
May 18, 1965 A. KACH 3,184,747 
COAXIAL FED HELICAL ANTENNA WITH DIRECTOR DISK BETWEEN 

FEED AND HELIX PRODUCING ENDFIRE RADATION 
TOWARDS THE DISK 

Filed Sept. 21, 1962 2 Sheets-Sheet i 

Aaaaaavaaraaaaaaaaaa l l 
4. N 1. 

2 

4? / 

6. K l c 2 
2 ed 2x 

6 

4. 4 

2 T 3. C2 YNNYNNNNNNN 

2 

YSAN.SYSYNYS 
AVKAWAVYVarva 

INVENTOR. 
17Zaaed A2 ca/ 

BY AoA/74. 
ATTORNEy 

    

  

  

  

    

  

  

  

  

  

  

  



May 18, 1965 A. KACH 3,184,747 
COAXIAL FED HELICAL ANTENNA WITH DIRECTOR DISK BETWEEN 

FEED AND HELIX PRODUCING ENDFIRE RADIATION 
TOWARDS THE DISK 

Filed Sept. 2l, l962 2 Sheets-Sheet 2 

E-HEP-E-E 
-> (2 

INVENTOR. 
17Zaaad A2ica/ 

A4/7a, 
ATTORNEy 

  

  



United States Patent Office 3,184,747 
Pateented ?ay 8, 1965 

3,184,747 COAXAL FED HELóAi ANTENNA WITH DIREC. 
TOR DISK BETWEEN FEED AND HELEX PRO). 
DUCING ENDFIRE RADATION TOWARDS THE 
OSK 

Alfred Kiich, Nussbaumen, Aargau, Switzerland, assignor 
to Patelhold Pateafverwertings- & Elektro-Holding, 
A.G., Glarus, Switzerland 

Filed Sept. 21, 1962, Ser. No. 225,249 
Claims priority, application Switzerland, Oct. 6, 1961, 

11,600/61 
12 Claims. (C. 343-840) 

The present invention relates to helical antennas of 
the type being comprised essentially of a loosely wound 
wire helix and characterized by their effective directional 
characteristics. 

Helical antennas which radiate the electromagnetic en 
ergy predominantly along the helical axis (axial mode of 
operation) have heretofore become known in the form 
of numerous designs and constructions. Such antennas 
ordinarily are comprised of a wire helix having its input 
end connected to the end of a feeding line, such as the 
inner conductor of a coaxial feeder, and being fitted in 
the vicinity of the junction between the helix and said 
line with a parasitic antenna in the form of a reflecting 
disk or the like extending at right angle to the helix axis, 
the inner conductor of said feeder being passed through 
said disk and the latter being connected to the outer co 
axial conductor. With the helix and reflecting disk be 
ing suitably dimensioned, as described in the following, 
radiation will be predominantly along the axis of the 
helix and in a direction from the junction point between 
said line and helix towards the free or open end of the 
helix, this direction being referred to in the following 
as the forward helix axis or direction for the purposes 
'of this specification. As is well known, this forward 
radiation of the conventional helical antenna is substan 
tially circularly polarized. 
The dimensions of a helical antenna of the type re 

ferred to are non-critical within relatively wide limits 
on account of the broad band width characteristics of 
ithe antenna. In order to effect radiation in the so-called 
axial mode referred to, as distinct from the normal mode 
involving radiation in the direction laterally of the helix 
axis, it is necessary for the mean helix diameter to have 
a value between A/3 and X/4, wherein A represents the 
operating wave length of the radiated energy in free 
space. To the same end, the pitch angle of the helix 
should be within definite limits, such for instance be 
tween 10-15, while the reflecting disk, in the absence of 
which the radiation from the antenna would be diffuse 
or strongly elliptically polarized and directed in both the 
forward and backward directions of the helix axis, should 
have a diameter equal to at least one wave length, but 
by no means should be less than A/2 in order to ensure a 
Sufficiently sharp or concentrated energy radiation in 
the forward direction of the helix. 
The energy concentration or directivity of a forward 

