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The present; invention relates to antennas, par-
ticularly those of the shielded loop type. .

In United States Patent No. 2,289,856, issued
July 14, 1942, to Andrew Alford, is:shown an an-
tenna unit having a plurality of radiating mem-
hers several of which are directly - energized
through .2 connection to the transmission line,
and the remainder of which receive their power
from the energized members through a capacitive
coupling arrangement. These-radiating members
of the patent are either of the single wire type
or may consist of hollow metal tubes.

Such an antenna has the disadvantages that
any unbalanced currents that may be picked up
from, say, a neighboring power generator, will not
be appreciably attenuated in the antenna, but
will be passed along to the transmission line to
produce undesirable effects on the output of the
transmitter or receiver. Furthermore, the an-
tenna shown in the above-mentioned patent is
difficult to tune, since there is no convenient way
of adjusting the impedances of the radiating
members to match the impedance of the line,

Accordingly the present invention has as an
object the provision of an antenna which will be
receptive only to balanced currents.

A further object of the invention is to provide
‘a shielded loop antenna which may be connected
to a dual transmission line, and which incorpo-
rates means for adjusting the coupling between
the line and the antenna conductors.

An additional object of the invention is to pro-
vide an antenna having a large radiation re-
sistance and a consequent high degree of energy
radiation,

Other objects and advantages will be apparent
from the following description of a preferred form
of the invention made with reference to the ac-
companying drawings, in which:

Figs. 1 and 2 are respectively plan and front
elevational views of a preferred form of antenna
in accordance with the present invention; and

Fig. 3 is a circuit diagram of the antenna shown
in Figs. 1 and 2, also showing the current dis-
tribution pattern.

In the antenna unit of Figs. 1 and 2, four co-
planar radiating members consisting of coaxial
conductor sections 6, 8, 10 and (2 are arranged
in the form of a square or other symmetrical
substantially closed pattern. The ends of these
conductor. sections 6, 8, 10, 12 are spaced apart
to provide gaps |, 2, 3, and 4 therebetween, the
width of the gaps being small compared to the
diameter of the members, Four supporting arms
14, 15, 16 and 17 are respectively connected to
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the mid-points of the conductor sections by
means of a plurality of junction boxes 28, the
conductor sections being split at their mid-points
to permit such connection. Junction boxes 20
are. provided in conventional fashion with de-
mountable cover plates so that access may be had
to the interior thereof. The inwardly-projecting
ends of supporting arms 14, 15, 16 and 7 are
connected to a central junction box 18 which has
a demountable cover plate in the manner of boxes
20.- This central junction box I8 is supported by
a pole or mast 19, which may also be a shielded
dual line for feeding the antenna, so that the

antenna unit 11es preferably in g horizontal posi-
tion.

Since the four. radiating members §, ‘8, 10, (2
are similarly proportioned and symmetrically po-
sitioned, a description of a portion of the antenna
unit will suffice to illustrate the constructional
details, such portion being shown in section in

Fig. 1. As above stated, radiating members 6, 8,

{0 and. 12 may constitute sections of a coaxial
line, and each section is divided by the junction
boxes 20 into two portions of equal length as
shown. One portion of the member 8, designated
as 8a, encloses an inner conductor 26, while one
portion of member 0, designated as 10g, en-
closes an inner conductor 28.

.The supporting arms 14, 15, 16 and i1, on the
other hand, each contain two conductors, and
preferably comprise. sections of a shielded dual
transmission. line. . Arm 15 contains a. pair of
leads .22, while arm 16 similarly contains a pair
of leads 34. A plurality of spacers 30 are em-
ployed to position inner conductors 22, 26, 28 and
84, The extremities of the inner conductors of
adjacent members are joined by connecting wires,
the connector 32, for example, joining the con-
ductors 26 and 28 so as to provide an unbroken
current path between the conductors and across

- the gap, this connection being made by some pre-
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ferred means such as soldering.

Connections are also made within -junction
boxes 20 between the two sections of the inner
conductor of each radiating member-and the dual
conductors of its supporting arm, each -coaxial
conductor -section ‘being joined by soldering:or
other suitable means to one:of the dual con-
ductors, as for example, one of the dual con-

ductors 22 being joined to the inner conductor 28

of radiating member portion 8¢, and one of the
dual conductors 34 being joined to the inner con-
ductor 28 of radiating member portion . i0a.
Similar connections are made: between the dual
conductors of supporting tubes {4 and 171 and




2
the inner conductors of radiating members § and
12 respectively.

