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57 ABSTRACT 
A coaxial cable comprising center steel wires, an inner 
conductor uniformly coated on the center steel wires, 
an outer tubular conductor, an inner insulator filled 
between the inner conductor and the outer tubular 
conductor, and an outer insulator coated on the outer 
surface of the outer tubular conductor. At least one 
unreflective section of wave absorbing material is pro 
vided in the inner insulator. A transmitted signal de 
rived from the conductors of one side of the unreflec 
tive section is amplified by a wide band amplifier and 
applied to the conductors of the other side of the un 
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reflective section. The wide band amplifier is embed 
ded in the inner insulator and actuated by a dc differ 
ence between two opposed ends of a cut portion in 
one of the inner conductor and the outer conductor. 
Accordingly, a coaxial cable including at least one re 
peater is provided so as to have a uniform diameter. 

2 Claims, 14 Drawing Figures 
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3,816,673 
COAXAL CABLE INCLUDING AT LEAST ONE 

REPEATER 

This invention relates to a coaxial cable including at 
least one repeater. 5 
A conventional submarine coaxial cable comprises a . 

set of center steel wires having a strong tensile strength, 
an inner conductor uniformly coated on the center 
Steel wires, an outer conductor of metal tube, an inner 
insulator of continuous solid dielectric filled between 
the inner conductor and the outer conductor, and an 
outer insulator of insulating tubular material coated on 
the outer surface of the outer conductor. If the above 
mentioned submarine coaxial cable is employed for 
providing an over-seas transmission line, submarine re 
peaters are inserted in the submarine coaxial cable at 
regular intervals of several tens kilometers for compen 
Sating transmission loss of the submarine coaxial cable. 
The conventional submarine repeaters are highly ex 
pensive. Moreover, since the conventional submarine 
repeaters are respectively inserted at cut positions of 
the regular intervals in a continuously produced sub 
marine coaxial cable, laying of the conventional sub 
marine cable is troublesome. 
An object of this invention is to provide a coaxial 

cable including at least one repeater capable of readily 
providing an economical coaxial transmission line. 
The principle, construction and operations of a coax 

ial cable of this invention will be clearly understood 
from the following detailed description taken in con 
junction with accompanying drawings, in which: 

FIGS. 1, 2 and 3 are longitudinal sections each illus 
trating a part of a coaxial cable of this invention includ 
ing an unreflective section thereof, 
FIG. 4 is a longitudinal section illustrating a part of 

a coaxial cable of this invention including a coupling 
used therein; 
FIG. 5 is an elevation illustrating another example of 

a coupling used in a coaxial cable of this invention; 
FIGS. 6A, 6B, 6C and 6D are side views illustrating 

elements used in a coupling shown in FIGS. 4 and 5; 
FIGS. 7A and 7B are respectively a side view and an 

elevation illustrating a part of a coupling used in a co 
axial cable of this invention; 
FIGS. 8A and 8B are respectively a side view and an 

elevation illustrating a part of another coupling used in 
a coaxial cable of this invention; and 
FIG. 9 is a longitudinal section illustrating a part of 

the unreflective section used in a coaxial cable of this 
invention. 
With reference to FIG. 1, an example of a coaxial 

cable of this invention comprises a conventional coax 
ial cable and an unreflective section. The conventional 
coaxial cable comprises a set of center steel wires 1 a 
having a strong tensile strength, an inner conductor 1 
uniformly coated on the center steel wires 1a, an outer 
conductor 2 of metal tubing, an inner insulator 3 of 
solid dielectric filled between the inner conductor 1 
and the outer conductor 2, and an outer insulator 4 of 
insulating tubular material coated on the outer surface 

15 

25 

30 

35 

40 

45 

50 

55 

60 

of the outer conductor 2. Repeater means includes the . 
unreflective section 5, two wave-absorbing materials 
5-1 and 5-2 are provided between the inner conductor 
1 and the outer conductor 2 and separated by an insula 
tor 8 from each other. The outer conductor 2 is cut into 
two parts 2-1 and 2-2 at a center of the section 5 so as 
to separate the two parts 2-1 and 2-2 from each other 

