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57 ABSTRACT 
There is provided a submarine coaxial cable in which 
both of the inner and outer conductors or at least the 
inner conductor, is made of a conductive material 
having a lower temperature-coefficient of resistivity 
than that of annealed pure copper. The change of at 
tenuation with respect to the temperature of the sub 
marine coaxial cable may be considerably decreased. 

12 Claims, 9 Drawing Figures 
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SUBMARINE COAXAL CABLES 

BACKGROUND OF THE INVENTION 

The present invention relates to a submarine coaxial 
cable in which an inner conductor or both inner and 
outer conductors are made of a conductive material 
having a low temperature-coefficient of resistivity. 
Shallow sea cable transmission systems have been re 

cently watched with much interest because the cable 
laying speed is faster, the cable manufacturing cost is 
less expensive and the operation is more reliable than 
land cable system. However the problem is that the re 
peaters are more expensive than those used in the land 
cable system. Especially when the transmission band is 
higher than 10 MHz, the repeaters must be inserted 
every 10 odd kilometers, so that the cost of the repeat 
ers becomes the major cost of the shallow-sea cable 
system. Therefore, the problem is the research and de 
velopment of repeaters which are inexpensive to manu 
facture yet reliable in operation. However, at the conti 
nental shelf up to 200 meters in depth, the temperature 
of sea water changes from one place to another and ac 
cording to the season. The conductors of the communi 
cation cables are generally made of pure copper whose 
temperature coefficient of electrical resistivity (dplat) 
is for very high and is example, 6.77 x 10 p.2-cm/°C 
at 30°C so that the rate of change of electrical resistiv 
ity p with temperature is very high. Therefore, the 
change of attenuation with temperature must be taken 
into consideration in a shallow sea cable system. That 
is, the change of attenuation with temperature must be 
equalized by some means and some margin of error 
must be taken into consideration in the design of the 
repeaters in order to prevent an overload and the noise 
decay. As a result, the cost of repeaters is increased. 

In order to overcome this problem, there has been 
proposed and used a method for inserting an automatic 
gain control (AGC) circuit into a repeater for a subma 
rine coaxial cable system. In a typical automatic gain 
control circuit, the temperature of the sea water is de 
tected by a direct-heating type thermistor so that the 
response of an equalizing circuit may be controlled in 
response to the change in resistance of the thermistor. 
This method has an advantage in that the circuit is sim 
ple in construction, but also has a disadvantage in that 
the response error is very high. In order to reduce the 
residual error there has been proposed a method for 
utilizing an automatic gain control circuit with a pilot 
control; but the system is complicated and the repeat 
ers become expensive to manufacture and are unreli 
able in operation. 

In view of the above, one of the objects of the present 
invention is to provide a submarine coaxial cable whose 
change of attenuation with temperature is extremely 
small. 
Another object of the present invention is to provide 

a submarine coaxial cable which itself functions as a 
circuit equivalent to an automatic gain control circuit 
so that the submarine coaxial cable may become inex 
pensive to manufacture but is highly reliable in opera 
tion. 
Another object of the present invention is to provide 

a submarine coaxial cable using conductors made of a 
novel dispersion-type conductive material with a low 
temperature-coefficient of resistivity so that the tem 
perature coefficient of loss of inner dielectrics may be 
compensated, with the resulting considerable reduction 

O 

15 

20 

25 

2 
in the change of attenuation with temperature of the 
submarine cable. 
The present invention will become more apparent . 

from the following description of some preferred em 
bodiments thereof taken in conjunction with the ac 
companying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a cross sectional view of a typical submarine 
coaxial cable; 
FIG. 2 is a graph illustrating the relation between the 

frequency and the attenuation of a submarine cable, 
the graph being used for an explanation of the underly 
ing principle of the present invention; 
FIG. 3 is a graph used for the explanation of the rela 

tion between Matthiessen's rule and the electrical 
properties of the conductive materials, in accordance 
with the present invention; 
FIGS. 4-8 are graphs illustrating the changes of resis 

tivity with temperature of the conductive materials pre 
pared in accordance with the present invention, in com 
parison with that of pure copper (curve a); 
FIG. 9 is a graph illustrating the changes of attenua 

