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This invention relates to broad band transmis 
Sion Systems such as multichannel carrier Cur 
rent signaling systems. 
Although the invention is applicable to open 

5 wire circuits, wire cable and coaxial cable cir 
cuits, it relates to problems which become es 
pecially significant in circuits carrying a large 
number of signal channels, such as a COaxial 
cable. In Such circuits it is customary to use a 

lO large number of line repeaters in tandem spaced 
at intervals which may be as short as five milies 
Or even less, with several unattended repeaters 
between attended repeater points, a section be 
tWeen such attended points being perhaps fifty 

l5 or one 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 usually means that the whole circuit fails or is 
degraded and thus may involve several hundred 
signal channels in the circuit. While With great 
precautions the likelihood of failures or degra 
dations may be very small, the number of chan 
nels involved renders it of the greatest impor 
tance to make Suitable provision in the event 

25 that they do occur. - 
In a system to which our invention relates 

there will be a plurality of signal circuits, such 
as a plurality of coaxial circuits, either running 
parallel in close juxtaposition or by routes which 
differ substantially. One of these circuits we set 
aside as a reserve or spare circuit, portions of 
which may be switched in to replace any cor 
responding portion of one of the normal circuits 
On Which there is failure. 
One object of this invention is to make such 
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substitution of a defective circuit by the reserve 
or spare circuit in as short an interval of time as 
possible. Another object is to provide interlock 
means such that if a reserve or spare circuit is 
in use, no other circuit can take it over. Still a 
further object is to provide means whereby when 
the circuit which has been replaced is restored 
to normal operating condition, the spare circuit 
will be automatically Switched out. Other ob 
jects will appear in connection with the descrip 
tion of Our invention. 
The invention will be better understood by 

reference to the following specification and the 
accompanying drawings in Which: 

Fig. 1 shows the transmission paths for a plu 
rality of circuits, the showing being in a highly 
simplified and schematic form; 

Figs, 2 to 5 are more detailed drawings of cer 
tain parts of the circuit of Fig. 1; and 

Fig. 6 is a more complete showing of the circuit 
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(CI. 178-44) 
of Fig. 1. With special reference to the control 
circuits. 

Referring more specifically to Fig. 1 there are 
shown the transmission paths involved when 
there are three regular coaxial Systems and One 
Spare System in one direction of transmission. 
While in this figure, as well as the Subsequent 
ones, the invention will be described in terms 
of coaxial conductors, it is to be understood that 
this is for illustrative purposes only and that, tine 
invention applies equally Well to other trans 
mission circuits, such as the ordinary cable cir 
cuits, and is of particular use in any circuit 
tranSmitig a broad band of signals, süch as is 
required in television or multichannel signaling. 

In Such circuits, especially in coaxial systeins, 
it is necessary to have repeaters at frequent inter 
Vals along the transmission line and it is ex 
pedient that certain of these repeaters shall be 
unattended, the general control of these repeat 
ers being from certain attended repeater points. 
In this description it will be convenient to refer 
to a portion of the line extending from One at 
tended point to the next attended point as a Sec 
tion. In Fig. 1 there are shown two such sections, 
A and B, and portions of the adjoining sections. 
Between and connecting the Sections there is an 
attended repeater point which in accordance 
with this invention is also a switching point. Be 
tween two points such as switching point A and 
switching point B there is shown a section of 
circuits , 2 and 3 and also a section of Spare 
circuit. In the event of failure or degradation 
of any one section, that section is replaced by 
the section of spare circuit and, as pointed out 
later, the switching is accomplished automatically 
without interruption of service. With a plurali 
ty of normal circuits in each section, any one of 
which is to be replaced by the spare, it is evident 
that switching at both ends of the impaired sec 
tion is necessary and provision, therefore, is made 
as hereinafter described. The length of section 
which may be switched in a given time interval 
is inherently limited by the propagation time of 
the switching impulse as well as the tine of op 
eration of the relays involved. If one assumes, 
for example, that the maximum allowable time for 
switching is three milliseconds, then the length 
of the section will depend on the nature of the 
circuit but we find that in the case of such co 
axial conductors as now contemplated, the sec 
tion is limited to Some fifty or a hundred miles. 
In Fig. 1 it will be observed that each regular 

system terminates at one side of a high frequency 
transfer Switch. The transfer Switch at the Out 
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2 
put of the section is hereafter referred to as the 
primary SWitch and that at the input of the 
section as the secondary switch. With this ar 
rangement of transfers a Section of any System 
may be replaced with the spare section by operat 
ing the transfers at both ends of the section. 
At each Switching point there is a short Sec 

tion of high frequency conductor (between the 
primary and Secondary Switch) which always car 
ries the transmission of the system with which it 
is aSSOciated regardless of preceding or subsequent 
Switching. At these points it is evident that signal 
channels may be dropped off or added to the sys 
tem, as may be desired. 