65 

2 
with respect to a direct current. The two parts 2-1 and 
2-2 are connected to each other by a capacitor 6 with 
respect to a high frequency alternating current. More 
over, the outer conductor 2 and the inner conductor 1 
are connected to each other by a capacitor 7, so that 
the inner conductor 1 and the outer conductor 2 have 
the same potential at the center of the section 5 with 
respect to alternating currents in a transmission fre 
quency band of the coaxial cable. In the absorbing ma 
terial 5-1, a high-pass filter 13 and a low-pass filter 15a 
having the same cut-off frequency are provided. In the 
absorbing material 5-2, a high pass-filter 13a having the 
same cut-off frequency as the high-pass filter 13 is pro 
vided together with a low-pass filter 15 having the same 
cut-off frequency as the low-pass filter 15a. An ampli 
fier 14 is provided at about a center of the section 5 for 
amplifying the high frequency currents including the 
transmission band of the coaxial cable. This amplifier 
14 is actuated by a dc voltage between the two parts 
2-1 and 2-2 of the cut portion of the outer conductor 
2. An electric signal across terminals 9 and 9a of the 
conductors 2 and 1 are applied, through the high pass 
filter 13, to the amplifier 14. The amplified signal is ap 
plied, through the high pass filter 13a to terminals 10 
and 10 a of the conductors 2 and 1. An electric signal 
across terminals 11 and 11a of the conductors 1 and 2 
are applied, through the low-pass filter 15, to the ampli 
fier 14, and the amplified signal is applied, through the 
low-pass filter 15a to terminals 12 and 12a of the con 
ductors 1 and 2. 
An electric signal travelling in the left-to-right direc 

tion is sufficiently attenuated in unreflective section 5, 
since the section 5 has a high transmission loss and an 
impedance viewed from the terminals 9 and 9a to the 
section 5 is equivalent to a condition terminated by a 
surge impedance of the coaxial cable. Mutual interfer 
ence between the terminals 9 and 9a and the terminals 
10 and 10a are substantially eliminated by a short cir 
cuit between the conductors 1 and 2 formed by the ca 
pacitor 7. Accordingly, the electric signal across the 
terminals 9 and 9a is applied, through the high-pass fil 
ter 13, the amplifier 14 and the high-pass filter 13a, to 
the terminals 10 and 10a. 
An electric signal travelling in the right-to-left direc 

tion is sufficiently attenuated in the unreflective section 
5 while the electric signal across the terminals 11 and 
11a is applied, through the low-pass filter 15, the ampli 
fier 14 and the low-pass filter 15a. Accordingly, the 
amplifier 14 performs bidirectional amplification. In 
other words, the example shown in FIG. 1 is a bidirec 
tional repeater having the same diameter of the coaxial 
cable. 
The unreflective section 5 can be realized by an insu 

lator mixed with a conductive material having a high 
frequency loss (e.g. polyethylene mixed with carbon 
powder) or a non-conductive magnetic material (e.g. 
an oxide core). The length of the section 5 is from sev 
eral centi-meters to about ten meters in consideration 
of a desired transmission characteristic in the transmis 
sion frequency band of about 10-mega Hz. 
Elements of the filters 13, 13a, 15 and 15a and the 

amplifier 14 may be distributively disposed in the insu 
lator (5-1, 8, 5-2) between conductors 1 and 2 at the 
unreflective section 5. However, if such elements are 
directly embedded in the insulator, these elements are 
liable to be affected by strain at an handling step of the 
coaxial cable or by a heat treatment at a fabrication 
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step of the coaxial cable. To avoid the above defects, 
each block of the elements can be embedded in the in 
sulator as shown in FIG. 1 after enveloping by a soft 
material 16, such as a soft rubber. 
The amplifier 14 is a wide band semiconductor am 

plifier by way of example. In FIG. 1, the amplifier 14 
is actuated by a dc difference between opposed ends of 
the two parts 2-1 and 2-2 of the outer conductor 2, 
which is employed for supplying a dc power from two 
ends of the coaxial cable by series-power supply. How 
ever, another conductor may be further provided for 
only the purpose of power supply. 
Moreover, the inner conductor 1 may be employed 

for the power supply as shown in FIG. 2. In this exam 
ple, the inner conductor 1 is divided into two parts 1-1 
and 1-2 and insulated from the center wires 1a. The 
amplifier 14 is actuated by a dc difference between op 
posed ends of the two parts 1-1 and 1-2 of the inner 
conductor 1, which is employed for supplying a dc 
power from two ends of the coaxial cable by series 
supply in this case. In the example shown in FIG. 2, the 
filters 13, 13a, 15 and 15a and the amplifier 14 are em 
bedded in a center insulator 8 between the conductors 
1 and 2, while the unreflective section 5 is divided into 
two parts 5-1 and 5-2 separated by the center insulator 
8. A terminal of the part 1-1 of the inner conductor 1 
provided at the left side of the section 5-1 is connected 
by a high frequency cable 17 to the filters 13 and 15a. 
On the other hand, a terminal of the part 1-2 of the 
inner conductor 1 provided at the right side of the sec 
tion 5-2 is connected by a high frequency cable 17a to 
the filters 13a and 15. For simple illustration, connec 
tions for the ground which are connected from the fil 
ters 13, 13a, 15 and 15a and the amplifier 14 to the 
outer conductor 2 are eliminated. 
The center steel wires 1a and the inner conductor 1 

