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““This invention relates to antennas of a type that can
be described as logarithmically pericdic, since their struc-

: 2 . :
To provide logarithmically periodic antennas having
‘structtiral simplicity, while permitting. frequency inde-’
pendence of radiation- pattern and input fr-qucncy over

extremely broad frequency ranges; and - .
To provide a logarithmically periodic antenna which

-¢an be entirely made of stra:ght-hned structure, capablc

af easy fabrication from wire or rods.
Further objects, features and advantages of the inven-

" tion will become apparent to a person skilled in the art

10

ture is repetitive in a logarithmic manner. Such antennas™

are particularly useful because they are capable of maia-

taining substantially-fixed radiationt patierns and input im-

pedances over a very broad frequency range, which may
be greater than ten-to-one.
. The general subject of such antennas is treated in a
paper by R. H. DuHame! and D. E. Isbell, titled “Broad-
band Logarithmically Periodic Antenna Structures™ and is
found in the 1957 L.R.E. National Convention Record,
Part 1, of the groep on Antennas and Propagation, Micro-
wave . Theory and Techniques. This article is only con-

.. eerned with planar logarithmically pericdic antennas which .

comply with the complementary principle when they are
infinitely “extended. The complementary principle re-
quires that the same form be obtained when the antenna
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. structure is interchanged. with the planar space surround. : -

. ingit. ‘That is, the complementary principle requires that

when an antenrna and its complement are added together
a complete infinite screen is obtained. In many situations,
if an antenna has a complementary shape, it may be ro-
tated by 90° about its center, and it will fill the area previ-
ously existing between its elements. If.an anténna is iden-
tical to its principle it has a constant impedance of 60x
ohriis’ whick is independent of frequency. This is ex-
plained in an article by V. H. Rumsey titled “Frequency
Independent Antenna™ found in the same LR.E, records
es the first-mentioned article. It was previously believed
that the complementary principle must be adhered to in
order to obtain a constant antenna input 1mpedance, inde-
pendent of frequency.

The present invention deviates from the complementary
principle in several ways and yet is able to maintain 2
radiation pattern and input impedance that are very nearly
.. Independent of frequency over a very broad range. For
example, anfenna structures made accordmg to this in-
vention need not lie in a single plane, which is a require-

ment of the complementary principle. Furthermore, when
8 form of the invention is made to lie in a single p!ane,
it need not satisfy the complementary principle. The in-
vention teaches how a logarithmically periodic antenna
structure can be made entirely with a straight-lined con-
ﬁgurauon.
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The invention provides a structure that is logarithmi-

cally periodic from a giveh vertex point. As z conse-
. quence, similar portions of the antenna repeat with a

- geometric-progression relationship as a function of their
dxstance from the vertex,
in the invention can be made linear to permit substantial
structural simplifications, particulaily for large sized an-

tennas to cxtend their range to relatively low frequencies.
" Some of the objects of this invention are the following:
To provide an antenna which maintains the same radia-
. tion pattern throughout an extremely largc operatmg fre-
quency range;

To provide an’ antenna which maintains a very-nearly
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.constant input impedance over an_extremely large fre-

quency range;

- To provide a logarithmically periodic antenna with a
- radiation pattern that can be made omnidirectional;
Ta provide 2 logarithmically periodic antenna with a

radiation pattern that is controllably asymmetric; '

upon further study of the specification and accompanymg
drawings, in which: .
» FIGURE 1 illustrates an elevational view of one form
of the invention;
FIGURE 2 shows a sxde view and radiation pancm,
FIGURES 3, 4, 5, 6{A), 6(B) and 7 represent other
forms of the invention;
FIGURE 8 is a perspective of a three-dimensional form

_of the invention;

FIGURE 9 illustrates a conical development of the
three-dimensional form in FIGURE §;

FIGURES 10(A), (B) and (C) show ead views of
various forms of the invention with their radiation pat-
terns;

FIGURES 11 and 12 show pcrspecuves of other three-
dimensional forms of the invention; o

FIGURE 13 provides a modification of the invention;

FIGURES 14(A) and (B) respectively illustrate =
rounded-tooth three-dimensional form, and its end view
and radiation pattern;

. FIGURE 15 represents a radiation -pattern; and

FIGURE 16 shows an end view of a center-line folded
antznna.

Now referring to detailed forms of the invention, FIG-
URE 1 is first considered.. It shows a back-elevational
view of an anterina made from a pair of metal sheets
having a thickness that tapers toward a terminal point 12.-
FIGURE 2 shows a sids view of the same antenna aond
orients the position of paint 12, which is a reference point
for the system but has no structural existence, The an-
tenpa includes half-portions 10 and 11 which are gener-
ally triangular in shape and have respective vertexes ad-
jacent to point 12. Each half-portion 18 or 11 encom-
passes an angle o which is bisected by a center line 13 or
14, respectively, passing down their center,. However, it
is to be noted that neither half-portion 10 nor 11 is sym-
metrical about jts center line.

