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---This invention relates to antennas of a type that can
be described as logarithmically periodic, since their struc- 10
tum is -repetitive in a logarithmic manner. Such antennas
are particularly useful because they are capable of main
taining substantially-fixed radiation patterns and input im
pedances over a .very broad frequency range. which may
begreater than ten-to-one, 15

The general subject of such antennas is treated in a
paper by R. H. DuHamel and D. E. Isbell, titled "Broad
band Logarithmically Periodic Antenna Structures" and is
found in the 1957 I.R.E. National Convention Record,
Part I,of the group on Antennas and Propagation, Micro- 2CJ
'Wave .Tbeory and Techniques. This article is only con
cerned with planar logarithmically periodic 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 25
structure Is Interchanged with the planar space surround
'iI1g it. That is, the complementary principle requires that
'When' an antenna and its complement are added' together
• complete infinite screen is obtained. In many situations,
if an antenna has a complementary shape, it may be ro- 30
tated by 90" about its center, and it will fill the area previ
ous1y existing between its elements. If.an antenna is iden
tical to its principle it has a constant impedance of 60r
obma whicb is jndependent of frequency. This is ex
plairied in an article by V. H. Rumsey titled "Frequency 35
Independent Antenna" found in the same I.R.E. records
as the first-mentioned article. It was previously believed
that the complementary principle must be adhered to in
order to obtain a constant antenna input impedance inde-
pendent of frequency. 40

The present invention deviates from the complementary
principle in several ways and yet is able to maintain a
radiation pattern and input impedance that are very nearly
Independent of frequency over avery broad range. -For
example, antenna structures made according to this in- 45
ventlon need not lie in a single plane, )'ihich is a require
ment of the complementary principle. Furthermore, when
• form of the invention is made to lie in a single plane,
it need not satisfy the complementary principle. The in
vention .teaches bow a logarithmically periodic antenna 50
structure can be made entirely with a straight-llned con
figuration.

The invention provides. a structure that is Iogarithml
cally periodic from a given vertex point. As a conse- 55
quence.similar portions of the antenna repeat with a
leometric-progression relationship as a function of their
dlstance from the vertex. Transverse construction Jines
in the invention can be made [inear to permit substantial
structural simplifications, particularly for large sized an- 00
tennas to extend their range to relatively low frequencies.

Some of the objects of this invention are the following:
To provide an antenna which maintales the same radia

tion pattern throughout an extremely large operating fre-
quency range; 65

To provide an antenna Which, maintains a very-nearly
constant input impedance over an. extremely large. fre
quency range;

To provide a Icgarithmlcally periodic antenna with 3
radiationpattern that can be made omnidirectional; . 70

To provide a logarithmically periodic antenna with· a
radiation nattern that iscontrallably asymmetric;

2
To provide logarithmically periodic antennas having

structural simplicity. while permitting frequency Inde
pendence of radiation pattern and input frequency over
extremely broad frequency ranges; and ~

To provide a logarithmically periodic antenna which
.can be entirely made of straight-lined .structure, capable
of easy fabrication from wire or rods. .

Further obiects,.features and. advantages of the inven
tion will become apparent toa person skilled in the art
upon further study of the specification and accompanying
drawings, in which:

FIGURE I illustrates an elevational view of one form
~ftbeInvention;

FIGURE 2 shows a side view and radiation pattern;
FIGURES 3, 4, 5, 6(A), 6(\1) and 7 represent other

forms of the invention;
FIGURE 8 is • perspective of a three-dimensional form

of the invention;
FIGURE 9 illustrates a conical development of the

three-dimenslonal form in FIGURE 8;
FIGURES IO(A). (B) and (C) show end view, of

various forms of the Invention with their radiation pat-
terns; .

FIGURES 11 and 12 show perspectives of other three-
dimensional forms of the invention; .

FIGlJRE13 provides a modification of the .lnventlou;
FIGURES 14(A) and (B) respectively illustrate a

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

antenna.
Now referring to detailed forms of the invention. FIG4

URE 1 is first considered. It shows a back-elevatlonal
view- of an antenna made from a pair of metal sheets
having a thickness that tapers toward a terminal point 12.
FIGURE 2 shows a side view of the same antenna and
orients the position of point 12, which is a reference point
for the system but bas no structural existence. The. an
tenna includes half-portions 10 and 11 which are genet
ally triangular in shape and have respective vertexes ad
jacent to point 12. Each half-portion 10 or 11 encom
passes an angle e.wblch is bisected by a center line 13 or
14, respectively, passing down their center. However, it
is to be noted that neither half-portlon 10 nor 11 is sym
metrical about its center line.

