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My invention relates to methods and means
for employing in any system of conductors
whose normal funetion is to carry high-fre-
quency currents, the heating effect caused by

8:the passage of low=frequency or-direct cur-
vents through the system, with freedom from
interference between the sources of the sev-

eral curvents and with ‘economy and maxi-:

mum effectiveness in the performance of the
1 two functions. o L
~ More specifically, my invention is directly
applicable Lo the heating by electrical cui-
rent of systems of elevated conductors, such
as radio- antennas, for the purpose of elimi-
‘nating the effect of high humidity or the
hazard of {ailure due to sleet formation.

Particularly in - northern iatitudes; . an-
tennas are likely to acquire heavy loadings
of ice or slect. It is highly desivable to re-

et
Wt

22 duce to a minimum such ice and sleet load-

ings, not enly because of the risk of breaking
the antenna conductor and cansing the an-
tenna to Tall, but also because s heavy ico or
sleet londing is likely to detune the antenna,

23 first because the antenna conductors may sag.

badly and thus change their effective height
from ground and their effective capacity to
ground, and secondly because lce hag a di-
electric constaut of about three and the pres-
50 ence of ‘a considerable layor of such a me-
dium immediately surrounding .a conduector
will change its capacity to ground.
My invention will be understood from the
following specification and accompanying
s¥ drawing. For purposes of - explanation 1
have described a specific embodiment but ib
will be understood that my invention ix not
limited thereto, but may be applied in many
other and different embodiments, without d
45 parting from the spirit and principles of my
1nvention. : o
In the drawing, Figure 1 ¢hows an antenna
system embodying -the principles of my in-
vention, and Figure 2 shows a cross-section

o
[

which I employ. ;
As an example of the application of my
invention, in Figure 1 there 1z shown a con-

ventional type of radio anfenna which is in

5¢. general use for broadeasting and other pur-

of the composite or non-uniform conductor

% AND CONDU

poses. It will be noted that in this T type:

antenna the horizontal portion, or “fat top”,

abdde 1s connected through the two “down:

leads?, ¢f, and ¢h, to the source of high-fre-

-quency current %, and to the source of low-

frequency or direct current S, Included
in the civcuits of the down leads are, of
course, the conventional adjustable tuning
inductances Ly, which brought their adjus-
tability ailow for the precise tuning out of
the otherwise present reactance of the an-
tennn circuit to the end that the antenna

cirenit may be made resonant to the fre--

quency of the high-frequency supply, S,.
Where the frequency of the high-frequency
supply is less than the natural frequency of
the antenna system, the use of the simple
series inductance here shown will serve ror
the tuning of the antenna system while, if

the frequency of the. high-frequency supply

is greater than the natural frequency of the

“antenna a negative or capacitive reactance

must be supplied in series with the antenna
to-bring about resonance. -This can be pro-
vided either by means of a properly chosen
tuning condenser in series with the antenna
and adjustable tuning inductance, or in shunt
with the tuning inductance, as shown in dot-
ted lines at C,, the condenser-inductance com-
bination being jointly in series with the an-
tenna. -In either event, however, the- ease
and economy of provision for adjustability
in an.inductance element and the lack of
these desirable characteristics in commercial-
ly feasible condensers requires the use of in-
ductance elements, even where the reactance
required by the antenna system is negative
and hence capacitive.

Throughout my specification, it will be un-
derstood that in using the expression “low-
frequency current” I intend in each case to
include - dirvect current as current of zero
frequency. :

Tt will be noted that provision must be
made in this system for the effective isola-
tion of the two power sources, S; and S,, from
the infinence of one another, lest, on the one
hand, any appreciable portion of the ex-
tremely costly high-frequency power output
of gourca S; be lost in the low-frequency
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source S,, and on the other hand, lest the po-
tentially destructive effects of the large cur-
rents of the low-frequency or direct current
gource S, be allowed to-operate on the struc-
tural elements of the high-frequency source
S;. To this end the isolating condenser, C;,
are provided in series with the down leads, ef
and g%, while in series with the connections to
the low-frequency source are connected the
choke coils 1u;, which constitute a net work in
the connections to S, to exclude the high-
frequency power from 8, by virtue of the
coil impedance, or preferably, in combination
with condensers C;, and tuned to the fre-
quency of the high-frequency supply,

through the extremely high: terminal im--

pedance of this condenser-coil combination
at this frequency. '
In Figure 1, it will be noted that the an-

tenna conductors and the terminal cross con-

nections are so arranged that there are con-
tinuous paths for the low-frequency eurrent
which constitute substantially the entire an-
tenna. conductor.

