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- periodic antenna gtructinres {8 reported, The antepnas
bave pattern and impedance characteristics which are
essentially independent of frequency over theoretically

" unlimited bandwidths. Bandwidths of ten to one are
readily achieved in practice. Structures are described
which provide linearly polarized omnidirectional, bidirec—

. tlonal and unidirectional patterns as well as circularly

: polarized bidirectional and unldirectional patterss,

Introduction

_ The subject of thig paper is a class of antennas,
called logarithmically periodic antenna structures, for
which the pattern and impedance are essentially inde-
pendent of frequency over theoretically unlimited band-
widtha, Research on one particular type of these strue~
turés which provided a linearly polarized bidirectional
beam was previously reported.l Since that time, various
types of these structures have been discovered which
provide lirearly polarized unidirectional and omnidirec—

" tional patterns as well as circularly polarized widirec-
tional patterns, The proven veraatilily and wide band-
width of these structures ieads to the conclusion that tke
applications are practically unlimited. Obvicus applica-
tions are to high-frequency and ECM anteznag as well as
o primary feeds for reflector and lens-type antennas.

The only other known class of fréquency indepen-
dent antennas is the angular antenna deacribed by
V. H. Rumsey.? Common examples are the discone,
biconical, and bow-tie antennas which have bandwidths
of approxdmately 2 or 3 {0 1 for which the patiern is
essentially independent of frequency. The so-called
"end effect’ limity the bandwidth of these antennaa,
example of a recent type of angular antenna which
apparently has negligible Vend effect” is the equiangular
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Research onnew types ofbroadband logarithmically

' the pattern and impedance repeat periodically with the

 apnce over one period is small, thén this will hold true

. either with a balanced two-wire line cr with a coaxial

An
. This antenna has a horizontally polarized hidirectional

Fig. 1 _Parameters and coordinate system for gircular - tooth structures.
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independent bandwidth of better than 10 to 1.

"Referring to figure 1, the geometry of'logarlm— _
mically periodic antenna structures 18 defined so that -

e

e
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logarithm of the frequency. ¥or planar structures, this
is-accomplished by defining their shape such that g
equals a periodic function of In r where ¥ and @ are the
polar coordinates in the plane. Then if In 7 is the peyiod
of In r, the operation of a structure of infinite extent
would be the same for any two frequencles related by
somg integral power of v . For the simple structure in
figure 1a: . -
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If the shape of the structure and the factor = can be
made such that the variation of the pattern and imped-

for all periods, the result being an extremely breadband

nnz% For finite structures, it has been found that. =~
smce the end effect is negligible, wide bandw1dths are
readily obtained.

The two haIves of the antenna are fed at the vertces

line running up one half of the structire with the outer
conductor Bonded to the structure. For the structure of
figure 1a, it is found that the lower and higher frequency
limits are obtained when the longest and shortest teeth
respectively are approximately 1/4 wavelength long,

By probing the structure, it is found that the currents
on the structure die off quite rapidly after progressing
past the Tegion where a tooth 1/4 wavelength long is
poaitioned. This accounts for the negligible end effect.

pattern with approximately equal and constant principal

R,
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"', plane beamwidths over a frequency band of 10 to 1 or -

_ imately 170 ohms.

more.and has a constant input impedance of approx-
The axes of the lobes are perpen~

" dieular to the plane of the structure, It was originally

-

“identical to their complement in order to obtain a fre-

believed that it was necessary to make these structures

quency independent input impedance. However, the .

