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This invention relates to signaling means 
for telephone systems, and more particularly 
relates to means by which auxiliary appara 
tus may be associated with a transmission line. 
An object of the invention is to provide 

means by which such auxiliary apparatus may 
be associated to the line without substantial 
ly affecting the transmission properties of 

... the line for other purposes. Such auxiliary 
O 
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apparatus may comprise ringing circuits or 
transmission level measuring sets or a variety. 
of other types of auxiliary apparatus. 
Another object of the invention is to pro 

vide a circuit arrangement by which when 
such apparatus is associated there will be no 
echo or reflection effects showing themselves 
therein. . . . . . . . . . . . . . . . 
Another object is to provide a unidirection 

al bridge to the line which will be responsive 
to impulses coming from the one direction and 
will send signals thereto, but which will not 
be responsive to impulses from the other end 
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or send impulses thereto. 

1928. Serial No. 301,030. 
readings or to unfavorably affect the nor 
mal signaling transmission. This invention 
obviates such possibilites. . 
The invention will be better understood by 

reference to the following specification and 55 
the accompanying drawing in which Figures 
1, 2, 3 and 4 show circuits leading up to the 
final desired form of this invention; Fig. 5 
is a simplified circuit for purposes of calcu 
lation; and Fig. 6 is a circuit incorporating 
my inventionin one complete form. 

In the case of many telephone lines, and 
especially two-wire circuits which are not 
equipped with terminal repeaters, there is 
normally no place to which the ringer or other 
apparatus may be connected where it does 
not receive signals equally well from both 
directions. As a result, the echoes or reflec 
tions coming from the one side may be suffi 
ciently disturbing to render the ringer use 
less or vitiate readings on other apparatus. 
To overcome this situation, I make use of a 
modified form of hybrid coil or three-winding 

Still a further object is to provide a circuit transformer arrangement which consists pref. 
of the kind described above but which shall 
be symmetrical so as not to unbalance the 
line to which it is connected. . . . . . . . . 
On telephone lines, it has become very com 
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mon to carry on the signaling over the tele 
phone lines with voice frequencies such, for 
example, as 1,000 cycles. The voice frequen 
cy ringers responsive to such signals, how 
ever, are subject to echo effects which may be 
exceedingly disturbing and may even render 
the ringer inoperative. This invention is . 
for an arrangement for connecting voice fre 
quency ringers responsive to such signals or 
for connecting other devices to toll lines so 
that they will receive signals coming from 

40 one direction and will not be affected by sig 
nals or echoes coming from the other direc 
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tion. . . . . 

Also, it has become necessary from time to 
time to make measurements on the transmis 
sion level at various points in a line or to 
measure the loss or gain in transmission level 
due to the introduction of apparatus such as 
repeaters. In general, the association of the 
necessary measuring sets to the line may re 

30 act on the line in such a way as to vitiate the the branches C and D would be conjugate to 100 

erably of a small series resistance in each side 
of the line with a winding of a coil bridged 
across each. Another winding of the trans 
former is connected in series with the ringer 
or other apparatus. This winding is so poled 
that it adds to the voltage impressed on the 
apparatus an equal and aiding voltage in the 
case of signals coming from the one direction 
and an equal and opposite voltage in the case 
of signals coming from the other direction. 
The principle and theory will be better un 

derstood by referring to Fig. 1. In this fig 
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ure there is shown a hybrid coil connected be-, 
tween the line A and the drop B. Connected 
across the series winding of this hybrid coil 
is an impedance C and bridged across the line 
is another impedance D. Such a hybrid coil 
as shown is commonly used in repeater cir 
cuits, and the usual practice would be to 
have the system balanced; that is, the coils 
would be symmetrical and the impedances A 
and B would be equal to each other. The im 
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pedances C and D would be proportioned to 
each other according to the turn ratio of the 
transformer. Under this balanced condition 
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each other and A and B would be conjugate. 
As a result, signals coming in on the line A 
would not produce any current in theim 
pedance B. It would, however, be possible to 
unbalance the system by making C Smaller 
and D larger, and in that event current would 
be transmitted from A to B, the extent of this 
transmission being determined by the extent 
to which C and D are changed, one in the one 
direction and the other in the other. 
Fig.2 shows a modification of this circuit 

but one which is the electrical equivalent of 
Fig. 1. In this Fig. 2 the impedance C has 
been placed in its equivalent electrical posi 
tion; that is, bridged across the line wind 
ings, while the series coil, which formerly 
contained the impedance C, now is connected 
in series with a load S, such as a ringer 
equipment, and the two are bridged across the 
line, being quite evidently in parallel to the 
impedance D. 