It will be noted that the isolating condens-
ers C;, may be made to serve the dual func-
tion of isolating the high-frequency source
from the low-frequency current and to sup-
ply a negative reactance for tuning the an-
tenna system when the rvemainder of the
antenna- system is positive in its reactance.
Where, however, the antenna proper is, it-
self, negative in reactance, the isolating con-
densers, C;, must be chosen of sufficiently
high capacity (low reactance) to supply neg-
ligible reactance to the antenna system. In
either event, however, it will be found that
the low-frequency reactance of these isolat-
ing condensers will be of such a high order
of magnitude that substantially complete
isolation of the high-frequency source from
the effects of the low-frequency current will
be provided.

Similarly, the inductance of the filter
chokes, L, may be employed for assisting in
the tuning of the antenna circuit although
practical considerations dictate the wisdom
of avoiding the interdependence of these
several reactive elements through the tuning
of the cholkes by condensers Ci, as shown, in
order that the filter systems may present a
purely resistance impedance to the high-fre-
quency currents and thus make the tuning
of the antenna system substantially inde-
pendent of the constants of the filter system
and the adjustment of its elements, and,
simultaneously, reduce the high-frequency
power loss in the low-freqnency source to a
completely negligible magnitude. ‘

Since in any of the commonly employed
forms of antennas except the so-called loop
or coil antennas the path of the high-fre-
quency current in the circuit of the antenna
is closed through the capacity of the antenna
and is thus effectively open civeuited to Iow-
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frequency currents such as would be eco-
nomically useful for heating the antenna,
special arrangements of the conductors of
the antenna system must be made to provide
a closed circuit for the heating currents. In
the T type of antenna shown in Figure 1,
this is accomplished by constructing both the
down lead and the flat top portions of the
antenna of at least two conductors and in-
terconnecting them so that the low-frequen-
¢y current will flow through substantially
all parts of the antenna conductors and thus
provide heating power throughout the an-
tenna circuit. The use of two conductors
properly insulated to low-frequency current
placed closely adjacent will, in general, not
serve because of the high thermal insulation

inherent in materials of acceptable electrical -

insulating properties and the consequent
need for relatively high temperatures in the
conducting portion of such a conductor and
hecause also, of the necessarily great high-
frequency dielectric loss that 1s inherent in
guch conveniently available insulating ma-
terials as would give acceptable low-fre-
quency insulation. , ,

Tt is desirable to provide generous spac-
ing between the conductors of the antenna
for purposes of low-frequency insulation be-
tween the several portions which are adja-

cent but at considerable difference in low--

frequency potential and to provide spread-

ers, “ca” and “db” and “‘eg” of insulating

material to minimize the possibility of con-
tact between the conductors of the antenna
as a result of their swinging in the wind.
The low-frequency heating current then
flows through the following path: from the
low-frequency source, S, through the low
pass filter induectance «coil, L, to the terminal
h ot the down lead gk, to the junction point
of the flat-top conductor ed where it divides

between the two low-frequency paths pro--

vided by the flat-top flowing from ¢ tocto a
to ¢ and froni.g to d to b to ¢ thus in effect,
putting the two portions, of the flat-top, geae
and gdbe effectively in parallel to the low-
frequency current. The two heating cur-
rents join at ¢ and pass down the down lead
ef to the low pass filter and thence to the
low-frequency source, S,. '

