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This invention relates to broad band trans 
mission Systems such as multichannel carrier 
current signaling Systems. 
Although the invention is applicable to open 

is Wire circuits, wire cable and coaxial cable cir 
cuits, it relates to problems which become espe 
cially significant in circuits carrying a large num 
ber of Signal channels, such as coaxial cables. 
In Such circuits it is customary to use a large 

l0 number of line repeaters in tandem spaced at in 
tervais which may be as short as five miles or 
even less, with several unattended repeaters be 
tween attended repeater points, a section be 
tREen such attended points being perhaps fifty or 

ls (eite hundred miles long. If a failure or a deg 
radation in the operation of any element or ele 
ments in the circuit occurs, such as a tube failure, 
it lisually means that the whole facility fails or 
is’iegraded, and this may involve several hundred 

20 signal channels in the circuit. Thus, in certain 
'coaxial Systems it is proposed to have as many 
as 400 or 500 channels on a single coaxial con 
ductor. While with great precaution the likeli 
hood of failures or degradations maybe verySmall, 

25 the number of channels involved renders it of the 
greater in) portance to make suitable provision in 
the event that they do occur. 

In my invention I provide certain spare facili 
ties and the purpose of the invention is to air 

30 range for the substitution of such facilities in 
place of the regular facilities to such extent as is 
needed in case of failure. Another purpose is to 
make this substitution in such manner as to re 
duce to a minimum any interruption or any ir 

35 regularity in the transmission of the various sig 
nals or types of signals which are being transmit 
ted. This latter is a matter of importance where 
high speed telegraph is present, either alone or 
Superposed on other signaling currents, the prac 

40 tical requirement being that the interruption 
'shall be Something less than one millisecond. 

Theinvention will be better understood by refer. 
ence to the following specification and the ac 
companying drawing in which: 

45 Fig. 1 represents in a schematic manner a 
Signaling circuit adapted for broadband or multi 
channel signaling; 

Fig.2 shows in some detail a circuit arrange 
ment. Which may be used in one of the sections of 

50 Fig. 1; and 
Figs, 3 to 7 show various modifications of Fig. 2. 
Referring more particularly to Fig. 1, there is 

shown a view of the Sections which may make up 
a broadband signaling circuit such as a coaxial 

55 cable. Each section extends in general from one 

(C1. 18-44) 
attended repeater point to the next attended re 
peater point and between these points there Will 
be a plurality of repeaters which Will normally 
be unattended but will be associated with the 
attended pointS. 

In accordance with my invention each Section 
will comprise a regular circuit normally used for 
transmission over this distance. In addition, I 
provide in each section a spare facility parallel to , 
and substantially identical with the regular facil- 10 
ity. In the event of failure or degradation be 
yond a certain amount of the regular facility, I 
replace it by the spare, this replacement being 
inade by manual or electrical operation of Suit 
able switches in a manner which introduces a lö 
minimum amount of disturbance to any signals 
being transmitted at that moment. If the SWitch 
ing operation is performed electrically it may be 
from separate points or from a single point, Such 
as an attended point. Furthermore, it may be "20 
initiated manually, on the appearance of Some 
alarm signal, or automatically by relying on a 
change in a pilot signal present on the transmis 
sion circuit. The regular facility, having been 
removed from the transmission path, may be re- 25 
paired or restored to normal action and then re 
introduced, with removal of the spare facility. 
In further detail, at the transmitting end of a 

section a hybrid coil H1 connects from the receiv 
ing end of the previous section to the transmitting 30 
end of the section in question. The output of 
the hybrid coil contains connections to both the 
regular and the spare facilities, the regular facil 
ity being connected at points f and 2 and the 
spare facility being connected at the points 3 and 35 
4. In addition, in this terminal network there is 
included an impedance Z1. Switches A. and C 
are supplied across the inputs of the two facilities. 
The adjustment of impedances is such that if the 
switch C is closed placing a short across the input 40 
terminals of the spare, then signal voltage ap 
pears across the points and 2. If, however, the 
switch C is opened, then signal voltage Will, in 
general, appear across and 2 and across 3 and 4. 
At the receiving end of the section a Second 45 

