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4 Glaims.
1

This inverntion: relates: to’ radio: receivers: and
transmitters.

More- specifically it relates: to: means: for con.
necting & radio- frequency receiver or: transmit-
ter through- a: transmission line to-its: associated
antennga. It is of particular use:in. connection
with apparatus installed: on:- aireraft. whith: is
designed to opeérate over 8 wide rahnge: of high
frequencies.

Heretofore, cohnections: from transmission
lines to antennas have been-accomplished by wire
coniductors: of. relatively small: ¢ross.section with
relation: to the cross«section 6f the radiating: surs
face of the antenng. Such:conventionsl arritges
ments will feed rgdio: fréequency ehrergy into: the
antennsg’ in- the cage: 0f a transmitter or convey
it from. the antenna to:the:regeiver in:the: tase
of a receiver ina satisfactory manneér at rélatively
low radio frequehciés. However, wlen: the oper-
ating frequencies aré such that their correspond:
ing wavelengths-approach the same-order of niags
nitude a8 -the dimensions: of theé cireult elembrnts
and their conhedtions; wire' conductors: present
abrupt changes in-the dimensions. of the systett
and cause serious electrical discontiniuities because
of the large  differetices: in- the: e¢harsacteristic
impedances of the assoclatéd eélemeénts. 'This
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results in an increased standing wave ratio:oh

the transmission line:to the antenng-ahda result-i
Ing serious decrease-in energy transfer,

It is an object.-of the present invention to: pro-i
vide means. for electrically connecting the: tratis-
mission line of a receiver: or transmitter to. its
antenna by which eleectrical discontinuity is: de=
creased and lthe standing wave: ratio: is' greatly
improved. B | |

Another object of this invention is to provide &
connection between an antenna and- its: assgci-
ated apparatus in which current: density along the
connhection and at thé place where the current iz
introduced. to. the radiating: surface of the ans
tenna is substantially uniform.

It is a further object of this invention. tci Provide
means for efficiently transferring estergy to or
from an antenns over & wider range of operating
frequencies than has been: possible: with devices
of the prior art.

Other: objects, features; and. advantages of this
invention will suggest themselves to those:skilled
in- the art and will: become apparent’ from the
following description: taken irr ¢onnection with
the accompanying. drawings in which:
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Fig. 1 is: a plan view of 4 Blank from which a

dévice  embodying the principles df thie present
inveritionn thight be made:
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Fig: 2-is a sitle elevation of a:connector embody-
ing the present invention:

Fig. 3.18 a. front: eélevationial: view- showing- the
connection: 0f a. device émbodying: thé present
invention:{g:a stub antenna:

Fig, 4-is-a, side-elevation of Fig. 3;

Fig. 5 is. an isomefric view of a device embody -
ing the present invention connectirig ah antenna
nounted. oh. an' airplane to- a: transmission: line
and. the assotiated supporting: structure; and:

Figs:. 6. and: 6A respectively are diagrammatic
representations- showing current. distribution: in
devices-of the prior art and:in-a:-device employitig

the present invention;
15

A connector. 10 employing: the: principle-of the
bresent.invention-isin general of an isosceles-trap=

ezoidal shape as shown in Fig. 1, The dimensions

of the connector are dependent upon the gize of

the. anfenna. and: transmission line used, Thus

the.large end I1. of the:connector is. of sufficient
length to.extend over a .fair proportion of the side
of a.flat antenna.or over a little.less than a semis
circle of an. antenna of. circular cross~section:
The.smaller end 12 is designed. to fit.around, the
circumierence of. the inner conductor of a.trans-
mission. line.. Preferably the. connector should

be of eqiial thickness throughout..

The connector may be made. of any current
carrying material but for best results. it should.be
of the same material as the.element forming the

radiating. surface of the antenna. in. order to
eliminate any electrical discontinuity diie to the

use of metals Having different.contact potentials.

Adjacent tothe largerend i1, as. shown in Fig. 9,
a portion 13 of the cohnector is bent to conform
to thé shape of the antenns with which if is to
bé used. At thenarrow end 12, as shown in Fig. 9,
5 portion 14 is bent to- encircle the end of the
itiner conductor of the transmission line. It is of
great importance that the sthape into which the
connéctor {§ bent along its longitudinal axis, as
generally shown at {5; Pig. 2, be a smooth éuirve
havitig: rio” abrupt eha,nges in direction, Kinks ot
bumps. However, the exaet form of the curve ints
which: the conneetor is formed is to some extent
dependent upon the shaps, size, and position of
neighboring metallic surfaces which may reaet
ofi> the  radio’ frequency: fields which are present.