The path of the high-frequency currents
is quite different. from that of the low-fre-
quency currents. Thus, the two down leads,
hg and fe, as well as the two sets of tuning
elements, Cy and Lx, are effectively in par-
allel by their attachment to the high-fre-
quency source through the isolating con-
densers C;, and, as a result the high-frequency
currents divide between the two down-leads

in flowing into the flat-top portion of the:

antenna. At the junction points e¢.and ¢ of
the flat-top ‘and down lead the high-fre-
quency current further divides between the
four portions of the flat top, the current in
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hg dividing between ge and gd while the cur-
rent in. fe divides between ec and eb, thus
placing g¢ and ¢gd in parallel and similarly

placing ¢e and ¢b in parallel to the high-fre-
" quency currents from the down leads.

The return paths for these high-frequency
currents are by displacement current through
the capacity of the antenna conductors to

“ground and - back to the high-frequency

source.” v v

Because of the symmetry of the conducting
circuit-of the antenna structure the points ¢
and @ and likewise the points 6 and d are at

the same high-frequency potential so that-no-
high-freqiiency  current flows through the-

cross  connections ¢e and db and ‘these cross
connections serve only for carrying the low-
frequency current: :

Where, however, structural symmetry of

" the antenna as here described is not present

and where the consequent asymmetry of high-
fréquency potential distribution must not be
disturbed by the required continuity to the
low-frequency current, such -cross connec-
tions as are required by this latter condition
may be supplied in the form of low-pass fil-
ters,such as are shown in C; and L;.

In-such an antenna system as is here shown
it-is vitally important that, in the interest
of radiation efliciency, the chmic resistance
at high frequency of the conductors.consti-
tuting- the antenna be of acceptably small
value as compared with the radiation resist-
ance and that the cross-section of the conduc-
tors be of correspondingly large valie.

For a solid homogeneous non-magnetic
conductor, the resistance at 60 cycles varies
inversely with the square of the radius,
whereas, at a radio-frequency the resistance
varies. inversely .with the first power of the
radius at least to a first approximation.
With solid copper conductors the wire re-
quired to get a proper value of radio-fre-
quency resistance is so large that its resist-

ance and heat dissipation at 60 cycles are.

quite small. :

For example, if -the antenna is to be em-
ployed at the frequencies used for broadcast-
ing—of the order of one megacyele, 300 me-

ters—the length of the entire flat:top of the

antenna would be chosen to be-about three
hundred feet, while the length of the down
lead would be about two hundred feet.. .In
such an antenna using solid copper conduc-
tors the effective radiation resistance would
be of the order of fifty ohms, and the choice

of the diameter of the conductors constituting -

the antenva must therefore be made to pro-
vide an effective radio-frequency conductor

‘resistance, as measured at the base, of not

more than a few per cent of the radiation re-
sistance, 1n order to provide suitably high ra-
diation efficiency. Such a choice of.conduc-

tor sizes will, in practice, result in the use of -
No. 10 B, and S. gauge copper wire in the

3

flat top and in.the use of No:. 7 or No. 8 B.
and S. gauge copper wire in the down lead,
and in a total effective conductor resistance
somewhat less than one ochm. - It will be real-
ized, however, that any definite statements
as to electrical properties of antennas must
be limited to narrow temperature ranges, and
that in practice, particularly in northern lati-
tudes, the variations of temperature to which
an antenns is exposed are far greater than
exist-in most electrical structures. For these
reasons, the specific data which I give are
to be congidered simply as illustrative exam-
pies, and 1n actual practice the principles of
my invention are applicable in accordance
with familiar and well-known engineering
practices. - : :
However, as a result of this choice of con-
ductors for acceptable efliciency of radiation
which iz made necessary by the extremely
high cost of radio-frequency power, the re-
sistance of the antenna circuit to such low-
frequency current as may be employed for

heating the antenna is necessarily extremely’

low and, in the case here considered, is of
the order of one-third of an ohm, for a solid

copper conductor; thus making it necessary .

to supply the antenna system with exceed-

ingly large currents for the generation of
7 ol

sufficient heat. Experience indicates that for.

