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6. Claims. 

This invention relates to conducting systems 
for the transmission of intelligence and more 
particularly to cable systems adapted for carrier 
Wave transmission. 

5. "One of the chief obstacles met in carrier con 
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30 
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munication practice is “cross-talk' between cir 
cuits caused by the induction of energy from one 
Signaling line to a parallel one. The higher the 
frequency, the more efficient becomes this trans 
fer of energy, and an upper limit is imposed on 
the frequency range that may practically be used 
for Signaling purposes. To reduce cross-talk in 
Open Wire Systems, the several carrier circuits 
are Ordinarily widely separated and transposition 
of the conductors is restorted to; but the utility 
of this remedy ceases, from a practical stand 
point, at a frequency of the order of forty thou 
Sand cycles per second. 
Where carrier channels are superposed on dif 

ferent pairs of conductors in a cable, cross-talk 
becomes an even more difficult problem. It is 
partially solved by twisting the conductors of 
each pair together, by shielding arrangements, 
and by proper disposition of the conductor pairs 
Within the cable. If one conductor pair of the 
cable be used for one direction of transmission 
and another pair for the opposite direction, sig 
nals of high energy leaving a terminal station 
Or repeater over one path are induced into cir 
cuits used for the opposite direction of transmis 
Sion, where the signals, just arriving at the re 
peater or terminal station, are at a very low level 
and easily masked by interference. This “near 
end cross-talk', as it is termed, is ordinarily so 
Severe that conductor pairs of transmitting sig 
nals in Opposite directions in the same frequency 
range must be placed in separate cables. “Far 
end CrOSS-talk', which is caused by induction 
from one circuit to another transmitting signals 
in the same direction, is present but is not a lim 
iting factor. Obviously, it would be more desir 
able to have a given number of conductors all in 

65 

one cable rather than divided between two.: Less 
protective and insulating material would be re 
quired, less conduit space occupied, and the man 
ufacturing and laying expenses would be appre 
ciably reduced. - 
A primary object of the present invention is to 

provide a signaling system wherein carrier fre 
quency signals in the same frequency range may 
be transmitted in opposite directions: over pairs 
contained within a single cable. In another as 
pect, an object of the invention is to realize to 
the fullest extent the possibilites of a multi-cir 
cuit coaxial conductor cable such as disclosed in 

(C. 178-44) 

my application for Letters Patent, bearing Serial 
No. 487,153, filed October 8, 1930. 
The present invention follows from the discov 

ery by applicant that in a signaling cable com 
prising a number of pairs of coaxial Conductors, 
as disclosed, for example, in the application for 
patent-referred to above, induced voltages tend 
ing to produce near-end cross-talk are inherently 
neutralized to a large degree, The neutralizing 
effect is So great in fact that near-end croSS 
talk is less serious than far-end cross-talk, and 
the levels of both are low enough that conductor 
pairs within the same cable may be used indis 
Criminately for transmitting signals in the same 
frequency ranges in either the same or opposite 
directions. The invention herein claimed lies, 
therefore, not so much in the cable itself as in 
itS COrnipination. With Suitable signaling appara 
tus. Its nature will appear more fully in the dis 
cussion and detailed description of preferred em 
bodiments that follow. Reference will be made 
to the accompanying drawings, in which: 

Figs. 1A, 1B, 4A, 4B, 5 and 6 show, the struct 
ture of cables adapted for use in applicant's 
transmission system; 

Fig. 2 represents diagrammatically the cable 
of Fig. 1 and the circuit with which it may be 
used in accordance with the present invention; 

Figs. 3A to 3D illustrate the effect of cross-talk 
in applicant's system and in Systems known here 
tofore; 

Fig. 7 represents one preferred form which the 
central conductor may take; and 

Fig. 8 shows a carrier wave transmission SyS 
ten embodying the present invention. 