Each half-portion 10 or 11 has transverse teeth extend-
ing on opposxte sides of an inner tnanguiar—shaped seg-
ment that is defined by an angle 8. Angle g is symmctn—

_cally placed within angle «.

The two planes of haIf-pomons 10-and 17 are oriented .
apart by an angle ¢, which_cap_vary from_180%.40 0°. -
increasing angle ¢ beyond 180° causes it to repeat. -

A plurality of teeth 10g, 104 through 10L are formed
on half-portion 18; and a similar plurality of teeth 11g,
115 through 11L are formed on half—porhon 11, In FIG-
URE 1, each of the teeth i3 trapezoidal in form when its
transverse parailel sides are extended to meet center-line
13 or 14; and the parallel sides are perpendlcular to their

center-line. The teeth vary in size and spacing in a loga-

rithmically periodic manner from terminal point 12.
Thus, each tooth has paralle] sides 21 and 22 with outer
side 22 being the more distant of the two from point
12. . Each tooth {s bounded on its remammg twq sides
by lines defining angles ¢ and g.

The location and size of the set of teeth of half-portion
10 on the left side of its center line 13 will first be defined,
The location and size of the remaining teeth of the an-
tenna can then be defined in terms of ‘this set.of teeth.
The distances along center line 13 between point 12 and
the outer sides 22 of alternate teeth 102, 10c through 10L,
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are represented by distances Ry, Ry through Ry,
consecutive values of R are Ry and Ry,y, with the lat-
ter being the smaller distance, Similarly, rq, £y through
ry, Tepresent distances of the inner sides of the same teeth
from point 12; and of any conseculive pair of r are ry and
Iy, With the Iatter being the smaller distance. Thcy are,
deﬁned by the following expression:

Any two ..

-smzﬂlesz, and tooth 10a 15 the largest,

Y
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Accordingly, the
small triangular part 23 of half-portion 10 near vertex 12
has no teeth, due to the practical difficulties in making
very small teeth, However, the outer side 24 of triangular
portion 23 perfarms like the outer side 22 of a tooth, and
it acts electrically Like the smallest tooth of the zntenaa. -
Half-portion 11 similarly has a small triangular portion
25 with an outer side 30 that correspoads to triangular part

B .
Lo r——gﬂ = (1) 23 and its outer side 24, respectively.
v 11 ™~

where 7 Is a constant less than one, which is fixed for a
given antenna design.

Expression 1. positions the teeth with respect to each -

other along the center-line but does not specify the width
of the teeth. The width of any tooth of the set is the dif-
ference between Ry and ry, wh.lch are related by the fol-
lowing expression:

()
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Structurally, the size of the largest and smallest teeth
determine the lowest and highest frequency limits, re-
spectively, of the range.

The h:oh-frequency limit of the frequency independent

--range is reached when the length of smallest side 24 or 25

15

from the center-lice to its «-boundary becomes about one-

-tenth of a wavelength of the radiated frequency.

Oh the other hand, the low frequency limit of the range-
is determined when the length of the largest side 22g,

™
& measured from center-ling 13 to its u-boundary, is ap-

proximately one-quarter wavelength. .
Although the frequency Izmtts are determmed by the

sizes of the largest and smallest teeth in the structure, it

20

! " where o is constant for a given antenna design.
Consequently, expression 2 completes the general de-

finition of the set of teeth.on the left side of center-line 13
inFIGURE 1.

The remaining testh of antenna half- pomon 10 can
then be defined, becatse the teeth on the right-hand side
- of center-line 13 have their sides 22 and 21 aligned with
the defined sides 21 and 22 respectively of the left-hand
side, with the teeth on the tight-hand side aligning with
‘spaces between teeth on the left-hand side. -

Furthermore, the teeth on the opposits antenna half-por-
tion 11 are also thereby defined, because half-portions 16
and 11 are identically shaped. Thus, in FIGURE 1 the
tecth on the right-hand side of portien 11 correspond to
the teeth on the left-hand side of portion 10. Likewise,
the teeth on the left-hand side of portion 11 cotrespend
to the teeth on the right-hand side of porsion 10.

Although the balf-pertions 10 and 11 are constructed
in the same manner, they are positioned unsymmetrically
with respect to each other in the sense that one is not the
image of the other. This prevents the same antenna re-
sponse from being obtained by positioaing a single half-
portion over a ground-plane that bisects angle ¢,

Expressions 1 and 2 determine a geometric-ratio se-
quence for tooth sizing and for tooth spacing. However,
they permit different geometric-sequencies having the
same geometric-ratio to define distances to inner and ooter
sides of a tooth, respectively. A particularly useful special
case occurs when the testh are similarly proportiomed
on opposite sides; and this is obtained when

o=V 3)