Fig. 3 represents a redrawing of the cir 
cuit of Fig.2. If the impedance C is reduced 
to a small value and the impedance D is 
increased to a large value, then D, which is in 
gill with the series winding and the load 
S, might be omitted entirely without impor 
tant effect on the resulting network. . This 
is indicated by showing D in broken lines. 

Fig. 4 shows a further development in the 
modification. ... Here, the impedance D has 
been omitted entirely and the contact for the 
series winding has been transferred from the 
bridge point of the main winding to one end 
of that winding. 

Referring now to any of these figures but 
more particularly to Fig. 4, it is seen that the 
ringer in this arrangement receives the sum 
of two voltages one of which is the voltage 
between the two sides of the line and the 
other of which is proportional to the current 
through the small impedance C which, in 
my invention, preferably takes on the form 
of a resistance element. The first of these 
voltages is in the same direction whether the 
transmission is from A or from B, but the 
latter voltage reverses in direction as the di 
rection of transmission changes, so that for 
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currents coming from A it adds to the first 
named voltage and for currents coming from 
B it subtracts. This arrangement inciden 
tally has the advantage that no substantial 
coil losses are involved in the main trans 
mission between A and B. 
While this qualitative explanation just 

given above will make it evident that echoes 
or signals from drop B will be discriminated 
against as compared with signals from line 
A, it will, of course, be desirable to have this 
discrimination as marked as possible even to 
the extent that echoes from B shall have no 
effect whatsoever on the ringer. The condi 
tions for attaining this can be shown from 
the following considerations, reference being 
had to Fig. 5 in which the impedances as seen 
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looking into the line A and into the drop B 
are represented, respectively, by R and R2. 
The small series resistance r is shunted by 
a coil which was originally the main wind 
ing of the hybrid coil, and associated with 
this is a coil which, with the first, has a 
turn ratio of n and whose impedance is Z2, 
this impedance being connected in series with 
the impedance Z of the ringer. Sources of 
voltage et and ea are represented, either one 
or the other or both of which may be present 
at one time, as indicated below. 
With the condition attained that no cur 

rent is produced in Zo by e2, it is apparent 
that Zomay be opened without disturbing 
the currents in the rest of the circuit (e., be 
ing the only voltage acting). In series with 
Zo there are impressed two voltages which 
must be equal and opposite. These are: 

e = - 62 al R+R,+r TR-FR,--r 
Setting these equal and solving for n, 

It will be noticed that, since n is a ratio and 
has no angle, r must have the same angle as 
R for perfect balance. 
Now reconnect Zo and adde, just equal and 

opposite to e, so that is is reduced to zero. 
The current io is now wholly due toe. Since 
there is now no current in it, R, may be 
opened without changing the currents or 
voltages in the rest of the network. The cur 
rent in Zo is: 

i.--- - 2 20 R+Z--Z. where Z = rn, 
It is interesting that the current io (the ringer 
current) has this value regardless of the im 
pedance of the drop. In the usual ringer 
practice (Zo connected directly between a and 
with r=o) the value of i is practically 

The change in sensitivity of the ringer is, 
therefore, expressed by the current ratio: 

2Zo 
R -- Zo -- Z. 

It will be evident also, from a consideration 
of the coil relations, that if these coils consti 
tute an ideal transformer, the following re 
lation exists: 

R2 - - - R2 
Z = r 2 fl r r = d r O Za 

In general, there will be certain practical con 
siderations which will limit the maximum 
value of Z. Having determined this value, 
it is then seen that one of the relations above 
gives the value for r, and that having deter 
mined r the value of n is set. 
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Further theoretical considerations make it possible to show that under these conditions 
the loss to voice transmission in either direc 
tion is held to a very low value and that the 
reflections are also kept very low. 

