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This invention relates to directional micro 
wave antennas for radio echo detection apparatus 
and more particularly to a waveguide-head feed 
for a micro-wave antenna to produce a radiation 
beam pattern which ‘is very narrow in the hori 
zontal plane, but wide in the vertical plane, such 
a pattern often being referred to as a “fan beam.” 
For more eifective use of certain radio echo 

detection systems on ships at sea subject to rolling 
and pitching where no stabilization device is em 
ployed to assure that a directional pencil beam 
will be maintained in constant horizontal eleva 
tion it becomes necessary that the beam used 
have considerable width in the vertical plane so 
that it will continue to illuminate a surface tar 
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get continuously during rolling of the ship. The .. L 
same requisite holds ‘equally in the matter of re 
ception. It is, also desirable that the radiated 
energy be horizontally polarized, and also that 
minor lobes of the pattern be minimized. Like-' 20 
wise the system should have a minimum sensi 
tivity to transmitter frequency variations or 
“drift” so called. Insufficient approximations to 
these desired results had been previously obtained 
experimentally using a portion of a parabolic 
cylinder illuminated by a vertical slit in a vertical 
wave guide. ' l . , 

It is therefore the principal object of this in 
vention to provide a micro-wave antenna system 
including a paraboloidal re?ector and device for 
feeding it which produces a horizontally polarized ' 
directional radiation beam'pattern with a main 
lobe very narrow in the horizontal plane but broad 
in the vertical plane. 

. Another object is to» provide an antenna system 
producing a “fanned” radiation beam pattern 
with very small minor lobes. _ V ,7 

Another objectis to provide an antenna system 
.relatively insensitive to moderate variations in 
the transmitting frequency. ' ' , c 

It is another object of this invention to provide 
a truncated paraboloidal re?ector and located 
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substantially at the focus thereof a vertical wave ' 
guide terminated by a plane-re?ector at an angle 
of about45°4withr the vertical and having in the 
side of said wave guide nearest the paraboloidal 
reflector an opening or window-through which 

45 

re?ected energy maypass to illuminate the main ' 
paraboloidal re?ector whereby a radiation pat 
tern may be produced having substantially only 
one lobe, said lobe being narrow in the horizontal ' 
plane and broad in the'yertical plane; . 
Other objects and features of the‘ invention 

may be discovered from a consideration ofthe 
following detailed description together with’ the 
drawings. . .. a _ 
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Fig. 1 is a perspective view of a typical em 
bodiment of the invention showing the truncated 
paraboloidal 'main re?ector and also the wave 
guidefeed; . . _' ' , . ' l , 

Fig. 2 is atop view of the embodiment shown 
in Fig. 1;._ ~~ ; ~ . .. 

Fig. 3 isa' side view of the embodiment shown 
in Fig. 1; and , - 

Fig. 4 is a full view of the wave guide feed 
which shows the opening and window covering 
theisame, and the. iris. . . . 

Considering now in detail the embodiment por 
trayed in the drawings, there appears a principal 
radiation re?ector having the shape of a portion 
of a paraboloid or as it is sometimes called parab 
oloid of revolution. The portion used in this 
embodiment is taken in the region of the vertex 
which would be at point 2. Line 3 represents the 
location of the axis of the paraboloid. The re 
?ector widths extend equally on either side of 
thevertex and equally above and below it. A 
more exact speci?cation of the re?ector shape 
here utilized may be had by considering that por 
tion of a paraboloid which is included between 
two planes parallel to and substantially-equi 
distant from the axis and also included between 
two'planes perpendicular to the axis one of which 
planespasses through the vertex. It should be 
understood, however, that the re?ector need not 
necessarily be cut, symmetrically about the vertex. 
The re?ector I is attached to a supporting arm 

4 which also carries a section of wave guide 5 
formed into a gooseneck 6. Electromagnetic 
energy is introduced into the wave guide 5 by. a 
vertical couplingprobe, the top of which appears 
at H in Fig, 3, which couples the, guide to a 
rotating ‘joint, illustrated as a block 20,- so as .to 
excite it in the-‘TE mode. ,bTheu energy-travels 
around the gooseneck 6 and through an iris 1 
located within the wave guide and held between 
?ange 8 at the top of the gooseneck 6 and a ?ange 
9. The iris and two ?anges are held together by 
bolts l0. Flange 9 is attached to and supports a 
shortvertical- section of the samesize rectangular 
wave guide; l-2 v__wh_ic_h is terminated by a ?at re 
?ector plate -l_4_,,which is at an angle of substan; 
tially 45° with the vdirection of transmission} of 
energy along theguide so as to re?ectvthe energy 
in'the direction of the axis 3 of_ the main re; 

- {I‘o- permitthis re?ectedenergy to pass towards 
the‘main {re?ector l ajwindow 16' ;_isfpro_vided 
attachedbyscrews [Bio a ?ange H ;on~the;waye 
guide ",2 severing. a». rectangularropening 1,9 vtrem 
in von the; side toward the main re?ector II The 
dimensions are .nso _._‘chosen that.-'- the T opening 
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covered by the window I6 is located substantially 
at the focus of the main re?ector l. 

