
Feb. 1, 1949. G. C. SOUTHWORTH 2,460,401 
DIRECTIVE MICROWAWE RADIO ANTENNA 

Original Filed Nov. 28, 1941 3. Sheets-Sheet l 

--- ---. --- -- --- 

wo o/5 20 25 .30 35 .40 SO 6O 70 
- 2 

A1 
G. C. SOUV7/WOAR7Af 

7 c &c. 
477OARWEY 

  



Feb. 1, 1949. G. c. souTHWoRTH 2,460,401 
DIRECTIVE MICROWAVE RADIO ANTENNA 

Original Filled Nov. 28, 1941. 3. Sheets-Sheet 2 

WVEWTOR 
G. C. SOU7A/WOAP7A, 

a 77OAPWAY 

  



Feb. 2, 1949. G. C. SOUTHWORTH 2,460,401 
DIRECTIVE MICROWAVE RADIO ANTENNA 

Original Filled Nov. 28, 194l 3. Sheets-Sheet 3 

A/G. MO 

" . Y. 

SI3 6" 2s 

s 

/W/EW7OAR 
G. C. SOUV/A/WOAP7A/ 

A77OARWA...? 

Asy 

  

  



Patented Feb. 1, 1949 2,460,401 

UNITED STATES PATENT off CE 
George C. Southworth, Red Bank, N.J., assignor 

to Bell Telephone Laboratories, incorporated, 
New York, N. Y., a corporation of New York 

; : Original application November 28, 1941, Serial 
No. 420,747. Divided and this application April 
2, 1943, Serial No. 481,390 

37 Claims. (CI. 250-33.63) 
... 2 

The nature of the present invention and vari 
bjects, features and advantages in; addition 
Se;pointed out above will appear more fully 

from the following description of the embodi 
5 ments of the invention that are illustrated in the accompanying drawings. In the drawings: 

illustrates an end-fire dielectric rod an 
tenna, System in accordance; with the invention; 

... 1 
... This invention relates to the transmission of ultra-high, frequency electromagnetic Waves and 
...more particularly to apparatus, systems and 
methods adapted for the launching of radio waves 
into space and for the reception of Such Waves. 

... The present application is a division of my appli 
cation Serial No.420,747, filed November 28, 1941 
(United States. Patent No. 2,405,242, granted. All 
gust 6, 1946), the disclosure of which is to be Figs.2, and 3:are curve diagrams relevant to the deemed incorporated herein. 10-rod antenna of Fig. 1; 
... The invention has as its principal object the gFig. 4 illustrates an array of rod antennas; provision of new and improved means for the 
directive radiation and reception of radio waves, 
and more especially antennas adapted for thera 
dio beam transmission of microwaves. 5 ferring more-particularly, now to Fig.1, there 
One of the objects is to-satisfy the need for an . hown an antenna.system comprising a rod f 

antenna, or unit: antenna for a multiunit array, of Solid dielectric material that is unsheathed that is fairly small, generally elongated and slen- ... throughout the greater part of its-length and 
der, and directive principally along its axis, that 
is, in the direction in which it is pointed. An 
antenna, of this kind would be especially, Well 
adapted for many applications, where. Space, transmitted by the rod. The phase velocity of a 
shape and weight are significant factors, as for iven:type or:field configuration propa 
typical example in an array or in connection with 
object locators or "radars' for installation on 
aircraft. 
In an embodiment of the invention to be de 

scribed in-detail hereinafter, an elongated slender 
antenna or, antenna unit with the desired:"end 
on' or "end-fire, characteristic is constituted of 
a leakywaveguide, the latter being a wave guide v:s 
that is adapted to permit electromagnetic wave ::tion through the rod f is substantially the same 
power.guided through the interior thereof to s as the: Velocity c of wave propagation in-free 
escape substantially continuously along its length, space or, more particularly; substantially the same 
as, illustrated by an unsheathed dielectric guide 35 as the velocity of propagation along-the-rod in 
operated near cut-off. In the best mode of appli- -the-space immediately surrounding the rod. 
cation that I have discovered the antenna is a For a particular dielectric:rod made of poly 
continuously leaky waveguide. consisting, essen- styrene having a dielectric constant-'e of 2.5 the 
tially of a rod of dielectric material having a di- relation: between d/N, the diameter of the rod 
electric constant substantially greater, than unity 40...measured in wave-lengths, and the ratio.c/vp of 
and haying the characteristic... that the velocity the velocity of propagation in free space to the 
of wave propagation through the rod, i.e., the velocity of propagation in the rod, takes the form 
phase velocity, is substantially equal to, or slightly illustrated, graphically in Fig. 2::1.The dominant 
less than, the velocity of light in free space. Or: H11; type of dielectrically-guided...wave is as 
A feature of the invention is a wave reflector 45;sumed. : From the graph it will be evident-that or quasi-piston that is adapted; for-longitudinal the significant: ratio, approaches asymptotically 

