
United States Patent [19] 
Yoshida et a1. ' 

[54] LEAKY COAXIAL CABLE 

[75] Inventors: Kenichi Yoshida; Yoshio Miyamoto, 
both of Osaka, Japan 

[73] Assignee: Sumitomo Electric Industries, Ltd., 
Osaka, Japan 

[22] Filed: May 4, 1972 

[21] Appl. No.: 250,277 

[52] US. Cl. ................ .. 333/84 R, 333/96, 343/771 
[51] Int. Cl. ...................... .. H01q 13/22, I-IOlp 3/06 
[58] Field of Search ................ .. ‘333/97 R, 84 R, 96; 

343/770, 771 

[56] References Cited 
UNITED STATES PATENTS 

2,604,594 7/1952 ‘White .............. ..-. ................ .. 333/96 

3,629,707 12/1971 Baba et a1. .... .. 333/97 R 
2,756,421 7/1956 Harvey et al. .. .... .. 343/770 

2,387,783 10/1945 Tawney.... 333/96 
3,031,666 4/1962 Butler .... .. 343/771 
2,816,285 12/1957 Topol . . . . . . . . . . . . . . . . . . .. 343/770 

3,106,713 10/1963 Murata et al. . . . . . . . . . . . . . .. 343/770 

3,560,970 2/1971 Kamimura et al. .. 343/771 
3,601,721 8/1971 Justice ................................ .. 333/96 

FOREIGN PATENTS OR APPLICATIONS 
853,398 3/1940 France ................................ .. 333/96 

[11] 3,781,725 
[45] Dec. 25, 1973 

OTHER PUBLICATIONS 

Oh et al., “Novel Slotted Line Uses Slow~wave Tech 
nique,” Electronics, 8-31-62, pp. 4647. 

Primary Examiner-Rudolph V. Rolinec 
Assistant Examiner-Wm. H. Punter 
Att0rney—Carothers et al._ 

[5 7 ] ABSTRACT 
The present invention provides a leaky coaxial cable 
for communication with moving vehicles which com 
prises an inner conductor with delaying properties for 
an electro-magnetic wave and an outer conductor hav 
ing a slot arrangement made of an oblique slot ar 
ranged repeatedly in a constant period or made of a 
group of oblique slots arranged repeatedly in a con 
stant period, with said slots of each group being ar 
ranged in a different period therein. When such a 
leaky coaxial cable is installed along a track for a 
moving vehicle and fed by a communication signal of 
a very low frequency band as around 30 MHz, the 
coupling level fluctuation between the leaky coaxial 
cable and the antenna of a mobile unit in accordance 
with the movement thereof is extremely reduced even 
over such low frequency band and furthermore the 
operable frequency band width is made broader. 

8 Claims, 9 Drawing Figures 
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LEAKY COAXIAL CABLE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to leaky-coaxial cables. 
2. Description of the Prior Art 
A typical structure of a conventional leaky coaxial 

cable is shown in FIG. I, in which the leaky coaxial 
cable comprises an inner conductor designated by ref 
erence number 1, an outer conductor 3 in which a se 
ries of slots 51, 52, . . . are provided in the axial direction 

with a constant period. An insulator is provided be 
tween the inner conductor 1 and the outer conductor 
3 and an insulator sheath 4 protects the outer conduc 
tor 3. The main electric characteristics of the cable, 
such as the uniformity of distribution of leaking wave, 
the stability thereof, and the frequency band width 
which can be used for stable leaky wave radiation, etc. 
are mainly determined according to the structure of the 
slots provided in the outer conductor, such as the shape 
and the period of the arrangement of the slots. As is 
shown in FIG. 1, the main directions A and B of the 
currents ?owing on the inner conductor 1 and ?owing 
on the inner wall of the outer conductor 3 respectively 
are nearly parallel to the axis of the cable and are re 
versed alternately by theperiod of about one-half the 
wave length. Taking into consideration the distribution 
of the currents mentioned above, a suitable slot shape 
and period of arrangement must be determined for sta 
ble leaky wave radiation. 

