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ZGZAG RADATOR WITH PANEL REFLECTOR 
Matti S. O. Siukola, Westmont, N.J., assignor to Radio 

Corporation of America, a corporation of Delaware 
Filed Oct. 29, 1965, Ser. No. 505,623 

9 Claims. (C. 343-836) 

ABSTRACT OF THE DISCLosURE 
A unidirectional panel type antenna constructed of a 10 

reflector panel and a zigzag radiator conductor a plurality . 
of wavelengths long at the operating frequency. The reflec 
tor panel is also several wavelengths long at the operating 
frequency and is placed collaterally along the zigzag con 
ductor and the associated panel are both bent about the 5 

center vertical axis of the zigzag conductor so that the di 
hedral angle formed by the two planes of the reflector 
panel and the two planes of the zigzag conductor are both 
on the order of 120 degree angles. - 

-rumpurgosaua 

This invention relates to antenna systems and particu 
larly to an antenna system suitable for broadcasting tele 
vision and other radio signals. 
With the advent of broadcasting over UHF bands as 

well as VHF bands, there is a demand to provide addi 
tional broadcast antennas to handle these new channels. 
One method for providing such additional broadcast an 
tennas involves mounting the necessary antenna elements 
on existing support tower structures. An antenna of the 
type using a continuous zigzag wire or rod as the radiat 
ing element provides a multi-unit unidirectional radiator 
for use in such applications. By arranging several such 
antenna elements about an existing supporting structure, 
it is possible to obtain an omnidirectional pattern as de 
sired in the particular application. . . . 

It is an object of the present invention to provide an im 
proved antenna system by which the number of unidirec 
tional arrays which are required to provide an omnidirec 
tional antenna system is minimized. . . - 

Another object is to provide a television or radio broad 
cast antenna system having improved pattern character 
istics. 
A further object is to provide an improved zigzagan 

tenna in which the antenna is compensated for lesser 
radiating power at the end points of the antenna. 

Briefly, in accordance with one embodiment of this in 
vention, there is provided a zigzag radiating conductor 
which is a plurality of wavelengths long at the desired op 
erating frequency. The zigzag conductor is constructed of 
a wire, rod, or ribbon that is bent so that it reverses direc 
tion symmertically about a center axis in a common plane 
every half wavelength at the mean operating frequency. 
A reflector panel having a length several wavelengths long 
and a width approximately one-half a wavelength at the 
operating frequency is placed collaterally along the zigzag 
radiating conductor. The zigzag radiating conductor as 
described above and the associated reflector are bent about 
the center axis of the zigzag antenna array so that the 
dihedral angle formed by the two planes of the reflector 
panel and the dihedral angle formed by the two planes of 
the zigzag conductor are both obtuse angles. A first feed 
terminal is connected to the electrical center of the zigzag 
conductor with the second feed terminal being connected 
at the adjacent point on the reflector panel. 
A more detailed description follows in conjunction with 

the accompanying drawings in which: 
FIG. 1 is a perspective view of an antenna array in 

accordance with this invention; 
FIG. 2 is a cross-sectional view taken at the 2-2 axis 

shown in FIG. 1; 
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2 
FIG. 3 is a perspective view of another antenna array 

in accordance with this invention; . . . .' 
FIGS. 4 and 5 are perspective views of omnidirectional 

antenna array systems according to this invention; 
FIG. 6 is a top plan view of an omnidirectional antenna 

array according to this invention; 
FIGS. 7 and 8 are horizontal patterns of a directional 

antenna array useful in describing the invention; and 
FIGS. 9, 10, and 11 are horizontal patterns obtained 

using omnidirectional antenna array systems useful in 
describing the invention. . . . . . . . . 