Each half-portion 10 or 11 has transverse teeth extend.
ing on opposite sides of an inner triangular-shaped seg
ment, that is defined by an angle p. Angle p is symmetri
cally placed within angle a.

The two planes of half-portions to-and l!' are oriented:
apart by an angle If. which ca,~9:.(J.L18Q~to 0·.
increasing angle", beyond 180 0 causes it to repeat. -

A plurality of teeth lOa, lOb through IOL are formed
on half-portion 10;' and a similar plurality of teeth 11a,
Itb through 11L are formed on half-portion 11. In FIG
URE I, each of the teeth is trapezoidal in form when i13
transverse parallel sides are extended to 'meet center-line
13 or 14; and the parallel sides are perpendicular to their
center-line. The teeth vary in size and spacing in a loga..
rithmically periodic manner from terminal point t2.
Thus, each tooth bas parallel sides 21 and 22 with outer
side 22 being the more distant of the two from point
l~. Each tooth is bounded on 'its remaining two sides
by, tines defining angles a: and p.

The location and size of the set of teeth of half-portion
10 on tbe left side of its center line 13 will first be defined.
The location and size of the remalnina.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 'ide' 22 of alternate teeth IDa. 10c througb 10I,;
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smallest, and tooth lOa is the largest. Accordingly. the
small triangular part 23 of half-portion 10 near vertex 11
has no teeth. due to the practical .difficulties in making
very small teeth. However, the outer side 24 of triangular

5 portion 23 performs like the outer side 22 of a tooth, and
it acts electrically like the smallest tooth of the antenna.

Half-portion 11 similarly has a small triangular portion
25 with an outer side 30 that corresponds to triangular part
23 and its outer side 24. respectively. _. ,

10 Structurally. the size oftbc largest and smallest teeth
determine the lowest and highest frequency limits, re-
spectively, of the range. . " .

The hlgh-Irequency limit of the frequency independent
<range is r~ached when the length of smallest side 24 or 25

15 from the center-line to its e-boundary becomes about one
tenth of a wavelength of the radiated frequency.

(fa the other hand. the low frequency-limit of ~e range
is determined when. the length of the largest slde 22a,
measured from center-line 13 to its (X-boundary, is ap

20 proximately cue-quarter wavelength.
Although the frequency limits are determined by the

sizes of the largest and smallest teeth in the structure. it
is hy no means to he implied that radiation occurs only
from .these teeth at the respective frequency limits.

25 Rather, radlatlcn at all times occurs from several of the
teeth in varying degrees 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- .
ness as explained above. In practice. however. it has

30 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
tenna for very large bandwidths of the order of five-
to-one.

The antenna of FIGURE 1 can be fed by means nf
either a balanced or an unbalanced 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 and 2. In order to pre-

40 vent it from interfering with the radiation pattern, it is
brousbt along the solid triangular portion within angle
p,with the outer conductor making contact therewith, and
it terminates at the apex of half-portion 11. Its inner con
ductor 28 extends from the end of coaxial line 29 across

45 the space between the apexes of the balt-portions, and
..connects to the apex of half-portion 10. Outer conductor
29 is not at ground potential along half-portion 11 but
varies in a manner that automaticalIy transduces the un
balanced-line impedance to a balanced impedance connec..

50 tion for the antenna without unbalancing the antenna pat
tern. The near-zone electro-magnetic fields associated
with the antenna decrease rapidly as extremity Z2a is ap~

preached. Therefore, the presence of coaxial line 29 has
little effect on the field and hence on the balance of-

5S the antenna structure. This effectively produces a very.
wide-band balanced feed for the antenna.