‘results reported in this paper demonstrate that this

equi-complementary condition is sufficient but not al-
ways necessary. BSeveral frequency independent ap-
teonas will be introduced where the deviation from the

" equi-complementary condition is qixite gevere,

The fact that the electrical characteristics of log-
arithmically pericdic structures repeat every period
greatly simplifies the experimental invedtigation of
them because it is only necessary to measure these
characteristics over a half or single period in most
cages. The operation over other periods may be readily
predicted provided the end effect is negligible and that
all dimensions are made proportional to their distance

-~ from the vertex,

As {llustrated in figure 1b, D.E. Isbell4 found that
by bending the curved tooth structure about a horizontal
axis, a unidirectional pattern pointing in the direction
of the positive y axis could be obtained. Some control
of the principal plane beamwidths and front-to~back
ratio was obtained by varying the parameters a, g, ¢,

“and 7. Typical E-plane and H-plane beamwidths of
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Fig. 2 'Pn_ram_etmj and coordinate sys

" 60° and 90° and a front-to-back ratio on the order of 10

to 15 db were obiained. It was found that the character-

. 1stie impedance ef the structure decreased as the angle

¢y was decreased, but that the VSWR referred to this

- characteristic impedance increased rather rapidly to

3.5:1for y= 30° . )

A great number of logarithmically periodic antenna
_configurations are possible, ' The investigation reported
in this paper was conducted to study impedance, patiern,
and polarization characteristics of a variety of strue-
tures, Another objective of the investigation was to de-
vise practical forms of this type of antenna. Since large,
circular tooth structures would be difficult to construet,
the possibility of simplifying this basic structure by
gtraightening the teeth and by making wire approxima-
tions of the teeth was investigated and is reported in the
following sectiomns. S'.. : : :

'frapezoicisl Tooth Sheet Structures

Figure 2 shows a sketch of a general trapezoldal
tooth structure and gives a definition of the coordinate
system and various parameters that will be used :
throughout this paper to describe the various structures,
Figure 3 is a photograph of a printed circuit board form

- of this type of structure which was used for the exper-.
imentdl investigation. By comparing a structure cut
from sheet metal in a conventional way to an {dentical
structure etched on teflon dielectric printed circuit

tem for trapczol_dhl-t.qoth structures,
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Fig. 4 Patterns for planar trapezoidai —tooth struc-
ture.

B = 15* for the other, T = 0.5, and R;, the perpendic-
ular distance from the vertex of one-half the structure
to the longest element, is 12.75 cm.. Patterns were
taken over about a two to one frequency range (800 to
2100 mc). Figure 4 shows typical patterns for this type
of structure. In general, both structures gave essen-
tially frequency independent, lnearly polarized, bidi-
rectional patierns. Over the frequency raage stated
above; the E-plane (pattern in the xy plane of figure 1hb)
half~-power beamwidth varied from 65* to 80° with an |

" average beamwidth of 71°, and the H-piane (pattern in-
the yz plane of figure 1b) half-power beamwidth varied

- from 60° to 63° with an average beamwidth of 62°. Of
the two antennas tested, the one having the narrower
center sectlon (8 = 15% demonsirated slightly iess
variation of beamwidth with frequency.

Fig. 3 A printed, nonplanar, ti'apezoiddl—iooth gtruc-
" ture bent about the X axis.

. . Patterns were taken for a nonplanar structure with
board, it was found that the printed cireuit board mod- ¥ = 60° over a &1 frequency range. Typical patferns

o . els could be used up to.about 3000 me without the pres— - &€ shown in figure 5. The E-plane patterns were uni-
- ence of the dielect!?;c Izmer:oming0 too obj‘;:tionaﬁle.p:s a  directional with beamwidths that varied from 60° to 75°

point of interest, the undesired metal éan be removed with an average beamwidth of 65 and the H-plane patterns
either by an etching process or by cutting around the had beamwidthy that varied from 80° o 110* with an
outline of the structure with a2 sharp instrument and average beamwidth of 85°, The front-to-back ratic, due
then peeling the metal away, Two models of planar to the cross polarization Eg, had an average value of
structures (with 4 = 180°% were constructed with the sbhout 9 db; the front-to-back ratio, due to the major
followipg parameters: o = $0%, A = 30" for one and - polarization Egﬁ' had an average value of about 13 db.

n
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Fig. 5 Patterns for nonplanar (bent ahout horizontal
"~ axds) trapezoidal —tooth structure.

