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ABSTRACT OF THE DISCLOSURE 

Antenna system comprising: a radiator ?xed to a base, 
adapted for radiating an electromagnetic wave and having 
a main radiation axis; a sub-re?ector aligned on the main 
rodiation axis; a main re?ector capable of rotating about 
a re?ection axis of the electromagnetic wave from the 
sub-re?ector and adapted for converting the electromag 
netic wave from the sub-re?ector into a plane wave and 
emitting the plane Wave into the air or space; and a ro 
tatory mechanism for rotating the sub-re?ector and the 
main re?ector. 

The present invention relates to antenna systems and 
more particularly it pertains to antenna systems of the 
type having an antenna section and a transmitting and 
receiving section which are arranged to rotate relatively 
with respect to each other. 

In antenna systems such as an antenna having a large 
caliber for space communications and being capable of 
scanning space wholly and a high gain transmitting and 
receiving antenna for a spin stabilized stationary satellite, 
it is necessary for the transmission and reception of an 
electromagnetic wave to rotate the antenna section of the 
system or to turn it in a particular direction. 

Generally, in an antenna system capable of scanning 
space wholly, such as a Cassegrain antenna, a horn re 
?ector antenna, a Gregorian antenna or the like, it is 
impossible to ?x a transmitter-receiver chamber to the 
ground. This is because for the reception of a weak signal 
such as experienced in space communications it is one of 
the essential factors to make a wave-guide for intercon 
necting a radiator (used for either transmission or recep 
tion of electromagnetic waves) and a transmitter-receiver 
chamber as short as possible so that any attenuation of an 
electromagnetic wave may be prevented. To this end, it 
is necessary to locate a transmitter-receiver chamber near 
to a radiator and to form a wave guide as linear as possible 
for interconnecting the radiator and the transmitter-re 
ceiver chamber because otherwise the characteristics of 
the antenna system will be deteriorated. Furthermore, if 
the transmitter-receiver chamber is ?xed to the ground so 
that only the antenna of large caliber may be movable, 
the interconnection of the chamber and the antenna is 
complicated with the mechanical strength thereof possibly 
decreased. Accordingly, in an antenna system of the 
above-mentioned type, the antenna section and the trans 
mitter-receiver chamber are constructed integrally with 
each other so that the radiator and the transmitter-re 
ceiver means are in a ?xed relation to each other. As a 
result, the transmitter-receiver chamber can not but be ar-v 
ranged so as to be movable along with the antenna as 
sociated therewith. Thus, the antenna system of such a 
construction is not only large-sized but also complicated to 
such an extent that steering, maintenance and inspection 
of the system are troublesome, and that too much com 
plicated interconnection is needed for data-processing in 
formation to be transmitted or received by the system, 
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e.g., several tens to several hundreds of interconnection 
wires are needed for data processing. 

Meanwhile, those antenna systems which have a main 
re?ector turned to the ground in the horizontal direction 
at a low elevation angle scanning necessarily suffer from 
noise coming from the ground, which interferes with nor 
mal reception of electromagnetic waves from an arti?cial 
satellite. In those antenna systems which have a sub 
re?ector positioned in the center of the caliber of a 
main re?ector, the ?eld intensity of the main beam is 
lowered, the side lobe level in the vicinity of the main 
beam is contrariwise increased, which causes the system to 
be more susceptible to noise from the ground and at the 
same time causes the antenna gain to be lowered. 
As for antenna systems capable of being mounted on 