Referring to FIGS. 1 and 2, FIG. 1 shows a perspective 
view of a continuous zigzag radiating conductor and asso 
ciated reflector panel bent at an obtuse angle according to 
this invention. FIG. 2 shows a cross-sectional view taken 
along line 2-2 shown in FIG.1. Reflector panel 2 has a 
width of approximately one-half wavelength and has a 
length L a plurality of wavelengths long along its linear 
lengthwise axis. Reflector panel 2 can be constructed of a 
thin metal sheet, or a grid or screen equivalent to a metal 
sheet. The zigzag conductor 1 can be constructed of a 
metallic wire, rod or ribbon. The zigzag conductor 1 is first 
bent so that it reverses direction symmertically about a 
center axis A-A in a common plane every half wavelength 
at the mean operating frequency. The zigzag conductor is 
mounted to the reflector panel 2 using insulative and capa 
citive acting supports 3 so that the common plane of the 
conductor is parallel to and in close proximately to reflec 
tor panel 2 and so that the center axis A-A of the zigzag 
conductor array 1 is collateral with the center lengthwise 
axis of reflector panel 2. The zigzag conductor 1, which is 
maintained in a spaced relation to the reflector panel 2, - 
and the reflector panel 2 are bent about the symmetrical 
center axis A-A of the zigzag conductor array 1 so that 
the dihedral angle formed by the two newly formed planes 
of the reflector panel and the dihedral angle formed by the 
two newly formed planes of the zigzag conductor array 1 
are both equal obtuse angles such as 120. For practical 
mounting of the feed point 4 and supports 3 to the reflector 
panel 2, the actual center axis of the reflector panel 2 re 
mains flat as shown in the cross-sectional view of FIG. 2. 
The width of the flat portion of the reflector 2 has been 
exaggerated for clarity and in practice need only be suffi 
cient to accommodate the supports 3. The radio frequency 
signal is fed by a coaxial transmission line having its outer 
conductor 11 connected to the flat portion of bent reflector 
panel 2 and its inner conductor 12 connected to zigzag 
conductor 1 at center feed point 4. 
The supports 3 described above as being insulative and 

capactive acting play an important role in the operation of 
the zigzag antenna. It is necessary to provide support for 
the radiating wire, rod or ribbon 1 without causing dis 
turbances in the traveling wave. Changes in capacitance 
and inductance occur in the zigzag antenna due to effects 
at the corners where each successive one half wavelength 
long section of the conductor 1 is bent so as to reverse di 
rection, due to changes in mutual coupling between suc 
cessive half wavelength sections, and due to image reflec 
tions on the other side of the reflector. All of these changes 
take place every half wavelength which tends to break up 
the traveling wave and provide high standing waves. To 
reduce these standing waves, to rematch each half wave 
length segment, and to support the radiating conductor 1 
without causing disturbances, a support which is both 
capacitive and insulative acting is placed approximately at 
the half way point of each one half wavelength section. 
While the support 3 can be made in any known manner, 
one technique by way of example only is to provide a 
tubular member of insulating material such as Teflon. A 
U-bolt secures the conductor 1 to the support 3, there be 
ing a metallic washer in contact with the conductor 1 and 



3 
U-bolt to provide one plate of a capacitance. The reflector 
2 acts as the other plate of the capacitance. Again, by way 
of example only, the tubular support 3 may be four inches 
high, an inch and one-half in diameter, with a one-half 
inch notch cut in its free end to accommodate the conduc 
tor. The value of the capacitance provided can be designed 
according to the given application. 
When the radio frequency signal is applied between the 