When angle ¢ is less than 180°, an ~asymmetrical radia-

tion pattern 26 shown in FIGURE 2 is obtaired, with the

) major lobe pointing in the direction of arrow 27. The®

" primary polarization of the radiation is parallel to teeth
sides 21 and 22, A secondary transverse polarizalion is
also obtaired; which is small and can be controlled. The
radiation pattern is discussed below in more detail.
Theoretically, an infinite bandwidth from zero to in-
finite cycles-per-second can be obtained for.the antenna
by making each half-portion infinitely long, wherein the
tecth become infinitely small as vertex 12 is approached
- and infinitely large in the opposite direction. In practice,
finite dimensions are mandatory, and a finite number of
_ feeth must be used, Thus, the bandwidth is then no long-
er infinite, but nevertheless, extremely large bandwidths

can s5till be obtained. The number of tecth used in the .
70

. pven antenna is therefore somewhat arbitrary, although
gencrally spzaking more than two teeth must be used to
obtain & structure which is logaritbmically periedic. In
each case, there is a practical limit ta the size of the largest

~ tooth, and the smallest tooth also has its Hmit. Thus, in
antenna half-poriion 10 in FIGURE I, tooth 10L is the
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the antenna structure.

is by no means to be implied that radiation gceurs only
from -these teeth at the respective frequency limits.
Rather, radiation at all times occurs from several of the
tecth in varying dégrees in a complex manner.

Ideally, the sheets of metal from which each of the an-
tenna half-portions 10 and 11 is made have tapered thick-
pess as. explained above. In practice, however, it has
been found that stepped thickness can be used to the same
effect, and further that uniform thickness can be used
without substantially inhibiting the operation of the an-
teona for very large bandwidths of the order of five-
to-one,

The antenna of FIGURE 1 can be fed by means of
either a balancad or an unbalanged line, but special pre-
cautions must be taken to prevent the line from interfering
with the radiation pattern. An unbalanced line, coaxial
cable 29, is used in FIGURES 1{ znd 2. In order to pre-
vent it from ioterfering with the radiation pattern, it i3
brought along the solid triangular portion within angle
B, with the outer conductor making contact therewith, and

it terminates at the apex of half-portion 11. Itsinner con-- -

ductor 28 extends from the end of coaxial line 29 across
the space between the apexes of the half-portions, and-
Lonnects to the apex of half-portion 10. - Outer conductor
29 is not at ground potential aloag half-portion 11 but
varies in a manner that-automatically transduces the un-
balanced-line impedapce to a balanced impedance connec-
tion for the antenna without vobalancing the anfenna pat.
tern. The near-zonme electro-magnetic fields associated
with the antenna decrease rapidly as extremity 22a is ap-
proached. Therefore, the presence of coaxial line 29 has
little effect on the field and hence on the balance of
This effectively produces a very-
wide-band balanced feed for the antenna.

Also, a balanced line can be connected to the antenna
by being brought toward the antenna in FIGURE 2 along
the dircction of arrow 27, with opposite sides of the line
being connected to the apexes of the respective half-
portions. If the transmission line is brought from the
side of the antenna that is perpendicular to the paper at
point 27 in FIGURE 2, it interferes with the radiation
pattern to some degree, which in many cases makes such
type of connection undesirable,

Although each half-portion 10 and 11 is in 2 respec-
tive plane in FIGURES 1 and 2, each can also be folded
about its center-line 13 and 14. -FIGURE 16 shows an
end view of such antenna where ¥ is 150° and x is the
fold angle between the radical members of half-portion
10 having respective end teeth 224 and 225, The figure-
eight type radiation pattern 15 of this antenna is made
more omnidirectional as angle x is made smaller. Opti-
mum omnidirectionality is cbtained with x between 120°
and 130°. As angle x is made smaller the antenaa be-

]




comes more frequency-sensitive and its bandwidth de-
creases. © : -

* We have also'discovered §tructural modifications of the
antenna given in FIGURES 1 and 2, which greatly facili~-

tate the uvse of thé invention.. FIGURES 3 through 7
. illustrate such modifications, and teach how the invention
can be constructed from conducting rods or wire, while
. still maintaining the required operating characteristics of
the invention, - With rezard to FIGURE 3, rods are used
to.provids an outline of the configuration given in

- FIGURE 1. Although the antenna of FIGURE 1 does

~not have -an identical complementary structure, it still
provides a clear distinction between the teeth and spaces”
between the teeth. The structure of FIGURE 3 is hence
even farther from the complementary principle, since the
internal portion of any tooth defined by rads or wire is
also a space. Nevertheless, we have experimentally deter-
mined that the structure of FIGURE 3 operates in sub-
stantially the same manner as the structure of FIGURE 1.
FIGURE 3 also includes two half-portions 10 and 11.
Half-portion 10 intludes a plurality of transverse rods
324, 32b through 32L. Similarly, half-portion 11 com-
prises transverse rods 33a, 335 through 33L. The rods of
half-portion 10 are positioned with respect to the center
of the antenna in the same manner as tooth sides 21 and
22 were located in FIGURE 1, that is, by means of ex-
pressions 1 and 2 above. Rod sections 36z, 360
. through 36L are placed on the boundary of the teeth of
portion 10, as defined by angle «... Similarly, the teeth
in portion 11 have lateral bounds provided by rod sec-
tions 37a, 37b through 37L, which likewise are aligned
along angle .. A pair of rods 41 and 42 are fixed to por-
"tion 10 along the sides of angle 8; and rods 43 and 44
are similarly positioned in portion 11.. A centrally posi-
tioned rod 46 is also provided along half-portion 19,