TABLE 1: VARIATION OF Zo AND VSWR WITH
¥ ANGLE FOR A PRINTED, TRAPEZOIDAL

~ TOOTH STRUCTURE
Y Angle Zg VSWR (Referred to Zg)

180 1m0 1.4

60. . . 105 _ 1.8

Table 1 shows how the impedance of this particular

structure compared with the corresponding planar strue-

ture. The input impedance Zg was reduced from 170

~ ohms to about 105 ohms and the VEWR's referred to
their respective input impedances were about the same.

Thus, the impedance characteristic of a nonplanar )

trapezoidal tooth structure is considerably better than

that of a curved tooth structure. :

.. Another posaible nonplanar structure is where the
~ original planar structure is bent sbout its vertical axis
to an included acute angle X . A structure of this type

is shown in figure 6. Patterns and impedance were

;" measured for g variation in X from 180°to 60° in 30°
-+ steps, It was found that the E-plane patterns showed
- .q definite tendency toward varying from bidirectional
at % = 180° to omnidirectional at X = 60% the H-plane
patterns remained bidlrectionsl over the same range.
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Fig. 6 A printed, ponplanar, trapezoidal —tooth
structure bent about the Z axds.

Typloal pa&ems for x = 90° ars shown in figure 7. n
general, the patterns varied conelderably with frequency,

TABLE 2: VARIATION OF Zo AND VSWR WITH

VARIOUS X ANGLES FOR A PRINTED,.
TRAPEZOIDAL TOOTH STRUCTURE

X Angle Zg VSWR (Referred to Zo)
180 70 1.4
120 10 1.85
so. 200 L4
60 210 | 1.9 .
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Fig. 7 Patterns for nonplanar (bent about vertical
axis) trapezoidal-tooth structure.

The varlation of impedance with the angle X was
rather Interesting, as can be seen in table 2. The
average Input Impedance Z, increased as the X angle
was decreased, This was just the reverse of the effect
that the reduction in y produced. '

Wire Structures

Wire, 'Qy:_:_'ved Tooth, Planar Structure

‘- The approximation of sheet structures with wire.
structures was first Investigated for a circular tooth
_structure, Two different approximations are showa
In figure 8 and as can be seen, all the metal was re- -
moved except for narrow sfrips outlining the teeth.
A still closer observation will indicate that the hori-
zontal metal strips in figure 8a vary In width propor-
_ tional to the distance from the center of the structure
" and the vertical members are triangular in shape,
This is necessary in order to make the structure log-
arithmically periodic. Figure 8b is a structure iden-
tical to that of figure 8a, except that all members are
of uniform width, ' '

“The average input impédance of the structure in
Tigure 8b was slightly lower than that in figure 8a,

.110 ohms for figure 8b as compared to 150 ohms for

- similar, In both cases, the patterns were essentially

" tapered elements being slightly less frequency sensitive,
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Fig. 8 Planar, printed, wire - like, circular - tooth
structure.

figure Ba, 'As an interesting comparison, the imped-
ance of a similar basic circular tooth structure was
about 150 ohms,

In general, the patterns for the two cases were very
independent of frequency, with the siructure having
The beamwidths in both the above cases were slightly

wider than the beamwidth of the corresponding basic
circular tooth structure.

