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The `present invention relates to ultra high 
frequency antennas and more particularly to 
Iantenna arrays employing a dielectric rod feed. 
An object of the present invention is the pro 

vision Vof a simple U. H. F. antenna requiring 
little space. 
Another object of the present invention is the 

provision of a micro-Wave antenna which is well 
suited for scanning a focused radio bea-m over a 
lpredetermined angle. 
A further object of the present invention is the 

provision of a novel means for coupling wave 
energy between a confined i‘leld or wave guide and 
a free space iield. 
Another objec-t of the present invention is the 

provision of a scanning antenna which is par 
ticularly suited for high scanning speeds. 

Still another obj ect of Ithe present invention is 
the provision vof a rapid scanning antenna which 
is rela-tively easy to build. 

Still a further object of the present invention 
is the provision of a rapid scanning antenna 
which occupies but little space considering its 
effective length. 

« The foregoing Vobjects and others which may 
appear from the following detailed description 
vare attained by providing an antenna in the form 
of a dielectric rod along which the energy is 
guided. A series of spaced discontinuities in the 
rod causes energy to be radiated therefrom. By 
suitable arrangement of 'the discontinuities the 
radiatedl energy may be focused into a beam. 
Furthermore, in yorder to provide for scanning the 
focused beam radiating from said antenna over a 
suitable angle, means are provided for varying 
.the speed of propagation of the radiant energy 
along the dielectric rod. This may be done by 
moving, in a predetermined path, a mass of con 
ductive material along the rod. 
The dielectric rod is preferably made of some 

low-loss material such as polystyrene. I have 
discovered that when the diameter is small com 
pared with a wave length the loss of energy along 
such rods may be less than that encountered in 
Ithe best metal wave guides. The reason for this 
effect is that much of the power is carried outside 
the dielectric, though guided by it. The rod can 
be round, rectangular, or yof other shape as 
desired. 
The present invention will be more f-ully under 

stood by reference to the following Idetailed de 
scription which is accompanied by :a drawing in 

' which: - 

Figure 1 illustrates in a perspective view a non 
' directional antenna utilizing some of the prin 
 ciples of the present invention, while 
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Figure 2 illustrates in perspective an antenna 
adapted to focus radio wave-s into a sharp beam 
with means for causing the beam to scan through 
adesired angle; i 1 

Fig. 2a illustrates an alternative arrangement 
of the antenna shown in Fig. 1; ' 

Figure 3 illustrates a modification of the .in 
vention shown in Figure 2, and 
Figure 4 illustrates a further modiñcation; 
Figures 5, 5a and 6 illustrate in perspective View 

further embodiments of the present invention, 

Figures 7 and 8 illustrate in plan and side View 
respectively a form of two-dimensional scanning 
array utilizing the principles of the p-resent inven 
tion. ; 

Referring now to Figure l, there is shown a di 
electric rod II) having a diameter such that a 
transverse electromagnetic wave may be guided 
by it. For polystyrene a diameter. between one 
eighth and one-half of the free space wavelength 
is desirable. A series of discontinuities is provided 
along ̀ the length of rod I0 causing energy to be 
radiated from the spaced points along which the 
discontinuities exist. In the form of the inven 
tion shown in Figure l, the discontinuities con 
sist of crossed pairs of dipoles II-I2, I3-I4, 
I5-I6 and I'I-I8 inserted through transverse 
holes drilled in the rod I0. The vertical spacing 
between adjacent pairs of crossed dipoles is, as 
indicated by the dimension mark between dipoles 
I2 and I4, preferably of the order of one wave 
length along the dielectric rod. Now, if circular 
ly polarized energy is fed _into the feed end of di 
electric rod I0 as indicated by the arrow- labeled 
“Power In,” the ñrst pair of crossed dipoles I [and 
I2 will be energized in phase quadrature bythe 
energy in rod I il and radiate a horizontally polar 
ized non-directional wave in a manner similar to 
the Way a conventional turnstile antenna radi 
a'tes. The additional pairs of -crossed dipoles I3, 
Ii; I5, I6 and I‘I, I8 are so spaced along the 
length of the dielectric rod I0 that their radia 
tion reinforces that from the ñrst pair of dipoles 
I I, I2. If a non-circular radiation pattern is de 
sired a plane polarized transverse wave may be 
applied to the bottom of rod I0, either in the 
plane of dipoles i2, I4, I6 and I8 or Il, I3, I5 and 
I‘I. It should be noted that thus a steerable an-v 
tenna pattern is provided without requiring 
'electrical switching or moving current carrying 
structures. 
In accordance with another aspect of the pres 

