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“This’ invention ‘Felates ‘gerierally to electrical
gpparatlis dnd ‘more particularly toa Fadio fre-
quency antenna “Whose Horizontal Pattern is
relatively ‘free of nulls and is nearly eircular in
shape.

For cértain purposeés it is desirable to radiate
radio Irequency energy equally in“all ‘difectiotis.
THat 15 to say, although there gare advantages in
anténna directivity for certain . purposes, for
other purposes it is quite undesirable. Itis some-
times ‘desirable that substantialy equal signal
strength be émanated from a radiating elemeiit
in évery direction. ¥or- eéxample, it might "be
expediént for a hovering aircraft to play the
part of a broadeating station. Such a plane, ih
cruising about, Wwould ‘have” frequently fo- change
direction-in order not to Ay away from the Zone
of its oberation. If its antenrna’ -System weére di-
rective, movements of “the plane “Would be ‘felt
in some receivers as chaiiges in sighal strength

-On -type of antenna, which might seem to
have the proper form of radiatlon pattern, is a
quatter wavelength dipole protruding from “the
bottom of the -aircraft and pomtmg toward the
gound. ‘Tt certainly would radiate energy in all
directions in the -horizontal ‘plane. However,
since’the polarization of ‘this antenna, is vertmal
its ‘use might not always be- appropriate if ‘the
antenna systems of most receivers, assomated
with -sueh -a broadcastmg system, Were hori-
zontally polarlzed

It is -an- object of this inventich to provide an
antenna -having -3 substantially c1rcu1ar radia-
tion pattern-in a plane that may be.considered
horizontal and. is, in-fact, a plane. perpendicular
to-the axis of the main element of this-antenna.
It is -also -an object of this invention that this
antenna offer a favorable -input impedance for
efficient power transfer-from ordinary feed lines.
It is a further object of this invention that this
antenna be -horizontally polarized. It -is 2
further object of this invention that-this anten-
na -be adaptable. for operation over a relatively
wide band of frequencies.

Generally, ‘this invention comprises :a struc-
tiire in’ the form of a truncated cone-conductive
over -at :ledst its - outer- surface-except ‘for -what
may ‘be @ ‘non-conductive -strip running the
length of the structure with its axis substantially
coplanar with -the axis:of the tube. The widih
of this strip is small by comparison -with its
length. The interruption in 'the continuity of
conductivity of :the -outer -surface ‘may ‘take the
form - of -a physical -split :or : slit ~cut - from the
conical structure (in -the location -described
above) and particularly so if solid sheet metal

10

15

20

25

30

35

40

45

50

is "iséd “to "t61n "thiy” conductive ‘elémerit. “Phis
spht conical structure is fed with radio’ frequency
energy applied “From " suitable transmlssion lme
mneans to - ‘selected pomts ‘on “each ‘side ‘of / “the
sht and communlcated by’ way of ¢ the edges ‘of
the slit - “to substantialy ‘all of “said ‘Condictive
surface; ‘said eonductive ‘sirface ‘radiates said
electromagnetic energy'w1th its electrlc vector
polarlzed in’ a plane, or planes, substantially
perpendicular “to “the “axis of “§aid “conical “ele-
ment

“Other’ obJects features and’ advantages ‘of this
invenition ‘will* suggest themselves' those skllled
in "the ‘art dnd will ‘bécome- appa 11t “fi'om the
followmg descrlptlon of’ ‘the"in ntion taken in
¢onnection ‘with the smgle “figui'e 'of "tHe accom-
panying drawing in' Which:

The figure is“an isoetiic: View 6f the embodi-
ment of this invention,

‘Refétring Tiow “to “the drawing, ‘the ‘split
triineated - ‘¢one ‘I is composed ‘of thin - sheet
metal, Tt ‘might ‘be formed by ’euttlng sheet
metal ‘alohig “two curved lines, drawn “approxi-
mately as parallel ségmeénts of two ‘¢ohcentric
circlés, and along two radii, ‘éach orie drawn ‘as
a ‘radius’common fo sald two'eircles and to in-
tersect ‘sald two curved linés near thelr re-
spective ‘ends (a" pattern ‘comonly employed in
makmg ‘simple lanip sHades), and by bending
said sheet metal so cut out, into substantially
the form of ‘& “truncated ‘cone,  tntil ‘the two
stiaight edges. formed by ‘§aid radii nearly touch
and ‘foim, between thém, a Hiariow s11t the ‘axis
of which'is eoblanar with the axis 6f said cone.
The laigér end of thus trincated cone abuts
against, and is attached to, a substantlally flat
element 2 which may be another Diece of sheet
metal,-specially selected for the putpose, or may
be, in effect, furnished by some conducting. por-
tion of ‘the ‘bottom -surface -of the aircraft on
which this -antenna, may be- installed Flat ele~
ment 2 serves an obv1ous mechamcal function
in adding to the -rigidity . of truncated cone f.
Besides this, - ‘it -affects the-overall behavior of
the -radiating element by -serving -as ' a “ground
plane.” -Coaxial transmission. line- 3,-having -an
outer conductor 4 and-an-inner conductor-5, may
be led to.the-inside-of - truncated cone { by com-
ing -through -a hole, in:flat element 2, situated
near ‘an edge ‘of slit 6. ‘When -the feed line is
installed in this manner, it-may-be led -along-said
edge fo-its opposite end (to-the place: where cone
{-remains-open-as shown in: the- figure). :Outer
conductor 4 may bemechanically and electrically
connected ‘to ‘one -edge of slit6 either along the
full length of the slit or at its above described
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end. In the embodiment, and patricularly as
shown in the figure, this connection is made ab
the end of outer conductor 4 and is made be-
tween outer conductor 4 and the end of one
edge of the slit. It may be made by soldering or
brazing or by any other suitable conventional
means. In the figure this connection is shown
as a solid inked-in area at a point of contact
between the connected parts. Inner conductor
§ extends beyond outer conductor 4, at this
point, and is bent over and electrically joined
to the opposite edge of the end of slit 6. Short-
ing bar 7 is adapted to slide between, and to
have good electrical confact with, the edges
of slit 6, thus short circuiting those edges at any
point where it is positioned. Conventional
types of spring contactors may be used and in-
corporated into shorting bar 7, or it may be
fashioned as a clampable element which can,
at will, be mechanically loosened, positioned, and
retightened, , '

The length of slit' 6 should be somewhat
greater than one-half of one wavelength cor-
responding to the lowest intended operating fre-
guency. While the velocity of propagation along
slit 6 may sometimes be exactly equal to the
speed of light, it may vary so as either to be
somewhat less or somewhat greater than that
velocity. Therefore, in most cases, this dimen-
sion will be somewhat different physically than
electrieally. Generous proportioning as to the
length of the slit may be advisable in order to
give due allowance to this fact. Then, in actual
operation, the shoriing bar may be set as a point
on the slit which is distant from the feed point
by an exact effective half wavelength even if the
velocity of propagation along the slit is greater
than the speed of light. ‘

. It has been found empirically that the approxi-
mate circumference of the conical element should
be néar to one whole wavelength in space. It is
likely that reactance loading effects inherent in
this metallic structure (which can be looked
upon as a single turn of a wide strip of metal
may affect the electrical length measured around
the outside of the tube, between the edges of the
slit, so that the effective electrical length is
really quite different than the physical measure-
ment. However, that may be, it has been de-
termined as & fact that in the case of a cylin-
drical structure the physical size of the circum-
ference should be about equal to & of the long-
est wavelensth in space. Since the antenna is
in the form of a truncated cone, that size would
be correct for the circumference which the outer
surface of said cone would form on an intersect-
ing plane perpendicular o the axis of said cone
and lying about midway between its ends. Where
the truncated cone is proportioned in this way,
the device becomes adjustable over a broader
frequency band than if a cylindrical shape were
used. For as the shorting element is moved close
to the feed point, to adjust the length of the slit
to & high operating frequency, then the circum-
ference of the used portion of the radiator (which
might have been correct for a lower frequency)
would probably be incorrect and would be too
large. Instead, the average circumference of the
used portion of the radiator becomes progressive-
1y smaller at the same time that the distance
along the slit is reduced.