may be cut as shown in FIG.3 for performing more reli 
able supply of dc power to the amplifier 14, if the cut 
ends of the center steel wires 1a and the inner conduc 
tor are detached from each other and maintained in 
a separated condition by the use of coupling means in 
cluding a coupling 20 of insulative material. In this ex 
ample, a section 21 between positions 21 and 21a is a 
repeater which has the same outer diameter of the co 
axial cable. Other parts are the same as the example 
shown in FIG. 2. Since the inner conductor 1 and the 
center steel wires 1a are completely separated into two 
parts 1-1 and 1-2 in this example shown in FIG. 3, sig 
nal transmission through the cut portion of the inner 
conductor 1 can be eliminated. In other words, bidirec 
tional transmission is performed in the path: the cable 
17, the high-pass filter 13, the amplifier 14, the high 
pass filter 13a and the cable 17a; and in the path: the 
cable 17a, the low-pass filter 15, the amplifier 14, the 
low-pass filter 15a and the cable 17. Unnecessary trav 
elling signals are completely absorbed by the parts 5-1 
and 5-2 of the unreflective section 5. 
With reference to FIGS. 46A, 6B, 6C and 6D, an 

other example of the coupling 20 comprises a pair of 
branches or coupling means 30 and 30a, four elongated 
branch rods 33a, 33b, 33c and 33d (not shown), a plu 
rality of holders or spacing members 31a, 31b, 31c, 
3d, 3e and 31f, and a plurality of supporters 32a, 
32b, 32c, 32d and 32e. The inner conductor 1 and the 
center steel wires 1a of the coaxial cable are coupled 
to a center hole of each of the branches 30 and 30a 
shown in FIG. 6A in combination with an adhesive, 
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4. 
such as an epoxy resin. A pair of the branch lines 33a 
and 33b are coupled to two small holes of the branch 
30 and held by holes of the holders 31b, 31d, 31fshown 
in FIG. 6B and of the supporters 32a, 32b, . . . shown 
in FIG. 6C, so that the branch lines 33a and 33b are 
separated from each other in parallel so as to be sym 
metrical with the axis of the coaxial cable. A pair of the 
branch lines 33c and 33d are coupled to two small holes 
of the branch 30a and held by holes of the holders 31e, 
31c and 31a shown in FIG. 6B and of the supporters 
32a, 32b, ... shown in FIG. 6G, so that the branch lines 
33c and 33d are separated from each other in parallel 
so as to be symmetrical with the axis of the coaxial ca 
ble. In the above construction, the branch lines 33a and 
33b are insulated from the branch lines 33c and 33d 
since these branch lines are arranged so as to divide a 
circle perpendicular to the axis of the coaxial cable into 
four equal parts. If necessary, the branch lines 33a, 
33b, 33c, and 33d may be produced by an insulative 
material having a strong tensile strength. 

In this example, a tensile force acting between a left 
part and a right part of the center steel wires of the co 
axial cable is distributed to the inner insulator 3 
through the branches 30 and 30a, branch lines 33a, 
33b, 33c, and 33d, the holder 31a, 31b, 31c, 31d, 31e 
and 31e, and the supporters 32a, 32b, 32c, 32d and 
32e, which are all fixedly embedded in the inner insula 
tor 3. If the length of the branch lines. 33a, 33b, 33c and 
33d is extended, a tensile strength of the coaxial cable 
at this coupling section increases together with its flexi 
bility. Africtional force acting between the inner insu 
lator 3 and the branch lines. 33a, 33b, 33c and 33d also 
withstands with the tensile force acting to the center 
steel wires 1a of the coaxial cable. 

