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My invention relates to carrier current appa 
ratus, and more particularly to means for cou 
pling carrier current transmitters and receivers 
with power transmission lines. 

It has generally been considered expedient to 
connect carrier current apparatus to high volt 
age power transmission lines through coupling 
capacitors. When such coupling capacitors are 
used, it is most efficient to provide means for 
tuning the transmission line and the coupling 
capacitor so that the transmission line system 

power transmission line to which it is connected. 

O 

presents a purely resistive impedance to the car 
rier current apparatus. Such an arrangement is 
satisfactory from an operating standpoint where 
the carrier current apparatus is in close prox 
inity to the power transmission line since tuning 
means for the coupling capacitor and transmis 
sion line may then be in the same enclosure as 
the carrier current apparatus and is thus readily 
accessible for easy adjustment without Special 
precautions to protect it from the weather. 
In many cases carrier current apparatus is lo 

cated at a considerable distance from the power 
transmission line, making it necessary to use a 
signal transmission line, such as a coaxial cable, 
to transmit signals between the carrier current 
apparatus and the power transmission line. 
Where such a signal transmission line has been 
utilized, it has been the practice in the past to 
provide tuning means and impedance matching 
means both between the carrier current appa 
ratus and the signal transmission line and be 
tween the signal transmission line and the power 
transmission line. 
In such systems a coupling capacitor is used 

to insulate the signal transmission line from the 
power transmission line, and an inductance is 
provided in series with the coupling capacitor be 
tween these two lines to tune the capacitor and 
power line to series resonance at the signal fre 
quency. There is also provided a transformer 
for matching the characteristic impedance of the 
signal transmission line to the impedance of the 
coupling capacitor and power transmission line, 
so as to provide for the maximum transfer of 
signals therebetween. A similar tuning means 
and transformer has been used between the sig 
nal transmission line and the carrier current 
apparatus. These tuning and impedance 
matching means have reduced attenuation to 
the low levels. 

It is an object of my invention to provide in 
such systems requiring a signal transmission line 
improved and simplified connecting means be 
tween the carrier current apparatus and the 

20 

It is a further object of my invention to pro 
vide such improved connecting means which re 
quires a minimum of adjustment and main 
tenance except at the carrier current apparatus. 

It is another object of my invention to provide 
Such improved and simplified connecting means 
including a signal transmission cable between 
Carrier current apparatus and the power trans 
mission line, which means requires a minimum 
Of Space and a minimum investment and which 
is rugged and reliable in operation. 
The features of my invention which I believe 

to be novel are set forth with particularity in 
the appended claims. My invention itself, both 
as to its organization and manner of operation, 
together with further objects and advantages 
thereof may best be understood by reference to 
the following description taken in connection 
With the accompanying drawings in which Figs. 
1, 2, 3 and 4 illustrate four modifications of my 
invention and Figs. 5, 6, 7 and 8 are graphical 
representations of the various characteristics 
thereof. 
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In Fig. 1 a carrier current apparatus 0, which 
may conveniently include a carrier current trans 
mitter and a carrier current receiver, is con 
nected, through coupling means including a sig 
nal transmission line , between ground and 
one conductor 2 of a power transmission line 
3. The signal transmission line may con 

veniently be the center conductor of a coaxial 
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transmission line, of which the outer conductor 
is grounded. At that end of the transmission 
line adjacent the power transmission line 3, 
the line f is connected through one winding 4 
of a transformer 5 to ground. One terminal 
of the other winding 6 of the transformer 5 
is grounded, and the other terminal is connected 
through a suitable coupling capacitor 7 to the 
conductor 2 of the power transmission line 3. 
An adjustable inductance 8 is connected be 

tween the carrier current apparatus A and the 
Signal transmission line , and is so adjusted 
as to be series resonant with the capacitive im 
pedance of the System including the signal trans 
mission line , the transformer 5, the coupling 
capacitor and the power transmission line 3. 
The Windings 4 and 6 of the transformer 5 

have a turn ratio equal to the square root of the 
ratio of the impedance of the power transmis 
Sion line 3 as measured through the condenser 

to the characteristic impedance of the sig 
nal transmission line. That is, the square of the 
number of turns in the winding 6 corresponds 