Referring now to Figs. 1A and 1B, there is 
shown a cable in accordance with the present 
invention which comprises four pairs of coaxial 
conductors enclosed within a tubular lead sheath 
5. Each coaxial pair may comprise a thin tubu 
lar outer conductor 1 preferably of copper, and 
a central return conductor 2 also of copper. The 
latter may be a solid Wire as shown, or alter 
natively, a stranded Wire, a Small tube Or; other 
Suitable structure. The outer conductor may be 
a drawn copper tube as shown, or formed of sheet 
copper or stranded Wire, or of any other form 
that will provide a substantially tubular conduct 
ing path and a fair degree of mechanical flexi 
bility. The diameter of the outer conductor may 
be of the order of a quarter or half inch. 
Since the frequency of the signals applied to 

the conductors may be as high as a million cycles 
per second, it is especially important that as 
iittle solid material as possible be placed in the 
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region between the conductors of each pair. 
Preferably, the dielectric is gaseous or chiefly so. 
Beads or Washers 3 of insulating material are 
Strung along the central conductor at intervals 
of the Order of an inch, or as required for nine 
chanical Support, to prevent contact between 
inner and outer conductors. The dielectric con 
stant and conductivity of this material should be 
as low as possible to minimize losses. 
No insulation need be used between the outer 

conductors of the several coaxial pairs when the 
latter are assembled as a cable; the outer con 
ductors are normally operated at ground poten- i. 
tial. In fact, as will appear hereinafter, a cer 
tain advantage inheres if the conductors are in 
good electrical contact. Accordingly, a continu 
ous Serving of metal or fiber tape 4 is preferably 
applied to the four conductors to bind them to 
gether. A mechanically improved structure is 
obtained if a twist is imparted to the assembled 
conductors...before they are bound together. A 
twist of roughly one turn in three feet is satis 
factory. The Spaces between tapes and conduc 
tors may or may not be filled out with suitable 
packing material to provide a cylindrical exterior. 
In either case, the assembly is or may be pro 
vided with a lead sheath 5 applied by extrusion. 

In Fig. 2 the essential features of the present 
invention are illustrated schematically. A and 
B represent the signaling circuits at the termi 
nals of a carrier wave communication Systern 
using a frequency range of perhaps fifty to five 
hundred kilocycles per second. Connecting them 
is a four-pair cable of the type shown in Fig. 1. 

; Pairs W and W’, which are preferably not ad 
jacent to each other in the cable, transmit car 
rier wave signals in the same frequency band 
in the W-E direction. The other two pairs, i. 
and E’, using the same respective frequency 
ranges, provide the return or E-W carrier chan 
nels for pairs W and W respectively. The di 
rections of transmission are indicated on the 
drawings by the facings of the several terminal 
amplifiers Aw, Ae, Bw, Be, etc. . . . 
The nature of the cross-talk action occurring 

in the circuit of Fig. 2 will be described with 
reference to Figs. 3A to 3D. Consider as a typi 
cal case the effect on circuits E' and W of sig 
nails in circuit. W. of the cable. Induction into 
the return circuit Eneed not be considered, since 
the power transferred acts as an echo and the 
effect produced is not at all serious once the 
requirements for cross-talk have been met. In 
Fig. 3A the three parallel circuits E', W, and W 
the disturbing One, are represented graphically. 
A1 and A2 represent repeaters, which may be 
spaced 25 or 50 miles apart or at some other 
convenient spacing dictated by the over-all 
economy of the system. The signal power in 
line W, logarithmically expressed, and that in 
line W. also, decreases approximately uniformly 

- with the distance from the repeater A1; that in 
line E'. decreases uniformly with the distance 
from repeater A2. - 
shown in Fig. 3B plotted against distance. 
disturbing power induced at a particular point. 
in adjacent lines varies. as the signal level at 
the corresponding point of the disturbing line. 
The effect of an induced voltage depends, how 
ever, not alone on its magnitude but also on 
what part of the circuit it arises in. A voltage 
induced from line W to line W near repeater 
A1, for example, will have less effect at repeater 
A2 than an equal voltage induced near the latter 
repeater, since in the former case the induced 