With proper adjustment of shorting bar 1 this
radiating element presents a good impedance
match to a low impedance feed line.

The foregoing portion of this disclosure has
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indicated some of the conirolling facts about
the structure of this antenna. The following
porticn is a suggested explanation as to some of
the principles of ifs operation. The R. ¥, po-
tential difference between the conductors of the
feed line when applied between the open ends of
the slit causes a wave to travel along it foward
shorting bar 1. This wave is reflected by the
shorting bar and, since the aftenuation of the
forward and reflected waves is not very great, a
standing wave is formed along the slit. If the
position of shorting bar 7 is adjusted properly,
the standing wave will include one whole voltage
loop with voltage nulls occurring at the feed point
and the shorting bar. When the slit is tuned to
resonance, in this way, it offers a pure resistance
load to the feed iine, and the value of this load
is a low one.

The phases of the R. F. potentials at different
points along the slit will bhe practically the same
though the potential differences at these points
will vary according to the standing wave ratio.

The potential differences existing between the
two edges of the slit will cause R. F. currents to
flow around the conductive outer surface of the
conical element and will cause an electric field
to be set up whose lines of force will be roughly
parallel to the paths of these currents. As &
result, the entire outer surface will radiate R. F.
energy which is polarized in a plane perpendicu-
lar to the axis of the conical element.

The cone acts as though it consisted of a num-
ber of individual loops piled up coaxially and
energized in phass.

By reference to well known facts about the
behavior of closed loops it could be inferred
that the horizontal radiation pattern of this de-
vice, if its polarization be termed horizontal for
purposes of convenience, would be rather non-
directional.

I+ has been observed by actual experiment
that the radiation emitted by this antenna is dis-
tributed in those planes which include the axis
of the tubular element so as to form radiation
patterns describing the form of a figure 8 lying
on its side, that is with ifs nulls being along the
axis of the cylinder. The radiation emitted in
planes at right angles to the axis (the radiation

herein referred to as horizontal) forms pattexns
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which vary with changes in the frequency applied
to the antenna, without readjustment, but are
generally cardiodal at higher frequencies and
nearly oval at lower freguencies. However, at
any frequency within its operating range this
antenna has a horizontal pattern which is no-
ticeably nondirectional and has no pronounced
nulls. The radiation is, however, a little greater
in a direction out of the slit from the axis than
in the opposite direction or in directions toward
either side.

Tt is obvious that the horizontal radiation pat-
tern could be made even more circular if the
slit were made to follow a helical path around
the surface of the conical structure instead of a’
straight path coplanar with its axis.

it has been confirmed experimentally that if
the radiating element is made conical in shape,
like the embodiment shown herein, it is adjust-
able to function in an efficient manner over &
broader band of operating frequencies than if it
is made cylindrical.

Tt is obvious that it is not necessary to restrict
the length of the radiating element to an effec~
tive half wavelength or less. Of course, if its
length were extended beyond an effective reso-
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nant; half: wavélength; the outer- radiating: sur-:

face would emit certain radiations out of: phase:

with other radiations: and: they: would: not. add
up: to, produce: the: kinds: of patterns;in: the: hori-:
zontal: ‘and: vertical: planes:. described.  abave::
However;, there. are methods well. known: in- prier:
art: for- meeting: this: problem.. For-example;. the:
‘slit: could. be: fed: at: a plurality of points:so: as; to:
be;excited inca plurality of sections:each of which:
could. individually: be: limited to a.single. effective:
half: wavelength: and. where: the: feed: lines: would:

be:of. such: unequal lengths. as to- cause: said: see~-

tions: of said. slit to be execited. in phase:

It: will he seen: that the antenna herein set’

forth will radiate energy horizontally polarized
and.wilt do:'so: without- ebjectionably: pronounced
directivity .in. the horizontal plane and without
marked nulls in its horizontal radiation pattern;
that -it’ presents a favorable input impedance;:
that it can be made adjustable over a relatively
Broad band of operating frequencies.

