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4 Claims. (Cl. 343—756) 

(Granted under Title ‘35, U.S. Code (1952), see. 266) 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
for governmental purposes without the payment of any 
royalties thereon or therefor. 

This invention relates to antenna systems in general 
and in particular to spiral antennas. 

It is an object of the present invention to provide a 
scanning antenna array. 
Another object of the present invention is to provide 

a scanning antenna of simple construction and reliable 
operation. 
Another object of the present invention is to provide 

an antenna array wherein the phase and polarization in 
the far ?eld can be readily controlled. 

Other objects and many of the attendant advantages 
of this invention will be readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings wherein: 

Fig. 1 shows a circular spiral antenna. 
Fig. 2 shows in schematic form a spiral doublet an 

tenna. , 

Fig. 3 shows schematically a spiral ‘doublet antenna 
array. 

Fig. 4 shows a rectangular equivalent of a circular 
spiral antenna. 

Figs. 5 and 6 show a spiral doublet array with mount 
ing and feed system. 

In accordance with the basic teachings of the present 
invention, an antenna system is provided wherein precise 
control over plane of polarization and phase of energy 
at any point in the far ?eld is possible. This control 
permits considerable simpli?cation in scanning antenna 
systems. The present improvements are brought about 
by the combination of spiral antennas of different con 
?guration sense and the rotation thereof in speci?c rela 
tionship. 
The term con?guration sense is used to indicate the 

direction of rotation as one proceeds outward from the 
center of the spiral as viewed from one side. Thus a 
single antenna element can actually have both con?gura 
tion senses depending upon which side is viewed. The 
important point as to con?guration sense of various ele 
ments which cooperate is that the relative senses be deter 
mined with the elements in the relative positions as will 
be utilized in the array. Thus when one element is indi 
cated as having an opposite con?guration sense from 
another element, such means that the elements coopera 
tively assembled have opposite sense as viewed from the 
same side of the assembly. 

Additionally the plane of a spiral antenna is de?ned as 
that in which the outward spiral occurs along a progres 
sively increasing radius. 
A spiral antenna as typi?ed in Fig. 1, is a planar as— 

sembly consisting of two or more interspaced conductors 
disposed layer upon layer in such manner as to present 
a spiral con?guration having a ?rst or a second sense 
depending upon whether the outward spiral from the 
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center is in a clockwise or counter-clockwise direction. 
For example, the two conductors could be printed circuit 
conductors on a base member or disc. Each conductor 
has a starting point near the center of the disc and a 
termination at the periphery of the disc, the terminations 
of the two conductors occurring at diametrically opposed 
portions of the periphery. Such a spiral antenna may be 
energized at the center by means of a coaxial cable with 
one conductor of the coaxial cable connected to one con 
ductor of the spiral and the other conductor of the 
coaxial cable connected to the second conductor of the 
spiral. When such a spiral is energized by radio fre 
quency energy it radiates a broad circularly polarized 
pencil beam to each side of the plane of the spiral. Each 
radiated beam is normal to the plane of the spiral and 
the sense of circularity of polarization of the beam on 
any one side corresponds to the winding sense of the 
spiral as viewed from the opposite side. Accordingly, 
the two radiated beams are identical except that the rota 
tional sense of polarization of the radiated ?eld on one 
side is the opposite of that on the other. In many ap 
plications it is desirable that the spiral radiate to one side 
only, such being readily ‘accomplished by appropriately 
backing the spiral on one side with a ground plane to 
produce re?ection of energy or with a cavity to produce 
absorption of energy. 