In a leaky coaxial cable as shown in FIG. 1, the prop 
agation phase constant 'yn in the radial direction of the 
cable is indicated, as is well known, by the following 
formula; 

(l) 
Wherein p is the period of the slots, )t is the wave length 
in free space of a used frequency, )g is a propagation 
wave length in the cable, and n is an integer. The condi 
tions of stable radiation ' is de?ned as (3M)2 > 0 in 
equation (llandths number of integsrs.whi<.>b_,v_rill 
satisfy the above conditions‘ and provide the leaking 
of a single beam wave should be only one. In view of 
these facts, it is known that the period p of the slots I 
is restricted by the following formula; 

l/v+ l> )\/p > 1/é(l/1/+l) 
(2) 

wherein u is the shortening ratio of the wave length 
which is de?ned by the ratio of the wave length in a co 
axial cable to the wave length in free space. - 
FIG. 2 is a graph illustrating formula (2), in which by 

setting the abscissa for v and the ordinate for k/p, the 
area designated by the oblique lines shows a range in 
which the conditions of a stable radiation of a single 
beam wave are satis?ed. When the shortening ratio v 
of the wave length of the coaxial cable is given, the 
range of the value of )t/p is decided. 
Now, one of the most important electric characteris 

tics of the leaky coaxial cable is the uniformity of the 
coupling level between the cable and the antenna of a 
mobile unit travelling beside the cable. The uniformity 
of the coupling level along the axis of the cable in 
creases in accordance with the density of the slot ar 
rangement on the cable. Accordingly, when designing 
the leaky coaxial cable, the period p of the slots must 
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2 
be decided so as to satisfy both the above condition of 
uniformity of the coupling level and the condition de 
?ned by equation 2. 

It is known that in the construction of a conventional 
leaky coaxial cable as shown in FIG. 1, the value of v 
is about 0.9, and even when the space between the 
inner conductor and the outer conductor is wholly 
?lled with an insulator such as polyethylene, the value 
of the shortening ratio of the wave length of the cable 
reachs about 0.67 at the most. The allowable ranges of 
k/p corresponding to these values of 0.67 and 0.9 of v 
are designated by references D and E in FIG. 2, respec 
tively. Therefore, for such construction as shown in 
FIG. 1 of a conventional leaky coaxial cable, the pref 
erably frequency band is about 400 MHz and is limited 
at the most to about 150 MHz from the viewpoint of 
the single wave radiation stability and uniformity of the 
coupling property. If a value of A/p is selected as about 
2 in the range of D or E for stable radiation restricted 
by formula 2 and an operation frequency is selected as 
150 MHz whose wave length A is 2 meters, the slot pe 
riod p will be determined to be about 1 meter. 
Such a value for p is almost the limit for keeping the 

uniformity of the coupling level. In the case where a 
lower frequency such as 30 MHz whose wave length is 
10 meters is required to be used under the structure of 
the conventional leaky coaxial cable having the value 
of Alp as 2, the slot period will be about 5 meters only 
because of the condition of stable radiation. 
However such a long slot period causes a strong ?uc 

tuation of coupling level along the cable which is very 
harmful for communication with mobile units. 

THE SUMMARY OF THE INVENTION 

As is obvious from FIG. 2, if the value of the shorten 
ing ratio vcan be selected to be small enough even at 
a low frequency band by improving the structure of the 
leaky coaxial cable, the value of k/p could be very large 
and the range thereof could also be wide. 
The object of the present invention is to provide an 

improved leaky coaxial cable having a novel cable 
structure for dissolving the defect of the conventional 
leaky coaxial cable as described above. 
That is, the invention is characterized by employing 

an inner conductor having a construction for delaying 
the electromagnetic wave propagation so as to make a 
small value for the shortening ratio of the wave length 
of the coaxial cable. Any type of conventional delay 
line can be applicable for the inner conductor of the 
cable of the present invention. When such a leaky co 
axial cable is installed along a track for mobile units 
and fed by a communication signal of such a very low 
frequency band as around 30 MHz, the coupling level 
fluctuation between the leaky coaxial cable and the an 
tenna of a mobile unit in accordance with the move 
ment thereof is extremely reduced even over such a low 
frequency band and furthermore the operable fre 
quency band width is made much broader. According 
to the present invention, very good quality communica 
tion with mobile units is successfully obtained. 