ent invention shown in Fig. 2, the antennav may 
consist of an elongated rectangular dielectric rod 
20 having along one ofthe flat faces thereoia 
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series of discontinuities which cause radiation to 
occur along the rod to ambient space. These dis 
continuities are preferably in the form of small 
conducting strips or short wires 22 inserted along 
one face of rod 20. They are preferably some 
what less than a half wavelength long and spaced 
a distance along the' rod a distance of the order 
of one wavelength. If all of the radiation ele 
ments 22 are of the same length, it is preferable 
to place them at different distances from the cen 
tral axis of the rod so that each picks up and 
radiates the same amount of pow'er. Alterna 
tively, as shown in Fig. 2a the' lengths of metal 
strips 22, may vary with the shortest near’ the 
source of power, as indicated by the arrow labeled 
“Power In,” so as to couple like-_amounts of power 
between the free space field and the energy within 
the rod. The speed of propagation of the radiant 
energy along dielectric rod 20 may be controlled 
by“ brin-ging a conductive surface near the rod. I 
have found, for example, that when the free space 
wavelength is 11A cm., in a polystyrene rod hav 
ing transverse dimensions of .150" x .500" the 
wavelength is about 1.1.7 cm. When a metal strip 
1/2 inch wide is brought against one side of the 
rod', thewaveleng'tli within the rod is equal to .95 
cm. It will thus be seen that the wavelength 
along the rod may be varied by about 20% by 
moving a meta-l surface near it. In order to vary 
the wavelength of the energy guided by the rod 
in a regular manner, or cyclically, to provide 
scanning over a predetermined pattern, a metal 
cylinder 30 having a noni-‘circular outer surface 
is provided. That is', the outer surface is so 
shaped that in cross section the cylinder has a 
cam formation, or stated> otherwise, the axis 
about which the cylinder 33 is rotated is asym 
metrically located with respect to the outermost 
surface; Now, as the metal cylinder is rotated, 
the effective spacing between the metal compris 
ing the cylinder and the dielectric rod is Varied in 
accordance with the formation of the cam sur 
falce. Thus the beam of radiant energy radiated 
bröadsidê to the array of metal strips or wires 22 
ina-y be swung over a comparatively wide angle. 
Ari-angle of scanning of some 9 degrees has been 
obtained without difficulty. 

It will be seen that a scanning antenna em 
ploying this construction is relatively easy to 
build and occupies little space, considering its ef 
fective length. Furthermore, the arrangement is 
suited for high scanning speeds since there are 
no unbalanced couples to be rotated about the 
axis- òf the scanning device. It will be seen that 
such ‘a structure may easily be fitted into the 

of an airplane or it may be used on the 
ground if an unusually narrow beam is required. 
n If it i's desired to direct all of the energy in the 
beam' to one side of the rod, the modified form of 
invention 'shown in Figure 3 may be used. Here 
the dielectric “rod 20 carries along one side a flat 
"Sñéët of metal 32 which is parallel to the plane 
in which the conductive strips 22 lie and a quarter 
lwave 'away from said plane. Such an arrange 
ment directs all of the energy in the beam to one 
side'of the rod. The same scanning arrangement 
'âfs shown in Figure" 2 may be Used with the rod 
~aì‘r‘angeinent of Figure 3, though not so shown. 
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>T’tsìo of' more rows of strips or wires 22 may be , 
llÍsed'iîò improve the beam quality. 
Such an arrangement is shown in Figure 4 in 