Although the exact theory of operation of such a spiral 
antenna is not universally established at the present time, 
a possible explanation is that the spiral antenna behaves 
as if it were a two wire transmission line which grad 
ually-by virtue of its spiral geometry-transforms itself 
into a radiating structure or antenna. Ordinarily a two 
wire transmission line wherein the wire spacing is a 
small fraction of a wavelength yields a wholly negligible 
amount of radiation when excited at its terminals. This 
is due to the fact that the currents in the two wires of 
the line at any normal cross-section are 180° out-of-phase 
so that the radiation from one line is essentially cancelled 
by the radiation from the other. In such an antenna as 
that shown in Fig. 1, if the spacing between adjacent 
wires is substantially smaller than the radius of the outer 
turn of the spiral, the difference in length between the 
two conductors from the origin to a point in the outer 
most circle is approximately equal to half the circum 
ference of the spiral. With out-of-phase excitation of 
the spiral antenna wires at the center, the phasing grad 
ually changes along the length of the two conductors pro 
ceeding outwardly so that where the radius of the outer 
conductor is A/Zn- the currents in the two conductors are 
precisely in phase and radiation is at a maximum. Such 
a spiral antenna when excited at higher frequencies 
wherein the outer conductor radius is greater than M211 
would achieve such an in-phase condition at a smaller 
radius than the periphery so that portions of the conduc 
tors located at the smaller radius produce maximum 
radiation. Such an antenna thus is characterized by 
Wideband operation with respect to frequency because 
selected portions thereof become effective at di?erent 
portions of the frequency band. 
The spiral antenna provides circularly polarized radia 

tion. With a uniformly constructed antenna of the con 
?guration of Fig. 1, there is circular symmetry of the 
radiation polarization about the spiral axis. Such sym 
metry allows rotation of the spiral antenna about its axis 
producing a change in the phase of the radiated ?eld 
everywhere in space without producing variations in the 
amplitude of the signal in the far ?eld. In such rota 
tion, one degree of mechanical rotation of the spiral 
antenna about an axis normal to the plane of the draw 
ing of Fig. 1 produces a change in phase of the far ?eld 
of one electrical degree. 
With reference now to Fig. 2 of the drawing, the basic 
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elements of a spiral array are shown therein including two 
spiral antennas of the type previously discussed in con 
nection with Fig. l. The two spiral antennas 15 and 16 
are similar to the antenna shown in Fig. 1 and are simi 
larly excited, however the antennas 15 and 16 are of op 
posite con?guration sense, that is one antenna spirals 
outward in a clockwise direction whereas the other an 
tenna spirals outward in a counter-clockwise direction. 
With such a spiral doublet antenna applicants have found 
that the combined far ?eld is not circularly polarized 
but is linearly polarized, the direction of polarization of 
the far ?eld at any particular distant point being a func 
tion of the relative electrical phasing of the two spirals 
and the position of that distant point in space relative 
to the plane containing the spirals. If the distant point 
is in an on-axis ?xed position which is normal to the 
plane containing the two oppositely sensed spirals, if the 
phase of the ?elds of one spiral relative to the other is 
varied by rotation of one spiral through an angle of 0 
degrees, the combined radiated ?eld will remain linearly ~ 
polarized, however the direction of the polarization will 
rotate through an angle of 0/ 2 degrees. 
A second important characteristic of the spiral doublet 

antenna is the effect upon the far ?eld of rotation of the 
two spirals in opposite directions through equal angles. 
Where such occurs, the direction of the linear polariza 
tion in the far ?eld is not changed however the phasing 
of the signal at any selected distant point is changed. 
When the two spirals simultaneously are rotated in op 
posite directions through an angle of 0 from their pre- ‘ 
vious positions, the phase of the far ?eld at all points 
changes by precisely 6 electrical degrees. Additionally 
since a spiral antenna is inherently a broad-band radia 
tor, the foregoing properties will be maintained over a 
wide band of operational frequencies. 
With the spiral doublet antenna arrangement of Fig. 