BRIEF EXPLANATION OF THE DRAWINGS 

FIG. 1 is a perspective view of a conventional leaky 
coaxial cable partially cut away for explanation. 
FIG. 2 is a graphic illustration showing the zone in 

which the radiation of a single wave is stable. 
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FIG. 3 is a perspective view of one embodiment leaky 
coaxial cable of the present invention partially cut 
away. 
FIG. 4 is a perspective view showing an inner con 

ductor of the leaky coaxial cable of the present inven 
tion. 
FIG. 5 is a perspective view of another embodiment 

of the present invention. 
FIG. 6 is a perspective view showing an inner con 

ductor composed of a plurality of insulated wires of the 
embodiment which is shown in FIG. 5. 
FIG. 7 is a schematic view showing an embodiment 

of the present invention for explaining the slot excita 
tion. 
FIGS. 8 and 9 show side views of two different em 

bodiments of the leaky coaxial cable of the present in 
vention. 

DETAILED DESCRIPTION OF THE INVENTION: 

A leaky coaxial cable has a function of leaking the 
part of the electromagnetic wave which propagates in 
the cable, along the cable axis from slots arranged in a 
suitable period in its outer conductor. Leaky coaxial 
cables have been attracting attention in recent times 
for use in communication controlling systems for mov 
ing vehicles. 
FIG. 3 shows a typical example of the construction of 

the leaky coaxial cable of the present invention. Refer 
ring to FIG. 3, an inner conductor wire 7 is wound in 
a 'spiral fashion around insulator pipe 6. An insulator 8 
is provided for supporting the inner conductor 7. Outer 
conductor 9 has slots 10,, 102, . . . provided therein. An 
insulator sheath is provided around the outer conduc 
tor 9 for protecting it. The space between the inner and 
the outer conductors may be ?lled with a dielectric ma 
terial or may be empty. Also, the spiral conductor wire 
7 is not limited to the form as shown in the ?gure. 
The propagation electromagnetic ?eld in the leaky 

coaxial cable according to the invention can be ana 
lyzed by the well-known Maxwell’s wave equation 
under the boundary conditions that the conductivity 
becomes in?nite in a direction along the conductive 
wire formed in a spiral and becomes zero in a direction 
vertical to that direction. But, the calculation by ap 
proximation methods will be explained brie?y hereinaf 
ter. 
The inductance L of the leaky coaxial cable of the 

present invention comprising the inner conductor of a 
spiral conductor and the outer conductor is de?ned ap 
proximately as the sum of the self inductance of a sole 
noid of in?nite length and the inductance of same 
rasius as coaxial cable having the inner conductor 
which has the same the radius as the radius of the spiral 
conductor and the outer conductor, and it is expressed 
by the following equation mathematically; 
L = no 71' N’a2 + pro/2 log b/a 

where a is the radius of th spiral conductor, b is the ra 
dius of the outer conductor, [.10 is the permeability, and 
N is the number of winding turns of the spiral conduc 
tor per unit length thereof. In regard to the capaci 
tance, the capacitance between the inner conductor 
and the outer conducor is approximately de?ned by the 
following equation; 
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where so and er are a dielectric constant in free space ‘ 

4 
and a relative dielectric constant of the insulator, re 
spectively. 
From formulae (3) and (4), the characteristic impe 

dance 20 of the coaxial cable and the shortening ratio 
11’ of the wave length thereof are obtained by the fol 
lowing equations respectively; 

(5) 

V 

(6) 

From the fact that the shortening ratio of the wave 
length for the usual coaxial cable is provided as v0 = 
IA/Z, the shortening ratio 11' of the wave length of the 
leaky coaxial cable of the present invention may be 
made as v’ < vo by selecting the suitable sectional di 
mensions a and b of the cable and the winding turns per 
unit length N of the spiral conductor. Therefore, the 
above two equations provide the basic equations for 
designing the sectional dimensions and the winding 
turns of the spiral conductor of the leaky coaxial cable 
of the present invention. 