Nopplanar, Wire, Trapezoidal Tooth Structure

Since the circular tooth siructures with only the
outline of the toeth being made of metal performed al-
most ag well ag the basic eircular tooth structure, this
technique was used in constructing the trapezoidal tooth
structures. In figures 9a and 9b are two typical types
of wire, ponplanar, trapezoidal tooth structures. The
only difference is that in {igure 92, the 4 angle has
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_Fig. 8 Types of nonplanar, wire, trapezoidal -~ tooth structures.

been decreased to zero.. Figure 10 is a photograph of

- a typical model used in the investigation of this type

of structure. (In the photograph, the dielectric rod
between the halves of the antenna was used for support
only and is not part of the antenna, ) )
A considerable number of models of this type of

structure with various values of the parameters «, ',
and r were constructed and tested, In general, the
patterns of these structures were quite independent of
frequency, especially those with the larger values of
v  Variations of the beamwidth of only several per-
cent over a period of operation were commaon,

* Fig. 10 Atypical, wire, nonplanar, trapezoidal =
T - - tooth structure. : ! E

Figuré 11 éhows the patterns OVef‘a-"'ha.If-perIod'

for the antenna shown in figure 10, This particular

antenna had an average E-plane beamwidth of 67%, an

average H-plane beamwidth of 106* and an average
front-to-back ratio of 16 db, o

' Table 3 shows how the beamwidth, gain, and front-
to-back ratio are functions of the parameters of the an-
tenna for several structures, From the table, it canbs
seen that both E-plane and H-plane beamwidths decrease
as the design ratio of 7 is increased. For example,
take ¥ = 45°% o = 60% then as 7 was varled from 0.4
to 0.707, the E~plane beamwidth decreased from 86° to
64°, and the H-plane beamwidth decreased from 112*to -
79*. 1t can then be concluded that if high gain is required, .
a large design ratlo is dosirable. It was found that the
spacing between two adjacent transverse elements should
rot be greater than 0, 3 of the length of the longer element.
Otherwise, the pattern starts breaking up. Also, from
the table it can be seen that the H-plane beamwidth in-
creaged with z decrease in  angle for any one design
ratio, while the E-plane pattern is egsentially indepen-
dent of the ¢ angle. Also, the front-to-back ratio, in
geperal, Increased with a decrease in  angle, The o
angle had a second-order effect on the beamwidth: with
an increase in o, a decrease in E-plane beamwidth and
an increase in H-plane beamwidth resulted.

In using the information in table 3 to design an an-
tenna with relatively high gain, high front-to-back ratio,
not too great complexity {the number of elements in-
creases as the design ratio increases), one must make
a compromise as to what parameters to choose. For |
example, antenna number 14 has @ = 60%, £.= 0,

Y = 45° and T = 0.6, The gain is 6.5 db over a dipole
and the front-to-back ratio is 15.8 db. .

These pattern characteristics compare very favor-
ahly with those of a three-element Yagi antenna, Ad-
mittedly, this type of structure is somewhat more com- ‘

- plex to construct than a Yagi, insofar as the number of
elements required is greater, and it is necessary to use -
either = tapered coax line or a balanced open wire irans-
misgion line transformer in order to match the imped-

- ance of the structure to conventional transmission lines. .
It has, however, the added advantage of having '
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. 3 ELEMENT SIZE 2.032 IN. (NO. 20 WIRE),

Fig. .11 Patterns for a typical, wire, nonplanar, trapezoidal —tooth structure.

TABLE 3. PATTERN CHARACTERISTICS FOR VARIQUS WIRE, TRAPEZOIDAL TOOTH STRUCTURES

L 2%

AVE. HALF POWER BEA MAX.
Mr e PR e emg s NWhiane  can/0ipott s oor SRR
1 75 b 30 7 155 3.5 12.4
2 75 . ks 72 25 - 4.5 1.k
'3 .75 b 6 73 163 5.3 8.6
b 60 .4 30 85 153 3.0 12.0
5 60 % k5 86 Nz 4.2 8.6
6 6 b 60 87 87 5.3 7.0
§ 75 .5 30 66 126 4.9 17.0
'3 75 .5 ¥ 67 106 5.6 1.9
10 75 .5 60 68 93 6?1 12.75.
1 60 .5 20 70 118 k.9 17.7
12 60 .5 - k5 T 95 5.8 1.0
1360 .5 60 7 77 6.7 ©9.9
60 .6 5. 67 85 6.5 15.8
5. 60 .707 s 64 79 7.0 15.8
16 b5 707 W5 66 66 7.7 12.3 -
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characteristics over a ten to one or more bandwidth,