2 
to the irapedance of the power transmission line 
83, as measured through condenser , in the 
same way as the square of the number of turns 
of the winding 5 corresponds to the character 
istic impedance of the signal transmission line, 

| Such a relation between impedances and turn 
ratio of the transformer 5 is desirable because 
attenuation in a transmission line is minimum 
when it is connected at its ends to devices whose 
impedance, including both resistance and re 
actance, is equal to the characteristic imped 
ance of the transmission line. While it is true 
that such attenuation may be further minimized 
by Inaking the impedance of the connected de 
vices purely resistive, it has been found that 
the attenuation is satisfactorily low even though 
reactance be present, if impedances are 
matched, as stated above. The characteristic 
impedance of the transmission line need not be 
Anatched exactly, as the attenuation does not ina 
crease rapidly as the connected in pedances vary 
from a value equal to the characteristic imped 
ance of the line. 

in a typical example, where a coaxial cable of 
70 ohm characteristic impedance is selected as 

2,838,258 
at one frequency, and a receiver operative at a 
different frequency. The transmitter in the ap 
paratus () is connected to the adjustable induct 

10 
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the transmission line, the carrier current appa- . 
ratus operates at 100 kilocycles and the coupling 
condenser has a capacity of 0.002 micro 
farad, the impedance of the power line 3 may 
be assuried to be 400 ohns of pure resistance 
and the impedance to which the transmission. 
line must then be matched is 882 ohms. This 
impedance ratio is then 12.6 and the turn ratio 
of transformer S is 3.4. 

it has been determined that the element, 
shown in Fig. 2, adjusted as described above, 
I?lay be utilized for the efficient araSaission of 
signals between the carrier current apparatus 
it and the power transmission iize 3 with rea 
Sonably Small attenuation through the signal 
transmission line over substantial distances. 
The actual relation between attenuation through 
the signal transmission line 3 and the length of 
that line is set forth hereinafter for certain situa 
ations encountered in practice. 

In Fig. 2 the carrier current apparatus () is 
Connected through the inductanca 8, and the 
ti'aaSmission line directly to one terminal of 
the coupling condenser , whose other terminal 
is connected to the conductor 2 of the power 
transmission line 3. The inductance 3 is in 
this case adjusted so that the whole system in 
cluding the inductance 8, the transmission line 
AA, condenser , and the power transmission 
line S3 is resonant at the signal frequency. 
When this arrangement of elements is used, 
Ornitting the irripedance matching transformer 
85 or Fig. 1, there is somewhat nore signal re 
flection and consequently greater attenuation 
through the signal treasmission line . It has 
beer found, however, that even such greater at 
tentiation is reasonably small oyer some dis 
tances, and, in fact, not intolerably large. The 
relation between attenuation and tha angth of 
the signal transmission line £or this arrange 
ment of elements in Fig. 2 is also set forth here 
inafter for certain situatiáns eacolatered in 
practice, 

The apparatus illustrated in Sigs. 3 and 4 are 
modications of the arrangement illustrates in 
Eig. ... in Sig. 3 the cairies current apparatus 
28 is arranged for operation at two different fre 
quencies. For example, the carries currant ap 
paratus may include a transaraittez operative 

ance 8 and transmission line through two 
paths, one of which includes an inductance 9 
and condenser 28 in series, and the other of 
which includes an inductance 2 and condenser 
22 in series. The receiver in the apparatus 
is connected through a conductor 23 to a point 
between the condensers 2 and 22 and the in 
ductance 3. 
The arrangement of such a transmitter and 

receiver together With means for coupling them 
to the power transmission line 3 including in 
ductances 8, 9... and 23 and condensers 8, 25 
and 22 forms no part of the present invention, 
and is described and claimed in my application 
for United States Letters Patent, Serial No. 357,- 
274, filed on Sept. 18, 1940, for Coupling appara 
tus, and assigned to the same assignee as the 
preSert application. - 

