the
mitlal or zero transmission level and the
terminal or final transmission levels, as 1ndi-
cated at 18 and 19. | | |

1t will become obvious at once that a
three-wire connection may be established at
any of the points a, b, ¢ and d by the use
of an ordinary hybrid coil, as illustrated 1n
Hig. 6. Since the hybrid coil will be in-
serted at Sﬂbgtaﬂtiﬁﬂj the midpoint of the
Ime sectlon the hybrid connection will be
palanced and since the transmission in the
two directions is the same at this point the
current entering the receiver branch of the
three-wire connection will be the same from
either station A or station B.

While 1t is theoretically 1:)05811)1@ to estab—'

lish a connection of the kind above indicated
the matter involves great practical difficulty
by reason of the fact that points such a

80

20

a, b, ¢ and d lie out along the line between

repeater stations where facilities for estab-
lishing the connection would not ordinarily
be present and where the repea,unﬂ appara-
tus (Whlch must usnally be mmcluded in the
transmission and recelving bmnches_ ol the
three-way connection) could not well be pro-
vided. -
ig. 3 illustrates how a point having the
same transmission level in both directions
may be established at a repeater station;
such as (z,, without the use of equipment
other than that ordinarily provided at a re-
peater station. Referring to this figure, it
will be seen that the half of the line section
L, extending from the point & to repeater
station G will remain undisturbed and the
repeater G, will remain in circuit as in Fig.
1, without any change. At the same re-
peater station, howew_,r a similar repeater
(z, is inserted between the half of the line
section L, and the repeater (,, and between
the two repeaters a pair of artificral Iines

_L.p and L, are inserted.

(§

The tmnsmlssmn levels between points &
and ¢ in either direction are indicated Dby
the diagram of Fig. 4. The gain of the
&HXIIIELI}T repeater ﬁ is made the same in
each divection and equal to the loss iuntro-
duced by the artificial lines 1., and L. Con-
sequently, the transmission curves cross each
other at the point ¢, thereby rendering it
possible to obtain the same transmission

level at this point from both directions. re-
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tions T, and I, will be equal.

“directions will be different, although

gardless of how much difference there is be-
tween the levels 1 the case shown in Fio, 1.

Where the repeater gaing are made the same

in hoth directions the two artificial line sec-

' _ Obvrionsly,
the level at ¢ may be changed by _
the gains of the two repeaters (, and {5,
so that the gain of each repeater in the two
| the
over-ail gain of the two repeaters will be
the same in both divections. This is indi-
cated by the curve 21 and 292, indicated in
dashed lines in Fig, 4. To obtain this curve
the gain of the repeater (, transmitting
from west to east is made less than the eain
transmitting from east to west and the gain
of the repeater (x, transmitting from west
to east 18 proportionately increased, the gain
transmitting in the opposite direction re-
maining the same. The point at which the

now be shifted nearer the repeater (3, and
the transmission level will he lower. In

this case, the values of the artificial lines I..
and I will be proportionately changed so
that the pomnt ¢” will fall between the two

artificial line sections. By a similar change
in the values of the artificial line and in the
ogains of the repeaters the transmission leve
may be shifted in the opposite direction and

~thus raised. o
A three-way connection may be estab-

lished at the point ¢ or ¢” by the circuit ar-
rangement shown in Fig. 6, the circuit being
shown in more detail in Fig. 5. In Fig. 5,
the transmitting branch T of the three-way

connection is shown connected through =
suitable amplifier to the common level point

between the artificial lines L, and L, by

40
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means of a hybrid coil 23. The receiving
branch R 1s bridged across equal potential
points of the circuit including the hvbrid

coil, as indieated. and likewise includes an

amplifier. Instead of balancing the artifi-
cial limes I, and L, by balancing networks,
as shown at N in Fig. 3, the terminals of
the hybrid coils of repeaters G, and G, may
be connected to a circuit, including artifi-
cial line sections I.,” and L,”, equal and
equivalent to the sections L. and T.. To

further insure accurate balance a hybrid coil

23" may be included between the artificial line
sectiens L.,” and I,,” and an impedance 24,
equivalent to the impedance looking into the
transmitter circult from the hybrid coil 23,
may be icluded in circuit with the third
winding of the hybrid coil 23’

