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This  iuvention relates to transmission
lines, and more particularly to a transmission
line system for conducting high frequency
energy without radiation and pick-up.

It is often necessary to transfer high fre-
quency energy over a transmission line sys-
tem, as for example from a transmitter to a
remotely located antenna, or from a receiv-
ing antenna to a remotely located receiver,
and in these cases it is respectively desirable
to prevent radiation from or pick-up by the
transmission line system. This is especially
true in the case of directional antennas, for
in such case the direction and directive prop-
erties of the line usually differ from those
of the antenna, and serve to distort the direc-
tive pattern of the antenna system.

To provide a simple transmission line sys-
tem for conducting high frequency energy
without radiation or pick-up is the primary
object of my invention, and to this end I pro-
vide a plurality of conductors connected elec-
trically in parallel for conveying energy in
one direction, and another plurality of con-
ductors for returning the emnergy connected
electrically in parallel and so located that the
loci of the electrical centers of both sets of
conductors coincide. - Since alternating cur-
rents are being dealt with, the directions re-
ferred to are instantaneous only. With such
an arvangement there is no physical displace-
ment between the opposite electrical charges,
and- therefore neither radiation nor collec-
tion of energy. In a simple and preferred
form of my invention I eniploy four parallel
conductors arranged at the corners of a
square, and: at each end of the transmission
line I electrically connect diagonally opposite
conductors together.

With a transmission line system such as I
have described it is-exceedingly desirable to
apply equal tension to each of the four con-
ductors, in order that they may keep their
relative spacing throughout their length.
For this purpose I employ a differential sup-
porting system a$ one end of the transmission
line, comprising a pulley differentially sup-
porting a pair of adjacent conductors, an-
other pulley differentially supporting an-
other pair of adjacent conductors, and a third
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pulley differentially supporting the blocks
of these two pulleys, and tensioning means,
preferably in the form of a large weight, con-
nected to the block of the third pulley.

To prevent transverse displacement of the
wires in order to preserve their formation.
and to permit of changes of direction in the
line, intermediate supports are often neces-
sary. These should permit longitudinal
movement ot the conductors, in order to let
the tensioning means function, and to pro-
vide suitable supports is a further object of
my invention.

The supports unbalance the line when, as

is desirable, a single post is used on one side .|

of the line. To overcome this is a further
object of my invention, and for this purpose
I provide shielding plates positioned sym-
metrically at either side of the line.

My invention is described more in detail .

in the following specification, which is ae-
companied by drawings in which Figure 1
is an arrangement of an antenna and a trans-
mission line, in a typical installation; Fig-

ure 2 is a wiring diagram for a four wire -

transmission line; Figure 8 is a section of the
transmission line; Figure 4 is a section of a
six wire transmission line; Figure 5 is a cross
section of an eight wire transmission line ar-

ranged in a modified formation; Figure 6 is |

a detail of a differential tensioning means for
a four wire transmission line; Figure 7 is an
intermediate supporting means for the trans-
mission line; Figure 8 1s a modification ; and
TFigure 9 is a section taken on the line 9—9
in Figure 8.

Referring to Figure 1 it will be seen that
there is a directional antenna 2, supported
between masts 4 and 6. The feeder members
of the anteana, numbered 8, are connected
to radio equipment in a remotely located
building 10 by a transmission line 12. The
transmission line and the antenna extend in
differently related directions. The trans-
mission lne is supported at one or more in-
termediate points by supporting means 14,
and is tensioned at one end by a tensioning
weight 16. Jumpers 18 connect the trans-

mission line 12 and the feeder members 8 be-
fore the insulators 20 and 22. The impedance
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of the line is matched by that of the antenna.