Referring in particular to the use of the 
invention for ringer purposes, it may be men 
tioned that the impedance Z., will be too large 
to permit signaling through it out to the line. 
Also, for ringing current coming in from line 
A the impedance is high, all of this being 
necessary in order that the transmission for 
normal telephone currents shall be kept low. 
It is, therefore, desirable if not necessary, that 
this impedance should be removed from the 
circuit as soon as it has served its purpose. 
This can be done in a number of ways, one 
arrangement being shown in Fig. 6. In that 
figure a cut-off relay 11 is shown which has 
contacts that short-circuit impedance Z. 
When incoming signals arrive the ringer cir 
cuit would be subject immediately to echo ef 
fects unless some apparatus similar to that 
described is attached to the line. 
ringing signals have persisted for a sufficient 
time to operate certain relays in the ringer 
apparatus they will operate the relay 11 
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which will short-circuit the impedance. Z, 
thus affording an even easier path for the 
ringing current coming in on the line. Also, 
the signal going out on the drop side, which 
may be a low frequency signal, such as 20 
cycles, will now be transmitted the more effec 
tively. On the other hand, when this low 
frequency signaling current comes:from the 
drop side it will also operate the relay 11 su 
that 1,000-cycle ringing current may now 
readily pass out to the line A without the 
necessity of endeavoring to traverse the high 
impedance Z. When the ringer is unop 
erated, however, which is the condition under 
which it is exposed to echoes, the circuit is 
equivalent to that shown in Fig. 5. 

It will be noted in this Fig. 6 that the small 
series resistance is divided, half being placed 
on each side of the line, and the same is true of the windings, thus affording a symmetrical 
arrangement. 
While this invention has been described 

specifically in connection with the association 
of a ringer circuit to the transmission line, 
it should be emphasized that the invention is 
broader than this in that it provides a method 
and means by which any supplemental or aux 
iliary circuit may be associated with a trans 
mission line, all in a manner which will make 
this auxiliary circuit markedly more recep 
tive to signal currents coming from one di 
rection than from the other, at the same time 
doing this in a manner or with apparatus 
which will not substantially affect the trans 
mission of the line for the normal telephone 
currents; that is, in a manner which will not 
introduce large loss to voice transmission in 
either direction. For example, it may be de 
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sired to measure the transmission level by in 
troducing suitable measuring sets at Zo. 
From what has been said, it is evident that 
this can be done without error due to the im 

70 pedance or change in impedance of the line 
beyond the measuring point and without 
causing errors at other points due to mis 
handling of the measuring apparatus at the 
point first mentioned. 
This invention also has another important 

aspect which will be clear from a considera 
tion of Fig. 5. If we consider an E. M. F. 
generated in the impedance Zo, the circuit ar 
rangement is such that signals transmitted 
through the transformer, as a result of such 
E. M. F., may be caused to be transmitted to 
the terminal impedance such as, for example, 
R1 with much greater amplitude than to the 
other terminal impedance such as R. In fact, 
if the system is properly adjusted in accord. 
ance with the relations given above, no signal 
impulses would be transmitted to or received 
from Re, thus providing a unidirectional 
bridge to the line. 

It will be obvious that the general princi. 
ples herein disclosed may be embodied in 
many other organizations widely different 
from those illustrated without departing 
from the spirit of the invention as defined in 
the following claims. 
What is claimed is: 
1. In a telephone transmission system a 

line circuit and a drop circuit, an auxiliary 
circuit, and means for associating the aux 
iliary circuit to said system comprising a 
series connection in the line consisting of a 
resistance and a coil in parallel, and a bridge 
connection to the line consisting of the aux 
iliary circuit and a coil in series, the two 
coils being so related that currents from the 
line enter the auxiliary circuit more effec 
tively than currents from the drop. 

2. In a telephone transmission system a 
line circuit and a drop circuit, a supplemen 
tal circuit, and means for associating the sup 
plemental circuit to said system comprising 
a series connection in the line consisting of 
a resistance and a coil in parallel, and a 
bridge connection to the line consisting of the 
supplemental circuit and a coil in series, the 
coils being so related that current from the 
line enters the supplemental circuit and cur 
rent from the drop does not enter the sup 
plemental circuit. 

3. In a telephone transmission system com 
prising a line circuit, a drop circuit, and 
an additional circuit associated there with, 
the method of preventing echo effects in the 
additional circuit which consists in having 
the series current in the line when in one 
direction assist the shunt current going to 
the additional circuit, and when in the oppo 
site direction having the series current in 
the line oppose the shunt current going to 
the additional circuit, 
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4. 

