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The present invention relates to ultra short
wave antennas and more particularly to directive
© non-resonant antennas.

An object of the present invention is the pro-
vision of a non-resonant directive short wave an-
tenna.

Another object of the present invention is the
brovision of an antenna which may be installed
on high speed aircraft without introducing ex-
cessive drag or wind resistance.

Another object of the present invention is the
provision of an antenna for use on high speed
ajreraft which is highly directional and which is
compact.

A further object of the present invention is the

- provision of an antenna system which is usable

" onsupersonic jet propelled missiles.

The foregoing objects and others which may
appear from the following detailed description
are attained by providing an antenna in the form

of a linear conductor having a length compar- .

able with a number of operating wavelengths.
 The conductor is disposed adjacent the boundary
between fwo dielectrics of differing gielectric
* constant whereby a wave tilt is produced thereby
coupling the energy carried by the wire to the
surrounding space,

The present invention will be more fully under-
stood by reference to the following detailed de-
scription which is accompanied by a drawing in
" which:
 Figure 1 illustrates diagrammatically an appli-
cation of the present invention to a balanced
bush-pull transmission line, while :

Figure 2 illustrates a modification of the in-
vention, and

Figure 3 illustrates the application of the an-
tenna of the present invention to a supersonic
jet propelled missile.

Referring now to Figure 1 there is shown a sec-
tion of balanced, push-pull, two-wire transmis-
sion line consisting of conductors 10 and i2. The
conductors are connected to a source of high fre-
quency energy as indicated by the generator G.
The other ends of the conductors 10 and 12 are
connected together by the resistor R having a
value of resistance equal to the characteristic im-
pedance of the section of the transmission line.
Thus the conductors carry a pure travelling wave
- in the direction from G to R.

Now, as so far described, the transmission line
will have very little, if any, radiation in any di-
rection and none 'in the direction of its axis if
end effects are neglected. Now however, I have
- found that if a dielectric material such as that
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indicated by reference character 14 is placed in
the neutral plane between the conductors, a radi-
ation component in the direction of the trans-
mission line axis will be obtained as shown by the
arrow D. The radiation which results may be
attributed to the so-called wave tilt. Normally
the electrostatic field would be perpendicular to
the line axis; that is, to the direction of the ar-
row D. The wave tilt is a result of the difference
in velocity of the waves in the space surrounding
the two-wire line and in the dielectric 14, Thus,
the electric fleld enters the dielectric at some
angle other than 90°. The field also becomes sub-
ject to reflection at the boundary between the di-
electric and the surrounding space. Further, as
the field tilts due to the presence of the dielec-
tric, the magnetic field tilts with it. That is,
when considering the transmission line as being
in free space, the rings of the magnetic field are
in a plane perpendicular to the line axis D. The
presence of the dielectric 14 between wires causes
the magnetic field around each wire to tilt to-
Since the fields about the
two wires correspond to currents in opposite di-
rections, their projections on a plane parallel to
the line axis D are additive while the projections
on a plane perpendicular to the line axis D are
subtractive. The net result of these electrostatic
and electromagnetic field tilts is a component of
radiation along the line D.

A single conductor transmission line over con-
ductive ground plane may also be caused to act as
anh antenna as shown in Figure 2. Here the single
wire conductor 20 is disposed over a conductive
ground plane GP. The wire 20 is terminated at
one end by terminating resistor R and at the
other end by generator G as described with ref-
erence to Figure 1. Also, as in the case of Fig-
ure 1, a block of insulating material such as wood
or Bakelite is indicated by reference numeral 4.
The manner in which radiation in the direction
of arrow D takes place in the form of construc-
tion shown in Figure 2 may be compared with the
system in Figure 1 on an image basis ; that is, the
conductive ground plane GP may be considered
as producing a mirror effect as though a second
conductor, carrying current in opposite direction
to the current in wire 20, were placed below
ground plane GP a distance equal to the distance
of wire 20 above the ground plane GP. There will
of course be some differences between the two,
esbecially if the dielectric (4 is thick. However,
forward radiation in the direction D will still take
place.