In Such transmission Systems as are here con 
templated it will in general be desirable to con 
trol or regulate the gain of the repeaters, both 
the attended and unattended ones. One method 
for regulation consists in transmitting over the 
circuit continuously a pilot signal which may 
conveniently have a frequency in or near the 
band of frequencies being transmitted for signal 
purposes. Thus, if the signaling band is to ex 
tend up to 2 megacyles, the pilot frequency may 
be placed at 2.06 megacyles. Such control of re 
peaters in a transmission line is now well under 
stood in the art and is assumed to be present in 
the Systems described herein. It will be noted 
in Fig. 1 that the input to the pilot channel reg 
ulator associated with each system is connected 
at the output of the receiving amplifier of the 
switching section. 

In addition to the above an independent Source 
of pilot signal, OSC, is located at each Switching 
point. This is normally connected, as shown, to 
the input of the spare section and serves to main 
tain the gains of the amplifiers of the spare Sec 
tion at the proper value as the temperature or 
other conditions affecting the cable vary. Usually 
it would be convenient to make the frequency 
of this local pilot channel oscillator the same or 
substantially the same as the pilot frequency for 
the normal or regular circuits. 

Fig. 1 Shows the system in the normal condi 
tion. All transmission paths are carried straight 
through. I.et us assume a transmission failure 
Of System 3 in cable Section B. Failure of the 
pilot channel at the output of section B operates 
the primary Switch at station C and the secondary 
Switch at station B associated with system 3, all 
in a manner which will be more fully described 
hereinafter. By a direct current interlock relay 
System the spare pilot channel oscillator at sta 
tion B is removed from the input of the spare 
Section at the same time. The transmission of 
System 3 is now carried on the spare system in 
cable section B. 
With the failure of the pilot channel insection B 

of System 3, the regulator protection circuit Will 
Set all of the amplifier gains in the failed section 
to a nominal value, that is, if the nature of the 
failure is not such that the regulating system 
itself is inoperative, 

After the trouble in the displaced section B 
of System 3 has been cleared up, the pilot channel 
Oscillator at station B is connected to the input 
of that section for adjusting purposes. This op 
erates the pilot channel regulator of that section 
of System 3 and restores the amplifier gains in 
that Section to the proper value for the prevailing 
cable conditions. When the displaced cable sec 
tion B is restored to normal operation the spare 
pilot channel oscillator is automatically removed 
from the input of that section and restored to 
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the input of the spare by the operation of the 
Spare pilot transfer SWitch. 
The plurality of primary and secondary 

Switches of Fig. 1 are shown in slightly greater 
functional detail in Fig. 2, it being understood 
that the relay for operating the Switch is under 
Control of the pilot signals. While such switches 
may take on a large variety of forms, we find 
that for such high frequencies as 3 or 5 mega 
cycles or even higher, switches which involve the 
making and breaking of contacts, if these are 
included in the main transmission path, do not 
constitute a sufficient opening of the circuit. The 
Small capacity between the adjacent contacts, 
even though amounting to a few micro-micro 
farads only, does not introduce sufficient loss. 
For this reason one particular form of high fre 
quency switch which we find particularly effec 
tive is shown in detail in Fig. 3. This SWitch 
is based on a form of high frequency switch dis 
closed in patent application of I. G. Wilson, Serial 
No. 296,893, filed of even date herewith. The 
Switch of Fig. 3 comprises essentially two of the 
Switches of the Wilson disclosure. In this switch 
the “opening' of a circuit consists in introducing 
a series resistance and a shunt short circuit across 
the line and the "closing' of a circuit consists 
în short-circuiting the series resistance and open 
ing the shunt short circuit. The circuit of Fig. 3 
may be considered as being, for the moment, a 
primary Switch. Pilot signal coming over the 
normal section N activates the relay R. Which 
short circuits a series resistance in the N circuit 
and removes a short circuit. At the same time 
it Opens a short circuit across the series resist 
ance of the Spare section S and closes a short 
circuit across the spare. Transmission then takes 
place from the N circuit to the circuit connecting 
to the next section indicated in Fig. 3 by M. 
This is a normal condition for this switch. If, 
noW, pilot Signal fails then release of the relay 
R. Will reverse the situation and the normal cir 
cuit N will be disabled or “switched out,' while 
the spare will be “switched in.' If the switch 
is Serving as a secondary switch then it transfers 
an incoming signal at M, which is normally con 
nected to N, to the spare S. 
A modified form of high frequency switch is 