radiating helical antenna of this type fitted with a reflect 
ing disk may furthermore be influenced by varying the 
number of turns of the helix, as well as by varying the 
distance between adjacent winding turns. It has also 
become known, in an effort to improve the directional 
characteristics, to arrange two helices one within the 
other. In the case of two helices of opposite winding 
sense and arranged one behind the other, the resultant 
tradiation will be substantially linearly polarized. Fur 
thermore, it has become known to vary the diameter of 
the helix along its axis, such as by the use of a tapering 
or conical helix, in an effort to modify the radiation 
characteristic of the antenna. 
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For certain practical antenna applications, such as for 

instance in using a directional antenna as a primary 
radiator in conjunction with a parabolic or the like re 
flector, it is necessary to provide a primary antenna hav 
ing a directional field or radiation pattern pointing towards 
the opening of the parabolic reflector. For this purpose, 
it has already been proposed to utilize a forward radiat 
ing helical antenna of the type referred to with the co 
axial feeder of the antenna being passed from the free 
end of and through the helix to the input end or feeding 
point adjacent to the reflecting disk, without essentially 
affecting the directional radiation characteristics of the 
composite antenna structure. 
Antenna and reflector arrangements of the foregoing 

type possess various defects and disadvantages in prac 
tice. In the first place, the helical antenna and reflector 
structures assume considerable dimensions within the lower 
frequency range of about 100-300 mc., whereby to render 
their use impractical if not impossible in connection with 
the lower operating frequencies. Besides, in arrange 
ments of this type, the reflecting disk acts to mask a con 
siderable portion of the parabolic reflector surface, where 
by to result in substantially reduced radiation efficiency 
of the composite antenna structures. In the second place, 
it is desirable for practical reasons to mechanically sup 
port both the helix and parabolic reflector by the coaxial 
feeder disposed in line with the helix axis. However, in 
asmuch as for the achievement of maximum radiation 
efficiency the outer diameter of the coaxial line should 
not exceed about 20% of the helix diameter, the diameter 
of the coaxial line or feeder, especially in the case of the 
higher operating frequencies, will assume such a small 
dimension as to be no longer able to provide the required 
mechanical strength necessary to serve as a mounting 
means or support for the antenna and reflector structure. 
This condition will be aggravated by the presence of un 
predictable and uncontrollable influences, such as snow 
or wind pressure upon the reflector which, in addition, 
may have to support a protective sleeve or housing en 
closing the wire helix of the antenna. As an example, 
the mean helix diameter of a helical antenna designed for 
an operating frequency in the neighborhood of 7000 m.c. 
is found to be about 12 mm., in which case the most 
favorable outer diameter of the coaxial feeder from an 
electrical standpoint will be only 2.4 mm., while the para 
sitic reflecting disk should have a diameter of at least 40 
mm., that is, of the order of or equal to the operat 
ing wave length. Such a feeder is practically unsuited 
as a supporting or mounting means for the antenna and 
reflector structures. Besides, a coaxial line of such small 
dimension presents considerable difficulty to the achieve 
ment of a wave impedance of 50 ohms as required for 
normal operation, for both physical and electrical rea 
Sons. Finally, it has been found that the combination 
of a forward radiating helical antenna and reflecting 
disk of the type known in the art in many cases exhibit 
an inadequate ratio between the forward and backward 
radiation, it being impossible to materially improve this 
ratio without a considerable increase of the dimension of 
the parasitic reflecting disk. 

Accordingly, an important object of the present inven 
tion is the provision of a novel and improved helical 
directional antenna by which the aforementioned and 
related difficulties and drawbacks are substantially elimi 
nated or minimized. 
A more specific object of the invention is the provision 

of a composite structure comprising a helical antenna 
and coaxial feeder, wherein the latter may have an ade 
quate mechanical strength without deleteriously affecting 
the electrical properties and characteristics of the antenna, 
to serve as a Suport for said antenna as well as auxiliary 
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devices, in particular a parabolic reflector combined with 
the antenna acting as a primary radiator. 
Another object of the invention is the provision of a 

helical antenna as a primary radiator combined with a 
parabolic or the like reflector characterized by improved 
mechanical as well as electrical characteristics compared 
with antenna structures of similar type known in the prior 
art. 