The relative signal levels are 
The 

1978,419 
Wave is attenuated by the line before it reaches 
that repeater. The effectiveness of an induced 
Voltage in producing cross-talk may be shown 
graphically by comparing it with the level of sig 
nals at that point in the distributed line where it 
is created. Considering far-end cross-talk, i. e., 
induction from line W to line W’, this ratio of 
induced voltage to signal level is seen to be con 
stant at all points of the line. In other words, 
then, induction between lines is no more serious, 

... as regards far-end cross-talk, at one point of the 
line than at another. 
Where near-end cross-talk is concerned, how. 

ever, conditions are entirely different. From 
Fig. 3B it is Seen that the signal level in the dis 
turbing line W near repeater A2 is small compared 

85 

9. 

With the signal level in the disturbed line. E", and 
that cross-talk voltage induced from W to E' at 
this point can not be serious. Near repeater A1, 
the relative levels are reversed and a high cross 
talk voltage is superposed on weak signal cur 
rentS. Most of the near-end cross-talk arises, 
therefore, in this section of the line. Curve E' of 
Fig. 3C represents graphically the variation along 
the line of the induced voltage, producing near 
end CrOSS-talk, aSSunning the same mutual induc 
tance per unit length. ... While this induced volt 
age drops off as we go away from A1, the signal 
level in the disturbed circuit at the same time 
increases, with the net result that the disturbing 
effect decreases twice as rapidly as E' in Fig. 3C 
This effect is indicated by the line E' of the latter 
figure. . . . . . . . . . . 
As to the general nature of the cross-talk action 

set forth in the foregoing paragraph, twisted pair 
lines and coaxial conductor lines are alike. Sev 
eral essential differences are discovered, however, 
On closer examination. In the first place, cross 
talk between twisted pair circiuts increases with 
freqency, while for coaxial conductor lines, be 
cause of a decreasing shielding effect with de 
creasing frequency, it is the low frequencies that 
are most troublesome. In a twisted pair cable, 
further, the amptitude and the polarity of the 
voltage induced from one pair to another varies 
in a more or less random manner along the cable 
since the coupling between circuits varies because 
of the twist of the conducting pair. The total 
effective induced voltage in such a case varies 
approximately as the square root of the length is 
of the cable in accordance with the theory of 
probability. Where coaxial conductors are used, 
on the other hand, the coupling between ciruits is 
the same at all points and the total effective in 
duced voltage increases as the first power of the 
length of the repeater section. Over-all cross 
talk in both cases should be at least 60 decibels 
below the level of signals. Inasmuch as coaxial 
conductor lines are adapted for long distance 
transmission, the cross-talk arising in each re 
peater section must be kept at a very low level. 
. A consideration of near-end cross-talk in a 
coaxial conductor-cable system is unique in that 
it must take into account variations in phase of 

propagation of 180,000 miles per second, the 
length of a 50-kilocycle signal wave is 3.6 miles, 
which is small compared with the length of the 
repeater section. The instantaneous induced 
voltage might be as shown by the attenuated sine. 
wave of Fig. 3D. Here the voltage wave is shown 
at the instant when the voltage at Al is a maxi 
mum. The current transmitted to A1 by the 
voltage induced in the line in the immediate 
vicinity of A1, is therefore at a maximum at this. 
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the signals along the line. Assuming a velocity of . 

lot. 
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instant. Some distance from A1, at point B, the 
induced voltage leads the reference vector, i. e., 
the voltage induced at A1, by one-quarter cycle. 
The current set up by the voltage induced at B 
arrives one-quarter cycle later at A1, delayed by 
virtue of its transmission over one-quarter wave 
length of line. The voltage now induced at A1 
lags by one-quarter cycle the reference wave 
and by one-half cycle the current wave arriving 
at A1 from B. The total phase difference between 
the current set up at A1 and that arriving there 
from B is, therefore, one hundred eighty degrees. 
In other words, these cross-talk currents tend to 
annul each other instead of to reinforce each 
other. Reduction in near-end cross-talk due to 
phase shift is effective only when the induced 
voltages at different points of the line bear the 
same phase relation to the inducing voltage, a 
condition that obtains in the case of coaxial con 

