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United States Patent Office 3,355,740 
Patented Nov. 28, 1967 

1. 

3,355,740 
LOG-PERIODC ZG 7AG ANTENNA 

Paul E. Mayes, Champaign, Ill., assignor to University 
of illinois Foundation, a non-profit corporation of 
Ellinois 

Fied Apr. 4, 1966, Ser. No. 549,084 
4 Claims. (C. 343-792.5) 

This application constitutes a continuation-in-part of 
the previous applications of this inventor, namely, Serial 
No. 238,666, filed November 19, 1962, now abandoned 
and Serial No. 190,624 filed April 27, 1962, now aban 
doned. 
This invention relates to log periodic antennas and in 

particular to a zig-zag antenna of this type having a uni 
directional radiation pattern and a relatively high level 
constant impedance which is substantially independent of 
frequency over a wide bandwidth. Such an antenna is 
especially advantageous for minimizing signal losses in the 
commercial television frequency range. 
The log periodic class of frequency independent anten 

nas have now come into general use in the art primarily 
because of their ability to provide a substantially constant 
radiation pattern and impedance level over a wide fre 
quency band. Log periodic antennas in the form of co 
planar dipole arrays are presently in use for the recep 
tion of frequencies in the television band in view of the 
above desirable operating characteristics. Another form 
of log periodic antenna includes a series of zig-zag ele 
ments having teeth-like portions protruding from both 
sides of a central conducting member which interconnects 
all of the elements throughout the antenna length. This 
type of antenna has not been generally used for the re 
ception of television signals because of its low value of 
input impedance. In order to maintain losses in signal 
strength between the antenna and a television receiver 
at a minimum, the antenna impedance should be closely 
matched to the receiver input impedance and the imped 
ance of the transmission line coupling the antenna and 
the receiver. Commercially available transmission lines 
have a characteristic impedance of approximately 300 
ohms. The input impedance of log periodic zig-zag anten 
nas according to the prior art is approximately 100 ohms 
and such a difference in impedance levels produces an 
impedance mismatch which results in substantial loss of signal strength. 
According to the present invention, a pair of conduct 

ing members are positioned to continuously extend away 
from a feed point, with at least one of the conducting 
members having a continuous conducting element in a 
spreading substantially zig-zag pattern, such that the con 
ducting element is formed of reversing V-shaped sections 
electrically coupled solely in an end-to-end manner. It has 
been determined that an antenna constructed according 
to the principles of the present invention provides a sig 
nificant increase in input impedance over that available 
in the prior art. The present antenna provides high direc 
tive gain and yet is extremely simple in its configuration 
and arrangement of components since antenna operation 
is not greatly dependent upon exact dimensions of the 
elements. Fine adjustments are therefore not essential to proper operation. 

Furthermore, the antenna with which this invention is 
concerned is especially advantageous when utilized for the 
reception of television signals. By specifying a range of 
certain antenna parameters such as the width of the con 
ducting element, the spreading angle and the scaling fac 
tor as will be more particularly hereinafter described, 
the antenna presents an input impedance of between 260 
and 320 ohms over the desired operating band. In particu 
lar, a balanced array of two zig-zag elements according 
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2 
to this invention provide a compact antenna for efficiently 
receiving signals in the UHF-TV band. Due to the rela 
tively small and compact configuration of this antenna, 
an array of two or more of such balanced zig-zags in 
crease the antenna gain and yet maintain the overall 
structural size of the antenna within reasonable limits. 
The invention will be better understood from the fol 

lowing detailed description thereof taken in conjunction 
with the accompanying drawings in which: 
FIGURE 1 represents in plan view a log-periodic zig 

Zag antenna extending above and over a ground plane; 
FIGURE 2 is a side elevational view showing the an 

tenna of FIGURE 1 in elevation with respect to the ground plane; 
FIGURE 3 is a modification showing the antenna in 

vention in plan somewhat like FIGURE 1 but showing 
two zig-zag units in a balanced configuration fed from a 
two-wire line at substantially a common point; 
FIGURE 4 is an elevation view of the antenna of 