while coaxial cable 29 is brought centrally along half- -

portion 11 with its outer conductor connected to respec-
tive transverse rods 33. . Its inner conductor 28 exits from
the coaxial line at the apex of portion 11 and connecis
to the apex of portion 10. '
The antenna system of FIGURE 4 is similar to that
shown in FIGURE 3 and like portions carry like refer-
ence numbers. However, in effect, angle 8 Is made zero
" in FIGURE 4 by not providing rods 41, 42,33 dand 4.7~
FIGURE 5 shows a modification of the antenna of
FIGURE 4, wherein the. trapezoidal teeth elements. of

FIGURE 4 are modified into triangular shapes. Thus, in’

FIGURE 5 the two antenna portions 10 and 11 are again
confined within an angle <; and like FIGURE 4, there is
also provided a center rad 46 in portion 10 of FIGURE §
and coaxial cable 2% along portion 11. In effect, items
46 and 29 are bisectors of angle «. :
Thus, in FIGURE 5, portion 10 is composed of trans-
verse rods Sla, 516 through 51L. Similarly, portion 11
¢omprises transverse rods 53a, 53b through 531. The
rods connected at their ends to-form transverse triangular

teeth, The outer apex of each triangular tooth lies on a

defining line of angle w.
If the antenna of FIGURE 5 were superimposedl.on a
corresponding antenna of the type in FIGURE 1, the

apexes of the triangular teeth of FIGURE § would be

" located on the lateral sides of corresponding trapezoidal
teeth. : ' :
The positioning of the transverse rods in FIGURE §
. is preferably determined by means of expressions 1 and
2 given above, However, the terms of the expressions
are preferably defined in FIGURE 5 with respect to the
apex points of the transverse teeth. This is done with
respect to antenna half-portion 10 by designating its
apexes on the right-hand side in FIGURE § by means
-of R and by designating its apexes on the left-hand side
by r. The dimensions R and r are measured from a trans-
verse line €0 that passes through terminal point 12 and
is transverse to center-line members 46 and 29. The end

N .

8,076,802

6

With this: definition of the positions of the elements in
FIGURE 35, it will- be found that their points of inter-
§ section with center-line members 46 and-29 also satisfy
expressions 1 and 2 above, with expression 3 being

. a specific case. Also, it will be noted that.alternate ele-
ments in FIGURE § are parallel to each other; for ex-

. ample, elements 51a and 51c are parallel, 515 and 514
10. are parallel, and so forth, ' :

In FIGURE 5, the apex part of pértion 10 is defined

. by rods 56, 57 and 511, Likewise, in portion 11 the apex
triangle is defined by rods 58, 59 and 53L. )

FIGURE ‘2 may also represent a side view of any

15 FIGURES 3, 4 and §, wherein their two half-portions are

*separated by an angle ¥ which may vary from 0° to 180°.

The basic tiangular-toothed configuration of FIGURE -

5 leads to the greatest. structural simplification in some
cases over other forms of the invention, while maintain.

20 ing the desired operating conditions. Thus, the configura-

tion of FIGURE 3§, as also do FIGURES 3 and 4, permits
wire structures for very large antennas capable of having
extreme broadbandedness which extends into the lower
frequencies. In order to lower the low frequency limit of

" 25 the anienna range, it is necessary to increase the size of

the larger elements of the antenpa.  Since the width of
the largest transverse element approximates one-half
- wavelength of the lowest frequency, it can be realized that

- at very low frequencies the transverse elements can be-

30 come rather large. -
FIGURES 6(A) and (B) illustrate how the antenna
configuration given in FIGURE 35 can be constructed. of
wire, It is constructed using three poles 61, 62 and 63
firmly supported uprightly from the ground. Again the

35 antenna comprises the two half-portions 1¢ and 11. A
plural waisted insulator 64 is provided at. the top of a

‘pole 61 and is situated at the apex of the antenpa, The .

poles are preferably wood s0 as not to interfere with the
radiation. A peir of hooks 66 and 67 are respectively
fastened- in horizontal alignment to poles 62 and 63 near
their top. Similarly, a second pair of hooks 68 and 69
are fastened with berizontal alignment to the lower por-
tions of poles 62 and 63. A taunt line 71 is connected
between hook 67 and the upper-middle waist of insulator

40

45 64. Line 71 consists of metal wire segments mechanically

coupled but electrically separated by insulators 72. Sim-

" ilarly, another line segment 73 is connected between the
upper-middle waist of insulator 64 and hook 66. Line
73 is likewise comprisad of wire segments similarly cou-

50 pled by insulators 72. Lines 71 and 73 are structural
only and are interrupted electrically by the insulator to
prevent them from having an aantenna function. A di-

electric type of structural line could preferably be used
for lines 71 and 72 without insulaters; however, no di-
55 electric material is known which is properly stable under:

tension. The jnsulators 72 along lines 71 and 73 are
positioned to support, the apexes of the triangular teeth,

Transverse wires 5Ia through 51L are positioned be-
tween' the supporting lines 71 and 73 with an angle « in
80 ‘the manner defined for FIGURE 5. Insulators 72 con-
mect to the apex of each transverse tooth along lines de-
fining «. : .