5 

Yet another object of the invention is the provision 
of a multiple helical antenna system including both for 
ward and backward radiating antenna helices, to improve 
the allover directional and other desirable characteristics 
of the composite radiating structures. 
The invention, both as to its ancillary objects and novel 

aspects, will be better understood from the following de 
tailed description, taken in conjunction with the accom 
panying drawings forming part of this specification and 
wherein: 

FIGS. 1-6 illustrate, partly in section and partly in ele 
vation, various practical embodiments of a backward 
radiating helical antenna and coaxial feeder constructed 
in accordance with the principles of the invention; 

FIG. 7 is a cross-sectional view illustrating the corn 
bination of a helical antenna according to the invention 
as a primary radiator with a parabolic reflector; 

FIGS. 8 and 9 are schematic views illustrating combi 
nations of a backward radiating helical antenna accord 
ing to the present invention with a conventional forward 
radiating antenna; and 
FIGS. 10 and 11 are similar schematic views showing 

multiple helical antenna structures according to the 
invention. 

Like reference characters denote like parts and ele 
ments throughout the different views of the drawings. 
With the foregoing objects in view, the invention is 

predicated principally upon the findings and recognition 
that a reduction of the diameter of the parasitic reflect 
ing disk of a conventional forward radiating helical an 
tenna of the type referred to below the critical or mini 
mum value at first causes the radiation to become diffuse 
or non-directional and thereafter to change into an axially 
backward radiation as the diameter of the reflecting disk 
is further decreased, by reason of the fact that said disk 
ceases to act as reflector and assumes the function of a 
parasitic director, in such a manner as to change the 
original directive radiation in the forward helix direction. 
into a radiation opposite thereto or in the backward direc 
tion in respect to the forward helix axis. This radiation 
will be referred to herein as backward radiation of the 
composite helical antenna and director structure. For 
practical purposes, a backward radiation of this type is 
obtained by the use of a director disk or the like parasitic 
antenna at the junction between the feed line and the in 
put of the helical antenna, said director having a diameter 
or radial dimension being less than about one-half the 
operating wave length in free space. 
Such a backward radiating helical antenna, forming the 

subject of the present invention, has many advantages of 
both a mechanical and electrical nature, compared with 
a conventional forward radiating helical antenna, as will 
become further apparent as the following description pro 
ceeds in reference to the drawings. 

Referring more particularly to FIG. 1, the numeral 
represents a wire helix having its beginning or input end 
connected with a feeder, that is, the inner conductor or 
wire 2 of a coaxial line having an outer tubular con 
ductor 4. Disposed at the junction between the helix 2 
and the conductor 2 is a director disk 3 through which 
is passed said conductor and which, in turn, is connected 
to the outer conductor 4 of the coaxial feeder. Item 5 
represents an insulating spacer between the inner and 
outer conductors of the coaxial line. The diameter or 
radial extension of the director 3, in accordance with 
the present invention, is less than about one-half of the 
operating wave length in free Space, as pointed out herein 
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A, 
before. The radiation of a helical antenna constructed 
in this manner is concentrated along the helical axis and 
directed backward, or opposite to the forward helix direc 
tion, as seen from the antenna input or feeding point and 
indicated by the arrow a in the drawing. If the diameter 
of the director disk 3 is substantially greater than N/2, 
the backward radiation will change with increasing diame 
ter first into a diffuse or omni-directional radiation and 
then into the known forward radiation with the director 3 
becoming a refector as the diameter is further increased 
to the limit mentioned. In other words, in the case of 
the backward radiating antenna, the disk 3 no longer 
acts as a parasitic reflector but rather as a director for 
the electromagnetic energy being radiated. If the diame 
ter of the disk is inade smaller than A/10, or if no disk 
or parasitic antenna is provided, the radiation again be 
comes diffuse or more or less omni-directional. 

