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This invention relates to antennas for radio ob 
ject-locating Systems and more particularly to 
an antenna, having a reflector and radiating 
means for illuminating the reflector. 
One of the objects of the invention is to provide 

an antenna, having a parabolic reflector with a 
novel means for radiating and receiving radiant 
energy in Such manner that the elevation angle 
of a target may be determined without requir 
ing vertical motion of the reflector or of the an 
tenna. 
Another object of the invention is to provide in 

an antenna, having reflecting means and radiat 
ing means, means for producing a desired radia 
tion pattern including one in which the energy 
distribution approximates the relationship csc29 
in One plane, generally the vertical plane where 
0 is the angle measured from the axis of direc 
tivity of the reflecting means. 

For a better understanding of the invention to 
gether with other and further objects thereof, 
reference is had to the following description, 
taken in connection with the accompanying draw 
Elg. 

In the drawing: 
Fig. 1 is a perspective view of a typical antenna, 

according to this invention; 
Fig. 2 is a perspective view of the feed line and 

novel radiating means according to one embodi 
ment of the invention; 

Fig. 3 is a diagrammatic sectional view along 
the line 3-3 of Fig. 2; 

Fig. 4 is a diagrammatical sectional view of the 
feed line of Fig. 2 illustrating the positions of the 
exciting means and also the direction of the prin 
cipal E-vector of energy within the feed line; and 

Fig. 5 is a diagrammatic side elevation of the 
antenna of Fig. 1 illustrating the radiation pat 
E. produced thereby and geometry of the inven 
IO. 

Referring now to Fig. 1, there is shown an an 
tenna comprising a reflector i0 which may be 
of any suitable conformation such as a paraboloid 
of revolution, a truncated paraboloid, or a para 
bolic cylinder or any other suitable shape to direct 
energy from or to a radiating element. As shown, 
reflector f0 is, for example, a truncated para. 
boloid supported on a base f and, if desired, in 
Such manner that reflector () may be rotated 
about either a vertical or horizontal axis, or both. 
For simplification of description, it is assumed 
herein that reflector fo is immovably secured to 
base if with the plane of its aperture vertical and 
With the longitudinal axis thereof horizontal. A 
radiating element 2 is mounted in front of and 
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at a suitable distance from reflector 0 for illumi 
nating the latter. 
According to this invention, radiating element 
2 comprises a hollow pipe waveguide 3 of sub 

stantially circular cross-section adapted to sup 
port only the TE1.1 mode of energy and is disposed 
with its axis perpendicular to the focal axis of re 
flector f0. In the arrangement as shown in Fig. 1, 
waveguide 3 is disposed with its axis vertical and 
is Supported in any Suitable manner such as by 
brackets 4 Secured to Waveguide 3. 
Waveguide 3 (Figs. 2 and 3) is electrically con 

nected at or near one end (in this case the lower 
end) with apparatus for transmitting and receiv 
ing waves of electromagnetic energy. Thus, 
waveguide 3 is provided with coupling means 5 
for connection with the transmitting apparatus as 
indicated by T and coupling means 6 and 7 for 
connection. With two receiving apparatus desig 
nated R1 and R2 respectively. Coupling means 5, 
6, and 7 may be of any suitable design for excit 

ing and picking up energy within waveguide f3. 
For example, means 5 may comprise an exciting 
probe 5' fed by a waveguide or transmission line 
5'' while coupling means 6 and T may be in the 
form of pick-up probes or loops 6' and cou 
pled to transmission lines 6' and T'. Trans 
mission lines 5’, 6' and 7' may be of the 
hollow pipe waveguide or coaxial conductor type. 
Means 5, 6 and T. are preferably spaced cir 
cumferentially about wave guide 3 in Such man 
ner that the axis of the coupling loops or probes 
5, 6' and 7' (Fig. 3) extend radially into wave 

guide 3 for a purpose more clearly described 
hereinafter. 
Arranged along a portion of the length of 

Waveguide 3 are a plurality of aligned dipoles 8. 
As shown more clearly in Fig. 2, there are 10 di 
poles fi-810 arranged in a vertical straight line 
so that a plane passing through the longitudinal 
axis of Waveguide 3 and the roW of dipoles 8 will 
contain the focal axis of reflector f0 and is 
substantially perpendicular to the aperture plane 
of reflector 0, with the row of dipoles 8 being 
disposed nearest reflector f0. 
Radiating element 2 may be disposed in any 