FIG. 4 shows an inner conductor formed by a spiral 
conductor strip 11 in place of the conductive wire of 
the inner conductor described above. 
FIG. 5 shows another construction of the leaky coax 

ial cable of the present invention. Referring to FIG. 5, 
the insulator mandrel 6 having a circular cross section 
and a set of a plurality of conductive wires 12 which are 
coated with an insulator respectively and wound 
closely around the insulator mandrel 6 to form the 
inner conductor and it is supported coaxially along the 
axis of the outer conductor 14 by the insulator 13. The 
slots 15 are provided on the outer conductor periodi 
cally in the direction of the axis of the cable, and fur 
ther, the outer surface of the outer conductor is cov 
ered with a insulator sheath 16. 
FIG. 6 shows a detailed construction of the inner 

conductor used in the cable as shown in FIG. 5. In the 
?gure, the three conductive wires 12,, 122 and 123 
isolated from each other are wound around the insula 
tor 6 closely and in parallel to each other in a spiral 
with a winding pitch (1 or with winding turns of N = 1/d 
per unit length. 
Although the three isolated wires are used for the 

inner conductor in the above embodiment, one or a 
suitable number of the insulated wires can be used. 
When using an inner conductor composed of conduc 
tive wires which are closely wound, the distribution of 
current ?owing in the outer conductor is uniform in 
correspondence to the current ?owing on the inner 
conductor and excitation of the slots can be carried out 
uniformly, so that a uniform leaky electric ?eld is gen 
erated along the leaky coaxial cable of the present in 
vention. 
As a plurality of the isolated conductive wires in the 

above embodiment are used, the conductivity in the 
winding direction X of the conductive wire shown in 
FIG. 6 will be made in?nite and the conductivity in the 
vertical direction Y will be made zero. 

It is obvious that the shape and the arrangement of 
the slots of the outer conductor of th leaky coaxial 
cable having an inner conductor of the spiral conductor 
or conductors as described above must be determined 
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so as to have these slots effectively cut the current ?ow 
ing to the outer conductor. 
FIG. 7 is a drawing explaining the relation between 

the shape and arrangement of the slots of the leaky co 
axial cable and the current ?owing therein. Referring 
to FIG. 7, it is understood that the current on the inner 
surface of the outer conductor ?ows to the direction of 
dotted arrow 18 nearly circumferentially. Correspond 
ing to that the current ?ows in the direction of arrows 
17 along the spiral conductor of the inner conductor. 
Therefore, in the case as shown in FIG. 7, the slots must 
be arranged in parallel to the axis of the cable and with 
a small slot period in order to make the slots effectively 
cut the current ?owing to the circumferential direction 
on the outer conductor. The arrows 191, 192, . . . in the 

?gure show the electric ?elds appearing across the slots 
10,, 102. . . cutting the current in the circumferential 
direction. According to the arrangement of the slots in 
the present invention, only the component of the elec 
tric ?eld in the circumferential direction of the cable is 
principally radiated to the outer space. Such a leakage 
wave of the electric ?eld is a vertically polarized wave, 
and this is very advantageous for the usual radio com 
munication system employing the vertically polarized 
wave. ’ 

Further, the relation between the angle of the spiral 
winding of the inner conductor and the angle of the 
slots with respect to the cable axis Z are determined 
precisely in such a manner that when the inner conduc 
tor is made of a plurality of insulated wires wound spi 
rally by a pitch angle a as shown in FIG. 6 and the cur 
rents ?ow along the insulated wires, while the corre 
sponding currents on the outer conductor are ?owing 
in the direction of the arrow F as shown in FIG. 8, the 
slots 20,, 202 . . . should be provided in the outer con 

ductor obliquely with an angle a’ to perpendicularly 
cut the current ?owing in the direction F so as to excite 
the slot with maximum strength and they should be 
placed with a suitable constant repeating period P 
which will be explained later. The oblique angle a’ of 
the slots may be an element for controlling the leakage 
amount of the electromagnetic wave. Therefore, the 
slots of the leaky coaxial cable of the invention may be 
arranged in parallel to the axis Z of the cable, that is a 
' is zero, or may be arranged obliquely as I‘I < 0, or in 
some cases as I" < 0, for obtaining a desired amount 
of leakage of the wave along the cable. 