It is advantageous, in the interest of attaining a well 
balanced radiation characteristic as well as a favorable 
ratio between backward and forward radiation, to make 
the diameter of the director disk 3 at least approximately 
equal to the mean diameter of the helix, preferably be 
tween the limits of A/3 and A/4. The diameters of the 
disk and helix need, however, not be exactly equal, but 
the disk may have a diameter near the upper limit of the 
range mentioned, while the diameter of the helix may be 
near the lower limit of said range, or vice versa. Es 
pecially favorable radiation conditions are obtained if 
both diameters are the same and equal to 0.3N. 
The mean distance between the helix winding turns is 

also non-critical, as far as the radiation characteristic is 
concerned, and may be between A/3 and X/15. With 
a smaller distance between the turns, the directional beam 
is somewhat more concentrated. Advantageously, the 
mean winding distance is chosen to be equal to about N/5. 
There exists, however, a lower as well as an upper limit 
for the winding distance beyond which the radiation will 
no longer be in the axial direction. Thus, in the case of 
a very small winding distance, the helix assumes the char 
acter of a solid metal cylinder. The limit at which a 
marked directional radiation may still be ascertained is 
approximately at A/6t. This limit condition can be recog 
nized by the fact that the free end of the helix is no 
longer decoupled, in which case the input impedance of 
the antenna varies substantially as a function of the fre 
quency. On the other hand, with too great a winding 
distance, the radiation characteristic of the helix ap 
proaches that of a stretched or straight wire, resulting 
again in the disappearance of the backward radiation. 
The wire diameter exerts only a small influence on the 

Tadiation characteristics of the antenna. Its most favor 
able value is between A/100 and A/20, the smaller value 
being advantageously chosen for the larger wave lengths. 
In the case of FG. 1, the helix consists of a metal wire 
having a cylindrical cross-section. Alternatively, the 
helix may consist of a strip-like conductor produced for 
instance by means of a printed circuit technique upon a 
cylindrical insulating core, or upon the inner surface of 
a hollow sleeve or tube serving as a protective enclosure 
for the antenna. Besides, the helix may be pressed or 
cast in an insulating core, in a manner well understood. 

In FIG. 1, the radial connecting link 6 between the 
inner conductor 2 of the coaxial feeder and the input 

65 
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point of helix 1 is shown to have a rise or pitch angle 
c. The latter in case of a forward radiating helical an 
tenna and reflecting disk should have a value of about 
10-15, in order to achieve optimum radiation in the 
forward direction. In the case of a backward radiating 
helical antenna according to the present invention, the 
shape of the helix wire in the neighborhood of the an 
tenna input or feeding point and of the director disk is of 
equal importance, especially in the interest of achieving 
a favorable rotational symmetry of the radiation field 
relative to the helix axis. Especially favorable condi 
tions are obtained if the radial connecting or coupling 
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link 6 between the inner conductor 2 and the helix 1 plus at 
least a part of the first winding turn of the helix coincide 
with a plane being parallel to the disk 3, whereby the 
pitch angle of at least the initial portion of the helix is 
equal to zero. Advantageously, the portion of the helix 
being parallel to the director disk is designed to grad 
ually merge into the ascending or main turns of the 
helix. 
An antenna of the latter construction is shown in FIG. 2, 

wherein the coupling link 6 connecting the inner con 
ductor 2 of the feeder with the beginning of the helix 1, 
together with about one quarter to one half of the first 
winding turn, are arranged parallel to the director disk 
3, and wherein the portion of the helix being parallel to 
the director disk merges gradually into the main helix 
turns having a constant rise or pitch angle. 
The distance between the wire portion parallel to the 

director disk from the latter should be of the order of 
the diameter of the helix wire. The radial link 6 may 
furthermore serve in a known manner as a transforma 
tion line to match the radiation resistance of the antenna 
with the wave impedance of the feeder. 
The embodiments shown in FIGS. 3-5 differ from 

