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The present invention relates to feeders and
the like for electric currents of high frequency.

The invention is concerned with feeders and
the like of the non-symmetrical kind, such for
example as the kind in which one or more con-
ductors are surrounded by an outer conductor
in the form of a sheath. The sheath may for
example act as one conductor of a two wire feeder
or as an electrostatic shield for the inner con-
ductor or conductors.

The present invention is concerned with ap-
paratus in which it is desired to maintain a re-
quired distribution of current in a system con-
nected to a non-symimetrical feeder and particu-
larly with the case where the desired distribution
is a symmetrical one, as for example in certain
aerial systems.

When the sheath of a concentric feeder is used
as one conductor of the feeder to transmit cur-
rent at wavelengths of a few metres it is found
that, while the feed current normally flows on
the inside of the sheath, currents also tend to
flow on the outside.

It is clear that when a feeder is connected to
a system with a given current distribution, such
distribution may be upset by a current flowing
along the outside of the sheath of the feeder.
Furthermore, it is difficult to make allowance for
this current since the impedance of the outside
of the sheath will depend on neighbouring ob-
jects, on the length of the feeder, and on any
earthing points that may be provided. In the
case of a directional aerial system such an un-
desired current may not only radiate on its own,
but, also by upsetting the distribution of currents
in the aerial, destroy the required directional
characteristics of the aerial.

It is an object of the present invention to pro-
vide means for producing attenuation of unde-
sired waves travelling along the outer sheath.
For example, where the feeder is used to connect
an aerial with a radio receiver, it is an object
of this invention to provide means for attenuat-
ing undesired waves which may be picked up by
the outer sheath in order that such undesired
waves shall not reach the ends of the sheath and
from thence be radiated on to the aerial at one
end or the receiver at the other end.

It is another object of the present invention to
reduce the current flowing along the outside of
the sheath of a feeder at the operating frequency
of the system. :

According to the present invention there is
provided a feeder for electric currents of high
frequency, said feeder comprising one or more

(CL 250—33)

conductors surrounded by a conducting sheath
and meahs associated with the sheath whereby
the impedance offered to the travel of undesired
waves along the sheath is increased, character-

ized in that said means comprise one or more

auxiliary conductors attached at one end to the
sheath and having a length substantially equal
to one quarter of the wavelength of said undesired

waves or to a finite odd multiple of one quarter
‘10

of this wavelength. )
The auxiliary conductor or conductors may
comprise one or more pieces of wire or the iike

and may be attached at one end to the sheath -

at a suitable point or points therealong, the other

end or ends projecting from the cable at right *

angles or at some smaller angle. Alternatively,
the wire or wires may be bent to run parallel
with the sheath.

The effect of a piece of wire connected to the
sheath as described may be regarded in a num-
ber of different ways. Firstly, it may be looked
upon as g radiator for the undesired interfering
frequency having a low impedance at the point
of attachment to the feeder. Secondly, (especial-
ly in the case of a quarter wavelength wire at-
tached to one end of the sheath and bent back
along it) it may be regarded as transmitting the
wave propagating up the sheath back along the
wire in contrary voltage phase to the tip of the
wire. Thirdly, it may be regarded as a circuit
bridged across a part of the sheath, one connec-
tion between this circuit and the sheath being
constituted by the connection between the wire
and the sheath and the other connection being

constituted by the capacity between the wire and <

the sheath.

In another case the auxiliary conductor may be
arranged to give to the outer surface of the outer
conductor a high impedance at the operating

frequency of the apparatus. In another example, ‘i

the auxiliary conductor has external dimensions
substantially equal to those of the outer con-
ductor and serves to render the feeder symmetri-
cal at the end to which the auxiliary conductor
extends.
ranged that any currents flowing along the outer
surface of the outer conductor tend tc be neutral-
ized by currents in opposite phase flowing along
the outside of the auxiliary conductor.

The present invention further provides high ;

frequency electrical apparatus comprising a non-
symmetrical feeder having an inner conductor
surrounded by an outer conductor and a sym-
metrical system arranged to feed or to be fed by
said feeder wherein means are prcvided in the

With the latter example it can be ar-
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neighbourhood of the end of the feeder coupled to
said system for rendering said feeder symmetrical.