tion with temperature of the cables in accordance with 
the present invention using the conductors made of a 
conductive material consisting of 0.15% AlO-Cu 
prepared in accordance with the present invention in 
comparison with those of the conventional cables using 
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the conductors made of copper wires; and 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
Referring to FIG. 1 a submarine coaxial cable is gen 

erally composed of a steel strand 1 covered with a first 
copper tape 2 which serves as an inner conductor, a 
second copper tape 4 which is coaxially spaced apart 
from the first copper tape 2 and serves as an outer con- . 
ductor, an insulator such as polyethylene 3 filling the 
space between the inner and outer copper tapes 2 and 
4 and a sheath or jacket 5 made of an insulating mate 
rial such as polyethylene. 
High frequency attenuation of the submarine cable of 

the type described consists of a term of conductor loss 
and a term of dielectric loss of insulator, and is given 
by . 

or = ori -- a -- oö 
where a= K, Velf (V pild,)/ln(d/d). Neplm 2 
or = K. Veft( V paid)/1n (d/d). Neplm 3 
a8= K, Verf tanö Nep/m 4. 
did - outer diameters of inner conductor and insu 

lation in meters, 
pp. F resistivities in ohm-meter of inner and outer 
conductors, 

er F relative dielectric constant of insulator 3 filled 
into the space between the inner and outer conduc 
tOrs, 

tanö = dielectric power factor of the insulator 3, 
for frequency in Hz, 
K = coefficient equals 5.27 x 10, and 
K = coefficient equals 1.05 x 108. 
When the temperature of the coaxial cable changes 

from TC to (T + AT)'C, the above parameters change 
as follows: . 
d as constant . . . 5 
d(T + AT) = d(T) {1 -- KAT 6 
p(T + AT) = p(T) {1 + K p1'AT} 7. 
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p(T + AT) = p(T) {1 + K AT} 8 
e(T + AT) = e,(T) {1 + K AT} 9 
tanö (T + AT) = tanö(T) {1 + K AT} 10 

Since the linear thermal expansion coefficent of the 
inner conductor is negligibly small, d is constant as 
shown in Eq. 5, and temperature coefficients Kai, Ke, 
and K is are negative whereas K p 1 and K p 2 are pos 
itive. 
Due to the temperature variations of these parame 

ters, there are attenuation changes with temperature as 
shown in Table 1. 

Table 1 

alternation frequency 
variation character- attenuation 
in response to istics of in Nep or dB 
temperature rise attenuation 

in propor 
1. tion to fil2 AK p 1a, AT 

increase 

do. fi %K paraT 

do. ft2 %K (orc) AT 

decrease 

do. f* Kakart-(arraf ln(d/d)} 

do. f.17 %K e o AT 
decrease 

do, fl.17 K is a AT 

The terms in proportion to f" are introduced be 
cause the frequency characteristic of dielectric power 
factor of the insulator, which is generally polyethylene, 
is in proportion to f" at a low frequency less than 500 
MHz. Changes in diameter of the outer conductor are 
caused by the volume expansion of the insulator. 
When the conductors are made of annealed pure 

copper and the insulators are made of polyethylene, the 
temperature coefficients are as follows: 
K p 1 K p 2 - 3.9 X 10-3/°C 
K = -4.9 x 10/C 
K = -2.9 x 104/°C 
K = -5.7 x 10/°C 

The relation of the above variation factors with the 
overall variation is shown in FIG. 2 when the outer con 
ductor is 25.4 mm in inner diameter and the inner con 
ductor is 8.38 mm in diameter. The frequency change 
per l'C of the submarine coaxial cable of 1 kilometer 
is shown, and a, b and c in FIG. 2 show the parameters 
shown in Table 1. 
The change of attenuation is given by a - (b+c) = 

d. It is seen that the change in attenuation is suddenly 
decreased at a high frequency mainly because of the 
effect of tan 8 (the curved), but is considerably high 
at a low frequency because of the lesser effect of tan8. 

