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Patented Mar. 8, 1960 

1. 

- 2,928,087 
oMNIDIRECTIONAL BEACON ANTENNA 

Ernest G. Parker, Morristown, N.J., assignor to Inter 
national Telephone and Telegraph Corporation, Nutley, 
N.J., a corporation of Maryland 
Application August 19, 1957, serial No. 678,938 

19 Claims. (CI, 343-106) 

This invention relates to omnidirectional beacon an 
tennas and more particularly to omnidirectional beacon 
antennas for use in producing a multilobed radiation pat 
tern having a fundamental modulation frequency and one 
or more additional harmonics of the fundamental fre 
quency for use in radio navigation systems such as that 
commonly known as TACAN. . . . . - 

Omnidirectional beacon systems such as in TACAN 
have a high order of directional accuracy which is de 
pendent upon the use of a directive antenna pattern 
rotated at a fundamental frequency and modulated by a 
harmonic of this fundamental frequency so as to produce 
a generally multilobed rotating directive radiation pattern. 
Due to the rotation of the multiple-modulation antenna 
pattern, a receiver located remotely from the transmitter 
receives energy which appears, as an amplitude-modul 
lated wave having a fundamental modulation component 
and a modulation component at a harmonic frequency 
of the fundamental. Both fundamental and harmonic fre quency reference signals are transmitted for comparison 
with the received components of the rotating pattern so 
that the receiver may determine its azimuth relative to the 

gain at low angles in the vertical plane, as compared to a 
simple radiator. Sufficient modulation is easily obtained 
at low angles, but at high angles, especially for the har 
monic modulation, a satisfactory level is difficult to ob 
tain. If at high angles the carrier strength can be reduced 
while maintaining the modulation strength, the relative 
modulation is increased. 

in some previous 
carrier pattern has b 

nnas, the gain in the vertical 
obtained by the vertical stacking 

However, this may lead 
- - - -...- : S. , the vertical stacking of elements 

to form a carrier pattern only for the group prohibits the 
stacking of complete groups at an optimum spacing to 
obtain additional gain. Second, it is difficult to keep the 

ective center of radiation from shifting vertically 

age by causing undesirable relative phase shifts to occur. 
In antennas having vertically stacked elements for the 

central radiator, rotating parasite elements are diator, 
mounted on dielectric cylinders with a total vertical height 
equivalent to the central radia addition most pre 
vious antennas have been in ively large in diam 
eter to obtain the desi s' modulation pattern. 
Therefore such antennas being large in height and diam 
eter are relatively bulky and heavy, and therefore intro 
duce complications in the driving mechanism for rotating 
the structure. . . . . . . . . . . . . . . . . . 
The principal object of this invention is to provide an 

omnidirectional beacon antenna, having a small height 
and diameter while obtaining high carrier gain in the 
vertical pattern and good modulation characteristics. 
One possible solution to the problem is to use a hori 

zontal array of elements to form the carrier pattern. 
However, the possibility of introducing fixed phase com 

ually desirable to. achieve 
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ponents into the modulation exists unless the elements of 
the array are rotated synchronously with the modulating 
elements. To obtain the desired pattern it is necessary 
to feed the elements rather than simply using parasitic 
excitation. . v 

According to one aspect of the invention the portion 
of the antenna system for producing the carrier, pattern 
comprises a central radiating element and rotating ele 
ments, with coupling means including a transmission line 
to each rotating element for coupling energy to the rotat 
ing eieinents. The rotating elements are preferably 
spaced approximately one wavelength from the cente 
and fed in phase with the central radiator. 
According to a further aspect of the invention parasitic 

modulating elements are spaced less than three half wave 
lengths from the center, either along the same radius, as 
the carrier elements or equally spaced between the carrier 
elements. When the harmonic modulation component is 
the ninth harmonic, it is preferred to use nine parasitic 
modulating elements and nine rotating carrier elements. 
The elements may be quarter-wavelength elements on a 
counterpoise or they may be half-wavelength center fed 
elements, . . . . . . 