The patterns of a larger antenna model, with the
above design parameters {see figure 12) were measured
over a ten to one frequency range (100 to 1000 mc). A

- Blight increase in the beamwidths and a slight decrease

" in the front-to-back ratic was observed at about 300 me.
This effect was investigated by taking patterns of the
structure and removing the elements one by one, It was

. found that the elements whose lengths were about 1.5 A
were responsible for these pattern changes, Thus, some
end effect was noticeable for this structure at a fre-
quency approximately three times the low frequency
limit of the antenna. ‘ " ‘

TABLE 4. VARIATION OF AVERAGE IMPEDANCE
AND VSWR WITH ¥ ANGLE FOR A TYPICAL,
WIRE, TRAPEZOIDAL TOCTH STRUCTURE

Y Angle E_- VSWR (Referred tq Zy)
60 120 1.4
45 110 1.45
30 105 1.5
7 : 65

1.8

- Fig. 12 A'Iarger-modei of a (low-frequency Hmit of
S sbout 100 me) wire, nonplanar, trapezoidal ~
* tooth structure, o

' essentially frequency independént impedance and pattern

B =0, 7=0.85

'i;able 4 shows how the 'm;_ﬁedanc_e varies with the W
angle for a typical wire, trapezoidal tooth structure.

The impedance of the wire, trapezoidal tooth struc-
ture (shown in figure 10} having the following parameters:
«=75% 8=0, T =0,5 ¢ =45° and Ry = 12,75 inches,
was measured over a sixteen to one frequency band
(250 to 4000 mc). The Impedance was good from, 350 mc
to 4000 mc or an eleven to one frequency band. This
closely agrees with the previous definition of the low
frequency limit since the width of the structurs at the
last element was 18,5 inches or a half wavelength at
304 me, The actual measurements showed that the in-
put impedance Z, decreased slowly and uniformly from
about 150 ohms at 350 mc to'about 75 ohms at the high
end of the range of measurements, This change in input
impedance is due to the modeling technique rather than
a fault of the antenna, The elements of this particular
model were of constant diameter (¥ 14 wire) and as the
frequency was increased, the length-to-diameter ratio
of the elements which were responsible for the radiation
decreased. As further proof that modeling was partially
responsible for this Z, change, the impedance of another
larger model, figure 12, where the elements had been
slightly tapered, was measured over a ten to one fre-
quency range. Although the Zg of this structure also
decreased as the frequency increased, the change was

. Bomewhat smaller, Thus, in order to obtain good fre- .. -

quency independence over a 10:1 bandwidth, it is nec-
essary to model the structure accurately according to
the design principles, : :

Fig. 13 Along (2) at 1,000 me) nonplanar, wire,
trapezoidal - tooth structure, '

From the observed trends indicated in table 3, an
antenna with relatively high gain was designed. The )
model was constructed as shown in figure 13. .The pa-
rameters for this particular model were o = 14,5°, _
W= 29* and Ry = 60 cm. In order to
make the vertical spacing between horizontal elements
of the same length of the two half-structures about
twice the length of the particular elements, ¢ was set
equal to 29°. Rj was chosen egual to 60 cm in order
to make the last element one half-wavelength long at
1000 me. The patterns for this structure are shown
in figure 14. The average E-plane beamwidth was 59%
the average H-plane beamwidth was 38° and the front-
to-back ratio was about 18 db, = The resulting gain of
this antenna then was alightly better than 10 db over a
dipele, and the.patterns were extremely frequency .




