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This invention relates to a conducting sys-
tem for transmitting with small attenuation
a band of frequencies whose upper limit ex-
tends well above the frequencies now em-

5 Ployed in carrier transmission.

Modern developments in the art of com-
munication render it highly desirable to have
available for transmission purposes a system
which will transmit without undue atfenua-

10 tion, frequencies extending from the audio
frequency range well up into the radio fre-
quency range. For example, high grade cir-
cuits are now required for the transmission
of programs over telephone lines to broad-

15 casting stations. In order to transmit musi-
cal programs it is necessary to provide cir-
cuits that will transmit a band of frequencies
extending well up toward 10,000 cycles, as
compare§ with the voice range ordinarily

20 eémployed in telephony, which did not exceed
about 2,500 cycles. For the best quality of
transmission of music it might be desirable
to transmit over telephone lines frequencies
up to the audio limit, which would be in the

25 Deighborhood of 15,000 or 20,000 cycles.
Modern cable circuits are not adapted for
transmission of such high frequencies, and
the only commercial circuit now available
which would be capable of transmitting fre-

30’ quencies of this order would be the open wire
circuits which have heretofore been employed
for high frequency multiplex. carrier trans-
Inission. : .

Even for carrier transmission, open wire

35 lines have been found uncommercial for the
transmission of frequencies much above 30,-
000 cycles. If, therefore, an open wire line
is used for the transmission of a high grade
‘audio frequency program involving frequen-

40 cles in the neighborhood of 15,000 or 20,000
cycles, the remanent frequency range above
such audio band would be so narrow as to be
of little use for carrier transmission. From
this standpoint, therefore, it would be highly

¢ desirable to have available a circuit which

. comes desirable to have available a conduct-

‘the same time available

would transmit without undue attenuation
frequencies much higher than 30,000 cycles.
The modern development of television also
introduces a new factor. Existing television
systems which have been experimented with
have been limited to the transmission of a
small image of a few square inches in area,
and in such image the elements of the pic-
ture making up the entire image have been
relatively large, so that the picture is not well
defined. ' The mechanical problems involved
in designing a television transmitting and re-
celving apparatus capable of picking up and
receiving with excellent definition a repre-
sentation of some large scene, such as a ball
game or a theatrical performance, are readily
capable of solution by known means, but the
transmission of such a picture electrically in-
volves the transmission of frequencies from
zero up to the neighborhood of 500,000 cycles,
and there is no telephone circuit now avail-
able which would commercially transmit any
such range of frequencies because of the
enormous attenuation involved at frequencies
above about 30,000 cycles. It therefore be-
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ing system which would transmit without
undue attenuation a wide range of frequen-
cies including the extremely high frequencies
necessary for television, the circuit being at
if necessary for the
transmission of a very large number of car-
rier channels or for any desired number of
bands of sufficient width for the transmission,
without undue distortion, of high grade pro-
grams.

In accordance with the present invention a
circuit having these desirable characteristics
is obtained by employing concentric con-
ductors of relatively large diameter, one act-
ing as a return for tge other. The conductors
may be insulated from each other and held in
proper concentric relation by means of spaced
washers of some suitable dielectric of small
loss angle and low dielectric constant so as »
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to introduce a minimum leakage loss between
the conductors. By spacing the washers
relatively far apart the principal part of the
dielectric between the two conductors will

be air which, as is well known, involves sub-.

stantially no leakage loss. The conductors
themselves may be made up of strips or rib-
bons of copper or other suitable conducting
material helically wound to form a substan-
tially continuous cylindrical shell. These
strips or ribbons of conducting material are
crimped at their edges and otherwise pressed
into the general form of the outer metallic
protective tape used in so-called B. X. cable.
One ribbon is helically wound about a suit-
able core with the edges of successive coils
having their crimped portions overlapping
to form the inner conductor. The dielectric
washers are then mounted upon the inner
conductor and another conducting tape or
ribbon similarly coiled upon the outer sur-
faces of the washers to form the outer con-
centric conductor. The whole construction
may then be covered externally by a suitable
waterproof -covering such as is used in ordi-
nary telephone cable or submarine cable.