FIG. 1 and from each other solely by the construction 
of the director disk 3. In FIG. 3, the director disk or 
parasitic antenna is formed by the edge surface of the 
outer reinforced conductor 4 of the coaxial feeder hav 
ing a sufficiently large wall thickness, to provide ade 
quate mechanical strength when serving as a support or 
mount of the antenna. In the embodiment according 
to FIG. 4 the reinforced outer conductor 4 of the feeder 
is provided upon its edge surface with a recess 7 acting 
as a choke to prevent energy return flow along the feeder. 
Finally, in accordance with the embodiment shown in 
FIG. 5, the reinforced outer diameter of the feeder is : 
provided with an annular recess near the director disk 3 
tapering outwardly to a certain distance from the end of 
said disk. This construction of the feeder in the vicinity 
of the director exerts a favorable influence on the ratio 
between the backward and forward radiations, with the 
configuration shown by FIG. 5 having been found to be 
especially favorable in this respect. It is furthermore 
possible to influence the residual forward radiation within 
certain limits by varying the thickness of the director 
disk 3, in that the forward radiation increases for disks 
of both very thin and very thick wall thickness. The 
disk 3 may be provided with perforations or replaced 
by a wire net, in a manner well known. 
A backward radiating helical antenna according to the 

present invention is characterized by its broad band width 
characteristics, being able to effectively encompass a fre 
quency band having frequency ratio of 1.5, without any 
Substantial variation of the radiation characteristic or 
radiation resistance of the antenna. Besides, practically 
the full amount of the energy is radiated by the first 
winding turn of the helix being closest to the director 
disk, while the next following turns predominantly act 
to reduce the residual forward radiation. More than five 
turns are required only in case of an extremely small 
winding distance. If the mean winding distance is greater 
than N/8, the remaining turns no longer contribute to 
the radiation process. Furthermore, since the current 
distribution along the helix decreases approximately ex 
ponentially, all the turns following the third turn are 
practically decoupled and merely exert a slight influence 
on the field in the forward direction, which influence 
disappears completely from the sixth turn onward. As 
a consequence, a backward radiating helical antenna ac 
cording to the present invention has the further advantage 
of achieving an optimum radiation characteristic with 
a minimum of turns of the helix, thus, in turn, reducing 
the size and bulk of the antenna structure, compared 
with forward radiating helical antennas according to the 
prior art. 

Despite the unsymmetrical feeding of the antenna, it is 
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6 
possible to achieve a complete rotational symmetry of 
the radiation field in respect to the helix axis by a gradual 
transition of the portion of the first winding turn being 
parallel to the director disk 3, FIG. 2, into the remaining 
turns of the helix, in the manner described hereinbefore. 
in such a case, the field symmetry is maintained for any 
azimuth angle within the aforementioned frequency ratio 
of 1.5. On the other hand, the ratio between backward 
and forward radiation is dependent upon the frequency, in 
asmuch as the amount of residual forward radiation 
depends upon the winding distance, the helix diameter 
and to a slight extent upon the distance between the in 
put end or portion of the helix from the director disk. 
For the aforementioned frequency ratio of 1.5, it is pos 
sible to achieve a ratio between backward and forward 
radiation of from 15 to 20 db near the limits of the fre 
quency range, and, in contrast to the forward radiating 
antenna, a ratio of more than 30 db in the center of said 
range. The antenna gain is from 6 to 9 db in reference 
to an isotropic radiator, also being dependent upon the 
winding distance. The radiation resistance of the an 
tenna is between 100 and 150 ohms, the same as in the 
case of a forward radiating antenna. 
As an example, a backward radiating helical antenna 

according to the invention having the aforementioned 
characteristics and being designed for a frequency range 
of 5000 to 9000 mc. may have the following dimensions: 

Mm: 
Outer helix diameter ------------------------- 13.5 
Winding distance ----------------------------- 8 
Helical wire diameter ------------------------ 1.5 
Number of winding turns --------------------- 5 
Diameter of the director disk ------------------ 12 
Thickness of the director disk ------------------ 1.7 

