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MICROWAVE SCANNING ANTENNAS 

Jesse L. Butler, Nashua, N.H., assignor to Raytheon 
Company, a corporation of Delaware 

Application September 17, 1954, Serial No. 457,072 

12 Claims. (Cl. 343-754) 

This application is a continuation-in-part of an appli 
cation for United States Letters Patent, Serial No. 
424,313, ?led April 20, 1954, for “Antenna,” now aban 
doned. 

This invention relates to a microwave scanning antenna 
and particularly to a rotating tri-element radiator for the 
purpose of increasing the scan rate threefold for every 
mechanical revolution of said radiator. 
The above increased scan rate is accomplished by using 

a rotating tri-element radiator having three radiating 
elements symmetrically disposed radially, substantially 
in a plane perpendicular to an axis of rotation. The 
tri-element radiator is rotated in a microwave energy 
?eld, thereby generating an effective conical scan at three 
times the physical rotational velocity of the tri-element 
radiator. 

Further objects and advantages of this invention will 
be apparent as the description progresses, reference being 
made to the accompanying drawings, wherein: 

Fig. 1 is a cross-sectional view of an embodiment of 
the invention that is illustrated in the form of a direc 
tional microwave antenna; 

Fig. 2, which is section 2—2 of Fig. 1, illustrates a 
front view of the tri-element radiator in the form. of a 
tri-pole radiator; 

Fig. 3, which is section 3-3 of Fig. 2, illustrates a 
cross-sectional view of the tri-pole radiator; and 

Fig. 4 is a series of diagrams illustrating how the tri 
element radiator produces an offset center of radiation 
that describes a perfect circle about the mechanical cen 
ter of rotation at a rate which is three times the rate 
of mechanical rotation. 

Referring now to Figs. 1, 2, and 3, there is shown for 
the purpose of illustration only an embodiment of the 
tri-element radiator in the form of a tri-pole radiator 10 
being used in a suitable antenna system. The tri-element 
radiator is adaptable to be used in both transmitting and 
receiving antenna systems. 
The tri-pole radiator 10 is placed at the focal point of 

a re?ecting paraboloid 11, said tri-pole radiator 10 being 
capable of rotating about an axis running through said 
focal point and the center of said re?ecting paraboloid. 
A circular wave guide 12, having its central line on 
said axis, is connected to and through the re?ecting 
paraboloid 11 so as to face the tri-pole radiator 10‘ and 
thereby illuminate it with microwave energy, said energy 
being re?ected off the re?ecting paraboloid 11 and thence 
into space. 
The tri-element radiator can be constructed in a variety 

of shapes and forms, the only limitation being that three 
symmetrical radiating elements should be used and so 
constructed as to make the radiators symmetrical about 
an axis passing through its center point, said- radiating 
elements to extend radially from the center point of said 
tri-element radiator substantially in a plane, thereby being 
symmetrical about said axis of rotation. 
The tri-pole radiator 10, as illustrated, is constructed 

of ?ve basic parts. A re?ector disc 13 is constructed 
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of good conducting material ?at on one side having a 
collar 14 with a set screw 15 on the other side. Located 
on the ?at side of the re?ector disc 13 is a spacer 16 
constructed of a dielectric material of such a thickness 
as to separate the re?ector disc 13 from three radiating 
poles 17 which are located on the other side of spacer 
16. Said radiating pole 17 is constructed of a good con 
ducting material. Cone disc 18 is constructed of a di 
electric material and contains a pin 19 that is used to 
keep the tri-pole radiator 10 assembled as a unit. Said 
pin 19 is inserted centrally through and cemented to cone 
disc 18, poles 17 and re?ector disc 13 thereby bonding 
all the elements of the tri-pole radiator 10 together. 
Other tri-element con?gurations will be apparent to those 
skilled in the art. 
The hole in collar 14 is used for the purpose of mount 

ing said tri-pole radiator 10 on shaft 20 of a motor 
generator 21 driving means. Said set screw 15 located 
in collar 14 is used to lock shaft 20 and tri-pole radiator 
10 together. This action maintains the position of the 
tri-pole radiator 10 with respect to the motor-generator 
21 which supplies the rotating means for rotating the 
tri-pole radiator 10 in the microwave energy ?eld. 