perspective. Here the radiation from the first 
îr'ó'w ‘of radiating 'wires 2'2 is reinforced by that 
ïfi‘öm a ’second row of radiating wires 45. >As is 
apparent »from an inspection of the drawing, the 
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rows of radiators 22 and 40 are parallel with each 
other and with the axis of the dielectric rod 20. 
The rows are spaced a half wavelength-apart, 
whereby the radiation from the two rows adds in 
a broadside direction. The wires in the two rows 
are preferably staggered a distance “d” equal ~to a 
halfv wavelengtlfi` in the"4 dielectric: to‘ make the 
energy from all ofi the wires arrive at the-common 
wave front in the same phase relationship. 
The shaped metal scanning cylinder 30 of Fig 

ure 4 operates in the same way as described with 
reference to‘ Figure 2. The contour of the sur 
face' of the> scanning cylinder 3E determines the 
relationship between the beam position and the 
angular positionA of the cylinder. It should be 
noted-that in this figure, the scanning cylinder 30 
is shown in a reduced scale >with respect to the 
dielectric rod 20. For a maximum scanning ef 
fect as shown in Figure 2, the diameter of the 
scanning cylinder should be of the order of or 
somewhat greater than thewidth of the dielec 
tric rod. 

Referring` to Fig. 5, there is shownY another 
form» of radiating arrangement which may be 
used consisting of elongated dielectric rod 63 
having holes 6I drilled through the rod at ap 
proximately one wavelength spacing. The di 
ameter of the holes 5| are such as to» provide 
optimum coupling between the space within the 
dielectric rod 00 and freewspace. It should be 
noted that the antenna of Figure 5 is a broadside 
antenna> and not an end-lire type.- The radiation 
takes place in the directions indicated by arrows 
R. The manner of feeding dielectric rod antenna 
of Figure 5 is indicated by the arrows “Power In” 
and “.E,” the arrow “E” denoting the direction of 
the electric ñeld within the dielectric rod. If 
scanning of the radiated beam is desired a scan 
ning cylinder such as cylinder 3€! of Figures 2 
and 4 may be used as shown in Fig. 5a. 
Another example of a-dielectric antenna is that 

shown in Figure 6. This embodiment includes a 
dielectric tube 63 containing localized volumes 
of different dielectric properties therein in the 
form of alternate conducting spheres 62 and4 di 
electric spacer plugs 6‘1. As indicated by the 
dimension marks in the ñgure, the metal spheres 
62 are preferably so arranged that their center 
to-center spacing is approximately a wavelength. 
Then, when the antennaJ is energized as indicated 
by the arrow labeled “Power In,” the arrange 
ment radiates energy in a direction normal to the 
axis of the tube 63 with a maximum amplitude 
in a direction transverse to the direction of the 
electric -field “E.” If a circularly polarized wave 
is applied to one end of the antenna, a circularly 
polarized field will be radiated. 
A two-dimensional scanning array is shown in 

Figures 7 and v8. Here a dielectric sheet 1D hav 
ing a curved edge ‘H Asupports a large number of 
radiating wires 'I5 in holes drilled in one flat sur 
face of the sheet. The curved edge of the dielec 
tric sheet is placed between a pair of flat parallel 
metal sheets 12 constituting a wide thin wave 
guide section for coupling between the main wave 
guide WG and the dielectric sheet radiating ele 
ments. The curved edge 1| Iof the dielectric sheet 
acts like a lens to make the wavefront originating 
at the mount of the wave guide WG approxi 
mately straight as it Venters the body of the di 
electric '10. An appropriate radius of curvature 
is R=f(\/K-1), Where f is the focal length or 
ydistance from the lens to WG and K is the di 
electric constant `of the material '10. Thus the 
lines of equal phase 14 are straight lines across 
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the entire width ci sheet 1u. The radiating wires 
>‘l5 are inserted in the sheet at :points which are 
in the same instantaneous phase relationship; 
that is, yalong lines 14. As indicated, the wires 
may be bent at righ-t angles after emerging from 
the lsurface of the sheet to radiate in a direction 
at »right angles to th-e plane of the sheet. If de 
sired, a second set of radiating wires 16 may be 
vinserted in the dielectric sheet at points which 
differ in phase by 180 degrees from the points 
Where wires 15 'are inserted. The ends of the 
Wires 16 are, therefore, oriented in opposite di 
rection to the ends of wires 15, thus insuring that 
the resultant radiation in free space is additive. 
Scanning in one direction may be provided by 
>swinging the wave guide WG in a -direction as 
indicated by the curved arrow S. 
While I have illustrated a particular embodi 