Horizontally polarized energy passes from the 
opening covered by window 16 to the main re?ec 
tor l and is re?ected in a horizontally polarized 
beam having its direction of maximum radiation 
along the direction of the axis 3. The width of 
the beam in the horizontal plane is inversely 
dependent on the horizontal width of the main 
re?ector I and the width of the beam in the 
vertical plane is inversely dependent on the ver 
tical width of the main're?ector I. In the 
pesent case the beam will be therefore narrow 
in the horizontal plane and broad in the vertical 
plane. While the use of a main re?ector such 
as re?ector l is not new in the art it is believed 
that the particular type of feed embodied here is 
novel and it has proved very successful in tests. 
The probe ll being vertical, the supporting 

arm 4 may be revolved about an axis coincident 
with the axis‘ of the probe, and the rotating 
joint 120 permits the rotation of the whole as 
sembly in azimuth successively to train the ra 
diation beam in all directions to provide a con 
tinuous scanning of the horizontal plane. 

- While a particular use and embodiment of the 
invention has been described and shown, other 
embodiments and applications ‘are possible and 
therefore the invention is not deemed limited 
except insofar as necessitated by the ‘state of 
the prior art and the spirit of the appended 
claims. ' 

What is claimed is: v . . 

l. A directional 'micro-wave antenna system 
comprising a principal re?ector having the form 
of that portion ‘of the surface 'ofla paraboloid 
of revolution in the region of the vertex thereof 
which is included between two parallel planes 
substantially ‘equidistant from the. axis of the 
paraboloid and which is also included between 
twoplane's ‘perpendicular to the said axis, one of 
which passes through said vertex, and a rectan 
gular wave guide‘having'as its termination a 
plane‘ re?ector positioned at an angle of sub 
stantially forty-?ve degrees with the energy 
transmision direction of the wave ‘guide, ‘said 
Wave guide having a window ‘therein ajacent to 
said plane re?ector and between said plane re 
?ector and‘ said principal re?ector, said window 
being positioned ‘substantially atthe focus of the 
paraboloi'dal ‘re?ector. ’ 

2., A directional micro-wave fan beam antenna 
system comprising a principal re?ector having 
the form-of that portion of ‘the surface ‘of a 
paraboloid of revolution in‘, the} region of the 
vertex thereof which is included'between two 
parallel ‘planes substantially equidistant from the 
axis'vof the paraboloid and which is also-included 
between two planes ,‘perpendicular ‘to the said 
‘axis, one of which passe'svlthrough said vertex, 
and a rectangular wave g'uide'adapted to trans 
mit horizontally palarized - 'electro-magnetic 
energy ‘and terminated by a plane re?ectoiy'said 
.wave guide also having a {window in the wall 
thereof facing the principal (reflector, said wave 
guide being'ip‘ositioned with" reference to said 
principal re?ectonso ‘that said window is‘fsub-r 
stantially 'at the focus of said principalre?ector. 

3. A directional micro-wave fan beam- antenna 
system comprising a" principal reflector‘ having 
the ‘form 5or- that portion ‘of ‘the surfacelof' a 
paraboloid "of. revolutioni'i-n the region 'of the 
vertexth‘ereofwhich is‘f'i'ncluded between two 
parallel planessubstantially equidistant-fromtljie 
axis of ‘thelparaboloid and 'lwhi‘ch is'also included 
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4 
between two planes perpendicular to the said 
axis, one of which passes through said vertex, a 
rectangular wave guide adapted to transmit hori 
zontally polarized electro-magnetic energy and 
terminated by a plane re?ector, said wave guide 
also having a window in the wall thereof facing 
the principal re?ector, said wave guide being 
positioned with reference to said principal re 
?ector so that said window is substantially at 
the focus of said principal re?ector and an iris 
near the end of and within said wave guide for 
matching purposes. 