In the circuit diagram of Fig. 3 is shown a pair
of adjustable inductances 38 and 40 respectively
terminating lines 22 and the dual line enclosed
within arm 117,
have been illustrated as inductance coils, it will
be understood that other terminating devices for
the lines within arms 5 and 17 may be substi-
tuted therefor, the only requirement being that

" the effective electrical length of the lines 26 and-

22, for example, from the gap | to the terminat-
ing device be between 90° and 180°. The pur-
pose of this requirement will later become ap-
parent, but it might be mentioned that this elec-
trical length of between 90° and 180° acts to
transform a selected inductive reactance 38 af
the terminus of the dual lines enclosed by arms
15 and 17 to a capacitive reactance between the
inner conductor and the shield at the gaps be-
tween the ends of the radiating members. ‘

Inductances 38 and 40 are adapted to be

_mounted in any desired manner within central
junection box 18, and which mounting means are
not shown. ‘The midpoint of line 34 has two
transmission line connections S located within
junction box {8. ‘The section of dual line 34 en-
closed within supporting arm- 14 is transposed as
shown at 36.

It is well known that a coaxial line with & con-
tinuous shield between generator and load will
not radiate.. However, if the terminating im-

_ pedance-does not connect directly to the end of

the shield, but is instead connected to some point.

-on the outside of the shield, then current will
. flow on the outside of the shield and the line will
radiate.” The provision of an open ended shield,
one end of which is grounded or serves as a con-
nection point for completing the circuit of the
terminating impedance, meets this later require-~
ment. This effect may be introduced into a co-
axial line by providing a gap in the shield con-
ductor intermediate its ends. In this case each
of “the members beyond the gap may be con-

sidered as the impedance or load connected be- *

tween the inner conductor of the other member
and a point at the far end of the sh1eld for this
other member.

The current from transmission line termlnals
S, if transposed at 36, will flow in the same di-
rection around the periphery of the antenna unit
as shown by the arrows. '
the current on the inside of the shield flows in an
opposite direction to the current in the line. By
Kirchoff’s law the current flowing from one end
on the outside of the shield must be equal to the
current flowing toward that end in the opposite
direction on the inside of the shield. - Therefore,
the directions of the currents in the inner con-
ductor and on the outside of the shield are the
saﬁle and & circular radiation pattern will re-
su

The four radiating sectmns 6,8,10, 12 may be

considered as -approximately 7\/4 (A being the
wavelength of the operating frequency) sections
_of-a coaxia] line, with gaps or openings in the
shield at the corners of the square. -In order that
the current distribution be maintained properly
~in these radiating sections 6, 8, 10, 12, it is essen-
tial that they be terminated at the1r free ends
in an effective capacitive reactance.

The purpose of inductive members 38 and 40
-will now be apparent.. It has been stated that the
effective electrical length of lines 26 and 22, for
example, from the gap toc member 38 be between

Although elements 38 and 40

Now it is known that -
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90° and 180° If line 22, as in this example, be
terminated in an inductance, then this induct-
ance will be transformed by lines 26 and 22 into
an effective capacitive reactance between the in-
ner conductor 26 and the sHield at the gap be-
tween the radiating sections 6, (8. Thus the
radiating members 6, 8, 10, 12 have the effect
of “loaded” lines, and the radiation pattern pro-
duced will be substantially circular as shown in
Pig. 3.

The following mathematical analysis is pre-
sented to more clearly bring out the operation of

‘one form of applicant’s antenna, although it will

be clearly understood that it is given merely by
way of example, and that the-invention is not in-
tended to be limited fo the specific analysis set
forth.

Since the two portions of radiating member 8
are of equal arid opposite polarity, point G is at
ground or neutral potential, and point C is like-
wise & neutral point. Let the subscripts to-the
voltage V designate ‘the voltages between the
points indicated, and in a similar manner let the
subscripts to the impedance Z designate the im-
pedance between such points. -Also let the ter-
minals of conductors 26 and 28 at the gap be-
tween members 8 and {0 be designated as A1 and
Az respectively, and let the adjacent ends of the
shields of these members 8 and 10 be respectively
designated as B1 and Bz, as illustrated.