Also. a balanced line tan be connected to the antenna
by being brought toward the antenna in FIGURE 2 along
the direction of arrow 27, with opposite sides of the line

60 being connected to the apexes of the respectlv.e 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

65 type of connection undesirable.
Although each haIf-pnrtion 10 and 11 is in a respec

tive plane in FIGURES 1 and 2, each can also be fnlded
about its center-line 13 and 14. FIGUB-E 16 shows an
end view of such antenna where "¥ is 100° and x is the

10 fold angle between the radical members of half-portion
10 having respective end teeth 22a and 22b. The figure.
eight type radiation pattern 15 of this antenna is made
more omnidirectional as angle x is made smaller. Opti
mum omnldlrectionallty is obtained with x between 120·

i5 and 130° ...As angle.x is made smalIer the antenna be-

(2)

(I)

3
are represented by distances Rl. R;z through RL• Any two
coasecutlve values of R are ~N and RN f b with the tat
ter being thesmaIIer distance. Similarly, flJ '2 through
rL represent distances of the inner sides of the same teeth
from point 12; and of any consecutive pair of , are'N and
r'Hb with the latter being thesmaller distance..They are
defined by the following expression:

RN+I T}>.r+t

RN TN'

where :r 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 Rn and 'ru which are related by the fol
lowing expression:

where (f is constant for a given antenna design",
Consequently, expression 2 completes the general de

finitionof the set of teeth on the left side of center-line 13
in FIGURE 1.

The remaining teeth of antenna half-portion 10 can
then be defined. because 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
aidCt_v(iththe-teeth on tbe rtght-band side aligning with
spaces between teeth on the left-hand side.

Furthermore. the teeth on the opposite antenna half-per
tion 11 are also thereby defined, because half-portions 10
and 11 are identically shaped. Thus. in FIGURE 1 the
teeth on the right-band side of portion 11 correspond to 35
the teeth on the left-hand side of portion 10. Likewise,
the -teeth on the left-hand -side of portion 11 correspond
to the teeth on the right-hand side of portion 10.

Although the half-portions 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 positioning a single half..
portion over a ground-plane that bisects angle '/I.

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 outer
sides of a tooth, respectively. A particularly useful special
case occurs when the teeth are similarly proportioned
on opposite sides; and this is obtained when

tr=y-; (3)

When angle t is tess than 180 0
• an asymmetrical radla

tion pattern Z6 shown in FIGURE 2 is obtained, 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 polarization Is
also obtained. 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 halt-portion infinitely long, wherein the
teeth become infinitely small as vertex 12 is approached
and infinitely large in the opposite direction. In practice.
finite dimensions arc mandatory, and a finite number of
teeth must be used. Thus, the bandwidth is then no Iong-

-- er infinite, but nevertheless, extremely large bandwidths
can still be obtained. The number of teeth used in the
liven antenna is therefore somewhat arbitrary. although
generally speaking more than two teeth must be used to
obtain a structure which is logarithmically periodic. In
each case, there- is a practical limit to the size of the largest
tooth, and the smallest tooth abo bas its limit. Thus. in
antenna half-portion 10 in FIGURE 1, tooth 10L is the
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comes more frequency-sensitive and its bandwidth de..
creases•
. Wcbave aIso~discoYeredstructUraImodifications of the

antenna given in FIGURES 1 and 2, which greatly facili
fate the use of the invention. FIGURES 3 through 7
illustrate such modifications, -and teach how the invention
can be constructed from conducting rods or wire. while
lull maintaining the required operating characteristics of
the Invemlon.. "lith regard to FIGURE 3. rods are used
to. provide 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 rods 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 includes a plurality of transverse rods
320. 32b through 32L. Similarly, half-portion 11 com
prises transverse rods. 33a, 33b through33L. 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
11 were lccared in FIGURE 1. that is, by means of ex
pressions t and 2 above.. Rod sections 300, 36b

.. through 36L are placed on the boundary of the teeth of
portion 10,as~efined by angle 0: •. Similarly. the teeth
In portlon 11 have lateral bounds provided by rod sec
tions 37a. 37b through 37L. which likewise .are aligned
along angle cr. A pair of rods 41 and 42 are fixed to per
lion 10 along the sides of angle p; and rods 43 and 44
are similarly ·positioned in portion 11. A centrally posl
tloned rod 46 is also provided along half-portion 10,
while· coaxial' cable 29 is brought centrally along half
portion 11 with its outer conductor connected to respec
live transverse rods 33. Its inner conductor 28 exits from
the coaxial line at the apex of portion 11 and connects
10 the apex of portion 10.

