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1. 

3,008,142 
ANTENNA SCANNING SYSTEM 

Henry Saltzman, White Plains, and Manfred Westheimer, 
New York, N.Y., assignors to General Precision, Inc., 
a corporation of Delaware 

Filed Nov. 21, 1958, Ser. No. 775,455 
8 Claims. (C. 343-777) 

This invention relates to volume scanning antennas 
suitable for radiating microwaves and more particularly 
to high speed volume scanning microwave antennas. 
Volume scanning microwave antennas in use, hereto 

fore, relied on either mechanical or electro-mechanical 
means for rotating the radar beam and therefore were 
limited to relatively low scanning rates. Furthermore, 
the physical motion imparted to the antenna and its associ 
ated feed lines introduced errors and operating limitations 
which in turn limited the uses to which such antennas 
might be put and their effectiveness generally. 
One object of this invention is to provide a volume 

scanning antenna which is electronically operated and has 
no functionally moving parts. 
Another object of the invention is to provide a volume 

scanning antenna having a high scanning rate. 
Yet another object of this invention is to provide an 

electronic volume scanning antenna system which will 
scan different shaped volumes and may be converted from 
one to another easily and quickly and without the need for 
mechanical changes. 
A further object of the invention is to provide a high 

speed conical scan antenna having constant scan rate, 
Scan angle, beam shape and width throughout its entire 
operating cycle. 
Another object of the invention is to provide a conical 

scan antenna, the scan rate of which may be varied 
quickly and easily. 
The invention contemplates a volume scanning micro 

wave antenna comprising a predetermined array of micro 
wave radiators, means connected to said radiators for 
coupling the radiators to a microwave generator and ar 
ranged to continuously vary, in a predetermined manner, 
the phase between the radiators to provide a beam scan 
ning a predetermined volume. 
The foregoing and other objects and advantages of the 

invention will appear more clearly from a consideration 
of the specification and drawings wherein several embodi 
ments of the invention are described and shown for illus 
tration purposes only. 

In the drawings: 
FIGURE 1 is a representation of one desired beam pat 

tern; 
FIGURE 2 is a schematic diagram of a volume scan 

ning antenna constructed in accordance with the invention; 
and 
FIGURE 3 is a schematic diagram of a modification 

of the system shown in FIG. 2. 
In FIG. 1 a conical pattern is shown. A beam 1 of 

constant shape and width in any given transverse plane, 
revolves around a circular path 3 and defines a cone hav 
ing a half angle 6. Angle 6 remains constant and the 
beam rotates at a constant velocity to provide a constant 
Scan rate. 
The circuit shown in FIG. 2 has four identical horn 

radiators 5, 7, 9 and 11 in a square array and mounted 
on a plane which contains intersecting dashed lines 12 
and 13. Radiators 5, 7, 9 and 11 are connected to a 
microwave generator 14 through ferrite phase shifters 15, 
17, 19 and 21, respectively, which may be similar to that 
shown in U.S. Patent No. 2,787,765 to Fox issued April 
2, 1957. A power divider circuit 16 is inserted between 
the generator 14 and the radiators to provide uniform dis 
tribution of the power. 
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A generator 23 is connected to a variable phase splitter 

24, which supplies two outputs of the same amplitude 
and frequency but displaced from each other in phase by 
0-180° on terminal pairs 25, 27 and 29, 31. Generator 
23 is of the variable frequency type and the beam scan 
ning rate may be varied by varying the frequency of gen 
erator 23 as will be pointed out in detail later. 
A control coil 33 associated with ferrite shifter 19 is 