H PLANE SPLIT BEAM

Fig. 14 Patterns for a long (2 A at 1,000 me) non-
planar, wire, trapezoidsal - tooth structure.

independent. The H-plane split beam patterns of figure
14 were the result of turning one of the half-structures
over 180°% i. e., one half-structure is then the mere
image of the other. The same effect conld be had by
placing one of the half-structures over a ground plane
at an aagle 1/2 ¢ to the ground plane. It can be seen
that the ground plane would divide the structure sym-
metrically. The double lobes appear at abouf + 35°
from this plane of symmetry.

On the shorter structures, where the spacing be-
tween the half-structure and the ground plane was smali,
that i8, much lese than a half-wavelength, the effect of
the ground plane caused the impedance to rotate around
the center of a Smith chart in a periodic manner, but at
a VSWR of five to eight, which is veéry undesirable.
However, this long structure had impedance character-
istics very similar to a structure in free space, with
the Z; belng anly one-half the Z, of an antenna In free
space. The actual Z, was 80 ochms with 2 VSWR of
1.1:1 over a period.

Wire Tr.ia.ng'.xlar Tooth Structures

Another step toward simplifying the construction of
- these logarithmically periodic structures was the tri-
angular tooth or "Zig-Zag" structure illustrated in

Fig. 15 A typical, wire, nonplanar, triangular -
tooth structure.

figure 15. It has the same parameters as the trapezoi-
dal tooth structure of figure 10. Figure 18 shows typical
patterns for this triangular tooth structure. In general,
the pattern characteristics are a slight improvement '
over those of the trapezoidal tooth structure. The
average E-plane beamwidth was 70° as compared to
67% the average H-plane beamwidth was 89" as com-
pared to 106°% and the front-to-back ratic was 14.4 db
as~compared to 14,9 db for the irapezoidal tooth struc-
ture, The impedance for the triangular tooth strue-
ture was slightly lower (100 ohms with a VSWR of

1.5 over the frequency range compared) than that of
the trapezoidal tooth structure.

Another model of the triangular tooth structure
was constructed similar to antenna 14 in table 3
fad = 45° B=0, T=0.707 and ¥ = 45%, - As be~
fore, the H-plane beamwidth was slightly narrower,
the E-plane beamwidth was about the same, and the
front-to-back ratio was slightly greater than-that of
the similar trapezoidal tooth structure.

-

Phase Rotation Principle

The phase rotation phenomenon iz a basic charac-
teristle of these logarithmically periodic structures
and has been verified experimentally. It can best be
explained in the following mazner: if one of these struc-
tures is fed, and if the phase of the electric field re-
celved at a distant dipole (see figure 2) is measured
relative to the phase of current at the feed point of the

. structure, the phase of the received signal will advance
360%as the structure is shrunk through a period. Or,




Fig. 16 Patterns for nonplanar, wire, triangular -
tooth structure. ;

in other words, if the frequency of the exciting signal is
increased by a period, and the phase is measured at the
dipole while keeping the dipole at a constant electrical
distance from the periodic structure, the phase will be
delayed 3€0° relative to the phase of the feed curreont.
This characteristic is apalagous to the pattern rotation
-prineiple? of angular structures. C .

This phenomenon is the factor which makes it
possible to achieve the ommnidirectional and circularly
polarized logarithmically periodic structures discussed:
in the following sections, . . : S

..®  Omnidirectional Structures

Often it ig desivable to have a-wide band antenna
that glves omnidirectional patterns. The most common
anfenna fo date that tends to meet such a requirement is
the vertically polarizeq discone or biconical antepna,
However, pattern breakup limits the bandwidth of these
antennag to 2 or 3 to 1. The desirability of de-
signing a logarithmically periodic structure with omni-
directional characteristics is readily apparent.