In view of the above, the primary object of the pres 
ent invention is to considerably decrease the change in 
attenuation with temperature of a submarine coaxial 
cable by using a conductive material with a low temper 
ature coefficient of electrical resistivity. 
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4 
Next, the underlying principle of the present inven 

tion will be described with reference to FIG. 2. The 
curve d' indicates the change in attenuation when a 
conductive material with a low temperature coefficient 
is used so that the change in attenuation due to change 
in resistivity is decreased from the curve a to the curve 
a'. It can be seen that this method is very effective to 
decrease the overall change in attenuation of the cable. 
In the instant embodiment, the temperature coeffi 
cients of the conductors were reduced by about 30 per 
cent with the result of the reduction in change in atten 

sym 
CauSeS bol 

change of resistivity 
of inner 
conductor 

change of resistivity 
of outer 
conductor 

change of 
dielectric 
constant 

change of 
diameter of 
outer 
conductor 

change of 
dielectric 
constant 

change of 
tanö 

uation to about one third. FIG. 2 shows that when the 
temperature coefficient of the conductors are de 
creased from the curve a to the curve a' the change in 
attenuation is considerably reduced as shown by the 
arrow d to d'. Ordinarily the change in resistivity of the 
conductor with temperature, which is the main cause 
of the change in attenuation, is compensated to some 
extent by the change with temperature of the insulator, 
so that the change in attenuation with temperature may 
be considerably reduced when the temperature coeffi 
cient of resistivity of the conductor is slightly reduced. 
The curve d' in FIG. 2 indicates the case where both 
the inner and outer conductors 2 and 4 of the coaxial 
cable shown in FIG, 1 were made of a material with a 
low temperature coefficient of resistivity. However, in 
practice, the change in attenuation with temperature 
may be satisfactorily reduced only by making the inner 
conductor 2 of a material with a low temperature coef 
ficient of resistivity. 
Next, the conductive materials for the inner and 

outer conductors of the coaxial cable of the present in 
vention will be described. In FIG. 3 the curve A indi 
cates the Matthiessen's rule. It is seen that the product 
of the resistivity (p) of a conductor (including copper 
alloy) and the temperature coefficient (1/p) (dp/dt) 
is a constant so that the resistivity is increased as the 
temperature coefficient of resistivity is decreased. 
Therefore, in the conventional coaxial cables using the 
inner and outer conductors made of copper alloys, it is 
difficult to reduce the temperature coefficient of resis 

    



S 
tivity without increasing the attenuation even when a 
conductive material with a low temperature coefficient 
of resistivity is used. However, in case of the conduc 
tive materials in which a small percentage of one of the 
metal oxides, ferrite, finely divided thermistor, car 
bides, or finely divided nickel-copper alloy powder is 
dispersed into copper, Matthiessen's rule is not valid so 
that the temperature coefficient of resistivity may be 
reduced by about 30 percent without increasing resis 
tivity. In FIG. 3, a white dot a indicates the measured 
value of a standard annealed copper wire; a white trian 
gle b, a copper wire into which is dispersed 0.2 percent 
of thermistor fine powder; c, a copper wire into which 
is dispersed 0.2 percent of MgO; d, a copper wire into 
which is dispersed 0.15 percent of AlOa, e, a copper 
wire into which is dispersed 0.5 percent of finely di 
vided TiC; and f, a copper wire into which is dispersed 
1.0 percent of nickel-copper alloy powder. Electrical 
properties of these conductive materials are shown in 
Table 2. 

Table 2 

. . p30°C (dp/dT) 30°C 30°C 
Materials (p.2-cm) (u (2-cm/C) ( /C) 

copper 179 6.77 x 10-3 3.78 x 103 
0.2% thermistor-Cu 2.00 555 x 10-3 2.77 x 103 
0.2% MgO-Cu 1.87 5.60 x 03 2.99 x 10: 
0.5% AlO-Cu 1.80 5.10 x 103 2.83 x 103 
0.5% TiC-Cu .79 5.13 x 108 2.86 x 103 
1.0% (Ni-Cu)-Cu 1.98 5.58 x 103 2.82 x 03 