Motor-generator 21 is a special device containing a one 
thousand cycle synchronous motor 22 and a 250-cycle 
generator 23 on one shaft 20. The motor 22 is used 
primarily for rotating the tri-pole radiator 10 and the 
generator ‘23 is used to give an AC. reference voltage 
for determining the position of said tri-pole radiator 10 
at any speci?c time. This A.C. generated reference volt 
age is necessary when it is considered that the three_ 
fold scan rate is accomplished by actually having three 
rotating antennas. It is necessary, therefore, to know 
at any particular time which antenna is receiving or trans 
mitting energy. The problem is analogous to a lobing 
antenna where there are three lobes to be identi?ed. 
The motor-generator 21 is held ?rmly by a clamp 24 

which is supported by four support brackets 25. These 
support brackets 25 are connected to re?ecting paraboloid 
11 thereby maintaining the position of tri-pole radiator 
10 at the focal point of re?ecting paraboloid 11 by main 
taining the position of motor-generator 21 with respect 
to said re?ecting paraboloid 11. 
The motor leads 26 for motor 22 are threaded through 

one of the support brackets 25. The generator leads 27 
for generator 23 are threaded through the opposite sup 
port bracket 25 for the purpose of reducing interaction 
between the two sets of leads. Two pivotal holes 31 are 
located on the rear of re?ecting paraboloid 11 so as not 
to interfere with the re?ecting surface of said re?ecting 
paraboloid 11 or wave guide 12. These holes 31 are 
arranged to be used with outside means for moving re 
?ecting paraboloid 11. 

Referring now to Fig. 4, there is illustrated a series of 
diagrams showing how the tri-element radiator produces 
an otfset center of radiation about its mechanical center 
at a rate which is three times the rate of mechanical 
rotation. For explanation purposes a tri-pole antenna 
is illustrated, it being understood that the following rea 
soning applied for any rotating tri-element radiator. 

Fig. 4 illustrates a tri-pole antenna in ?ve positions 
representing 0°, 30°, 60°, 90° and 120° of mechanical 
rotation. Polarization is assumed to be in a vertical 
plane and pole 1 is assumed to be vertical in the 0° 
position for the purpose of this explanation. For each 
of the ?ve mechanical positions there is shown a corre 
sponding vector diagram illustrating the relative magni 
tude of radiation for all three poles. To simplify the 
explanation the following symbols will be used: 
RC1 to be the effective radiation center of pole 

No. 1; 
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RC2 to be the effective radiation center of pole 
No. 2; 
RC3 to be the effective radiation center of pole 

No. 3; 
MC to be the mechanical center of the tri-element 

radiator; and 
E6 to be the e?ective center of radiation of the tri-pole 

radiator. 
In the 0° position, RC1 is displaced further from MC 

in the up direction than RC2 and RC3 are displaced in 
the down direction. Hence, Ec is up. The vector RG23 
represents a vector equal to the sum of vectors RC2 
and RC3. 

In the 30° position, pole 2 receives zero energy since 
it is at right angles to the plane of polarization, and 
RC1 and RC, are displaced to the right of MC. Hence, 
Ec is right. 

In the 60° position, RC3 is displaced further in the 
down direction from MC than RC2 and RC3 are 
displaced in the up direction. Hence, EC is down. The 
vector RC1‘2 represents a vector equal to the sum of 
vectors RC1 and RC2. 

In the 90° position, pole No. 1 receives zero energy 
since it is at right angles to the plane of polarization 
and RC2 and RC3 are displaced to the left of MC. 
Hence, Ec is left. 