" In order to demonstrate that the impedance
of each shield appears in senes W1t‘1 the line,
or that

Zap,=Zu.p, +’ZBlc+ Zpyc

it will first be shown that the impedarice Za,c is
the sum of impedances Za;s, and Zg,c or that

Za o= ZA,B,‘!-ZB;C @

-when looking from the ga,p along conductor 25
toward point G.
This can be shown as follows.

VVALC e
P40, @

and- , -
Vae=Vap+Vae @

‘where Ir'is the current flowing in.the inner con-

ductors 26 and 28.

Since )
' VAIBI == IRZAlB1 ;
and

Vae=1sZsc .

where Is, is the current on the outside of shleld
8a, then substituting in (3)

. V410= IR_ZAIB_IF'*_ ISXZAIC
Now, Iz=Is,, so that X
€

.VA c=IeZAIBI+IRZelc=Ie(ZAIB‘+ZB,C)
Substitutmg @ m@
T V}:a IR(ZAlBII’:ZBIC) gt Zng
or Equatmn 1. '
Now it will be shown that
Z4,p,= ZAIBI'*‘ Zﬁc"“ ZB;C' (8)
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or that the impedance of each shield appears in
series with the line. It can be assumed that

' AZAsz = V;;Bz o (6)

‘and since :

V4142 =0 ’
Vae=Vae
therefore : S ' _
) Vs, +Vae=Vac )
Also ' : .

Vae=Ir(Z45,+Z30) (&)

and since the current Is, on the outside of shield
18a flows out of Zz,c, then

Vao=—1Is5Zp,c

Since. Is,=Ir, then
o Vio=—1IrZpg )
Substituting (8) and (9) in (1) :
Vayp,=Vao—Voe=Ia(Zap,+ Zojc) — — IrZgpc
=I3(Za,5,+Zp0) +1rZ3,C
. =IR(ZAIBI+ZBIC'+ZB20) (10)
Substituting (10> in (6) N ‘
Zagp,— VA232= In(Z 45, + Zslc—if Z5,0)
Ip . . Ig
=Zup,t+ZpctZg

and since the radiating eleménts of the lcop are
of the same size and shape, ,

Zpe=Zpyc
Therefore
Z4,8,= Zam+ Zp ot Zpo= Zap,+ 2Zpec (1D

thus proving Equation 5. ) .

It will now be shown that line 28 is terminated
in a pure resistance. It has been stated that
Za;s, is the input impedance into line 22. Line
22 is terminated as shown in Fig. 3 by an element
38 which is chosen to present an inductive re-
actance X1 at the terminus of the line. Since
it has been previously stated that the combined
length of conductors 26 and 22 from the gap to
point C is electrically of the order of a quarter-
wavelength of the operating frequency, this con-
dition is utilized to transform inductive reactance
jX1 into a capacitive reactance—jXc, where

(12
It has likewise been stated that both points G
and C are at ground or neutral potential. Thera-

fore Zs,c is an inductance X with a resistance
component R produced by radiation, or

; Zpe=jX+R (13)

Substituting Equations 12 and 13 in Equation 11

Zap,~—jXo+2%X+2R (14)

If now §Xr is adjusted until jXc=2/X these
terms will cancel and

Z4,,=2R

Zap=—jX¢

(15)
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or in other words, line 28 will be terminated in

a pure resistance 2R. - »

It has been shown that the impedance Za,s,
is transformed back to input point S. If Zo,
is made equal to 2Zo, where Zo, is the surge

75
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impedance of line 28 with respect to the shield,
and Zo, is the surge impedance of the dual line
34 before it divides, then at S the impedance
Za,B, will be transformed to L :

(Zo)?
‘ 2R
and the input impedance Zin of the antenna will

be equal to two of these impedances (16) -in
parallel, or

(16)

Z .
P an

Although the invention has been described in
connection with a transmitting antenna, it will
be ‘obvious that the structure disclosed will be
suitablefor use in receiving sysems or as a single
antenna for both purposes. - :

While I have described above the principles
of my invention in connection with specific ap-
baratus, it is to be clearly understocod that this
description is made only by way of example and
not as a limitation on the scope of my inven-
tion as set forth in the objects of my. invention
and the accompanying claims.