A conducting system such as above outlined
has a number of advantages since it may be
made waterproof, with the result that the

leakage losses between the conductors (which .

in the case of ordinary open wire construction
vary greatly with weather conditions and at
high frequencies contribute very substantial-
ly to the attenuation) may be made small and
constant. Furthermore, the increase in con-
ductor resistance with frequency due to the
skin effect is relatively small, so that the
increase in the attenuation component due to
resistance is much less rapid than for ordi-
nary open wire construction. Also, the form
of construction is such that interference from
nearby circuits and noise coming from ex-
ternal sources will be practically negligible.
Moreover, the nature of the circuit is such
that even though the outer conductor be
grounded it will not be subject to interfer-
ence from ground currents. This enables the
conductor system to be laid directly on the

metallic supports of an overhead cable or un-.

derground in a conduit without any external
insulation, even where the waterproof cover-
ing is composed of a conductive lead or other
metallic sheath. Also, the velocity of trans-
mission will be uniform for all frequencies.
The invention will now be more fully un-
derstood from the following description when
read in connection with the accompanying
drawing, of which Figures 1 to 7 are curves
illustrating the principles of the invention;
and Fig. 8 is a perspective view partially
broken away of a portion of the conductor
arrangement of the invention. '
Referring to Fig. 8 of the drawing, 10
designates an outer conductor, 12 an inner
conductor mounted concentrically therewith,
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14 dielectric washers for separating the inner
and outer conductors and maintaining them
in concentric relation, 15 a center core upon

which the inner conductor is mounted, and -

16 the waterproof covering which may be of
any suitable material such as is used 1n tele-
phone cables or submarine cables. One of
the conductors 10—12 acts as a return for the
other and not as a mere shield, this fact being
indicated by the conventional representation
of a source of alternating electromotive force
G with its terminals connected to the two con-
ductors.

In order to form the conductors, strips or.

ribbons of conducting mateérial, such as cop-
per, are pressed into the %eneral shape of
the metallic tape employed for protecting so-
called B. X. cable. These strips are crimped
or formed at the edges as shown at 17, and one
of the strips is spirally wound upon the core
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15 with its crimped edges overlapping, as -

shown, to form the inner conductor 12. The
dielectric washers 14 are then mounted upon
the inner conductor 12 in suitable spaced rela-
tion and another tape or ribbon is similarly

" helically wound over the outer surfa.es of

the washers to form the outer conductor, the
whole being rendered waterproof by a suit-
able external covering.

In order that the attenuation may be made
small at high frequencies the leakage loss
between the conductors must be as small as
possible. As the leakage loss is due to the
nature of the dielectric interposed between
the conductors, the dielectric should be prin-
cipally of air, since air introduces no leak-
age loss. Accordingly, the spaced dielectric
washers 14 which hold the two conductors in
proper concentric relation and out of electri-
cal contact with each other, should be sepa-
rated from each other by suitable distances,
and should be made as thin as possible con-
sistent with the required mechanical
strength. They should also be composed of
some dielectric of small loss angle and low
dielectric constant, since if these conditions
are obtained the leakage loss (which in the
ordinary open wire system comprises a large
part of the attenuation) may be made so
small as to be practically negligible. For
example, hard rubber, or preferably pyrex
glass, may be used for the insulating wash-
ers 14..

In this connection it should be noted that
as the outer shell may be made watertight,
the insulating washers will be maintained dry
and free from dirt or contamination, so that
the leakage loss will not increase or change
with time. In ordinary open wire construc-
tion where the insulators are exposed to the
air and to the action of the elements, the in-
sulators become coated with a film of rela-
tively high resistance conductive material
which. introduces large leakage losses, and
these leakage losses are enormously increased
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when the external surfaces of the insulators
become wet. If it were possible to maintain
an open wire line with its insulators in the
dry and clean condition which characterizes
them when they come from the factory, the

attenuation component due to leakage would

- be so small as to be negligible. It will be

‘10

. the outer conductor is grounded, it is pos-"

18

445

%
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evident, therefore, that the use of spacing
washers in a manner above described intro-
duces substantially no leakage loss.