the prevention of the formation of sleet on

‘such an anterina as this, it is desirable that

about ten watts of heating power per foot
of antenna conductor be provided, and. thus
that in this antenna a total of ten kilowatts
of heating power be supplied. Where pro-
vision is to be made for the melting of any
considerable amount of sleet that may have
been allowed to form on the antenna conduc-
tors, even. greater powers per foot must be
provided up to, and including, thirty watts
per foot of conductor, depending, of course,
on the sleet melting capacity desired and on
the size of the conductors employed. In or-
der, however, that only the smaller heating
power may be supplied, it is, therefore, neces-
sary that the antenna be supplied with heat-
ing current of about 175 amperes at a volt-
age of about sixty volts.

~The requirement of such high currents as’
these at such relatively low voltages results

in several practical dificulties that make its
employment both costly and unreliable. In
the first place, the unusually low voltage at
which this power is required makes it im-
possible to suit the needs of such a system as
this to the voltages commonly available in
power supply systems, while the extremely
high currents required bring with them the
need for the construction of the tuning m-

ductances, L, ‘and Ly, and all interconnecting

conductors, of very large sizes and costs of
copper, .and -within the limitations of coil
size and cost involve an cxceseive tempera-
ture rise-and power waste. In addition, and
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of more serious import, the extremely large
currents make it extremely difficult to pro-
vide .movable contacts on these inductance
elements and other separable connectors of
sufficiently low contact resistance to avoid
the slow deterioration or complete destruc-
tion of these connections and others through-
out the system due to the contact heating
effects of the large currents.

I have discovered, however, that the em-
ployment of certain especially prepared
types of conductors in the antenna system
eliminate these difficulties through providing
a higher resistaince in the antenna cireuit to

“the low- frequency heating cwrrent while

leaving the resistance of the antenna circuit
to the high-frequency current substantially
unchanged.

The high-frequency current and low-fre-
quency curvent will flow simultancously
through the antenna conductor, with sub-
stantially no mmm] 111w1fue1‘ce, and sleet
can be melted from an antenna which is
simultaneously radiating.

Typical of this type of especial conductor
1s one made up of a core of steel, or high-
resistance, and perferably = non-magnetic,
alloy completely enclosed in a Lyhnducal
covering of substantially pure copper. Such
a couductor may be prepared by welding or
soldeiing to a cylindliml billet of steel or
other hJOh resistance alloy an outer shell of
copper of annular section and then drawis lg
down the composite billet so made to the de
sived size of wire.

figure 2 shows a cross-sectional view of
such a composite conductor; wherein I is a
core and R ig a surrounding shell.

Such specially prepared conductors may be
employed in all parts of the antenna struc-
ture, or only in particular parts, such asin the
horizontal elements of the type of antenna
shown in Ifig. 1, retaining a homogenecus
conductor, as solid copper, forthe down leads,
according to the conditions existing in a
particular installation. Thus the ﬂown leads

may be of considerable length, and parts of

them may be near the gr ound for which con-
ditions solid copper may be most suitable.
The stmogpheric conditions-may be much
less favorable to the formation of ice near
the ground than at the top of an antenna.
Greater niechanical strength to avoid break-
ing may be required in the flat top, and hence
it may be more important to use the specially
prepared conductor in the top of an antenna
than in the down leads, to get both greater
teusile strength and incre ased 1eswt1v1ty
Or, in pa sticular Instances, as over swamps,

“the atmospheric conditions may most favor

the formation of ice on conductors near the
ground, in which cases it may be more im-
portant to use the specially prepared con-
ductors in the down leads than in the top of
the antenna, especially since the stress dia-

1,917,205

gram will show that a foot of sleet-loaded

conductor adds more stress on the supports.

when on the down leads than when on the
ho: izontal top conductors.