shown in Fig. 4. In each of the transmission 
circuits there is included an element of Ages 
which has the property of a very rapid decrease 
in resistance with rise in temperature. Such an 
element is sometimes given the name of “ther 
mistor.' This element in series in a regular cir 
cuit is made a part of One arm of a Wheatstone 
bridge. The temperature of the element is main 
tained at an appropriately high value by means 
of a heater H1 Supplied from battery b1 when the 
relay from the pilot channel is energized. This 
heater circuit also includes a corresponding 
heater for an Ag2S element at the other end of 
the normal Section. Under these conditions the 
loSS introduced in the transmission circuit is of 
Small value. The bridge is supplied at two of 
its Opposite corners with any suitable source of 
power Such as a 60-cycle source e. Across one of 
the arms of the bridge is a second heater element 
H2. Under normal conditions, the bridge being 
balanced, no alternating current power flows 
through the second heater and the AgeS element 
in the Spare circuit is cool and therefore intro 
duces a large loss to transmission in the spare 
circuit. 

In case of failure of the pilot signal the relay R3 
opens and the heater H1 cools off, whereupon the 
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2,229,108 
Ag2S element in the normal circuit introduces 
excessive loss. Such change unbalances the 
bridge and heating current now flows through H2 
and reduces the loss due to the Ag2S element in 
the Spare circuit to a very low value. It is appar 
ent by this description that the circuit of Fig. 4 
is eSSentially a Switch. 

In each of Figs. 3 and '4 it will be observed that 
the Switch performs the function of opening one 
circuit and closing another, and the manner of 
introduction of either of these switches in the cir 
Cuit Will be obvious from the drawings. 

A. Somewhat further detailed showing is given 
in Fig. 5 of the pilot channel regulators of Fig. 1 
which are there shown as derived from the last 
repeater of a section. Each regulator is supplied 
With pilot channel signal (here shown as 2.06 
megacycles) through a filter, an amplifier and a 
rectifier. The output of this rectifier controls the 
regulators. Also, from the output of the rectifier 
there is derived a trigger circuit which in turn 
operates the SWitching control circuit. 
Complete control circuits for an installation 

Comprising the three regular systems and a Spare 
in One direction of transmission are shown in 
Fig. 6, as an elaboration of Fig. 1. In this Fig. 6 
all switches are shown in normal position. The 
Oscillator output, which again may be assumed as 
2.06 megacycles, is interlocked with all secondary 
Switches. 
Again a SSunning a transmission failure in Sec 

tion B of system 3 the operation is as follows: At 
the beginning of the Switching process the com 
mon lock-up relay C, at station B is not operated. 
Since section A is operating normally, the back 
contacts on the FL1, PL2 and PL3 relays are closed 
and SWitching battery is Supplied to bus A, whether 
or not the spare pilot channel PCS relay is oper 
ated. The System 3 pilot channel PC3 relays at 
stations B and C are held operated by the presence 
of pilot channel. If the pilot channel fails at sta 
tion C and not at station B, the PC3 relay at station 
C releases While that at Station B does not. 
The release of the back contact of the PC3 relay 

at station C completes the circuit from bus A at 
Station B through the primary lock-up PL3 and 
primary Switch PS3 at station C, and the second 
airy lock-up S3 and the secondary switch SS3 at 
B, to ground. In the event of simultaneous fail 
ures of the pilot channels at stations B and C, this 
circuit is not completed, since the forward contact 
On the PC3 relay at station B operated. An aux 
iliary pair of small wires is used for this circuit. 
(This pair may also be used as the order wire.) 
These relays operate and the high frequency 
transfer SWitches SS3 and PS3 transfer the trans 
mission of the spare system in the section B. 
At Station B the Secondary lock-up SL3 transfers 