movement within a dielectric rod. a value equal to the square root of-the-dielectric 
In accordance with another feature of the in- constant e...for increasing: values of diameter and 

vention an antenna, array is constituted of a mull- that in the other direction the ratio approaches 
tiplicity of end-fire, dielectric rod antennas dis- 50 asymptotically the desired value of unity, as the 
posed side by side. . . ...diameter is...progressively reduced: Experience 
- The invention embraces also a scanning array shows that for the particular case-contemplated 
of stationary, differently directed end-fire: an- in Fig.2 a good range of operating-diameters lies 
tennas or the like: which effectively are cyclically between 0.4A and: 0.5N. In this range.thevelocity 
arrayed in groups for each direction of scanning. of propagation is somewhat less than but within 

:to 39: show: modifications of Fig. 1; and 
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about ten per cent of the velocity in free space. 
To ascertain whether the Velocity of propagation 
for any particular dielectric rod falls within this 
general range one may either resort to calcula 
tions based on the general theory Set forth in my 
U. S. Patent No. 2,129,711 or one may very simply 
measure the Velocity by the well-known method 
of Standing Waves. In the latter case One may 
excite the rod at one end, place a metallic re 
flector at the other end and with a traveling 
detector or the like measure the length of the 
standing wave appearing along the surface of the 
guide. In a modification of this method the de 
tector remains fixed and One moves the plane 
reflector, the latter having an aperture through 
which the guide extends. If this measured wave 
length falls within the range noted above, con 
ditions are appropriate for end-fire radiation. 
When it is not essential that the operating fre 

quency be of Some predetermined value, it may 
be adjusted over a range until a frequency is 
found which the measuring technique described 
indicates to be productive of the desired velocity 
of transmission or which yields maximum wave 
intensity at Some distant point on the axis. If 
a predetermined operating frequency be selected, 
then it will be necessary either to calculate the 
phase Velocity in terms of the dimensions of the 
guide or progressively shave or turn down the 
dielectric rod until measurements indicate that 
the proper dimensions have been reached. Since 
the calculations involve troublesome transcen 
dental equations which must be solved graphi 
cally it is often more convenient to resort to the 
experimental procedure. For a cylindrical poly- : 
styrene rod about 7.5 wave-lengths long, a diam 
eter of about 0.44N was found to be approximately 
COrrect, 

Graphical solutions of the equations for differ 
ent assumed values of the dielectric constant e 
are represented in Fig. 3, where the inverse ratio 
p/c, known as the velocity constant, is plotted 
against d/N on a somewhat larger scale than that 
employed in Fig. 2. It will be noted that in the 
Case of polystyrene and other materials having a 
relatively low dielectric constant there is a com 
paratively Wide range of values of d/A over which 
the velocity constant is approximately unity, or 
less than unity by not more than about ten per 
cent. In other words, the desired velocity ratio 
and end-fire characteristics tend to be main 
tained over a comparatively wide range of oper 
atting wave-lengths, which in some instances in 
practice is a characteristic that is more to be 
desired than higher axial gain over a more lim 
ited range of Wave-lengths. 

Bearing in mind that the operating wave 
length may be, for example, of the order of 10 
Centimeters or less it Will be appreciated that 
the end-fire dielectric rod may be a slender struc 
ture especially well adapted for situations requir 
ing a dirigible beam radiator or receiver. A 
structure of the proportions described could be 
readily mounted, for example, in an aircraft gun 
turret for use in object location and radio range 
finding and for use generally in sighting the gun 
and directing the aircraft under conditions of 
poor visibility. 
The unsheathed dielectric rod, it will be under 

stood, permits Wave energy to escape throughout 
its length. This is especially true in the lower 
ranges of the transmission curve shown as Fig. 
2. Where, as here prescribed, the internal and 
external velocities are substantially equal, the 
wave energy contributed by the dielectric rod to 
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4. 
the external field at any point is in such phase 
as to enhance transmission or radiation in the 
axial direction. The phenomenon is such, too, 
that for rods of moderate length the longer the 
dielectric rod is, the more sharply is the radiation 
confined to the axial direction. To at least a 
first approximation doubling the length of the 
rod in this region doubles the axial gain or sharp 
ness of the radiation pattern. 
Added gain may be had, too, by employing a 

plurality of parallel dielectric rods in array in 
the manner of the horn arrays disclosed in my 
application Serial No. 346,175, filed July 18, 1940. 
Such an array is illustrated in Fig. 4 although 
only diagrammatically. Details of the individual 
couplings and of the connections to the common 
Source or receiver are Ornitted. 
To excite the dielectric rod for to take off the 