Since, as will be explained later, a conduct-
ing system of this type will be practicall
free from external interference even thougﬁ\

sible to mount the concentric conductor ar-
rangement upon the metallic supports of an
ordinary overhead cable construction, or to
germit the conductor arrangement to be

uried directly in the ground or laid in a con-
duit such’ as might be employed for under-
ground cable. The concentric conductor ar-
rangement herein described is “particularly
adapted for these purposes as the helical ar-
rangement of the conducting strips permits.

of a flexible construction similar to that ob-

taining in ordinary telephone cable so that
it may readily be pushed through the ducts
of an underground conduit. _

As has been previously pointed out, no in-
sulation between the outer conductor and
any external conductor is necessary in order
to prevent interference. - The insulation of
the system, so far as it affects transmission, is
confined entirely to the space between the two
concentric conductors. Consequently, b
making the external conductor waterproof,
the leakage due to the dielectric of which the
washer 14 is composed will not change with
wet weather, and the surfaces of the dielec-
tric washers will not deteriorate with time
due to accumulations of dirt or other foreign
substances. The leakage loss of the system
will therefore be confined to that leakage loss
which will be due to the dielectric material
of which the washers are composed when the
washers are new, clean and dry. If reason-
ably good dielectric material is employed,
the leakage loss due to the supporting wash-
ers will be practically negligible, and if a ma-
terial of very low loss angle and dielectric
constant is used, such for example, as pyrex
glass, the factor of attenuation which 1s due
to leakage will be so small as to be practically
negligible. In ordinary open wire line con-
struction (which has the lowest attenuation
at high frequencies of any type of construc-
tion now employed in telephone practice) the
attenuation due to leakage losses has been
very large, and in wet weather becomes enor-
mous. With the present type of construction
this factor of the attenuation becomes of
little importance, and any attenuation due
to this factor is fixed and unchangeable with
variations in weather conditions. o

In the ordinary type of conductor system,

either open wire or cable, where one solid

wire acts as a return for another solid wire,

the component of the attenuation which is

due to the skin effect is of great importance
at high frequencies. As is well known, where
a solid conductor is employed, as the fre-
quency becomes higher more and more of
the current tends to flow at or near the surface
of the conductor, so that the conductive ma-

- terial near the center of the conductor takes

but little part in the action at high frequen-
cies. . As a consequence, the conductor resist-

ance increases with frequency as a smaller and

smaller part of the cross-section of the con-
ductor is usefully employed. If the same
amount of conductor material is arranged in
the form of a relatively thin shell, the re-
sistance at any given high frequency is ve

much reduced because now more nearly :ﬁ
of the material of the conductor is usefully
employed in transmitting current. With a
system of concentric conductors, such as de-
scribed in connection with the present inven-
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tion, both. conductors, being in the form of -

thin hollow shells, offer a much less resistance:

at high frequencies due to the skin effect for
the same amount of conductive material than
in the case of an ordinary transmission cir-

-cuit consisting of two solid wires. In fact,

with a system of concentric conductors such
as herein disclosed, the current at higher fre-
quencies tends to flow more and more at the
inner surface of the outer conductor and the
outer surface of the inner conductor, due to
the well known proximity effect. The result
is that while that component of the attenua-
tion which is due to the conductor resistance
increases with freqllllency, the rate of increase
is very much less than in the case of an open
wire line. By means of the construction
above described, therefore, we have the one
component of the attenuation which is due
to leakage losses or the so-called “shunt ef-
fect” reduced to practically negligible pro-
portions by reason of the fact that the di-
electric between the conductors is very large-
ly of air and such other dielectric as is em-

ployed introduces but little leakage, while

the other component of attenuation, namely,

that due to the conductor resistance or so-

called “series effect” is very much reduced as
compared with the ordinary type of conduct-
ing system for any given frequency. S

The form of construction herein disclosed
also has the advantage that it does not pro-
duce material interference in the neighboring

circuit and, conversely, is substantially free

from interference from nearby .circuits and
noise coming from external sources.

In order to understand this more clearly
it should be remembered that the interfer-
ence between any two circuits is due to the
fact that the one circuit lies within either
the electric field or the magnetic field, or
both, of the other circuit. Considering first
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the magnetic field, let us consider two con-
ductors @ and b circular in cross-section and
arranged side by side, one acting as a return
for the other. These conductors are shown
in section in Fig. 2. The lines of force due
to the magnetic field surround each conductor
and dre crowded together in the space be-
tween the two conductors. Any other con-
ducting system introduced at a point where
the conductors of such other system will be
cut by these lines of force will have induced
therein cross-talk from the conductor system
a—>b. If, now, we have two conductors 10
and 12, as shown in Fig. 1, in the form of
hollow shells concentrically arranged and the
one acting as a return for the other, each
conductor has lines of magnetic force sur-
rounding it, each successive line of force be-
ing of larger radius and all of the lines, due
to the current flowing in the particular con-
ductor, such as 12, being external thereto. As
the current flows in one direction through the
conductor 12 and in the opposite direction
through the conductor 10, the lines of mag-
netic force due to the current through the
conductor 12 are in one direction, as indi-
cated by the arrows, while those due to the