In addition to the above conductive materials, there 
may be used ferrite such as MnCoFe2O4, BaFe2O18, 
NiZnFe2O, NiCuFeO4, LiosFesO4, and the like; ther 
mistor powder consisting of, as a major component, ox 
ides of transition metal elements, that is the oxides of 
Mn, Ni, Co and Cu, and, as a minor component, the ox 
ides of Mo, Fe, Cr, and V; oxides such as MgO, Al2O3, 
MnO, CrO3, VO, VOa, Tho, and the like; and car 
bides such as MoC, SiC, TaC, WC, Fe3C and the like. 
In general, 0.01 - 5.00 percent by weight of these com 
pounds are added to copper to obtain a desired temper 
ature coefficient of resistivity. In addition to the above 
compounds, 0.01 - 5.00 percent by weight of, Ni-Cu . 
alloy may be added to copper. However, when the 
weight of a compound to be added is less than 0.01 per 
cent, a desired low temperature coefficient is not ob 
tained, and when the weight is in excess of 5.0 percent, 
a conductive material becomes too brittle to be drawn 
or rolled even though a satisfactory low temperature 
coefficient of resistivity is obtained. Next, some exam 
ples of the present invention will be described. 

EXAMPLE 1. 

FIG. 4 shows the change of resistivity with tempera 
ture (curve b) of a copper wire into which is dispersed 
0.2 percent by weight of thermistor powder in compari 
son with the curve a indicating that of a pure copper 
wire. The composition of thermistor powder consists of 
40 percent by weight of MnO, 35 percent by weight of 
CoO, 20 percent by weight of NiO and 4 percent by 
weight of CuO 50 grams of pure copper powder of 
about 100 microns in particle size and 50 grams of ther 
mistor fine powder about 40 microns in particle size 
were uniformly mixed in ethyl alcohol, and thereafter 
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the alcohol was evaporated at 50°C. The mixed powder 
was molded into a cylinder under a pressure of 1,000 
kg/cm, and the molded cylinder was sintered for 1 
hour to provide a copper-thermistor mother alloy, 1.6 
grams of the mother alloy was added to 200 grams of 
molten copper at 1,250°C, mixed for about 10 minutes, 
and then cast into a metal mold. The cast ingot was 
forged at 850°C and drawn into a wire 0.7 mm in diam 
eter. The wire was annealed for about 1 hour at 600C 
in vacuum, and then cooled in the furnace. The content 
of thermistor powder in the wire was 0.2 percent. The 
thermistor oxide was uniformly dispersed in copper 
matrix. The resistivity was measured by an automatic 
electrical resistance measuring equipment at 1 x 10 
torr at a speed of 0.625°C/minute. 

EXAMPLE 2 
FIG. 5 shows the change of resistivity with tempera 

ture (curve b) of a copper wire having 0.2 percent of 
ferrite dispersed therein in comparison with that of a 
pure copper wire. 99.8 grams of pure copper powder 
10 microns in particle size and 0.2 grams of MnCoFe 
2O4 500A in particle size was uniformly mixed in ethyl 
alcohol, and thereafter the alcohol was evaporated at 
50°C. The mixture was pressed by a rubber press ma 
chine under a hydrostatic pressure of 3,000 kg/cm, 
and then sintered in vacuum for 2 hours at 950C. The 
pressed material was forged at 850°C and drawn into a 
wire 0.7 mm in diameter. The wire was annealed for 
about 1 hour at 600°C in vacuum and then cooled in 
the furnace. Ferrite was uniformly dispersed in copper 
matrix which was confirmed by an image analyzer in a 
quantitative metallurgical system. 
Co-precipitation of MnCoFeO. was effected by re 

action in aqueous solution and then synthesized by hy 
drothermal synthesis. The particle size of MnCoFe2O, 
was confirmed by an electron microscope. In like man 
ner, other ferrites such as BaFe2O1, NiZnFe2O, 
NiCuFe2O and Lios Fe2O4 were used, and the electri-, 
cal properties of copper wires thus provided are shown 
in Table 3. 