waves intercepted by it, means of the character 
illustrated in Fig. 1 may be employed. As shown, 
a metallic sheath 2 encloses an end portion of 
the rod and a metallic end cap 3 is provided. 
Embedded in the dielectric is a diametral con 
ductor A which in one direction extends through 
an opening in sheath 2 as the inner conductor of 
a coaxial conductor tuner 5. In the other direc 
tion conductor 4 extends through the sheath as 
the inner conductor of a coaxial conductor line 
5 which leads to the exciting source T or corre 
Sponding receiver. The distances from conductor 
4 to end plate 3 and to the other end of sheath 
2, respectively, may advantageously be so pro 
portioned in relation to the operating wave 
length as to facilitate efficient transfer of Wave 
power between line 6 and the unsheathed or radi 
atting portion of the rod . This is a matter of 
matching impedances and will be considered fur 
ther hereinafter. To support the rod of clamp 
8 is applied to the sheathed portion of the rod 
and attached to the top of the supporting column 
that is mounted on a rotatable base 9. The feed 
line 6 may be brought up through the support 
ing column or even constitute the supporting col 
lumn, as illustrated. 

Fig. 5 shows a modification of the Fig. 1 struc 
ture in which the end-fire dielectric rod l is of 
rectangular cross Section. The principles un 
derlying the design are those discussed With ref 
erence to Fig. 1 and the various parts are pro 
portioned with the same objects in View. In one 
instance of practice the dielectric rod con 
sisted of a bar of polystyrene 90 centimeters long 
having an e dimension of 2.7 centimeters, an h. 
dimension of 4.7 centimeters, and a measured di 
electric constant of 2.5 or 2.6, the e and h dimen 
Sions being the cross-sectional dimensions that 
are respectively parallel and normal to the lines 
of electric force. The unsheathed portion of the 
god was approximately 65 centimeters long and 
the operating frequency was 3,000 megacycles per 
second. The operating frequency corresponds to 
a free Space Wave-length of 10 centimeters and 
the indicated Wave-length within the rod was ap 
proximately the same. The axial gain of the 
structure relative to a non-directional radiator 
Was found to be about 17 decibels. Where the 
combination is to be used as a receiver the trans 
verse conductor A, aligned With the electric field 
of the waves in the rod and corresponding to 
conductor 4 of Fig. 1, may be brought out in one 
direction through the sheath i2 to a tunable de 
tector 3 of coaxial conductor type and the de 
Snodulation products taken therefrom. Good re 
Sults have been obtained too with a rod of ceramic 
material having a dielectric constant of about 30. 



6. 
guided ?wayesi fromia, beating: oscillator:21. In: 

of, chamber: 9;ats,the; end of 
metal:plate 8; transverse pick-up conductor: 4, 
cQaegted at, ones endio:a: coaxiai tuner, leads: 

5; tota; first detector, andli-external coupling; circuit' 
22 and tarogh that to receiving: apparatus not. 
shown. The gterminal apparatus, illustrated sis. nant type in a gu specifically; adapted for receiving:Waves: picked. 

the reflector comprises as 1.e. . .t:---- up by the dielectrict rod, but minor. modifications: 
baffle, plates 5 disposed. Within the end of theal03 Will make this apparatus suitable for: modulation. 

endplate 3, of Fig.1. In af, 
ticularly for dielect 

metal sheathed guide section 
to subdivide it in the h d. Qn. Ea. ligy V. is foundiiniinay scopending ... application3. Serial: 
subguides formed by the baffle plates has a 1. 43. now-abandoned, filed. October 10; 
off frequency determined by the separation of Ass-shown; the reinforcing: plate: 83 need; 
the plates and the length thereof, and by proper 155 not extead; to the free end ofé the rod; and i-the 
proportioning of the parts, the subguide, cutoff portion of it: Within the: sheath may be used as a v. 
frequency can be and isma - means; for; attaching the radiator -ahditerrainal: 
operating frequency, thereby blocking... wave. chamber to a supporting and orienting structure. 
transmission. If the plates. 15.. are at least, a. To prevents reflection loss: the coupliagi, at the 
wave-length long the cut-off frequency of the 20; fixedi end of the end-fire dielectric rod-should. 
subguides may be readily calculated in terms.ofs provide; for impedance matching- of the parts: 
the spacing between plates. With closer spac- ing the: embodiment illustrated in Figi'. 7; for 
ing of the plates. 45: the length: thereof may be example, the parts comprise-the-unsheathed-rod 
reduced without changing the cut-off frequency it.havingsa, certain: characteristic impedainee Zi, 
of the subguides. Although equations are avail-25;a metal sheathed end section 24 having-a-different 
able in published form to permit the necessa characteristic impedance Z2, and-a-hollow-chafme 
calculations to be made, it may be said that t ber-like guideportion 25 into...which 'the tapered 
lower limit on the spacing between plates end of-the-erod extends a -short distance: The 
largely one of convenience only. The diel charaber 25 is bounded at one end-by theraper 
material in the end of the sheathed portio 30 stured-diaphragm-26 which may separate-it from 
is slotted to receive the plates. 5, and to pe a source.or--receivers to the left. It is a "matter 
longitudinal adjustment, thereof, thereby enac of experience that even if the diaphragm 26-be 
bling ready.adjustment of the point of reflection, omitted as fairly-good-impedanee: match may be 
The several plates 5...are mechanically.co obtained merely...by sliding the dielectric rod into 
by a plate...f6, metallic or otherwise, and a ...the-chamber-253 until the -transmitted power is . 
is attached to the assembly. The adaptations of ... maximum. For a still better match the parts 
the structure to guides of other than rectangular: may be so proportioned that while the e diment 
cross-section and to... the reflectio wave-types: sion of the sheathed guide section 25 is the same 
other, than the dominant type will be apparent as that-of-chamber section 25 the h dimension. 
to those skilled in the art in view of the fore- 4 of section 25 is vs. times that of section. 24. 