20 ductor lines. - 

reduced by electrically insulating the coaxial con 
ductor pairs from each other. The advantage 
may be material, but only where short lengths of 

25 cable are involved, as ten to three hundred feet. 
With the conductors thus insulated cross-talk 
varies approximately as the square of the length 
of the cable, and for lengths greater than roughly 
two miles greater cross-talk may result than with 

30, uninsulated conductors. Where the interval be 
tween repeaters is to be of the order of twenty 
five miles, the several coaxial conductor pairs of 
the cable are preferably bound together in good 
electrical contact as hereinbefore described in 

85 connection with Fig. 1. 
... While the present invention has b3enthus far 
described with reference to a four-pair cable, it 
is obvious, of course, that this has been done 
only for purposes of illustration. Generally, the 
cable will comprise a much larger numb3r of 
pairs. In Figs. 4A and 4B is shown a typical 
multi-layer cable in accordance with the present 
invention. The central layer comprises four 
pairs 10 arranged as at the corners of a square, 

45, and a second layer comprising ten pairs 11 ar 
ranged roughly in the form of a circle about the 
central layer. A binding of tape 8 and a lead 
sheath.9 may enclose the assemblage. The outer 

40. 

conductor of each pair may be, for example, 0.3 
inch in diameter and 0.020 inch thick, and the 
lead sheath 0.100 inch thick. The outer diam 
eter of the sheath will be somewhat less than 
two inches. Over the lead sheath may be placed 
a bedding of jute and armoring material. The 

5. exact nature of the covering over the assemblage 
of conductors will depend on the environment 
in which the cable is to be used, as the cable 
may be laid for example, in a conduit, embedded 
in soil, or hung on a line of poles. In some cases 

3. an extra waterproof cover may be extruded over 
the assemblage or over the individual outer con 
ductors to keep moisture and dirt out of the space 
betwe3n the central and return conductors. This 
feature may be necessary where the outer con 

c. ductors are braided or constructed in any other 
manner that would permit moisture and dirt to 
penetrate. - 
..". Additional layers of conductor pairs may b8 
provided. Preferably, successive layers are given 
opposite directions of lay both to improve theme 
chanical qualities of the cable, and to reduce 
cross-talk. A lay of approximately one turn in 
three feet is suitable for the particular cable 
herein described and it may be stated as a gen 

'... eral rule that the length of lay should be large 

Under scrine circumstances, cross-talk can be. 

than: No. 40.B. & S. gauge. 

3 
compared with the circumference of the cable. 
In arranging the E-W and W-E pairs in the 

cable it is desirable to keep those carrying cur 
rent in the same direction separated as much as 
possible. As to the central layer, the arrange 
ment Shown in Fig.1 may be used in the cable 
of FigS. 4A and 4B. In the next layer, and in 
any additional layers oppositely directed circuits 
are preferably alternated with each other. At 
intervals along the cable the conductor pairs 
may be rearranged Or transposed so that no pair 
is Subjected to more cross-talk than another. 
Another type of cable is shown in Fig. 5. In 

this case only the central portion of the space 
Within the sheath is occupied by coaxial conductor 
pairs. 13. One or more pairs of coaxial conductor 
circuits may be thus placed. The remainder of 
the space is filled with twisted pair circuits 12, 
which may be arranged as quads out in any other 
Suitable manner. In the cable shown in Fig. 6, 
the coaxial pairs 17 are arranged in a circle just 
within the lead sheath 15, and the cantral region 
is filled with quads, or twisted pairs 16. With 
both of these compound cables, it is possible to 
branch off one, two or more low frequency cir 
cuits wherever required, whereas it may not be 
economical to branch off a coaxial pair unless 
the number of channels needed is of the order of 
a hundred. 
Any of the cables herein described may be used 105 