" Since two dipoles arranged in a turnstile and fed
ninety degrees. out of phase give omnidirectional patterns,
it was decided to arrange two planar, sheet metal struc-
tures (which have approximate dipole patterns) ina -
turnstile as shown in figure 17a, Since the planar sheets
were actually soldered together where they crossed, it .
is obvious that the two sheet structures could not be
identical or the same result would occur as when feeding -
two crossed dipoles in phase {a bidlrectional pattern . -
with maximum lobes occurringatan angle of 45%. There-
fore, one of the siructures was made TV" times the
eize of the other {(where N is the number of arms of the
etructure) in order ito obtain the 90° phasing,

An easy way to visualize such a structure Is to -
Imagine two cones placed apex'to apex on a common

Fig. 17 Types of orrmi.dtm'ctlanul strﬁcturﬁs. :
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axis. Starting at the apex of each cone, an equiangular
apiral is placed on the slant side of the cone with the
uxia of the spiral coinciding with the axis ofthe cone.
The spiral on one cone is made to rotate glockwise; the
spiral on the other cone 1 made to rotate counterclock-
wise 28 the {wo cones are viewed simultaneously from
- the point where thelr respective apexes meet. Actually,
“these spirals are the openings of grooves which become
‘progressively wider and deeper as they spiral away from
the apexes of the coneg. The outlines of four arms of -
& four-arm siructure would be the lines of intersection’
of the cones and twe planes perpendicular to each other
and Intersecting on the axis of the cones. When the
cone concept Is used, it is possible to visualize a num-
. ber of different structures., Figure 17b is an example
of a structure with three arms. -

Figure 18 is a photograph of a circular tooth
structure constructed as stated above. The design
ratio T of this particular gtructure iz 0.7. Of the
various structures constructed and tested, it was
found that the structure with a design ratio of 0.5 had
the best pattern characteristics. Typical patterns of
this structure are shown in figure 19. The 8 = 90°, &
variable patterns are omnidirectional within 1.5 dh
over the frequency range of one period; the ¢= 90°,
8 varjable patterns are bidirectional and have an aver-
age beamwidth of about 65*. The characteristic im~-
pedance wag 100 chms with a normalized VSWR of 1,2
to 1. : g

A tjrpical, four - armed, sheet, circular -

Fig. 18
. " tooth, omnidirectional structure.

A limnited Investigation of the effect of varying the
o angle while holding 5 fixed at 45° for a structure
having a design ratio of 0.7 (figure 18) was made, As’
« was reduced from 135°to 115%, the E~plane patterns
were unchanged while the H-plane beamwidth increased
slightly from 68° to 75°. When o was reduced to 85,
the E-plane pattern was cmnidirectional within =3 db,
and the H-plane pattern beamwidihs were about 90°,
The impedance did not change appreciably as o was
_reduced, : ' N

The trapezoidal tooth atructure shown in figtme
i7a (@ = 90% & =30% 7 = 0.5) did not have as uniform

8-90° @ VAR.
9=90°

121400

- f=1700

Fig. 19 Patterns for omnidirectional curved - tooth
structure.

or as frequency independetit omnidirectional character-
istics as did the similar circular tooth siructure, As a
comparison, the trapezoidal tooth structure was ommi-
directional within £2,1 db as compared to £1.5 db for .
the circular tooth structure; and the H-plane, bidirec~
tiopal patterns were on an average 55° as compared to
65°, The impedance was 140 ohms and 100 okms for the
trapezoidal and circular tooth structures, respectively.
Both had a normalized VSWR of 1.2 1o 1.

The only other type of sheet metal omnidirectional
structure tested was 2 three-armed circular tooth
structure (see figure 17b for a gimilar trapezoidal tooth
structure). The structure was omnidirectional within
+3 db and the patterns were more frequency dependent
than the structure having four arms. It appears that the
more arms a structure has (within reason), the more
onmmidirectional it will be. . '

One wire, trapezoidal tooth, omnidirectional struc- .
ture was constructed and tested (see figure 20). The E-

plane patierns varied somewhat in- their omnidirectional . -

characteristics with frequency, but on an average, they
were omnidirectional within +2. 1 db; the H-plane patteras

were bidirectional with an average heamwidth of 60*, The

input impedance was 135 ohms with a normalized VSWR
of 1.3 to 1. Inview of the relative simplicity, this
gtructure could be used as an bf antenna, The wire struc-
ture could be easily strumg up between four wooden poles.
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.. Fig.20 A typical, four - armed, wire, trapezoidal -
: tooth, omnidirectional structure.