a spin stabilized stationary satellite such as a despun an 
tenna, since an antenna section must be adapted so as to 
be always turned in a particular direction, the antenna 
section has to be rotated inversely with respect to the 
satellite itself by a rotatory mechanism. For this purpose, 
a despun antenna has been conventionally provided with a 
rotary joint for interconnecting a wave guide coupled to 
the output (or input) of a transmitter (or receiver) ?xed 
to the body of the satellite and a feeder line leading to an 
antenna section (or receiving line from the antenna sec 
tion). Therefore, from an electrical point of view, the 
antenna characteristics are deteriorated while, from a 
mechanical point of view, the durability is questionable 
since the satellite itself rotates at a speed near 100 r.p.m. 
for a long time. Furthermore, in such system, as a feeder 
line (or receiving line) is situated in the center of the 
electromagnetic wave radiating face of the antenna sec 
tion the ?eld intensity of the main beam is lowered, which 
is a large obstacle to far distance communications such 
as space communication. 
One object of the present invention is to provide an 

antenna system of the type having an antenna section and 
a transmitting and receiving section either one of which is 
movable relative to the other, yet dispensing with any 
rotary joint to be provided in a wave transmission path 
between the antenna section and the transmitting and re 
ceiving section. 
Another object of the present invention is to provide 

an improved antenna system having an increased antenna. 
gain. 

Still another object of the present invention is to pro 
vide an antenna system in which the amount of an elec 
tromagnetic wave re?ected to a radiator is extremely re 
duced so that the voltage standing wave ratio (VSWR) 
may be improved. 

In order to achieve the abovementioned objects and 
other objects which will become apparent from the de 
scription on some embodiments of the present invention, 
a typical antenna system of the present invention com 
prises a radiator ?xed to a base (the ground or an 
arti?cial satellite) and adapted for radiating an electro 
mognetic wave, a sub-re?ector shaped substantially in the 
form of a part of a quadric face and aligned on a main 
radiation axis of the radiator, a main re?ector shaped 
substantially in the form of a part of a quadric face and 
adapted for converting an electromagnetic wave from the 
sub-re?ector into a plane wave and emitting the con 
verted wave into the air or space, a rotary mechanism for 
rotating a structure including the sub-re?ector and the 
main re?ector about the main radiation axis of the radi 
ator, and another rotatory mechanism for rotating the 
main re?ector about a re?ection axis of the sub-re?ector. 
For a complete understanding of the above-mentioned 

and other ‘objects, features and advantages of the present 
invention, description will be made of some preferred em 
bodiments in conjunction with the accompanying draw 
ings, in which: 
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FIG. 1A is a front view showing the outline of a struc 
ture in accordance with an embodiment of the present 
invention; 

FIG. 1B is a sectional view taken along line 1B—1B in 
FIG. 1A; 
FIG. 2 is a diagram showing various loci of scanning 

by the system shown in FIGS. 1A and 1B; and 
FIGS. 3-7 are diagrams each illustrating the major 

part of a structure in accordance with an embodiment of 
the present invention. 

Referring to FIGS. 1A and 1B, numeral 1 denotes a 
radiator (to be used for either transmission or reception 
of electromagnetic waves) ?xed onto a base, for example, 
onto the ground and having a main radiation axis 8 
passing through the zenith, and 2 denotes a sub-re?ector 
aligned on the main radiation axis 8 and shaped substan 
tially in the form of a part of the concave face of an 
ellipsoid which has its focal points at points 3 and 4, the 
point 3 being concurrent with the phase center of an elec 
tromagnetic wave radiated by the radiator 1. Numeral 5 
denotes a main re?ector for re?ecting electromagnetic 
waves and shaped substantially in the form of a part of a 
paraboloid which has its focal point at point 4 and the 
axis of which is a vertical axis 10 passing through the 
point 4. Numeral 6 denotes supporting poles for the sub 
re?ector, and 7 are horizontal rotation rails arranged so 
as to be rotatable about the main radiation axis 8 at the 
time when the antenna system operates to scan space 
wholly (i.e., at the time of the whole space scanning op 
eration of the antenna system). A rotatory mechanism 
associated with the rails is not shown. Numeral 9 denotes 
an axis of rotation of the main re?ector 5, i.e., an axis of 
elevational rotation inclined by an angle of 0 with respect 
to the main radiation axis 8. 11 is a rotary bearing of the 
main re?ector 5, and 12 denotes a transmitter-receiver 
chamber ?xed to the ground and interconnected with the 
radiator 1 by a wave guide 13. 

