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Patented Nov. 18, 1924. 1,515,643 
UNITED STATES PATENT OFFICE. 

SUMNER B. WRIGHT, OF EAST ORANGE, NEEV JERSEY, ASSIGNOR T0 .AJSIERICALT TELE~ 
PHONE AND TELEGRAPH CONEI’ANY, A. GQRFDl-tATION OF NEW YORK. 

TRANSMISSION CIRCUITS. - ‘ ~ 

Application filed November 3, 1923. 

To all whom it may concern: 
Be it known that I, SUMNER l3. ‘Wnrcrrr. 

residing at East Orange, in the county of 
Essex and State of New Jersey, have in 
vented certain Improvements in Transmis 
sion Circuits, of which the following is a 
speci?cation. 
This invention relates to transmission cir 

cuits and more particularly to transmission 
circuits equipped with repeaters and ar 
ranged so that three or more stations may 
be simultaneously interconnected for tele 
phonic transmission. 
In telephone practice it is sometimes 

found desirable, especially in connection 
with public address demonstrations, to in~ 
tercounect three or more cities simultane 
ously over a long distance circuit. This in 
volves connecting two of the cities together 
over a long distance line equipped with tele 
phone repeaters and then bridging a line 
leading from the third city to the 
?rst line at some intermediate point. 
This problem involves many di?iculties, 
one of the most important of which 
is that the transmission level varies at 
different points along the line to which the 
three-way connection is to be made. In 
other words, if the amplitude of the current 
be measured at different points along the 
line it will be found to vary through wide 
limits, the amplitude being quite small on 
the input side of a repeater station and 
quite large on the output side. Further— 
more, since the distances between repeaters 
vary and since the gains of the repeaters 
also vary the transmission levels at corres 
ponding points of different repeater sta 
tions will be quite different. ‘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 the two directions 
at any repeater station and in order to ?nd 
a point along the line at which the transmis 
sion level in the two directions is 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 is substantially the 
same it follows "that in many instances spe 
cial apparatus would have to be provided at 
some out of the way point where it would 
be inconvenient and perhaps inexpedient to 
establish the connection. 

Serial No. 672,535. 

In accordance with the present invention, 
arrangements are provided whereby a point 
having the same transmission levels in both 
directions may be established at a repeater 
station so that a three~way connection may 
be set up at such station. It is also an ob~ 
ject of the invention to establish such a con 
nection with a minimum amount of appara 
tus and, so far as possible, without the use 
of any special equipment other than that or 
dinarily provided at repeater stations. 
The invention may now be more ‘fully un 

derstood from the following description 
when read in connection with the accom— 
panying drawing, in which Figure 1 shows 
schematically a two-wire repeatered circuit 

’ of the type to which the present invention is 
applied, F 2 is a curve showing the trans 
mission levels at various points along the 
circuit of Fig. 1, Fig. 3 shows schematically 
how points of the same transmission level 
may be produced at a repeater station, Fig. 
4t- is a curve showing the transmission levels 
of the apparatus of Fig. 3, Fig. 5 is a circuit 
diagram showing in some detail how a three 
way connection may be established in the 
circuit of Fig. 3, while Fig. 6 illustrates the 
method of establishing a three-way connece 
tion at an intermediate point between re 
peater stations. 

Referring to Fig. 1, a telephone circuit is 
shown interconnecting two distant stations 
A and B by means of line sections L1, L2, L3, 
and L4b with two~way repeaters G1, G2 and 
G11, Of the so-called 22-type, in circuit at re 
peater 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 introduced by the 
individual repeaters may also be diilerent 
although, in general, the gain of each indi 
vidual repeater will be substantially the 
same in each direction. 

In 2, a transmission level diagram is 
shown illustrating how the amplitude of the 
currents transmitted varies at different 
points along the line in each of the two di~ 
rections of transmission. The full line curve 
of F ig. 2 represents the transmission from 
A to B, while the dotted line curve repre-~ 
sents the transmission. in the opposite die 
rection. Beginning at station A it will 
be seen that the curre ' leaves the station at 
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the normal or so-called Zero transmission 
level and decreases in amplitude until it ar 
rives at the repeater station G1. At this 
point a certain amount of gain is introduced, 
thereby increasing the transmission level to 
the point 10, the gain introduced 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 
tenuation along the line section L2, until 
it reaches the point 12 at the repeater sta 
tion G2, when the gain represented by the 
vertical line 13 is introduced and the trans 
mission is brought up to the level indicated 
at 14. Upon leaving the repeater the trans 
mission level again drops down to a. point 
15, gain being introduced by the repeater G, 
as indicated at 16 so that the transmission 
is brought- to the level indicated at 17. The 
current is again attenuated by means of the 
line section L4 arriving at the station B 
with the amplitude indicated at 18. The 
over-all loss in transmission between sta 
tions A and B is 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 amplitude as that starting 
from station A and arriving at the station 
A with an amplitude indicated by the point 
19, which is at the same level as the point 
18 (it being assumed, of course, that the 
over-all transmission in the two directions 
is the same). 
In the transmission level diagram above 