feed point 4 and the reflector panel 2, currents are pro 
duced in the zigzag conductor 1. At a given polarity of ap 
plied radio frequency, the instantaneous currents are as 
shown by the arrows drawn along side some of the half 
wavelength portions 1a through 1d of conductor 1. (See 
FIG. 1.) These instantaneous currents can be resolved 
into their horizontal I and vertical Iy components. The 
vertical components essentially cancel each other with the 
adjacent half wavelength sections. For example, vertical 
components in the one-half wavelength portions c and 1d 
are shown in FIG. 1 in opposite directions and therefore 
cancel each other. The horizontal components I, however, 
are in the same direction and therefore combine to pro 
duce a strong horizontal field. This strong horizontal field 
provides a radiation which is polarized at right angles to 
the length of the aperture. Experimentation has revealed 
that a wider radiation pattern can be obtained by bending 
the zigzag conductor 1 and associated panel reflector 2 
about their center symmetrical axis so that the dihedral 
angles newly formed by the two planes of the reflector 
panel 2 and by the two new formed planes of the zigzag 
conductor array 1 is an obtuse angle such as 120 degrees. 
This unique feature provides an improved pattern when it 
is desirable to provide a wider pattern per zigzag panel 
antenna. FIG. 7 illustrates the horizontal pattern of a prior 
art flat panel zigzag radiator. FIG. 8 illustrates the pattern 
obtained by bending the same zigzag radiator in the man 
ner described above in accordance with this invention. 
An improvement in the radiating energy at the end 

points of the radiating conductor can be accomplished by 
effectively increasing the number of half wavelength por 
tions of the conductor 1 towards the end points of the zig 
Zag antenna. Less radiating energy exists at the end points 
of conductor 1 than at the center of conductor 1 because 
the current decreases along the conductor as it progresses 
away from the center feed point 4. Referring to FIG. 3, 
FIG. 3 shows a perspective view of a zigzag conductor 15 
and associated reflector panel 16 bent in accordance with 
this invention when there is provided more radiating wave 
length sections 15a through 15t per length of panel 16 at 
the end points than at the center of the panel. FIG. 3 
shows angle ox as the angle between succeeding half 
wavelength portions of the conductor 15 near the center 
portion of the conductor 15. By decreasing the angle or at 
the end portions of the conductor to angle a' there is 
effected more half wavelength sections at the end portions 
of the conductor. This provides more current at the end 
points of the radiating panel 16 than at the center portions 
of the radiator and therefore increases the radiated energy 
from the end portion of the radiating panel. FIG. 3 shows 
conductor 15 mounted in space relation to reflector 16 and 
both bent about symmetrical center axis A-A so the 
newly formed planes of the reflector 16 and conductor 15 
form an obtuse dihedral angle. Conductor 15 is center fed 
at feed point 17 and is made up of half wavelength por 
tions 15a through 15t. Half wavelength portion 15i located 
near the center feed point 17 is bent at an angle or to the 
adjacent half wavelength portion 15h which is in a reverse 
direction. Half wavelength portion 15c, located near the 
end of conductor 15, is bent at an angle cr' to the adjacent 
half wavelength portion 15b. With angle ox' being less than 
angle a, more half wavelength portions are needed to pro 
gress a given linear distance along the center axis A-A. 
By having more wavelengths per linear distance, there is 
provided more current per linear distance. By providing 
more current per linear length at the end portions of the 
conductor 15, there is a corresponding improvement in the 
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4 
radiating energy at these end points of the zigzag conduc 
tor 15. In this manner, lesser radiating power at the end 
points of the conductor due to current decreases along the 
conductor can be compensated for by increasing the num 
ber of radiating elements per linear distance along the cen 
ter axis of the conductor. 
An alternate method for increasing the radiating power 

at the end points is by spacing the conductor at a greater 
distance from the screen to increase the current near 
the end points and by terminating the element far ends 
at a point where the remaining impedance matches the 
characteristic impedance and thereby eliminating the re 
flected wave and radiating the remaining power. 