It will be noted that at ultra high frequencies
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the overall height of the antenna system shown
in Figure 2 is very small. Its overall length is
also small since a matter of several wavelengths
of centimeter waves still does not result in a large
bulky structure. The antenna of Figure 2 is thus
well suited for use on high speed airplanes since
its projection above the surface of the airplane
is extrémely small. In most' cases the antenna

would not project beyond the region of disturbed .

area surrounding the airplane and would there-
fore cause no increase in drag. L

Another use of the present invention is illus-
trated diagrammatically ifi' Figiire-3.. ‘Here Thave
shown & supersonic speed-jet-propelled-missileas

indicated generally by reference numeral 30.

This missile may be propelled by the:jet-engine

32 within the body of the missile operating on air

received through the nose of the missile in-duct

34. The products of ¢ombustion which produce
thedthiust are dischsrgedthiroigh the'tail-ofthe
~“missile’from duct 26. _

YiNow, itiTnay ‘bé désired to control the-opera-
“igion of the missile’or b guide it ‘byradio waves
stratismitted: from the Souree of origin of the mis-
<i5{1e 50 -some radio- transmitting and/or’ receiving
~igpparatus -and - an: 2ssociated -antenna; system
“imiust be “eartfed” by sthe - missile. - The gnterna
“wgysteny- preferably ‘should Have a lobé of maXi-
iR response-pointing ‘to the rear 'of the missile.
In: normal ‘obaratiori the réariend of the missile
“may- become extremely Hiot. Thus, any- antennsa
- arrihged-near the rear-end'of the miszile will be
- gibject to7extréme temperature -rises  while -the
migsile” is -in’opération. - Normally,: insulgators
-.which'are-good at-ultra high frequencies will not
stand such ‘hightempeérdiures ‘unless they are
‘made’ of ‘ceramic - xidterial. © However, the. ce-
“rgmic materials ‘ave: brittle and - easily broken.
s pyrthermore; due to-thig speed gt which such mis-
giles travel-hormal ‘antenng structures would in-
~{rodice an-excessive aitdrag.- It will be appar-
“enttlatb it is-not practicable-t6 place:rearwardly
-lLidirectedhornsantenrias around the body of-the
i pritsdile. I Wvenr & siinplé’end fire arfay; if-it-istto
*Hagye'dny effective ‘height; will produce an:exees-
“lgive drag. f To-further- complicate the problem it
pay he Heecessary to provide severaliindepend-
< gl operating antennas.
 In accordance with-my-invention-‘an antenna
““Heving’ charactéristics suitable for-isé-on jet-pro-
“pelled niissilé nay-be-attained by providing-an
 glongated depression along the length’of theé is-
»ikjle gi-oné of moré-locations ‘around-its“periph-
wery. Within*the depression is located a~block’of
“yndulating ‘material 44 which; if Tequired; may be
-“made - of high temperature ‘eeramic. -~ Along-the
“zguter ‘surfdce’ of the insulator*4§d:is- provided-an
“gloneated “condiictor=59 - termirated-at “the*réar
“'ehd by términating resistor R-and connected at
“~jts forward end to the radio apparatus 51 carried

“yithin the ilose of the missile 34. It will be hoted
“~fYaf ‘the antennd thus provided has very little
“drag effect orl “théhiissile,” being siibstantiglly
““fsh with the Surface of ‘thé missile. - 'The ‘an-
" tenna is entirely constructed of materials resist-

‘ant to high operating températures. “The maxi-
- mum lobe of the radiation pattern is in the direc-
.+tion-toward the tail -of the missile- as requived.
- AlS0: quadrantally=lsarranged -gntennas--may-be
provided, -the- several: anbtennas--being substan-

‘tially independent in ' their operation.

While T have generally described my invention
«above-as though &pplied-t0 transmitting anten-
nas, it is equally as well applicable to receiving
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antennas if appropriate receiving apparatus is
substituted for the generator G.