In the 120° position RC2 is displaced further from 
MC in the up direction than RC1 and RC3 are displaced 
in the down direction. Hence, E0 is up. The vector 
RCLB represents a vector‘ that is equal to the sum of 
vectors RC1 and RC3. 
From the cases given above, it can be seen that the 

beam as represented by Ec has gone through a complete 
360° radiation cycle for every 120° of mechanical ro 
tation of the tri-pole antenna. Since the tri~pole an 
tenna has 120° symmetry, the 360° radiation cycle will 
occur for every 120° of mechanical rotation, or in other 
words, there will be produced three complete radiation 
cycles for every one mechanical revolution. It can be 
shown mathematically that the amount the beam is off 
set, which is the distance from EG to Me, is constant for 
all angular positions of the antenna, and that the beam 
o?'set describes a perfect circle about the mechanical 
center of rotation. The most obvious bene?t apparent 
in this antenna system is that the rotating tri-element ra~ 
diator can be symmetrically balanced about its axis of 
rotation, thereby producing no ‘mechanical vibrations. 
The embodiment of the antenna system as illustrated 

in Figs. 1, 2 and 3 is particularly adaptable for use 
against fast maneuvering targets such as aircraft. The 
small physical size of the antenna lends itself for con 
venient installation in aircraft or missiles. 
When used as a transmitting antenna the microwave 

energy is emitted from circular wave guide 12 directly 
illuminating the rotating tri-pole radiator 10. This 
microwave energy is then radiated by each of the re 
tating radiating poles 17 so that, for every one mechani 
cal revolution of the tri-pole radiator 10 there is pro~ 
duced three separate radiation patterns sometimes called 
scans or lobes. This energy is then re?ected and radi 
ated into space from the parabolic re?ector 11. 

This completes the description of the embodiment of 
the invention illustrated herein. However, many modi 
?cations and advantages thereof will be apparent to 
persons skilled in the art without departing from the 
spirit and scope of this invention. Accordingly, it is 
desired that this invention not be limited to the particu 
lar details of the embodiment disclosed herein, except 
as de?ned by the appended claims. 
What is claimed is: 
l. A microwave antenna comprising a radiator having 

three radiating elements symmetrically disposed radially, 
substantially in a plane perpendicular to an axis of ro 
tation, means for rotating said radiator about said axis 
thereby producing three different directional patterns for 
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4 
each mechanical revolution, and means for directing ini 
crowave energy to said radiator. 

2. A microwave antenna comprising a radiator hav 
ing three radiating poles symmetrically disposed radially, 
substantially in a plane perpendicular to an axis of ro 
tation, means for rotating said radiator about said axis 
thereby producing three different directional patterns 
for each mechanical revolution, and means for directing 
microwav energy to said radiator. 

3. A microwave antenna comprising a radiator hav 
ing three radiating elements symmetrically disposed ra 
dially, substantially in a plane perpendicular to an axis 
of rotation, means for rotating said radiator about said 
axis thereby producing three different directional pat 
terns for each mechanical revolution, and a wave guide 
disposed substantially on the line of said axis directed 
substantially at said radiator. 

4. A microwave antenna comprising a radiator having 
three radiating elements symmetrically disposed radial 
ly, substantially in a plane perpendicular to an axis of 
rotation, means for rotating said radiator about said 
axis thereby producing three different directional pat~ 
terns for each mechanical revolution, a wave guide dis~ 
posed substantially on the line of said axis directed sub 
stantially at said radiator, and means for directing micro 
wave energy to said radiator. 

5. A microwave antenna comprising a re?ector, a 
radiator having three radiating elements symmetrically 
disposed radially, substantially in a plane perpendicular 
to an axis of rotation, said radiator disposed substantially 
at the focal point of said re?ector, the line of said axis 
corresponding to the direction of maximum response of 
said re?ector, means for rotating said radiator about said 
axis thereby producing three different directional pat 
terns for each mechanical revolution, ‘and means for di 
recting microwave energy to said radiator. 