The antenna system of FIGURE 4 is similar to that
shown in FIGURE 3 and like portions carry like teiet
ence numbers. However, in effect. angle f3 ':5 made zero
in FIGURE 4 by not providing rods 41,42;.3an044:··-

FIGURE 5 shows a modification of the antenna of
Fl9URE·4, wherein the trapezoidal teeth elements. of
FIGURE 4 are modified into triangular shapes. Thus, in
FIGURE S the two antenna portions 10 and 11 are again
confined within an angle 0:; and like FIGURE 4. there is
also provided a center rod 46 in portion 10 of FIGURE 5
and coaxial cable ·29 along portion 11. In effect, items
46 and 29 are bisectors of angle a,

Thus, in FIGURE 5, portion 10 is composed of trans
verse, rods Sla, SIb through SIL. Similarly, portion 11
comprises transverse rods 53a, 53b through 53L. The
rods connected at tbeirends toform transverse triangular
teeth, The outer apex of each trlangular to.oth lies on a
defining line of angle 0:.

If the .antenna of FIGURE 5 were supcrlrnposedl.on a
corresponding antenna of the type in FIGURE 1. the
apexes of the triangular teeth of FIGURE S would be
located on the lateral sides of corresponding trapezoidal
teeth.

The positioning of the transverse rods in FIGURE 5
is preferably determined by means of expressions 1 and
2 given 'above. However, the terms of the expressions
arc preferably defined in FIGURE 5 with respect to the
apex polnts 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 5 by means

.of R and by designating its apexes on the JeU:hand side
by Fa The dimensions Rand r are measured from a trans
verse line .60 that passes through terminal point 12 and'
is transverse to center-llne members as and 29. The end,

6
of each rod Sla and S3a farthest from point 12 is con
sidered an apex. and each has a distance R1 from line 60.

.Withthis definition of the positions of the elements in
FIGURE 5, it will be found that their points of Inter-

5 section with center-Iine members 46 and 29 also satisfy
expressions land 2 above, with expression 3 being

. a specific case. Also. it will be noted that alternate ele...
ments in FIGURE Sare parallel to each other; for ex..
ample, elements 51. and SIc are 'parallel, SIb and 51<J

10 are parallel, and so forth.
In FIGURE 5, the apex part of portion 10 is defined

. by rods 56. 57 and SIL. 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 5, wherein their two half-portions are

:lltsep:lrated by an angle y which may vary from .0" to 180".
The basic lriangulaNoothed-Ccmfig1.lration ofFICitJRE

S 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 5, 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 antenna range, it is necessary to increase the size of
the larger elements of the. antenna. 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 5 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 10 and 11. A
plural waisted insulator 64' is provided at the top of a
pole 61 and is situated at the apex of the antenna. The
poles are preferably wood so as not to interfere with the
radiation. A pair of hooks 66 and 67 are respectively

40 fastened in horizontal alignment to poles 62 and 63 near
their. top. Similarly. a second pair of hooks 63 and 69
are fastened with horizontal 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

45 64. Line 71 consists of metal wire segments mechanically
coupled but.electrically separated by insulators 71.. Sim

. iJarly, another line segment 73 is connected between the
upper-middle waist of insulator 64 and hook 66. Line
73 is likewise comprised 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 antenna functicn. A di
electric type of structural Iine could preferably be used
for lines 71 and 72 without Insulators: howeverv no dl-

55 e}ectric material is known which is properly stable under
tension. The Insulators 72 along lines 71 and 73 are
positioned to support the apexes of the triangular teeth.

Transverse wires 51iz through 51L are positioned be
tween the supporting lines 71 and 73 with all angle « In

60 the manner defined for FIGURE· 5. .Insulators 72 con
nect to the apex of each' transverse tooth along lines de
fining c,

In a like manner. the lower half-portion 11' of the an
tenna 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 are strung between the lower-mid
dIe waist of insulator. 64· and 'hooks 68. and 69 respec
tiveIy., A central wire 46. connects the elements of sec
tion 1~ along the bisector of angle a, Similarly, a cen-

10 tral wire 47 connects the transverse elements of. antenna
portion ll.to bisect its angle d. 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

75 directly toward its apex, where the opposite sides of the
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(4)