and locks the operating switching circuit to bat 
tery bus B and registers a switching alarm. At 
the Same time the common lock-up CL operates 
and renoves Switching battery from bus A, pre 
Venting any operation of any of the other switch 
ing circuits controlled from station B. Thus, in 
the event of failure of another System in the same 
SEction the Switching circuit is prevented from 
again operating. This last operation also oper 
ates the SP relay and removes the spare pilot 
channel from the input of the spare section. 
At Station C the operation of the primary lock 

up P3 relay locks associated PC3 relay. The 
opening of the back contact of the PL3 relay re 
moves the shunt across the forward acting con 
tacts of the PCS relay at station C. In the event 
of pilot channel failure at the output of the spare 

3 
Section (which is now a part of system 3), Switch 
ing battery is renoved from bus A. In the event 
of simultaneous failure of the pilot channel at 
both ends of a Switching section the PC3 relay at 
each station releases and no SWitch is made in that 
Section. 

Having Switched One section the next Section of 
that circuit cannot Switch on to its Spare. HoW 
ever, the spare in this next section is available for 
any of the other circuits. SubSequent Sections are 
all in normal condition and failures will be handled 
as described for section B. In the event of failure 
of the spare when it is not in the transmission 
path an alarm is registered by the release of the 
FCS relay, the latter simultaneously disabling the 
Switching circuit and precluding substitution of 
the Spare for any of the regular Sections. 
When the displaced Section has been repaired 

it is restored to normal operation by operation of 
the restore key RES. This removes battery from 
all Switching circuits and the System as a whole is 
again in normal operating condition. 
While the invention has been described in terms 

of a specific circuit arrangement, it is to be Under 
stood that this is for illustrative purposes only 
and that numerous changes may be made without 
departing from the spirit of our invention. 
What is claimed is: 
1. A plurality of conductor pairs extending be 

tween two geographically separated points for : 
the tranSinission of Signals, a similar pair acting 
as a reserve pair, each pair normally carrying a 
pilot signal for maintenance of correct operating 
conditions, and means subject to failure of pilot 
Signal on any pair to replace the Said pair by the 
reserve pair. 

2. A plurality of conductor pairs extending be 
tWeen two points, a similar pair acting as a re 
Serve pair, each normally carrying a pilot signal 
for maintenance of correct operating conditions, 
and a separate SWitching circuit Subject to failure 
of pilot signal on another pair to replace the said 
pair by the reserve pair. 

3. A plurality of conductor pairs extending be 
tWeen two points, at least one of them being a 
reserve pair, each normally carrying a pilot signal 
for maintenance of correct operating conditions, 
a Separate SWitching circuit Subject to failure of 
pilot signal on another pair to replace the said 
pair by the reServe pair, and an interlock System 
in the SWitching circuit whereby when the reserve 
pair is in use all other pairs are locked out from 
use of the reserve pair. 

4. A plurality of conductor pairs extending be 
tWeen two geographically Separated points, at . 
least one of them being a reserve pair, each nor 
mally carrying a pilot signal for maintenance of 
correct operating conditions, and a separate 
Switching circuit, which operates on failure of 
pilot signal on another pair to replace the said 
pair by the reserve pair, the switching circuit, 
being so arranged that if pilot signal fails at both 
ends of a pair, no SWitching occurs for that pair. 

5. In a transmission system, a plurality of Sub 
stantially equivalent parallel and independent 
long distance signal transmission circuits, one of 
which is set aside as a spare, each circuit being 
divided into sections, each regular circuit nor 
mally carrying a pilot signal, and means subject 
to the pilot signal for Switching in a section of the 
Spare for any corresponding section of a regular 
circuit Which has failed. 

6. In a transmission System, a plurality of sub 
stantially equivalent parallel and independent cir 
cuits, one of which is set aside as a spare, each 
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4. 
circuit being divided into sections, each regular 
circuit normally carrying a pilot signal, a Sepa 
rate pilot signal source for each section of the 
spare for maintaining the transmission equivalent 
of said each section substantially constant, and 
means subject to the pilot signal of the regular 
pairs for switching in a section of the Spare for 
any corresponding section of the regular circuits 
which has failed. 

