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United States Patent Office 3,013,268 
Patented Dec. 12, 1961 

3,013,268 
ELLPCAL-PCBLAREZE LOGARTHMICALLY 

EREC ANTENNA 
Raymond H. D. Hame; and Fred R. Cre, Cedar Rapids, 
Iowa, assigners to Colias Radio Company, Cedar 
Rapids, Howa, a corporatiosa of towa 

Filed Apr. 23, 1959, Ser. No. 308,373 
16 Clairs. (C. 343-797) 

This invention relates to logarithmically periodic an 
tennas capable of operating with elliptically-polarized 

10 

radiation including the special cases of circular-polariza 
tion and linear-polarization at any angle. 

Linearly-polarized logarithmically periodic antennas 
having straight-edged teeth are described by patent ap 
plication Serial Number 721,408 filed March 14, 1958, 
by the same inventors as the present application. All 
matter in that application relating to the construction of 
logarithmically periodic antennas is incorporated herein 
by reference. 
The present invention comprises a logarithmically 

periodic antenna having at least two elements which lie 
in planes at right angles. The two elements are con 
structed with the same parameter r which is defined in 
the prior-cited application. However, one of the elements 
is stretched with respect to the other so that their com 
parable teeth have different distances from a common 
apex. 

Thereore, it is an object of this invention to provide 
an antenna having an elliptically-polarized radiation pat 
tern which can be made to operate over a wide a fre 
quency range as desired without theoretical limitations. 
in practice, maximum size for an antenna structure coin 
trols its low-frequency limit and construction tolerance 
controls its high-frequency limit. However, a 20-to-1 
frequency range is easily obtainable. 

It is another object of this invention to provide a fre 
quency independent antenna which can be constructed to 
provide a circularly-polarized radiation pattern. 

It is still another object of this invention to enable 
control of the axial ratio of elliptical polarization. 

Further objects, features and advantages of this in 
vention will become apparent to one skilled in the art 
upon further study of the following specification and ac 
companying drawings in which: 
FIGURE 1 is a perspective view of an antenna made 

according to this invention. 
FIGURE 2 shows another view of FIGURES 1 and 5. 
FIGURES 3 and 4 illustrate transmission-line feed 

connections to the apex of the antenna in any of FIG 
URES 1, 5, 6, 7 and 10 for opposite rotations of polari 
zation. 
FIGURE 5 shows a plane configuration of the inven 

tion and its bi-directional patterns. 
FIGURE 6 illustrates another form of the invention. 
FIGURE 7 is a form of the antenna having triangular 

teeth. 
FIGURES 8 and 9 illustrate Side and back views of an 

elliptically-polarized antenna having two quadrature posi 
tioned elements. -m 
FIGURES 10 and 11 show another form of ellipti 

cally-polarized logarithmically periodic antenna. 
Certain parameters found in the prior-cited application 

dealing with logarithmically periodic antennas are also 
applicable to the present invention. These. parameters 
are ce, 6, and T, which are used to define a single element 
of the antenna, designated as a half-portion in the prior 
application, and a parameter il defining the angle between 
two elements. To summarize briefly, or is the angle 
bounding the sides of an element. Angle 6 is between a 
pair of rods symmetricaily-placed internally along the 
entire length of an element, and 3 may be zero by using 
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a single centrally-positioned rod. Angle it separates the 
planes of opposite elements in an antenna. Parameter 
T controls the number of rods in a finite sized element 
and is defined by the following expression 

R+1 
R (1) 

where Rn and R1 are the distances from the apex for 
comparable transverse edges of teeth in adjacent struc 

Tra. 

tural periods of an element, where R is the larger dis 
tance. The longitudina width of any tooth is defined by: 

a = (2) 
Where r and R are distances from the apex of trans 
verse edges on opposite sides of a tooth. For structural 
Symmetry of an element: 

a = vT (3) 
in FIGURES 1 and 2, there are two pairs of antenna 

elements in which elements S6 and a provide one pair 
and 2 and 3 provide a second pair. Each pair com 
prises a logarithmically-periodic antenna as defined in the 
above-cited patent application. However, special posi 
tioning and relative proportioning is necessary between 
the two antennas in order to obtain a single elliptically 
polarized antenna. The four elements have the same 
values of t and cy, and each pair has the same angle . 
Both pairs have a common apex i6, but the planes of 
one pair are perpendicular to the planes of the other 
pair. 