plotted it will be observed that the gain 
of each repeater is assumed to be the same 
in both directions. For example, the gain 
of the repeater G3 in the direction from west 
to east, as indicated at 16, is equal to the 
gain of the same repeater in the opposite di 
rection as indicated at 20. in order to make 
the case general, however, the gains of the 
three repeaters G1, G2 and are each dif~ 
ferent and the losses of the various line 
sections are also made different. The re 
sult is 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 point G‘, is higher 
than the corresponding level from east to 
West. On the other hand, the transmission 
level 1% in the direction from west to east 
at repeater point G, is lower than the cor 
responding transmission level from east. 
to west. Intermediate between each pair of 
repeaters, however, a point will be found 
where the transmission curves for the two 
directions cross each other and at these 
points, designated 6 and c, the transmission 
levels are the same in both directions. Sim< 
ilar points occur between each terminal sta 
tion and the nearest repeater as indicated 
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at a and (Z. It will also be observed that 
under the conditions assumed (each repeater 
having the same gain in both directions and 
the losses along the transmission line being 
uniform), 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 a, b, c and (Z are equal to each other 
and are the same in both direct-ions. It will 
also be observed that the transmission level 
at these points falls half-way between the 
initial or zero transmission level and the 
terminal or ?nal transmission levels, as indi 
cated at 18 and 19. 

It will become obvious at once that a 
three-wire connection may be established at 
any of the points a, b, c and (Z by the use 
of an ordinary hybrid coil, as illustrated in 

6. Since the hybrid coil will be in 
serted at substantially the midpoint of the 
line section the hybrid connection will be 
balanced 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 it is theoretically possible to estab-‘ 
lish a connection of the kind above indicated 
the matter involves great practical di?iculty 
by reason or" the fact that points such as 
a, b, c and (Z lie out along the line between 
repeater stations where facilities for estab 
lishing the connection would not ordinarily 
be present and where the repeating appara~ 
tns (which must usually be included in the 
transmission and receiving branches of the 
tl1ree—way connection) could not well be pro 
vided. > 

Fig. 3 illustrates how a point having the 
same transmission level in both directions 
may be established at a repeater station, 
such as G,,, without the use of equipment 
other than that ordinarily provided at a re— 
peater station. Referring to this ?gure, it 
will be seen that the half of the line section 
L2 extending from the point Z) to repeater 
station G2 will remain undisturbed and the 
repeater G2 will remain in circuit as in Fig. 
1, without any change. At the same re 
peater station, however, a similar repeater 
G, is inserted between the half of the line 
section L3 and the repeater G2, and between 
the two repeaters a pair of arti?cial lines 
LF and L, are inserted. 
The transmission levels between points 7) 

and 0 in either direction are indicated by 
the diagram of Fie. Al. The gain of the 
auxiliary repeater \1 , is made the same in 
each direction and equal to the loss intro 
duced by the arti?cial lines L5 and LG. Con 
sequently, the transmission curves cross each 
other at the point 6, thereby rendering it 
possible to obtain the same transmission 
level at this point trom beth directions. re 
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gardless of how much difference there is be 
tween the levels in the case shown in We. .. 
Where the repeater gains are made the same 
in, both directions the two arti?cial line. sec 
tions L; and T1,, ' i be equal. ilhriouslr, 
the level at 0 may he changed by r i w 
the gains oi? the two repeaters G2 and it, 
so that the gain of each repeater in the two 
directions will be di?’ercnt. although the 
overall gain of the two repeaters will be 
the same in both directions. This is indi 
cated by the curve 2]. and 22, indicated in 
dashed lines in Fig, 4;. To obtain this curve 
the gain of the repeater G2 transmitting 
from west to east is made less than the grain 
transmitting from east to ‘west and the gain 
of the repeater (i. transmitting from west 
to east is proportionately increased, the gain 
transmitting in the opposite direction re— 
maining the same. The point at which the 
transmission curves cross each other will 
now be shifted nearer the repeater G2 and 
the transmission level will be lower. In. 
this case, the values of the arti?cial. lines L5 
and It, will. be proportionately changed so 
that the point 6’ will fall between the two 
arti?cial line sections. By a similar change 
in the values of the arti?cial line and in the 
gains of the repeaters the transmission level 
may be shifted in the opposite direction and 
thus raised. 
A three~way connection may be estab 