Such small discontinuity as may appear...at the 
junctions of and 24 may be compensated by. 
adjustment, of the position, and aperture-of-dia 
phragm 26. The tapering of the end of...the-rod, it as shown makes the conditions, for impedance 

ching less, critical. - - 
important advantages are secured in accord 

ance with another phase of the present invention. 
50 by making the end-fire dielectric rod-elastics or, 'flexible. The dielectric, rod in Fig. 7, for example, 

may be constructed of a material such as soft. 
rubber so that the rod may be substantially de-- 
flected in any direction at will. Inasmuch as the - 
direction of radiation depends on the orientation : 

- of the unsheathed rod portion, which is, readily. 
pe:relatively controlled by any suitable mechanical means, it is. advantageous construg-... evident that this construction permits rapid radio . 

other, features to be is scanning of any given section of space. Inertial 
- - - maybe, reduced, and increased flexibility in one 

plane derived by gradually reducing, thee dimen. 
Sion of the rod toward the free end thereof... 

For some applications flexibility in one plane. 
only may be sufficient, and for such cases, a metal. 
mid-septum 30 may be added to the Fig. 7 struc-. 
ture as shown in Fig. 8. The septum not only . 

... - - - lends support and prevents flexing in its plane..but. 
itself flares to contact with theaside; ii. it also may be used to control the elasticity of the 

)fa:hollowinetal chamber; 9... The latter. structure and its natural period of vibration. The 
ranged as a wave guiding continuation-of-the latter feature may be of special utility inconnec 

between the h faces, thereof. At the exciters end. 
the dielectric materialis: tapered down. 

and is expanded inh dimension to avoid-70 tion with object locators, such as aircraftspotting 
transmission cut-off. Chambers: 9 includes are devices, where it is considered desirable to scan. 
transverse metallic: diaphragms?0 with a central-s: the scene cyclically with a periodicity of the order, 
slit in the h plane. In the chamber portion be-, of a fraction of a second, for by properly adjust 
tween diaphragm;20 and the closed left-hand-end ting the elasticity of the rod in relation, to the 
of chamber 9, means are provided for introducing: mass-thereof the natural period of vibration of 
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the flexible rod may be made to coincide more or 
less with the desired period of scanning. Thus, 
a dielectric rod of pure gum rubber having a 
specific gravity of 6.59 and a dielectric constant 
of 3.5 at 3000 megacycles, having an effective 
length of 61 centineters, e and h dinnensions of 
2.7 and 4.8 centimeters, respectively, and a septum 
of brass 0.159 centimeter thick, Was found to have 
a natural frequency of vibration of approximately 
100 per minute. On substituting a septum of 
steel about 0.32 centimeter in thickness the reso 
nant frequency may be increased to about 5 cycles 
per Second. The principle of Scanning applied 
above to a single plane may be extended to two 
planes by a suitable modification of the antenna, 
structure. For example, one may use as the Sup 
porting member a relatively small metal rod of 
rectangular cross-section surrounded by the 
necessary dielectric either in circular or rectan 
gular form. By suitably proportioning the dimen 
Sions of the core relative to its elastic properties 
and the mass of the Surrounding dielectric, it is 
possible to give One period of scanning in the 
Wertical plane and another in the horizontal plane 
at the same time retaining the very desirable 
radiation characteristics. 