The introduction of the anxiliary repeater
(r, causes no additional unbalance nor time

lag to the repeatered circuits since very good

balances may be obtained at the points where
the artificial lines are connected.

niore, transmission across the hybrid coil 28,
which serves to connect the four wire loops,

will be negligible because the two sides of

DY vVairyving

Kurther-

tue artificial Tine connected to this trans-
* : FHSY - . e Dy
former balance each other. The regular 22-
TR UYL PR R TS I 0 veynr L AU B B 1 4 (! wxr1d - i1 T
type repeater may be used at {r, with all 1
L }T"r' N F-» B vy ey 4y 1% v o) 45 5 SR I
Lk, im.illﬁ TaeIigies  1inge NAan e, A e i -

tional or auxiliary repeater {5, may consist

1
only of (he bave elements of a repeater or
it may he

which 1s usually available at a repeater
otice. The gains in the two
through the regular and auxilary repeaters

need not be equal as there is no tendency

to feed-back and thervefore no necessity to

palance out local transmission.

It will be obvious that the general priu-

ciples herein disclosed may be embodied in
many other organizations widely different
irom those illustrated without departing
irom the spirit of the invention as defines
in the following claims, - |
What i1s claimed is: o

L. An arvrangement for establishing a

three-way connection at a vepeater point on
@ two-wire repeatered circuit comprising
artificial lines included in the transmission
cireutt for producing a loss at the repeater
peint, and an auxiliary repeater having

gamns suflicient to make up for the loss in-

froduced by the artificial line sections, and
means to associate a three-way connection
with the transmission circuit at a point be-
tween the artificial line sections such that
the transmission level is substantially the
same 1n both directions.

2. An arrangement for establishing a

three-way connection at a repeater point on
n two-wire rvepeatered circuit comprising
artificial lines included in the transmission
cireuit for producing a loss at the repeater
point and an auxiliary repeater having gains
sulficlent to make up for the loss introduced
ny the artificial line sections, and means
to assoclate a three-way connection with the
transmission cireuit at a point between the ai-

tificial lime sections such that the transmission

level is substantially the same in both direc-
tions, sald means comprising a hybrid coil
introduced between the artificial line sec-

tions and  transmitting and receiving
branches conjugately related to the hybrid

co1l. _ |
3. An  arrangement for establishing a

three-way connection at a repeater point on

o two-wire repeatered circuit, comprising
artificial Iine sections and an auxiliary re-
peater connected 1 tandem with the regular
repeater at the repeater point between said
repeater and one of its adjacent line sec-
tions, the gain of the auxiliary repeater
being substantially equal to the total loss in-
troduced by the artificial line sections, and
means te establish a three-way connection
at & pomnt between adjacent artificial Iine
cections having the same transmission level
i both directions. _

4. An arrangement for establishing 2

3

a spare standard 22-type repeater

directions
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three-way connection at a repe eater noint on
i tv*r) wire repeatered cirenit COMPIISING
wtificial line gections and an auxiliaz 'V Te-
neater connected in tandem with the regular
reneater at the “Cp&ﬂ*@? pont hetween said
repeater and one of 1fs adjacent line sec-
11011*:'.; the oain of the auxiliary repeater being
substantially equal to the total intro-

duced by the artificial line sections, and
means to establish a three-vway connection at

a point hetween adjacent artificial line sec-

o

]r\qr

A AhD

1,515,643

tions having the same transmission level 1n
both directions, said means comprising a
hvbrid coil int troduced hetyeen sald adjacent
artificial line sections and fransmitting and
receliving branches assoclated with sfud hy-
heid coil in substantially conjugate rela-
tion with respect to each other.

In testimonv whereof, | i have signed my

name to this specification this 2nd day of 20

1923,
SU\{}?ER D.

November,

WRIGHT.
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