hybrid coil. He is provided with one Winding Con 
nected to the output of the regular facility. The 
output of the spare facility is one element of a net 
work including the other windings of the hybrid 
coil and the impedance Z2. Switches B and D 50 
are connected across the outputs of the two facili 
ties and the adjustment of the impedances in the 
network is such that when the Switch. D is closed, 
thus shorting the output of the spare facility, 
signal voltage over the regular facility is im- 65 



0 

15 

20 

25 

30 

3 5 

40 

50 

55 

60 

65 

75 

2 
pressed through the hybrid coil across the points 
5-6, which are the input terminals of the trans 
mitting end of the following section. If, On the 
other hand, the switch. D is opened, then the 
signal arriving simultaneously over the regular 
and spare facility is transmitted to the next 
section. 
Normally switches C and D are closed and A 

and B are open. Transmission takes place 
through the regular channel, but the spare facil 
ity takes no part in the signaling and may be 
removed for other purposes, if desired. To per 
form the Switch the spare facility is patched in 
by the opening of switches C and D simultane 
ously, or as near simultaneously as possible, and 
the transmission then takes place over both. 
regular and spare circuits. Switches A and B 
are now closed simultaneously and transmission 
is then through the spare facility only. The 
regular facility may now be disconnected for re 
pairs or such other purposes as are desired. 

Certain of the conditions which should prefer 
ably be met in any case are that the transmission 
shall be the same for the three possible paths of 
transmission, that is: 

1. Through the regular facility only; 
2. Through both regular and spare simultane 

Ously; 
3. Through the Spare facility only. 

The adjustment of impedances Z1 and Z2 may be 
made such that these conditions are met. In 
general there will be some loss incurred in the 
hybrids, in which event it may be desirable to 
incorporate an auxiliary amplifier shown at 8 in 
the output of the hybrid coil to compensate for 
the loss of level. Also in this circuit it may at 
times be advantageous to use open-circuiting 
Switches to disconnect the facilities rather than 
the short-circuiting switches shown. 
From a more general point of view it may be 

Stated that what is desired are two six-terminal 
networks that will satisfy the conditions stated 
above. These generalizations are embodied in 
the schematic circuit of Fig. 3. Referring to that 
figure we may suppose that transmission is over 
the regular facility and that switches C and D are 
closed. If it is assumed that it is not feasible to 
operate switches C and D simultaneously for any 
reason, Such as wide separation of the two 
Switches, then for suitable operation it is neces 
sary to fulfill the requirement; first, that the 
transmission from A to B shall be unchanged 
where either C or D only is opened. Second, the 
transmission must be unchanged when the other 
switch of this pair is opened, which will give 
transmission over the two parallel paths. Third, 
in order to remove the regular facility from Serv 
ice it should be possible to close either Switch A 
or B without affecting transmission. Finally, it 
is necessary to close the other Switch of the pair, 
also without affecting transmission. Analysis of 
the circuit leads to the conclusion that the first 
and third of the conditions will be ninet, if the 
points A and C are conjugate to each other, or 
if points B. and D are conjugate. One method of 
fulfilling the Second requirement is to make point 
A conjugate to point F when switch C is opened 
and not conjugate to F when Switch C is closed. 
The fourth requirement can be met if point A is 
conjugate to point F when switch C is opened. 
These considerations lead to a specific modifi 

cation of Fig. 2 which I find particularly useful 
for carrying out my invention. This is shown in 
Fig. 4 in which the impedance Z1 is so chosen that 

2,229,090 
the points F and A are conjugate when Switch C 
is opened. For the usual hybrid coil with Same 
number of turns or the same inductance in Wind 
ings and 2 this means that Z1 equals the in 
pedance looking to the right from point C. 
The impedance Z2 is so chosen that the points 