However, the pair E2 and 3 is sized differently from 
the pair 8 and 1, in that one pair is stretched by a 
factor K. To prevent confusion between the two pairs, 
the apex distances for any transverse tooth edge in pair 
is and it will be designated R and the apex distance 
for a comparable transverse tooth edge in pair 12 and 
53 will be designated Rp. Comparable tooth edges are 
those having most nearly equal distances to the apex. 

For clarity, t is restated in the nomenclature distin 
guishing the pairs of elements, as follows: 

r= i = i (4) 
Therefore, 

Ras Kit, (5) 
Experiments have shown the following relationship: 

- S. B. Roli K=ri-ji=it (6) 
where S is the time-phase in radians between the electric 
field vectors of the respective antenna pairs. Where cir 
cular polarization is desired, S is ar/2, and K is r1/. 
Linear polarization requires S to be zero. Other values 
of S obtain different degrees of elliptical polarization, 
The direction of rotation of the resultant vector of the 

component quadrature electric fields is determined by the 
manner of connecting a transmission-line to-the-antenna. 
FIGURE 3. illustrates how a transmission line 4 may be 

: connected to the apex portion of the antenna to obtain 
one rotational direction of polarization. Coaxial cable 

- 4 shown in FIGURE 3 is brought-centrally, along-an 

O 

tenna element 2 where its outer conductor is electrically 
connected to the vertexes of elements 12 and 10. The 
inner conductor is electrically connected to the vertexes 
of elements 13 and 11. A balanced line may be used by 
connecting its opposite sides in the same manner as was 
done for the opposite sides of the coaxial line. 
By switching the order of connections to elements.10 

and 12 as shown in FIGURE 4, the opposite direction of 
elliptical polarization is obtained. Here, the inner con 
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ductor is connected to elements 11 and 13, and the 
outer conductor is connected to elements 12 and 10. 
The angle of each pair of elements may have any 

value between 0 and 180°, but p is preferably the same 
for both pairs. In the special case, where it is 180, 
the antenna will lie along a single plane and has an edge 
view as shown in FIGURE 5. FIGURE 2 is also repre 
sentative of an elevational view of FIGURE 5, as well, 
being an end view of FIGURE 1. In the case of the 
planar arrangement of FIGURE 5, a bi-directional pattern 
results having radiation lobes 16 and 17. 
Where p is less than 180°, the radiation pattern be 

comes uni-directional as shown in FIGURE 1, and its 
predominent radiation beam is off the apex end of the 
antenna. 
Any of the forms of teeth for logarithmically-periodic 

antennas may be used in the elliptically-polarized type 
taught by this application. Thus, in FIGURES 1 and 6, 
trapezoidal teeth are shown. However, in FIGURE 7, 
triangular teeth are provided. 
The angles and a may have any value relative to 

each other. However, it is preferable with trapezoidal 
teeth that they not be close to equality, because then the 
outer edges of the teeth may touch each other to cause 
mutual-coupling effects which adversely affect operation of 
the antenna. In FIG. 1, angle it is greater than angle c. 
In FIGURE 6, angle it is less than angle oz. Either case 
is satisfactory as long as the edges of the elements do 
not become too close to each other. In the case of tri 
angular teeth, the mutual coupling is not prohibitive 
when the angles are equal. 

It has been found that the axial ratio between the mag 
nitudes of component quadrature electric-field vectors can 
be maintained less than 2-to-1 where circular polariza 
tion is intended over a large frequency range. It was 
also found that the ratio tended to improve as angle a 
was made smaller. 
FIGURE 8 shows a side view and FIGURE 9 shows 

a back view of a form of circularly-polarized antenna 
having two elements 21 and 22 which are positioned with 
common axes. The elements each have a pair of con 
ducting rods 23 and 24 or 26 and 27 throughout their 
length and spaced by angle 6. They are electrically con 
nected to their respective teeth. Half-portion 22 is con 
structed with the same value of r as element 2; however, 
element 22 is stretched by factor K defined by expression 
4 above. The pattern 28 of the antenna in FIGURE 8 
is unidirectional as shown. This antenna is fed by con 
necting opposite sides of a transmission line to the ver 
texes of the two elements. 
The frequency range of an elliptically-polarized an 