2, the ?eld strength is to some extent dependent upon 
the angle of polarization. With the axes of antennas 15 
and 16 spaced apart in the horizontal plane by a distance 
S, the amplitude variation of the horizontal component 
will be greater than the amplitude variation of the verti 
cal component of the ?eld. The exact variation is depend 
ent upon the magnitude of S and in general is less for 
smaller values of S, however there is a limit to the 
minimum size of S. This limit is imposed by the spiral 
radius requirements necessary to obtain in-phase excita 
tion of the periphery of the spirals 15 and 16. Typically 
a value of S of A/ 3 is a practical minimum value. 
Although there are many instances where the basic 

principles of the spiral doublet antenna may be utilized to 
advantage directly, a speci?c embodiment wherein these 
properties may be utilized to advantage is shown in the 
apparatus of Fig. 3. Fig. 3 employs four spiral antennas 
17, 18, 19 and 20 disposed in the same plane in sym 
metrical fashion, that is, the spacing of antennas 17 and 
18 is equal to the spacing of antennas 19 and 20 which 
likewise is equal to the spacing between the antennas 17 
and 19 and the spacing between the antennas 18 and 20. 
Antennas 17 and 20 are constructed with spirals of a ?rst 
con?guration sense typically counter-clockwise, whereas 
the direction of winding of the other antennas 18 and 19 
is in the opposite direction. With such antennas similarly 
appropriately disposed as to angular orientation and with 
excitation at their centers, a typical linear polarization in 
the far ?eld may be vertical. This apparatus of Fig. 3 
can be considered as an elementary scanning system 
since the phasing of one doublet can be changed with 
rotation while holding the phase of the other doublet 
?xed. For example, if the phase of the doublet contain 
ing spirals 18 and 20 is changed relative to the doublet 
containing spirals 17 and 19, the beam is caused to scan 
horizontally while maintaining vertical polarization. 
Similarly, if the phase of the upper two spirals 17 and 18 
is changed relative to the phasing of the lower two spirals 
19 and 20, the beam scans in a vertical direction however 
still maintaining vertical polarization. 
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It is thus apparent that the antenna system of Fig. 3 

is well suited for scanning in two planes, typically a verti 
cal plane and a horizontal plane, as is commonly em 
ployed and required in a radar system. By control of 
the relative orientation of the various spiral components 
17, 18, 19 and 20 the previously described horizontal 
and vertical scanning may be combined to effect a conical 
scan which likewise is of considerable importance in radar 
systems. 

Fig. 4 indicates a square counterpart of the basic spiral 
antenna shown in Fig. l which has characteristics sub 
stantially similar to those of the apparatus of Fig. 1 and 
in certain instances may possess desirable characteristics 
where particular space requirements may be encountered. 
The combination of such square antennas in apparatus of 
the type of Figs. 2 and 3 is accomplished with substan 
tially similar results to those previously indicated in con 
nection with these ?gures. The square antenna of Fig. 4 
contains two conductors which spiral outward from a 
central starting point 21, having suitable insulating spac 
ing therebetween. These conductors progress outward 
in a clockwise or counter-clockwise direction (con?gura 
tion sense) as desired terminating in what may be termed 
diametrically opposed points 22 and 23. Where the spac 
ing between the individual elements of the spiral is uni 
form and small compared to half the spacing between 
the outermost conductors on opposite sides of the square 
spiral, the currents existing in the outer or exposed por 
tions of the two conductors are in phase when the cir 
cumference reaches a full wavelength or a path length 
difference of one-half wavelength. Thus, like the circular 
spiral antenna, the square spiral antenna will have por 
tions thereof from which radiation is a vmaximum over 
a wide band of frequencies so that wide-band response 
with a constant beamwidth is maintained as with the cir 
cular spiral antenna. 
The apparatus shown in Fig. 5 is a more complex ver 

sion of the scanning antenna array wherein a supporting 
framework 30 is mounted for suitable orientation in a 
vertical plane as well as a horizontal plane by structure 
31. The supporting structure 30 contains a ground plane 
or base member 32 which operates to limit the radiation 
from the spiral elements 33, 34, 35, 36, 37, 38, 39 and 
40 to the forward direction. Each of the spiral antenna 
elements 33 through 40 is a two conductor circular spiral 
such as that shown in Fig. l. The odd numbered ele 
ments 33, 35, 37 and 39 have a ?rst con?guration sense 
whereas the even numbered elements 34, 36, 38 and 40 
have the opposite con?guration sense. 
Each of the elements 33 to 40 is supported upon a shaft 