current flowing in the conductor 12 are in’

the opposite direction. Now, an inspection
of Fig. 1 shows that some of the lines of
force due to the current in the conductor 12
are within the conductor 10, but none are
within the conductor 12. On the other hand,
all of the lines of force due to the current
flowing in the conductor 10 are external to
said conductor, and the two magnetic fields
produced by the currents flowing in the two
conductors tend to oppose each other outside
of the conductor 10. The resultant field of
magnetic force external to the conductor 10
is, therefore, very small, and the only effec-
tive magnetic field lies within the space be-
tween the two conductors. Since the external
magnetic field is very small it is obvious that
another conductive system external to the
conductor 10 will not receive any appreciable
amount of cross-talk interference from the
conducting system 10—12.

In so far as the electric field is concerned,
the distribution of the field in the case of
two parallel conductors a and % is as indi-

* cated in Flig. 4, so that any external conductor

60

which is cut by the lines of electric force be-
tween @ and & wil have cross-talk induced
therein. In the case of the two concentric
conductors 10—12, however, the electric field

set up due to currents flowing in the two con-

ductors is entirely between the adjacent sur-
faces of the two conductors, as indicated in’
Fig. 8. No external conductor can possibly
be cut by any of the lines of the electric field
due to current flowing in the conductor 12
and returning in the conductor 10, or vice

# versa, and hence so far as the electric field

1,781,124

is concerned, no possible external interference
can take place.

The concentric arrangement not.only has
the advantage that it produces substantially
no external geld to interfere in other circuits,
but it is practically free from interference
due to any external source. For example,
referring to Fig. 5, let us assume that some
external force produces a field as represented
by the arrows. The lines of force cutting
the two concentric conductors produce dif-
ferences in potential between points of the
two conductors. For example, consider the
points ¢ and d, the one on the outer surface
of the conductor 12 and the other on the
inner surface of the conductor 10. The lines
of force cutting the two conductors produce
an induced E. M. F. between these points in
the direction and having the value indicated
by the arrow ¢—d. Since the same number
of lines of force cut the two conductors on the
opposite side of the diagram, a difference in
potential indicated by the arrow ¢’—d* will
be produced between the two points ¢’ and
d’. The induced potential ¢—d, however,
tends to produce a current flow equal to and
opposite that induced by the difference of
potential at ¢’—d’, so that a balance is ob-
tained. Due to the symmetry of the conduct-
ing system with respect to the cutting lines
of force, all differences in potential induced
between any other two points of the two con-

ductors will be balanced by similar differ-

ences of potential induced at corresponding
points on the opposite side, so that if the in-
terfering field is evenly distributed through
the cross-scectional area of the conducting
system (as would be the case where the inter-
fering source is not too near the system sub-
stantially no interfering effect would result
in the conducting system 10—12,

While the foregoing explanation only ap-
plies to fields perpendicular to the axis of
the conducting system, field components par-
allel to the axis are also prevented from caus-
ing interference. This is because the skin
effect in the outer conductor furnishes pro-

- tection against such field.

As has been previously stated, the concen-
tric conducting system is free from external
interference even though the outer conductor
be grounded, and hence there is no necessity
for insulating the outer conductor from me-
tallic supports in case it is mounted like
an overhead cable, or from ground in case it
is placed in a conduit. The reason for this
is that a ground return circuit is noisy, due
to the fact that a wire supported ‘above
ground forms with the ground a.loop to pick
up stray fields. But from the diagram of
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Fig. 5 it is evident that if the outer conductor

such as 10 is grounded so that it in effect
becomes a ground return for the conductor 12,
it is only the space between th two concen-
tric conductors that acts as the loop to pick
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u}) stray fields. Hence, as has been just ex-
plained in connection with Fig. 5, substan-
tially no interfering currents are induced in
the conductors 10—12. .