In a ilike manner, the lower half-portion 11 of the an-

tennz is strung between a pair of structural lines 81 and .

65 82, which correspond respectively to lines 71 and 73.
- Thus, lines 81 and 82 arc strung between the lower-mid-
dle waist of insulator 64 and hooks 68 and €9, respec-

tively, " A central wire 46 connects the elements of sec-

. tion 10 along the bisector of ‘angle «. Similarly, a cen-

70 tral wire 47 connects the transverse elements of antenna

portion 11 to bisect its angle «. Central lines 46 and 47
connect to the upper and lower waists of insulator 64.

‘A balanced transmission line 83 is brought along pole

61. It fans away from the antenna and then is brought

76 directly toward its apex, where the opposite sidés of the

=2

of cach rod 512 and 53a farthest from point 12 is con--: -
sidered an apsx, and each has a distapce R; from line 60.-




——

8,070,602

7

* Jing respectively connect to the ends of leads 46 and 47.
The directiv‘ity of the antenka system of FIGURES 6(A)

* gnd (B) is the directionr of arrow 27 in FIGURE 6{A)

and prov:des pattern 26 in that figure.
Where it is desired to make the antenna of FIGURE 6

baw: a symmetrical figure-eight pattern, angle ¢ should -

be 180°, and the entiré antenna may be supported be-

.. tween two parallel upright poles. in 2 manner which is

- obvious in view of the description of the antenna in FIG-

" URES6. A coaxial feed lie is then preferably used, as

. given in the prior figures.

FIGURE 7 illustrates a rotatable 5mg1c-mast mountmg
of the form of the invention shown in FIGURE 4, and
like reference numbers are used for like components, The
anteona systern of FIGURE 7, for example, can be a

radic-ham anternd which is preferably éxtremely broad-- -

band to receive many of the ham bands. Unlike other
_ bam antennas, the one in FIGURE 7 does not require-any
tuning for the various bands, apd furthermore it main-
tains a directivity which is constant for all bands within
its range. Thus, if the antenna is designed for a fifteen-
to-one rangs, it can provide a horizonatally polarized trans-

mission at various points in the spectrum between two and

_ thirty megacycles. In FIGURE 7, the opposite halves of
the antenna, 10 and 1%, are supported on rotatable mast
B6. The central members 46 and 47 of antenna portions

"10 and 11 are step-tapered in cross-section, in order to .

enhance broadbandedness.  The taper fs largest at ele-
ments 322 and 332 and narrows to a point adjacent to the
= gntenna apex. . Also, in order to enhance broadbarded-
“mess the largest dlameter rods are 32a and 33a, with the
" diameters of the rods decreasing as their posmons ap-
proach the antenna apex.
._-Mast 86 can be made of conducting material, and when

" jt is made of conducting material it should be connected

to supports 46 and 47 at points midway between any two

-..adjacent rods 32 or 33, respectively. It bas been found .

experimentally that a metal mast does not interfere with
the radiation pattern when it is coanected to such mid-
points, because it appears that voltage-null points exist
along rods 46 and 47 at the points midway betweea ad-
jacent transverse rods.

A coaxial transmission line 87 passes upwardly through’

mast 86, which is hollow, and passes outwardly through
"~ a hole 88 in the mast and has its outer conductor con-
_nected along centrzl member 47 until it terminates at the

apex of the antenna as taught with FIGURE 4. Thus, -

its center conductor 28 extends outwardly and connects
to the end of central member 46, A dielectric block 8%
connects the apex ends of half-portions 1§ and 11 to pro-
vide meachanical rigidity only.

-1t has been found that the center-line conducting mem-
ber 46 and 29 in FIGURES 4 and 5, and 46 and 47 in
FIGURE 6 can be removed with some deterioration of
broadbande_dncs:; but with substamial ‘broadbandedness

_ remaining. Then, balanced transmission lines are prefer- -

able, although a coaxial cable ‘connected alomg the pe-
riphery of the teeth of one side to the apex could also be
used to feed the antenna.

FIGURE 8-illustrates an omnidirectional form of the

will be realized - shortly, FIGURE 8 comprises two an.