7. In a transmission system, a plurality of sub 
stantially equivalent parallel and independent 
long distance signal transmission circuits, one of 
which is set aside as a spare, each circuit being 
divided into sections, each regular circuit nor 
mally carrying a pilot signal, and a separate 
switching circuit in one section which operates On 
failure of the pilot signal on another circuit of that 
section to replace the said section by the spare of 
that section. 

8. In a transmission System, a plurality of Sub 
stantially equivalent parallel and independent cir 
cuits, one of which is set aside as a spare, each 
circuit being divided into sections, each regular 
circuit normally carrying a pilot signal, a sepa 
rate switching circuit in one section Subject to 
failure of the pilot signal on another circuit of 
that section to replace the said Section by the 
Spare of that Section, and an interlock System 
in the Switching circuit whereby when the Spare 
of that section is in use all other circuits in that 
Section are locked out from use of the spare. 

9. The combination of claim 7 characterized 
by the fact that there is a similar SWitching circuit 
for each Section. 

10. The combination of claim 7 characterized 
by the fact that there is a similar SWitching circuit 
for each Section, the Switching circuits being so 
arranged that if pilot Signal fails on both ends of 
a regular Section, no switching for that regular 
circuit Occurs in that Section. 

li. The combination of claim 7 characterized 
by the fact that there is a similar Switching cir 
cuit for each section and further characterized 
by the fact that there is a separate pilot signal 
Source for each Section of the Spare circuit and 
that there are means whereby on the Switching 
in of a Spare Section its pilot Source is disconnected 
and regular pilot signal for the circuit on which 
replacement has been made is introduced on the 
inserted spare section. 

12. In a transmission System, a plurality of sub 
stantially equivalent parallel and independent 
long distance signal transmission circuits, one of 
Which is set aside as a spare, each circuit being 
divided into Sections, each regular circuit nor 
mally carrying a pilot signal, a separate Switching 
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circuit in one section subject to failure of the 
pilot signal. On another circuit of that section to 
replace the said section by the Spaire of that 
Section, an interlock system in the Switching cir 
cuit whereby when the spare is in use all other 
circuits in that Section are locked out from use 
of the Spare, and a restoring key which reintro 
dulces the regular Section and reStore:S the Switch 
ing circuit to normal condition. 

13. In a transmission system, a plurality of 
Substantially equivalent independent circuits, one 
of Which is set aside as a Spare, each circuit being 
divided into sections, each regular circuit normally 
carrying a pilot signal, a separate SWitching cir 
cuit in one Section which operates on failure of 
the pilot signal on One of the regular circuits of 
that Section to replace the said section by the 
Spaire of that Section, and means in Said 
SWitching circuit whereby if the spare section 
has failed the operation of the Switching circuit 
for that section is prevented. 

14. In a Wide band signal transmission system, 
a plurality of long distance signaling circuits, 
each divided into sections comprising one or more 
Signal repeaters, said circuits extending between 
and connecting a pair of geographically separated 
terminal stations, means at one of said terminal 
Stations for transmitting individual pilot currents 
through Said several circuits, means responsive to 
Said pilot currents for controlling the transmis 
Sion equivalents of said repeaters, a spare signal 
ing circuit extending between said terminal sta 
tions and likewise divided into sections, and means 
responsive to an abnormal change in the said pilot 
current at the output end of any given section for 3 
Substituting the corresponding Section of Said 
Spare circuit, Said responsive means being condi 
tioned to be unresponsive in the presence of nor 
mal pilot current at the input end of said given 
Section. 

15. A combination in accordance With claim 14, 
comprising individual pilot current sources asso 
ciated with the Several sections of said spare cir 
cuit for controlling the respective transmission 
equivalents thereof, and means for dissociating 
the Said individual pilot current source from a 
given section of said spare circuit when said given 
Section is substituted, whereby control of the 
transmission equivalent of the substituted spare 
Section is thereupon transferred to the pilot cur 
rent transmitted through the circuit into which 
the Spare Section is substituted. 

JOHN B. MAGGIO. 
EARL K. WAN TASSEL, 
IRA. G. WILSON. 
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