The transmission line preferably consists
of four conductors, and the electrical ar-
rangement is shown more in detail in Figure
2, in which it is shown to consist of the con-
ductors 81, 82, 83, and 84. Of these, con-
ductors 31 and 33 are connected together at
each end by leads 36 and 88, while conductors
32 and 34 are connected together at each end
by leads 40 and 42. The leads 36 and 40 are
connected to the terminals of a coupling coil
44, while the leads 38 and 42 are connected
to the terminals of a coupling coil 46. A
source of energy 48 is coupled to the coil 44,
while a load 50 is coupled to the coil 46. In
a transmitter system 48 is a transmitter, and
50 is an antenna, while in a receiving system
48 is an antenna, while 50 is a receiver, al-
though in: this case the connections would
preferably be made without transformers,
the line impedance being matched by proper

design of the antenna. It will, of course, be:

appreciated that the transmission line is use-
ful for carrying high frequency currents
from any unit of high frequency equipment
to any other. as well'as to or from an antenna.

A cross section of the line shown in Figures
1 and 2 is given in Figure 8, from which it
will be seen that the four conductors are lo-
cated at the corners of a sqiare, and that diag-
onally opposite pairs of conductors are
connected electrically in parallel. The elec-
trical center of the conductors 32 and 34 is
at the geometrical center of the square, and
the electrical center of the conductors 31 and
33 also is at the geometrical center of the
square, so that the centers.coincide. For the
entire transmission line the loci of the cen-
ters coincide, and for this reason there is no
effective displacement in: space between the
electrical charges of opposite polarity, and
therefore neither radiation nor pick-up oc-
cur.

The invention is not restricted to four con-
ductors, and to illustrate another number,
reference may be madeto Figure 4, in which
siz conductors 51, 52, 53, 54, 55, and 56 are
employed. These conductors are located at
the vertices of a regular hexagon, and alter-
nate conductors, namely, 51, 53; 55, and 52,
54 and 56, are respectively connected elec-
trically in parallel at each end of the line by
conductors 58 and 60, asshown. In this case,
as before. the loci of the elcctrical centers of

s the groups of parallel connected conductors

co'ncide, thereby preventing radiation and
pick-up:

T have indicated a preferred arrangement
cf eight conductors in Figure 5. Referring to
this figure it will be scen that the feur con-
ductors; 61,62, 63, and 64 are arranged at
the corners of a square, and connected elec-
trically in parallel, while the four conduc-
tors 71, 72, 78, and 74 are arranged at the
corners of a square of different size, and also
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connected electrically in parallel. With an
arrangement of this nature. if one side of the
transmission line is to be kept at ground po-
tential it is preferable to ground the outer
conductors, that is, the conductors 61, 62, 63,
and 64.

In order to keep the spacing of the conduc-
tors uniform it is desirable to tension each of
the conductors equally, and for this purpose
a differential tensioning means may be:pro-
vided. Such an arrangement, as applied to a
transmission line of four conductors, is indi-
cated in Figure 6, in which, incidentally, each
of the conductors 31, 32, 33, and 34 is pro-

vided with an insulator 81, 82, 83 and 84, be- &

fore which the connecting links 38 and 42 are
provided. Leads from: tle links 38 and 42
run to a supply source or load 50. A loop of
flexible cord or wire 86 connects the insula-
tors 81 and 82, and passes around:- the periph-
ery of a pulley wheel 88, so-that the conduc-

tors. 31 and 32 are' differentially supported.

thereby. A loop of flexible wire 90-1s con-
nected to the insulators 83 and 84, and passes:

around the periphery of a:pulley wheel 92, s0.

that the conductors 33 and 34 are differen-
tially supported thereby. A loop of flexible
wire 94 is connected to-the blocks of the pul-
leys 88 and 92, and passes over the periphery

of the pulley wheel 96, so: that the pulley ¢

blocks are differentially supported thereby.
Tensioning means, preferably in.the form:of
a large weight 98; is applied, by way of a
fixed pulley 100, to the block of the pulley 96.

In this manner equal tension is applied to

each of the four conductors. By making: the
diameters of the pulleys eqnal to the length
of a side of the square at the corners of which
the transmission line conductors are located,

o

the spacing of the conductors will not be-dis- 3

turbed.