What is claimed is: .
1. A directive antenna for use on a conductive
5 surface structure and providing maximum effec-
tiveness in a given direction and at an angle sub=
“rstantiglly less than asright angle with respect to
. said conductive-surface structure, said conductive
~ surface structure having & recess therein, a body
vng.fof dielectric material arranged in ‘said recess, @
. conductor. arranged on said dielectric body sub=
- stantiallyflush - with said conductive surface
~gtructure: -said-conductor and said hody being at
»leastas longsas several wavelengths at the oper-
15 ating freguencyin said surface along said given
- direction; a resistive element connected between
" "$aid ¢onductive surface structure and one end of
saidrdoniductor, said element having a resistance
value substantially equal to the characteristic
20-inipedance ~of -the -transmission -line -formed by
- said -conductor and-said conductive -surface, and
means to couple utilization apparatus- between
~said-conductive surface -structure and the other
~end of said conductor. ; )
95 2. A directive antenna for use at centimeter
. wavelengths- on- a--vehicle -having-a. conductive
- -outer - surface without- producing - appreciable
_aerodynamic drag and providing maximum-effec-
tiveness at a smail-angle with respect-to said.sur-
30 -face,-including a -bleck-of dielectrie material ar-
-ranged-on-said -conductive surface, a conduetor
-arranced-on-said dieleetrie body,-said conduetor
and said block being at least as long -as several
. wavelengths- at-the operating -irequency-in the
35 desired direction-of -operation-of said antenna; a
resistive element-connected between. said conduc-
-tive-surface-and one.end-of said conductor;- and
means-to ‘couple- utilization apparatus-between
. said.conductive surface-and the.other end of said
40--conductor. ) )
. 3, A~ directive antenna - for-use ab .centimeter
~wavelengths -on . g vehicle-having: a--conductive
- outer:-.surface - without-producing -+ appreciable
- -aerodynamic drag-and-providing maximum. effec~
45 -tiveness at a:small-angle with respect-to said-sur-
face, said conductive outer -surface-having an
-elongated: recess-therein; a-block of dielectrie-ma-
-terial arranged-en-said conduetive-surface; a con-
->ductor-arranged -on-said: dielectric body -to- locate
50 Said conductor substantially flush with said con-
<duetive -surface~of -said- vehicle;--said -conductor
~.and- said block-being:at-least-as-long-as-several
wavelengths at--the- operating-frequency in the
-desired -direefion-of operation of -said antenna, a
55 resistive element connected between said conduc-
-tive-surface and-one end of said -condictor; and
.- means-to. couple:utilization . apparatus Between
said conductive surface and the other-end of said
~egenductor. i
60 -4.-A-directive-antenna -for -use at -centimeter
_wavelengths: on- a vehicle having a. conductive
. outer —surface - without. producing . appreciable
~-gerodynamie-drag and providing maximum effec-
_.tiveness-at a small-angle with respect to-Said-sur-
65 face,-including a- block of: dielectric material. ar-
-ranged -on.said comductive surface, a conductor
«.arranged-on said dielectric body, said conductor
.--and-said- block-being-at-least -as-long- as several
wavelengths at the-operating - frequency- in-the
70..desired - direetion.-of roperation. -of -said antenna,
: g resistive element connected: between . said con-
-: duetive surface-and one end of said -conductor,
.and- means -to -couple- Utilization apparatus. be-
.tween said eonduetive surface and- the other end
75 of said conductor, said resistive elemeént having a
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resistance value substantially équal to the char-

acteristic impedance of the arrangement of said _

conductor over said conductive outer surface.

