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November 13, 1940, Serial No. 365,450 
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This invention relates, generally, to the pro 
jection of radio waves in the form of a bean, and 
the invention has reference more particularly to 
the use of suitably apertured hollow resonatoi'S 
for the accomplishment of this result above men 
tioned. 
The principal object of this invention is to pro 

duce simple, compact, and easily portable appa 
ratus for projecting directional radio beams, said 
beams being suitable, among other things, for 
guiding aircraft to safe landings under condi 
tions of low or Zero visibility. 
Another object of the present invention is to 

provide means for obtaining directive beans of 
electromagnetic energy of fan-shaped configura 
tions, said beams being especially useful in con 
nection with apparatus for measuring distances 
and velocities described in co-pending application 
Serial No. 185382, filed January 17, 1938, how 
Patent No. 2,415,094, issued February 4, 1947, of 
which the present application is a division. 
Another object of the present invention is to 

provide a hollow resonator having suitable ra 
diating means or apertures disposed to produce a 
desired shape of beam radiation. 

Still another object of the present invention is 
to provide means for orientating said electro 
magnetic Wave radiation apparatus in azimuth 
and elevation, as for effecting scanning operation 
and selective reception of radiation emitted or 
reflected from some remote object. 
Other objects and advantages will become ap 

parent from the specification, taken in connec 
tion with the accompanying drawings illustrat 
ing embodiments of the invention. 

In the drawings: 
Fig. 1 is a perspective view of an embodiment 

of the invention with Some parts broken away 
that is adapted to produce a fan-shaped beam, 
and also capable of directing the projected beams 
of radiation in any desired azimuthal and ele 
vational angles. 

Fig. 2 is a perspective View of an embodiment 
of an invention that is capable of projecting a 
counnar bean of radiation. 

Referring now to Fig. 1 of the drawings, there 
is shown one form of radiating resonator, or 
directive antenna, structure, comprising an elon 
gated tubular cavity resonator 2 capable of hav 
ing standing electromagnetic waves set up and 
maintained therein by means of one or more in 
ductive loops 3, or by one or more Small di-pole 
antennae 4 supplied through the leads shown, 
which may be of the concentric line type fed from 
a suitable high frequency generator or oscillator 
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not shown in the drawing. As illustrated in Fig. 
i, the antennae 4 may be disposed in alignment 
and parallel to the longitudinal axis of the tubu 
lar cavity resonator 2. Cavity resonator 2 is 
long compared to the Wave length corresponding 
to the frequency of the standing electromagnetic 
field therein; and is provided with a radiating 
slot 3 stubstantially parallel to the axis of the 
i'esonator that is also several wavelengths in 
length. The area of slot 5, is substantially less 
than the total wave-reflecting area of the cylin 
drical Wall portion of the resonator 2; yet, it is 
large enough to permit energy emanation there 
through. In other words, of the total circum 
ferential distance of tubular resonator 2, slot 5 
represents a minor part of 360°. When reso 
nator 2 is excited in the proper mode of oscilla 
tion, the wave fronts of the standing electro 
magnetic Waves within the resonator reach all 
parts of the cylindrical portion of the resonator 
Wall simultaneously and, the emitted radiation 
through slot. 5 will be in phase throughout the 
length of the slot, and in accordance with the 
known laws of diffraction, will form a fan-shaped 
beam of radiation collinnated in the plane through 
the slot, and the axis of the resonator, being 
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narrow in this plane and Wide in the plane, at 
right angles thereto. The beam of radiation can 
be orientated in the plaine containing the slot 
and the axis of the resonator by rotating the 
resonator whose trunnions 6 are rotatably sup 
ported by a yoke , and the beam can be orien 
tated in the plane at right angles to Said plane 
by rotation about the axis of a shaft 8 attached 
to yoke and engaging a step-bearing in base 9. 
The beam may be orientated by remote control, 
if desired. When used as a searching beam, the 
resonatoi 2 is elevated to the desired angle by 
inclining the axis of the resonator from the ver 
tical. The lateral:Spread of the beam is centered 
about the radius drawn from the center of the 
resonator through the Center of slot 5. The 
wavelengths found most useful for scanning pur 
poses are those of the order from 1 to 10 centi 
meters. For these wavelengths the radius of the 
resonator 2 is from about 4 of a centimeter to 
abount 5 centimeters, or may be much more if 
the resonator is operated on a harmonic of its 
fundamental frequency; in other words, the fre 
quency of resonance of the resonator is deter 
rained by the depth of the cavity. 