According to a further aspect of the invention the means 
for coupling energy to the rotating carrier elements in 
cludes vertical coupling elements spaced near the center 
element. In the quarter-wavelength embodiment these 
coupling elements are connected at the upper end, by a 
coupling ring and the lower end is adjacent the counter 
poise and connected to the transmission line. The rotat 
ing carrier elements may be folded monopoles. In the 
half-wave embodiment the transmission line is coupled 
between the centers of the coupling elements and the 
centers of the rotating carrier elements, and the upper 
and lower ends of the coupling elements are connected 
by coupling rings. The rotating carrier elements may be 
folded dipoles. 
The foregoing and other objects and features of this in 

vention and the manner of attaining them will become 
more apparent and the invention itself will be best under 
stood by reference to the following description of an em 
bodiment of the invention taken in conjunction with the 
accompanying drawings comprising Figs. 1 to 9, wherein: 

Fig. 1 is a perspective view of the top portion of an 
embodiment of the invention using quarter-wavelength 
elements on a counterpoise; - 

Fig. 2 is a cross-section view taken along lines 2-2 
of Fig. 1, with the portion below the counterpoise shown 
diagrammatically; . . . . ' . . . . 

Fig. 3 is a plan view of an embodiment using half 
wavelength elements; 

Fig. 4 is a cross-section view taken along lines 3-3 
of Fig. 4; 

Fig. 5 is a diagram in perspective useful in explaining 
the formation of the radiation pattern; 

Fig.6 is a vector diagram of the radiation components; 
Fig. 7 is a graph of two Bessel coefficients of the radi 

ation components used in the analysis; and : 
Figs. 8 and 9 are computed and measured graphs re 

spectively of the variation of carrier signal strength with 
elevation angle. . 

Referring to Figs. 1 and 2, an omnidirectional beacon 
antenna is shown having a central quarter-wavelength 
radiating element in the form of a cup, rotating carrier 
elements 2, a fundamental parasitic element 4a, and har 
monic parasitic elements 4. The center element is sup 
ported by insulation 5 above a counterpoise 6, and the 
rotating elements 2, 3, and 4 are mounted on a counter 
poise 7. The center stationary portion of the counterpoise 
has a skirt portion 8 and the rotating portion has a skirt 
portion 9, the skirts being a quarter-wavelength long and 
forming an R-F choke joint. The rotating counterpoise 
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7 is mounted on a supporting structure shown diagram 
matically at 10 which is rotated by a motor . A co 
axial feedline 12 passes through the hollow shaft of the 
motor. Line 2 has its center conductor 3 connected to 
the center radiating element 1 and its outer conductor 4 
connected to the stationary counterpoise 6. 
The elements 2 are fed by a transmission line 3 which 

is spaced from the counterpoise 7 by a spacer 5, which 
may be balsa wood. These transmission lines are con 
nected, respectively, at their inner ends to vertical cou 
pling elements 16. The upper ends of these elements 6 
are connected by a ring 7 which is supported by a 
dielectric cylinder 18. The elements 2 are folded mono 
poles to match the impedance of the transmission lines 3. 

In one embodiment designed for use in the bad of 
1150 to 1215 megacycles, the center radiator has a radius 
of 14 inches, the cupling elements 6 are at a radius of 
2%6 inches, the rotating carrier elements 2 have their 
inner wire at a radius of 91.A6 inches and their outer wire 
at a radius d of 10 inches. The parasitic elements 4 are 
at a radius d of 12 inches. The rotating elements and 
transmission line are formed from #18 A.W.G. wire. 
An embodiment using printed half-wavelength elements, 

shown in Figs. 3 and 4, includes a stationary central radi 
ator in the form of two cups 9 and 20 fed by a trans 
mission line 21. The inner conductor 22 of line 21 is 
connected to the upper portion 9 of the dipole and the 
outer conductor 22 is connected to the lower portion 23. 
The rotating portion 20 of the antenna includes carrier 
elements 24 and parasitic elements 25. The carrier ele 
ments 24 are in the form of folded dipoles fed by respec 
tive transmission lines 26, which are connected at their 
inner ends to the centers of respective vertical coupling 
elements 27. These coupling elements 27 are connected 
at their upper ends by a coupling ring 28 and at their 
lower ends by a coupling ring 29. The elements 24, 25 
and 27 and lines 26 are printed on respective supports 30, 
which are mounted on a dielectric cylinder 3E. A funda 
mental parasitic element 32 is mounted on an inner Sur 
face of cylinder 31. Cylinder 3 may be mounted on a 
rotating counterpoise 33. This counterpoise 33 has an 
inner skirt 34 and an outer skirt 35 which are a quarter 
wavelength and form R-F choke joints. The rotating 
assembly may be supported and driven by a structure such 
as that shown diagrammatically in Fig. 2. 

