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‘The present invention relates to antennas and
more particularly for arrangements for increas-
ing the band widths of antennas. )

An object of the present invention is to improve
the wide band characteristics of short wave an-
tennas.

Another object of the present invention is the
provision of means for compensating for varia-
tions in antenna characteristics with variations
in the frequency of radio frequency energy ap-
plied to the antenna.

A further object of the present invention is
the provision of an antenna for wide band oper-
ation which is simple and rugged in construction.

Still a further object .of the present invention
is the provision of simple means for both re-
actance and resistance compensation of antennas
designed to operate over a wide frequency band.

When compensating an antenna for variations
in its characteristics with variation in the fre-
quency of energy applied thereto in order that
the operating frequency band may be widened, it
is observed that both the reactance and the ra-
diation resistance of the antenna vary with fre-
quency. The magnitude of said variations as ap-
pearing in the transmission line connected to the
antenna depends greatly upon the choice of the
feed point to which the transmission line is con-
nected and the means by which the transmission
line is coupled to the antenna. Even after choos-
ing the optimum feed point and method of cou-
pling, there still remains a certain amount of
variation of resistance and reactance with varia-
tion of frequency. Additional matching circuits
may be supplied for a further reduction of the
impedance variation.

Both reactance and resistance variations of the
antenna basically derive from a change in the
distribution of the field about the antenna with
the change in frequency. However, the react-
ance variations and the resistance variations tend
to follow different laws of variation with respect
to frequency changes. It may be said that re-
actance variations are more easily compensated
for, since in general, they can be reproduced in a
line element connected to the transmission line.
On the other hand, for simplified resistance com-~
pensation, the compensation should be applied at
the source; that is, in the antenna structure
itself. ]

The present invention will be more fully under-
stood by reference to the following detailed de-
. scription which is accompanied by a drawmg in
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Figure 1 illustrates a simple quarter wave ra-
diator, while

Figure 2 illustrates partly in section an appli-
cation of the present invention to the antenna of
Figure 1;

Figure 3 illustrates a modification of Figure 2,
while

Figure 4 111ustrates still another modification
in accordance with the principles of the present
invention for providing increased band width. of
the antenna.

Figure 1 shows a simple quarter wave radiator -

- 19 extending above ground plane GP which may
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be a metallic sheet forming a part of the sup-
porting structure for the antenna. Transmission
line TL has an outer sheath |1 connected at its
uppermost end to the ground plane GP while the
inner conductor 12 is directly electrically con-
nected to the lower end of quarter wave radiator
18. Here the virtual resistance introduced by ra-
diation at the feed point; that is, in the plane of
ground plane GP, is in series with the reactive
components of the antenna. Thus, the band
width of the antenna decreases with increase of
magnitude of the reactive components. In other
words, since the radiation resistance component
of the antenna impedance is largely independent
of the diameter of the radiator, it will be seen
that the effective band width of the antenna of
Figure 1 increases with an increase of diameter
of the radiator 10.

Figure 2 illustrates a way in which the reac-
tive variation of the antenna of Figure 1 may be
further compensated. Here the quarter wave ra-
diator 20 is of comparatively large transverse di-
mensions and has a total overall length substan-.
tially equal to one half of the operating wave-
length. A length of the antenna equal to one
quarter of the operating wavelength; that is, sub-
stantially half of if, is surrounded by an outer
cylinder 21 below the ground plane GP. The
upper half of radiator 20 radiates as a large di-

.ameter quarter wave radiator perpendicular to

a conductive ground plane. Transmission line
TL has its outer sheath (1 connected to the bot-
tom end of outer sleeve 21. The wall of inner
conductor 12 extends within the hollow lower por-
tion of member 20 a distance equal to a quarter
of the operating wavelength. Thus, it will be
seen that the point where the transm1ss1on line
enters the antenna conductor; that is, at the
lower end of sleeve. 21, and the point where the
antenna protrudes into space and is coupled to
the surrounding space; that is, the top end of the
sleeve 21, are approxunately a quarter wave
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spart. The enclosed portion of antenna conduc-
tor 20 within sleeve 21 thus forms a quarter wave
transmission line element which is matched to
the antenna resistance while the enclosed trans-
mission line element; that is, the portion of con-
ductor 12 within the hollow lower portion of con-
ductor 20, forms a series reactance in the line.
The series Teactance in the line is'made ‘a3 near-
ly equal-to the series reactance of theantenna as
possible. The two series reactances being sub-
stantially a quarter wave apart, one compensates
for the other. If necessary, the series reactance
in the line may be located at a distance from the
antenna feed point as longas its distante there-
from is of the order of an oid number of Yuarter
wavelengths so as to obtain the same compensa-
tion effect as before.
somewhat upon the particular frequency band
requirement since it will be seen that'if -a large
number of quarter waves appear between the two
reactance points in the system,ra :comparatively
small change in frequency may result.in a large
total change -in -ineffective -electrieal :position.
That is, the chosen line dength may be-an ‘odd
number of quarter waves at one frequency and
an even number at @ slightly -different operating
frequency if the band width is too great. -Such
conditions must be avoided. It will be observed
from the drawing that the conductor 20 has its
lewer end spaced from the sheath I -and:its ex-
tension which forms the connection :with the

- .sleeve 21, as well as being spaced from sleeve 21.
Thus the interior .of the hollow portion -of -con-
ductor 20 communicates with the space between
conductor 28 and sleeve 21 for the passage :of
electromagnetic energy.