Referring to FIG. 4 there is shown an omnidirectional 
antenna system comprising three zigzag directional an 
tennas 21, 22 and 23 which are bent in accordance with 
this invention. Each of these directional antenna arrays 
are mounted to the corresponding sides 21a, 22a and 
23a of a triangular configuration 20 corresponding to 
the shape of a triangular tower. The arrays 21, 22, 23 
are shown positioned in a vertical lengthwise sense sub 
stantially at the center of the respective sides 21a, 22a, 
23a of the tower 20. Although not shown on the draw 
ing, the interior of the tower can be fitted with a ladder or 
other means for access to and servicing of the antenna, 
and the tower would be provided with hardware for 
mounting the necessary transmission line. The horizontal 
pattern developed by such an arrangement on a relatively 
small tower, for example about 2 feet on a side, provides 
an omnidirectional radiation pattern during the radial 
firing using only three directional zigzag antenna arrays. 
FIG. 9 illustrates the horizontal pattern obtained using 
only three directional antenna arrays mounted on a rela 
tively small tower in the manner shown in FIG. 4. The 
same arrangement can be provided using more than three 
panel reflectors to form the supporting structures or by 
mounting more than three directional zigzag panel arrays 
on multisided towers. The use of the directional zigzag 
antenna array bent according to this invention reduces 
the number of directional zigzag panel arrays necessary 
to provide an omnidirectional antenna system, since the 
directional zigzag panel array bent according to this 
invention provides a wider pattern characteristic. Since 
many existing tower structures are triangular, the direc 
tional zigzag panel antenna array bent according to this 
invention can provide an omnidirectional system by simply 
mounting an antenna of this type on each of the three 
sides. - - 

However, on large antenna structures, for example, 
towers about 7% feet on a side, it is possible for nulls to 
occur in the horizontal pattern. FIG. 10 illustrates the 
horizontal pattern which might be obtained using three 
directional zigzag antenna arrays mounted on a large 
triangular tower. Note the nulls in the horizontal pattern 
between each of the directional patterns shown in FIG. 
10. Referring to FIG. 5, there is illustrated three direc 
tional zigzag antenna arrays 25, 26 and 27 mounted to 
the three sides of tower 28 in a manner so that the 
elbow or apex 25a, 26a and 27a of each zigzag antenna 
25, 26 and 27 is skewed away from the center of the 
Supporting tower 28. The antennas are oriented in a 
common plane on the tower 28 with their, centers of 
radiation arranged in an arc of a horizontal circle. The 
principal axis or center of the radiation pattern of each 
antenna 25, 26 and 27 is non-radial with respect to the 
radii of the above arc of the horizontal circle. 

FIG. 6 shows a top plan view of the omnidirectional 
antenna array shown in FIG. 5 mounted in the skewed 
fashion described above with the centers of radiation 
of the antenna arrays arranged in a common plane in 
the arc of a horizontal circle. FIG. 11 illustrates a hori 
zontal pattern developed by such an arrangement during 
radial firing on a large tower, for example about 7/2 
feet on a side, using only three directional zigzag antenna 
arrays bent according to this invention and mounted in 
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the skewed fashion described above. This arrangement 
provides a greatly improved horizontal pattern and there 
by makes possible an improved omnidirectional antenna 
System. - . . . . . ". 

While not shown in FIGS. 4 and 5 for reasons of 
clarity of drawing, any suitable conventional transmis 
sion line or other means may be provided to feed signal 
energy to the antennas in proper phase rotation in a 
manner to provide the desired omnidirectional pattern 
from the antennas. The actual connection of the trans 
mission line to the respective antennas can be made 
in the manner shown in FIGS. 1, 2 and 3. . 
What is claimed is: , * . . . . . . . . . . . . . . . . 
1. A unidirectional antenna array for, operation at a 

mean operating frequency comprising; . . . . . . . . . 
a zigzag radiating conductor a plurality of wavelengths 

long at said mean operating frequency said con 
- ductor formed by an elongated member reversing 

direction symmetrically about a center axis in a com 
mon plane every half wavelength at said mean oper 
ating frequency,. . . . ' ' ". . . . ." ..., 

a reflector panel placed in close proximity to and col 
... laterally with said zigzag radiating conductor, and 
having a length longer than said zigzag radiating 
conductor and a width approximately one half wave 
length at said mean operating frequency, . - 

said zigzag radiating conductor and said reflector being 
bent about said center axis so that the dihedral angle 
formed by the two planes of said reflector panel and 
by the two planes of said conductor are each on the 
order of 120 degrees, i. - . . . . . . . . . . 

a first feed terminal connected to a point on said Zig 
Zag conductor, . . . . w ". . . . . . . .'' 

and a second feed terminal connected at the point on 
said reflector panel adjacent said point on said con 
ductor. . . . . . 