In an embodiment designed for use in a band of 150 
to 1215 megacycles, the coupling elements 27 have a 
radius of 2% inches, the outer conductor of elements 24 
is at a radius of 10 inches, and the parasitic elements 25 
are at a radius of 13 inches. The transmission lines 26 
have the conductors spaced 946 inch and are mounted 
5 inches above the counterpoise. The inner and outer 
conductors of the elements 24 are spaced 3/8 inches. The 
vertical length of the elements 24 and 25 may be 4 
inches. 
A description of TACAN may be found in "Electrical 

Communications,” published by International Telephone 
and Telegraph Corporation, New York, New York, vol. 
33, No. 1, March 1956, with the principles of antenna 
design on pages 35-59, the mathematical analysis of the 
derivation of the antenna pattern being found on pages 
55-59. The theory of operation and the results obtained 
with the antenna of this invention may be explained by 
reference to Figs. 5 to 9. 

Fig. 5 is a diagram in perspective of one rotating ele 
ment at a distance d from a center element. For a 
distant receiver at zero bearing and an elevation angle 
B from the center element, the rotating element being at 
an angle 6 from zero bearing, the received signal will 
include a component C from the center element and a 
component R from the rotating element. 

Fig. 6 is a simple vector diagram of the radiated sig 
nals. The center element radiates a carrier signel Ke. 
The rotating element will produce a signal having two 
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4. 
components KR and Mr which are always in quadrature. 
The relative radiation phase I of KR with respect to Kg 
depends upon the factors including the relative excitation 
phase and the phase angle of self-impedance of the ele 
ments. Analysis using the Bessel function expansion 
shows that the component KR includes a carrier compo 
ment and all even harmonic modulation components of 0, 
and the component MR contains all the odd harmonic 
terms. With a carrier radio frequency equal to Wrg/27t 
the resulting field pattern at the distant point may be 
given by the following equation: 
Ese (M. sin Y--K cos --Kc) cos w it 

-- (MEcosy--K sin I) sin wit 
When nine rotating elements are used, the analysis 

shows that the odd harmonic terms other than the ninth 
and the even harmonic terms other than the carrier term 
are negligible for the values of radius d to be considered. 
Therefore, the coefficients in the equation given above 
may be expressed as follows: 
M=18a Rf(B) J (dicos B) cos 90 
K=9a f(B) Jo (d cos B) 
R is a function f(B) of the vertical angle 
The term Jo (d cos B) is the Bessel term of order zero 
and argument (d cos B), and the term J(d cos () is the 
Bessel term of order nine and argument (d cos B). The 
constant a depends on the relative signal strength from 
the rotating and center elements. The expressions fr(B) 
and f(B) are the space factors, or vertical patterns, of 
the individual rotating and center elements, respectively. 
If the angular rate of rotation elements about the central 
elements is wu, and p is the bearing angle to the receiver, 
then 6 is equal to (wrt-p). 
To obtain maximum amplitude modulation, it may be 

seen that the relative radiation phase I should be cen 
tered around an odd integral number of 90, that is nar/2 
with in an integer. The excitation phase with parasitic 
rotating elements is the spacing d in electrical distance. 
If the self-impedance phase is set equal to zero, the 
proper radiation phase for maximum modulation occurs 
at the odd numbers of quarter wavelength for the spac 
ing d. The values of these odd integers may be referred 
to as modes. 
A graph of the Jo and J. Bessel coefficient terms, ac 

cording to wavelength and radians, is given in Fig. 7. 
The variation of the Bessel coefficient with vertical angle 
(d cos B) for any value of d may be obtained as indi 
cated on the graph for eleven radians. 
A maximum in the Jg curve occurs near eleven radians, 

which is in the seventh mode, and this spacing has often 
been chosen for parasitic modulating elements in pre 
vious antenna designs. At this spacing, the Ja term de 
creases as the vertical angle increases, the value at 35 
being shown on the graph. 
An inspection of Fig. 7 shows that ninth harmonic 

modulation may be obtained in the fifth mode, and that 
the carrier term Jo could be used to obtain gain if the 
correct phasing were used. Further, thes lope of J 
which occurs from about four to seven radians has a 
desirable slope such that for spacings of about seven 
radians, the value decreases as the vertical angle increases. 

Fig. 8 is a calculated pattern using half-wave elements 
in free space at a radius of 6% radians. The curve K 
is the pattern, or space factor, for a half-wave center ele 
ment. KR is the variation of the Bessel term J. The 
Sum of these terms if added in phase is shown by the 
curve Kc--Kr. This curve is seen to predict high gain 
at low angles, dropping to a very low value at about 50. 
Since the curve Kr does not take into consideration the 
Space factor of the rotating element, the second lobe pre 
dicted by the curve Ka--K should be very minor. Ex 
perimental results from a model using a spacing of 7.5 
radians are shown by the curve in Fig. 9. 