Table 3 

Resis 
tivity temperature coefficient 

(u0-cm) coefficient of pure 
copper wire 

pure copper 1792 6.77 100 
0.5% BaFeO-Cu 2.10 5.42 80.0 
0.2% NiZnFeO-Cu 1.87 5.46 80.7 
0.1% NiCuFeO-Cu 1.85 570 84.2 
0.2% Liosfe.s0-Cu 2.07 5.57 82.3 
0.2% MnCoFeO-Cu 188 5.40 79.8 

EXAMPLE 3 

FIG. 6 shows the change of resistivity with tempera 
ture (curve b) of a copper wire containing 0.2 percent 

60 

65 

of MgO in comparison with the curve a of a pure cop 
per wire. 
50 grams of pure copper powder about 100 microns 

in particle size and 50 grams of MgO about 10 microns 
in particle size were mixed in ethyl alcohol, and then 
the alcohol was evaporated at 50°C. The mixture was 
pressed into a cylinder by a mechanical press under a 
pressure of 1,000 kg/cm. The mold was sintered for 
about 1 hour at 800°C to provide a Cu-MgO mother al 
loy. 1.6 grams of the mother alloy was added to 200 



7 
grams of molten copper at 1,250°C and mixed for 
about 10 hours before it was cast in a mold. The yield 
of MgO in the mother alloy was about 50 percent, and 
the copper alloy contained 0.2 percent of MgO. The 
ingot was forged at 850°C, drawn into a wire 0.7 mm 5 
in diameter, annealed in vacuum at 600C for about 1 
hour and then cooled in the furnace. The added MgO 
was uniformly dispersed in a copper matrix, and the 
change of resistivity with temperature was measured by 
an automatic electrical resistance measuring equip 
ment at l X () torr and at a speed of 0.625°C/minute. 

In like manner, 99.5 grams of pure copper powder 10 
microns in particle size and 0.5 grams of ThC), powder 
0.7 microns in particle size were uniformly mixed in 
ethyl alcohol, and thereafter the alcohol was evapo 
rated at 50°C. The mixture was pressed by use of a rub 
ber press machine under a pressure of 3,000 kg/cm, 
and sintered for 2 hours at 950°C in vacuum. The sin 
tered material was forged at 850°C, drawn into a wire 
of 0.7 mm in diameter, annealed for 1 hour at 600°C 
in vacuum and then cooled in the furnace. It was con 
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50 grams of pure copper powder 100 microns in par 
ticle size and 50 grams of TiC 40 microns in particle 
size were uniformly mixed in ethyl alcohol and thereaf 
ter the alcohol was evaporated at 50°C. The mixture 
was pressed into a cylinder by a mechanical press under 
a pressure of 1,000 kg/cm' and the cylinder was sin 
tered for one hour at 800°C to prepare a Cu-TiC 
mother alloy. 2.0 grams of the mother alloy was 
charged into 98 grams of molten copper at about 
1,250C and mixed for 10 minutes before it was cast 
into a metal mould. The yield of TiC in the mother 
alloy was about 50 percent, and the ingot contained 0.5 
percent of TiC. The ingot was forged at 850°C, drawn 
into a wire of 0.7 mm in diameter, annealed for about 
1 hour at 600°C in vacuum, and then cooled in the fur 
nace. The change of resistivity with temperature was 
measured by an automatic electrical resistivity measur 
ing equipment at 1 X 10 torr and at a speed of 
0.625°C/minute. 
Table 5 shows the electrical properties of copper 

wires containing carbide powder. 

Table 5 

resistivity cy30 (dp/dT) ratio to 
(pus)-cm) (x 10-91°C) (X 10-8 dp/dT of 

u)-cm/°C pure 
copper 

pure copper 79 3.78 6.77 (O 
0.5% TiC-Cu 1792 2.86 5.13 75.8 
1.5%. TiC-Cu 1870 3.02 5.65 83.5 
0.3% WC-Cu 1904 2.93 5,58 82.4 

firmed by an image analyzer in a quantitative. metallur- EXAMPLE 5 
gical system that ThC), was uniformly dispersed in cop- . 
per matrix. 35 

in like manner the copper wires containing other ox 
ides such as MnO, CrO2, VO2 and V2O3 were pre 
pared, and the electrical properties of the copper wires 
of Example 3 were shown in Table 4. 40 