The length of the connector along its longi-
tudihal axis should’be a-small fraction of the wave
lerigth corresponding to the highest operating
frequency,; preéferably not over one-eighth of

'waveélength.

In Figs: 3'and 4 the attacthment of the contiec-
vor 10-to-& flat stub-antenna 16; constructed of a
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wooden core {7 surrounded by a metallic element
I8 forming the radiating surface, is shown. Por-
tion 13 of the connector is welded to the radiating
surface 18 of the antenna. Preferably this is
close to base 19 of the radiating surface but should
be sufficiently far above the base to provide a large
surface of contact between the radiating sur-
face and the connector. The connector, as pre-
viously stated, is bent along a smooth curve for
the portion 15, terminating in the portion {4

attaching it to the inner conductor of transmis---

sion line 20.

The connector is, for its entire length, sym-
Any devia-~ -
15

metrical about its lengltudmal axis.
tion from symmetry, especially in proximity to
the radiating element of the antenna will tend,
due to capacity e

q

metallic surfaces such as fuselage 21 and lateral

- plates 23 and 24.

10

In some instances, the supporting structure for
the antenna may be of such configuration that
it is advantageous to add thereto a metallic ele-
ment solely for the purpose of altering the
capacity effects present in order that the shape
of connector 10 may still be maintained to have
the desired electrical characteristics.

An examination of Figs. 6 and 6a will show

"how an antenna connector employing the prin-

. ciples of the present invention attains a gradual

ects, to disturb the electric -

balance of the whole connection and to cause a._ |

discontinuity in impedance.

It may be seen from the above description tha,t
neither the connector, its attachment to the
fransmission line, nor to the antenna presents
any serious electrical discontinuity. 'The tapered
shape of connector 10 provides, for its entire
length, a gradual change in dimension resulting
in a gradual change in electrical characteristics
and g gradual change in distribution of the cur-
- rent carried by it to or from the antenna. NoO
discontinuity occurs at the connection to the
transmission line because there is there provided
a large area of contact, a small change in cross-
section of the current carrying member, and no
abrupt change in direction. Similarly, electrical
continuity is preserved at the attachment to the
antenna by reason of the large contact area, of
the gradual curve away from the radiating sur-
face, and of the symmetrlcal position of the
connector.

The detailed arrangement of one embodiment

of the invention applied to apparatus mounted

on aireraft is shown in Fig. 5. 'The antenna 16
is mounted so that all of the radiating surface {8
is outside of the metallic fuselage 2. The
wooden core {T of the antenna extends into the

dircraft and is supported by a structure designed

for that purpose and generally designated as 22.
Structure 22 consists of two lateral metallic sup-
porting plates 23 and 24 an intermediate wooden
transverse support 25 and an end wooden trans-
verse support 256. The lateral plates 23 and 24
are attached to fuselage 21 and the transverse
supports are attached to the lateral plates by any
sititable means.
ported by a plate 2T of any suitable type end
passes through transverse support 25 to the point
where its inner conductor is connected to con-
nector 10 as above described. If desired trans-
mission line 20 may be brought out through one
of the lateral plates through an aperture 28, as
shown in plate 24, provided for that purpose.

An opening in the fuselage fitted with an in-
sulating grommet 29, preferably of soft rubber to

provide a cushioning effect, is provided through .
8

which anfenna 16 passes. The antenna is held
firmly in position by transverse supports 25 and
26. :
- .Connector Iﬂ is attached in the manner above
deseribed to the antenna- at the base of the
radiating surface {8 which terminates a short
distance outside of the fuselage 21{.
into which connector 10 is bent, as above stated,

must be free from abrupt changes in direction,

kinks, or bumps but its exact shape is determined
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~ line to antenna.

change in current distribution from transmission
If connection, as in the prior
art, were made by wire, the pattern of current
distribution, as shown in Fig. 6, would be very

~dense .through connector 10, then would spread

suddenly when reaching the much larger con-
ducting’ area of the antenna. This sudden
spread, as is shown at 30, results in an uneven -
distribution of current over the radiating surface
18. In a connector employing the principles of
the present invention, the current as shown in
Fig. 6A passes from transmission line 20 through
portion 14, portion {5 and the connection to the
antenna at 13. Since both the inductance and
resistance of connector 10 steadily decrease in
proportion to its increase in width, the current,
steadily spreads out over the entire width as it
travels along portion 15 and into the radiating
element of the antenna. There is no abrupt
change of areg at the antenna so the gradual
spreading out of the current continues. The