ment of the present invention, it should be clear 
ly understood that it is not limited thereto since 
many modification may be made in the several 
elements employed and in their arrangement and 
without departing from the spirit and scope of 
the invention. 
What I claim is: 
1. An antenna including an elongated yrod of 

solid dielectric material having transverse di 
mensions at which transmission of radiant energy 
waves is facilitated along the length thereof, said 
rod having holes therethrough to effect radiation 
between the rod and ambient space at spaced 
points along said rod said rod being adapted to 
have radio frequency transducer apparatus cou 
pled thereto. 

2. An vantenna including an elongated rod of 
solid dielectric material having transverse di 
mensions at which radiant energy waves are 
propagated along the length thereof, means for 
causing radiation to be translated between said 
rod and surround-ing space at spaced points along 
said rod, said means including a number of short 
conductive members inserted in said rod with the 
axes of said members normal to the `axis of the 
rod, said members having a spacing and a length 
at which the field radiated therefrom is con 
centrated along lines normal to the axis of said 
rod. 

3. An antenna including an elongated body of 
solid dielectric material, means for causing radia 
tion to be propagated between said rod and am 
bient space at spaced points along said body, a 
conductive member, and means to vary the speed 
of propagation of radiant energy along said body. 

4. An antenna including an elongated body yof 
solid dielectric material having transverse di 
mensions at which transmission of radiant energy 
waves is facilitated along the length thereof, 
means ‘for causing radiation to be propagated be 
tween said rod and ambient space at spaced 
points along said body, a conductive member, and 
means cyclically to v-ary the spacing of said con 
ductive member from said body to vary the speed 
of propagation of radiant energy along said body. 

5. An antenna including an elongated body of 
solid dielectric material having transverse ‘di 
mensions at which transmission of radiant en 
ergy waves is facilitated along the length thereof, 
means for causing radiation to be propagated be 
tween said Irod and lambient space at spaced 
points along said body, said Imeans including dis 
continuities in said dielectric body, a conductive 
member, and means cyclically to vary the spac 
ing 'of said conductive member from said body 
to vary the speed of propagation of radiant en 
_ergy along said body. 
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6. An antenna including an elongated pris 

matic body of solid dielectric material having 
transverse vdimensions at which radiant energy 
Waves are propagated along the length thereof 
and having holes therethrough, for causing radia 
tion to be Ipropagated between said »rod and am 
bient space at spaced points along said body, a 
conductive member, yand means cyclically to vary 
the spacing of said conductive member from said 
body to vary the speed of propagation of radiant 
energy Ialong said body. 

7. An antenna including an elongated pris 
matic body of solid -dielectric material having 
transverse dimensions at which transmission of 
radiant energy waves is effected along the length 
thereof, means for causing radiation to be prop 
agated between said rod and ambient space 'at 
spaced points along said body, said means in 
cluding localized volumes of different dielectrical 
Iproperties than those of said body, »a conductive 
member, and means cyclically to va-ry the spacing 
of said conductive member from said body to 
vary the speed of propagation of radiant energy 
along said body. 

8. An antenna including an elongated pris 
matic body of solid dielectric material having 
transverse dimensions at which transmission of 
radiant energy waves is facilitated along the 
length thereof, means for causing radi-ation to 
take place between said rod and ambi-ent spa-ce 
at spaced points ̀ along said body, said means in 
cluding a number of short conductive members 
inserted in said body, said members having 
lengths and being spaced apart to provide con 
centration of the field radiated therefrom along 
lines normal to the axis of said body, a con 
ductive member arranged in parallel relation 
ship to said body, and means cyclically to vary 
the spacing of said conductive member from said 
body to vary the speed of propagation of radiant 
energy along said body. 