The invention will be described by way of
example with reference to the accompanying dia-
grammatic drawing showing various arrange-
ments according to the present invention wherein

Fig. 1 represents a portion of that end to which
an aerial is attached of a concentric feeder con-
necting an aerial to a receiver or transmitter,

Fig. 2 shows a similar portion of a feeder with
a symmetrical aerial connected thereto,

Figs. 3 and 4 show further arrangements of the
end of a feeder to which a symmetrical aerial
may be connected,

Figs. 5 and 6 show modifications of Fig. 3.

Referring to Fig. 1 of the drawing, the feeder
comprises a-cylindrical metal sheath f, acting as
one conductor, surrounding and co-axial with the
second conductor 2. An aerial, a part of which
is shown at 3, is connected to the conductor 2.
One or more pieces of wire such as 4, 5, 6, each
preferably slightly less than one quarter of the
wavelength of the undesired waves which it is
required to suppress from the sheath are con-
nected at one end to the sheath I. Any or all of
these pieces of wire may be bent to lie parallel
to the outer surface of the sheath | as shown at 4,
or may be arranged to project therefrom at right
angles as at b or at some intermediate angle as
shown at 6.

At least one of the pieces of wire is preferably
connected to the end of the sheath nearer the
aerial, extends a short distance at right angles
away from the sheath and is bent back to run
substantially parallel to the sheath as shown
by wire 4.

The aerial 3 may be in the form of a straight
conductor one half wavelength long connected
to the central conductor 2 of the feeder and form-
ing a continuation thereof. An exposed quarter
wavelength transformer may be provided in the
form of a wire 1 one quarter wavelength long
connected to the end of the sheath | and ex-
tending. parallel to the aerial 3. In this case
the first quarter wavelength of exposed central
conductor 3a co-operates with wire T to form
the transformer and the aerial 3 may then com-
prise a further half wavelength of conductor con-
nected to the upper end of the transformer. By
this means impedance matching between the
aerial 3 and the feeder may be realized.

The presence of the quarter wavelength. of wire
4 attached to the end of the sheath | and bent
back along the sheath serves to reduce the trans-
fer of energy at the undesired frequency from the
end of the sheath I to the aerial 3. Pieces of wire
also. having lengths about equal to. a quarter of
the wavelength of an undesired frequency and
connected at one end to the sheath act somewhat
as. rejector circuits and tend to produce selective
attenuation of the unwanted oscillations when
these are propagated along the sheath.

One or more wires such as 4, 5, 6 which are
attached to the sheath | may alternatively have
lengths equal to or slightly less than any odd mul-
tiple of one quarter of the wavelength of the
undesired waves.

In general, the undesired waves will be waves
of the same wavelength as the waves being trans-
mitted or received. In some cases however, it
may be desirable to suppress the travel along the
sheath of other waves. In these cases the pro-
cedure is as deseribed above, the length of the
auxiliary conductor or conductors being substan-
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tially one guarter of the wavelength of the unde-
sired waves, or an odd multiple thereof.

The aerial above described has a transformer
in the form of a pair of exposed quarter wave-
length conductors. The invention may, however,
be applied to aerials having transformers en-
closed within shielding. A transformer of this
type may comprise a section of feeder of length
one quarter of the operating wavelength having
a characteristic impedance of suitable value.
This length of feeder is usually adjacent the
aerial and may or may not have a sheath which
is similar to the sheath of the main part of the
feeder. Such shielding or sheath may in any case
be considered as a continuation of the main
shielding of the feeder constituted by the sheath.

The aerial described is a half-wave radiator
but any other suitable array, other than an aerial
having the same length as the attached wires 4,
5 and 6, may be used in place of this and attached
to the upper end of the feeder.

In Fig. 2 the aerial comprises two suitably
spaced vertical conductors 8, one connected to
the inner conductor 2 and the other to the outer
conductor or sheath of the feeder. In this ar-
rangement there is connected to the outer sur-
face of the sheath I, at a point 9 distant one
quarter of the operating wavelength, or prefer-
ably slightly less than this, from the end 192 of the
feeder adjacent the aerial, an auxiliary conductor
i1 which may be in the form of a wire and which
projects outward substantially normally to the
outer surface of the sheath and is bent over to
lie parallel with the surface of the sheath and
to run parallel with the length of the feeder close
to the feeder but spaced therefrom. This con-
ductor is arranged to extend substantially to the
end 10 of the feeder adjacent the aerial.