In the above-mentioned structure, as radiator 1 may be 
used an antenna capable of radiating a spherical wave 
such as a conical antenna, pyramidal antenna or linear 
antenna. The electromagnetic wave radiated from such 
an antenna is not necessarily an exact spherical wave. A 
spherical wave radiated from the radiator 1 and having 
its phase center concurrent with the point 3 which is one 
of the focal points of an ellipsoid a part of which con 
stitutes the sub-re?ector 2 "as described above, is converted 
into a spherical Wave having its phase center concurrent 
with the point 4 which is the other one of the focal points 
of the ellipsoid by the sub-re?ector 2 positioned on the 
line of the main radiation axis 8 and above the radiator 
1. The spherical wave reflected by the sub-re?ector 2 is 
then converted into a plane wave by the main re?ector 5 
shaped, as mentioned above, substantially in the form of 
a part of the concave portion of such a paraboloid that 
has its focal point concurrent with the point 4, which 
therefore corresponds to the phase center of the electro 
magnetic wave from the sub-re?ector 2, and the electro 
magnetic wave is emitted in the direction of the main 
axis 10 of the paraboloid (the main re?ector) 5. It is 
needless to say that upon emission of the plane wave from 
the main re?ector the suporting poles 6, the sub-re?ector 
2 and the radiator 1 are so arranged as not to obstruct the 
optical path for such emission of the plane wave. In this 
embodiment, though the sub~re?ector 2 and the main re 
?ector 5 are explained as being shaped (substantially) in 
the form of a part of a quadric face for the sake of sim 
plicity in theoretical consideration in geometrical optics, 
since practically, the re?ectors are part of paths for an 
electromagnetic wave which has not exactly the same 
characteristics as those of light, it is necessary to correct 
the shapes of the quadric faces of the re?ectors de?ned 
from the viewpoint of geometrical optics so that the re 
?ectors may have the most suitable curved faces for paths 
for an electromagnetic wave. Hereinafter throughout the 
present speci?cation, such corrected surface is called 
“quasi-quadric face.” 
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Next, explanation will be given of various loci during 

the space scanning operation of the antenna system de 
scribed above referring to FIG. 2. The antenna system is 
rotatable about the main radiation axis (the rotation axis 
for horizontal scanning) 8, and at the same time, the 
main re?ector is rotatable about the axis 9 of elevational 
rotation. Thus, the scanning area of the system can be 
varied depending upon the angle 0 formed between the 
main radiation axis 8 and the axis 9 of elevational rota 
tion. In FIG. 2, numerals 20 and 21 indicate a direction 
to the zenith and a horizontal direction respectively. Sup 
pose that elevational rotation is to be effected. If the 
angle 0 formed between the axes 8 and 9 is 45 °, the 
scanning locus draws a circle 22 partly in contact with 
a circle 21 representative of a horizon and with the point 
20 representative of the zenith in the drawing. If angle 
is smaller than 45°, the scanning locus draws a circle 
23, so that areas in the vicinity of the horizon can not be 
scanned. If the angle 0 is larger than 45° and smaller than 
90°, the scanning locus draws a ‘curve 24, and if the 0 
reaches 90°, the resulting scanning locus is a straight line 
as indicated by 25. It is therefore clear that by effecting 
rotation about the rotation axis 8 for horizontal scanning 
with an angle of 0 ?xed to a value between 45° and 90°, 
the whole space can be scanned by the antenna system. 
Since during a low elevation angle scanning there is some 
possibility of interruption of the optical path for the plane 
wave by the sub-re?ector 2 and the supporting poles 6, 
it is desirable that the positioning of the main re?ector 5 
and the subre?ector 2 and selection of the angle 0 should 
be such that interruption of the optical path can be pre 
vented. 
Although the above-described embodiment is an appli 