9. An antenna including an elongated pris 
matic body of solid dielectric material having 
transverse dimensions at which radiant energy 
waves are propagated »along the length thereof, 
means for causing said Aenergy to be translated 
between said rod and ambient space at spaced 
points along said body, an elongated conductive 
member having an axis arranged in parallel re 
lationship to the axis of said body, said member 
having a non-uniform configuration in a plane 
normal to its axis, and means to move said mem 
ber with respect to said body cyclically to vary the 
velocity of propagation of said radiant energy. 

10. An antenna including an elongated pris 
matic body of solid dielectric material having 
transverse dimensions at which radiant energy 
Waves are propagated along the length thereof, 
Ámeans for causing said energy to be translated 
between said rod and ambient space at spaced 
points along said body, an elongated conductive 
member having an axis arranged in parallel re 
lationship to the axis of said body, the axis of 
said member being located at a varying distance 
from its outermost surface, and means to rotate 
said member about its axis cyclically to vary the 
velocity of propagation of said radiant energy. 

1l. An antenna including ian elongated pris 
matic body of solid dielectric material having 
transverse dimensions at which radiant energy 
Waves are propagated along the length thereof, a 
plurality of radiator elements inserted in line in 
said body iat intervals 0f a Wavelength at the op 
erating frequency, an elongated conductive mem 
ber having an axis arranged in parallel relation 
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ship tothe axis of said body, said member having 
a varying dimension from its axis to its outermost 
surface, >and means to rotate said member about 
its axis cyclically to vary the velocity ̀ of propaga 
tion of said radiant energy. 

1-2. An vantenne. including an elongated pris 
matic -b'ody of solid Idielectric material having 
transverse dimensions at which radiant energy 
waves are propagated along the length there-cf, a 
plurality of rows of radiator eleme-nts inserted in 
line in said body, the elements of each row being 
spaced apart at intervals of a wavelength at the 
operating frequency, an elongated conductive 
member having an axis arranged in parallel re 
lationship to the axes of said rows of elements 
inserted in said body, the axis of said member 
being asymmetrically arranged with respect to its 
outermost surface, and means to r-otate said mem 
ber about its »axis cyclically to vary the velocity 
of propagation of said radiant energy. 

13. An antenna including an elongated pris 
matic body of solid dielectric material having 
transverse dimensions at which radiant energy 
waves are propagated along the length thereof, a 
plurality of rows of radiator elements inserted in 
line in said body at intervals of a wave length at 
the operating frequency, the individual elements 
of one yrow being staggered with respect to the 
elements of another row, an elongated conduc- » 
tive member having an axis arranged in parallel 
relationship to the axis of said body and of said 
elements, said member having a cam shape-d 
c-onñguration in the plane normal to its axis, and 
means to rotate said member about said axis 
cyclically to vary the velo-city of propagation of 
said radiant energy. 

14. An antenna including an elongated pris 
matic body yof solid dielectric material having 
transverse dimensions at which radiant energy 
waves are propagated along the length thereof, 
two rows of radiator elements inserted in line in 
said body at intervals of a wavelength at the op 
erating frequency, said rows being parallel to each 
`other and spaced a half wave apart at the operat 
ing frequency, the individual elements of one 
row ‘being staggered a half wave from the ele 
ments of the other row, an elongated conductive 
member having an axis arranged in parallel rela 
tionship to the axes of the rows of said elements, 
said member having an axis asymmetrically ar 
ranged with respect to its outermost surface, and 
means to rotate said member about said axis 
cyclically to vary the velocity of propagation of 
said radiant energy. 

15. An antenna including an elongated rod of . 
soiid dielectric material having transverse di 
mensions at which radiant energy waves are prop 
agated along the length thereof and having holes 
therethrough for eifecting radiation between am 
bient space and said rod, said holes being spaced 
along said rod at intervals of a multiple including 
unity of a wavelength at the operating frequency. 