indicated typically for element 33 by the numeral 41 
which in addition to being journaled for controlled rota 
tion by mechanism 42 which is indicated in Fig. 6, con 
tains two conductors which may comprise a coaxial cable, 
to feed the two conductors of the spiral antenna. Mech 
anism 42 contains suitable drive mechanism and gear 
ratio mechanism or electrically synchronous motor de 
vices to rotate the spiral antennas at the indicated speeds 
to obtain scanning. The coaxial feeds are typi?ed by that 
identi?ed with reference character 43 which is connected 
to a feed system 44 which provides matched impedance 
coupling of the various spiral antenna elements to a trans 
mission line 45. Typically in accordance with the prin 
ciples previously described, each of the vertical pairs 
33-34, 35-36, 37-38, 39-40 is connected and excited 
in such manner as to produce of its own accord a ver 
tically polarized far ?eld. The spiral antennas are rotated 
through selected angles to produce scanning in the hori 
zontal plane as viewed in Fig. 5. Typically elements 33 
and 34 will be stationary whereas antenna elements 35 
and 36 rotate at a selected speed w, elements 37 and 38 
rotate at twice the speed, 2w, and elements 39 and 40 
rotate at 3 times the speed, 3w. The paired spirals rotate 
in opposite directions, spirals having a clockwise con?gura 
tion sense rotating in a clockwise direction, spirals hav 
ing a counter-clockwise con?guration sense rotating in a 
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counter-clockwise direction. Thus elements 35, 37 and 
39 will rotate in a ?rst direction but at different angular 
rates whereas elements 36, 38 and 40 will rotate in the 
opposite direction likewise at different angular rates. The 
result will be scanning in the horizontal plane with the 
selected vertical polarization being maintained during 
the scanning cycle. 

Typically with operation at 1000 megacycles per sec 
' 0nd, spiral element spacing center to center of .4)\ and 
spiral spacing from ground plane of 4 to 41/2 inches, 
scan angles of approximately :50” can be realized for 
vertical polarization and :37“ for horizontal polariza 
tion. 

Although speci?c con?gurations of apparatus have been 
selected to illustrate features of the present invention, 
it is understood that other con?gurations are within the 
spirit and scope of the invention as de?ned in the claims. 
What is claimed is: 
1. In combination, a spiral antenna element having 

a ?rst con?guration sense, a spiral antenna element hav 
ing the opposite con?guration sense, means mounting 
said antenna elements in a common plane, means con 
nected to said last named means for rotating at least one 
of said elements in the common plane about an axis per 
pendicular to the common plane, and an electrical energy 
transmission line connected to each antenna element. 

2. In combination, ?rst and second spiral antenna ele 
ments having a ?rst con?guration sense, third and fourth 
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spiral antenna elements having a second con?guration 
sense, means mounting said antenna elements in parallel 
ogram relationship in a common plane, means individual 
ly rotating two of said elements in the common plane 
about axes perpendicular to the common plane. 

3. ‘In combination, ?rst and second spiral antenna ele 
ments having a ?rst con?guration sense, third and fourth 
spiral antenna elements having a second con?guration 
sense, means mounting said antenna elements in a com 
mon plane wherein each element has an opposite con?gu 
ration sense from the two elements nearest it, means rotat 
ing two of said elements each in direction dependency on 
the con?guration sense thereof. 

4. In combination a plurality of pairs of spiral antenna 
elements, one element of each pair having the opposite 
con?guration sense from the other element of each pair, 
means supporting said elements in a common plane, and 
means for providing rotation of at least one pair of said 
elements in the common plane each element rotation being 
in direction dependency on the con?guration sense there 
of, and an electrical energy transmission line connected 
to each spiral antenna element. 
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