cation to an antenna system having a large caliber and 
?xed to the ground for use in space communications, the 
present invention can be also used as a high gain trans 
mitting and receiving antenna for a spin stabilized sta 
tionary satellite, i.e., as a despun antenna by merely 
miniaturizing the construction described. In such a case, 
the antenna system is mounted on the body of the satellite. 
Then, the radiator is ?xed in a manner that the radiation 
axis of an electromagnetic wave is concurrent with the 
axis of spin of the satellite while the main re?ector is so 
arranged as to be rotatable inversely relative to the spin 
of the satellite by means of a rotatory mechanism. By 
this arrangement the mounted antenna system is operable 
so as to be always turned in a particular direction, so that 
irrespective of the spin of the satellite, intercommunica 
tion between the satellite and a particular station, for 
example, a particular area on the earth is possible. Thus, 
the antenna system of the present invention can be used 
either as an antenna system for space communication or 
as a despun antenna to be mounted on a arti?cial satellite, 
and the construction and the operation are same in both 
uses. The only difference is whether the system is ?xed to 
the ground or mounted on an arti?cial satellite. Accord 
ingly, the following description of embodiments refers to 
both cases, i.e., in one case the system is ?xed on the 
ground and in the other case the system is mounted on a 
satellite. Only major parts of the system will be described 
and illustrated as to the following embodiments. 

In FIG. 3, the sub-re?ector is constituted by a part of 
the concave portion of a quasi-hyperboloid. In the ?gure, 
numeral 30 denotes a radiator ?xed to a base (the 
ground or a satellite) and adapted for radiating a spherical 
Wave, 31 denotes a sub-rebector constituted by a part of 
a quasi-hyperboloid having its focal points at points 32 
and 33, the point 32 being concurrent with the phase 
center of an electromagnetic wave radiated from the 
radiator 30. Numeral 34 denotes a main re?ector con 
stituted by a part of a quasi-paraboloid which has its 
focal point concurrent with the point 33 and has a main 
axis passing through the point 33. Numerals 36‘ and 
37 are an axis for horizontal rotation scanning and an 
axis for elecational rotation scanning, respectively. 
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A spherical wave having the phase center at the point 

32 radiated from the raditor 30 is converted into a 
spherical wave having the phase center at the point 33‘ by 
the sub-re?ector 31, and the latter spherical wave is 
converted into a plane Wave and emitted into the air 
or space by the main re?ector 34. 

In FIG. 4, the sub-re?ector is constituted by a plane 
mirror. In the ?gure, numeral 40 denotes a radiator ?xed 
to a base (the ground or a satellite) and adapted for 
radiating a sperical wave, 41 a subhre?ector constituted 
by a plane mirror, 42 a phase center of a spherical wave 
radiated from the radiator 40, 43‘ a point which is in 
point-symmetry relation to the point 42 with respect to 
the sub-re?ector 41, 44 a main re?ector constituted by 
a part of a quasi-paraboloid which has ‘its focal point 
at the point 43 and has a main axis concurrent with a 
vertical axis 45 passing through the point 43, 46 an axis 
for horizontal rotation scanning, and 47 an axis for 
elevational rotation scanning. 

It should be noted that through in FIGS. 3 and 4 the 
axis for horizontal rotation scanning is perpendicular to 
the axis tfOI‘ elevational rotation scanning, these axes 
may be transverse to each other at a suitable angle other 
than at a right angle. 

In FIG. 5, the sub-re?ector is constituted by a part 
of the convex portion of a quasi-hyperboloid. In the ?gure, 
numeral 50 denotes a radiator ?xed to a base (the 
ground or a satellite) and adapted for radiating a spheri 
cal wave, and 51 is sub-re?ector constituted by a part 
of the convex portion of a quasi-hyperboloid which has 
its focal points at points '52 and 53. The sub~re?ector 
51 converts a spherical wave radiated by the radiator ‘50 
and having its phase center at point 52 into a spherical 
Wave having its phase center at point 563, the latter 
spherical wave is then converted into a plane wave by 
a main re?ector 54 constituted by a part of a quasi-parab 
oloid which has its focal point concurrent with the 
point 53 and has la main axis passing through the point 
53, and the plane wave is emitted into the air or space 
from the main re?ector 54. Numerals 55‘ and 56 are an 
axis for horizontal rotation scanning and an axis for 
elevational rotation scanning, respectively. 