If desired a second auxiliary conductor {2 may
be connected to a point 13 distant about one half
of the operating wavelength, or rather less, from
the aerial end 10 of the feeder, this conductor be-
ing also bent over to run parallel to and in the
same direction as the first mentioned auxiliary
conductor.
tends to a point close to the first auxiliary con-
ductor. More than two quarter wave elements
may also be provided if desired.

In the arrangement shown in Fig. 3, there is

connected to a suitable point 14 on the outer sur- :

face of the sheath I, for example a point distant
a. quarter of the working wavelength from the
end #5 thereof connected to the aerial, an aux-
iliary conductor 16 having substantially the same
external dimensions as the sheath'!. This auxil-
iary conductor may be solid or it may be hollow
as shown and it is arranged to extend substan-
tially parallel to the sheath to a point level with
the aerial end 15 thereof. The auxiliary conduc-
tor may be spaced by one or two inches from the
sheath.

In a modification of Fig. 3 shown in Fig, 4, the
feeder is deformed in such a manner that with
the auxiliary conductor 16 it forms a U-shaped
structure. In both Fig. 3 and Fig. 4 one aerial
element is connected to the end 15 of the sheath
and another aerial element is connected to the
end 17 of the auxiliary conductor {6 and to the
central conductor 2 of the feeder. The aeria] cle-
ments may be arranged to project vertically and
symmetrically upward from the U-shaped struc-
ture of Fig. 4 or from the structure of Fig. 3. In
this way the aerial end of the feeder is made
substantially electrically symmetrical.

The normal feed current to the aerial element

The second auxiliary conductor ex- .
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connected to the sheath flows along the inner sur-
face of the sheath and any current which, instead
of flowing into this aerial element, fiows back
along the outer surface of the sheath, tends to
be neutralized by current from the central con-

-ductor which flows along the outer surface of the

auxiliary conductor. By making the length of
the auxiliary conductor approximately equal to a
quarter of the operating wavelength, the imped-
ance between the two upper ends of the U shaped
structure around the outer surfaces of the sheath
and auxiliary conductor is made high compared
with the characteristic impedance of the feeder
and thus has no appreciable effect upon the tun-
ing arrangements. The auxiliary conductors i8
may have lengths approximately equal to or
slightly less than any odd multiple .of a quarter
wavelength of the operating frequency.

Pig. b shows the way in which an enclosed quar-

20 ter wave transformer may be arranged in the con-
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struction of Fig. 3. The quarier wavelength of
central conductor {8 adjacent the aerial end of
the feeder is of a suitable radius greater (as
shown) or less than the radius of the main part
of the central conductor 2. The end quarter
wavelength of the feeder therefore has a charac-
teristic impedance difierent from that of the main
part of the feeder, and this characteristic imped-
ance may be arranged to give impedance raatch-
ing between the feeder and an aerial attached
thereto. ‘
In some cases it may be inconvenient to employ
auxiliary conductors of length substantially equal
to one quarter of the wavelength of undesired
waves- or to an odd multiple of this wavelength.
The construction shown in Fig. 6 in its applica-
tion to Fig. 3 may then be employed. In Fig. §
the auxiliary conductor {8 has a2 length less than
one quarter of a wavelength of the undesired
waves and a condenser 20 of suitable value is con-

nected between the upper ends 17 and {5 of the -

auxiliary conductor {8, and the sheath 2, respec-
tively. This condenser has the effect of corapen-
sating for the lack of length of the auxiliary con~

ductor and tunes the circuit comprising the aux-

iliary conductor {8, the end part of the sheath
and the condenser 28 so that a high impedance
to the undesired waves is produced at the end of
the feeder. The use c¢f an auxiliary conductor
of length less than a quarter wavelength together
with a condenser is preferable where the auxiliary
conductor has external dimensions similar to
those of the feeder, as shown in Fig. 6. This ar-
rangement may however also be applied to cases
where the auxiliary conductor is in the forra of
a wire less than a quarter wavelength long ex-
tending to a point near to the end of the feeder.