desired position along the axis of waveguide 3 
depending upon the shape of the desired pattern 
and whether the main path of the desired beam 
pattern is to be directed ahead of the reflector 
or above or below the reflector axis. Thus, for 
airborne use With the antenna depending for 
example from the belly of an aircraft, it is de 
Sired to direct the radiation pattern in a down 
Ward direction or toward the ground. For such 
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use, radiating element 2 would be disposed above, 
or at least with the majority of the dipoles 
above, the reflector axis. However, the prin 
cipal application of an antenna, as hereia de 
scribed is in searching for, or tracking of, air 
borne targets from a ground station. Thus, aS 
shown in Figs. 1 and 5, radiating element - f2 is 
disposed below the axis H of reflector for With 
the majority of dipoles 8 below the axis H. and 
preferably with the uppermost dipole 8, on or 
slightly below axis H at the approximate focal 
point F. For simplification of description and 
by way of example, the description of the inven 
tion herein is directed to such an arrangement. 

Dipoles 8 may be of any conventional design 
adapted to radiate and receive waves of electro 
magnetic energy towards or away from reflector 
0. Energy to and from each of dipoles 8 is 

transmitted by means of a transmisison line 9 
and by a stub line 2 preferably angularly dis 
posed relative to the line 9, lines if S and 2 pref 
erably being of the coaxial conductor type aS 
shown (Fig. 3). Each stub line; 2) is coupled 
to the region of propagation within Waveguide 
3 by means of a radially disposed probe 2 
adapted to excite or pick-up energy in WaWear 
guide 3. 
While dipoles 81-810 are arranged in a 

straight line along waveguide, 3, probes. 2 are 
so arranged that successively they enter wave 
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guide 3 at gradually increasing angles or grad 
ually increasing circumferential distances toward 
One end of Waveguide 3 relative to the position 
of their respective dipoles (Fig. 4). Preferably, 
the probe 2 at the uppermost end of waveguide 
3 is disposed at a small or 0 angle with respect 

to its corresponding dipole 81, while the re 
maining probes 2 are disposed in turn at in 
creasing angles or circumferential distances real 
tive to their corresponding dipoles, with the probe 
2 nearest the Iowermost part of waveguide 3 
being preferably approximately 90° from its 
corresponding dipole. 810. The relative posi 
tion of the dipoles 8 and their respective probes 
2 is accomplished by naking the connecting 
transmission lines 9 progressively longer and 
preferably curving the same to follow the con 
tour of waveguide 3. 

ASSunning that the exciting probe 5 of cou 
pling neans 5 is substantially in alignment with 
the row of dipoles 8 and with probe 2 coupling 
dipole 81 to waveguide 3, the maximum E 
vector (designated E in Fig. 4) or the E-vector 
in the axis of symmetry of the TE1.1 mode with 
in Waveguide 3 will be substantially coincident : 
with the 0°-180° line or in other Words, coin 
cident with the radius to probe 2 serving dipole 
f81. Thus, probe 2 of uppermost dipole 81 will 
be strongly coupled to the electrostatic field in 
the waveguide 3 while the remaining probes 
2 will have relatively and progressively weaker 
coupling and probe 2 for the lowermost dipole 
f810 will have very weak coupling. 
Therefore, when the antenna, is being utilized 

for radiation of energy, the intensity or anpili 
tude of radiation from dipoles 8 and of the in 
tensity of illumination of reflector it is tapered 
due to the graduated coupling of probes 2, the 
greater intensity being radiated from the upper 
most dipole 31, and the east from the lower 
most dipole 810. By properly adjusting the 
depth of penetration of probes 2 into waveguide 
3, any desired resultant radiation pattern may 
be produced including one of csco configura 
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4. 
tion as indicated by the solid line pattern in 
Fig. 5. 
On reception of energy, such as return of echo 

pulses from targets, the maxinum energy re 
turned from a low target and rereflected by re 
flector is will be received by the upper dipoles 
8 while that from the high targets Will be re 

ceived by the lower dipoles 8. Thus, from Fig. 
5, it will be seen that the energy returned by a 
target T1 of high elevation is reflected by reflec 
tor and will be received by and excite maxi 
mum energy in dipole 810, also the energy from 
a target of low elevation 2 will be returned with 
maximum intensity to dipole. 81, the returning 
energy being indicated by broken lines in Fig. 5. 
Since the elevation of the target With reference 
to the antenna determines which of dipoles 8 
receives most of the incoming energy and Since 
each dipole excites energy in waveguide 3 
through probe 2 with a characteristic polariza 
tion determined by the relative circumferential 
position of the respective probes 2, the resultant 
direction of the E-vector of the energy excited 
in waveguide 3 is a function of the elevation 
angle of the target. Fig. 4 shows the orientation 
of the maximum E-vector when maximum el 
ergy intensity is received by dipole, 85, the posi 
tion of which is shown in Fig. 3. By placing the 
two receiver channels or coupling means 6 and 
it in spaced circumferential relation about 
waveguide 3 as disclosed hereinbefore, the 
orientation of the electrostatic field in waveguide 
A3 and consequently, the elevation of the target 
can be found by comparison on a suitable indi 
cator 22 of the magnitudes of the two received 
outputs. Any suitable known type of receiver 
may be utilized with the antenna, as herein de 
scribed ranging from those having two con 
plete amplifiers to those with a single detector 
and amplifier with the addition of a Switch or 
delay line to separate the energy pulses to be 
COmpared. 
While the present invention has been par 