Reference to Fig. 6. shows that for carrier gain the 
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relative radiation p should be near zero. With parasitic 
excitation the phase reversal in conductive elements would 
produce the opposite radiation phase from that desired, 
and the amplitude would not be sufficient. Therefore, 

- some positive feed is necessary. Any coupling arrange 
ment for obtaining this feed is considered to be within 
the scope of the invention. One arrangement found to 
be very satisfactory is that using rotating transmission 
lines between coupling elements and the rotating carrier 
elements with coupling rings connecting the coupling ele 
ments, as shown in Figs. 1 to 4. 
A counterpoise or ground plane will modify the pat 

terns shown in Figs. 8 and 9 by producing uptilt, so that 
the maximum carrier radiation occurs above zero de 
grees, or the horizon. - 

This is especially true of embodiments using quarter 
wavelength elements on a counterpoise, as in Figs. 1 and 
2; but also occurs to some extent with half-wave elements 
above a counterpoise, as in Figs, 3 and 4. The choice of 
embodiment will depend upon the particular location and 
conditions of use. It may be noted that groups of half 
wave elements may be stacked above a single counter. 
poise to increase the gain. : 
The embodiments of Figs. 1 to 4 use a radius of one 

wavelength at a frequency near the center of the band for 
the carrier elements. 
The quadrature radiation component from the carrier 

elements will produce a small amount of ninth harmonic 
modulation. It is necessary to supplement this by using 
parasitic elements at a spacing at which the Jg term is 
greater, and which have the proper radiation phase. 
These elements may be placed at about 8.5 radians, and 
either in line with the carrier elements or on radii mid 
way between them. The Jg curve in the fifth mode has a 
slope which produces a vertical pattern which approxi 
mates the slope of the resulting carrier pattern, thereby 
producing relative modulation within the desired limits at 
vertical angles up to a high value. 

Thus, according to the invention, an antenna is de 
signed for operation in the fifth mode, with rotating car 
rier elements having positive feed in phase with the cen 
ter radiator. Such an antenna has a small diameter and 
small vertical height, and the desirable characteristics of 
large diameter antennas with a vertically stacked central 
array. By using the fifth mode, an additional advantage 
is obtained; the antenna operates satisfactorily over a 
broader band of frequencies, since the variation of phase 
with frequency is a smaller percentage at smaller di 
ameters. 

It should be noted that additional carrier elements may 
be used at greater radii to obtain still more gain, if proper 
points on the Jo curve for the desired slope are chosen, 
and the phasing is correct. 
While I have described above the principles of my in 

vention in connection with specific apparatus, it is to be 
clearly understood that this description is made only by 
way of example and not as a limitation to the scope of 
my invention as set forth in the objects thereof and in 
the accompanying claims. 

I claim: - 

1. An omnirange beacon antenna system comprising a 
vertically disposed vertically polarized central radiator, a 
vertically polarized carrier element vertically disposed for 
rotation about said central radiator, means for supporting 
said carrier element, means to rotate said supporting 
means, a source of input energy, first transmission line 
means coupling radio-frequency energy from said source 
to said central radiator, and neans for coupling energy 
from said source to said carrier element to obtain a ra 
diant-energy pattern having gain in the average value at 
low angles in the vertical planes. 

2. An antenna system according to claim 1, further in 
cluding a parasitic element mounted on said supporting 
means for rotation about said central radiator to produce 
a modulation component in said radiant-energy pattern. 

2,928,08? . 
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3. An antenna system according to claim 1, including 

a plurality of said carrier elements, and further includ 
ing a plurality of parasitic elements mounted on said sup 
porting means for rotation about said central radiator to 
produce modulation in said radiant-energy pattern. 

4. An antenna system according to claim 3, wherein 
said energy may be at any frequency within a given band, 
and said rotating carrier and parasitic elements are lo 
cated at a radius of less than three half wavelengths at a 
frequency within said band. 

5. An antenna system comprising a vertically disposed 
vertically polarized central radiator, a vertically polarized 
carrier element vertically disposed for rotation about said 
central radiator, means for supporting said carrier ele 
ment, and means to rotate said supporting means, a source 
of input energy, first transmission line means coupling 
energy from said source to said central radiator, and 
means including second transmission line means for cou 
pling energy from said source to said carrier element to 
obtain a radiant-energy pattern having gain in the aver 
age value at low angles in the vertical planes. 