Table 4 

temperature . ratio to the 
resistivity coefficient temperature 45 
(p.2-cm) of coefficient 

resistivity of pure copper 

pure copper 1792 6.77 100 . 
0.2% MgO-Cu 1.87 5.60 82.7 
0.5% Tho-Cu 1.98 S.38 79.5 
0.3% MnO,-Cu 1.95 5.62 83.0 50 
0.3% CrO-Cu 1.86 5.43 80.2 
0.5% VO,-Cu 2.09 5.72 84.5 
0.5% VO-Cu 2.11 5.69 84.0 

55 

EXAMPLE 4 

FIG. 7 shows the change of resistivity with tempera 
ture (curve b) of a copper wire having 0.5 percent of 
TiC dispersed therein in comparison with that of a pure 60 
copper wire (curve a). 

pure copper 
0.1% (Ni-Cu 
-Cu 

FIG. 8 shows the change of resistivity with tempera 
ture (curve b) of a copper wire containing l percent of. 
(50% Ni-Cu), alloy in comparison with that of a pure 
copper (curve a). 

198 grams of pure copper powder about 100 microns 
in particle size and 2.0 grams of (50% Ni-Cu) alloy 
about 40 microns in particle size were uniformly mixed 
in ethyl alcohol. (50%. Ni-Cu) alloy was prepared by 
an atomization method. A ball mill was used for mixing. 
The ingredients were therefore 99% Cu. and 1 percent 
(50% Ni-Cu). 
The mixture was dried at 50°C to completely remove 

the alcohol and was pressed into a cylinder about 200 
mm in length and about 10 mm in diameter by a rubber 
press machine under the pressure of 2,000 kg/cm. The 
cylinder was sintered in vacuum for 30 minutes at 
700°C, and thereafter drawn by a swaging machine into 
a wire about 4mm in diameter. The wire was annealed 
at 600°C for a few times in order to prevent the harden 
ing in a continuous drawing step by which the wire was 
finally drawn to a wire 0.7 mm in diameter. The wire 
was annealed for one hour at 600°C. The added NiCu 
was uniformly dispersed in Cu matrix. 
The electrical properties were measured in vacuum 

(1 x 10 torr.) and at a speed of 0.625°C/minute by 
an automatic electrical resistivity measuring equip 
ment, and shown in Table 6. 

Table 6 

(dp/dT). ratio 
resistivity o:30 to dp/dT 
(u2 'cm) (x10-91°C) (x0- of pure 

u)'cm/°C) copper(%) 

1.79 3.78 6.77. 100 

84 3.0 5.5 8.5 
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ratio 
to dp/dT 
of pure 

copper(%) 

84.5 

9 
Table 6 - Continued 

(dp/dT)3 
resistivity cy30 
(p.2cm) (x10-8/C) (x10-8 

u(cm/°C) 
0.5% (Ni-Cu) 
-Cu 87 3.06 5.72 
1.0% (Ni-Cu) 
-Cu .98 2.82 5.58 

Remarks: (Ni-Cu) is 50%. Ni-Cu alloy. 
EXAMPLE 6 

The inner and outer conductors of the coaxial cable 
were made of copper having 0.15 percent of Al2O3 dis 
persed therein, and the insulator was polyethylene with 
a low density for submarine cables. FIG. 9 shows the 
changes of attenuation with temperature of kilometer 
submarine cables of the type described and 1 inch, 1.5 
inch and 2 inch in diameter (curves a', b' and c', re 
spectively) in comparison with those (curves a, b, and 
c) of the conventional submarine cables of 1 inch, 1.5 
inch and 2 inch in diameter and using the ordinary soft 
copper wires. It is seen that the change of attenuation 
of the submarine coaxial cable of the present invention 
is reduced to about .3 as compared with the conven 
tional submarine cables. 
What is claimed is: 
1. A submarine coaxial cable characterized by com 

prising 
a. an inner conductor, 
b. an outer conductor disposed coaxially of said inner 
conductor and in spaced apart relation there with to 
surround the same, 

c. an insulating material filling the space between 
said inner and outer conductors, and 

d. said inner conductor being made of a dispersion 
type conductive material having a temperature co 
efficient of resistivity lower than that of pure cop 
per and consisting of copper and 0.01-5.00 percent 
by weight of finely divided powder dispersed in said 
copper, said finely divided powder being from the 
group consisting of metal oxides, ferrite, thermis 
tor, carbides, and nickel-copper alloy powder. 