" tennas of the type shown in FIGURE 1 positioned in

space quadrature. The oversimplification referred to is
" that such two antennas do not have corresponding teeth,
- That is, the quadrature plane antennas have their teeth
differently placed. A picturesque macnner of describing
the posmomng of the teeth of each antenna half-portion-

“ 110 and 111 in FIGURE 8 is to say that the tecth of

each prov;dc a spiral staircase leadmg to the antenna ter-

* minal 112, The spiral effect is shown in FIGURE 9,
. which shows a logarithmic or .equiangular spiral devel--

oped on a cone. Thus one would have an antedna of
. the type in FIGURE 8 by passing two transverse planes

"~ 118 and 119 along the axis of the cones in FIGURE 9.

o 8 : ,

While theoretically the spiralling can ¢xtend to infinity,
in practice, it must be finitely terminated. Thus in FIG-~
URES 8 and 9, termination is defined by planes trans-

versely intersecting the center-line of the half-portions 116 -
5 and 111 at points equally distant from terminal point 112, .

FIGURE 10{A) shows an end view of the antenna of
. FIGURE 8, which provides an ommduectzonal-typc rad:a-'

tion pattern 91. -

: Half-portion 110 includes four radlal niembers 121 i
1g 122, 123 and 124 shown.in FIGURE 10(A), which are
fastenied together along the center-line of 113114 that
passes through both half-portions. In the same seénse,
there are two radial members on the opposite sides of
center line 13 in FIGURE 1 to define half-portion 10.

15-The same situation is found in each half—pcmon in each

of FIGURES 1-9, A radial member thus is confined.
withig an angle
a -
20 : : 2 o
from the center line of a half-portion. Similarly, half-
portion 111 includes four radial members 131, 132, 133
and 134. Fach radial member is included within an angle
95 . . ' &
. -2
from the antenna center line, as shown in FIGURE 8.
In obtaining the spiral-staircase effect, the outer edge of
any two adjacent spiral-related teeth, not being cut off by
30 the bounding planes, such as 110c and 1104, have their
respective outer sides defined by the expression:

Rnuarn_ﬁ (4)

=
- Bn r

a5
Hence, distances Ry and Ry, in expression 4 from a
transverse plane passing through a poiat 112 are given
by R; and R, for teeth 110c and 1104. Similarly, ry
and ry,y are taken from the inner sides of consecutive

40 spiral teeth to satisfy expression 4. Also, the center-line
distance ry and Ry of the inper and outer sides of any
tooth from point 112 will also have the fizxed ratio 'given
in expression 2 above, and the special case of expression
3 can like wise be satisfied. '

45 Antenna portion 111 is formed in the same manner as

portion 110 except that the spiralling goes in reversed
directions for the respective half-portions 110 ang 111
Jlooking from terminal point 112. Nevertheless, portion
111 js twisted 180" with respect to portion 110 about
&0 their center-live. Thus, tooth 1105 corresponds to 1115,
tooth 110c corresponds to tooth 11lc, ete, with corre.
sponding teeth. being op opposite sides of the common
center-line,
Due to the 18G° reversal about the center-line of an-
85 tenna half-portions 110 and 11% with respect to each
other, the two half-portions are not antenna images of
~ooe another. Accordingly, one half-portion cannot be-
provided over a transgverse ground-plane through point
112 to obtain the same omnidirectioral-type response

©

_ ! 60 which is obtained with the two half-portmns disposed 'as . -
invention; - With an oversimplification of statement which -

shown,

. Although there are four radial members vsed in each
“half-portion of FIGURE 8§, actuzlly any number greater
than two can be used, and the same rules apply for pro-
85 portioning adjacent teeth in the spiral-staircass manner.
The dimensions of an antenna having m pumber of ra-
dial members per half~portion can be found as follows:

1 Eur1_ hn
T Bwoow ®).
Where three radial members are used in each half-portion,
an end view is shown in FIGURE 10{B). Extending the
" rationale to five radial members per half-portion, an end -
view is given by FIGURE 10(C). This can be extended
75 to any number m of radial members with the uvltimate

70
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limit bemfv the spiral-grooved cones of FIGURE 9 a3 the
pumber m 2pproaches: infinity.
The omnidirectional-type patterns such as patt“rns 91,

92 and 93 in FIGURES 10(A), (B) and (C) are slightly-

distorted according to the number of radial membars used
per anfenna portion. . However, this deviation from a per-
fect ‘omnidirectionality is generally small and not objec-
tionable in practice, while at times has definite advantages.

FIGURE 11 is bas1cally the same as FIGURE 8 except
that it is made of wire network which simglifies construc-
tion in many cases.

configuration of FIGURE 8. The transverse rods in FIG-

. ‘Thus, the individual radial sections -
of FIGURE 11 are outlined by wire to form the toothed- .

io -

URE 11 do not intersect the coaxial cable 114, but merely

fasten to its. outer conductor. In practice, the rods are
continuous and coaxial line 114 and center-rod 113 lie
in a corner of their cross-over planes.
ductor 128 connects. to the apex end of rod 113, which

" can be.a solid conducting rod. .

The antenna network of FIGURE 12 is a triangular~
toothed version of the form in FIGURE 11 and has simi-
larities to FIGURE 5, Accordingly, the variation from
11 and 12 is similar to the variations from FIGURES 4
io 5. .