Unfortunately, it is not possible to use one-half of
any of the above structures over 2 ground plane (and
. fed against the ground plane) without having large varia-
~ tions of pattern and impedarce over a period of :
. frequency.’ : P

Ctreularly Polarized Antennas

A limited investigation of circularly polarized, - |
unidirectional logarithmically periodic broadband struc-
tures was performed.. The most successful of the vari- -
ous techniques tried was that of taking the planar strue-
ture shown in figure 21 and placing the quarter-structures,
one on each slant side of a pyramid. The angle between
opposite slant sides of the pyramid is the ¢ angle of
the structure, . e
As _can be observed from the figure, one structure
iz V4’the size of the other, A very well-defined cir~
cularly polarized beam (at ¢ = 30% &= 90% is obtained.
The enlarged view of the feed point showa that, in gen-
eral, two adjacent quarter-siructures are fed against
the remaining two quarter-structures; wo and three are
being fed against four and one. The sense of the cir—
cular polarization can be reversed by simply switching

 the feed point, or by feeding three and four agalnst one
and ftwo., = . o o ' .

Four eé@ex_‘im&ntal patiefns over approximately a
half-period-are shown in figure 22, As can be seen, the

. axial ratio r 28 measured on the beam axig varied from

1.05 to 2 over this range. Since the patterns for the
linearly polarized components (Eg and E &) are very
similar, it is expected that good circular polarization

" is obtained over most of the beam,

R, =12.75 CMm,
AL ugs”
A0

L TeT07
¥ 80°

' Fig. 21 Wire, trapezoidal - tooth, clrcular -'polarized structure.
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: pyramidal structure,

Current bistribution Measurements

An attempt was made to measure the magnitede and
phase of the currents fiowing on the elements of & typical
nonplanar, wire, trapezoidal tooth structure. The cur-
rent distribution was very. complex and the resulis were

"ot too conclusive. However, it was observed that, as

the magnitude of the currents was measured from the
vertex out toward the longer transverse elements, a
point of maximum current magnitude was reached, From
this point, the magnitude of the current decreased to
more than 30 db below its value af the maximum point,
The tranaverse elements at this low current point were
much longer than a half wavelength of the operating
frequency. - This tends to demonstrate that end effects
are negligible on these giructures, which must be the
case for wide band operation. As would be expected, .
the point of maximum current magnitude shifted toward
the veriex of the structure as the frequency was
increased. '

‘Conclusions -

Ma.nlv types of logarithmically periodic antenna
sfructures have been built and tested. Most of those
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ot patterns. All of the planar structures (even those

-

which gave essentially frequency indépendent operation
have been reported here but there were many structures
for which ths pattern and/ot impedance were quite fre-
quency sensitive, Unfortunately, no theory has been
established which even predicts the types of atructures
which will give frequency independent operation, The
equicomplementary condition (for planar structures) is
sufficient to insure frequency independent impedance but

that don't work) may be considered as cross secticns of
frequency independent three-dimensional angular struc-
tures so-that this approach leads nowhere. Thus, it ia
felt that a theoretical investigation of this class of an~
tennas would be moat fruitful. '

» R
. Nevertheless, a small amount of effort has led to

. the discovery of structures which give a wide variety

of essentially frequency independent radiation charac- ‘ e
teristics over practically unlimited bandwidths, Ome o
of many possible applications is for flush-mounted micro- o
wave antennas. Here, unidirectimal structures canbe
placed in cavities with the cavity having little influence
on the electrical characteristics because of the uni-
directional pattern.
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