for the transmission of television Signals, carrier 
Wave or otherwise. Television channels are leSS 
affected by noise and CrOSS-talk than are tele 
phone channels. Accordingly the frequency 
range above the useful telephone channel range 
may economically be used for television trans 
mission. Induction from one television circuit to 
another results in distortion of the television 
images. In a sense any Such disturbance may 
be termed “cross-talk'. 
In the design of a coaxial conductor Systein 

the construction of the central conductor merits 
special attention. Aside from the absolute di 
ameters of the conductors comprising a pair, the 
effective resistance of the central conductor is 
the chief factor determining the attenuation of 
the System. Where a Solid conductor is used, 
the alternating current resistance may be much 
greater than the resistance to direct current be 
cauS3 of skin effect. As noted hereinbefore the 
central conductor may advantageously in many 
cases comprise a number of Small strands of 
fine insulated copper wire so braided or twisted 
together as to provide a uniform distribution of 
current throughout the cross-section of the con 
ductor. 
The size of strand to be used depends on the 

frequency which the cable, is to transmit. The 
higher the frequency, the Smaller must be the 

80 
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3.25 

30 

strands to avoid skin and proximity effects within 35 
the individual strands. With Small strands, 
however, a smaller proportion of the cross-section 
of the conductor is occupied by conducting ma-. 
terial and more by air and insulating material. 
Another limitation is in the difficulty of manu 
facturing and handling strands much smaller 

In any particular 
case a compromise between the Several factors 
involved must be reached. 
A simple mathod of stranding would be to 

divide all the strands into three or four bunches, 
twist each bunch separately and then twist the 
several bunches together. This would not be very 
effective, however, because many strands near 
the center of the bunches would tend to remain 56 

40 

45 
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there and the results obtained would be consider 
ably poorer than is theoretically possible. , 

Multiple stranding, such as indicated in Fig. 7, 
is to be preferred. The total number of strands 
is divided in groups of from two to six, and each 
group is twisted; for purposes of illustration, 
assume there are three strands per group. The 
twisted groups in turn are divided into other 
groups of from two to six; or in the case assumed, 
three, and twisted to form nine 'ropes'. The 
ropes, in turn, may be twisted together in groups, 
and the stranding oparation thus repeated as 
many times as necessary. Where groups of 
three are twisted together, six stranding opera 
tions result in a cable comprising 729 strands. 
For frequencies of the order of five hundred 
kilocycles per second this number is more than 
Sufficient. 
The pitch used in the first twisting operation 

may be of the order of a quarter inch, although 
this figure is subject, to Wide variations. By 
properly adjusting the pitch and direction of 
succeeding operations, a fairly Smooth cylindrica 
cable can be obtained. : - 
A stranding System that yields uniform cur 

rent distribution is not always to be preferred. 
Current passing through the interior of a con 
ductor tends to repel currents in the outer 
strands and the crowding of the current in 
the latter that results increases the effective re 
sistance. To diminish this effect a construction 
may be adopted such that the current density 
decreases as the center of the conductor is ap 
proached. The effect may be achieved, for ex 
ample, by weaving the strands so that the dis 
tance between them increases to Ward tha Center 
of a conductor. insulating material may or 
may not be used to fill the space between strands. 
Another possibility is to arrange the strands 
so that they travel more nearly longitudinally 
at the outside of the conductor, and more near 
ly circumferentially or radially toward the center. 
Approaching the extreme case, the interior of a 
conductor may be hollow, the strands being 
woven in re-entrant manner to form a tubular 
structure. A core of string, cord, or other suit 
able material may be inserted. Another method 
of obtaining a varying current density is to use 
poor insulation between strands to encourage the 
leaking off of current when the strands are near 
the center of the conductor. Alternatively, the 
leakage of current may be induced by using very 
long stranding pitches. So that a strand stays 
near the center of the conductor for a considera 
ble distance. . . Fig. 8 shows a typical signaling system embody 
ing the present invention. At New York or some 
other city. A terminating an extensive com 
munication system are located the carrier wave 
signaling circuits, there indicated on the draw 
ings. Similar circuits at various suburban points 
B. and C and at a nearby city D, such as Mor 
ristown, N. J., are tied into the system by 