Referring now to Fig. 2, (which is an embodi 
ment of an invention disclosed and claimed in 
our copending application for Radiating elec 
tromagnetic resonators, Serial No. 464,614 filed 
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November 5, 1944), shown therein is an illustra 
tive form of narrow columnar beam radiator, 
comprising a hollow resonator , approximately 
square in plan having sides of dimensions large 
in Comparison. With the wavelength of the stand 
ing electromagnetic Waves within Said resonator, 
or a multiple thereof when said resonator is op 
erated on a harmonic of its fundamental fre 
quency. Resonator is shown excited by means 
of an inductive loop 2 or di-pole energized 
through leads shown which may be a concentric 
line. In one face of the resonator, apertures 3 
are provided formed by circular openings of a 
diameter which is Small compared to a wave 
length, the apertures being distributed over an 
area. Covering several wavelengths in various 
directions, and may conveniently be arranged 
Symmetrically along concentric circles. When 
Cavity resonator i is excited to the fundamental 
mode of oscillation determined by its depth, or 
to a harmonic thereof when the depth is made 
Substantially to correspond to a multiple of one 
half wavelength, the radiation emitted through 
the various apertures 3 will be in phase, and due 
to interference, the resultant radiation will be 
restricted to a columnar beam whose axis is per 
pendicular to the radiating face of the cavity 
resonator, and having an angular spread which 
is a function of the ratio of the wavelength to the 
dimension of the pattern formed by the radiat 
ing apertures. The beam of radiation can be 
orientated by rotating cavity resonator if about 
trunnions f, and a mounting similar to that 
shown in connection with Fig. 1 may also be used 
to Orientate the beam of radiation both in azi 
muth and elevation. 
The directivity achieved by a given radiation 

antenna Structure in transmission is also obtain 
able for reception of electromagnetic radiations 
either emitted or reflected from a distant object, 
in which case a receiver will be used in con 
nection. With the apparatus instead of a trans 
Initter. 
As many changes could be made in the above 

construction and many apparently widely differ 
ent embodiments of this invention could be made 
Without departing from the scope thereof, it is 
intended that all matter contained in the above 
description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not 
in a limiting Sense. 
What is claimed is: 
1. A 3-diator for projecting a fan-shaped beam 

of electromagnetic energy, comprising a hollow 
conducting enclosed resonator, electromagnetic 
radiating neans within said resonator for setting 
up standing electromagnetic waves therein reso 
nant at a natural frequency thereof, said resona 
tor having a major axis having a length materi 
ally longer than the Wavelength in free space of 
the standing waves therein, said radiating means 
being relatively short compared to the length of 
the major axis of said resonator, said resonator 
being apertiled along its major axis to provide 
an electromagnetic Wave radiating area, said 
radiating area being relatively small compared 
to the total internal wave reflecting area, within 
Said resonator. 

2. A radiator of electromagnetic waves having 
a fan-shaped radiation pattern comprising a 
Substantially closed hollow conducting body hav 
ing enclosing long and short Walls providing an 
interior resonant cavity of a length appreciably 
greater than its depth, relatively small electro 
magnetic radiating means within said cavity for 
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4. 
Setting up high frequency standing electromag 
netic waves resonant therein at a natural fre 
quency thereof, so that the electric vector of said 
Waves extends throughout and substantially 
parallel to the length of the cavity and to 
the long Wall thereof, said cavity having a 
length of a greater order of magnitude than 
the length of Said radiating means, the fre 
quency of Said Waves being determined by 
the depth of said cavity, the long wall of 
said body being arranged for radiating the 
electromagnetic energy therewithin over an 
area that has at least one dimension that is 
long compared to the Wavelength of the energy 
in free space, said radiating area being relatively 
Small compared to the internal wave reflecting 
area, Within Said body. 

3. Means for radiating a directional beam of 
electronagnetic Waves comprising a conducting 
body having a cavity therein one bounding wall 
of which is cylindrical, antenna radiating means 
having a length of a considerably Smailer order 
of magnitude than the length of said body and 
contained therein for Setting up standing electro 
magnetic waves Within said body so that the 
Wave fronts reach all parts of the cylindrical Wall 
simultaneously, and means located Within said 
cylindrical wall for radiating a small part only 
of the radiation incident on said Walls, Said last 
in aned neans being distributed over a length of 
said cylindrical Wall that extends a distance equal 
to a multiplicity of Wavelengths in free Space of 
the radiation. Within Said cavity. 