Fig. 9 illustrates a modification of the Fig. 1 
structure adapting it for oscillatory variation of 
the angle of fire. The principal changes as com 
pared with Fig. 1 are the provision of a bayonet 
joint 32 in the vertical coaxial feed line, thereby 
permitting angular adjustment of the upper end 
of the feed line and the transmission elements 
mounted thereon, and a heavy helical spring 33 
connecting the stationary and movable parts. 
The Spring is proportioned in relation to the mo 
ment of inertia of the movable parts to give the 
desired periodicity. The necessary power re 
quired to maintain the structure in continuous 
vibration may be applied through an escapement 
or any of a Variety of mechanical devices. It will 
be appreciated that the coupling between the feed 
line and the rod, and therefore also the intensity 
of radiation, is not affected by the angular move 
ment of the radiator. 
For rapid scanning for higher gain and angular 

definition than can be achieved with a single 
rotating beam radiator or receiver it is of course 
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possible to provide an array of beam antennas 
and to rotate the array. This may lead, how 
ever, to cumbersome structures of considerable 
weight and bulk not well adapted for many situ 
ations in practice. In accordance With one 
phase of the present invention the performance. 
of an angularly adjustable or rotatable array is 
achieved. With a Stationary array of divergent 
beain antennas and a movable distributor. The 
latter connects the antennas, successively in 
groups, to the exciting source or receiver and 
introduces phase shift of such amount that the 
divergent antennas constituting the operative 
group at any instant cooperate to form a single 
beam of high intensity. Fig. 10 shows diagram 
natically one form. Which the invention may take. 

Referring to Fig. 10, a large number of sta 
tionary end-fire dielectric rods 35 are disposed 
radially in circular array about a central point, 
and a distributor or contactor 36 mounted for 
rotation about the central point is arranged to 
connect a source 37 (or receiver) to the feed ends 
of the dielectric rods a group at a time. By way 
of specific example the array may comprise thirty 
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six dielectric rods and the distributor may connect 
five at a time with the source. The distributor is 
of such nature that the waves supplied to the feed 75 

ends of the connected group of rods are not in 
the same phase relation but differ in phase by 
such amount that the radiation from each rod 
contributes effectively to the production of a 
single sharp beam or, in other words, to the for 
mation of a plane wave front a-a that is normal 
to the central rod of the group. If the phase po 
of the Waves supplied to the central rod be as 
signed a reference value of Zero then the Waves 
supplied to the two rods next adjoining should 
be advanced in relative phase by an amount p1 
Such that, approximately, 

,-( 1-cos. 6) 
where r is the radius of the array, N is the wave 
length in free space and 6 is the angular sepa 
ration between rods, which is 10 degrees in the 
example described. For the outer pair of rods 
comprising the group of five the phase advance 
should be 

:= (1-cos 20) 
For practical cases like that cited above p2 is 
approximately four times p1. It should be under 
stood that the principles involved do not require 
that the group consist of an odd number of rods, 
although this is considered the better arrange 
ment. 
One practical embodiment in accordance with 

the Fig. 10 diagram is illustrated in Fig. 1. For 
simplicity only a few of the dielectric rods con 
prising the complete array are illustrated. The 
distributor 36 in this case is a hollow pipe guide 
of rectangular cross-section comprising an ar 
cuate portion 39 that slides along the open ends 
of coupling chambers 40 associated with the feed 
ends of the end-fire dielectric rods 35, and radial 
portions 4 that extend from the extremities of 
the arcuate portion to the central source 3. The 
latter comprises a coaxial conductor line which 
has an end portion 38 integrally connected With 
the distributor 36 and adapted for rotation there 
With about the axis of the line. The outer ver 
tical walls of guide Sections 4, assuming the co 
axial line to be vertical, extend through the outer 
conductor of the coaxial section 38 to tangential 
contact with the large inner conductor while the 
other walls terminate at the Outer conductor. 
With this arrangement of parts the coaxial con 
ductor Waves supplied through the line to section 
38 are translated into horizontally polarized 
guided waves of dominant type in the guide sec 
tions 4. Moreover, the two guided waves as thus 
established are in aiding phase relation in re 
Spect to the supply of Wave power to the arcuate 
Section 39. For efficient coupling, coaxial section 
38 is extended above the guide portions 4 and 
capped with a metallic reflector, the length of 
the extension being critically related to the op 
erating frequency and adjusted for maximum 
radiation. 
The arcuate portion 39 of the distributor has 

in its Outer vertical face a plurality of apertures, 
represented as vertical slots 42, one for each of 
the rods comprising the group, and having the 
Same angular separation. Through the slots 42 
wave power is communicated to the coupling 
chambers 40, the open ends of which are other 
wise completely closed by the outer face of the 
distributor. The chambers 40 may be as illus 
trated in Figs. and 8 but flared as shown so 
that they are contiguous at the outer face of the 
distributor, so that as the distributor rotates wave 
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power is continuously supplied to one or another 
group of five. Preferably the arcuate passage 39 
is tapered in e dimension from a maximum at its 
extremities to a minimum at its center whereby 
impedance matching with the radial portions 4 is 
facilitated. . . . 