2. A unidirectional antenna system for operation at a 
nean operating frequency comprising: . . . . ; 
a reflector panel having a width of approximately one 

half a wavelength at said mean operating frequency 
and a length several wavelengths, long at said mean 
operating frequency, 

said reflector panel having a linear lengthwise axis, 
a zigzag radiating conductor several wavelengths long 

at said mean operating frequency, 
said zigzag conductor formed by a conducting member 

reversing direction symmetrically about a center axis 
in a common plane every half wavelength at said 
mean operating frequency, 

means for spacing said zigzag radiating conductor paral 
lel to and collateral with said reflector so that said 
conductor extends along said lengthwise axis of said 
reflector, 

said reflector panel and said zigzag radiating conductor 
being bent about said center axis so that the dihedral 
angles formed by the two planes of said reflector and 
by the two planes of said conductor are each 120 
degrees, 

a first feed terminal connected to the electrical center 
of said zigzag conductor, and 

a second feed terminal connected to said reflector panel 
at the point adjacent said electrical center of said 
conductor. 

3. A unidirectional antenna array for operation at a 
mean operating frequency comprising: 

a zigzag radiating conductor several wavelengths long 
at said mean operating frequency formed by an 
elongated member which reverses direction sym 
metrically about a center axis in a common plane 
every half wavelength at said mean operating fre 
quency, 

the angle at which said radiating conductor reverses 
direction being progressively smaller towards the ends 
of said conductor than at the center of said conductor, 

a reflector panel placed in close proximity to and col 
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6 
... laterally with said zigzag radiating conductor and 

having a length longer than said zigzag radiating con 
ductor and a width approximately, half a wavelength 
at said operating frequency, , - 

a first feed terminal connected to the electrical center 
of said zigzag conductor, and 

a second feed terminal connected at a point on said 
: reflector panel adjacent said electrical center of said 

conductor. . . 
4. A unidirectional antenna array for operating at a 

mean operating frequency comprising: . . . . . 
a sheet reflector panel having a width of approximately 
one half a wavelength at said mean operating fre 

... quency. and a length a plurality of wavelengths long 
at said mean operating frequency, - 

said reflector panel, having a linear lengthwise axis, 
... a zigzag radiating conductor a plurality of wavelengths 

long at said mean operating frequency formed by an 
... elongated member which reverses direction sym 

metrically about a center axis in a common plane 
every half wavelength at said mean operating fre 
quency, . v . . . . . .: : , 

the angle at which said radiating conductor reverses 
direction being progressively smaller towards the ends 
of saids conductor than at the center thereof, 

means for spacing said conductor parallel to and col 
laterial with said reflector so that said conductor ex 
tends along said lengthwise axis of said reflector, 

said zigzag conductor and said panel reflector being 
bent about said center axis so that the dihedral angle 
formed by the two planes of said reflector panel and 
the dihedral angle formed by the two planes of said 
conductor are each on the order of 120 degrees. 

5. An omnidirectional antenna system comprising; 
three unidirectional antenna arrays for operating at a 
mean operating frequency, v , 

each of said unidirectional antenna arrays comprising 
- a sheet reflector panel having linear lengthwise axis 
and a width of approximately half a wavelength at 
said mean operating frequency and a length several 
wavelengths long at said mean operating frequency, a 
zigzag radiating conductor several wavelengths long 
at said mean operating frequency formed by an elon 
gated conducting member which reverses direction 
symmetrically about a center axis in a common plane 
every half wavelength at said mean operating fre 
quency, means for spacing said conductor parallel 
to and collateral with said reflector so that said con 
ductor extends along said lengthwise axis, said sheet 
reflector panel and said zigzag radiating conductor 
being bent about said center axis so that the dihedral 
angle formed between the two planes of said reflector 
panel and the dihedral angle formed between the two 
planes of said conductor are each on the order of 
120 degrees, 

means for physically mounting said unidirectional an 
tenna arrays to provide from said arrays when ener 
gized a desired omnidirectional radiating pattern. 