4. A high frequency antenna, having a fan 
shaped directivity pattern comprising a hollow 
conducting enclosed resonator adapted to con 
tain standing electromagnetic Waves therein 
resonant at a natural frequency thereof, elec 
tromagnetic coupling means Within said resona 
tor for coupling to said standing electromagnetic 
waves, said resonator having a major axis of a 
length materially longer than the wavelength 
in free space of said standing Waves, said coupling 
means being relatively short compared to the 
length of said major axis, said resonator being 
apertured along Said major axis to provide an 
electromagnetic wave translating area, for trans 
lating Waves between the interior and exterior of 
said resonator, said area, being relatively small 
compared to the total Wave-reflecting area, within 
said resonator. 

5. Directional electromagnetic Wave antenna, 
means comprising a conductive body having a 
cavity therein one bounding Wall of which is 
cylindrical, said body being adapted to contain 
standing electromagnetic Waves therein resonant 
at a natural frequency thereof, coupling means 
having a length of a considerably smaller order 
of magnitude than the length of Said body and 
contained therein for coupling to said Standing 
electromagnetic Waves Within Said body, and 
means located Within Said cylindrical Wall for 
translating only a small part of the energy inci 
dent on the Walls of said cavity, between the inte 
rior and exterior thereof, said iast-named means 
being distributed over a length of said cylindrical 
Wall that extends a distance equal to a multi 
plicity of wavelengths in free space of the elec 
tromagnetic energy Within said cavity. 

6. Directional high frequency antenna, means 
Comprising an enciosed cylindrical conducting 
body adapted to contain electromagnetic waves 
resonant at a natural frequency of Said body 
and having a length of a higher order of magni 
tude than the Wavelength of said waves in free 
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Space, coupling means having a length of consid 
erably Smaller order of magnitude than the 
length of said body and contained therein for 
coupling to said electromagnetic waves Within 
Said body, said body having an opening therei 
extending for a distance corresponding to a nul 
tiplicity of Wavelengths in free Space of said 
Waves for transiating elecil'Ornagaetic energy 
between the interior and exterior of said body. 

7. An ultra, high frequency directional aintenna. 
comprising a cavity resonator adapted to con 
tain standing electromagnetic Waves lesonant 
therein at a natural frequency thereof, said reso 
nator having a cylindrical Wall With an axial 
length of a larger order of magnitude thain a 
wavelength in free space of said energy and hav 
ing a slot in Said cylindrica, Wall also of a length 
long compared to the wavelength of Said energy 
in free Space, and means within said resonator 
for coupling to the field therein, said coupling 
means being relatively small compared to the 
length of said cylindrical Wall. 

8. A directional high frequency attenia, for 
defining a fan-shaped directivity pattern, coin 
prising a substantially closed cavity resonator 
adapted to contain Standing electromagnetic 
Waves resOinant therein at a natural frequency 
thereof, said resonator having a dimension long 
in comparison to the Wave length of Said waves 
in free Space and being apertured over a length 
that is long compared to said wavelength, and 
means, comprising a plurality of coupling Eileans, 
for coupling to the field. Within Said resonator 
at a plurality of points thereof, each of Said cou 
pling aeans being short in comparison to the 
length of Said resonator. 

9. A high frequency directional antenna, com 
prising a cavity resonator adapted to contain 
Standing electromagnetic Waves resonant therein 
at a natural frequency ... thereof, said resonator 
having a cylindrical Wall. With an axial length 
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long in comparison to the wavelength of Said 
WaVes in free Space, said Wall having a slot there 
in extending substantially axially of said cylin 
drical wall and also of a length long in compari 
SOI to said Wavelength, the area of Said slot be 
ing relatively small compared to the total inter 
nal area of Said resonator, and a plurality of cou 
pling means Within said resonator and disposed 
in a direction parallel to said slot for coupling 
to the field within said resonator at a plurality 
of points thereof. 

10. Directional antenna, means comprising a 
conducting body having a cavity adapted to con 
tain an oscillating electromagnetic field therein, 
said cavity having at least one dimension of a 
length considerably longer than the wavelength 
of Said field in free Space, and coupling means 
for electromagnetically coupling to said body, 
Said body having a continuous slot in the outer 
Wall thereof eXtending over a distance long com 
pared With Said Wavelength for translating elec 
tronagnetic energy between the interior and ex 
terior of said body. 

WILLIAM W. HANSEN. 
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