In the embodiments described hereinbefore, feeding is 
from the inner end of the helix, that is, with the coaxial 
feeder and helix being separated by or disposed on op 
posite sides of the director disk. Alternatively, feeding 
may be through the helix in the manner shown in FIG. 6. 
In such a case, the outer diameter of the feeder may have 
a limit up to one half of the helix diameter without ap 
preciably affecting the radiation characteristic of the 
antenna, inasmuch as radiation is in the direction away 
from the helix and disk 3. In FIG. 6 numeral 1 again 
represents the wire helix having an end connected to the 
inner conductor 2 of the coaxial feeder which is passed 
axially through said helix. Item 4 again represents the 
tubular outer conductor of the feeder containing a suit 
able insulating material in which is embedded the inner 
conductor 2. The outer conductor 4 is again connected 
with the director disk 3 disposed close to the feeding 
or input point, said disk having the same diameter as the 
helix 1 in the example illustrated and being related to the 
wave length in the manner described. Both the helix 
and disk 3 are mounted in an insulating sleeve or en 
closure 8 which serves both as a mechanical support of 
the helix and as a protection against atmospheric in 
fluences. Radiation in the backward direction, or from 
the helix toward the director disk or antenna, is the same 
as in the preceding embodiments and indicated by the 
arrow a in the drawing. The director disk 3 may be 
provided with a recess 9, to reduce the thickness and, in 
turn, the residual forward radiation, in a manner pointed 
out in the foregoing. 
A backward radiating helical antenna according to 

FIG. 6 has the advantage, among others, compared with 
the known forward radiating antenna, that the outer 
diameter of the feeder being passed through the helix 
may be relatively large, such as 40% of the inner helix 
diameter, without deleteriously affecting the radiation 
characteristic of the antenna. As a consequence, the 
coaxial feeder may serve as a support or mounting means 
for the antenna with or without any auxiliary devices 
(parabolic reflector, etc.). Besides, the size and outer 
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dimension of the antenna structure are reduced, in that 
a large reflector disk is dispensed with and a relatively 
Small number only of helical turns is required for the 
attainment of an optimum radiation characteristic. 
FIG. 7 illustrates the utilization of a backward radiat 

ing helical antenna according to the invention as a pri 
mary radiator disposed at the focal point of a parabolic 
reflector. According to this embodiment, the wire helix 
i is supported by means of the outer conductor 4 of the 
coaxial feeder at the apex of the parabolic reflector 19, 
shown in part only in the drawing. The antenna may 
be adjusted to a position of exact coincidence with the 
focal point of said reflector by means of an adjustable 
mount or clamp of said feeder, as indicated in the 
drawing. A forward radiating helical antenna is espe 
cially suitable as a primary radiator for a parabolic or 
the like reflector on account of its slight residual forward 
and lateral radiation. Moreover, the portion of the para 
bolic reflector surface masked by the antenna with direc 
tor is considerably less than in the case of a forward 
radiating antenna with reflector, for the reason pointed 
out herein and obvious from the foregoing. 

According to a further feature of the invention, a 
backward radiating antenna may be advantageously com 
bined with a forward radiating antenna for the attain 
ment of a special radiation field, provided care is taken 
to effectively decouple both antennas, or to prevent one 
radiator from acting as a receiving antenna for the 
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energy, emanating from the other radiator of the multiple 
antenna structure. Inasmuch as the radiation field of 
both types of antenna is circularly polarized, it is further 
more necessary to take into consideration both the direc 
tion of the energy flux and the rotational directions of 
polarization of the separate fields being radiated in de 
termining the characteristics and polarization of the re 
Sultant field or radiation, 
taken, by the proper choice of the directions of rotation 
of the polarization as well as of the phase positions at 
the feeding points of the antennas, to prevent field can 
cellations in the resultant directional beam or radiation 
field. 