Since, in any conductor, when operated at
such high frequencies as are here discussed,

the effective penetration of the current is not.

greater than a few thousandths of an inch,
it is possible to provide a composite conduc-
tor of the type here described in which sufli-
cient thickness of coj pper - surfacing s pro-
vided to carry the high-frequency “currents
with substantially the same losses as in a
homogeneous solid copper conductor of the
same dimmeter, while, at the same time, the
low-frequency currents which distribute
themselves substantially uniformly over the
cross-section meet with many times the re-
sistance of that of a homogeneous solid cop-
per ‘comlucbor of the same cross-section.
More specifically, a copper-steel conductor of
this ty _/p“ can be prepared very economically
fo provide a $hreefold increase of the low-
frequency resistance while giving completely
Hgible increase in the thh irequency re-

ance. further; if the core is made of a

“suitable high-registance alloy. the low-fre-

quency resistance of the conductor may be
made as hig \1 as twenty or more times as great
as.that of the pure copper conductor with-
out material change in the high- frequency
resistance.

It is also possible to unploy a conductor
whose cross-sectional resistivity distribution
is radially -non-uniform -with distribution
other than the particular structure which I
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have here shown in detail, and it ‘will be -

understood that conductors embodying such
other non-uniform radial resistivity distri-
butions are comprehended within the splrlt
of my invention.

The conductor which I have descrlbed in
detail has a resistivity characieristic which
1s discontinuous where the core.and shell meet.
Conductors may be constructed having a
cross - sectional  vesistivity  characteristic
whichi is non-uniform but is not discon-
tinuous: - The different materials will ordi-
narily be interpenetrated. One way of pre-
paring such a- conductor
somewhat ‘poreus core in 2 molten copper

ath, pre{ewbly in an atmosphere of hydro-
gen, nitrogen, or other 1eduupg or inert gas.
Another way is to make 4 wire trom an alloy
which containg metals which do not readily
oxidize, such as any of the higher resistance
alloys that ave used for ]16@!}1110 and furnace
work, and in preparing the asloy for the
wire, adding a generous amount of a mate-

rial such as the oxide or sulphide of copper

or sliver; then, after drawing the wire, re-
ducing - the copper or silver on the surface
by suitable reducing agents and further
drawing and polishing to make the skin con-
tinuous and of low resistance.

is to 1mmerse a .
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other ways, it is possible to obtain a conduc-
tor whose resistivity over the cross-section
varies gradually and continuously.

The resistivity of B. B. steel wire may be
taken as approximately seven times that of
pure copper. For a non-magnetic core, an
alloy which is-suitable consists of 4 per cent
aluminum, 12 per.ceat of iron-free man-
ganese, and 84 per cent copper. Other alloys
which may be employed are “manganin’, con-
sisting of 4 per cent nickel, 12 per cent man-

ganese, and 84 per cent copper, and “Con-

stantan’ alloy, consisting ot 40 per cent nickel
and 60 per cent copper. Soms compositions
of Monel metal, which are iron-free and con-
tain about two-thirds nickel and one-third
copper will al¢o serve. These alloys have re-
sistivities of from twenty-six to thirty times

that of copper, and are practically non-mag-

netic. That is, their permeabilities are well
less than 1.1. In the cases of some materials,
such as Monel metal, it may be desirable to
give particular heat treatment as quenching,
to obtain low permeability. Other alloys of
high resistivity and which have substantially
unity permeability may likewise be employed.

The selection of the materials and cross-
sectional dimensions of the conductor in any
given case require calculation and investiga-
tion to obtain the optimum combination, and
is a compromise in view of the various fac-
tors which must receive consideration.

The range of high frequencies to be em-
ployed, and the diameter of antenna conduc-
tor required for mechanical reasons, are 1m-
portant considerations. In an iren-core con-
ductor, surrounded by a copper shell not thin-
ner than 0.01 centimeter, and for a conductor
not smaller than about No. 8 B. and 8., for
high-frequency currents of frequency not less
than one megacycle, about 99 per cent of the
high-frequency current will be carried in the

copper. The copper must not be made too

thin or appreciable high-frequency current
will be forced into the core; with resultant loss
of - the expensive high-frequency. energy.