- means of coaxial conductor cables of the type 
shown, for example, in Eig. 4A and 4.B. From D 
cables might be extended to distant cities rep 
resented at E. Such a line or several of them 
might be laid between New York and Chicago, 
for example, With apparatus at several inter 
mediate points for connecting in other cities as 
required. . . . . . . . . . . . . . . . . . . . . . . 

Within the terminal city. A may be located 
Several stations S1, S2, S3, etc., where signals in 
a multiplicity of voice frequency circuits, as 
those aSSociated with a local telephone exchange 

System, are applied to respective carrier waves. 
The transmitting circuits at each station are 
represented, though incompletely, by the several 
telephone or other law frequency circuits 21, 
modulators 23 and band passing filters 25. Out- 80 
put signals are amplified and applied to. One 
coaxial conductor pair of a multi-circuit cable 
29, 30, 31, etc. Carrier wave signals received 
over another coaxial pair in the same cable are 
separated by band passing filters 26, and then 85 
reduced to audio frequencies in demodulators 
24. Thence they are applied to the low frequency 
circuits 22, which as suggested, may be part of a 
telephone exchange system. For a more.com 
plete disclosure of the preferred forms of ter- 90 
minal circuits, reference may be had to ap 
plicant's Copending application for patent bear 
ing Serial No. 554,206, filed July 31, 1931. The 
number of conductor pairs in each of the cables. 
29, 30, 31, etc., is of course not limited to two, Q5 
and a greater number may be used if more than 
approximately one hundred channels are re 
quired at any of the stations S1, S2, etc. In any 
case, several cables, 29, 30, 31, etc., which, for 
example, may be laid in conduits under the 100 
city. Streets, may branch into a single cable 35 at 
various points to form the complete cable 36. 
Another cable 37 from various suburban points 

may join cable 36 to form cable 38, which leads 
to the nearby city D. The circuits at the sub- 105 
urban stations which are associated With cable. 
37 may be of the same type as those represented 
at S1. : Sone of the conductor pairs in cable 
37 may branch into cable 36, others into cable 
38, while still others may make a T connection 110 
with through circuits between points A and D. 
The latter conductor pairs may then be used for 
connection with either A or D as changes in the 
distribution of traffic may require. 
At Donegroup of conductors 39 is separated for 15 

connection into another type of transmission Sys 
tem, to be referred to hereinafter. The remainder 
continues through cable 45 to a distant city such 
as Philadelphia. The latter circuits are sepa 
rated within the station at D into groups. 40 and 20 
41, the former carrying signals in the E-W direc 
tion and the latter in the opposite direction. Each 
group is associated with a suitable repeater 42, 
43, which comprises individual amplifiers for the 
Several conductor pairs. The cables employed 125 
throughout the system may be of the type de 
scribed hereinbefore. Between any two points a 
Single cable only need be used, since in accordance 
With the present invention, conductor pairs carry. 
ing signals in opposite directions may be in- 30 
cluded in the same cable. Where the outside 
diameter of such a cable would be excessive, how 
ever, the conductors may of course be separated 
to form two or more cables. 
The conductors 39, which are separated from 35 