It is to be noted that the waves supplied 
through the radial branches 4 reach first the 
outer pair of rods 35 and that the phase here s 

O advanced relative to the phase at the central rod 
by an amount corresponding to the time of wave 
transmission from the outermost slots 42 to the 
central slot. Similarly there is a phase advance 
at the inner pair of slots relative to the central slot. If necessary, phasing loops 43 may be inter 
posed between slots in the arcuate-guide portion 
39 whereby the electrical distance and phase dis 
placement between slots can be adjusted as de 
sired. By suitable proportioning of the parts 
these phase differences may be made to coincide 
with the desired values of b1 and $2 hereinbefore 
indicated. 
Another embodiment in accordance with Fig. 

20 

10 is illustrated in Fig. 12. Only the distributor 
and source are shown, for the coupling chambers 
and dielectric rods may be the same as in Fig.11. 
In this case the vertical feed guide consists of a 
cylindrical metal pipe guide with a rotatable end 
portion 44 terminated by an end reflector. Waves s 
of Symmetric magnetic or Ho1 type are supplied 
through the guide to a plurality of longitudinal 
Slots 45 Spaced apart circumferentially in the wall 
of guide section A4. Integrally connected to sec 

25 

tion 44 are five contiguous flaring pipe guides 46 is: 
of rectangular cross-section which are disposed 
Over respective slots. 45 and supplied with. Wave 
power therethrough. At their other ends the 
guides 46 are covered by an arcuate metal plate 
adapted to ride against the exposed ends of the 
coupling chambers 49, and vertical slots 42 are 
provided as before for escape of wave power into 
the coupling chambers from the respectively as 
sociated guides A6. The required relative phase 

40 

displacements b1 and b2 are obtained by phase . 
shifters 47 disposed in the two outer pairs of ra 
dial guides. The phase shifters may be of any 
Suitable type, such as a pair of iris diaphragms 
or other reactors critically spaced apart in rela 

45 

tion to the operating wave-length and the phase . 
shift desired. 
What is claimed is: : ..., 
1. An antenna, System comprising as the wave 

radiating or intercepting element a rod of di. 

58 

electric material having a dielectric constant 
Substantially greater than unity, and means at 
One end of Said rod for launching into said rod 
or for receiving therefrom only electromagnetic 
waves of a predetermined operating frequency, 
the transmission cut-off frequency of said rod 
being not substantially greater than the said 
operating frequency, the length of said rod being 
at least Several wave-length at the operating 
frequency. - 

2: As a radio antenna, a leaky wave, guide 
having a transmission cut-off frequency that 
Substantially coincides With the operating wave 
frequency. - 

3. A microwave radio system comprising as a 
wave radiating or radio wave intercepting ele 
ment thereof a continuously leaky wave guide, 
and non-radiating wave translating means cou 
pied to said guide for exciting therein electro 
magnetic waves of a predetermined frequency 
adapted for guided propagation therethrough 
With leakage of wave energy therefrom into free i5 

55 

10 
Space continuously along said guide or for re 
ceiving from said guide such waves propagated 
therethrough and excited therein by radio waves 
incident thereon. 
4. In a microwave radio system, a radio an 

tenna, comprising a continuously leaky electro 
magnetic wave guide, said guide being terminated 
at one end in free space, a conductively shielded 
non-radiating transmission line coupled to the 
other-end of said guide in substantially imped 
ance matching relation therewith, and wave 
translating means including said line for excit 
ing in said guide electromagnetic waves of a pre 
determined frequency and field configuration for 
guided propagation therethrough toward said 
one end with radiation of wave energy continu 
ously along said guide, or for receiving from said 
guide such waves propagated therethrough to 
Ward said other end and excited therein by radio 
waves incident thereon. : - 

5. A microwave radio system comprising a 
leaky wave guide as a wave radiating or radio 
wave intercepting element thereof, said, guide 
having a free end terminating in space, and wave 
translating means coupled to said guide at a dis 
tance from said free end for applying ultra-high 
frequency electromagnetic waves to said guide 
for propagation therethrough toward said free 
end with continual radiation therefrom or for 
receiving from said guide such waves excited 
therein by radio waves intercepted by said guide, 
said translating means being itself non-radiating, 
and said guide being transversely dimensioned to 
guide the travel of the waves being propagated 
in said guide. With a phase velocity substantially 
equal to that of light in free space. 