- result is that fthe current distribution in the
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Transmission line 20 is sup=~ -
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The shape -

antenna, as shown at 31 in Fig, 6A, is un1f0rm
over the width of the radiating element |

. The above descriptions of specific embodiments
of the invention and discussion of the electrical
and mechanical principles affecting its operation
will instruct one skilled in the art how to make
and attach connectors employing the present in-
vention- for varying conditions encountered and
for various operating characteristics required.
Thus having before one fixed electrical conditions
and mechanical arrangement of antenna and
supporting structure, by the application of the
principles herein .disclosed, a connector may be
designed to present a minimum of electrical dis-
continuity between transmission line and to pro-
vide even current distribution in the antenna re-
sulting in optimum energy transfer.

While there has been here described what is
at present considered to be the preferred embodi-
ment of the invention, it will be obvious to those
skilled in the art that various changes and modi-
fications may be made therein without departing
from the s¢ope of the invention.

What is claimed is:

1. In a radio signaling apparatus including an
antenna, a supporting structure therefor and a
metallic conductor for supplying high frequency
energy to said antenna; an electrical connector
comprising a sheet of conductive material having
greater width at one end than at the cother and
symmetrical about a longitudinal axis, said sheet
having said wider end and a substantial area ad-
jacent thereto formed into a substantially cylin-
drical shape having dimensions substantially
equal to the outer dimensions of said antenna,
sald cylindrically formed portion flowing smoothly
and gradually into a section of said connector
intermediate the ends thereof, said intermediate
section being substantially flat in g direction per-
pendicular to said longitudinal axis but curved in -

by the size, shape, and proximity of neighboring 75 a direction along said axis;said sheet also being
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provided with a second cylindrically formed por-
tion adjacent its narrow end, said second cylin-
drically formed portion having inner dimensions
substantially equal to the outer dimensicns of
sald conductor, said second formed portion How-
Ing smoothly and gradually to the shape of said
intermediate portion, and means for loining said
first and second formed end vortions of said con-
hector respectively to said antenna and said con-
ductor whereby electrical energy flowing hetween
sald conductor and said antenna encounters no
abrupt changes in cross section of said connector.

2. A connector for joining two circular conduc-
tors of different diameters in non-coaxial align-

ment, comprising a sheet of conductive material -

of greater size at one end than at the other and
symmetrical about a longitudinal axis, said sheet
having the end of greater size and s substantial
area adjacent thereto formed in the shape of a

cylinder having an inner diameter equal to the .

outer diameter of the larzer of said two conduc-
tors, said sheet having the narrower end thereof
and a substantial area adjacent thereto formed
in the shape of a cylinder having an inner diam-
eter equal to the outer diameter of the smaller
of said two conductors, said sheet having a sub-
stantially flat portion intermediate the ends
thereof, the areas between said fiat porticn and
sald formed end portions being curved so as to
provide a smooth transition between said por-
tions, and means for connecting said formed end
portions to said conductors respectively whereby
high frequency electrical energy flowing between
sald two conductors encounters no abrupt change
in electrical impedance.

3. An electrical connector for joining two con-
ductors having incongruent cross sections and
unaligned axes, comprising g sheet of conductive
material symmetrical about an axis, said sheet

having first and second ends thereof and sub-

stantial areas adjacent thereto curved to con-
form with the cross sections of said frst and
second conductors respectively, and having the
portion intermediate the ends thereof curved so
that said connector forms a smooth curve between
the surfaces of said two conductors, and means

10
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for joining one of said conductors to each end of
said connector, whereby a continuous electrical
path for high frequency currents is afforded be-
tween the surfaces of said conductors that is free
from abrupt changes in shape or electrical im-
pedance.

4. A connector for high frequency currents for
connecting a cylindrical terminal of an antenna
to a circular inner conductor of g coaxial line,
sald inner conductor being of smaller diameter
than said terminal, comprising a sheet of con-
ducting material having substantially constant
thickness throughout but being of tapering cross-
sectional area so as to have a large end and a
small end, said large end having the configuration
of a portion of a cylindrical surface of g size to
extend at least partly about said terminal and
be secured thereto, said small end having the
configuration of a portion of a cylindrical sur-
face of a size to extend at least partly about said
inner conductor and be secured thereto, the por-
tion of said connector intermediate said ends
being shaped to curve smoothly into said ends,
whereby said conductor forms a high frequency
path between said terminal and said inner con-
ductor which is substantially free from electrica]
discontinuities and in which the variations in
current density and impedance are substantially
uniform.

ROBERT M. SILLIMAN.
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