B and D are conjugate. For the usual hybrid 
where winding 6 has n times as many turns Ol' 
n2 times the inductance of windings and 5 
together, this means that 

Z2=15 
times the impedance looking to the right of point 
G. With these conditions fulfilled the operation 
of the circuit is as follows: 

1. Switches A and B are opened, C and D are 
closed. The energy coming from the amplifier 
at point F divides between the impedance Zi 
and the regular circuit at point A. The energy 
going into Z1 is dissipated and the remainder 
goes over the regular facility. The energy Com 
ing from the output of the amplifier at B divides 
between impedance Z2 and the circuit at point G. 

2. Switch. D is now opened. Since points B 
and D are conjugate, the transmission from B 
to G is unchanged and the over-all transmission 
is also unchanged. 

3. Switch C is now opened. The energy from 
the Output of amplifier F now divides equally be 
tween Z1 and the circuit at C. There is no input 
to the circuit at A and consequently no transmis 
sion over the regular facility. However, trans 
mission now takes place over the spare facility. 
As the Spare facility is similar to the regular fa 
cility in its transmission properties, the Output of 
the amplifier at D is the same as the former out 
put of the amplifier at B. The energy coming 
from the output of the amplifier at D divides be 
tween impedance Z2 and the circuit at point G in 
the same ratio as formerly. Thus, the over-all 
transmission remains the same as previously. 

4. Switch B is now closed. Since B is conju 
gate to D, this has no effect on the transmission 
from D to G. 

5. Switch A is closed. Since F and A are con 
jugate, this does not affect the transmission from 
F to C. 

6. With switches A and B closed the regular 
facility may now be patched off. 

7. In transferring from spare to regular, the 
procedure Would be in the reverse order as foll 
lows: (1) open A, (2) open B, (3) close C, (4) 
close D. 

If the direction of transmission is reversed, so 
as to be from right to left by reversing the am 
plifiers, the same sequence of operations will suc 
cessfully perform the Switching operation. 
One of the marked advantages of this circuit 

arrangement of Fig. 4 is that no SWitches need to 
be made simultaneously. That is, only one 
switch need be operated at the time. At any in 
stant signal is carried by one circuit only and 
transfer to the other circuit takes place, with no 
appreciable delay, on the operation of one par 
ticular Switch, namely, the Switch. C. 
A further modified circuit which performs the 

desired functions is shown in Fig. 5. Here again 
the six-terminal network at the receiving end 
permits the connection of the spare facility at 
that end without disturbing the transmission 
from the regular facility and the six-terminal 
network at the transmitting end permits an elec 
trical Switch from transmission Over the regular 
to transmission over the Spare. In this Fig. 5 no 
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2,229,090 
hybrid coils are shown but they are replaced by 
bridges in which the arms may be purely resistive 
or may be reactive elements. The bridge at the 
receiving end is balanced so that B and D are 
conjugate. The bridge at the transmitting end 
is balanced if C is open, and then F and A are 
conjugate. The sequence of operation of the 
Switches is the same as that described in connec 
tion with Fig. 4. 
A further modification for the circuit at the 

receiving end of the Section is shown in Fig. 6. 
The impedance Z2 is made equal to the imped 
ance ZA looking into the auxiliary amplifier and 
the transformer is made of unity turns ratio. 
Under these conditions the points B and D are 
conjugate and the transmission from B to G and 
from D to G are equal. This is because the Volt 
age drop across Z2 is equal to the Woltage drop 
across ZA (assuming transmission from B to G). 
The transformer is so poled that the voltage 
across the winding 3-4 opposes the voltage 
acroSS ZA. This results in Zero voltage acroSS the 
output of the amplifier at D during transmission 
from B to G. 