the rest of the conductors of cable 38 are con- . 
nected with the terminal of another type of trans 
rinission Systern which also is represented at D. 
Between city D and some distant one, San Fran 
cisco, for example, several hundred circuits may 40 
be required continuously. Such being the case, a 
single pair of coaxial conductors of perhaps sev 
eral inches outer diameter may be provided be 
tween these points, together with suitable ter 
minal apparatus for utilizing the greater signaling it 
frequency range thus made available. This type 
of System is disclosed, for example, in U.S. Patent 
No. 1,835,031, issued December 8, 1931 to H. A. 
Affel and E.I. Green and in an application filed by 
M. E. Strieby on May 21, 1931 bearing Serial No. b 
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No. 554,206, filed July 31, 1931. 
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538,919, which issued as U. S. Patent. 1,941,116 on 
December 26, 1933. This system includes modu 
lating apparatus 49 for transferring the several 
50-500-kilocycle carrier signaling bands trans 
mitted over conductor 39 to respective positions 
in a frequency band that may extend from five 
hundred to five thousand kilocycles per Second. 
The resultant signals are then applied to a single 
pair of coaxial conductors 51 for transmission to 
a distant city F. A similar pair of conductors 52 
carries signals in the opposite direction. Signals 
from the latter are applied to apparatus 50 where 
they are first separated by filters into bands of 
approximately four hundred and fifty kilocycles 
in width and then demodulated to reduce them to 
50-500-kilocycle bands. The latter are applied to 
individual conductor pairs in cable 39. The local 
telephone exchange system of city D may be con 
nected with apparatus Sn similar to S1, S2, etc., 
and the output circuit thereof connected to either 
of the transmission Systems converging at that 
city. 

Each of the two systems converging at D has a 
field of usefulness and advantages peculiar to it 

a self. The coaxial conductor line of large diameter 
may be used practically to transmit frequencies 
of five thousand kilocycles per Second aid higher, 
the repeaters being spaced every 25 or 50 miles Or 
otherwise as economy dictates. A thousand Or 
more carrier telephone channels may be carved 
out of the frequency range thus made available. 
A single amplifier at a repeater station may serve 
for these One thousand channels. Offsetting 
these economic advantages to a certain extent is 
the cost of the copper required for the conductors; 
but the system is nevertheless from both physical 
and economic standpoints well adapted for the 
transmission of signals over a distance of Several 
hundred, or even several thousand miles. At the 
terminal circuits, however, difficulty and expense 
is involved in establishing and separating the 
many closely-spaced, radio frequency Signaling 
bands. Simple band pass filtering circuits can 
not be used for a number of reasons, chief among 
which is their lack of selectivity. Instead, mul 
tiple modulation and demodulation and Successive 
filtering is resorted to. To separate a Small num 
ber of bands, or even a single one, complex and 
expensive circuits of this nature are required. 
The system is therefore not well Suited where 
channels are to be added to or removed from the 
system at frequent intervals along the line, as is 
contemplated in the System disclosed by appli 
cant. 
A coaxial conductor pair of Small size, that is, 

of one quarter to one half inch outside diameter, 
has a useful signaling frequency range of the 
order of 50-500 kilocycles per second Or, greater. 
A hundred or more carrier telephone channels 
may be superimposed on each pair. Band paSS 
ing filters using piezo-electric crystals are Suffir 
ciently selective to separate signaling bands in 
this frequency range, as disclosed in applicant's 
copending application for patent bearing Serial 

Carrier channels 
may therefore be readily added to or removed 
from a pair of conductors as required. If aS 
many as one hundred signaling channels are 
needed at a particular city along the route of a 
cable, one or more pairs of conductors may be 
branched from the cable to serve this point. In 
a system using a large coaxial conductor, On the 
other hand, filters, modulators, demodulators, etc., 
would be necessary to provide these facilities. In 
general, it may be said that the use of multi 

5 
circuit coaxial conductor cables in accordance 
with the present invention affords a highly flex 
ible system. . 
In the system shown in Fig. 8, the respective 

conductor pairs of the cables 29, 30, etc., and 36, 
37 and 38 are indicated as transmitting signals 
in One direction only. In some cases, however, it 
may be found desirable to transmit signals in 
both directions over a single pair of conductors, 
different frequency ranges being used for this 
purpose in a manner well known in the art. The 
present invention is therefore not limited to sys 
tems in which each conductor pair transmits sig 
nals in one direction exclusively, since in the case 
just described, transnission in the opposite di 
rections in the same frequency ranges may still 
obtain. . . . 
This specification in other respects also does 

not attempt to describe all the modifications and 
applications of the present invention that will 
readily occur to those skilled in the art. The 
basic novelty of the invertion is Such as to in 
clude all embodiments that come within the Scope 
and Spirit of the appended claims. 
What is claimed is: 
1. In a Signaling Systein, a cable comprising a 

plurality of pairs of coaxial conductors, and 
means for tranSnitting carrier telephone signals 
in the sane frequency ranges in opposite direc 
tions Over different pairs of said conductors, said 
pairs being shielded from each other only by their 
respective Outer conductors. 