In alongline it may bedesirable toprovide
intermediate supports to properly space the
conductors, and this is especially necessary if
the line is to be given horizontal or vertical
changes in direction Dbetween its terminals.
Vertical changes in direction are sometimes
desirable in order to keep-theline reasonably.
parallel to the surface of the ground over
which. it extends, though  sudden changes in
direction should be avoided to-prevent reflec-
tions. The Intermediate supporting means
should preferably permit longitudinal move-
ment of the conductors, to allow for the action
of the differential tensioning means already
described. One suitable arrangement is indi-
cated in Figure 7, in which there are attached
to a supporting post 102 a plurality of insu-
lation rollers 104, 106 and 108. These so fit
together, as shown, as to provide spaces in
which the conductors 31, 32, 33, and 34 are
confined, as regards transverse displacement,
though longitudinal displacement is readily
possible.

The post 102, being situated at one side of
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the line, is nearer to the conductors 31 and 34
than to the conductors 82 and 33, and there-
fore is apt to cause unbalance. That is, when
dealing with radio frequency energies a
ground may be established by a wooden pole;
for, there is sufficient leakage for the surface
of a wooden pole to constitute an appreciabic
absorption of energy. To overcoms this diffi-
culty metallic plates 110 and 112 are pro-
vided, and these are positioned symmetrically
either side of the transmission line, and are
grounded to the post 102 by the regular fas-
tening bolts. ' ‘

The arrangement shown in Figure 7, em-
ploying rollers, is more complicated then is
actually necessary when dealing with a por-
tion of the transmission line which is
straight. In such case’a modified form illus-
trated in Figures 8 and 9, is employed. Re-
ferring to these figures it will ke seen that a
single insulation block 120, preferably isolan-
tite, is used, and is provided with four holes
122, for supporting the conductors against
transverse displacement. At either side of
the insulator 120 metallic plates 110 and 112
are provided, and the entire structure is held
together and aflixed to the post 102 by a sin-
gle bolt 124. The insulator 122 is enlarged
to accommodate the bolt 124, as is illustrated
by the cross section of the insulater shown in
Figure 9.

Iclaim:

1. The method of transferring radio fre-
quency energy without radiation or pick-up
which includes conveying the energy in one
direction along a plurality of paths located on
the apices of a poiygon, and returning the en-
ergy in the opposite direction along a differ-
ent plurality of paths located on the apices of
a similar polygon the locus of the electrical
centers of which coincides with the locus of
the electrical centers of the aforesaid paths.

2. A transmission line system for conduct-
ing high frequency energy without radiation
or pick-up comprising a plurality of conduc-
tors connected in parailel and located on the
apices of a regular polygon for conveying
energy in one direction, and a plurality of re-
turn conductors connected in parallel similaz-

‘ly situated on a similar polygon with apices

alternating with the first polygon and so lo-
cated that the loci of the electrical centers
of both sets of conductors coincide.

8. An open air transmission line system

- for conducting high frequency energy with-

out radiation or pick-up comprising an even
numbered plurality of conductors avranged
in open air at the vertices of a regular poiy-
gon, and means at each end of the fransmis-
sion line for connecting alternate conductors
together.

4. A transmission line system for conduct-
ing high frequency energy without radiation
and pick-up comprising an even numbered
plurality of conductors arranged at the ver-

3

tices of a regular polygon, means at each end
of the transmission line for electrically con-
necting alternate conductors together, and
tensioning means arranged to apply equal
tension to each of the conductors.

5. A transmission line system comprising
four conductors arranged at the corners of a
square, insulators at each end of the trans-
mission line, means at each end of the trans-
mission line for electrically connecting di-
agonally opposite conductors together before
the insulators, means to support one end of the
transmission line, and means to support the
other end of the transmission line including
a differentially yieldable member connect-
ed between a pair of adjacent conductors,
another differentially yieldable member con-
nected between the other pair of adjacent
conducters, a third differentially yieldable
member connected to the said other two mem-
bers, and tensioning means connected to the
third member.