“With a non-magnetic core such as manganin

it is desirable with the size of antenna con-
ductor mentioned to employ a copper coating
not less than 0,08 centimeter In thickness

which will cause over 98 per cent of the high- -

frequency current to flow in the copper.
When iron is emploved as a core, its high per-
meability tends to keep the high-frequency
out of the core, and it is possible to use a thin-
ner copper sheil. For the purposes of my
invention, however, this advantage, of iron

is overcome by.the higher resistance of a

manganin core conductor to low-frequency
current, and it is simply necessary to see that
the copper is not so thin as to force more
than, say 2 per cent of the high-frequency
current into the core, nor so thick as to. ma-
terially reduce the low-frequency resistance.

5

In general, therefore, the use of a suitable
non-magnetic core is to be preferred.

If the copper is made too thin, the process
of drawing the compeosite wire from the billet
is likely to cause the core to be exposed in
spots with resultant more rapid weathering,
and this is 2 imiting condition on the thick-
ness of the copper. OGne of the most impor-

tant considerations is to get a large conduc-

tor resistance at low frequency without ma-

terially atfecting the high-frequency resist-

ance. - The mechanical requirement for the
minimwn thickness of the copper will usually
provide sifiicient thickness of copper even on
a conductor with non-magnetic core, on the
specification just mentioned, to avoid having

any appreciable amount of high-frequency

current flowing in the core.
Thus, when employing this type of conduc-

tor is such an antenna structure as has been-

here described, it becomes possible to greatly
reduce the value of the low-frequency heat-
ing current to avoid the difficulties of heating
of the tuning elements and the deterioration
of the:centacts 1 the circuit as well as to
conserve the heating power for use only in the
elevated portions of the antenna structure.
More specifically, the employment of the
simple - copper-steel  conductor referred to
above-allows the reduction of the heating

current to one hundred amperes and the in-

crease of the supply voltage to about one
hundred volts, and hence allowing for the
direct connection of thé antenna system to the
commonly available power supply systems
and the reduction of the power logses in the
tuning and filter inductances to one-third the
values which are met when employing solid
copper antenna conductors. Further, the
employment of a cemposite conductor having
a non-magnetic alloy core will even more
markedly improve the conditions of opera-
tion of this system, making the low-frequency
power losses in all parts of the anteuna sys-
tem other than the elevated -conductors com-
pletely negligible and usually making it pos-
sible to employ the higher voltages of con-
ventional power distribution systems with-
out transforiners or other costly and power
consuming devices.

While I have described specific embodi- .

ments of my invention, it will be understood
that the principle of my invention is of broad
scope and applicable to embodiments other
than those which I have described specifi-
cally, and I do not intend to impose any limi-
tation upon the scope of my invention except
as set forth in the appended claims.

Having now particularly described my in-
vention and in what manner it is to ‘be em-
ployed, I claim: '

1. In an antenna system, an antenna con-
ductor consisting of an inner core of com-
paratively high electrical resistivity and an
outer contiguous shell of comparatively low
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electrical resistivity, and means for deliver-
ing a low-frequency current to two separated
points of said antenna conductor, said two
points being so located that low-frequency
current delivered to said antenna conductor
traverses paths constituting substantially the
entire length of said antenna conductor in
passing between said points.

2. In an antenna system, an antenna con-
ductor  consisting of an inner core of com-
paratively high electrical resistivity and an
outer contiguous shell of comparatively low
electrical resistivity, said antenna conductor
comprising a plurality of conductor elements
connected to form a continuous electrical
path, means for delivering high-frequency
energy to said antenna conductor, and means
for delivering low-frequency current to two
separated points of caid antenna conductor
which are electrically distant from each other
{or low-frequency currents.