Still a further modification of my invention is 
shown in Fig. 7. This circuit is characterized by 
the fact that the hybrid coil at the transmitting 
end of the section is avoided, the spare facility 
being bridged across the line through a high loss 
pad 0 with an amplifier At. The bridging pad 
causes a negligible loss in the transmission 
through the regular facility when bridged across 
the regular transmission line. Such a bridging 
path may be left permanently connected or may 
be bridged without interruption of the transmis 
sion because of the negligible loss which it intro 
duces. The bridging amplifier A7 compensates 
for the loss in the bridging pad, the combination 
of the pad and the amplifier having essentially 
Zero equivalent. 
At station B the Switch. D is normally closed 

and SWitch B open so that the power from the 
amplifier at B divides between Z2 and G. When 
SWitch. D is opened point B becomes conjugate 
with point G so that transmission now takes 
place from D to G and none from B to G. 
Switch B can now be closed and the regular 
facility disconnected at station B. Points B and 
G may be made conjugate by making Z2 equal to 
the impedance looking to the left from switch D. 
Suitable adjustment of the transmission through 
the two facilities should be made so that power 
transmission from B to G with switch D closed 
equals that from D to G with switch. D opened. 

It is apparent that if the regular facility at sta 
tion A is to be disconnected after Switching, it is 
necessary to provide apparatus to substitute a 
termination across the bridging pad equal to the 
impedance of the facility. Such a termination 
is shown schematically at Z4. 
While I have illustrated my invention with a 

number of alternative forms of circuits, it will be 
observed that they all meet certain broad re 
quirements and it is apparent that within these 
requirements various other circuit modifications 
can be made without departing from the Spirit 
of this invention. It will be observed also that 
While the invention has been described primarily 
in terms of two stations, A and B, which may 
be widely separated and linked with a transmis 
sion circuit including a plurality of repeaters and 
other equipment, that it could be equally Well 
applied to the substitution of any single piece 
of equipment for another piece, such, for exam 
ple, as the replacement of one repeater by an 

3. 
other repeater, the switches being all physically 
close together. 
What is claimed is: 
1. In a transmission line, a regular facility and 

a spare facility in said line, means for So asso 
ciating these to the line at the transmit end and 
at the receive end of the facilities that the trans 
mission shall be the same whether over the reg 
ular facility alone, over both regular and spare 
simultaneously, or over the spare alone, and that 
the transition from the one condition to the other 
Shall be Smooth. 

2. In a transmission line, a regular facility and 
a spare facility which may be substituted for the 
regular facility, a six-terminal network at the 
transmit end of the facility with one pair of ter 
minals F connected to the line going to the facil 
ity, one pair. A to the input of the regular, and 
one pair C to the input of the spare facility, 
the network being such that with the pair C 
inoperative for transmission, transmission takes 
place to A and with C operative for transmis 
sion, no transmission takes place to A. 

3. The combination of claim 2 characterized 
by the fact that the pair C is rendered inoperative 
by being shorted and that when the pair C is 
unshorted, the pair A is conjugate With respect 
to the pair F. 

4. In a transmission line, a regular facility and 
a spare facility both normally connected in the 
transmission line, means for so associating these 
to the line that the one may be substituted for 
the other, said means comprising a six-terminal 
network at the receive end of the facility with 
one pair of terminals G connected to the line 
going out from the facility, one pair B to the 
output of the regular facility, and one pair D to 
the output of the spare facility, the network be 
ing such that with the pair D shorted trans 
mission takes place from B, and With D opened 
transmission takes place therefrom but no trans 
mission takes place from B. 

5. In a transmission line, a regular facility 
connected between two points and a spare facility 
adapted to be substituted therefor, means for as 
sociating the facilities to the line comprising a 
six-terminal network at the transmit end of the 
facilities with one pair of terminals F connected 
to the line coming to the facility, one pair A to 
the input of the regular, and one pair C to the in 
put of the spare facility, the network being such 
that with the pair C inoperative for transmission, 
transmission takes place to A and with C opera 
tive for transmission, no transmission takes place 
to A, a second six-terminal network at the receive 
end of the facilities with one pair of terminals G. 
connected to the line going out from the facility, 
one pair B to the output of the regular, and one 
pair ID to the output of the spare facility, the net 
Work being such that with the pair Dinoperative 
for transmission, transmission takes place from 
B to G and with l) operative for transmission, no 
transmission takes place from B to G. 