ticularly described with the radiating element 
(2 oriented vertically to determine elevation, it 
will be understood that by orienting the an 
tenna, conducting the radiating element 2 hori 
Zontally, the angle of a target in azimuth may 
also be determined. 
What is cained is: 
1. A System comprising an antenna, having a 

parabolic reflector and a waveguide of circular 
cross-Section adapted to entertain the TE1, mode 
of electromagnetic energy, said waveguide being 
positioned with its axis Substantially perpendicu 
lar to the focal axis of said reflector, a plurality 
of aligned and equally spaced dipoles arranged 
along a portion of the length of said waveguide 
and parallel to the waveguide axis, means for 
coupling each of said dipoles to the region of 
propagation within said Waveguide, one of Said 
coupling means being Substantially aligned 
radially with the first of said aligned dipoles, 
each of said remaining coupling means being 
Spaced circumferentially about Said Waveguide 
from its respective dipole, the spacing between 
said remaining coupling means and Said dipoles 
progressively increasing toward one end of said 
waveguide and away from said first dipole, means 
electrically connecting said dipoles and said 
coupling means and supporting said dipoles, and 
means for exciting energy in the TE1.1 mode in 
said waveguide, said exciting means being posi 
tioned near one end of said waveguide in align 
ment with one of said coupling means, whereby 
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the latter is adapted to have maximum coupling 
and the remaining coupling means have rela 
tively weaker coupling to the energy excited in 
said waveguide resulting in unequal intensity of 
energy radiated from said dipoles for producing 
an unsymmetrical radiation pattern. 

2. The system defined in claim 1 wherein each 
of said coupling means includes a probe ex 
tending radially into said waveguide, the depth 
of penetration of said probes determining the 
radiation intensity from each of said dipoles 
and thus producing a desired pattern of radia 
tion from the antenna. 

3. The system defined in claim 1 wherein Said 
coupling means are adapted to be so arranged 
relative to the electromagnetic field of energy 
within said waveguide that the energy distribul 
tion pattern radiated by said antenna, varies 
substantially as the square of the cosecant of the 
radiation angle measured from the axis of direc 
tivity of said reflector. 

4. A System defined in claim Wherein Said 
means to excite said wave guide may be peri 
odically energized whereby a pulse may be trans 
mitted by said antenna, Said dipoles being SO 
positioned relative to said reflector that radiant 
energy returned as an echo to said antenna, by 
a target is directed by said reflector onto said 
aligned dipoles, the angle of elevation of Said 
target determining which one of Said dipoles 
receives, and Which of Said coupling means ex 
cites in said waveguide, energy of maximum in 
tensity, the relative position of Said last-men 
tioned coupling means thereby determining the 
orientation of the maximum E-vector of energy 
in said waveguide, and wherein two coupling 
means are spaced from each other about one end 
portion of said waveguide, said two coupling 
means being adapted to be excited by Said en 
ergy in said waveguide, the orientation of the 
maximum E-vector determining the relative in 
tensity of energy picked up by said two coupling 
means, whereby, by comparison of the OutputS 
of said two coupling means, the Orientation of the 
maximum E-vector and consequently the eleva 
tion of the target is determinable. 

5. A system for radiating and receiving waves 
of electromagnetic energy comprising in COm 
bination, a parabolic reflector and a Waveguide 
of substantially circular cross-section for enter 
taining the TE1.1 mode of energy propagation, 
said waveguide being positioned with its axis 
substantially perpendicular to the focal axis of 
said parabolic reflector near the focal point 
thereof, a plurality of aligned dipoles arranged 
along a portion of the length of Said Waveguide 
and parallel to said waveguide axis, means for 
coupling each of said dipoles to the region of 
propagation within said waveguide, one of said 
coupling means being Substantially aligned ra 
dially with the first of Said aligned dipoles, each 
of the remaining coupling means being Spaced 
circumferentially about said waveguide from its 
respective dipole, the spacings between said coul 
pling means and said dipoles progressively in 
creasing towards one end of said waveguide and 
away from said first dipole, means electrically 
connecting each of said dipoles to its coupling 
means, means for exciting energy in the TE1,1 
mode within said waveguide, said exciting means 
being so positioned that the maximum E-vector 
of the energy excited thereby is in radial align 
ment With one of said coupling means, and out 
put means coupled to said waveguide responsive 
to the orientation of the maximum E-vector pro 
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6 
duced by received energy for determining the 
elevation angle of said received energy. 