4. In a telephone transmission system a 
line circuit and a drop circuit, a supplemen 
tal circuit, means for associating the sup 
plemental circuit to said system comprising 
a coil in series with the line and an imped 
ance shunting the coil, a second coil induc 
tively connected to the first coil and in series 
with the supplemental circuit, the two being 
bridged across the line. 

5. In a telephone transmission system a 
line circuit and a drop circuit, a ringer cir 
cuit, means for associating the ringer circuit 
to said system comprising a coil in series with 
the line and a resistance shunting the coil, a 
second coil inductively connected to the first 
coil and in series with the ringer circuit, the 
two being bridged across the line, one end 
of the second coil being connected to one 
end of the first coil. ... " 

6. In a telephone transmission system a 
line circuit and a drop circuit, a ringer cir 
cuit, means for associating the ringer circuit 
to said system comprising a coil in series 
with the line and a resistance shunting the 
coil, a second coil inductively connected to 
the first coil and in series with the ringer 
circuit, the two being bridged across the line, 
the windings being so related that the in 
duced E. M. F. from the first to the second 
coil is in the same direction or the opposite 
direction as the line voltage in the bridge 
circuit according as the line current is in one 
direction or the other. . 

7. In a telephone transmission system a 
line circuit and a drop circuit, an auxiliary 
circuit, means for associating the auxiliary 
circuit to said system comprising a coil in 
series with the line and a resistance shunt 
ing the coil, a second coil inductively con 
nected to the first coil and in series with the 
auxiliary circuit, the two being bridged 
across the line, the windings being so re 
lated that the induced E. M. F. from the 
first to the second coil is in the same direc 
tion or the opposite direction as the line volt 
age in the bridge circuit according as the 
signal is from the line side or the drop side. 
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8. In a telephone transmission system a 
line circuit and a drop circuit, a ringer cir 
cuit, means for associating the ringer cir 
cuit to said system comprising a coil in Se 
ries with the line and a resistance shunting 
the coil, a second coil inductively connected 
to the first coil and in series with the ringer 
circuit, the two being bridged across the line, 
the turn ratio of the second to the first coil 
being equal to the ratio of the line impedance 
to the resistance shunting the first coil. 

9. In a telephone transmission system, a 
transmission circuit extending between two 
terminal stations, an auxiliary circuit, and 
means for associating said auxiliary circuit 
with said transmission circuit between said 
stations, said means comprising a series im 
pedance and inductively related coils so con 
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nected to the line that signals from the aux 
iliary circuit will be transmitted unequally 
to the terminal stations of said transmission 
circuit. 

10. In a transmission system, a line, an 
auxiliary circuit, means for so associating 
the auxiliary circuit to an intermediate point 
of the line that signals from one side enter. 
the auxiliary circuit more effectively than 
from the other, said means comprising a se 
ries impedance and a coil, a portion of which 
is in shunt to the line and in series with the 
auxiliary circuit. 

11. In a transmission system, a line, an 
auxiliary circuit, means for so associating 
the auxiliary circuit to an intermediate point 
of the line that signals originating in the 
auxiliary circuit will be transmitted more 
effectively in one direction than the other, 
said means comprising a series impedance 
and a coil, a portion of which is in shunt to 
the line. 

12. In a transmission system, a line, an 
auxiliary circuit, means for so associating 
the auxiliary circuit to an intermediate point 
of the line that signals originating in the 
auxiliary circuit will be transmitted in one 
direction only, said means comprising a se 
ries impedance and a coil, a portion of which 
is in shunt to the line. - 

13. In a transmission system, a line, an 
auxiliary circuit, means for associating the 
auxiliary circuit to an intermediate point of 
the line comprising an impedance in series 
with the line, a coil shunting the said imped 
ance, a second coil inductively connected 
to the first coil and in series with the sup 
plemental circuit, the two being bridged 
across the line and the turn ratio of the sec 
ond coil to the first coil being equal to the 
ratio of the line impedance as seen in one 
direction to the said impedance. 

14. In a transmission line, means for meas 
uring the transmission level comprising a 
network with two conjugate branches, the 
outgoing line constituting one of these and 
the measuring apparatus constituting the 
other. - 

15. In a transmission system, a network 
comprising an input and an output line and 
a measuring circuit, the measuring circuit 
and the output line being in conjugate rela 
tionship. 
In testimony whereof, I have signed my 

name to this specification this 17th day of 
August, 1928. 

GEORGE CRISSON. 
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