6. The combination of claim 5 characterized 
by the fact that the six-terminal networks are 
so adiusted that the terminals A are conjugate to 
the terminals F when terminals C are prepared 
for transmission and the terminals B are Con 
jugate to the terminals D. 

7. In a communication System comprising a 
section of broad band signaling line subject to 
incairnent of service, an identical Section Serv 
ing as a spare, means for Substituting the spare 
section for the regular Section, said means com 
prising at the transmitting end of the section a 
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4. 
hybrid coil and network connection from the 
previous section to the regular section and its 
spare whereby when the spare is connected the 
regular section is conjugate to the previous Sec 
tion and a hybrid coil and network connection 
from the output of the regular and of the Spare 
section to the next line section such that the 
output circuits of the regular and the Spare are 
conjugate to each other. 

8. In a communication System comprising a 
section of broad band signal lines subject to im 
pairment of service, an identical section serving 
as a spare, and means whereby the spare may be 
substituted for the regular section, said means 
comprising a network at one end of said section 
and respective signal transferring connections 
therefrom extending between each of Said Sec 
tions and a preceding line section, a network 
at the other end of said regular and Spare Sec 
tions and respective signal transferring connec 
tions therefron extending between each of Said 
regular' and spare sections and a Succeeding line 
section, respective shunting contactors across 
said several connections, and means for oper 
ating said contactors to shunt alternatively said 
regular and spare sections, whereby said regular 
Section can be replaced by Said Spare Section 
while maintaining series continuity of signaling 
circuits. 

9. The combination of claim 4 characterized by 
the fact that the transmit end of the regular 
facility is connected for normal transmission and 
the spare facility is bridged across the transmis 
Sion line through a bridging pad, introducing 
negligible loss in transmission through the regul 
lar facility, the bridging pad in the spare facil 
ity being supplemented by an amplifier to make 
up its loss. 

10. In a transmission line, a regular circuit 
connected between two points and a spare cir 
cuit adapted to be substituted therefor, means 
for associating the circuits to the line compris 
ing a six-terminal network at the transmit end 
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of the circuits with one pair of terminals F 
connected to the line incoming to the circuit, 
One pair E to the input of the regular circuit and 
one pair C to the input of the spare circuit, a. 
second six-terminal network at the receive end 
of the circuits with one pair of terminals G 
connected ot the line going out from the circuits, 
One pair E to the output of the regular and One 
pair D to the output of the spare circuit, the 
networks being such that transmission over both 
regular and Spare circuits simultaneously is iden 
tical to that over either line. 

11. A communication System comprising a one 
Way repeatered Section of broad band signaling 
line subject to impairment of service, an identical 
like-directed one-way repeatered section of line 
Serving as a spare, a six-terminal network at the 
transmit end of said sections of line connecting 
Said Sections in signal transfer relation with the 
preceding portion of said System and in conju 
gate relation with each other, and means at the 
receive end of said Sections of line for connecting 
then alternatively in signal transfer relation 
With the Succeeding portion of said system. 

12. A combination in accordance with claim 11 
in which said means at the receive end comprises 
a six-terminal network, a connection from two 
pair's Of the network terminals to the receive 
ends of the respective Sections of signaling line, 
a connection from the third pair of terminals 
to the Said Succeeding portion of the system, 
circuit interrupting contactors in said first-men 
tioned connection normally disabling the said 
Connection to Said spare Section of line and 
enabling the said connection to the other of said 
Sections, and means for Substantially simul 
taneously interchanging the condition of said 
contactors whereby said spare section is sub 
stituted in circuit, said network being such that 
transmission over both of said sections simul 
taneously is substantially the same as that over 
either alone. 

JOHN P. KINZER. 
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