Referring to FIG. 8, there is shown schematically an 
arrangement of this type for the production of a linearly 
polarized directional radiation field. Disposed at one end 
of a single helix 12 is a director disk 13 and disposed at 
the opposite end of said helix is a reflector disk 4. The 
inner conductor of the coaxial feeder 5 is connected to 
both ends of the helix 12, whereby the latter together with 
the director disk 13 constitutes a backward radiating heli 
cal antenna producing an energy flux as indicated by the 
arrow a, on the one hand, and whereby the helix 2- to 
gether with the reflector disk 14 constitutes, a forward 
radiating helical antenna radiating in the same direction, 
as indicated by the arrow b in the drawing. Inasmuch as 
the antenna 12 and director disk 13, on account of its 
directional characteristic, is insensitive to the radiation 
emanating from the reflector disk 14, there exists a prac 
tically complete decoupling between both antenna sys 
tems. In case of equal energy distribution upon the 
feeder 5, the resultant composite radiation will be linear 
ly polarized, its direction of polarization depending upon 
the existing phase difference between the opposite feeding 
points of the helix 2, on the one hand, and upon the 
transit time of the wave emanating from the reflecting 
disk 14 along the helix 12, on the other hand. Feeding 
of the antenna may also be by means of a double line, 
as will be understood. 
A further embodiment of a composite forward and 

backward radiating helical antenna is shown by FIG. 9. 
The arrangement which includes a parabolic reflector 6 
is designed to produce both a coarsely concentrated and 
a highly concentrated radiation field or beam in the same 
direction. For this purpose, there is disposed at the focal 
point of the reflector 16, a forward radiating helical an 
tenna (arrow c) serving as a primary radiator for said 
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8 
reflector and being comprised of a helix 2 connected to 
the inner conductor of the coaxial feeder 25 and a reflect 
ing disk 4. The resultant radiation field emanating from 
the parabolic reflector. 6 (arrows b) is relatively highly 
concentrated. Disposed upon the same axis on the side 
of the disk 14 opposite to the helix 2 is a further helix 12' 
also being connected to the inner conductor of the feeder 
15 and a director disk 13, both the helix 12' and director 
13 constituting a backward radiating helical antenna 
(arrow a) and producing a relatively coarsely concen 
trated radiation field or beam of the same direction as the 
field emanating from the reflector 6. As is understood, 
both the reflector 4 and director 3 are connected to the 
outer conductor of the feeder 15, in a manner described 
hereinbefore. The sense of rotation of polarization of 
the radiation emanating from the antenna A2, 13, in 
reference to the direction of the energy flux, is opposite 
to the sense of rotation of the energy emanating from 
the antenna 2, 4, assuming both helices. 12 and 12' to 
have the same winding sense. However, inasmuch as the 
direction of the energy flux emanating from the antenna 
A2, 4 is reversed by the parabolic reflector 16, the two 
radiated fields (arrows a and b) will have the same ro 
tational direction of polarization. Moreover, both an 
tennas are substantially decoupled from one another, in 
asmuch as the antenna 12", 3 producing the relatively 
coarsely concentrated beam or radiation field is located in 

, the shadow of the reflecting disk 14 and (besides, is in 
sensitive to the radiation, emanating from the parabolic 
reflector 6. 
A combined coarsely and highly concentrated radiation 

field in connection with a parabolic reflector may further 
more be produced by means of a pair of backward radiat 
ing antennas in the manner shown by FIG. 10. In the 
latter, the antenna 12, 13 being positioned in the focal 
point of the reflector 16 acts as a primary radiator 
(arrows a) for the latter, whereby to produce a highly 
concentrated directional beam emanating from said reflec 
tor (arrows b), while the antenna 12", 3 operates as a 
direct radiator (arrows a') producing a coarsely con 
centrated beam or radiation in the direciton of said first 
beam. The sense of winding of the helices 12 and 12' 
in this case should be opposite to one another in order 
to cause the partial radiation beams to have the same 
direction of rotation of polarization and to cause the an 
tennas to be decoupled from one another. 

Composite or multiple antenna structures of greater 
efficiency may furthermore be produced by arranging a 
plurality of backward radiating antennas either one behind 
the other or in juxtaposed relation, to form multiple an 
tennas or groups. An example of such an arrangement 
is shown by FIG. 11. In the latter, two antennas 12, 13 
and 2’, 3 are disposed side by side with their helices 12 
and 12' being wound in the same sense and being spaced 
by a distance A from one another, to cause both antennas 
to radiate in the same (backward) direction, as indicated 
by the arrows a and a' in the drawing, respectively. In 
order to obtain an equiphased polarizaiton, the feeding 
points of the helices. 12 and 12' are displaced by 120 as 
shown in the drawing. The distance A may be between 
N and N/2. Both antennas are substantially decoupled 
on account of the relatively weak forward and lateral 
radiations. The feeding conductors extend only partly 
along the helix axes and lead to the common double feeder 
being disposed between both antenna structures, 