I claim: Co :

1. A radio translating system including a radio
antenna comprising a plurality of radiating .
members in the form of coaxial conductor sec-
tions positioned with ends.spaced to provide small
gaps therebetween and arranged to form a sub-
stantially .closed coplanar periphery, each of said
radiating members being short with respect to
the operating wavelength, connections between
the inner conductors .of said coaxial sections
across the gap betweeh adjacent ends of said
sections, a plurality of inwardly-projecting sup-
porting arms in the form of shielded dual trans-
mission lines substantially coplanar with said
radiating members and respectively attached
substantially at the mid-points thereof, the inner
conductor of each of said coaxial sections being
centrally broken and each of the resulting con-
ductor portions being connected respectively to
one of the conductors of the dual line attached
to said section, whereby the inner conductors of
the coaxial sections and the dual line conductors
of said antenna form a plurality of individual
substantially closed loops, a central mounting
enclosing a pair of input terminals to said an-
tenna and rigidly positioning said supporting
arms, connections between the dual line con-
ductors of two oppositely-positioned arms and
said input ferminals, the dual line conductors in.
one of said input connected arms being trans-
posed, a pair of inductances respectively ter-
minating the inwardly-projecting ends. of the
dual line conductors of the remainder of said
arms, and means for transforming the inductive
reactance produced by said inductances into a -
capacitive reactance - between the inner . con-
ductors of the sections connected to the remainder
of said arms and their respective shields at said
gaps, whereby the radiant action of said system
is substantially uniform in all directions about
said periphery and has everywhere a polarization
substantially paralle] to said plane. :

2. Aradio translating system according to claim
1, wherein the electrical length of each of said
radiating members is in the order of one-quarter
wavelength at the operating frequency.

3. A radio antenna system including four
shielded conductor sections positioned in co-
planar relation with the ends of the shields ad-
Jacent to form a substantially closed periphery

L=




with & gap between the adjacent ends of said
shields, the ends of the conductors of each sec-
tion" being respectively joined to the ends of the
conductors of adjacent sections, the:conductors
of each section being broken at substantially the
midpoints of each section, four pairs of leads,
one of said pairs connected to the conductor
portions of each of said sections and projecting
inwardly toward the center of said periphery, one
pair of leads being transposed, means for trans-
mitting energy over two oppositely-disposed pairs
of leads including said transposed pair of leads,
and means for terminating the remaining two
pairs of leads in such a manner that the effective
electrical lensth of any single lead of said re-
maining pairs added to the effective electrical
length of the conductor portion to which it is
connected will be between 90° and 180°.

' 4, A radio antenna system according to claim
3 in which said four pairs of leads comprise four
shielded dual transmission line portions.

5. A radio antenha system according to claim
3 in which said means. for terminating said re-
maining two pairs of leads comprises a pair of
inductances respectively connected to the said
remaining two pairs of leads. :

6. A radio antenna system according to claim
3, further comprising a metal antenns supporting
means, and a plurality of metallic arms connected

. gubstantially at the mid-points: of each of said

shielded conductor sections: for mounting said
conductor sections on said supporting means,

" said leads being enclosed within said arms.

7. A shielded loop antenna comprising a plu-

rality of radiant acting coaxial coductors of sub=

stantially egual electrical length positioned with
ends spaced to provide small gaps therebetweent
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' and arranged to form a substantially closed co-

planar periphery, the ends of the inner con-
ductors being joined together across the gaps be-
tween the ends of said coaxial conductors, an

| input connection at substantially the central axis
. of said coplanar periphery, means for supplying

energy. from said input connection to each of
said coaxial conductors with different relative
polarities such that current will circulate about
said periphery in the same sense at all points,
and means for extending the effective electrical
length of each of said-radiant acting coaxial
conductors so as to produce a substantially cir-
cular radiation pattern from said antenna.

8. A radio antenna including a plurality of
hollow tubular radiating members arranged in

. coplanar relation and in a substantially closed

pattern with the ends thereof spaced to provide
small gaps therebetween, o plurality of conduc-
tors coaxially positioned respectively within said
radiating members, connections between said

© conductors across said gaps, an input connection

to said antenna, means for energising said inner
conductors from. said input cornection to supply
energy to the outer surfaces of said tubular
radiating members, and adjustable reactance
means coupled to said conductors intermediate
said gaps for producing a capacitive reactance be-
tween said conductors and their respective en-
closing radiating members at- said gaps, where-
by the effective electrical length of said radiating

* members will be extended.

9. A shielded loop antenna according to claim
7 in which the terminating impedance between
the end of any one of said inner conductors
and its shicld is equal to a pure resistance.
’ . MORTON FUCHS.