6. An omnidirectional antenna system comprising: 
a triangular supporting tower, 
a separate unidirectional antenna array for operation at 

a mean operating frequency mounted to each of the 
three sides of said tower, 

said arrays being positioned equi-distant from the center 
axis of said tower, 

each of said three unidirectional arrays comprising a 
reflector panel having a linear lengthwise axis and a 
width of approximately one half a wavelength at said 
mean operating frequency and a length several wave 
lengths long at said mean operating frequency, a zig 
Zag radiating conductor several wavelengths long at 
said mean operating frequency formed by a member 
which reverses direction symmetrically about a center 
axis in a common plane every half wavelength at 
said mean operating frequency, means for spacing 
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said conductor parallel to and collateral with said 
reflector so that said conductor extends along said 
lengthwise axis, said sheet reflector panel and said 
center axis so that the dihedral angle formed by 
the two planes of said reflector panel and the dihedral 
angle formed by the two planes of said conductor 
are 120 degrees, 

said unidirectional arrays being oriented on said tower 
with said lengthwise axis of an array parallel to said 
lengthwise axes of the other two arrays. 

7. An omnidirectional antenna system comprising; 
a multisided supporting tower, 
a separate unidirectional antenna array adapted for 

operation at a mean operating frequency positioned 
on each side of said tower, 

each of said unidirectional antenna arrays comprising 
a reflector panel having a width of approximately one 
half a wavelength at said mean operating frequency 
and a length several wavelengths long at said mean 
operating frequency, said reflector panel having a 
linear lengthwise axis which is parallel to and along 
the vertical axis of said tower, a zigzag radiating con 
ductor several wavelengths long at said mean oper 
ating frequency formed by a member having a com 
ponent of direction transverse to the length of said 
conductor which reverses direction symmetrically 
about a center axis in a common plane every half 
wavelength at said mean operating frequency, means 
for spacing said conductor parallel to and collateral 
with said reflector so that said conductor extends 
along said lengthwise axis, said reflector panel and 
said zigzag radiating conductor being bent about said 
center axis so that the dihedral angle formed between 
the two planes of said reflector panel and that formed 
between the two planes of said conductor are each 
on the order of 120 degrees, 

and means by which said arrays are mounted to said 
structure with said arrays being in substantially a 
common plane having their centers of radiation ar 
ranged in an arc of a horizontal circle. 

8. An omnidirectional antenna system comprising: 
a supporting structure having three sides spaced from 

the vertical axis of said structure, 
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8 
three unidirectional antenna arrays for operation at a 
mean operating frequency, 

each of said unidirectional arrays having a radiation 
pattern with a principal axis and comprising a re 
flector panel having a linear lengthwise axis and a 
width of approximately one half a wavelength at said 
mean operating frequency and a length several wave 
lengths long at said mean operating frequency, a 
ZigZag radiating conductor several wavelengths long 
at said mean operating frequency formed by a mem 
ber which reverses direction symmetrically about a 
center axis in a common plane every half wavelength 
at said mean operating frequency, means for spacing 
said conductor parallel to and collateral with said 
reflector so that said conductor extends along said 
lengthwise axis, said reflector panel and said zigzag 
radiating conductor being bent about said center axis 
so that the dihedral angle formed by the two planes 
of said reflector panel and the dihedral angle formed 
by the two planes of said conductor are 120 degrees, 

means by which said arrays are mounted to said struc 
ture with a single one of said arrays effectively on 
each of said sides of said structure and with said 
arrays being substantially in a common plane having 
their centers of radiation arranged in an arc of a 
horizontal circle, 

said arrays each being positioned on said structure so 
that said principal axis of its pattern is non-radial 
with respect to the radii of said arc of said circle. 

9. An omnidirectional antenna system as claimed in 
claim 8 and wherein said arrays are oriented on said struc 
ture with said lengthwise axis of their respective reflectors 
parallel to said vertical axis of said structure. 
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