‘It is obvious that a great many minor varig-
tions in the details of design: and of materials
used in construeting antennas of this type: could
be embodied in it without departing frony the
basie principles of the invention. o

Accordingly all- such deviations are claimed
which fall fairly within the: spirit: and ‘scope: of
the invention as identified in the hereinafter
appended claims: - - ,

What is claimed is: :

1. A broad band. antenna. including a hollow
metallic. truncated cone having a: length greater
than one-half of one wavelength. corresponding
to the lowest operating frequency and an average
circumference greater than a wavelength corre-
sponding to the lowest operating frequency with
a narrow slit whose axis is coplanar with the axis
of said cone extending the full length of said
cone, a metallic sheet reflector oriented perpen-
dicular to the axis of said cone electrically
contacting the periphery of said cone at its
larger base, a coaxial transmission line a por-
tion of which is mounted in said cone through
a hole in said reflector with the outer conductor
of the portion of said line contained by said
cone parallel to the slit in said cone and elec-
trically connected along its entire length to said
cone near the slit in said cone and with said outer
conductor terminated at the smaller base of said
cone and with the inner conductor of said line
extending beyond said outer conductor and ter-
minated in electrical contact with said cone at
the opposite edge of the slit in said cone at the
smaller base of said cone and an adjustable
shorting bar electrically connecting opposite
edges of said cone resulting from the slit in said
cone.

2. A broad band antenna with a plane polarized
substantially circular response pattern in a plane
perpendicular to its axis including a conductive
sheet in the form of a truncated cone with a slit
coplanar to the axis of the hollow cone, a con-
ductive sheet reflector oriented perpendicular to
the axis of said cone electrically connected to the
larger base of said cone, a coaxial transmission
line a portoin of which is mounted in said cone
through a hole in said reflector with the outer
conductor of said line terminated in electrical
contact with the smaller base of said cone near
one side of the slit in said cone and with the inner
conductor of said line terminated in electrical
contact with the smaller base of said cone near
the other side of the slit in said cone and a short-

s
sald:cone:and:adinstable along: the length. of :said;
slit: whereby: sgid antenna: has; & low input: im--

- pedance; . . .
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-3 A broad band antenns with:a plane polarized:

H substantiallysrcircular;responseepattern‘ima.;plan&

perpendicular: to: its. axis: including: & truncated:
substantially- conical radiator with: a- longitudis-
nali slit- along: the: full: length. of said radiator;. a:
sheet: refiector oriented: perpendicular: to the:axis:
ofrsaid radiatar-in: electrical contact: with: am end:
of said radiator; a. coaxiali transmission. line: a:
portion of which: is; mounted in: said: radiator
through: & hole in: said: reflector: with: the outer
canductor: of said line in: eleetrical contaet: witix:
said radiator along: one: edge: of the slit im said:
radiator and. with: said: outer conditctor termi-.
nated: 8t the end of said radiator opposite: said
reflector and with the inner conductor: of said:
line: extending beyond said: outer: conductor and:
connected: to: said radiator at the other edge: of
the: st i said radiator and: a. shorting: bar con=-
nected: to: said radiator across. the: slit: in: said:
radiator and adjustable along the; length of said.
slit-whereby the.input. impedance: of 'said. antenna
is:of a. low value.. : L