(5)

to

2'
from the center line of a half-portion. Similarly, half
portion 111 includes four radial members 131, 132, 133
and 134. Each radial member is included within an angle

• to

2'
from the antenna center line, as shown in FIGURE 8.
In obtaining the spiral-staircase effect, the outer edge ot
any two adjacent spiral-related teeth, Dot being cut off by
the bounding planes. such as lIOe and 110d. have their
respective outer sides defined by the expression:

J>l/t=RN+l='N+1
EN TN

Hence, distances RN and RN+l in expression 4 from a
transverse plane passing through a point 112 are given
by R, and R. for teeth 110c and 110d. Similarly, TN
and TN+l are taken from the inner sides of consecutive

40 spiral teeth to: satisfy expression 4. Also, the center-line
distance TN and Rn of the inner and outer sides of any
tooth from point 112 will also have the fixed 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 and 111
looking from. termtnal pclnrJtz. Nevertheless, portion
111 is twisted ·180" with respect to portion 110 about

60 their center-line. Thus, rootb 110b corresponds to lllb, 0

tooth lIOe corresponds to tooth Ute,etc.• with corre
sponding teeth. being on opposite sides of the common
center-line,

Due to the 180· reversal about the center-line of an ..
55 tenna Ealf-portlons 110 and 111 with respect to each

other. the two half-portions are not antenna images of
one another. Accordingly. one half-portion-cannot-be
provided over a transverse ground,;.plane through point
112 to obtain the same omnidirectional-type response

60 which is obtained with the two half-portions disposed as
shown. -

Although-there are four radial members used in each
half-portion of FIGURE 8, actually any number greater
than two can be used, and the same rules apply for pro

65 portioning adjacent teeth in the spiral-staircase manner.
The 'dlmenslons of an antenna having m number of ra
dial members per half-portion can be found as follows:

1 RN+1 ""HI..-=--=--
TG m RN TN,

Where three radial members are used in each half-portion,
an end view is shown in FIGURE lOeB). Extending tbe
rationale to five radial members per half-portlon, an end
view Is given by FIGURE IO(C). Thls can be extended

'16 to any number m of radial members with the ultimate

8
while theoretically the spiralling can extend 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 110

5 and 111 at points equally distant from terminal point 112.
FIGURE IO(A) shows an end view of the antenna of

FIGURE 8, which provides an omnidirectional-type radia-
tion pattern 9-1. -

Half-portion 110 includes four radial members 121.
10 122, 123 and 124 sbownin FIGURE W(A), which are

fastened together along' the center-line of 113-114 that
passes through both half-portions. In the same sense,
there are two radial members OD the opposite sides of
center line 13 in FIGURE 1 to define half-portion 10.

I5-The same situation is found in each' half-portion In each
of FIGURES 1-9. A radial member thus is confined
withip. an angle

7
line respectively connect to the ends of Ieads 46 and 47.
The directivity of the antenna system of FIGURES 6(A)
and (B) is the direction of arrow 27 in FIGURE 6(A)
and provides pattern 26 in that figure.

whereIt Is desired to make the antenna of FIGURE 6
have· asymmetrical figure-eight pattern. angle 1ft should
be 1800

»' and the-entire antenna may be supported be
tween two parallel upright poles in a manner which is
obvious: in view of the description of the "antenna in FIG
URE 6. A coaxial feed line is then preferably used, as
given in the prior figures. .

FIGURE 7 illustrates a rotatable single-mast mounting
of the form of the invention shown in FIGURE 4, and
like reference numbers are used for like components. The
antenna system of FIGURE 7. for example, can be a
radio-ham .antenna which is preferably extremely broad
band to receive many of the bam bands. Unlike other
ham antennas. the One in FIGURE 7 does not require any

- enning· for tbe various bands, and furthermore it main
tains a directivity which is constant for all bands within 20
its range. Thus, if the antenna is designed for a fifteen
to-one range. it can provide a horizontally polarized trans
mlssloa at various points in the spectrum between two and
Ibirty megacycles. In FIGURE 7, the opposite balves of
the antenna. 10 and 11, arc supported on rotatable mast 25
16. 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 is largest at ele
ments 32a and 33a and narrows to a point adjacent to the

--:-"' antenna apex, Also, in order to enhance broadbanded- 30
- ness- the .largest diameter rods. are 320 and. 33a,· with the

diameters of the rods decreasing as their positions ap.
proach the antenna apex.