The use of an impedance, such as condenser 28,
is not confined to cases where the length of the
auxiliary conductor is less than one quarter wave-
length. It may also be applied where the length
lies between multiples of a quarter wavelength.
In some cases the impedance will require to be
inductive and in other cases capacitative.

We claim:

1. A feeder system for electric currents of high
frequency comprising a conductor, a conducting
sheath surrounding said conductor, means asso-
ciated with said sheath for increasing the im-
pedance- offered by said sheath to the travel of
undesired waves therealong and including an
auxiliary conductor having a length differing from
a finite odd integral multiple of one guarter of
the wavelength of said undesired waves, one end

~of said auxiliary conductor connected to said

3

sheath, the other end of said auxiliary conductor
located adjacent but spaced from an end of said
sheath, an impedance connected between the sec-
ond named end of said auxiliary conductor and
said end of said sheath, said impedance being
adapted to compensate for the difference in length
of said auxiliary conductor from a finite odd inte~
gral multiple including unity of a quarter of said
wavelength. )

2. A feeder system for electric currents of high.
frequency comprising a conductor, a conducting
sheath surrounding said conductor, means asso-
ciated with said sheath for increasing the imped-
ance offered by said sheath to the travel of unde-
sired waves therealong, said means including an
auxiliary conductor having a length differing from
a_finite odd integral multiple of one quarter of
the wavelength of said undesired waves, one of
the ends of said auxiliary conductor connected
to said sheath, the other end of said auxiliary
conductor located.adjacent but spaced from: an,
end of said sheath and an impedance connected
between the second named end of said auxiliary
conductor and said end of said sheath, said im-

pedance being adapted to compensate for the dif- ©

ference in length of said auxiliary conductor from
a -finite odd integral multiple including unity of
a quarter of said wavelength, the cross section of
said auxiliary conductor being substantially the
same as that of said sheath.

3. A feeder system for electric currents of high
frequency, comprising a conductor, a. conducting
sheath surrounding said conductor,
means for coupling an end of said feeder to an
aerial system, means associated with said sheath
for increasing the impedance offered by said
sheath to the travel of undesired waves there-
along, said means including an auxiliary conduc-
tor having a length differing from a finite odd
integral multiple of one quarter of the wavelength
of said undesired waves, one of the ends of said
auxiliary conductor connected to said sheath, the
other end of said auxiliary conductor located
adjacent but spaced from said end of said sheath
and an impedance connected between the second
named end of said auxiliary conductor and said
end of said sheath, said impedance being adapted
to compensate for the difference in length of said
auxiliary conductor from a finite odd integral
multiple including unity.of a quarter of said wave-
length. ’

4. A feeder system for electric current of high
frequency, comprising a first conductor, a con-
ducting sheath surrounding said first conductor,

an aerial system, coupling means for coupling '

said aerial system to one end of both said con-
ductor and said sheath, and an auxiliary con-
ductor attached at one end: to said sheath, hav-
ing its other end located adjacent but spaced
from said end of said sheath and having a length
substantially equal to an odd integral multiple
including unity of one-quarter of the wavelength
at which the system is arranged to operate, there-
by increasing the impedance of said sheath to
currents flowing on its' outer surface without
affecting the impedance between said first con-
ductor and said sheath.

5. In a feeder system according to claim 4, said
other end of said auxiliary conductor. electrically
connected to said end of said first conductor.

6. In a feeder system according to claim 4, said
auxiliary conductor lying for the greater part of
its length substantially parallel to said sheath.

coupling.
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coupling means including an impedance match-
ing device. :
8. A feeder system for electric currents of high
frequency comprising a conductor, a conducting
sheath surrounding said conductor, an aerial sys-~
tem, coupling means for coupling said aerial sys-
tem to one end of both said conductor and said
sheath, a portion of said conductor and said
sheath near said end thereof having a character-
istic impedance different from that of another
part of said feeder, thus constituting an imped-
ance matching device, and an auxiliary conductor
attached at one end to said sheath having its
other end located adjacent but spaced from said
end of said sheath and having a length substan-
tially equal to an odd integral multiple including
unity of a quarter of the wavelength at which

the system is arranged to operate, thereby in-

creasing the impedance of said sheath and said
conductor in parallel without affecting the imped-
ance between said conductor and said sheath.