16. An antenna including an elongated rod of 
dielectric material having transverse dimen 
sions at which radiant energy waves are propa 
gated along the length thereof, and means for ef 
fecting radiation between ambient space and said 
rod, said means comprising conductive spheres 
enti-rely contained within said rod and spaced 
along said rod at intervals of integral multiples 
including unity of a wavelength at the operating 
frequency. 

17. An antenna including an elongated rod of 
dielectric material having transverse dimensions 
at which radiant energy waves are propagated 
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along the length thereof, said dielectric rod being 
exposed to ambient space along the length` there 
of and means for translating said radiant energy 
waves between said rod and ambient space at 
spaced points along said rod, said means compris 
ing -c-onductive members entirely contained with 
in said rod Iat spaced intervals therealong. 

18. An antenna including an elongated rod of 
dielectric material having transverse Idimensions 
at which radiant energy waves are propagated 
«along the length thereof, land means for translat 
ing said radiant energy between ambient space 
and said rod, said means comprising conductive 
spheres arranged within said rod at intervals of la 
multi-ple including unity of wavelengths at the 
operating frequency. 

19. An antenna including an elongated rod of 
solid dielectric material having'transverse dimen 
sions at which radiant energy waves are propa 
gated along the length thereof, and means for 
translating said radiant energy waves between 
said rod and ambient s-pace at spaced points along 
said rod, said mea-ns comprising a plurality of 
elongated conductive members inserted along said 
rod at intervals of a multiple including unity of a 
wavelength at the operating frequency, the lon 
gitudinal axis of said members being normal to 
the axis of said rod and at least some of said 
members being spaced from the axis of said rod. 

20. An antenna including an elongated rod of 
solid dielectric material having transverse dimen 
sions at which radiant energy waves yare propa 
gated along the length thereof, and means for 
translating said radiant energy waves between 
said rod and ambient space at spaced points along 
said rod, said means comprising a plurality of 
elongated conductive mem-bers inserted along the 
axis of said rod at intervals of a wavelength at 
the operating frequency, said members protruding 
from one surface only of said rod, said members 
being arranged in rows spaced a half-wave apart 
at the operating frequency, the longitudinal axis 
of said members being normal to the axis of said 
rod. 

2l. An antenna including an elongated rod of 
soli-d dielectric material having transverse dimen 
sions at which radiant energy waves are propa 
gated along the length thereof, and means for 
translating said radiant energy waves between 
said rod and ambient space at spaced points 
along said rod, said means comprising a plurality 
of elongated conductive members inserted along 
the axis of said rod at intervals of a wavelength 
at the operating frequency, said members pro 
truding from one surface only of said rod, said 
members being arranged in rows spaced a half 
wave apart at the operating frequency, the mem 
bers in alternate rows being staggered by a half 
wavelength at the operating frequency, the longi 
tudinal axis of said members being normal to the 
axis of said rod. 

22. An antenna including an elongated rod of 
solid dielectric material having transverse dimen 
sions at which radiant energy waves are propa 
gated along the length thereof, vand means for 
translating said radiant energy waves between 
said rod and ambient space at spaced points along 
said rod, said means comprising elongated con 
ductors inserted in said rod at intervals of a 
wavelength at the operating frequency, said con 
ductors being located at varying distances from 
the axis of the rod and being arranged in groups, 
the axes of the conductors of one group being 
parallel to the axes of those of another group. 
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and the axes of the conductors of all groups be 
ing normal to the axis of said rod. 

23. An antenna as claimed in claim 18 having 
the dielectric rod exposed to ambient space along 
the length thereof. 

24. An antenna. Iincluding lan elongated rod 
of dielectric material having transverse dimen 
sions »at which radiant energy Waves are ~propaf 
gated along the length thereof, said dielectric rod 
being exposed to Iambient -space along the length 
thereof, and mean-s for causing radiation to be 
propagated between the rod and ambient space 
at spaced points along said rod, said means in 
cluding localized volumes having different dielec 
tric properties than those of said rod and being 
entirely surrounded `loy said dielectric material, 
said rod lbeing adapted to have radio frequency 
transducer apparatus coupled thereto. 
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