4. A directional microwave antenna system for 
providing a radiation pattern which is narrow 
in the horizontal plane and broad in the vertical 
plane, comprising, a re?ector having the form 
of that portion of a paraboloid of revolution in 
the region of the vertex thereof which is in 
cluded between two parallel, horizontal planes 
substantially equidistant from the axis of said 
paraboloid and between two planes perpendicular 
to said axis, one of which latter planes passes 
through said vertex, a rectangular wave guide 
terminating in a plane re?ector disposed at an 
angle of 45° to the axis of said wave guide, said 
rectangular wave guide having an opening formed 
in a narrow wall thereof adjacent said plane 
reflector and disposed between said plane re 
?ector and said paraboloid, whereby said parab 
oloid may be illuminated by horizontally polarized 
energy from said rectangular wave guide. 

5. A directional microwave fan beam antenna 
system comprising, a principal re?ector having 
the form of that portion of the surface of a 
paraboloid of revolution in the region of the 
vertex thereof which is included between two 
parallel planes substantially equidistant from the 
axis of the paraboloid and which is also included 
between two planes perpendicular to the said 
axis, one of which passes through said vertex, 
a ?rst section of rectangular wave guide ter 
minated atone end in a ?rst rectangular ?ange 
and adapted to transmit horizontally polarized 
electromagnetic energy, a second section of rec 
tangular wave guide terminated at one end in a 
second rectangular ?ange and terminated at the 
other-end bya plane re?ector inclined at an 
angle of 45° to the longitudinal axis of said sec 
tionv and normal to the broad walls thereof, an 
'iris' positioned between said ?rst and second 
?anges, means securing said ?anges and iris 
together, said second section of wave guide hav 
ing an opening formed in the narrow'wall there— 
of opposite said plane reflector and facing said 
principal re?ector, and means ‘supporting said 
principal re?ector and said sections of wave 
guide to position said opening substantially at 
the focus of ‘said principal re?ector. 

6. A directional microwave antenna system ‘for 
providing a radiation pattern which is narrow 
in-the horizontal plane and broad in the vertical 
plane comprising, a re?ector having the form of 
a‘portion of a pa'raboloid‘of revolution and hav 
ing a ?nite focus, a ?rst section of rectangular 
waveguide terminated atone end in' 'a ?rst 
rectangular ?ange, a second section of similar 
rectangular vwave guide terminated at one vend 
in a v'secondv‘rectangular ?ange and at the other 
end ina-piane re?ector inclined at an angle of 
45° to the'longitudinal 'axisfof said sectionv and 
normal to-the broad walls ‘thereof, a'rectangular 
iris positioned between'said'i?rst and second 
?anges and extending around the perimeter of 
said wave guide sections, means ‘securing “said 
?anges and the iris therebetween together, said 
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second section of wave guide having an opening 
formed in the narrow wall thereof opposite said 
plane re?ector, a window adapted to transmit 
electromagnetic energy secured across said open 
ing, and means supporting said re?ector and 
said sections of wave guide to position said open 
ing substantially at the focus of and facing said 
paraboloid, said rectangular wave guide sections 
being adapted to transmit electromagnetic 
energy in the TE mode whereby said paraboloid 
'is illuminated by horizontally polarized energy 
from said opening. 

7. A directional microwave antenna system for 
providing a radiation pattern which is narrow 
in the horizontal plane and broad in the vertical 
plane comprising, a re?ector having the form of 
a portion of a paraboloid of revolution and hav 
ing a ?nite focus, a ?rst section of rectangular 
wave guide adapted to be energized with electro 
magnetic energy in the TE mode, a second sec 
tion of similar rectangular wave guide, said sec 
tions being axially joined together by cooperat 
ing rectangular ?anges secured to adjacent ends 
of said sections, an iris positioned between said 
?anges and extending around the perimeter of 
said wave guide, the unsecured end of said second 
wave guide section being terminated in a plane 
re?ector inclined at an angle of 45° to the lon 
gitudinal axis of said second section of wave 
guide and normal‘to the broad walls thereof, 
said second section of wave guide having a rec 
tangular opening formed in the narrow vwall 
thereof opposite from said plane re?ector, a 
third rectangular ?ange secured to said wave 
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6 
guide and surrounding said opening, a window 
adapted to transmit electromagnetic energy se 
cured to said third ?ange and closing said open 
ing, and means supporting said re?ector and said 
wave guide sections to position said opening sub 
stantially at the focus of and facing said parab 
oloid, whereby said paraboloid is illuminated by 
horizontally polarized energy from said opening. 

THOMAS JOSEPH KEARY. 
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