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This invention relates to carrier transmis 
sion systems, and more particularly to car 
rier transmission systems which are super 
posed upon power networks. 
In the use of carrier systems on power 

lines, considerable ditiiculty arises from the 
fact that the power circuit» is generally part 
'of a network of interconnecting lines, with 
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frequent radiating spurs, paralleling circuits, 
etc. The high-frequency carrier system de 
rived from a power line is therefore marked 
ly different from a telephone line carrier cir 
cuit which proceeds directly from one termi 
nal to another without intermediate connec 

The complex nature of the power connec 
tions introduces undesirable impedance ir 
regularities and reflection effects, and makes 
the characteristics of the carrier transmission 
circuit extremely erratic. For example, if 
it is desired to provide carrier transmission 
betweentwo stations and at an intermediate 
point in the power line connecting the sta 
tions there is a spur connection leading to 
another power station, the carrier frequency 
impedance presented by the spur line at the 
junction with the main line will vary widely 
with frequency. At'certain frequencies it 
may practically approach a short-circuiting 
condition, thereby preventing satisfactory 
transmission between the stations. 
The power network is also unsatisfactory 

for carrier use because a particular carrier 
frequency which is applied to one part of the 
network is apt to spread over the entire sys 
tem. Hence, a given frequency band can 

, ordinarily be used only once in the-entire 
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power network. Efforts have been made to 
obviate this difficulty by inserting in the pow 
er wires blocking high frequency impedances 
in the form of anti-resonant circuits or 
“chokes”. Such expedients, however, have a 
detrimental eifect upon the power circuit and, 
hence, have not been widely used. ‘ 
Again, carrier transmission over power 

wires sulfers some limitation by reason of 
the interference which may be produced in 
telephone line carrier systems. Large 
amounts of power are required for the power 
line carrier system and owing to the unbal 

1931. Serial No. 531,764. 

anced nature of the power‘ circuit at high 
frequencies, the high frequency induction 
into adjacent telephone circuits is naturally 
large. Up to the present time this di?iculty 
has largely been avoided by employing dif 
ferent frequency ranges for the power line 55 

carrier systems and for telephone line car- ' 
rier systems. With increasing use of both 
types of systems, however, this arrangement 
may not continue to be possible. 
A further limitation in the use of power 

line carrier is the high frequency noise which 
results when the same circuit is employed for 
both power and carrier transmission. The 

60 

interfering e?'ect upon-the carrier circuit of ‘5 
such phenomena as corona discharge, arcing 
at defective insulators, etc., is partlcularly 
marked. ' 

The purpose of the present invention is to 
provide means for surmounting the difficul 
ties above noted by using‘ coaxial conductors 
for power lines. As is well known, the mod 
ern tendency toward higher and higher volt-v 
ages for power transmission has made the 
avoidance of corona discharge a very serious 
problem. Special power conductors are be 
ing designed to increase the corona limit, 
these ordinarily taking the form of a hollow 
conductor of large diameter and smooth sur 
face. It is therefore proposed in accordance 
with the present invention to insert within 
these hollow conductors wires which are sup— 
ported coaxially with respect to the power 
conductor by means of annular or disk 
shaped insulators. Thus, there will be de 
rived at the nominal cost of a wire and some 
insulators, a coaxial circuit of a type which 
has been found extremely advantageous for 
high frequency transmission. ' 
The invention will now be more fully un 

derstood from the’ following description, 
when read in connection with the accom 
panying drawings, in which Figure 1 illus 
trates certain difficulties involved in super 
posmg a carrier system upon a power net_ 
work; Figs. 2 and 3 show how the concentric 
conductor arrangement may be applied to 
two forms of hollow or cylindrical power 
conductors which it has been proposed to use 
in order to overcome the effects of corona dis 
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charge, etc., and Fig. 4 shows how one or 
more carrier systemsmay be applied ‘t6 the 
concentric conductor transmission medium 
vafforded by conductor Systems of the type 
shown in Figs. 2 and 3. 

Referring to Fig. 1, a typical power circuit 
network is shown comprising a three-wire 
transmission line extending between stations 
A and B, at which stations power equipment 

10 is provided as shown at Pa and Pb. At an 
intermediate point a branch or‘ spur power 
line of three conductors runs to another sta 
tion C at which power equipment P0 is pro 
vided. Suppose, now, we have the problem 

15 of setting up'a signaling circuit such as a 
telephone circuit between stations A and B, 
and we attempt to solve this problem by con 
necting carrier terminal apparatus such as 
shown at C. and Cb to two of the power con 

20 ductors through the usual coupling con 
densers so that one of the power conductors 
acts as a return for the other with regard to 
the carrier transmission system. At once 
the di?iculty is presented that the carrier 

25“ frequency impedance which the spur line 
‘presents at the junction with the main line 