In regard to the three-dimensional structures given in

. FIGURES- 8 through 12, it was stated above that op-

posite half-portions are not images. However, when the

,.entire antenna asssmbly havmg both -halves. is erected
" gver & ground plané, the image of the eritire antehna is

view in the ground plane and this dees not interfere with
the radiation pattern,

FIGURE 14(A) illustrates a rounded-tooth version

of the form of the invention given in FIGURE 8. FIG-
URE 14{A) differs from FIGURE 8§ in that in FIGURE
14(A} the edge of each tooth is a segment of a circle
about terminal. point 112. - Thus, dimensions Ry and ry
in FIGURE 14(A) are taken from point 112 of the an-
tenna to any point along a respective tcoth edge. An
improvement in the emnidirectionality of the radiation
pattern was foucd in the rounded-toothed version of F1G-
URE 14(A) over the previously straight-toothed version
of FIGURES: 8§, 11 and 12. Thus, the circular radiation
pattern 94 shown in FIGURE 14(B) is obtained about
an end view of the antenna given [n FIGURE 13(A).

FIGURE 13 illustrates a modified version of FIGURE
1.. Unlike FIGURE 1, where all the teeth have their
inner and outer edges perpendicular to center-lines 13 and
14, the teeth in- FIGURE 14 have their oufer and inner
sides 22 and 21 intersect center-lines 14 and 13 at an
The points of intersection of the tooth edges
with -the center line are determined in the same manner
as was given for FIGURE 1.. That is, the points of inter-
section are determined by expressions 1 and 2 above.
Otherwise the antenna in FIGURE 14 is the same as that
shown in FIGURE 1, and a corresponding radiation pat-
tern js obtained. The angle § may be proportioned as
desired, but better performance is taken if the teeth drop
toward terminal point 12.

FIGURE 15 illustrates the forward radiation lobe of

shown here. The backward lobe Is equal to the forward
lobe only when angle ¢ is 180°. As i decreases, the back-
ward lobe decreases, and accordingly the front-to-back

back lobe is made minor in comparison to the forward
or thirty decibels below -that of the forward lobe. .

Antenna 150 in FIGURE 15 is illustrated with respect
to x, ¥y and z coordinaté -axes. These axes intersect at

the apex terminal point. 12 of antennz 150.. Thus, axis
x aligns centraily with the entire antenna structure to bi-
" sect angle ¢, Axis y is parallel to the transversé rods of
the antenna, which is of the type shown in FIGURE 4,
The radiation E-vector is parallel to the y axis.
‘ingly the xy plane will be called the E-plane,

Accord-
Further-

There will also be a backward lobe, not.

15

The center-con-

20

23

_ antenna,
152 in the E and. H-planss, respccu\fcly. decrease in a

10

more, the radiation H-vector is paralle.i to the z axis; and |
the xz plane is called the H-plane. '

When angle ¢ s decreased from 180° toward zero with a

all other parameters remaining constant, the beam-width
15% of the E-plape pattern remains substantially fixed.
However, the beamn-width 152 of the H-plane pattern in-
creases in beam-width, Furthermere, the' front-to-back
ratio increases. The H-plane variation is a first order
effect with variataion of y.

When angle = is decreased with all other parameters
remaining constant including angle ¥, there is a small
second-order decrease in E-plane beam-width 151. How-.
ever, there is a first-order decrease in H-plane beam-width

182 Nevertheless, there s a practical limit to decreas-

ing angle « without increasing r. The limit can be speci~
fied approximately by referring to a parameter ¢ which -
relates tooth width S to tooth lenpth L, shown in FIG-
URE 15, according to the following expressionm: °

=7 | (6)

Tt has been found desirable to maintain « equal to or less

than 0.6.

If the tooth-spacing ratio r of expression 1 above is .
mcreased while all other parameters remain fixed, the
number of teeth, of course, increases for a given sized -
As a consequence, both beam-widths 151 and

- 'small correspondmg amount, which is a second-order
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Thus, by making ¢ smal[ the

- lobe, and can be made to bave an intensity of twenty -

10

A5

. angIe

effect,

Although this invention has been d-:s:nbed with respect
to particular embodiments thereof, it is not to be so lim-
ited as changes and modifications may be made therein
which are within the full intended scope of the invention
as defined by the appended claims.

We claim:

i. A stralght toothed logarithmically pcnod:c antenna
comprising two half-portions, each ccmprising two oppo-
site radial members connected along the central part of
their half-portion, the two ha!f—pomons bounding a solid .
ang[e ¥ and being generally triangular in shape and hav-
ing adjazent apexes, each of said radial members being
bounded by an apex angle

2

frcm a line along the central part of either half-portion,

first and second center-conducting members respectively

extending from the apexes to the ends of the respective

half-portions along their central parts, each half—portion

having a plurality of rods ¢ross-connected to its center-

conducting member and terminated by the bounds of ity
<

2

connecting means provided at the ends of said transvez;s.-;
rads a2long the outer boundaries of each angle

e

2

of each radial member, respective teeth closed by said
connecting means, the connecting means on opposite
radial members cf each half-pcruon being staggered with
respect to each other, the distances -along a radial from
the apex of said transversé rods of each radial member
bemg a geometric. sequence, and a transmission line hay-
ing opposite sides connected to the respccuvc apexes of.
said two half-portions. -

2. An antenna as defined in claim 1 in which thz diam-
eters of said rods are proportioned to their distance from

. their apex.