In each of the foregoing embodiments, as radiator is 
used an antenna which radiates a spherical wave, or an 
other antenna that radiates a plane wave such as a horn 
re?ector antenna or a parabola antenna may be used. 
And, the electromagnetic wave to be radiated from such 
radiator need not be an exact plane wave. 

Referring to FIG. 6 showing another embodiment, 
numeral 60 denotes a transmitter-receiver chamber ?xed 
to a base (the ground or a satellite), and 61 denotes a 
radiator ?xed to the base and adapted for radiating a 
plane wave such as for example, a horn re?ector antenna, 
point 62 being a phase center of a radiated electromag 
netic wave from the radiator 61. Numeral 63 denotes a 
sub-re?ector constituted by a part of the concave portion 
of a qu-asi-paraboloid which has its focal point concur 
rent with the point 64 and has a main axis concurrent 
with a vertical axis passing through the point 64, the 
sub-re?ector 63 being aligned on a main radiation ‘axis 
66 of the radiator '61 and above the radiator 61. Numeral 
65 denotes a main re?ector constituted by a part of a 
quasi-paraboloid Which has its focal point concurrent 
with the point 64 and has a main axis concurrent with 
a vertical axis passing through the point 64. Numerals 
66 and ‘67 are an axis for horizontal rotation scanning 
and an axis for elevational rotation scanning, respective 
ly. A plane Wave radiated by the radiator 61 having its 
phase center at the point 62 is converted into spherical 
wave having its phase center at the point 64 by the sub 
re?ector 63, and the spherical wave is then converted into 
a plane wave by and emitted into the air or space from 
the main re?ector 65. 

Referring to FIG. 7 in which the sub-re?etcor is con 
stituted by a part of the convex portion of a quasi-para 
boloid, numeral 70 denotes a sub-re?ector constituted by 
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a part of the convex portion of a quasi-paraboloid which 
has its focal point at a point 71. The sub-re?ector 70 
converts a plane wave radiated from a radiator 71 into 
a spherical Wave having its phase center concurent with 
the point 71. Numeral 72 denotes a main re?ector con 
stituted by a part of a quasi-paraboloid having its focal 
point concurrent with the point 71. The main re?ector 
72 converts the spherical wave re?ected from the sub 
re?ector into a plane Wave and emits the plane wave into 
the air or space. Numerals 73 and 74 are an axis for 
horizontal rotation scanning and an axis for elevational 
rotation scanning, respectively. 

In each of the embodiments the antenna system is ex 
plained as being a transmitting antenna, but it is clear 
that the system can also serve satisfactorily as a receiving 
antenna such as an antenna for receiving an electromag 
netic wave from an arti?cial satellite in space communica 
tions, and description thereon is here omitted since the 
operation of the system is the same as in the foregoing 
embodiments. 
As can be understood from the above description the 

antenna system constructed in accordance with the present 
invention provides the following various functional effects 
and advantages: 

when used as an antenna system having a large caliber 
for use in space communicaitons: 

(1) Since structurally, in the present invention, signal 
transmitting and receiving means and a radiator are ?xed 
to the ground, many kinds of restrictions and complica 
tion in the system as have been experienced in conven 
tional systems in which transmitting means and a radiator 
are rotatable can be removed, thus facilitating the steer 
ing, maintenance and inspection of the system; 

(2) A radiator is always directed to the zenith, so 
that signal transmission and reception at low elevation 
angles is scarcely subjected to deterioration of the char 
acteristics against noise; 