9. A feeder system for electric currents of high
frequency, comprising a first conductor, a con-
ducting sheath surrounding said conductor, an
aerial system, coupling means for coupling said
aerial system to one end of both said conductor
and said sheath, and an auxiliary conductor hav-
ing a cross-section substantially the same as that
of said sheath, said auxiliary conductor attached
at one end to said sheath having its other end
located adjacent but spaced from said end of said
sheath and having a length substantially equal
to an odd integral multiple including unity of
a quarter of the wavelength at which the system
is arranged to operate, thereby increasing the
impedance of said sheath to currents flowing on

its outer surface without affecting the impsad-

ance between said first conductor and said sheath.

10. A feeder system according to claim 9, com-
prising a substantially U-shaped structure con-
stituted by said auxiliary conductor and a por-
tion of said sheath adjacent said coupling means.

11. A feeder system for electric current of high
frequency comprising a first conductor, a con-
ducting sheath surrounding said. conductor, an
aerial system, coupling means for coupling said
aerial system to one end of both said conductor
and said sheath, and an auxiliary conductor at-
tached at one end to said sheath, having its other
end located adjacent but spaced from said end
of said sheath and having an electrical length
substantially egual to an odd integral multipie
including unity of a quarter of the wavelength
at which the system. is arranged to operate,
thereby increasing the impedance oiffered to the
travel of waves of the operating frequency along
said sheath.

12, A feeder for electric currents of high fre-
quency, said feeder comprising a conductor, a
conducting sheath surrounding said conductor,
and means associated with said sheath for in-
creasing the impedance offered by said sheath to
the travel of undesired waves therealeng, said
means including an auxiliary conductor an odd

» multiple including unity of a quarter wavelength

electrically connected at one end to said sheath
and open at the other end.

13. A feeder for electric currents of high fre-
quency, said feeder comprising a conducter, a
conducting sheath surrounding said conductor,
and means associated with said sheath for in-
creasing the impedance offered by said sheath to
the travel of undesired waves thersalong, said
means including an auxiliary condiictor an odd

“multiple including unity of a quarter wavelength
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electrically connected at one end to the outer
surface of said sheath and open at the other end.

14. A feeder for electric currents of high fre-
quency, said feeder comprising a conductor, a
conducting sheath surrounding said conductor
and means associated with said sheath for in-
creasing the impedance offered by said sheath
to the travel of undesired waves therealong, said
means including an auxiliary conductor electri-
cally connected at one end to the outer surface
of said sheath and open at the other end, said
auxiliary conductor being not substantially great-
er than one-quarter of the length of the operat-
ing wave.

15, A feeder system for electric current of high
frequency, comprising a conductor, a conducting
sheath surrounding said conductor, an aerial sys-
tem, coupling means for coupling said aerial sys-
tem to one end of both said conductor and said
sheath, and an auxiliary conductor attached at
one end to said sheath intermediate its ends,
having its other end located adjacent but spaced
from said end of said sheath and having an elec-
trical length substantially equal to an odd in-
tegral multiple including unity of the wavelength
at which the system is arranged to operate,
thereby increasing the impedance of said sheath
to the flow of currents on its outer surface with-
out affecting the impedance between said con-
ductor and said sheath.

16. A feeder system for electric current of high
frequency, comprising a conductor, a conducting
sheath surrounding said conductor, an aerial sys-
tem, coupling means for coupling said aerial sys-
tem to one end of both said conductor and said
sheath, and an auxiliary conductor attached at
one end to the outer surface of said sheath in-
termediate its ends, having its other end located
adjacent but spaced from said end of said sheath

and having an electrical length substantially ¢

equal to an odd integral multiple including unity
of a quarter of the wavelength at which the sys-
tem is arranged to operate, thereby increasing
the impedance of said sheath to currents on its
outer surface without affecting the impedance
between said conductor and said sheath.