5. A directive antenna for use at centimeter
wavelengths: on a vehicle having a conductive
outer surface without producing appreciable
aerodynamic drag and providing maximum effec-
tiveness at a small angle with respect to said
surface, including a block of dielectric material
arranged on said conductive surface, a conductor
arranged on said dielectric block, said conductor
and said block being at least as long as several
wavelengths at the operating frequency in the
desired direction of operation of said antenna,
a resistive element connected between said con-
ductive surface and one end of said conductor,
and means to couple utilization apparatus be-
tween said conductive surface and the other end
of said conductor, said resistive element having
a resistance value substantially equal to the char-
acteristic impedance of the arrangement of said
conductor over said conductive outer surface, said
conductive outer surface being formed to provide
an elongated recess for said dielectric block to
locate said conductor substantially flush with
said conductive surface of said vehicle.

6. An ultra short wave non-resonant directive
antenna for use at -centimeter wavelengths on
a metallic aircraft structure without producing
appreciable aerodynamic drag and providing
maximum effectiveness in a direction substan-
tially directly astern of the aircraft structure,
including a block of dielectric material arranged
on said metallic aircraft structure, a conductor
arranged on said dielectric body, said conductor
and said block being at least as long as several
wavelengths at the operating frequency in the
direction of the longitudinal axis of said aireraft
structure, a resistive element connected between
said metallic structure and the end of said con-
ductor adjacent the stern of said aircraft struc-
ture, said element having a resistance value sub-
stantially equal to the characteristic impedance
of the transmission line constituted by said con-
ductor and said metallic structure, and means
to couple radio frequency utilization apparatus
between said metallic structure and the other
end of said conductor.

7. An ultra short wave non-resonant directive
antenna for use at centimeter wavelengths on a
metallic aircraft structure without producing ap-
preciable acrodynamic drag and providing maxi-
mum effectiveness in a direction substantially
directly astern of the aircraft structure, the
metallic aircraft structure having an elongated
recess provided therein, a block of dielectric ma-
terial arranged in said recess, a conductor ar-
ranged on said dielectric block substantially flush
with the surface of said metallic aircraft struc-
ture, said conductor and said block being at least
as long as several wavelengths at the operating
frequency in the direction of the longitudinal
axis of said aircraft structure, a resistive element
connected between said metallic structure and
the end of said conductor adjacent the stern of
said aircraft structure, said element having a
resistance value substantially equal to the char-
acteristic impedance of the transmission line con-
stituted by said conductor and said metallic
structure, and means to couple radio frequency
utilization apparatus between said metallic struc-
ture and the other end of said conductor.

8. A travelling wave antenna including a con-
ductive surface element disposed in a medium
through which radiation is effected, a body of
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dielectric ‘material having a4 dielectie’ constant
“different from that of said medium and arranged

on said conductive surface -element, a conductor
arranged on said body of dielectric material along
a line of desired maximum effectiveness, said.
conductor having a length at least as long as
several wavelengths at the operating frequency’
and ‘lying for the greater part of the length.
thereof along a region of abrupt change of dielec~
tric constant, a terminating resistor having a
value of resistance equal to characteristic imped~
ance of said antenna connected between one end
of said conductor and said conductive surface
element, and means to couple transducer equip-
ment between the other end of said conductor
and said conductive surface element. ‘

9. An antenna including a conductive ground
plane element, an elongated body of dieleciric
material having a dielectric constant differing
irom that of surrounding space, an elongated
conductor having a length at least as long as
several wavelengths at the operating frequency
disposed on said body of dielectric materigl along
a direction of desired maximum response and
effectively for substantially the entire length
thereof along a region of substantial change of
dielectric constant, means to couple transducer
apparatus between one end of said conductor and
sald ground plane element, and a resistance de-
vice connected between the other end of said
conductor and said conductive ground’ plane ele-
ment to terminate the antenna in the charac-
teristic impedance thereof. - : C

10. An antenna including a highly conductive
ground plane element, a body of dielectric ma-
terial having a dielectri¢ constant differing from
that of surrounding space arranged on said con-
ductive ground plane element, an elongated con=
ductor having a length at least as long as several

‘wavelengths at the operating frequency .disposed

on said body of dielectric material substantially
parallel to said ground plane element along a
direction of desired maximum response whereby
said conductor lies for the effective part of the
length thereof in g region of substantially abrupt
change of dielectric constant, means to couple
transducer apparatus between one end of said
conductor and said ground plane element, and a
terminating resistor having a value of resistance
equal to the characteristic impedance. of said
antenna connected between the other end of said
conductor and said ground plane element,.