FIGURE 3; 
FIGURE 5 is a modification showing the zig-zag ele 

ments generally similar to the arrangement of FIGURE 3, 
but wherein one zig-zag element takes the form of a 
coaxial line which is also used as a feed for the balanced 
antenna structure, the second element being a zig-zag 
formed from the continuation of the center conductor of 
the coaxial cable; 
FIGURE 6 is an exemplification of the radiation pat 

tern of the antenna of FIGURE 1, assumed to be fed 
from a coaxial feed line or cable and providing a back 
fire radiation; and 
FIGURE 7 is a typical radiation pattern of the antenna 

arrangement shown by FIGURE 3 with a single central 
lobe indicating the pattern where the antenna zig-zag ele 
ments are in balanced or adding relationship, this being 
shown by the solid line, and the dotted line patterns 
showing the split line radiation pattern when the halves 
of the antenna structure are turned 180' relative to each 
other in an unbalanced configuration. Both of these pat 
terns can be obtained simultaneously from the structure 
of FIGURE 3 by appropriate connections to the two 
wire feeder which are standard in the art. 

Referring now to the drawings for a further understand 
ing of the invention, reference may be made first to FIG 
URE 1. In this figure, one member of the antenna is 
shown as comprising a conducting element 11 which is 
bent back and forth generally in a zig-zag arrangement. 
The zig-zag arrangement of the antenna is fed from its 
smaller end at a terminal 13 which is connected, as sche 
matically shown particularly by FIGURE 2, to a central 
conductor 15 of a coaxial line 17. The outer conductor 
of the coaxial line is connected to a ground plane, form 
ing the second antenna member and represented at 19 in 
the fashion indicated, at the connecting point 21. 
As is shown particularly by FIGURE 1, the width of 

the conductor is defined by the angle B. The angle which 
the zig-zag element assumes relative to a line centrally 
positioned with respect to the antenna as a whole is rep 
resented by the taper angle c. It may be assumed that 
the lower portion of the antenna shown as adjacent to 
the solid line represents this amount of offset. 

Also, as can be seen from the showing of FIGURE 1, 
the antenna is so constructed that each complete zig-zag 
section represents what may be termed as a single "cell.' 
This axial length of the nth cell is shown for reference 
purposes as d. It thus may be considered, illustratively, 
as related particularly and specifically to one particular 
frequency within the selected range for which the antenna 
is designed to function. As seen by the showing of FIG 
URE 1, the conductors 23a, 23b, etc. are all positioned 
substantially parallel with respect to each other. Similarly, 
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conductors 24a, 24b, etc. are substantially parallelly posi 
tioned with respect to each other, thus making the zig-zag 
cells substantially similar. Furthermore, adjacent cells are 
electrically coupled solely end to end without a central 
conducting element as in the prior art. The difference in 
conductor thickness represented by the angle 3 continues, 
of course, from one end of the antenna to the other. This 
is not a rigid requirement, but is a requirement which 
should be given consideration as will be hereinafter de 
scribed. 
The maximum width (w) should be at least equal to 4 

the wave length at the lowest frequency to be received. 
Further, the scaling factor (T) establishes the change in 
the cell width. If the index of the cells increases with the 
decreasing size, the (n-1)th cell will be the next smaller 
cell adjacent to the nth cell. The scaling factor (t) is then 
defined as 

and will be less than or equal to unity. Unity T antennas 
are suitable where the bandwidth requirements are not 
extreme. In general, for efficient antenna operation over a 
broad frequency band, the scaling factor should be less 
than or equal to 0.95. The cell widths from one zig-zag 
section of the antenna to the next then vary in accordance 
with the scaling factor which is preferably maintained 
independent essentially of the cell index. Considering the 
radiation pattern as particularly depicted from the antenna 
of FIGURES 1 and 2, it will be seen from the showing of 
FIGURE 6 that this is at a selected angle with respect to 
the ground plane where the coaxial feed is as above 
explained. 
From what has been stated it will be seen that the 

impedance of the log-periodic antenna is changed very 
little as the frequency is varied. Further, the cells vary in 
their parameters with respect to each other in accordance 
with the selected scaling factor. The antenna components 
24a, 24b, etc. are essentially parallel to each other, as are 
the elements 23a, 23b, etc. The antenna zig-zag sections 
gradually change in accordance with the multiplier or 
scaling factor, so that as the feed point 13 is approached 
relative to the end 27 of the antenna, the change in cell 
parameters at substantially the selected scaling factor is 
evident. The impedance of the log-periodic zig-zag antenna 
changes very little as the frequency is varied. In typical 
operation curves, it can be shown that the response is 
generally uniform even with wide frequency variations 
and changes. 