6. A microwave radio system comprising as a 
wave radiating or intercepting element thereof 
a leaky wave guide the transmission cut-off fre 
quency of which substantially coincides with the 
operating wave frequency, said guide being ter 
minated at one end in free space, and wave ex 
citing or receiving means coupled to said guide 
at a point a plurality of wavelengths removed 
from said one end for exciting within said guide 
the waves to be radiated or for receiving there 
from waves excited therewithin by incident radio 
waves. . . . . ; ". . . . . . 

7. A microwave radio system có 
the antenna, a continuously leaky v glides 
which is dimensioned to have at all operating 
wave frequencies a velocity constant that is less 
than but within about 10 per cent of unity, and 
wave translating means at one end only of said 
guide for exciting said guide with the waves to 
be radiated or for receiving radio waves inter 
cepted by said guide, said translating means be 
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ing configured for selective translation of non 
circularly symmetric guided waves in said guide, 
and said system being further characterized by 
an end-fire radiation pattern. - 

8. An antenna, for ultra-high frequency radio 
waves comprising an unsheathed dielectric rod 
having a dielectric constant substantially greater 
than unity, said rod being so dimensioned that 
the velocity of wave propagation therethrough 
at the operating wave frequency is approximately 
equal to the velocity of electromagnetic waves 
in free space. . 

9. A microwave radio System comprising: an 
elongated, slender antenna, having an end-fire 
characteristic, said antenna, consisting of a leaky 
wave guide, and guided wave exciting or receiv 
ing means coupled to said guide at only one point 
thereof for exciting waves in said guide for radi 
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ation therefrom or for receiving therefrom waves 
excited therein by incident radio waves. 

10. As a radio antenna, a leaky wave guide 
comprising an unsheathed rod of dielectric ma 
terial having a dielectric constant substantially 
greater than unity, said guide having a transmis 
sion cut-off frequency that is at least approxi 
mately the same as the frequency of the Waves 
being radiated or received. 

11. In a microwave radio System, an antenna, 
comprising a continuously leaky wave guide, said 
guide being transversely dimensioned to have a 
phase constant substantially equal to that of 
free space over a predetermined Wave frequency 
range, and Wave translating means for operat 
ing said antenna only at frequencies within said 
frequency range. 

12. As a radio antenna, a rod of low-loss di 
electric material having a, dielectric constant of 
about two and one-half at the operating wave 
frequency, said rod being of substantially circular 
cross-section and having a diameter of from 
four-tenths to one-half wave-length at the oper 
ating Wavefrequency. 

13. As a radio antenna, a rod of dielectric 
material having a dielectric constant substan 
tially greater than unity, said rod being of cir 
cular cross-section and having a diameter such 
that its phase constant is substantially unity 
at the operating wave frequency. 

14. As a radio antenna, a rod of dielectric 
material having a dielectric constant substan 
tially greater than unity, said rod having trans 
Verse dimensions Such that the transmission 
cut-off frequency of said rod is substantially 
equal to the operating Wave frequency. 

15. As a radio antenna, a rod of dielectric 
material having a dielectric constant substan 
tially greater than unity, said rod being of cir 
cular cross-section and having a diameter such 
that the transmission cut-off frequency of said 
rod is substantially equal to the operating wave 
frequency. 

16. As a radio antenna, a rod of dielectric ma 
terial having a dielectric constant substantially 
greater than unity, said rod being transversely 
dimensioned to guide the travel of Waves there 
through. With a phase velocity that is substan 
tially equal to that of light in free space at the 
operating Wave frequency. 

17. A microwave radio system in which the 
antenna, comprises a rod of dielectric material 
having a dielectric constant substantially greater 
than unity, means for exciting electromagnetic 
Waves of predetermined frequency and of domi 
nant type in said rod for propagation there 
through and radiation laterally therefrom or for 
receiving Such Waves intercepted by said rod and 
propagated therethrough, said rod being trans 
versely dimensioned to guide the said waves 
propagated through said rod with a phase velocity 
so closely approximating that of light in free 
Space that said rod exhibits an end-fire direc 
tional characteristic with respect to the said 
waves. 

18. A microwave radio system comprising as a 
Wave radiating or intercepting element thereof 
a rod of dielectric material having a dielectric 
Constant substantially greater than unity, and 
electromagnetic wave translating means coupled 
to Said rod for launching waves into said rod 
for propagation therethrough with substantial 
escape of wave energy laterally therefrom into 
space, or for receiving from said rod waves 
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propagated therethrough and excited therein by 
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intercepted radio Waves. 
i9. A microwave radio System comprising as 

a Wave radiating or intercepting element thereof 
a rod of dielectric material having a dielectric 
constant substantially greater than unity, the 
length of said rod being at least several wave 
lengths at the operating wave frequency, and 
electromagnetic Wave translating means coupled 
to one end only of said rod, said translating 
means constituting means for launching waves 
into said rod for propagation therethrough with 
Substantial radiation of wave energy laterally 
therefrom into space, or for receiving from said 
rod waves propagated therethrough and excited 
therein by intercepted radio waves. 