In order that a conducting system such as
herein disclosed may have as small attenua-
tion as possible at high frequencies, the di-
ameters of the two concentric conductors
should be made as large as possible. How-
ever, due to practical considerations it may
be desirable that the system. should be of
such character that it might be used in exist-
ing cable ducts or in connection with present
aerial cable construction. For these reasons,
in practice it is convenient to make the di.
ameter of the external conductor not much
greater ‘than about two and five-eighths
inches, if the conductor is to be used in the
existing telephone plant. For mechanical
reasons the thickness of the conductors should
be made as small as is consistent with secur-
ing l1;1’0per values of electrical resistance and
mechanical strength. 1In general, it has been
found that if the concentric conductor is
made thick enough to satisfy the mechanical
requirements, the electrical resistance is not
& hmiting factor in the attenuation at high
frequencies. This is due to the skin effect
or proximity effect which, as previously de-
scribed, causes the current to crowd to the
outer surface of the inner conductor and the
inner surface of the outer conductor as the
frequency increases, thereby rendering the
remaining cross-sectional area of little utility
for carrying current.

As the outer conductor isy or at least can
be made watertight, the lea)(age losses can
be reduced to very low values by the use of
pyrex insulation where mechanical support
IS necessary, with the largest possible air
space between the two conductors. Under
these circumstances the leakage loss will not
change with weather conditions. For zero
leakage (a condition which would be ap-
proximately obtained) the attenuation
equals R/2+/C/L at high frequencies, where
R represents the resistance, C the capacity
and L the inductance. From this expression
it is evident that the values of R and C should
be as small as possible. At high frequencies
R is inversely proportional to the diameter
of the conductor, and hence the attenuation
will be smaller at any given frequency the
larger the diameter of the conductor. The
capacity C also is an inverse function of the
diameter and decreases as the difference be-
tween the diameters of the inner and outer
conductors increases. Consequently, if the
diameter of the outer conductor is fixed, as
the diameter of the inner conductor increases
from some small value, the resistance of the
conducting system decreases, while at the
same time the capacity increases. The de-
crease in resistance tends to reduce the atten-
uation while the increase in capacity tends to

‘be impractical to

increase the attenuation. For a given diam-
eter of the inner conductor these two effects
balance and the attenuation becomes g mini-
mum,

Fig. 6 is a curve showing how the attenu-
ation varies with diameter of the inner con-

ductor at 500,000 cycles, with the diameter:

of the outer conductor fixed at two and one-
half inches. This curve shows a minimum
attenuation of .48 transmission units per mile
for an inner conductor diameter of about .7
inch. As will be clear from the curve, either
an increase or decrease of the diameter of
the inner conductor from the foregoing value
results in an increase in the attenuation. In
Fig. 7 is shown a curve of the attenuation at
various frequencies of a concentric conduc-
tor system whose outer conductor has a diam-
eter of two and one-half inches and the in-
ner conductor has the optimum diameter of
about .7 inch. It will be observed from this
curve that while the attenuation increases
with frequency, the slope of the curve is not
stee}f1 and the increase in attenuation is very
much less than would be the case for an open

wire line.
At 500,000 cycles the attenuation per mile
of a 165-gauge open wire circuit with g spac-

ing of 12 inches between wires is 1.67 trans-
mission units, which compares with .43 trans-
mission units per mile for the concentric con-
ductor system. The advantages of using the
latter are even greater than would appear
from these figures on account of the ower
levels to which the current may be attenuated
before a repeater is necessary. This is due to
the absence of coupling to external fields and
results in & very low noise level. On an open
wire circuit the level could not be allowed to
go below —50 transmission units, while with
the concentric conductor system it might be
permitted to fall as low as™—80 transmission
units. If the repeaters are adjusted to give
an output of +10 transmission units, this
would result in a repeater spacing of 36 miles
for the open wire circuit and 210 miles for
the concentric return circuit. It appears to
devise a transmission Sys-
tem for an open wire circuit at such high fre-
quencies, and the high frequency cross-talk
would limit its use to one circuit on g given
lead. Due to the absence of couplings to
other circuits this limitation would not apply
to the concentric conductor system, and any
desired number of such conductor systems
might be mounted upon the same pole line
or carried in adjacent conduits without un-
due interference.
- It follows, therefore, for the transmission
of frequencies up to 500,000 cycles an open
wire circuit would be quite unsuitable, where-
as the concentric conductor system would
carry frequencies as high as 1,000,000 to
2,000,000 cycles or even higher, without un-
due attenuation. A carrier telephone system
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as many as one to two hundred two-way
channels, allowing 5,000 cycles for each chan-
nel in each direction. This is comparable to
the number of circuits which might be ob-

tained from the pairs of wires in a cable of

equivalent size. Any particular circuit in
the cable could not be used for the transmis-
sion of frequencies much above the ordinary

~ telephone range, and hence could not be em-

ployed for the transmission of musical. pro-
grams involving frequencies up to the audio
limit without using a very expensive loading
system. A cable circuit could not conceiv-
ably be loaded to transmit frequencies high
enough for good television transmission.
The concentric conductor system, on the
other hand, may be employed for either pro-
gram transmission or television.