' will vary widely with frequency and at cer 
tain carrier frequencies will resemble a short 
circuit, thereby preventing satisfactory 

‘a0 transmission between stations A and B. 
Such a carrier transmission system will also 
be subject to the various other dli?CllltlQS 
which have already been outlined. “ r 

Accordingly, it is proposed to use coaxial 
Ju- power conductor arrangements for trans 

mitting the carrier frequencies. ' Two types 
of conductors which may be employed in 
power lines for the purpose of increasing the 
corona discharge limit are shown in Figs. 2 

1n and 3 respectively. These conductors-may 
be of copper or other suitable material. In 
Fig. 2 the outer conductor consists of a num 
ber of specially shaped wires 10—10--10 
which interlock by means of tongue and 

4b groove arrangements to form what is practi 
cally a solid tube 20. This conductor may 
be used for power purposes without internal 
support. In Fig. 3 the outer or power con 
ductor is composed of wires lO’—lG'—-10’ 

5B which are wedge-shaped or cuneiform in 
section, these wires being bound together by 
outside bands arranged suitable intervals 
as shown at 11. This type of conductor may 

require some sort of internal support 
“ch as, for example, rings arranged at 

' I ' at i 12. 

‘ as present invention 
.1 a coaxial conductor 

" this type by sup 
"' such 21 in a 

in ‘the outer conduc 
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forms, but as here illustrated are in the shape 
of disks, these disks being strung along the 
inner conductor at such intervals as are nec 
essary to maintain proper spacial relation 
ship, These spacing washers should be of 
some dielectric‘ material of the lowest pos- 
sible dielectric constant and power factor 
consistent with the necessary .mechanical 
strength. However, since these insulators 
only occur at intervals, the principal dielec 
tric intervening between the» conductors willv 
be air or other suitable gas whose dielectric 
constant is' approximately unity, so that 
there is substantially no power loss between i 
the conductors; .In the case of Fig. 3, the 
insulating spacers 22 may be used either in‘ 
stead of or in addition to the internal sup 
porting rings 12 required for the outer wires. 
By constructing the power conductors in 

this manner there is obtained a power line 
circuit which contains within itself a coax 
ial circuit for high frequency carrier trans 
mission. This coaxial circuit may be termi 
nated at any point merely by terminating the 
inner conductor as is shown, for'example, 
in F 4. Here the power circuit is made up 
of three hollow conductors 20, 30 and 40, con 
nected in three-wire form to power apparatus 
which may be branched offas shown at P... 
The power conductors which are shown as 
extending to stations A and B may also be 
considered to extend to a third'station C at 
the left (not shown). For communication 
between stations A and B, outer tubular memy 
bers 20a and 20b may be associated with the 
conductor 20 as shown and the inner conduc~ 
tor 21 brought out at the two stations through 
these tubular outlets. The terminal carrier 
apparatus Cab at stations Aand similar ap 
paratus Cm, at station B, which is to be used 
for communication between stations A and 
B can then be connected to the conductors 21 
and 20 through coupling condensers so that a 
concentric conductor system comprising con 
ductors 20 and 21 is used for high-frequency 
transmission. Similarly, an inner concen 
trio conductor may be brought out through 
the outlet 20’av as shown at 21’ and terminal 
(carrier apparatus GM connected thereto for 
communication between stations A and. C. 
The additional higlrfrequency system‘ thus 
formed is quite independent from a trans 
mission standpoint of the one used for com— 
munication between stations A. and. B and 
they can employ "the same carrier frequencies 
Without ind. ” renee. ‘ 

By using this arrangement the power line 
connections will have no effect upon the char- 
ae'teristics of the iigh frequency circa“ 
the carrier equencies will be limi“ 

‘ ' ' they applied. 
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to prevent interference. Noise in the carrier 
circuit resultingfrom high frequency com 
ponents'of the power frequencies would be 
very substantially reduced, owing to the fact 
that the power circuit and the carrier circuit 
would be, to a considerable extent, distinct 
‘from one another. 
high frequency waves employed for carrier 
transmission tend to concentrate along the 
outer surface of the inner conductor and the 
inner surface of the outer conductor, where 
as the low frequency power currents will 
spread more or less throughout the cross 
sectional area of the copper forming the out 
er conductor. So far as skin effect applies 
to the power currents, it tends to concen 
trate the power waves at the outer surface 
of the outer conductor. The effects of corona 
discharge and other high frequency disturb 
ances, so far as these are present, also tend 
to be concentrated at the outer surface of 
the outer conductor and consequently are 
shielded from the internal carrier transmis 
sion path. 