(3) A sub-re?ector and supporting poles therefor are 
arranged so as not to interrupt optical paths for an elec 
tromagnetic wave, so that undesirable scattering of an 
electromagnetic wave due to the existence of such re 
?ector and supporting poles and any increase of side lobe 
levels do not take place, thus improving the antenna gain 
and characteristics against noise when scanning at low 
elevation angles; 

(4) A sub-re?ector is not situated in the optical path 
for an electromagnetic wave, so that the dimensions of 
the sub-re?ector can be relatively large to decrease power 
dissipated from a radiator through the vicinity of the 
sub-re?ector thereby increasing the antenna gain; 

(5) The amount of an electromagnetic ‘wave re?ected 
from a sub-re?ector to a radiator is extremely small, so 
that the characteristics de?ned by the VSWR is excel 
lent; 

(6) A main re?ector can be provided at a low position, 
so that it is less susceptible to the Wind power than the 
conventional system; and 

(7) Supporting poles for a sub-re?ector are so arranged 
as to be mounted on a rotary plate or rails horizontally 
provided on the ground, so that the supporting poles are 
always free from torque stemming from the weight of 
the sub-re?ector in rotating operation, and therefore im 
pression of undesirable stress which causes distortions in 
the sub-re?ector as in the conventional Cassegrain an 
tennas can be avoided. Accordingly, deterioration of 
characteristics due to deviation of the main beam which 
may be caused by deviation of the position of the sub 
re?ector and by distortion at the surface of a main 
re?ector is small. 
When used as a despun antenna: 

(1) No movable joint is provided for interconnecting 
a satellite and an antenna system, so that generation of 
noise from and loss of gain due to such movable joint 
no longer exist. Mechanical breakage does not occur, 
either; 
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(2) There exists nothing that may be an obstacle to 

the ‘main beam, so that the electrical characteristics are 
improved, and thus the system of the present invention 
is very suitable for transmitting and receiving a weak elec 
tromagnetic wave; and 

(3) There is no restriction to be put on the manner of 
rotation of the main re?ector, so that control of the antenna 
section to turn it in any particular direction is facilitated. 
The above-described embodiments are only for ex 

planatory purpose and various other modi?cations are 
possible without departing from the spirit of the inven 
tion, so that the scope of the present invention is not 
limited by such embodiments. 
What is claimed is: 
1. An antenna system having a radiator with a main 

radiation axis adapted for radiating an electromagnetic 
wave and re?ector means characterized in that said radia 
tor is ?xed to a base and said re?ector means consists of 
a sub-re?ector having a re?ection axis and aligned on said 
main radiation axis so as to re?ect the electromagnetic 
wave received from said radiator in the form of a spheri 
cal wave and a main re?ector constituted by a quasi 
quadric face and adapted for converting the spherical 
wave from said sub-re?ector into a plane Wave so that 
the plane wave is emitted into the air or space from said 
main re?ector, and that the system is further provided 
with a ?rst rotatory mechanism for rotating said main 
re?ector about the re?ection axis of said sub-re?ector 
and with a second rotatory mechanism for rotating a 
structure which includes said sub-re?ector and said 
main re?ector about said main radiation axis of said radia 
tor. 
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2. An antenna system according to claim 1, character 
ized in that said sub-re?ector is constituted by a part of 
a quasi-quadric face. 

3. An antenna system according to claim 1, charac 
terized in that said sub-re?ector is constituted by a plane 
mirror. 

4. An antenna system according to claim 1, charac 
terized in that the angle between said main radiation 
axis of said radiator and said re?ection axis of said sub 
re?ector is selected so as to be within a range from‘ 45° 
to 90°. 

5. An antenna system according to claim 1, charac 
terized in that said base is the ground and a transmitter 
receiver chamber including a transmitter-receiver means 
connected with said radiator is ?xed to the ground. 

6. An antenna system according to claim 1, charac 
terized in that said base is an arti?cial satellite and said 
main radiation axis is made concurrent with the axis of 
spin of said satellite. 
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