It will be obvious that the general princi-
ples herein disclosed may be embodied in
many other organizations widely different
from those illustrated without departin,
from the spirit of the invention as define
in the following claims.

What is claimed is:

1. In a conducting system for the com-
munication of intelligence, two conductors
connected one as a return for the other, each
conductor being in the form of a shell of
conductive material and the two conductors
being arranged concentrically one inside the
other, means to prevent moisture from en-
tering the interior of the outer conductor,
the inner conductor being formed by spiral-
ly winding a thin strip of conducting ma-
terial so that the edges of successive spirals
overlap, and insulating means for separat-
ing the conductors electrically and for

maintaining them in concentric relation, -

said insulating means being so formed that
the dielectric between adjacent surfaces of
the conductors will be principally gaseous,
and said outer conductor being formed by
spirally winding a thin strip of conducting
material over said insulating means so that
the edges of successive spirals overlap.

2. In a conducting system for the com-
munication of intelligence, two conductors
connected one as a return for the other, each
conductor being in the form of a shell of
conducting material and having a diameter
large as compared with its wall thickness so
that its attenuation will be relatively small
at high frequencies, said conductors being
arranged concentrically one inside the other,
means to prevent moisture from entering the
interior of the outer conductor, the inner
conductor being formed by spirally winding
a thin strip of conducting material so that
the edges of successive spirals overlap, and
insulating means for separating the con-
ductors electrically and for maintaining
them in concentric relation, said insulating
means being so formed that the dielectric

1,781,124

will be principally gaséous, and said outer
conductor being formed by spirally wind-
ing a thin strip of conducting material over

said insulating means so that the edges of

successive spirals overlap.

3. In a conducting system for the com-
munication of intelligence, two conductors
connected one as a return for the other, each

conductor being in the form of a shell of

conductive material and the two conductors
being arranged concentrically one inside the

other, means to prevent moisture from en-.

tering the interior of the outer conductor,
the inner conductor being formed by spiral-
ly winding a thin strip of conducting ma-
terial with crimped edges so that the crimped
edges of successive spirals overlap, and in-
sulating means for separating the conduc-
tors electrically -and for maintaining them
in concentric relation, said insulating means
being so formed that the dielectric between

adjacent surfaces of the conductors will be -

principally gaseous, and said outer conduc-
tor being formed by spirally winding a thin

‘between adjacent surfaces of the conductors
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strip of conducting material with crimped .

edges over said insulating means so that the
crimped edges overlap.

4. In a conducting system for the com-
munication of intelligence, two conductors
connected one as a return for the other, each
conductor being in the form-of a shell of
conducting material and having a diameter
large as compared with its wall thickness so
that its attenuation will be relatively small
at high frequencies, said conductors being
arranged concentrically one inside the other,
means to prevent moisture from entering
the interior of the outer conductor, the inner
conductor being formed by spirally windinﬁ
a thin strip of conducting material wit
crimped edges so that the crimped edges of
successive spirals overlap, and insulating
means for separating the conductors elec-
trically and for maintaining them in concen-
tric relation, said insulating means being so

formed that the dielectric between adjacent-

surfaces of the conductors will be principally
gaseous, and said outer conductor being
formed by spirally winding a thin strip of
conducting material with crimped edges
over said insulating means so that the
crimped edges overlap. :

5. In a conducting system for the com-
munication of intelligence, two conductors
connected one as a return for the other, the
outer conductor being in the form of a shell
of conductive material and the two con-
ductors being arranged concentrically one
inside the other, means to prevent moisture
from entering the interior of the outer con-
ductor, and insulating means for separat-

ing the conductors electrically and for main-.

taining them in concentric relation, said in-
sulating means being so formed that the di-
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electric between adjacent surfaces of the
conductors will be principally gaseous, and
said outer conductor being formed by spiral-
ly winding a thin strip of conducting ma-
terial over said insulatlnf means so that the
edges of successive spirals overlap.

n testimony whereof, I have signed my
name to this specification this 20th day of

May, 1929. :
-HARRY R. NEIN.