6. A microwave antenna comprising a re?ector, a re. 
diator having three radiating elements symmetrically dis 
posed radially, substantially in a plane perpendicular to 
an axis of rotation, said radiator disposed substantially 
at the focal point of said re?ector, the line of said axis 
corresponding to the direction of maximum response 
of said re?ector, means for rotating said radiator about 
said axis thereby producing three different directional 
patterns for each mechanical revolution, and means for 
directing microwave energy to said radiator. 

7. A microwave antenna comprising a re?ector, a ra 
diator having three radiating poles symmetrically dis 
posed radially, substantially in a plane perpendicular to 
an axis of rotation, said radiator disposed substantially 
at the focal point of said re?ector, the line of said axis 
corresponding to the direction of maximum response of 
said re?ector, means for rotating said radiator about 
said axis thereby producing three di?erent directional 
patterns for each mechanical revolution, and means for 
directing microwave energy to said radiator. 

8. A microwave antenna comprising a re?ector, a 
radiator having three radiating elements symmetrically 
disposed radially, substantially in a plane perpendicular 
to an axis of rotation, said radiator disposed substantially 
at the focal point of said re?ector, the line of said axis 
corresponding to the direction of maximum response of 
said re?ector, means for rotating said radiator about said 
axis thereby producing three di?erent directional pat 
terns for each mechanical revolution, and a wave guide 
disposed substantially on the line of said axis passing 
through said re?ector, directed substantially at the radi~ 
ator. 

9. A microwave antenna comprising a re?ector, a radi 
ator having three radiating elements symmetrically dis 
posed radially, substantially in a plane perpendicular to 
an axis of rotation, said radiator disposed substantially 
at the focal point of said re?ector, the line of said axis 
corresponding to the direction of maximum response 
of said re?ector, means for rotating said radiator about 
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said axis thereby producing three di?erent directional 
patterns for each mechanical revolution, a wave guide 
disposed substantially on the line of said axis passing 
through said re?ector, directed substantially at the radi 
ator, and means for directing microwave energy to said 
radiator. 

10. A microwave antenna comprising a re?ecting pa 
raboloid, a radiator having three radiating elements sym 
metrically disposed radially, substantially in a plane per 
pendicular to an axis of rotation, said radiator disposed 
substantially at the focal point of said re?ecting pa 
raboloid, the line of said axis corresponding to the direc 
tion of maximum response of said re?ecting paraboloid, 
means for rotating said radiator about said axis thereby 
producing three different directional patterns for each 
mechanical revolution, and means for directing micro 
wave energy to said radiator. 

11. A microwave antenna comprising a re?ecting 
paraboloid, a radiator having three radiating elements 
symmetrically disposed radially, substantially in a plane 
perpendicular to an axis of rotation, said radiator dis 
posed substantially at the focal point of said re?ecting 
paraboloid, the line of said axis corresponding to the di 
rection of maximum response of said re?ecting parabo 
loid, means for rotating said radiator about said axis 
thereby producing three .di?erent directional patterns 
for each mechanical revolution, a Wave guide disposed 
substantially on the line of said axis, passing through 
said re?ecting paraboloid directed substantially at the 
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radiator, and means for directing microwave energy to 
said radiator. 

12. A microwave antenna comprising a re?ecting 
paraboloid, a radiator having three radiating elements 
symmetrically disposed radially, substantially in a plane 
perpendicular to an axis of rotation, said radiator dis 
posed substantially at the focal point of said re?ecting 
paraboloid, the line of said axis corresponding to the 
direction of maximum response of said re?ecting pa 
raboloid, a motor-generator means for both rotating said 
radiator about said axis and supplying a- reference al 
ternating current signal that is directly proportional to 
the rotation of said radiator, supporting means for hold 
ing said motor-genenator means to said re?ecting 
paraboloid thereby maintaining the position of said mo 
tor-generator means and said radiator with respect to 
said re?ecting paraboloid, a circular Wave guide having 
its center line disposed substantially on the line of said 
axis thereby producing three di?erent directional pat 
terns for each mechanical revolution, passing through 
said re?ecting paraboloid and directed substantially at 
said radiator, and means for directing microwave energy 
to said radiator. 
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