___Mast 86 can be made of conducting material, and when
it is made of conducting material it should be connected 35
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 connected to such mid
points, because it appears that voltage-null points exist
along rods 46 and 47 at the points midway between ad
jacent transverse rods.

A coaxial transmission line 87 passes upwardly through
mast 86, which is hollow. and passes outwardly through
• hole' 88 in the mast and has its outer conductor con
nected along central member 47 until it terminates at the

- ---. apex of the antenna as taught with FIGURE 4. Thus,
its center conductor 23 extends outwardly and connects
to the end of central member 46~ A dielectric bl'ock89
connects the apex ends of half-portions 10 and 11 to pro
vide mechanical rigidity only.

It bas 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
broadbandedness but with .substantialbroadbandedness
remaining. Then, balanced transmission lines are prefer
able, although a coaxlaf cable 'connected along 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
Invention; '--With·an oversimplification of statement which
will be realized shortly, FIGURE 8 comprises two an
Icnnas of the type shown in FIGURE 1 positioned in
space quadrature. The oversimplification referred to is
that such two antennas do Dot have corresponding teeth.

- That is. the quadrature plane. antennas have their teeth
differently placed. A picturesque: manner of describing
the positioning of the teeth of each antenna half-portion
IlG and 111 in FIGURE 8 is to say that the teeth of
each provide a spiral staircase Ieading to the antenna ter
minal 112. The spiral effect is shown in, FIGURE 9.
whicb shows a logarithmic or equiangular spiral devel
eped on a cone.."Thus, one would have an antenna of
Ibe type in FIGURE 8 by passing two transverse plane,
118 and 119 along the axis of the cones in FIGURE 9.
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2:

connecting means provided at the ends of said transverse
rods along the outer boundaries of each angle

..
2:

frcrn 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 balf-portlon
having a plurality. of rods cross-connected to its center...
conducting member and terminated by the bounds of its
angle

..
2'

of each radial member, respective teeth closed by said
connecting means, the connecting means on opposite
radial members ct each half-portion being staggered with
respect to each other" the distances .along a radial from
the apex of· said transverse .rods of each radial member
being a geometric. sequence, and, a' transmlsslon line .hav...
ing opposite .sides connected to the respective apexes of
said two half-portlons,

2. An antenna as deflned in claim t in which the diam...
eters of said rods are proportioned to their distance from
their apex.

3. An antenna as defined in claim I in which alternate
rods of each haIf...portion are parallel.

4. An antenna as defined in claim 1 in which both

9 10
limit being the spiral-grooved cones of FIGURE "9 as the more, the radiation Hwector is parallel to the: % axis. and
number m approaches.infinity. the xz plane is called the Hcplane.

The omnidirectional~typepatternssuchas patterns 91. When angle", is decreased from 180" toward zero with
91 and 93 in FIGURESIO(AJ. (B) and (Cj are slightly all other parameters remaining constant, the beam-width
distorted according to: the number of radial.members used 6 151 of the E-plane pattern remains -substantlally fixed,
per antenna portion. However. this deviation from a per- However. the beam-width 152 of the Hcplane patteru In-
feet -cmnldlrectlonallty is generally small and not objec- creases in beam-width, - Furthermore. the" front-to-hack
tlonable in practice, while at times has definite advantages. ratio increases. The H-plane variation 'is a first order

FIGURE II is basically the same as FIGURE 8 except effect with variataion of "'.
that it is made of wire network which simplifies construe- 10 When angle a "is decreased with all other parameters
tion in many cases. 'Thus, the individual radial sections' remaining constant including angle 'it, there is a small
of FIGURE 11 are outlined by wire to form the toothed~ , second-order decrease in E-plane beam-width 151. How...
.configuration of FIGURE 8. The transverse rods in FIG· ever, there is a first-order decrease in Heplane beam-width
URE 11 do not intersect the coaxial cable 114, but merely IS. Nevertheless,. there is a practical limit to decrees ...
fasten to its outer conductor•. In practice, the rods are 15' ing angle e without increasing T. The limit can be sped..
continuous and coaxial line 114 and center-rod 113 lie fied approximately by referring to a parameter« which
in a corner of thelr cross-over planes. The center-con- relates tooth width S to tooth length L, shown in FIG...
duetor 128 connects to the apex end of rod 113, .which URE IS, according to the following expression: '
can be.a soUdconducting rod.