17. A feeder system for high frequency elec-
trical currents, comprising a conductor and a
conducting sheath surrounding said conductor,

an auxiliary conductor associated with said !

sheath for preventing currents of the operating
frequency from flowing over the outer surface
of said sheath, said auxiliary conductor being ar-
ranged for the greatest portion of its length

parallel to said sheath and having a length sub- !

stantially an odd integral multiple including
unity of a quarter of the wavelength at which
the system is arranged to operate, one end of said
auxiliary conductor being open and positioned
adjacent the end of said sheath, the other end
being directly connected to the outer surface of
said sheath.

18. A feeder system for high frequency elec-
trical currents, comprising a conductor and a
conducting sheath surrounding said conductor,
an auxiliary linear wire conductor associated
with said sheath for preventing currents of the
operating frequency from flowing over the outer
surface of said sheath, said auxiliary conductor
being arranged for the greatest portion of its
length parallel to said sheath and having a
length substantially an odd integral multiple
including unity of a quarter of the wavelength
at which the system is arranged to operate, one
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positioned adjacent the end of said sheath, the
other end being directly connected to the outer
surface of said sheath.

19. In combination, a feeder for high frequency
electrical currents, said feeder comprising a con-
ductor, a conducting sheath surrounding said
conductor, translating apparatus coupled to said
conductor, said sheath being open at its end near
said translating apparatus, and means for in-
creasing the impedance offered by said sheath
to any undesired wave comprising an auxiliary
conductor attached at one end to said sheath and
having its other end located adjacent but spaced
away from said open end of said sheath, said
auxiliary conductor being arranged parallel to
said sheath for the greatest portion of its length
and having a length substantially equal to an
odd integral multiple including unity of a quarter
of the wavelength of said undesired wave.

20. A feeder for electric currents of high fre-
quency, said feeder comprising a conductor, a
conducting sheath surrounding said conductor,
an auxiliary conductor electrically connected at
one end to the end of said sheath, said auxiliary
conductor having such length and being so ar-
ranged that it combines with a portion of the
outer surface of the sheath, measured from the
end thereof, of a length substantially the same
as the length of said auxiliary conductor, to form
a circuit of high impedance to the travel of un-
desired waves along the outer surface of said
sheath.

21. A feeder for electric currents of high fre-
quency, said feeder comprising a conductor, a
conducting sheath surrounding said conductor, an
auxiliary conductor directly connected at one end
to said sheath, said auxiliary conductor having
such length and being so arranged that it com-
bines with a portion of the outer surface of the
sheath, measured from the end thereof, of a
length substantially the same as the length of

5

said auxiliary conductor, to form a circuit of
high impedance to the travel of undesired waves
alcng the outer surface of said sheath.

22. A feeder for electric currents of high fre-
quency, said feeder comprising a conductor, a
conducting sheath surrounding said conductor,
an auxiliary conductor directly connected at one
end to the end of said sheath, said auxiliary con-
ductor having such length and being so arranged
that it combines with a portion of the outer sur-
face of the sheath, measured from the end there-
of, of a length substantially the same as the
length of said auxiliary conductor, to form a cir-
cuit of high impedance to the travel of undesired
waves along the outer surface of said sheath.

23. A feeder for electric currents of high fre-
quency, said feeder comprising a conductor, a
conducting sheath surrounding said conductor,
an auxiliary conductor capacitively connected at
one end to the end of said sheath, said auxiliary
conductor having such length and being so ar-
ranged that it combines with a portion of the
outer surface of the sheath, measured from the
end thereof, of a length substantially the same
as the length of said auxiliary conductor, to form
a circuit of high impedance to the travel of un-
desired waves along the outer surface of said
sheath.

24. A feeder system for high frequency elec-
trical currents comprising a conductor, a con-
ducting sheath surrounding said conductor, an
auxiliary conductor having a length an odd in-
tegral multiple including unity of a quarter
wavelength arranged parallel to and adjacent
said sheath, one end of said auxiliary conductor
being directly connected to said sheath, the other
end of said auxiliary conductor being directly
connected to said inner conductor.

WILLIAM SPENCER PERCIVAL.
ERIC LAWRENCE CASLING WHITE.
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