connected in series with a control coil 35 associated with 
ferrite shifter 21 and both are connected across terminals 
25, 27. Coils 33 and 35 are so wound and connected 
that the magnetic fields, induced by the current there 
through, are 180° out of phase with each other and there 
fore cause the phase difference between the signals through 
ferrite shifters 19 and 21 to vary continuously. In a sim 
ilar manner a control coil 37 associated with ferrite shifter 
15 is connected in series with a control coil 39 associated 
with ferrite shifter 17 and both are connected across ter 
minals 29, 31 of phase splitter 24. Coils 37 and 39 are 
so wound and connected that the magnetic fields, induced 
by the current therethrough, are 180° out of phase with 
each other and cause the phase difference between the 
signals through ferrite shifters 15 and 17 to vary continu 
ously. Variable attenuators 26 and 30 are connected 
in series with windings 37, 39 and windings 33, 35, re 
spectively, and may be adjusted to control the peak value 
of the excitation currents through windings 37, 39 and 
33, 35 respectively. Windings 33, 35, 37 and 39 are iden 
tically wound and the 180° field phase reversal is secured 
by connecting the windings of each pair oppositely as 
shown in the drawings. 

In order to illustrate the operation of the device for a 
conical volume scan, attenuators 26 and 30 must be set 
to provide identical peak currents through control wind 
ings 33, 35, 37 and 39 and phase splitter 24 is adjusted 
to provide outputs which are displaced from each other 
in phase by 90°. Furthermore, assuming that radiators 
5 and 7 only are radiating and that the phase difference 
between the radiated signals is continuously varying, when 
both beams are in phase, or have Zero phase difference, a 
single beam will be observed which is normal to the plane 
containing intersecting lines 12 and 13. As the phase 
difference increases the beam will deviate an increasing 
amount from the normal. The direction of deviation will 
depend on which beam leads or lags in phase and a nor 
mal projection of the beam on the plane will coincide 
with line 13 which connects radiators 5 and 7. Should 
these conditions prevail the beam would scan between 
radiators 5 and 7 and its projection on line 13 would vary 
sinusoidally. 
The above analysis also applies for radiators 9 and 11 

except that the beam projection would coincide with line 
12 and would vary cosinusoidally with respect to the pro 
jection on line 13. Therefore, the combination of the four 
beams when controlled as described above would pro 
duce a single beam displaced by some angle 0, as shown 
in FIG. 1 from a line normal to the intersection of lines 
12 and 13 of FIG. 2. The beam will rotate about the 
normal at a frequency equal to the frequency of gener 
ator 23 since one complete cycle of variation in phase 
difference is produced in each cycle of generator 23. Fur 
thermore, generator 23 is of the variable frequency type 
and thus permits an easy and inexpensive means for 
varying the scanning rate. In order to assure constant 
beam width in any given plane, such as 3 of FIG. 1, radia 
tors 5, 7, 9 and 13, are of a type having circular sym 
metry in their radiation patterns. 
The embodiment shown in FIG. 3 is similar to that 

shown in FIG. 2 with the exception of the radiators used. 
In FIG. 3 ferrite rod radiators 105, 107, 109 and 11 are 

O used in place of horn radiators 5, 7, 9 and 1 of FIG. 2. 
This permits the associated control coils 133, 135, 137 



- - - - - 3. 
and 139 to be positioned in close proximity to the radia 
tors and results in a considerable saving in the space re 
quired, which is highly desirable in airborne equipment 
since rods 105,107, 109 and 111 act both as radiators and 
phase shifters when properly energized as described above. 
Furthermore, the ferrite rod antennas have circularly sym 
metric radiation patterns and are therefore highly suitable 
for this application. 
The operation of the circuit shown in FIG. 2 was de 

Scribed in connection with a conical scanning system but 
other types of volume scanning are possible utilizing this 
same circuit by merely varying the peak amplitude of the 
excitation currents through the control windings or by 
varying the phase shift between the outputs of phase 
splitter 24. For example, an elliptical cone pattern may 
be obtained by either increasing the peak amplitude of one 
excitation current relative to the other so as to change 
the amplitude of the beam displacement from the normal 
along either line 12 or 13 relative to the beam displace 
ment from the normal along the other line or, alterna 
tively, by changing the phase difference between the out 
puts of phase splitter 24. Spiral scanning of a volume 
may be obtained by continuously increasing or decreasing 
the peak amplitude of the excitation currents through 
the control windings to cause a continuous increase or 
decrease in the beam displacement relative to the normal 
to lines 12 and 13 which will result in the beam following 
a spiral pattern. 
While four radiators were chosen to illustrate the inven 