Briefly, the adjustment of these elements is as 
follows. The inductance 19. is adjusted to res 
onate in Series with the condenser 20 at the 
tranSnitter frequency, and the inductance i3 is 
adjusted to resonate with the condenser and 
other capacities in the System at the same trans 
mitter frequency. The connections between the 
transmitter of the apparatus 3 and the power 

80 tiransmission line 3 are series resonant at the 
translitter frequency and present a low imped 
2nce to the transmission of carrier current sig 
inals from the apparatus () to the transmission 
line 3. 

88 At the frequency to be received, the two series 
paths, one including the transmitter in the ap 
paratus 9, the inductance 3 and condenser 28, 
and the other including the inductance 8 and 
condenser a, exhibit inductive or capacitive re 

30 actance, depending on whether the receiver fre 
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quiency is higher or lower, respectively, than the 
transmitter frequency, The overall reactance 
gif the series path including the adjustable in 
ictance 2 aid condenser 22 is adjusted to such 
a y'ale that the total reactance of the group in 
cluding the transmitter, the inductances 9 and 
23 and the coadensers 2 and 23 is equal in value, 
and opposite in character, to the reactance of the 
remainder of the path from the apparatus it to 
the power line S, such path including the ad 
justable inductance 3 and condenser . The 
inductance 8 and condenser therefore for an 
One branch of a series tuned circuit, the other 
branch being formed by the transmitter in the 
apparatus dt, the inductances 9 and 2 and the 
condensers 28 and 23, so that the potential at a 
point between these two branches tends to rise 
to a high value at the receiver frequency. The 
conductor 23 which is connected to such point 
therefore transmits such high potential to the 
receiver in the apparatus . 

In other respects the apparatus illustrated in 
Fig. 3 performs in a fashion similar to that illus 
trated in Fig. 1, and provides efficient transfer of 
signals with Small attenuation over substantial 
lengths of signal transmission line a between 
the apparatus 9 and the power transmission 
line 3. The data, presented hereinafter corre. 
lating such attenuation and line lengths for Fig. 

is equally applicable for Fig. 3. 
Seretofore, the connection shown in Fig. 3 

and describad in the above mentioned applica 
tion has been used only where the carrier cur 
serit apparatlis has been so near the power line 
8 that 8 transmission line has not been needed, 
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since only in such arrangements could the conce 
nection 23 be made to a point between the cou 
pling condenser T and the adjacent tuning in 
ductances and condensers 8, 9, 20, 2 and 22. 
Now, however, by the use of the simplified ar 
rangement of Fig. 3, these inductances and Con 
densers 8, 9, 20, 2d and 22 are placed adjacent 
the carrier current apparatus, the attenuation 
through transmission line if being satisfactorily 
small, and the connection 23 may easily be made, 
thereby resulting in more efficient operation of 
the receiver, as well as easier adjustment and 
maintenance of the apparatus as a whole. 
In Fig. 4 the transmission line , transformer 

f5 and condenser 7 are utilized to transfer car 
rier current signals between - the power trans 
mission lines 3 and two carrier current appa 
ratus, including the apparatus 0 and another 
apparatus 30. Each such apparatus may include 
a carrier current transmitter, and a receiver op 
erating at the same frequency, each apparatus 
as a whole being operative at a different fre 
quency. 
The apparatus 0 is connected to the adjust 