The antenna network of HGURE 12 is a triangular- 20 .=~ (6)
toothed version of the form in FIGURE.11 and bas simi...
larities to FIGURE S. Accordingly, the verlatlon from It has been found desirable to maintain .. equal to or less
11 and 12 is similar to the variations from FIGURES 4 than 0.6.
to S. If the tooth-spacing ratio T of expression 1 above is

In regard to the three-dimensional structures givenia 25 Increased while all other parameters remain fixed, . the
FIGURES 8 through 12, it was stated above that op- number of teeth, of course, increases for a given sized
posite half-portions are not images. However. when the antenna. As a consequence, both beam-widths 151 and
cDtir~aDtenna .a~semblY,having·. both ,.halves. is .. erected 152 in. the. E .. ,and. H-planes,respectiveIy.decrease .in a
over aground plane, the image of the entire antenna is small corresponding amount, which is a second-order
view in the ground plane and this does not interfere with 30 effect.
the radiation pattern. Although this invention bas been described with respect

FIGURE 14(A) illustrates a rounded-tooth version to particular embodiments thereof, it is not to be so lim...
of the form of the invention given in FIGURE 8. FIG~ ited as changes and modifications may be made therein
URE 14(A) differs from FIGURE 8 in that in FIGURE which are within the full iotended scope of the invention
14(A) the edge of each tooth is a segment of, a circle 35 as defined by the appended claims.
about terminal point 112. Thus, dimensions RN and 'N We claim:
in FIGURE 14(A) are .taken from point lIZ of the an- 1. A straight-toothed logarithmically periodic antenna
tenna to any point along a respective tooth edge.. An comprising two half-portions, eacb ccmprising two oppo-
improvement in the cmnidirectionality of the radiation site radial members connected along the central part of
pattern was found in the rounded-toothed versional FIG- 40 their half-portion, the two half-portions bounding a solid
URE 14(A) over the previously straight-toothed version angle q; and being generally triangular in shape and hav-
of FIGURES 8, 11 and 12. Thus, the circular radiation ing adjacent apexes, each of said radial members being
pattern 94 sbown in FIGURE 14(B) is obtained about hounded by an apex angie
an end view of the antenna given in FIGURE l3(A).

FIGURE 13 illustrates a modified version of FIGURE 45
1. Unlike FIGURE I. where all the teeth have their
inner and outer edges perpendicular to center-lines 13 and
14, the teeth in FIGURE 14 have their outer and Inner
sides 22 and 21 intersect center-lines 14 and 13 at an

. angle 6. The points of intersection of the tooth edges 50
with-the center line are determined in the same manner
as was given for FIGURE I.· That is, the polnts 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 I, and a corresponding radiation pat- 55
tern is obtained. The angle 0 may be proportioned as
desired. but better performance is taken if the teeth drop
toward terminal point 12. ~.

FIGURE IS illustrates the forward radiation lobe of
the antenna. . There will also be a backward lobe, not 60
shown here. The backward lobe is equal to the forward
lobe only when angle tjI is 180". As;/J decreases, the back...
ward lobe decreases, and accordingly the front-to-back
intensity ratio increases. Thus. bymaking tjI small. the
back lobe is made minor in comparison to the. forward 65
lobe, and can be made to have an intensity of twenty
or thirty decibels below that of the forward lobe.

Antenna 150 in FIGURE 15 is illustrated with respect
tox,y and z coordinate axes. These axes intersect at
the apex terminal point. 12 .of antenna 150.. Thu~.· axis 70
~ aligns centrally with the entire antenna structure to bl
Sect angle 1/1. Axis y is parallel to the transverse rods of
the antenna. which is of the type shown in FIGURE 4.
The radiation E-vector is parallel to the y axis. Accord
ingly the '1" plane will be called the E-piaoe. Further-. 75
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12
said center-line, each, of said- teeth having its outer side
bounded by angle .

..
2"

a plurality of teeth formed in each radial member, with
each tooth having inner and outer sides which are circu
lar 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 r, the opposite antenna
half-portions being formed in the same manner but being
rotated 1800 with respect to each other about the center
line.