Considering now particularly the arrangement of FIG 
URES 3 and 4, double-legged free-space antenna struc 
tures have been illustrated where the two zig-zag conduct 
ing members or elements lie in quite different planes from 
each other at a separation angley. In the showing of FIG 
URE 3 a generally balanced construction has been shown, 
as compared to the unbalanced antenna of FIGURES 1 
and 2. In the balanced structure of FIGURE 4 a two-wire 
balanced line composed of conductors 33 and 35 respec 
tively, is used to feed the antenna elements 31 and 29. 
These antenna elements also have the backfire radiation 
pattern of the antennas of FIGURES 1 and 2, that is, 
radiation substantially in the direction from the element 
toward the feed point. For purposes of identification it is 
preferable to look upon the balanced structure as being 
one where the backfire radiation occupies a pattern gen 
erally like that shown by 36 in FIGURE 7 when the 
antennas, such as antennas 31 and 29, are set to aid each 
other. In this configuration, a highly directive radiation 
pattern is obtained. If however, one of the zig-zag elements 
is rotated about its axis through an angle of 180 so 
that the radiation patterns of the zig-zag conductors are 
not in adding relationship, then a radiation pattern in the 
form of split lobes, such as the lobes 37a and 37b, is 
realized. The general pattern of radiation then corresponds 
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4. 
to what is shown and depicted and half of this split lobe 
pattern corresponds to that obtained with a single un 
balanced zig-zag element over ground, as previously 
described. 
From this showing it will be appreciated that where 

the value of t is less than unity and preferably the values 
of ox and 6 are such that the input impedance assumes a 
desired value, the antenna structure can be designed to 
operate over any desired frequency range with operating 
characteristics which do not change appreciably with 
frequency. 
As an indication of the manner in which the antenna 

parameters of the log periodic zig-zag antenna, such as 
shown in FIGURES 3, 4, and 7, of this invention can be 
varied to provided the desired value of input impedance, 
the variation of Oz, the taper angle; (3, the angle of increase 
in conductor width; and t, the scaling factor between 
adjacent cells has the following effect on antenna input 
impedance: 
(1) Increasing c. (maintaining 6 and t constant) increases 

the impedance; 
(2) Encreasing 6 (oy and it constant) decreases the imped 

ance, and 
(3) Increasing t (or and 3 constant) increases the imped 
aCC. 

Insofar as the radiation pattern is concerned, the 
directivity in the E-plane can be adjusted by changing the 
element parameters cy and 6, whereas the directivity in the 
H-plane is adjusted by varying the separation angle y. 
When y=2cc, the beamwidths in the E- and H-plane are 
approximately equal. 

In particular, where an input impedance of 300 ohms 
is desired, such as for the reception of signals in the tele 
vision frequency band, the following range of parameters 
will provide a substantially unidirectional, high directive 
gain antenna with a matching level of input impedance 
between 260 and 320 ohms: 

(1) or between 10° and 15; 
(2) (3 between 0 and 5, 
(3) r between 0.9 and 0.95, and 
(4) y substantially equal to 20. 
The scaling factor can actually range between 0.85 and 
0.95 and the angle or between 5° and 15 to provide a 
suitable matching impedance with respect to 300 ohms by 
increasing the angle y beyond the value 2o. Thus, the 
antenna is very simple in configuration and can be readily 
constructed to provide proper operation without critical 
adjustment of parameters. 
As an example of the teachings of this invention, a 

zig-zag antenna was constructed for operation in the UHF 
television band (470-890 mc.). A balanced configuration 
was utilized, as shown in FIGURES 3, 4 and 7 to provide 
a unidirectional radiation pattern, such as 36, with a rela 
tively constant level of approximately 300 ohms input 
impedance over the desired band of operation. The 
antenna was constructed with os-7.5, 3=2.5, t=0.9. 
The balanced configuration was approximately 31 inches 
in height (separation between sections), 16 inches wide 
and 43 inches long, from the narrow end to the wide end 
of the zig-zag. This provided an increased directive gain 
of about 11-12 db above that for a dipole antenna. 

Due to the relatively compact configuration, an array 
containing four zig-zag sections operating in the balanced 
mode was also constructed. This structure is approximately 
31 inches in height, 29 inches wide, and 43 inches long, 
and provides an increased directive gain of about 14-14.75 
db above a dipole. In both instances, the individual zig-zag 
sections were mounted on an insulating member formed of 
plastic material for support. Thus the antenna of this in 
vention can be readily constructed and for its relatively 
Small size provides a rugged antenna structure having a 
high degree of gain and a desired input impedance which 
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are substantially frequency independent over a broad 
operating band. 