lished at the point e or e’ 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 a 
suitable ampli?er to the common level point 
between the arti?cial lines L, and LG by 
means of a hybrid coil 23. The receiving 
branch R is bridged across equal potential 
points oi.’ the circuit including the hybrid. 
coil, as indicated, and likewise includes an 
ampli?er. Instead of balancing the arti?~ 
cial lines L, and Ln by balancing networks, 
as shown at N in 3, the terminals of 
the hybrid coils of repeaters and G4 may 
be connected to a circuit, including arti? 
cial line sections L,’ and L6’, equal and 
equivalent to the sections L5 and L6. To 
further insure accurate balance a hybrid coil 
2: ’ may be included between the arti?cial. line 
sections L5’ and L,’ and an impedance 24, 
equivalent to the impedance looking into the 
transmitter circuit from the hybrid coil 23, 
may be included in circuit with the third 
winding of the hybrid coil 23’. 
The introduction of the auxiliary repeater 

G4 causes no additional unbalance no] time 
lag to the repcatered circuits since very good 
balances may be obtained at the points where 
the arti?cial lines are connected. Further 
more, transmission across the hybrid coil 23, 
which serves to connect the four wire loops, 
will be negligible because the two sides of 
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the artificial line connected to this trans 

former hahnce each other. The regular typo repeater may be u. )(l at it}, with all its 

talking facilities unchanged. The addi~ 
tional. or auxiliary repeater i}, may consist 
only oi.‘ the bare elements of a repeater or 
it may be a spare standard 22~type repeater 
which is usually available at a repeater 
otlice. The gains in the two directions 
through the regular and auxilar}: repeaters 
need not be equal as there is no tendency 
to teed-back and therefore no necessity to 
balance out local transmission. 

It will be obvious that the gei'ieral prin» 
ciples herein. disclosed may be embodied in 
many other organisations widely ditl’crent 
from those illustrated without departing 
from the spirit of the invention as de?ned 
in the following claims. 

llllhat is claimed is: 
1. An arrangement for establishing a 

three-way connection at a repeater point on 
a two-wire repeatered circuit comprising 
arti?cial lines included in the transmission 
circuit for producing a loss at the repeater 
point, and an auxiliary repeater having 
gains su?icient to make up for the loss in— 
troduced by the arti?cial line sections, and 
means to associate a three-way connection 
with the transmission circuit at a point be 
tween the arti?cial line sections such that 
the transmission level is substantially the 
same in both directions. 

2. An arrangement for establishing a 
three-way connection at a repeater point on 
a two-wire repeamred circuit comprising 
arti?cial lines included in the transmission 
circuit for producing a loss at the repeater 
point and an auxiliary repeater having gains 
sui?cient to make up ‘for the loss introduced 
by the arti?cial line sections, and means 
to associate a three-way connection with the 
transmission circuit at a point liietwoen the at» 
tilicial line sections such that the transmission 
level is substantially the same in both direc 
tions, said means comprising a hybrid coil 
introduced between the arti?cial line sec 
tions and transmitting and receiving 
branches conjugately related to the hybrid 
coil. 

3. An arrangement for establishing a 
three-way connection at a repeater point on 
a two-wire repeatered circuit, comprising 
arti?cial line sections and an auxiliary re 
peat-er connected in tandem with the regular 
repeater at the repeater point between said 
repcateii' and one of its adjacent line sec 
tions, the gain of the auxiliary repeater 
heinn~ substantially equal to the total loss in 
troduced by the arti?cial lino sections, and 
means to establishv a three—way connection 
at a point bet-ween adjacent arti?cial line 
sections having the same transmission level 
in both directions. 

An arrangement for establishing a 
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threedmwy connection at a repeater point on 
a two-Wire repeatered circuit? comprising 
arti?cial line sections and an auxiliar;v rc 
peater connected in 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 intro 
duced by the arti?cial line sections, and 
means to establish a three-Way connection at 
a point between adjacent arti?cial line sec 

tions having the same transmission level in 
both directions, said means comprising a 
hybrid coil introduced between said adjacent 
arti?cial line sections and transmitting and 
receiving branches associated with said hy 
brid coil in substantially conjugate rela 
tion with respect to each other. 

In testimony whereof, I have signed my 
name to this specification this 2nd day of 
Yovember, 1923. 

SUMWER B. WEIGHT. 
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