20. In a microwave radio system, an antenna. 
comprising a rod of dielectric material having 
a dielectric constant that is at least double that 
of air, an ultra-high frequency wave transceiver, 
and means coupling said transceiver to said rod 
adjacent one end thereof for exciting waves in 
Said rod for propagation therethrough toward 
the other end thereof with continual radiation 
therefrom or for receiving waves propagated in 
the opposite direction through said rod and ex 
cited therein by intercepted radio waves, and 
means for preventing substantial translation of 
Wave energy between said transceiver and space 
excepting as said translation takes place through 
Said rod, said other end of said rod terminating 
in Space. 

21. A combination in accordance With claim 
20 in which said last-mentioned means comprises 
means conductively shielding said coupling means 
to provide a Substantially non-radiating connec 
tion between said rod and said transceiver. 

22. As a radio antenna, a rod of dielectric 
material having a dielectric constant substan 
tially greater than unity, said rod being trans 
Wel'Sely dimensioned to guide electromagnetic 
waves of the operating wave frequency through 
the interior of said rod with a phase velocity 
that is, throughout the length of said rod, less 
than but within about ten per cent of the velocity 
of light in free space. 

23. As a radio antenna, a rod of dielectric 
material having a dielectric constant substan 
tially greater than unity, said rod being trans 
Versely dimensioned to guide electromagnetic 
Waves of the operating Wave frequency through 
the interior of said rod - with a phase velocity 
that is substantially equal to that of light in 
free Space. 

24. In a microwave radio system, an antenna 
comprising an unsheathed rod of dielectric ma 
terial, and means for establishing in said rod or 
receiving therefrom dielectrically guided waves 
of dominant type, said rod being dimensioned 
to guide Said waves through the interior of said 
rod with a phase velocity that is substantially 
equal to the phase velocity of electromagnetic 
Waves in Space externally of the rod, whereby 
Said rod has an end-fire characteristic. 

25. A System in accordance with claim 18 in 
Which Said rod is of substantially rectangular 
CrOSS-Section. 

26. A System in accordance with claim 18 in 
which said rod is tapered. 

27. An antenna, array comprising a multiplicity 
of unit antennas in accordance with claim 9 dis 
posed side by side. 

28. An antenna array comprising a multiplicity 
of like directed unit antennas in accordance with 
claim. 1. 
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29. A radio antenna in accordance with claim 
2 comprising an elastically flexible leaky wave 
guide, and means for flexing said guide. 

30. A structure in accordance with claim 
18, said rod of dielectric material having the 
electrical and mechanical properties of gum 
rubber. 

31. A structure in accordance with claim 18 
including a strengthening member extending 
length-Wise through the rod. 

32. A structure in accordance with claim 18, 
said leaky wave guide comprising a flexible rod 
of dielectric material and a stiffening member 
extending lengthwise of the rod. 

33. A structure in accordance with claim 18 
including a metallic stiffening member contigu 
ous with said material and extending along the 
length of said rod, said rod and stiffener being 
so proportioned that the velocity of propagation. 
of waves transmitted therethrough is at least 
approximately equal to the velocity of said waves. 
in free space. 
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34. A structure in accordance with claim 33 in 
which said stiffener is a flat strip embedded with 
in the said dielectric rod and disposed with its 
plane normal to the electric vector of said waves. 

35. A : dielectric rod for the transmission of 
microwaves, coupling means for exciting said rod 
or receiving waves therefrom, said rod being 
conductively sheathed for a portion of its length 
Comparable with the length of said waves, said 
coupling means being embedded wholly within 
said sheathed portion and positioned therein for 
maximum coupling with the unsheathed portion 
of said rod. 

36. A microwave radio antenna system com 
prising a rod of a dielectric material that has a 
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dielectric constant substantially greater than 
that of air, said rod having a conductively un 
sheathed portion that is a plurality of Wave 
lengths long at the operating wave frequency 
and a conductively sheathed portion contiguous 
to said unsheathed portion, said sheathed and 
unsheathed portions differing in characteristic 
impedance, said sheathed portion having a re 
flecting termination at the end thereof remote 
from Said unsheathed portion, and Wave trans 
lating means coupled to said sheathed portion 
at a point spaced from said remote end for ex 
citing waves to be propagated in and radiated 
from said unsheathed portion or for receiving 
waves intercepted by and propagated in said 
unsheathed portion. ... 

37. A system in accordance with claim 36 in 
which the length of said sheathed portion and 
the spacing of said coupling point from the said 
remote end are correlated for maximum coupling 
between said translating means and said un 
sheathed portion of said rod. 

GEORGE C. SOUTHWORTH. 
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