In regard to the period p of the slots, it must be deter 
mined by taking into consideration the operation fre 
quency band of the propagating wave in the leaky coax 
ial cable. As mentioned with respect to conventional 
leaky coaxial cables, the value of )t/p is also governed 
by the following formula; 
l/v’+1>)\/p>';é(l/v’+l) (7) 

Formula (7) shows the frequency band which may be 
stably used in relation to the repeating'period p of th 
slots. This is quite the same as the above equation (2) 
for the condition for the conventional coaxial cable, 
but in the case of the present invention the shortening 
ratio 1/’ of the wave length is very different from the 
value of v of the conventional coaxial cable. In the case 
of the conventional coaxial cable, 1/ = 0.67 is taken asv 
the Maximum, for getting single beam wave radiation. 
On the contrary, in the case of the present invention, 
for example, the value of u’ may be taken to be a very 
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6 
small value such as v’ = 0.2. By inserting this value into 
equation (7), the following ‘relation is provided: 

It is understood that when a wave length 11' of the 
leaked electromagnetic wave is given, the repeating pe~ 
riod p of the slots of the leaky coaxial cable of the pres 
ent invention can be made very short compared with 
that of the conventional coaxial cable. This is especially 
effective for a very low frequency band in which the 
slot period p of the conventional system could not be 
obtained to be a small value. The slot period p can be 
made very small, to one severalth of that of the conven 
tional one according to the present invention. This is 
very advantageous in view of the uniformity of the cou 
pling level obtained along the leaky coaxial cable with 
the mobile antenna. 
FIG. 9 shows a side view of an improved leaky coax 

ial cable according to the teachings of the present in 
vention. The slots are arranged in such a manner that 
a group of slots whose elemental slots are arranged re 
peatedly with a minor constant period q and with a con 
stant oblique angle a’ with respect to the axis Z of the 
cable on the outer conductor, are arranged repeatedly 
in a major constant period p so as to provide a wide 
range for the band width of the usable frequency and 
also so as to provide suf?cient uniform distribution of 
the radiation electric ?eld at a low frequency band. The 
condition of formulae (1) and (7) may also be applica 
ble to such leaky coaxial cables as shown in FIG. 9. Ac 
cordingly, it is possible to make the usable frequency 
band broader and extent the distribution of the radia 
tion electric ?eld at the low frequency band along the 
leaky coaxial cable uniformly. 

In all of the embodiments described hereinbefore, 
the slots on the outer conductor are formed as narrow 

and straight slots, but the present invention is not lim 
ited to these con?gurations and it is applicable to all of 
the slot shapes having a vertical component with re 
spect to the direction F of the current ?owing on the 
inner wall of the outer conductor of the coaxial cable. 

It is easily understood that a slot of any shape having 
the vertical component is equivalent to the narrow and 
straight slot having an equivalent oblique angle with re 
spect to the cable axis. 
The leaky coaxial cable of the present invention can 

be very broadly applied to communication systems. 
What we claim is: 
1. A leaky coaxial cable comprising an inner conduc 

tor having a structure for delaying an electromagnetic 
wave which consists of an elongated insulator mandrel 
core‘and‘ at least one isolated-conductor wound thereon 
in a spiral; and an outer coaxial conductor having a slot 
array arranged in the axial direction, the angle of each 
of said slots in relation to the cable axis being selected 
such that the slots cut the current ?owing on the inner 
surface of the outer conductor at an angle selected to 
obtain the desired amount of wave leakage, the value 
of the winding pitch P of said wound conductor being 
determined by the formula: 

wherein u’ is a wave contraction ratio and A is the 
wavelength in free space of an operating wave. 
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2. The leaky coaxial cable of claim 1 wherein said 
slots are arranged in groups with a predetermined 
minor slot period for each group and a larger constant 
major slot group period between adjacent slot groups. 

3. The leaky coaxial cable of claim 1 wherein a plu 
rality of said wound conductors are employed with said 
wound conductors isolated from each other. 

4. The leaky coaxial cable of claim 1 wherein said 
wound conductor is a round wire conductor. 

5. The leaky coaxial cable of claim 1 wherein said 
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8 
wound conductor is a tape conductor. 

6. The leaky coaxial cable of claim 1 wherein said 
slot angle is selected such that the slots are perpendicu 
lar to the winding direction of said wound conductor. 

7. The leaky coaxial cable of claim 1 wherein said in 
sulator mandrel core is circular in cross section. 

8. The leaky coaxial cable of claim 1 wherein said 
slot angle is other than parallel to the winding direction 
of said wound inner conductor. 

* * * * * 
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inner conductor having a structure for delaying 
an electromagnetic wave which consists of an 
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an outer coaxial conductor having a slot array 
arranged with a slot period p in the axial direction, ' 
the angle of each of said slots in relation to the 
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the current flowingon the inner surface of the outer 
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