Obviously, each 
conductors shown in Fig. 4 may be used for 
a different high frequency carrier circuit. 
Also, if desired, carrier circuits might be de— 
rived from the power conductors in the usual 
way illustrated in Fig. 1 in addition to the 
carrier circuits afforded by the concentric 
conductor arrangements. The carrier cur 
rents for the circuit applied in accordance 
with the arrangements of Fig. 1 would flow 
on the outside of the power conductors while 
the carrier currents of the coaxial circuit 
would ?ow on the inside of these ‘conductors 
and, hence, the two carrier systems would be 
effectively shielded from each other. 

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 de?ned in 
the following claims. 
What is claimed is: 
1. In a transmission system, hollow cylin 

drical conductors connected to form a trans 
mission path for power currents, and an 
inner conductor arranged concentrically in 
at least one of said hollow conductors and 
connected to terminal carrier apparatus so 
that high frequency carrier currents may be 
transmitted, the inner conductor acting as a 
return for the outer at carrier frequencies. 

2. In a transmission system, hollow cylin 
drical conductors connected to form a trans 
mission path' for power currents between a 
number of stations greater than two, an inner 
conductor arranged concentrically in one of 
said conductors and having its ends brought 
out at two of said stations, carrier apparatus 
at each station connected to said hollow con 
ductor and to said inner conductor, a second 
inner conductor concentrically arranged in the 

As is well known, the 

of the three hollow power _ 
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same hollow conductor and extendingbetween 
one of said stations and a' third station, and 
carrier apparatus at each of said stations con 
nected between the ends of said second con 
.centric conductor and said hollow conductor. 

3. In a transmission system, hollow cylin 
drical conductors connected to form a trans 
mission path for power currents, an inner 
conductor arranged concentrically in at least 
one of said hollow conductors, insulating 
spacing material arranged along said inner 
conductor to maintain it in proper spacial 
relation with respect to said hollow conduc 
tor, and terminal carrier apparatus so con 
nected to said inner conductor and said outer 
hollow conductor that the one acts as a 
return for the other in the transmission of 
high frequency carrier currents. 

4. In a transmission system, hollow cylin 
drical conductors connected to form a trans 
mission path for power currents between a 
number of stations greater than two, an inner 
conductor arranged concentrically in one of 
said, conductors and having its ends brought 
out at two of said stations, insulating spacing 
members arranged along said inner conduc 
tor to maintain it in proper spacial relation 
ship with respect to said outer conductor, 
carrier apparatus at each station connected 
to said hollow conductor and to said inner 
conductor so that the one conductor acts as a 
return for the other for carrier transmission 
between the stations, a second inner conduc 
tor concentrically arranged in the same hol 
low conductor and extending between one 
of said stations and a third station, insulat 
ing spacing members arranged along said 
inner conductor to maintain it in proper 
spacial relationship with respect to said outer 
conductor, and carrier apparatus at each of 
said stations connected between the ends of 
said second concentric conductor and said 
hollow conductor so that the one conductor 
acts as a return for the other. 

5. In a transmission system, hollow cylin 
drical conductors connected to form a trans 
mission path for‘ power currents, said con 
ductors comprising a plurality of conductive 
strands so shaped that when arranged side 
by side and helically wound, their adjacent 
sides will ?t each other to form a complete 
cylindrical structure, an inner conductor ar 
ranged concentrically in at least one of said 
hollow conductors, insulating spacers ar 
ranged along said insulating conductor for 
maintaining it in proper spacial relationship 
to said hollow conductor, and terminal car 
rier apparatus so connected to said hollow 
conductor and said inner conductor that the 
one conductor acts as a return for the other 
at carrier frequencies. - 

6. In. a transmission system, hollow cylin 
drical conductors connected to form a trans 
mission path for power currents between a 
number of stations greater than two,~ each 
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cylindrical conductor comprisin a plurality 
of conductive strands so shape that when 
arranged side by side and helically wound, 
their adjacent sides will ?t each other to form 
a complete cylindrical structure, an inner 
conductor arranged concentrically in one of 
said conductors and having itsends brought 
out at two of said stations, insulating spacers 

‘ arranged along said inner conductor for 
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maintaining to said hol ow conductor, carrier apparatus 
at each station connected to said hollow con- ‘ 
ductor and to said inner conductor so that 
the one acts as a return for the other for 
carrier transmission between said stations, a 
second inner conductor concentrically ar 
ranged in the same hollow conductor and 
extending between one of said stations and a 
third station, insulating spacers arranged 
along said second inner conductor for main 
taining it in proper spacial relationship to 
said outer conductor, and carrier apparatus at 
each of said last mentioned stations con 
nected to said second vinner conductor and 
said outer conductor so that the one conduc 
tor acts as a return for the other for carrier 
transmission. . ' 

In testimony whereof, I have signed my 
name to this speci?cation this 20th day of 

ESTILL I. GREEN. 
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it in proper spacial relationship : 