able inductance 8 and transmission line if 
through a condenser 3 shunted by an adjustable 
inductance 32. The apparatus 30 is connected to 
a point between the inductance 8 and trans 
mission line through a path serially including 
an adjustable inductance 33 and a shunt com 
bination of a condenser 34 and an adjustable in 
ductance 35. 
The adjustment of the apparatus of Fig. 4 is 

as follows. The parallel tuned circuit including 
the condenser 3 and inductance 32 is made par 
allel resonant at the frequency of the apparatus 
30. Similarly, the parallel circuit including con 
denser 34 and inductance 35 is made parallel 
resonant at the operating frequency of the appa 
ratus 0. The inductance f8 is then adjusted 
so that the apparatus fo, inductance 32, con 
denser 3, inductance 18, transmission line , 
transformer 5, coupling condenser 7, and the 
power line 3 are resonant at the operating fre 
quency of the apparatus 0. 
the parallel resonant circuit including conden 
ser 38 and inductance 35 offers a high impedance 
so that signals transferred between apparatus 
C and the power line 3 are not dissipated in 

the apparatus 30. 
In similar fashion, the inductance 33 is ad 

At this frequency 

O 
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20 

3 
so that the grounded terminals of the carrier 
current apparatus may in each case be con 
nected, instead of to ground, to a Second con 
ductor of the power transmission line 3. 

In many situations it is entirely satisfactory to 
ground one terminal of a carrier current appara 
tus, where the attenuation caused by such con 
nection is not unduly great. By connecting the 
two terminals of the carrier current apparatus 
to two different conductors of the power line 3, 
signals may be transmitted through the power 
line 3 with somewhat less attenuation, so that 

- longer transmission distances may be achieved. 
In the case of the apparatus illustrated in Figs. 

1, 3 and 4, it is not necessary to duplicate all the 
equipment for connecting the carrier current ap 
paratus to the power line 3, since in each case, 
the two terminals of the secondary 6 of trans 
former 5 may be connected through separate 
coupling condensers to two different conductors 
of the power line f3. In other respects the ap 
paratus for interphase transmission may be ex 
actly the same as that illustrated in Figs. 1, 3 
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justed so that the apparatus 30, the inductance 
35, condenser 34, the inductance 33, the trans 
mission line ( f, transformer 5, coupling con 
denser 7, and power line 3, are all resonant 
at the frequency of operation of the apparatus 
30. At this frequency the circuit including con 
denser 3 and inductance 32 offers a high imped 
ance so that signals transferred between the 
power line 3 and apparatus 30 are not dissi 
pated in the apparatus 0. Insofar as the pres 
ent invention is concerned, the apparatus O and 
30 respectively cooperate with the inductances 
f8 and 33, and with transmission line , trans 
former 5, coupling condenser and the power 
transmission line 3 in the same way as corre 
sponding elements in the apparatus of Fig. 1. 
The relation between attenuation and signal 
transmission line length is the same as that set 
forth hereinafter for Fig. i. 
While the apparatus in Figs. 1 through 4 has 

been illustrated as impressing a signal between 
a single conductor 2 of the power line, 3 and 
ground, it is within the scope of my invention to 
duplicate the illustrated connecting equipment 
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and 4. a 
One of the conditions to be considered in de 

termining how a simplified arrangement accord 
ing to my invention may be utilized is the capac 
ity of the coupling condenser 7. This capacity 
to a substantial extent determines the reactance 
presented to the end of the transmission line if 
adjacent the power line 3, and hence is im 
portant in considering how much attenuation 
may be produced through the transmission line 
it. In all cases hereinafter considered, it is as 
sumed that the impedance between one conduc 
tor 2 of the power line i3 and ground is 400 
ohms, which value is substantially correct for any 
transmission line. Although power transmission 
lines may have a somewhat higher impedance, 
the impedance is primarily resistive and conse 
quently higher impedance lines reduce attenua 
tion losses in the transmission line and make 
the resulting operation more efficient. 
As a practical matter, the capacity of the cou 

pling condenser is determined primarily by the 
amount of insulation it must afford between the 
conductor 2 and ground. That is, the higher the 
voltage of the power line 3, the more insulation 
there must be between the capacity elements of 
the condenser , and consequently the less the 
capacity of the condenser T. At the present 
time certain sizes of condensers are available for. 
use as coupling condensers on power lines of par 
ticular voltages, as indicated in the following tab 
ulation: 

Number Capacity 
condensers for conden 
in series ser, puf. 