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

Refer lees Cited in the file of this patent

UNIl'ED STATES PATENTS

"Broadband Logarithmically Periodic Antenna Struc
tures," by DuHamel and Isbell, 1957_IRE National Con
vention Record, Part I. pages. 118-128, March 18, "1957.

"Frequency Independent Antennas," by Rumsey IRE
Convention Record. Part I, pages 118-128, March 18,
1957. _

"Logarithmically Periodic Antenna Designs," by
DuHamel & Ore 1958 IRE NationalConvention.Record,
Part I, (March 1958), page 140,

Book. Very High Frequency Techniques, complied by
Radio Research Laboratory of Harvard U.• McGraw
Hill" 1947, vol, 1. pages 2 and Lrelled upon.

6
the teeth of the radial members of~ny one half-portion
arranged along a conical logarithmic spiral from the apex
of the half-portion. .

11. A -triangular-toothed three-dimensional antenna
10 as defined in claim. lO'in which each of said antenna half

portions is formed _from wire aligned 'with the periphery
of said teeth. a central wire being provided along the
center-line of each of said half-portions and connecting
to the wires forming its teeth" that. cross said center-line;

15 12. An antenna as defined in claim 11 iri which four
ladial members are provided for each antenna. -halI·
portion. .

13. A three-dimensional rounded-toothed logarithmi
cally periodic antenna comprising two half-portions syrn

20 metrically aligned about a center-line passing through
. said antenna, with each half-portion baving an apex, and

said apexes being closely adjacent although separated
from one another. a transmission line having opposite
sides connected to -the respective apexes. a plurality of

25 more than two radial members comprising each ,ha1f
section, each radial member being generally triangular
in shape and having an apex at the apex of its antenna
half-portion, with each radial member having an apex
angle of

..
2"

measured from the center-line, a transmission-line having
opposite sides connected respectively to the apexes of said 65
antenna half-portions, each radial member comprising a
plurality of triangular teeth positioned transversely from

11
intenna' half-portions and their -radial members li~ in
the same plane .
. S.. An antenna as. defined in claim 1 in which a-plural-

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

6. A triangular-toothed Iogarithmically. periodic an
tenna comprising opposite antenna half-portions, each
half-portion being in a respective plane and having a
generally-triangular shape, said balf-portlons having ad

Jacent apexes and being bounded by a respective apex
. plane-angle Cl,the respective planes being oriented by a
solid-angle If. a respective conducting center-member pro
vided .with each half-portion and positioned along the..
bisector of its angle e, a plurality of rods. connected across
said. center-member of each half-portion, adjacent rods
connected" at their ends along the boundaries of angle 0::

and there terminated, alternate rods being parallel, the
distances from the apex of each half-portion to the oppo
site ends of each of its rods having a geometric-sequence
ratio fT.

7. A three-dimensional straight-toothed logarithmi
cally periodic antenna comprising two opposite half
portions which are aligned along the same center-line,
.each haIf-portion triangularly tapering to an apex, With
the apexes of both half-portions being closely adjacent. a
transmission-line having opposite sides connected to the

..-respective apexes, each half-portion having more than
two radial-toothed members symmetrically connected
elcog.sald center-line, the teeth of each member extend
·ing· outwardly from the cehter-Iine of its half-portion. 30
each radial member having an apex angle..

2"
with· respect to its center-line. the teetb of said radial 35
members of each half-section aligned along a conical
'logarithmic 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- 40
creases linearly from the apex of each antenna half-
portion. . .

9. A -three-dimensional periodic antenna as defined in
claim. 7 in which said teeth are formed of rods located

_._along the periphery of said teeth, a respective center rod 45
positioned along the center-line of each of said half
portions and connected to transverse ones of the rods
fanning said teeth.

10. A three-dimensional Iogarlthmically periodic an
tenna comprising a pair of half-portions aligned along a 50
common center-line, each half-portion formed in the same

- manner as the other but one rotated 1800 about the cen
tee-line with respect to the other, each half-portion having

. an apex. with the apexes being closely adjacent, a vre-
spective center member of each half-portion passing along 55
its center-line, more than two radial members provided
in each half-portion and being symmetrically disposed
around their center-Iine, each radial member having a
triangu1ar shape and a common apex, each radial mem-
ber bounded by an apex angle of -. 60
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