tenna in this application is determined in the same man 
ner as was previously explained in the above cited appli 
cation. However, the tolerances for the elements in the 
circularly-polarized case are generally more critical than 
with the prior linear periodic antennas because of the 
structural phasing relationship between the teeth of the 
quadrature-positioned elements, which are relatively 
close to each other along their sides. Furthermore, the 
axial ratio for the antenna tends to become more con 
stant as angle a is decreased. 
FIGURE 10 shows a side view and FIGURE 11 illus 

trates an end view of another form of the invention, 
which provides a unidirectional split beam that is ellip 
tically polarized. It also has two pair of elements. Pair 
20 and 21 comprise a split-beam nonplaner logarithmi 
cally periodic antenna as taught in a patent application 
titled “Frequency Independent Split-Beam Antenna,' No. 
804,356, filed about April 6, 1959, by the same inventors 
as the present application. The second pair of elements 
22 and 23 comprise a planer logarithmically-periodic an 
tenna as taught in a patent application Ser. No. 804,357 
filed about April 6, 1959, titled “Frequency-Independent 
Unidirectional Coplaner Antenna' by Haymond H. Du 
Hamel and David G. Berry, and assigned to the same 
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4. 
assignee as the present invention. To obtain circular 
polarization, the component antennas are constructed with 
equal values for a and T. The angle 3 for the component 
coplaner antenna is made equal to the angle it for the 
component non-planer antenna. Hence, elements 20 and 
22 have a common axis, and likewise elements 21 and 23 
have a common axis. One of the component antennas 
is stretched with respect to the other component antenna 
by a factor K as defined by expression 5 above, wherein 
S is 

; 
for circular polarization. 
The split-beam characteristic of the antenna in FIG 

URES 10 and 11 is not obtainable with the antennas in 
FIGURES 1-7. 
However, an antenna like the one in FIGURE 10 may 

be constructed to have a single forward beam by having 
the non-planer elements reversed to a non-image rela 
tionship, as defined in patent application Ser. No. 721,408 
cited above, and having the coplaner elements in an 
image relationship as defined in patent application Serial 
No. 804,357, filed about April 6, 1959 by the same in 
ventors as the present application. 

One-half of the structure in FIGURES 10 and 11 is 
similar to the embodiment of FIGURES 8 and 9. If the 
one-half structure is placed over a ground plane, posi 
tioned to bisect angles 8 and in FIGURE 10, an image 
of the structure will be caused in the ground plane. The 
one-half structure and its image combine to provide a 
structure different than that in FIGURES 10 and 11; 
because the resulting coplaner antenna has a single beam, 
and the resulting nonplaner antenna has a split beam. 
However, the ground-plane prevents a split-beam pattern 
from being obtained, and a single unidirectional beam 
off the apex end of the antenna results. However, their 
component beam patterns are different with equal values 
of Oz and -3. This results in the axial ratio varying at 
different points in the beam. Accordingly, different cy, , 
and angles may be used to obtain approximate compo 
nent equal patterns that approximately coincide; and the 
axial ratio is thereby made substantially the same over 
the entire beam. 

Although this invention has been described with respect 
to particular embodiments thereof, it is not to be so 
limited as changes and modifications may be made there 
in which are within the full intended scope of the inven 
tion as defined by the appended claims. 
We claim: 
1. An elliptically polarized logarithmically periodic an 

tenna having at least two antenna elements, each being 
triangular in shape and having apexes positioned adja 
cent to each other, said elements lying in planes that arc 
positioned perpendicular to each other, each element 
having outer lateral boundaries included within an apex 
angle C, logitudinally conducting means included along 
each element from its apex to its opposite end, a plu 
rality of conducting teeth formed along the edges of 
each element, with, said teeth having inner and outer 
edges with respect to said apexes, said teeth alternating 
on opposite sides of each of said elements, the radial 
distances from the apex to the inner sides of adjacent 
teeth on either element having a geometric-sequence ratio 
of t, the ratio of the radial distance from the apex of 
the inner to the outer sides of a tooth being given by a 
geometric-sequence ratio a, one of said elements being 
longer axially with respect to the other element by a 
factor K, which is equal to 

S 
2. 

where S represents a required time-phase between quadra 
ture electric field components. 
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2. An antenna as defined in claim 1 for providing cir 
cular polarization in which 

T is made r1/4 
27t 

3. An antenna as defined in claim 2 in which linear 
polarization is provided at 45° in which 

S 
2. s made 1 

4. An elliptically polarized antenna as defined in claim 
1 in which the angular shapes of the two elements inter 
sect each other symmetrically. 