In an example of the coupling 20 shown in FIG. 5, a 
tensile force acting to the center steel wires 1a is main 
tained by a pair of the branch lines 33a and 33b and a 
pair of the branch lines 33c and 33d in combination 
with separators 34a, 34b and 34c of a hard insulating 
material shown in FIG. 6D. In other words, the separa 
tors 34a, 34b and 34c are employed for separating be 
tween the holders 31a and 31b, between the holders 
31c and 31d, and between the holders 3e and 3 if 
respectively. Accordingly, a tensile force acting to the 
center steel wires 1a of the coaxial cable is distributed 
to the inner insulator 3 as mentioned above and further 
maintained finally by the separators 34a, 34b and 34c. 

In the above example shown in FIG. 4 or 5, the hold 
ers 31 (31-3, 31-4) and the branch lines 33 are com 
bined as shown in FIGS. 8A and 8B. In this case, each 
of the holders 31 is coupled with two branch lines 33. 
However, the number of the branch lines 33 coupled to 
each holder 31 may be increased. FIGS. 7A and 7B 
show an example in which three branch lines 33 are 
coupled to each holder 31. 
With reference to FIG. 9, another example of one of 

two parts 5-1 and 5-2 of the unreflective section com 
prises resistive films 40 coated on the inner surface of 
the outer conductor 2 and the surface of the inner con 
ductor 1 in addition to the surface of the small high fre 
quency cable 17, magnetic films 41 coated on the resis 
tive films 40, a wave absorbing material 42 provided 
around the inner conductor 1, and a capacitor 43 con 
nected between the wave absorbing material 42 and the 
outer conductor 2. One end of the cable 17 is con 
nected to the inner conductor 1 at the left side of the 
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films 40 and 41, while the other end of the cable 17 is 
connected to the filters 13 and 15a as shown in FIGS. 
1, 2 and 3. 
A surge impedance W of a coaxial cable can be gen 

erally indicated as follows: 

if a series resistance, an inductance, a conductance and 
a capacitance of a unit length of the coaxial cable are 
indicated respectively by notations r, L, g and C. 

In accordance with the principle of this invention 
shown in FIG. 9, the resistance r is increased by the re 
sistive films 40, such as tin oxide; and the impedance 
L is increased by the magnetic films 41. The conduc 
tance g and the capacitance C are substantially main 
tained at constant values. Accordingly, the surge impe 
dance of the coaxial cable is effectively increased at the 
part shown in FIG. 9. Moreover, extremely weak sig 
nals passing through the part coated with the films 40 
and 41 are absorbed into the wave absorbing material 
42. If surfaces coated with the films 40 and 41 have 
creases the values of the resistance r and the induc 
tance L can be further increased. 
What I claim is: 
1. A coaxial cable comprising center steel wires; an 

inner conductor coated uniformly on the center steel 
wires; an outer tubular conductor, an inner insulator 
filled between the inner conductor and the outer tubu 
lar conductor; an outer insulator coated on the outer 
surface of the outer tubular conductor; and repeater 
means comprising at least one unreflective section of 
wave absorbing material provided in the inner insula 
tor, a wide band amplifier embedded in the inner insu 
lator and actuated by a dc difference between two op 
posed ends of a cut portion in the inner conductor and 
the center steel wires for amplifying a transmitted sig 
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6 
nal derived from one side of the unreflective section 
and for applying the transmitted signal to the other side 
of the unreflective section; two high pass filters having 
the same cut-off frequency and inserted respectively 
between the input of the amplifier and said one side of 
the unreflective section and between the output of the 
amplifier and the other side of the unreflective section, 
and two low pass filters having the same cut-off fre 
quency as that of the two high pass filters and inserted 
respectively between the input of the amplifier and the 
other side of the unreflective section and between the 
output of the amplifier and said one side of the unre 
flective section, coupling means comprising insulating 
material and disposed at the cut portion for coupling 
said two opposed ends of the cut portion of the inner 
conductor and the center steel wires in a spaced-apart 
relationship comprising a pair of coupling members 
coupled respectively to said two opposed ends, a plu 
rality of first parallel elongated branch rods coupled at 
one end portion thereof to one of the coupling mem 
bers, a plurality of second parallel elongated branch 
rods coupled at one end portion thereof to the other of 
said coupling members, and means separating said first 
parallel branch rods from said second parallel branch 
rods including first spacing members and second spac 
ing members fixed separately in the inner insulator and 
coupled to portions of said first plurality of parallel 
branch rods and said second plurality of parallel branch 
rods respectively to maintain the branch rods in a fixed 
spaced apart position with respect to each other. 

2. A coaxial cable according to claim 1, in which the 
outer conductor and the inner conductor have at least 
one of resistive films and magnetic films on their sur 
faces adjacent to the inner insulator. 
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