11. A directive traveling wave antenna system
for radio apparatus installed in close proximity
to a semi-infinite conductive surface element, in-~
cluding an elongated block of dielectric material
having a dielectric constant different from that
of the medium in which the antenna is effective
arranged on said conductive surface element, an
elongated conductor arranged on said block of
dielectric material to lie for the greater part of
the length thereof along a boundary of an abrupt
change of dielectric constant, said block of di-
electric material and said elongated conductor
having lengths at least several wavelengths at
the operating frequency, a resistor having a re-
sistance value substantially equal to the char-
acteristic impedance of the transmission line ef-
fected by said elongated conductor and said con-
ductive surface element connected between one
end of said conductor and said conductive surface
element, and means to connect said radio appara-
tus between the other end of said elongated con-
ductor and said conductive surface element,
thereby to provide maximum effectiveness of



2,650,004

7

said-antenna:system in-the direction-toward.said
rone-end. of-said:elongated conductor-and-at sub-
-stantially less-than s right angle with-respect to
-said-conductive:surface element, .

12. ‘A-directive -traveling- wave .antenna system
for radio apparatus installed:in.a-vehicle having
-an- external: portion thereef: constituting :a-con~
Quctive -surface element, .said-conduetive surface
element -having an-elongated-depression external-
1y of said vehicle, including an:elongated-block of
dielectric material having;a. dielectric- constant
-different- from that of.air-arranged in the depres-
sion.of said conductive surface element, an elon-
gated conductor -arranged- on-said: block-of di-

electric material above said.depression -to:lie for :

the greater ;part -of -the-.length thereof along a
‘boundary .0f an abrupt.change of -dielectric con-
stant;.said block of dielectric-material and said
elongated conductor having lengths at least sev-
eral wavelengths. at the operating frequency, a
resistor having ;a resistance -value -substantially
equal..to the. characteristic. impedance of the
transmission line effected by said elongated con-
duetor and said.conductive surface element con-
nected between one end.of said conductor .and
said conductive surface element; and means: to
connect-said radio-apparatus:between the other
‘end of .said elongated conductor and said conduc-
tive :surface element, sthereby -to provide maxi-
mum-effectiveness of :said antenna system in:the
direction toward:said .one: end of said elongated
conductor and at:substantially less than-a right
angle with respect to.sald.conductive surface
element. .

. .13..A:directive traveling wave antenna system -

‘for-radio apparatus.installed-in- close proximity
to-a semi=infinite: highly conduetive surface €le-
ment; including an-elongated ‘block of .substan-
tially: solid dielectric material having.a di€lectric
constant different from: that:of the:medium-in
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which-the-antenna -is.effective -arranged. on:said
‘eonductive -surface: element -an -elengated .con-
ductor -arranged on-said block -of -dielectric ma-
terial. whereby -said:--elongated conductor lies ‘for
substantially the -entire length thereof along 2
boundary of an abrupt change of dielectric-con-
stant,. said ‘block of -dielectric material and said
elengated conductor having lengths of at-least
several wavelengths-at the operating:frequency,
.a.resistor haying.a -resistance value substantially
equal :to. the. characteristic impedance of the
transmission line formed by said elongated con-
ductor and said conductive surface element con-
nected: between - one end- of "said conductor and
said conductive surface-element, and means to
connect said radio apparatus between the other
end of 'said -elongated-conductor-and said eonduc-
tive - surface element, thereby to provide maxi-
mum effectiveness of said antenna system in the
direction toward the one end of said elongated
conductor and at substantially less than a right
angle with respect-to said conductive surface
element. .
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