2. A submarine coaxial cable as defined in claim 1 
wherein said dispersion-type conductive material con 
sists of copper having 0.01 - 5.00 percent by weight of 
finely divided ferrite powder dispersed therein, said fer 
rite powder being selected from the group consisting of 
MnCoFeO, BaFe O, NiZnfeO, NiCuFeO and 
Lios Fe2.5O4. 

3. A submarine coaxial cable as defined in claim 1 
wherein said dispersion-type conductive material con 
sists of pure copper having dispersed therein 0.01-5.00 
percent by weight of finely divided thermistor powder, 
said thermistor powder consisting of, as a major com 
ponent, oxides of transient elements selected from the 
group consisting of oxides of Mn, Ni, Co and Cu and, 
as a minor component, oxides selected from the group 
consisting of Mo, Fe, Zr, Cr and V. 

4. A submarine coaxial cable as defined in claim 1 
wherein said dispersion-type conductive material con 
sists of pure copper having dispersed 0.01 - 5.00 per 
cent by weight of at least one compound selected from 
the oxide group consisting of MgO, MnO, CrO3, VOa 
and Al2O3. 

5. A submarine coaxial cable as defined in claim 1 
wherein said dispersion-type conductive material con 
sists of pure copper having dispersed therein 0.01 - 
5.00 percent by weight of at least one compound se 
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lected from the carbide group consisting of TiC, MoC, 
SiC, TaC, WC and Fe3C. 

6. A submarine coaxial cable as defined in claim 1 
wherein said dispersion-type conductive material con 
sists of pure copper having dispersed therein 0.01 - 
5.00 percent by weight of 30 - 70 percent Ni-Cu alloy 
(by weight percent). 

7. A submarine coaxial cable characterized by com 
prising 

a. an inner conductor 
b. an outer conductor disposed coaxially of said inner 
conductor and in spaced apart relation there with to 
surround the same, 

c. an insulating material filling the space between 
said inner and outer conductors, and 

d. said inner and outer conductors being made of a 
dispersion type conductive material having a tem 
perature coefficient of resistivity lower than that of 
pure copper and consisting of copper and 0.01 - 
5.00 percent by weight of a finely divided powder 
dispersed in said copper, said finely divided powder 
being from the group consisting of metal oxides, 
ferrite, thermistor, carbides, and nickel-copper 
alloy powder. 

8. A submarine coaxial cable as defined in claim 7, 
wherein said dispersion-type conductive material con 
sists of copper having 0.01-5.00 percent by weight of 
finely divided ferrite powder disposed therein, said fer 
rite powder being selected from the group consisting of 
MnCoFeO4, BaFeOs, NiZnFeO4, NiCuFeO and 
LiosFe2.5O4. 

9. A submarine coaxial cable as defined in claim 7 
wherein said dispersion-type conductive material con 
sists of pure copper having dispersed therein 0.01-5.00 
percent by weight of finely divided thermistor powder, 
said thermistor powder consisting of, as a major.com 
ponent, oxides of transient elements selected from the 
group consisting of oxides of Mn, Ni, Co and Cu, and, 
as a minor component, oxides selected from the group 
consisting of Mo, Fe, Zr, Cr and V. 

10. A submarine coaxial cable as defined in claim 7 
wherein said dispersion-type conductive material con 
sists of pure copper having dispersed 0.01-5.00 percent 
by weight of at least one compound selected from the 
oxide group consisting of MgO, MnO, CrO, VO and 
Al2O3. 

11. A submarine coaxial cable as defined in claim 7 
wherein said dispersion-type conductive material con 
sists of pure copper having dispersed therein 0.01-5.00 
percent by weight of at least one compound selected 
from the carbide group consisting of TiC, MoC, SiC, 
TaC, WC and FeC. 

12. A submarine coaxial cable as defined in claim 7 
wherein said dispersion-type conductive material con 
sists of pure copper having dispersed therein 0.01-5.00 
percent by weight of 30 - 70 percent Ni-Cu alloy (by 
weight percent). 
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