Total ca 
Line voltage. kw. pacity uf. 

34.5--------------------------- 
69---------------- - - - - - m - - - - - - 

115- ... 
138. 
161 
230---- 
287----------- 
375--------------------------- 

,006 
)03 

i. 0037.006 
003 

1.006/. 003 
003 

003 

'..)06 
003. 
002 
.0015 
002 
.00 
.00075 
.0006 

1 In these cases one condenser of the first size is used, and one or 
two of the second size as needed to complete the necessary number. 
Thus, for 161 kv. 1 condenser of .006 p.f. and 2 condensers of .003 af. 
are used. - 

In Fig. 5 values of attenuation between the 
carrier current apparatus 0 and the power line 
3 are plotted as ordinates against correspond 

-ing lengths of the transmission line , plotted 
as abscissae, for several conditions of operation 
of the apparatus of Figs. 1 through 4. All the 

  



4. 
curves of Fig. 5 are based upo. She use of 8. Cota 
pling condenser whose capacity is 0.004 microa 
fared. The three curves 46, accompanied by the 
legend “Matched with ideal transformer,' repre 
sent the attenuation associated. With the arranges 
ments of Figs. 1, 3 or 4 at three different Operata 
ing frequencies, as indicated. The three ctives 
4 indicate the attenuation associated with the 
arrangement of Fig. 2 at three different operat 
ing frequencies, as indicated. 
Although attentation is substantially greater 

when the transformer 5 is not used, as its 
trated by the curves 3, the attenuation which is 
realized when neither the transformer 5 nor 
tuning apparatus adjacent the condenser i is 
utilized is reasonably small even though trans 
mission line is as much as 1000 ft. long. The 
attenuatioxa realized when the transformer 5 is 
utilized as indicated by the curve 66, is ever. 
smaller and is well withi usable in hits for cable 
lengths greater thai. 2060 ft., even though no 
tuning device is used adjacent the condenser . 

For purposes of the general discussion hereix, 
it has been assumed that there should be no more 
than two decibels attenuation between the carrier 
current apparatus and the power line 3 for 
satisfactory operation. Certain operating con 
siderations may change this value to Some extent 
in certain particular situations. Carrier current 
apparatus, as generally utilized at the present 
time, is capable of producing about 50 decibels 
gain in a received signal when the automatic vol 
ume contro Voltage is smallest. The total at 
tenuation between carrier current transritter 
and receiver must, therefore, never exceed this 
value, even under the Worst conditions of weather 
and the like. 
Accordingly, it is common practice to assume 

that an attenuations of 25 to 35 decibels on a 
clear dry day can be tolerated between a carrier. 
current transmitter and receiver. When the 
carrier current equipments are spaced apart at 
maximum distance along the power line 3, mini 
mum attenuation between each carrier current 
apparatus and the power line 3 can be toler 
ated. In the usual case the attenuation then 
allowed between each carrier current apparatus 
0 and the power line i3 is in the order of one 

or tWO decibels, 
If, however, the distance along the power line 

3 between the points where carrier current 
equipments are connected thereto are shorter 
than such maximum distance, more attenuation 
can be tolerated through the transmission line 