2. In a telephone transmission system, a cable 
comprising a nultiplicity of pairs of conductors, 
meals for keeping the level of near-end cross-talk 
occurring in Said System less than that of far-end 
CrOSS-talk and both insufficient to cause objec 
tionable interference, said means consisting of 
One conductor of each of Said pairs, said conduc 
tOr being hollow and arranged with the other con 
ductor of the respective pair within it, and means 
for transmitting Signals in the same carrier fre 
quency ranges in opposite directions over pairs 
of Said cable the Outer conductors of which are 
in conductive contact. 

3. In a carrier Wave telephone system, a trans 
mission medium comprising a unitary assemblage 
of coaxial conductor pairs, repeaters at intervals 
in Said respective conductor pairs, and means to 
transmit in respectively opposite directions over 
different Ones of Said pairs signals of the same 
frequency, Said frequency being at least several 
hundred thousand cycles per second and the en 
ergy level of near end cross-talk occurring in any 
of Said pairs being at least Sixty decibels less than 
the energy level of received signals. 

4. In a signaling System, a cable conprising a 
multiplicity of coaxial conductor pairs, the Outer 
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Conductors of Said pairs being laid in substan 
tially continuous electrical contact, and means 
to apply to Said conductor pairs for transmission 
in Opposite directions carrier telephone signals 
ranging in frequency to Several hundred thousand 
cycles per second, the frequency ranges of said 
signals in different conductor pairs overlapping 
at least in part and their lower extremities being 

- determined by the energy level of far-end cross 
talk, said System being characterized in that 
near-end cross-talk is leSS than far-end cross 
talk. 

5. In a multiplex carrier Wave System, a plu 
35 

rality of transmitters each producing a different 
frequency wave for transmission, a coaxial con 
ductor connected in common to all of Said trans 

ho mitters, a plurality of receivers located adjacent 
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6 

said transmitters and each adapted to receive a 
different frequency wave, a coaxial conductor 
connected in common to all of said receivers, said 
two coaxial conductors being associated as a pair, 
leading to a cable, said cable comprising said pair 
and other similar pairs of coaxial conductors 
connected, similarly to the first pair, to respec 
tive groups of transmitters and receivers, the fre 
quencies used for transmitting over one coaxial 
conductor overlapping those used for receiving 
over the other coaxial conductor of the pair. 

6. In a multiplex carrier wave signaling sys 
tem, a first station, a second station, a multiplic 
ity of low frequency circuits at each of said sta 
tions to be connected into said system, a cable 
extending between said stations, said cable com 
prising a plurality of pairs of coaxial conductors 
each a fraction of an inch in diameter and adapt 
ed to transmit with moderate attenuation waves 
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1978,419 
extending in frequency to as high as several hun 
dred thousand cycles per second, the outer con 
ductors of said pairs being laid in substantially 
continuous conductive contact, a plurality of 
transmitters and a plurality of receivers at both 
of said stations, each of said transmitters and 
receivers including frequency translating means 
interconnecting a plurality of groups of said low 
frequency circuits with conductor pairs in said 
cable individual to said groups, the frequency 
range transmitted over one pair of said conduc 
tors overlapping the frequency range received 
over another pair of said conductors, other sta 
tions to be connected into said system at inter 
mediate points of said cable, and a plurality of 
pairs of coaxial conductors branching from said 
cable and extending to said other stations. - 

HOMER. W. DUDLEY. 
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