In the foregoing the invention has been described in 
reference to a few specific illustrative antenna structures 
or Systems. It will be evident, however, that variations 
and modifications, as well as the substitution of equivalent 
parts and elements for those shown herein for illustra 
tion, may be made without departing from the broader 
scope and spirit of the invention as set forth in the ap 
pended claims. The specification and drawings are ac 
cordingly to be regarded in an illustrative rather than in 
a restrictive sease. 
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claim: - 

1. A directional antenna comprising in combination: 
(1) a cylindrical wire helix, 
(2) a coaxial feeder having an inner conductor and an 

outer conductor, 
(3) a radial coupling link connecting one end of said 

helix inner conductor, 
(4) a parasitic antenna disk disposed at the junction 
between said helix and said inner conductor, said 
disk being connected to said outer conductor and 
extending radially from the helix axis to an outer 
diameter substantially equal to he mean diameter 
of said helix, and 

(5) said coupling link and at least a portion of the 
adjoining first turn of said helix being substantially 
parallel to and spaced from said disk by a distance of 
the order of the diameter of the helix wire, where 
by said disk acts as a director producing a directional 
radiation characteristic of said antenna in the direc 
tion from the free end of said helix towards said disk. 

2. A directional antenna system comprising in com 
bination: 

(1) a parabolic reflector, 
(2) a coaxial feeder in line with the axis of said re 

flector having an inner conductor and an outer 
conductor, 

(3) means to support said reflector by said outer con 
ductor, 

(4) a main antenna in the form of a cylindrical wire 
helix disposed at the focal point of said reflector co 
axially with and extending outwardly from said 
feeder, 

(5) a radial conductor connecting an end of said helix 
to the end of said inner conductor, 

(6) a parasitic antenna disk disposed at the junction 
between said helix and said inner conductor, said 
disk being connected to said outer conductor and 
extending radially from the helix axis to an outer 
diameter substantially equal to the mean diameter 
of said helix, and 

(7) said radial conductor and at least a portion of the 
adjoining first turn of said helix being substantially 
parallel to and spaced from said disk by a distance 
of the order of the diameter of the helix wire, where 
by said disk acts as a director producing a directional 
radiation characteristic of said antenna in the direc 
tion from said helix towards said reflector. 
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3. A directional antenna as claimed in claim 1, said 
disk and helix having a diameter of between one third 
and one fourth of said wave length. 

4. A directional antenna as claimed in claim 1, the dis 
tance between adjacent winding turns of said helix being 
between one third and one fifteenth of said wave length. 

5. A directional antenna as claimed in claim i, said 
feeder and helix being located on and extending from op 
posite sides of said disk. 

6. A directional antenna as claimed in claim 1, said 
feeder and helix being located on the same side of said 
disk with said feeder passing through said helix. 

7. A directional antenna as claimed in claim 1, the 
portion of said helix being parallel to said disk merging 
gradually into the adjoining ascending turns of said helix. 

8. A directional anterna as claimed in claim 1, in 
cluding means to support said helix by the outer conductor 
of said feeder. 

9. A directional antenna as claimed in claim 1, said 
parasitic antenna being formed by the edge of said 
outer conductor having a diameter substantially equal to 
the mean diameter of said helix. 

10. A directional antenna as claimed in claim 9, in 
cluding a recess near the edge of said outer conductor 
acting as a choke, to prevent high-frequency energy return 
flow along said feeder. 

11. A directional antenna as claimed in clairn 9, said 
outer conductor having a circular recess adjacent to its 
edge to form a director disk, said recess tapering gradually 
in the direction away from said disk. 

12. In a directional antenna structure as claimed in 
claim 2, including a protective cylindrical insulating 
housing hermetically enclosing said helix and the adjacent 
end portion of said feeder. - 
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