Tn Figure 3 there is iflustrated a means where
the radiation resistance of the antenna -may be
kept more constant. The antenna and.matching
sleeve construction .is the same:in -Figure.3-as‘in
Figure 2 and will not again be described. How-
ever, the upper -end of the radiating portion -of
antenna 208 is here surreunded hy a :cenductive
sleeve 20. Sleeve 80 is ‘maintained in position

relative to the antenna conductor 20 by .spacing .i;

means such as plate 31 at the:fop:of the:antenna.
The surrounding hody around. the topof antenna
29 effects a redistribution -of the field &bout the
antenna in such a way that counter-effect:is ob~
tained against the-effect of the variation in dis-
tribution of the field by a change in . freguency.
Figure 4 illustrates how reactance scompensa-
tion may be applied to:a sleeve type of .antenna.
Here the outer sleeve 21 of the:antenna has the
upper half above ground plane- GP as indicated y
51. Thus, the quarter wave radiator ;consists of
+two end-to-end eighth wave jportions, enengizetl
at their junction. ‘Due to the change in position
of the ground plane-GP with respect tto: the sleeve
21, the inner member 498 is here only three eighths.
of a wave in length. Reactance compensation is
applied in this form of the invention by means
of a sleeve 41 of dielectric material surrounding
a selected portion of radiater rod 40. If ‘the:di-
electric sleeve 4l has a rélatively high:dielectric
constant, a sufiicient redistributien of the field

about the -antenna occurs whereby & Wore €on-

stant radiation resistance iswobtained. The pon-
-ductive radiation redistributing shield 30 of Fig-
ure 3 may be employed with Figure i4 instead of
the dielectric isleeve 41.

While I have illustrated :a sparficular embodli-
'ment.of the present invention, it should he clear-
1y understood that it is not limited thereto smce
many modifications may ‘be made in the several

Such :relocation -depends
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elements employed and in their arrangement
without departing from the spirit and scope of
the invention.

What is claimed is:

1. An antenna including an elongated conduc-
tor having an overall length substantially half
of the operating wavelength, substantially one
Thalf of the said -conductor being surrounded by
-5, sleeve, at least the portion of said conductor
which is within said sleeve being hollow, a c0-
gxial line having an outer sheath and an inner
«conductor, said outer sheath being connected to
said sleeve and said inner conductor extending
¥nto the hollow portion of said conductor, said
conductor having ‘an opening between the inte-
rior of the said hollow portion within said sleeve

_.andthe exterior thereof.

2. An .antenna including an elongated conduc-
tor hmving an overall length of substantially a
half of the operating wavelength, substantially
one half -6f said conductor being surrounded by
-9 :sleeve, 'at least the portion of said conduetbor
which is within said sleeve being hollow, .a co-
.axial Tine having -an-outer sheath and an inner
conductor, said outer sheath bsing connected to
said sleeve and said inner conductor extending
4rito ‘the hollow portion of.said contuctor a dis-
tance equal to-one:quarter of the operating wave-
lengith, said conducter having an opening provid-
ing communication for .the :passage of eleciro-
magnetic energy between the interior-of said hel-
Jow ‘portion within said slesve and the 'space be-
tween said sleeve:and said conductor.

3. ;An antenna including an elongated conduc-
tor having an overall length -of substantially a
half -of the operating wavelength, substantially
sone half of said conductor being surrounded by
a sleeve, at least the portion -of .said -conductor
wwhich ds within ;said sleeve being hollow, -4 TO-
axial line having an outer :sheath and an inner
-comductor, said outer sheath being connected to
said sleeve and said inner conductor extending
into-the ‘hollow portion .of said conducter a-dis-
tance equal to one.quarter of the operating wave-
length, a -portion -of said conductor which is out-
side -said sleeve being surrounded by.-means.so re-
distributing .the field about said antenna as fo
counteract the variation in impedance of said an-
tenna with a change in frequency, said conductor
having .an .opening, the .interior of -said hollow
portien .of .said .conductor communicating
through said opening with the space between the
said sleeve and .said conductor for the passage
of electromagnetic energy.

4. An antenna including an elongated conduc-
tor, a portion of said conductor being surrounded
by a sleeve having a length equal to a quarter of
‘the gperating wavelength, at least the portion of
‘said conductor which-is within said sleeve being
‘hollow, & coaxial line having an outer sheath
ang an inner contductor, said outer sheath being
connected to-said sleeve and said inner conductor
extending into-the hollow portion of said conduc~
‘tor a -distance-equdl to 'an odd multiple, including
unity, of ‘one guarter of the operating wavelength,
said -antenna extending -perpendicular to a con-
‘ductive-sheet-a-distance egual to a quarter wave-
Tensth, said conductor having an opening, the
interior of said holow portion of said conductor
communmicating ‘through -said opening with the
space between the said sleeve and said conductor
for ‘the passage of -electromagnetic energy.