3. In an antenna system, a plurality of
conductor elements, means for interconnect-
ing terminal points of sald conductor ele-
ments for forming a continuous low-fre-

~quency path therethrough, means for deliv-
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ering high-frequency energy to said con-

ductor elements, means for delivering low-

frequency energy to two separated points of
said conductor elements which are elecérically
distant from each other for low-frequency
currents, said interconnecting means being
connected between points of substantially the
same high-frequency potential, said con-
ductor elements having a cross-sectional ve-
sistivity distribution which is radially non-
uniform and decreases from the center out-
wardly. o :

4. In an antenna system, an antenna con-
ductor whose cross-sectional resistivity dis-
tribution is radially non-uniform, and means
for delivering a low-frequency current to two
separated points of said antenna conductor,
said two points being so located that low-
frequency current delivered to sald antenna
conductor traverses substantially the entire
length of said antenna cenductor in passing

.between said points.

5. In an antenna system, an antenna con-
ductor whose cross-sectional vesistivity dis-
tribution is radially non-uniform, said an-
tenna conductor comprising a plurality of
conductor elements connected to form a con-
tinuous electrical path, means for delivering

‘high-frequency energy to said antenna con-

ductor, and means for delivering a low-fre-
quency current to two separated points of
said antenna conductor which are electrically
distant from each other for low-frequency
currents.

6. In an antenna system, an antenna con-
ductor consisting of an inner non-magnetic
core of comparatively high electrical resistiv-
ity, and an outer contiguous non-magnetic
shell of comparatively low electrical resistiv-

1,917,205

ity, and means for delivering a low-frequency
current- to two separated points of said an-
tenna conductor, said two points being so
located that low-frequency current delivered
tosaid antenna conductor traverses paths corn-
stituting substantially the entire length of
said antenna conductor in passing between
said points. R

7. In an antenna system, an' antenna con-
ductor consisting of an inner core of com-
paratively high magnetic permeability and
comparatively high electrical resistivity, and
an outer contignous non-magnetic shell of
comparatively low electrical resistivity, and
means for delivering a low-frequency cur-
rent to two separated points of said. an-
tenna conductor, said two points being so lo-
cated that low-frequency current delivered
to said antenna conducter traverses paths
constituting substantially the entire length of
said antenna conductor in passing between
said points.

8. In an antenna system, an antenna con-
ductor consisting of an inner non-magnetic
core of comparatively high electrical resistiv-
ity, and an outer contiguous shell of compara-
tively low electrical resistivity, said antenna
conductor comprising a plurality of con-
ductor elements connected to form a con-

tinuous electrical path, means for delivering

high-frequency energy to said antenna con-
ductor, and means for delivering 'a low-
frequency current to two separated points of
said antenna conductor which-are electrical-
ly distant from each other for low-frequency
currents. }

9. In an antenna system, an antenna con-
ductor consisting of an inner core of com-
paratively high magnetic permeability and
comparatively high resistivity, and an outer
contiguous shell of comparatively low elec-
trical resistivity, said antenna conductor com-
prising a plurality of conductor elements
connected to form a continuous electrical
path, means for delivering high-frequency
energy to said antenna conductor, and means
for delivering a low-frequency current to
two separated points of said antenna conduc-
tor which are electrically distant from each
other for low-frequency currents. o

10. In an antenna system, an antenna éon-
ductor consisting of an inner core .of.com-
paratively high electrical resistivity and an
outer contiguous shell of comparatively low
electrical resistivity, said antenna conductor
comprising a plurality of conductor eléments
connected to form a continuous electrical
path, means for delivering high-frequency
energy to said antenna conductor, means for
delivering low-frequency current to two sepa-
rated points of said antenna conductor which
are electrically distant from each other for
low-frequency currents, and means for elec-
trically isolating said means for delivering
high-frequency energy from said means for
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delivering low-frequency current, whereby
high-frequency current and low-frequency
current can circulate simultaneously in said
antenna conductor without mutual interac-
tion of said means. :

11, In an antenna system, an antenna con-
ductor consisting of an inner core of com-
paratively high electrical resistivity and an
outer contiguous shell of comparatively low
electrical resistivity, said antenna conductor
comprising a plurality of conductor elements
connected to form a continuous electrical
path, means for delivering high-frequency
energy to said antenna conductor, and means
for delivering direct current to two separated
points of said antenna conducter which are
electrically distant from-each other for low-
frequency currents. _ '