. Accordingly, to determine the maximum us 
able length of the transmission line in any 
particular case, in view of the above considera. 
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given to the possibility of tuning the apparatus 
a by means of the inductances 8 and 33. I 
the transmission lie A, is any particular case, 
is made slightly greater that one quarter wave 
length long, the capacity of the power line 3 and 
coodenser appears, at the Cairier current ap 
peratus as inductance, since a quarter wave 
length line acts as an impedance inversion trailso 
former, in such a, case the inductance 3 can 
not be used to tune the equipment, and if it be 
desired to use Sich a tra RSIrission line, it is 
necessary to replace the inductance 8. With a 
condense or with s, capacitive combination of a 
condenser and & E2 inductance. in any case, 
When the equippinent is properly tuned by the in 
ductance G8, or by any suitable means, the at 
tenuation is as illustrated in the curves of Figs, 5 
through 8, even though the length of transinis 
sion line be exactly oxie qua2ter wave length, 
or a nultiple thereof. 
One form of the transmission line which is 

especially suitable for connecting the carrier cura 
rent apparatus to the condenser is a co 
axial cable insulated with a rubber compound. 
The dielectric constant of one particular rubber 
compound used in practice is 3.3, so that a guar 
ter wave length of the transmission line at 
150 kilocycles is 903 ft. One quarter wave length 
at 85 kilocycles is 1,590 ft., and one quarter wave 
length at 50 kilocycles is 2,710 ft. it should be 
remembered in making any particular installa 
tion that when the length of transmission line 
approaches such values an inductance may be in 
capable of tuning the equipment at the carrier 
current apparatus A. 

If the exact operating frequency at Which the 
system is to. Operate is not known when it is de 
sired to determine how long the transmission line 

may be, the determination should be made on 
the basis of the lowest frequency which may ac 
tually be used, since such determination gen 
erally indicates that the transmission line is 
shorter than that which would be determined for 
a higher operating frequency. However, when 
considering whether the transmission line may approach a quarter wave length or multiple 

50. 
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thereof in length, it may be necessary to deter 
mine the actual operating frequency. W 
: As illustrated by the curves of Figs. 5 through 
8, it has been frund that a transmission line 
may be utilized to connect a carrier current ap 
paratus I 0 to a power line 3 without the neces 
sity of providing tuning means at the connection 
between the transmission line and the power 
line, and also that an impedance matching trans 

..' former may be omitted. It is within the scope of 

tions, the curves 40 and 4 of Fig. 5 may be 
utilized, where the coupling condenser f7 has a 
capacity of .004 microfarads. 

Figs. 6, 7 and 8 are identical with Fig. 5 excep 
that they illustrate the attenuation for various 
lengths of the transmission line i? when the cou 
pling condenser 7 has respectively capacities of 
0.002 microfarad, 0.001 microfarad, and 0.00075. 
microfarad. In any particular case, therefore, 
when the voliage of the power line 3, and the 
attenuation between carrier current stations 
therealong be known, the curves in Figs, 5 
through 8 may be utilized to determine the maxi 
mum usable length of the transmission line . 

If the transmission line which is to be used 
approaches a length equal to one quarter Wave 
length of the carrier current wave at the Operat 
ing frequency, additional consideration must be 

60 

ray invention to utilize such a transmission line 
with tuning means only at the carrier current 
apparatus O in any type of carrier current Sys 
tem having a signal transmission line, of which 
several forms have been illustrated. 

... While I have shown and described a particular 
embodiment of my invention, it will be obvious to 

65 
those skilled in the art that changes and modifi 
cations may be made without departing from my 
invention in its broader aspects, and I, therefore, 
aim in the appended claims to cover all such 
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changes and modifications as fall within the true 
spirit and scope of my invention. 
What I claim as new and desire to Secure by 

Letters Patent in the United States is: 
1. An arrangement for coupling carrier cur 

rent apparatus to a power line spaced a substan 
tial distance therefron Comprising, means in 
cluding a transmission line extending between 
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said carrier current apparatus and said power 
line for transmitting carrier current signals 
therebetween, means comprising a coupling con 
denser and transformer for transferring signals 
between said power line and said transmission 
line and for isolating the power currents of said 
powerline from said transmission line and match-, 
ing the impedance of said transmission line to 
the impedance of said condenser and power line, 
and means for transmitting signals between said 
carrier current apparatus and said transmission 
line, the impedance of said power line measured 
through said condenser, transformer, and trans 
mission line being reactive, said last mentioned 
means having a reactance equal and opposite in 
character to the reactive component of the im 
pedance of said power line measured through 
said condenser and transmission line, whereby 
attenuation of carrier current signals transmitted 
between said power line and said apparatus is 
minimized. 