6. A transmission line system comprising
four conductors arranged at the corners of a
square, insulators at each end of the trans-
mission line, means at each end of the trans-
mission line for electrically connecting di-
agonally opposite conductors together before
the insulators, means to support one end of
the transmission line, and means to support
the other end of the transmission line includ-
ing a pulley differentially supporting a pair
of adjacent conductors, another pulley dif-
ferentially supporting the other pair of ad-
jacent cenductors, a third pulley differential-
ly supporting the blocks of the said two pul-
leys, and tensioning means connected to the
block of the third pulley.

7. In combination, a directional antenna,
remotely located radio apparatus, and a
transmission line system therebetween com-
prising an even numbered plurality of con-
ductors arranged at the corners of a regular
polygon and means at each end of the trans-
mission line for connecting alternate con-
ductors together, whereby said transmission

line system experiences neither radiation nor’

pick-up which might affect the directive pat-
tern of the antenna.

8. In combination, a directional antenna,
remotely located radio apparatus, and a
transmission line system therebetween com-
prising four conductors arranged at the cor-
ners of a square, with means at each end for
electrically connecting diagonally opposite
conductors together, whereby said transmis-
sicn line system experiences nejther radia-
tion nor pick-up.

9. In combination, a transmission line
comprising a plurality of conductors, ar-
ranged in open air at the corners of a square,
a single source of supperting tension to be
applied thereto, and differential tensioning
means therebetween for applying tension
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from the source equally to each of the plu-
rality of conductors.

10. In combination, a transmission line
comprising: a plurality of conductors, ar-

- ranged in open air at the corners.of a regular
polygon, means for supporting one end of
the line, a single source of supporting ten-
sion to be applied to the other end of the
line, differential tensioning means between
10 the source and the Line for applying tension
from: the source equally to each of the plu-
rality of conductors, and intermediate sup-
porting means for supporting the conductors
against transverse displacement, while per-

15 mitting longitudinal displacement. ’
11. In combination, a transmission line
comprising a plurality of conductors, ar-
ranged in open air at the corners of a regu-
lar polygon, means for supporting: one end
g0 of the line, & single source of supporting ten-
sion to be applied to the other end of the
line, differential tensioning means between
the source and the line for applying tension
from the source equally to each of the plu-
25 rality of conductors, and intermediate sup-
porting means at substantially uniform
heights above ground for supporting the
conductors against transverse displacement,
while permitting longitudinal displacement.
sv 12. In combination, a transmission line
system comprising four conductors arranged

at the corners of a square, means at each end
for electrically connecting diagonally oppo-
site' conductors together, means for support-

3% ing one end of the line, a single source of
supporting tension to be applied to the other
end of the line, differential tensioning means
between the source and the line for applying
equal tension to each of the four conductors,

< and intermediate supporting means for

maintaining the four conductors in square
formation, while permitting longitudinal
displacement.
13. The combination with a transmission
& line comprising a plurality of conductors ar-
ranged in desired formation, and a support-
ing means for keeping the conductors in that
formation, of shielding means located sym-
metrically with respect to-the transmission
50 line: at the supporting means only and not
intermediate the supporting means in order
to prevent unbalance of the line by the sup-
porting means. )

14. In combination, a transmission line.

85 system comprising four conductors arranged
at the corners of a square, means at each end
for electrically connected diagonally oppo-
site conductors together, intermediate sup-

_ porting means for said transmission line,

00 and conductive shielding means positioned
symmetrically with respect to the transmis-
sion line at the supporting means only and
not intermediate the supporting means in

_order to prevent the latter from unbalancing
¥ the transmission line.

15. In combination, a transmission lins
system comprising four conductors arranged
at the corners of a square, means at each end:
for electrically connecting diagonally oppo-
site conductors together, means for support-
ing one end of the line, a single source of
supporting tension tobe applied to the other
end of the line, differential tensioning means
between the source and the line for applying
equal tension to each of the four conductors,
intermediate supporting means for main-
taining the four conductors in square forma-
tion while permitting longitudinal displace-
ment, and conductive shielding means posi-
tioned symmetrically with respect to the
transmission line at each of the intermediate
supporting means in order to prevent the lat-
ter from unbalancing the line:

AROLD O. PETERSON.
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