12. In an antenna systemn, an antenna con-
ductor comprising a pair of substantially
parallel wires, conductive cross connections
at the ends of said wires, a pair of leads at-
tached to said wires substantially at the mid-
points thereof, a source of high-frequency
current, means for excluding low-frequency
current and passing high-frequency current
connected between said leads and said source
of high-frequency current, a source of low-
frequency current, means for excluding high-
frequency current and passing low-frequency
current connected between said source of low-
frequency current and said leads, said an-
tenna conductor consisting of an inner core
of comparatively high electrical resistivity
and an outer contiguous shell of com-
paratively low electrical resistivity, where-
by high-frequency current and low-frequency
current circulate simultaneously in said an-
tenna conductor and leads without interac-
tion of said sources.

18. In an antenna system, a pair of similar
sets of conductor elements symmetrically -ar-
ranged with reference to a plane, said con-
ductor elements being cross connected at ter-
minal points thereof symmetrically disposed
with relation to said plane, in such manner
as to constitute substantially the entire Iength

of said pair of sets of conductor elements a”

continucus  low-frequency  current path,
means for delivering high-frequency energy
to said conductor elements,and means for

delivering low-frequency energy to:two sepa-.

rated points of said conductor elements which
are electrically distant from each other for

5 low-frequency currents, said conductor ele-

7

ments having a cross-sectional resistivity dis-
tribution which is radially non-uniform.

14. In anantenna system, an antenna.con-
ductor composed of two different materials,
one of said materials b¢ing of comparatively
low electrical resistivity and being princi-
pally disposed in an outer shell, the other of
sald materials being of comparatively high
electrical resistivity and being principally

. disposed in an inner core, said materials be-

ing interpenetrated over a substantial part of
the cross-section of said conductor, means for
delivering high-frequency energy to said an-
tenna conductor, and means for delivering
low-frequency energy to two separated points
of said antenna conductor which are electri-
cally distant from each other for low-fre-
quency-currents.

15. In an antenna system, an antenna con-
ductor  whose cross-sectional resistivity dis-

tribution is radially nhon-uniform and con-

tinuous, said antenna conductor comprising
a plurality of conductor elements connected

“to form a continuous electrical path, means

for delivering high-frequency energy to said
antenna conductor, and means for delivering
a low-frequency current to two separated

‘points of said antenna conductor which are
‘electrically distant from each other for low-

frequency currents. :

16. In an antenna system, an antenna con-
ductor comprising a pair of substantially
parallel wires, conductive across connections
at the ends of said wires, a pair of leads at-
tached to said wires substantially at the mid-
points thereof, a source of high-frequency
current, means for excluding low-frequency
current and passing high-frequency current
connected between said leads and said source
of high-frequency current, a source of low-
frequency current, means for excluding high-
frequency current and passing low-frequency
current connected between said source of low-
frequency current and said leads, said an-
tenna conductor and said leads consisting of
an inner core of comparatively high electri-
cal resistivity and an outer contiguous shell
of comparatively low electrical resistivity,
whereby high-frequency current and low-
frequency current circulate simultanecusly
in said antenna conductor and leads without
interaction of said sources.

In testimony whereof, I affix my signature.

LAWRENCE C. F. HORLE.
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Certiﬁc_ate of Correction

Patent No. 1,917,205. July 4,1933.
LAWRENCE C. F. HORLE

Tt is hereby certified that error appears in the printed specification of the above-
numbered patent requiring correction as follows: Page 1, line 59, for “ brought ” read
through; page 2, line 6, for “ condenser ” read condensers; and line 26, for © C,” read
C:; page 4, line 126, for “sliver ” read silwer; page 5, line 85, for “is” read 4n; and
page 7, line 98, claim 16, for “across” read cross; and that the said Letters Patent
should be read with these corrections therein that the same may conform to the
record of the case in the Patent Office. -

Signed and sealed this 17th day of October, A. D. 1933.

[sEAL.] F. M. HOPKINS,
Acting Commissioner of Patents,