5. An elliptical-polarized logarithmically-periodic an 
tenna comprising two pairs of elements, each pair having 
two elements spaced opposite each other by an angular 
Separation it, and having adjacent apexes, one pair being 
positioned perpendicularly with respect to the other pair, 
the elements of each pair being, generally triangular in 
shape and having their ends opposite their apices posi 
tioned adjacent to each other, each element having outer 
lateral bounderies included within an apex angle cy, con 
ducting means connected axially along each of said ele 
ments from its apex to its opposite end, a plurality of 
conducting teeth formed alternately on opposite sides of 
each element, said teeth having inner and outer sides 
with respect to said apexes, the radial distances from 
the apex of the inner sides of adjacent teeth having a 
geometric-sequence ratio T, the ratio of the radial dis 
tance from the apex of the inner to outer sides of a given 
tooth being given by a geometric-sequence ratio a, trans 
mission line means having opposite sides, one of said op 
posite sides being connected to the apexes of one element 
of each pair, and the other of Said opposite sides being 
connected by the other element in each pair, and one of 
said pair of elements having the radial distances of its 
teeth from the apex greater than the radial distances of 
the teeth from the apex of the other pair of elements by 
an arount 

S 
2. 

6. An elliptically polarized antenna as defined in claim 
5 in which circular polarization is provided, and one of 
said pairs of elements is greater in axial proportions than 
the other pair by an amount T. 

7. An elliptically polarized antenna as defined in claim 
6 in which the teeth are trapezoidal in shape. 

8. An antenna as defined in claim 5 in which said teeth 
are made of rod-like conducting members positioned 
along the periphery of said teeth. 

9. An antenna as defined in claim 5 in which said teeth 
are triangular in shape. 

10. An antenna as defined in claim 9 in which said 
triangular teeth are formed of rod-like conducting mem 
bers positioned along the edges of said teeth. 
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6. 
1. An antenna as defined in claim 5 in which the 

angle O is less than angle j. 
12. An antenna as defined in claim 5 in which said ly 

angle is less than angle c, said elements being interlaced 
With each other but not electrically contacting each 
other. 

13. ail elliptically polarized antenna including as com 
ponents a first and a second logarithmically periodic an 
tenna, in which said antennas are positioned with a com 
inton apex, said antennas extending in the same direction 
from said apex, said antennas being positioned in inter 
Secting normal planes and being positioned over a sub 
stantially level grounded surface with the apex thereof 
being near said grounded surface but not touching said 
grounded surface, one of said antennas lying in a plane 
which intersects the grounded surface at an angle less 
than 90 and which produces an intersecting line with 
said grounded Surface which is normal to the intersecting 
line of the normal planes in which said first and second 
antennas lie. 

14. An elliptically polarized antenna having as compo 
nents a pair of non-planer logarithmic periodic antenna 
elements and a pair of co-planer logarithmic periodic 
antenna elements, the two antenna elements of one pair 
of antenna elements each having a common center con 
ductive boom with separate ones of the two antenna 
elements of the other pair of antenna elements, the apex 
of the individual antenna elements of each of the two 
pairs of antenna elements being positioned close together 
but not making electrical coupling. 

15. An elliptically polarized antenna in accordance with 
claim 14 in which said pair of non-planer antenna ele 
ments have an image relationship, and said pair of co 
planer antenna elements have a non-image relationship, 
said antenna providing a radiation pattern having a split 
beam with elliptical polarization. 

16. An elliptically polarized antenna in accordance 
with claim 14, in which said pair of co-planer antenna 
elements have an image relationship, and said pair of 
non-planer antenna elements have a non-image relation 
ship, whereby a single predominent beam is provided in 
a forward direction, 
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