2. An arrangement for coupling carrier cur 
rent apparatus to a power line spaced a substan 
tial distance therefrom comprising, means for 
transmitting signals between said apparatus and 
line comprising a transmission line, a coupling 
condenser and transformer connected between 
said transmission line and said power line, the 
impedance of said power line measured through 
said condenser and transformer being reactive 
whereby substantial attenuation is produced in 
signals transmitted through Said transmission 
line, and means coupling said apparatus to said 
transmission line for tuning the impedance of 
said power line and coupling condenser through 
said transmission line, whereby said attenuation 
is reduced. 

3. An arrangement for coupling carrier cur 
rent apparatus to a power line spaced a substan 
tial distance therefrom comprising, means for. 
transmitting signals between said apparatus and 
line comprising a transmission line, and a coul 
pling condenser and transformer connected be 
tween said transmission line and said power line, 
the impedance of said power line measured 
through said condenser being reactive, said trans 
former having an impedance ratio effective to 
match said impedance with the characteristic im 
pedance of said transmission line, substantial at 
tenuation being produced in signals transmitted 
through said transmission line in spite of said 
transformer because of the reactive component 
of said impedance, and means coupling said ap 
paratus to said transmission line for tuning the 
impedance of said power line and coupling con 
dense through said transmission line and trans 
former, whereby said attenuation is reduced. 

0. 

s 

5 
4. An arrangement for coupling carrier cur 

rent apparatus including a transmitter and a 
receiver operative at different frequencies to a 
power line Spaced a substantial distance there 
from comprising, a transmission line, a coupling 
condenser and transformer connected between 
said lines, said transformer having a turn ratio 
effective to match the impedance of said trans 
mission line to the impedance of said power line 
and condenser, the impedance of said power line 
measured through said condenser, transformer, 
and transmission line being reactive at both the 
frequencies of said transmitter and receiver, 
means for connecting said transmitter to said 
transmission line, said connecting means having 
a reactance at the frequency of said transmitter 
equal and opposite in character to the reactance 
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of said power line measured through said con 
denser, transformer, and transmission line, and 
means for connecting said receiver in shunt to 
said transmitter and at least a portion of said 
connecting means and for adjusting the react 
ance of said transmitter and said portion at the 
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frequency of said receiver to a value equal and 
opposite in character to the reactance of the re 
mainder of said connecting means, said trans 
mission line, said coupling condenser, said trans 
former, and said power line at the frequency of 
said receiver. - 

5. An arrangement for coupling. a first and a 
second carrier current apparatus, having respec 
tively a first and a second operating frequency 
and each including a transmitter and a receiver, 
to a power line spaced a substantial distance 
therefrom comprising, a transmission line, a coul 
pling condenser and transformer connected be 
tween said lines, the turn ratio of said trans- . 
former being suitable to match the impedance of 
said transmission line to the impedance of said 
power line and condenser, the impedance of said 
power line measured through said condenser, 
transformer, and transmission line having a re 
active component at both said frequencies, means 
for connecting said first apparatus to said trans 
mission line, said connecting means having a re 
actance at said first frequency equal and oppo 
site in character to said reactive component and 
having high impedance at said second frequency, 
and means for connecting said second apparatus 
to said transmission line having a reactance at 
said second frequency equal and opposite in char 
acter to said reactive component and having high 
impedance at said first frequency. 
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