6. A system comprising an antenna, having 
parabolic reflecting means, a waveguide of Suit 
able shape and dimensions for entertaining the 
TE1.1 mode of electromagnetic energy, a plural 
ity of dipoles arranged to constitute a linear 
antenna, array along a portion of the length of 
Said Waveguide, means positioning Said array in 
a plane substantially perpendicular to the focal 
axis of said reflecting means, means for periodi 
cally exciting energy of the TE1.1 mode in said 
waveguide, whereby a pulse will be radiated by 
Said antenna, means for coupling each of Said 
dipoles to the region of energy propagation with 
in Said waveguide, each of said coupling means 
being adapted to be excited by energy in said 
waveguide of varying degrees of intensity de 
pending on the position of Said coupling means 
relative to the energy field in said waveguide and 
to excite in Said Waveguide energy of varying de 
grees of intensity depending on which of the re 
Spective dipoles receives energy of maximum in 
tensity returned by a target to said antenna, dur 
ing the period that said exciting means is in 
operative, and means coupled to Said Waveguide 
for determining the Orientation of the maximum 
E-vector of received energy in said waveguide 
and consequently the angle of elevation of the 
target returning said returned energy. 

7. A system comprising a plurality of dipoles 
aligned along a wave guide, means to couple 
Successive dipoles to Successive points within 
said wave guide, said points being characterized 
by an increased peripheral displacement from the 
aligned dipoles, means to excite said wave guide 
in the transverse electric mode with pulses of 
carrier wave energy, said means being aligned 
With said dipoles, and means circumferentially 
Spaced from Said exciting means to determine 
the angle of polarization of energy induced with 
in Said wave guide by a pulse echo. 
8. In a pulse echo System, an antenna, comprising 

a parabolic reflector, a wave guide, a plurality 
of dipoles disposed along the Surface of Said wave 
guide and aligned with a longitudinal axis there 
of, means to mount said wave guide and the ar 
ray of Said dipole perpendicular to the axis of 
Said reflectOr, the uppermost of Said dipoles be 
ing positioned at the focal point of Said reflector, 
a plurality of wave guide probes to electrically 
Connect each of Said dipoles to Said Wave guide, 
the probe complementary to said uppermost di 
pole being Substantially perpendicular thereto, 
SucceSSive probes being Spaced increasingly great 
er peripheral distances from their respective 
complementary dipoles, the peripheral Spread be 
tween the uppermost and the lowermost of said 
probes being less than 90 degrees, means to excite 
Said Wave guide in the transverse electric mode 
with pulses of carrier wave energy, said exciting 
means being aligned with said aligned dipole ar 
ray, whereby a pulse of electromagnetic energy 
radiated by said dipoles may be directed from 
Said reflector in an unsymmetrical pattern, and 
means to determine the polarization of a field 
Set up in Said Wave guide by an echo resulting 
from the aforesaid radiated energy being reflect 
ed from a target back to said antenna, whereby 
the elevation angle of said target may be deter 
mined. 

9. An antenna, comprising waveguide means, a 
linear array of antenna, elements, a number of 
probes situated within said waveguide, said 

75 probes situated within said waveguide, said probes 
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having different angular positions of entry into 
said waveguide with respect to a reference posi 
tion, and means separately coupling each of Said 
probes to a different one of Said antenna, ele 
ments. 

10. An antenna, System comprising a reflector, 
an array of Spaced antenna, elements juxtaposed 
to Said reflector, a waveguide, an array of probes 
situated within said waveguide, said probes hav 
ing different angular positions of entry into said 
Waveguide With respect to a reference direction, 
and means coupling each of said probes to One of 
Said antenna, elements. 

11. An antenna, System comprising a reflector, 
a plurality of Spaced antenna, elements cooperat 
ing With Said reflector, a waveguide, a like plu 
rality of probes Situated within said waveguide, 
Said probes having different angular positions in 

O 

8. 
Said waveguide, each of Said probes being sepa 
rately coupled to a corresponding antenna, ele 
ment, and means coupled to Said waveguide to 
transmit energy to and from said waveguide. 

RAYMOND G. HERB. 
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