Still another form of antenna is contemplated within 
this showing, as exemplified by FIGURE 5 where again 
the coaxial cable is provided as the central component 
of the device. In this arrangement, one zig-zag antenna 
element (as depicted by FIGURE 1) is formed by bend 
ing a coaxial cable element back and forth upon itself in 
general zig-zag or Z formation, taking care to see that 
the limiting conditions are not being avoided. Under 
these circumstances the zig-zag antenna formed from the 
coaxial conductor may have its outer shell 17' grounded 
in any desired manner behind the last largest cell. The 
central conductor 15' is continued outside of the shell 
17' and bent back and forth to form the second zig-zag 
element of the balanced antenna configuration. The an 
tenna is fed in any desired manner from any suitable 
form of generator of which a conventional representation 
is made at 18. 

Under some conditions, the antenna of generally zig 
Zag formation may be fed and activated from a wave 
guide with the antenna unbalanced over ground. This is 
a form which is usually not recommended for frequency 
independent performance to the extent of the coaxial 
feeder above explained in connection with FIGURE 1. 
In either case, the directive gains are substantial. The 
particular component lengths are not critical except to 
remain within the general limits herein described and 
set forth. The directive gain with respect to frequency is 
substantially uniform within the range hereinabove pro 
posed. 

Various further modification of the invention may be 
utilized where desired and where falling completely 
and clearly within the scope of the invention as herein 
set forth. 
What is claimed is: 
1. A log periodic zig-zag antenna operating in the 

backfire mode and having a substantially unidirectional 
radiation pattern, said antenna comprising: 

a pair of conducting members having respective feed 
points, said conducting members adjacently disposed 
at said feed points and extending outwardly at a 
selected angle to each other; 

each of said members including a conducting element 
continuously extending outwardly from the respective 
feed point in substantially a zig-zag manner wherein 
the Zig-Zag pattern is formed from a plurality of gen 
erally reversing V-shaped sections electrically 
coupled solely in an end to end manner, said con 
ducting elements being turned relative to each other 
to provide a single lobe backfire radiation pattern 
from the feed point; 

each of said V-shaped sections having sides disposed 
and electrically coupled solely in an end to end 
manner to define a series of open V-shaped sections 
with substantially parallel respective sides; and 

wherein each of said conducting elements includes a 
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taper angle c. between 5 and 15, an angle of in 
crease in conductor width, 3 between 0 and 5, 
and a scale factor, it relating to the lengths of each 
adjacent V-shaped section, between 0.85 and 0.95, 
such that the input impedance of said antenna is 
suitable matched to 300 ohms and is substantially 
independent of frequency over a broad operating 
band. 

2. A log periodic zig-zag antenna according to claim 
2, wherein the selected angle between said pair of con 
ducting members is equal to or greater than twice the 
taper angle cy. 

3. A log periodic zig-zag antenna according to claim 
1, wherein said antenna operates in the UHF band (470 
890 mc.). 

4. A log periodic zig-zag antenna for television recep 
tion of signals in the UHF band, 470-890 mc., operating 
in the backfire mode and having a substantially unidirec 
tional radiation pattern, said antenna comprising: 

a pair of conducting members having respective feed 
points, said conducting members adjacently disposed 
at said feed points and extending outwardly at a 
selected angle to each other; 

each of said members including a conducting element 
continuously extending outwardly from the respec 
tive feed point in substantially a zig-zag manner 
wherein the zig-zag pattern is formed from a plural 
ity of generally reversing V-shaped sections elec 
trically coupled solely in and end to end manner, 
said conducting elements being turned relative to 
each other to provide a single lobe backfire radiation 
pattern from the feed point; 

each of said V-shaped sections having sides disposed 
and electrically coupled solely in an end to end man 
ner to define a series of open V-shaped sections with 
Substantially parallel respective sides; and 

wherein each of said conducting elements includes a 
taper angle ox substantially equal to 7.5, an angle 
of increase in conductor width, 6 substantially equal 
to 2.5, and a scale factor, t relating to the lengths 
of each adjacent V-shaped section, substantially 
equal to 0.9, such that the input impedance of said 
antenna is suitably matched to 300 ohms and is sub 
stantially independent of frequency over said UHF 
band. 
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