tion it is obvious that many combinations of radiators 
may be used to provide a volume scanning beam accord 
ing to the invention. Also, the invention is not limited 
to the use of horn or ferrite rod radiators since many 
combinations of radiators could be used to provide cir 
cularly symmetric beams. 
What is claimed is: 
1. A conical scanning microwave antenna system com 

prising, an array of at least four microwave radiators ar 

3,008,142 

10 

15 

4. 
tion of control coil excitation current, and means con 
nected to said coils for supplying alternating excitation 
currents therethrough to continuously vary the phase be 
tween the radiators of each pair and maintain the pairs 
of radiators at a 90° phase shift to provide a conical 
scanning beam. - . 

4. A scanning device as defined in claim 3 in which 
the alternating currents supplied to the control coils as 
sociated with the different pairs have equal amplitudes 
to provide a conical scanning beam. . . 

5. A volume scanning microwave antenna comprising, 
four ferrite rod type radiators each of which simultane 
ously provides a circularly symmetric radiation pattern 
normal to a fixed plane, said radiators being mounted in 
a balanced array of pairs on two orthogonal axes con 
tained within the said plane, means for connecting each 
of the radiators to a source of microwave energy, a con 
trol coil adjacent each ferrite radiator for shifting the 
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ranged in pairs, microwave phase shifting means for con 
necting the radiators to a source of microwave energy, 
and means for operating said phase shifters to continu 
ously vary the phase between the radiators of each pair 
and maintain said pairs at a 90° phase shift to provide 
a conically scanning beam. 

2. A conical scanning microwave antenna system com 
prising, an array of at least four microwave radiators 
arranged in pairs, a separate ferrite microwave phase 
shifter connected to each radiator for connecting each 
radiator to source of microwave energy, a control coil 
adjacent each phase shifter for operating the phase shifters 

40 
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' 2,409,944 as a function of control coil excitation current, and means 
connected to said control coils for supplying excitation 
current therethrough to continuously vary the phase be 
tween the radiators of each pair and maintain the pairs 
of radiators at a 90° phase shift to provide a conically 
scanning beam. 

3. A volume scanning microwave antenna comprising, 
four horn radiators each of which simultaneously pro 
vides a circularly symmetric radiation pattern normal to 
a fixed plane, said radiators being mounted in a balanced 
array of pairs on two orthogonal axes contained within 
the said plane, separate ferrite microwave phase shifters 
connected to each radiator for connecting each radiator 
to a source of microwave energy, a control coil adjacent 
each phase shifter for operating the shifters as a func 
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phase of the radiation as a function of the control coil 
excitation current, and means connected to said coils for 
supplying alternating excitation currents therethrough to 
continuously vary the phase between the radiators of each 
pair and maintain the pairs of radiators at a 90° phase 
shift to provide a conical scanning beam. 

6. A scanning device as defined in claim 5 in which 
the alternating currents supplied to the control coils of 
the different pairs have equal amplitudes to cause the 
resultant radiation to describe a cone. 

7. A conical scanning microwave antenna comprising 
at least four microwave radiators arranged in pairs, means 
connected to said radiators for coupling them to a source 
of microwave energy and arranged to continuously vary 
the phase between the radiators of each pair and main 
tain the said pairs at a 90 phase shift to provide a coni 
cally scanning beam. 

8. A volume scanning microwave antenna comprising 
a plurality of microwave radiators each of which simul 
taneously provides a circularly symmetric radiation pat 
tern normal to a fixed plane, said radiators being mounted 
in a balanced symmetric array of pairs on two orthogonal 
axes contained within the said fixed plane, means for con 
necting the radiators to a source of microwave energy 
and means for electrically continuously varying the phase 
between the radiators of each pair and maintaining said 
pairs at a 90° phase shift to provide a conically scanning 
beam. - - - 
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