3. An antenna as defined in claim 1 In which altcmatc'
rods of each half-portion are parallel,
4. An antenna as defined in claim 1 in which both
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antcm:a haif—pomons and their radial members hc in
the same plane. !

ity of rod portions comprise said connecting means, with
" said rod portions of each radial member being aligned.

6 A tnannular-toothed logarithmically pericdic aon-
. tenma comprising opposite antenna half-portions, each
" -half-portien being in a respective plane and having a

__:]acent apexes and being bounded by a respective apex
planec-angle e, the respecuve planes bzing oriented by a

o solid-angle ¢, a respective conducting center-member pro-

- wided with each half-portion and positioned along the_

F bisector of its angle «, a plurality of rods connected across

T R Y

said . center-member of each half-portion, adjacent rods

) § . connected at their ends along the boundaries of angle «

ro ' - gnd there terminated, altermate rods being parallel, the
: - distances from the apex of each half-portion to the oppo-
site ends of each of its rods havmg a geometric- sequcnce
ratio o.

7. A three-dimensional straxght to-othed !oaanthml—
cally periodic antenna comprising two opposite half-
i portions which are aligned along the same center-line,
each half-portion triangularly tapering to an apex, with
., . the apexes of both half-portions being clasely adjacent, a-
: transmission-line having opposite sides connected to the
"“respective apexes, each half-portion having more than
two radial-toothed members symmetrically connected
along said center-line, the teeth of each member extend-.
~ing outwardly from the cehter-line of its half-portion,

each radial member baving an apex angle

«

I
with -respect to its center-line, the teeth of said radial

‘ - members of esach half-section aligned along a conical

! Jogarithmic spiral beginning at the respective apex of
: : each half section.

8. A three-dimensional periodic antenna as defined in

claim 7 in which the thickness of the radial sections in-

creases linearly from the apex of each antenna half-

i portion.
! 9. A three-dimensional periodic anteana as defined in

. -~ claim 7 in which said teeth are formed of tods located

_ along the periphery of said teeth, a respective center rad

ST positioned along the center-line of each of said half-

portions and conbected to transverse ones of the rods

., i forming said teeth.

10.. A thres-dimensional logarithmically periodic an-
tenna comprising a pair of haif-portions aligned along a
common center-line, each half-portion formed in the same

-manner as the other but one rotated 180° about the ¢en-
ter-line with respect to the other, each half-portion baving
_an apex, with the apexes being closely adjacent, a re-
spective center member of each half-portion passing along
" Its center-line, more than two radial members provided

; - around their ceater-line, each radial membér having a
- triangular shape and a commen apex, cach radial mem-
ber bounded by an apex angle of

¥ . . —
- 2
measured from the center-line, a transmission-line having
- opposite sides connected respectively to the apexes of said
antenna balf-portions, each radial member comprising a
plurality of triangular teeth’ positioned transversely from

. %. An antenna 2s defined in claim 1 in which a plura!- .

~ said center—lme, each of said. tecth having its outer stde .
. bounded by angle . o ‘
; e .
2 .

generally-triangular shape, said half-portions having ad- -

10
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the tecth of the radial members of any one half-portion
arranged along a conical loganthmlc spiral from the apex
of the half-partion.

1. A Inangular—toothed three damenssona[ antenna
as$ defined in claim 10 in which each of said antenna balf-
porticns is formed from wire aligned with the periphery
of said teeth, a central wire being provided along the
center-line of each of sald half-portions and connecting
to the wires forming its teeth. that cross said center-line.
» 12. An antenna as defined in claim 11 id which four
radial members are provided for each antenna half-
portion.

13. A three-dimensional rounded-toothcd logarithmi-
cally periodic antenna comprising two half-portions sym-
metrically aligned ‘about a center-line passing through

- said antenna, with each half-portion having an apex, and

23
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in each half-portion and being symmetrically disposed

a0

65

said apexes being closely adjacént although separated

“from one another, a transmission line having opposite

sides connected to the respective apexes, a plurality of
more than two radial members comprising each half-

'sectton, each radial member being generally triangular

in shape and having an apex at the apex of its antenna

half-portion, with each radial membcr having an apex

angle of

-

N e

a plarality of teeth formed in each radial member, with
each tooth having inper and outer sides which are circu-
lap about its apex as a center, the teeth of each half-
portion -arranged to form a conical logarithmic spiral
from its apex, the distances of adjacent sides of adjacent
spiral teeth having a fixed ratio =, the opposite antenna
half-portions being formed in the same manaer but being
ratated 184° with respect to each other about the center-
line.

14. A curved-tooth three-dimensional antenuna as de-
fined in claim 13 in which each half-portion includes four
symmetricaily placed radial members,
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