6. An antenna system according to claim 5, wherein 
said means for coupling energy to said carrier element in 
cludes a vertically disposed coupling element mounted on 
said supporting means at a small radius compared to the 
radius to said carrier element, and said second transmis 
sion line couples said coupling element to said carrier 
element. - 

7. An antenna system according to claim 5, further in 
cluding a parasitic element mounted on said supporting 
means for rotation about said central radiator to produce 
a modulation component in said radiant-energy pattern. 

3. An antenna system according to claim 5, including 
a plurality of said carrier elements, and further including 
a plurality of parasitic elements mounted on said support 
ing means for rotation about said central radiator to pro 
duce modulation in said radiant-energy pattern. 

9. An antenna system according to claim 8, wherein 
said energy may be at any frequency within a given band, 
and said rotating carrier and parasitic elements are lo 
cated at a radius of less than three half wavelengths at a 
frequency within said band. 

10. An antenna system according to claim 9, wherein 
said supporting means and the elements mounted thereon 
are rotated at a given angular velocity, there being in 
said carrier elements equally spaced around a circum 
ference at a radius of approximately one wavelength, said 
plurality of parasitic elements comprising one element 
for modulation at said angular velocity and a group of 
in elements equally spaced around a circumference at a 
radius greater than one wavelength for producing modu 
lation at the nth harmonic of said angular velocity. 

11. An antenna system according to claim 10, wherein 
n is equal to nine. 

12. An omnirange beacon antenna system comprising 
a vertically disposed vertically polarized central radiator, 
an outer vertically polarized element vertically disposed 
for rotation about said central radiator, means for sup 
porting said outer element, means to rotate said sup 
porting means, a source of input energy, first transmis 
sion line means coupling radio-frequency energy from 
said source to said central radiator, and means including 
Second transmission line means for coupling energy from 
said source to said outer element. 

13. An antenna system comprising a vertically dis 
posed vertically polarized central radiator, supporting 
means, means to rotate said supporting means, a source 
of radio-frequency energy within a given frequency band, 
means coupling energy from said source to said central 
radiator, in carrier elements mounted on said supporting 
means equally spaced around a circumference at a radius 
from the center of the central radiator of less than three 
half wavelengths at a frequency within said band, in 
vertically disposed coupling elements mounted on said 
supporting means around a circumference at a small 
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radius compared to the radius to said outer elements, a 
coupling ring connected to an end of each of said cou 
pling elements, in transmission lines, each coupling one 
of said coupling elements to a corresponding one of said 
carrier elements, said antenna system having a radiant 
energy pattern such that at a remote point at a low ver 
tical angle it has substantial gain in the average value 
with respect to the central radiator pattern. 

14. An antenna system comprising a vertically dis 
posed vertically polarized central radiator, Supporting 
means, means to rotate said supporting means at a given 
angular velocity, a source of radio-frequency energy 
within a given frequency band, means coupling energy 
from said source to said central radiator, in carrier ele 
ments mounted on said supporting means equally spaced 
around a circumference at a radius from the center of 
the central radiator of less than three half wavelengths 
at a frequency within said band, n vertically disposed 
coupling elements mounted on said supporting means 
around a circumference at a small radius compared to 
the radius to said outer elements, a coupling ring con 
nected to an end of each of said coupling elements, in 
transmission lines, each coupling one of said coupling 
elements to a corresponding one of said carrier elements, 
and n parasitic elements equally spaced around a cir 
cumference at a radius of less than three half wavelengths 
at a frequency within said band, said antenna system hav 
ing a radiant-energy pattern such that at a remote point 
at a low vertical angle it has substantial gain in the 
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average value with respect to the central radiator pattern, 
and is modulated at the nth harmonic of said angular 
velocity. 

15. An antenna system according to claim 14, wherein 
ii is equal to nine. 

16. An antenna system according to claim 14, wherein 
said carrier elements are at a radius of approximately one 
wavelength. 

17. An antenna system according to claim 14, further 
including a counterpoise, said central radiator, carrier 
elements and parasitic elements being quarter-wavelength 
elements disposed above said counterpoise, and said trans 
mission lines comprise respective conductors parallel to 
said counterpoise, each connected to a corresponding 
coupling element and carrier element. 

18. An antenna system according to claim 14, wherein 
said central radiator, carrier, and parasitic elements are 
each approximately a half-wavelength long, and said 
transmission lines each comprise a pair of parallel con 
ductors coupling the center of a coupling element to 
the center of a carrier element. 

19. An antenna system according to claim 18, further 
including a counterpoise, with said central radiator, cou 
pling elements, carrier elements, and parasitic elements 
spaced above said counterpoise. 
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