4. A broad:band antenna with: a.plane:polarized;
substantially-circular response pattern:in & plane:
perpendicular: to- its axis including: a: truneated:
substantially-conical radiator with & longitudinal.
slit: along the: full: length of said radiator;. a.
reflector at: one end of: said: radiator in a: plane;
perpendicular to: the: axis: of said radiator; a:
coaxial transmission: line with its: inner conducn~
tor connected. to said radiator near an edge of:
the: slit. in: said radiator and with: its outer- con=
ductor connected to said radiator near an oppo-~
site edge of the slit in said radiator and a short-
ing bar connected to said radiator across said slit
and adjustable along the length of said slit
whereby the input impedance of said antenns is
of a low value.

5. A broad band antenna with a plane polarized
substantially circular response pattern in a plane
perpendiculr to its axis, said antenna comprising
a hollow metallic body having an outer radiating
surface substantially in the form of a truncated
cone with a substantially straight slit in its
periphery and a transmission line comprising two
conductors with one of said conductors connected
to said body near one edge of said slit and with
the other of said conductors connected to said
body at a point on the opposite edge of the slit
in said body.

6. A broad band antenna with a plane polarized
substantially circular response pattern in a plane
perpendiculr to its axis, said antenna comprising
a hollow metallic body having an outer radiating
surface substantially in the form of a truncated
cone and having a longitudinal slit, a transmis-
sion line connected to said body across the slit in
said body, and a shorting bar connected to said
body solely across said glit, said shorting bar being
adjustable along the length of said slit,

7. Abroad band antenna with a plane polarized
substantially circular response pattern in a plane
perpendiculr to its axis, said antenna comprising
a hollow metallic body having an outer radiating
surface substantially in the form of a truncated
cone and having a longitudinal slit therein,
Means coupled to said body across said slit for
applying high frequency energy thereto, and tun-
ing means coupled to said body across said slit
to tune said slit.

8. A broad band antenna with a plane polarized

ing bar connected to said cone across the slit in 75 substantially circular response pattern in g plane
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perpendicular to its axis comprising a truncated
substantially conical hollow radiator with a lon-

gitudinal slit, the effective electrical peripheral

measurement of said conical radiator at substan-
tially the center thereof being approximately an
electrical wavelength at the mid-operating-fre-
quency, means coupled to said radiator across said
glit for applying high frequency energy thereto,
and short-circuiting means coupled fo said radia-
tor across said slit and longitudinally movable
therealong to adjust the effective electrical length
of said slit to one-half wavelength.

9. A broad band antenna with a plane polarized
substantially circular pattern in a plane per-
pendicular to its axis comprising a hollow metal-
lic body substantially in the form of a truncated
cone and having a longitudinal slit, the effective

electrical peripheral length of said body 2t sub--
stantially the longitudinal center thereof being.

approximately an electrical wavelength at the
mid-frequency of said band, and energy trans~

mission means coupled to said body on opposite.

sides of said slit.

10. A broad band antenna with a plane polar-
ized substantially circular pattern in a plane per-
pendicular to its axis comprising a hollow metal-
lic body in the form of a truncated cone and
having a longitudinally slit, the effective length
of said slit being at least approximately equal to
‘a half wavelength at the lowest frequency in said
band, the effective electrical peripheral length of
said body at substantially the center thereof be-
ing approximately an electrical wavelength at
the mid-frequency of said band, energy transmis-
sion means coupled across said slit for applying
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high frequency energy thereto, and means to tune
said slit. oo

11. A broad band -entenna having a substan-
tially circular pattern plane polarized in g plane
perpendicular to its axis, said antenna compris-
ing a hollow metallic body having an outer radiat~
ing surface substantially in the form of a trun-

cated cone and having a longitudinally slit there~

in, the effective length of said slit being at least
approximately equal to a half wavelength at the
lowest frequency in said band, and energy trans-
mission means coupled to said body on opposite
sides of said slit for applying energy thereto.
PRICE M. KEELER.
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