5. ‘An ‘antenna including -an €longated .conduc-
tor ‘having an ioverall length of substantially -a
half of the operating wavelength, substantially



9,487,567

5

one half of said conductor being surrounded by a
sleeve, at least the portion of said conductor
which is within said sleeve being hollow, a co-
axial line having an outer sheath and an inner
conductor, said outer sheath being connected to
saiq sleeve and said inner conductor extending
into the hollow portion of said conductor a dis-
tance equal to one quarter of the operating wave-
length, a portion of said conductor which is out-
side said sleeve being surrounded by means so
redistributing the field about said antenna as to
counteract the variation in impedance of said
antenna with a change in frequency, said means
including a conductive sleeve member surround-
ing the outer end of outer conductor and con-
nected thereto, said conductor having an open-
ing, the interior of said hollow portion of said
conductor communicating through said opening
with the space between the said sleeve and said
conductor for the passage of electromaguetic
energy,

6. An antenna including an elongated conduc-
tor having an overall length of substantially a
half of the operating wavelength, substantially
one half of said conductor being surrounded by
a sleeve, at least the portion of said conductor
which is within said sleeve being hollow, a co-
axial line having an outer sheath and an inner
conductor, said outer sheath being connected to
said sleeve and said inner conductor extending
into the hollow portion of said conductor a dis-
tance equal to one quarter of the operating wave-
length, a portion of said conductor which is out-
side said sleeve being surrounded by means so
redistributing the field about said antenna as to
counteract the variation in impedance of said
antenna with a change in frequency, said means
including an insulating sleeve of high dielectric
material surrounding outer end of said conduc-
tor, said conductor having an opening, the inte-
rior of said hollow portion of said conductor com-
municating through said opening with the space
between the said sleeve and said conductor for
the passage of electromagnetic energy.

7. An antenna including an elongated conduc-
tor extending normal to a conductive sheet con-
stituting a ground plane and having an overall
length of substantially three eighths of the oper-
ating wavelength, a length of said conductor
equal to one quarter of the operating wavelength
being surrounded by a sleeve, at least the portion
of said conductor which is within said sleeve be-
ing hollow, a coaxial line having an outer sheath
and inner conductor, said outer sheath being
connected to said sleeve and said inner conduc-
tor extending into the hollow portion of said con-
ductor a distance equal to one quarter of the op-

erating wavelength, said conductor having an:

opening, the interior of said hollow portion of
said conductor communicating through said
opening with the space between the said sleeve
and said conductor for the passage of electro=
magnetic energy.

8. An antenna including an elongated conduc-
tor extending normal to a conductive sheet con-~

6

stituting a ground plane, a length of said con-

_ ductor equal to one quarter of the operating
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wavelength being surrounded by a sleeve, at
least the portion of said conductor which is with-
in said sleeve being hollow, a coaxial line having
an outer sheath and inner conductor, said outer
sheath being connected to said sleeve and said -
inner conductor extending into the hollow por-
tion of said conductor a distance equal to an odd
multiple, including unity, of one quarter of the
operating wavelength, the extension of said an-
tenna above said sheet being one quarter of the
operating wavelength, said conductor having an
opening, the interior of said hollow portion of
said conductor communicating through said
opening with the space between the said sleeve
and said conductor for the passage of electro-
magnetic energy.

9. An antenna including an elongated conduc-
tor extending normal to a conductive sheet con-
stituting a ground plane and having an overall
length of substantially three eighths of the oper-
ating wavelength, a length of said conductor
equal to one quarter of the operating wavelength
being surrounded by a sleeve, at least the portion
of said conductor which is within said sleeve be-
ing hollow, a coaxial line having an outer sheath
and an inner conductor, saiq outer sheath being
connected to said sleeve and said inner conduc-
tor extending into the hollow portion of said con~-
ductor a distance equal to one quarter of the
operating wavelength, substantially one half of
said sleeve extending above said ground sheet,
said tubular conductor having an opening at the
end thereof above saig sheet.

10. An antenna including an elongated con-
ductor having an overall length of substantially
a half of the operating wavelength, substantially
one half of the said conductor being surrounded
by a sleeve, at least the portion of said conductor
which is within said sleeve being hollow, a co-
axial line having an outer sheath and an inner
conductor, said outer sheath being connected to
said sleeve and said inner conductor extending
into the hollow portion of said conductor, the end
of said conductor including said hollow portion
within said sleeve being insulatingly spaced from
said sheath and said sleeve to afford communica-
tion for the passage of electromagnetic energy
between the interior of said hollow portion of
said conductor and the space between said sheath
and said conductor.

NILS E. LINDENBLAD.
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