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The instant invention relates to antennas and more par-
ticularly to an antenna configuration providing uniform
electrical performance over a wide band of -frequencies
by means of varying the element lengths while maintain-
ing desirable directional characteristics and reasonable
values of input impedance. Extremely desirable directiv-
ity values are also obtainable in this arrangement without
requiring an extremely large length for the antenna array.

The need for antennas exhibiting high directivity values
is quite widespread. One typical application for antennas
of such design is in an area which is located at a substan-
tial distance from transmitters from which television or
FM radio reception is desired. In cases where antennas
are located in such fringe areas, it is highly desirable to
provxde high gam and high value directivity character-
istics in order to insure adequate reception of the trans-
mission from a remote location. ]

Antennas having high values of directivity normally
contain a few elements (usually one or two) which are
connected to the antenna feed line, as well as several
other elements commonly known as parasites, which al-
though forming a part of the antenna are insulated from
the feed line. Antennas of this general type are com-
monly called Yagi arrays and are widely used for receiv-
ing FM and television broadcasts as well as in other
VHF and UHF communication links. The principal dis-
advantage with these arrays is the narrow band of fre-
quencies over which the electrical characteristics remain
usable. Certain techniques have been devised for improv-
ing the bandwidth of Yagi arrays. These techniques have
always been at the sacrifice of the gain of the antenna.
The gain of an antenna is defined as its signal receiving
capablhty when compared to a standard dipole antenna.
Gain is normally expressed in units of decibels.

More recently a new class of antennas has been devel-
oped, which antennas are comprised of many driven ele-
ments which cooperate to provide high values of gain over
bandwidths which are theoretically of unlimited scope.
Such antennas are referred to as frequency independent
antennas. One particular type of such frequency inde-
pendent antenna is known as the log-periodic antenna.
Antennas having log-periodic arrays of dipole ele-
ments have been employed to achieve half-power beam-
widths in the plane of the electric field of the antenna,
which can be varied from approximately 100° down to
about 55°. This is set forth in detail in the article by
D. E. Isbell, entitled “Log-Periodic Arrays,” IRE Trans-
actions Vol Ap-8, No. 3, May 1960. Narrower E-plane
beams utilizing the log-periodic array are practically im-
possible due to the necessity of providing an excessive

number of dipole elements, thus producing an inordinate
array length.

In order to obtain narrower beamwidths, antennas have
been designed having the V-shaped dipole elements oper-
ating near higher order resonances. Such antennas are
described in the article by P. E. Mayes, entitled “Broad-
band Backward Wave Antennas,” Microwave Journal, vol.
6, No. 1, January 1963. However, the use of such an-
tenna arrays is impractical in the low band for VHF
television and on the FM radio band since the required
odd-integer multiple half-wavelength dimensions for the
V-dipole elements needed to achieve such high values of
directivity is prohibitive.
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The instant invention permits the highest possible di-
rectivity values compatible with usable element lengths
to be obtained. In other words, the antenna array of the
instant invention permits directivity values substantially
greater than those presently obtainable to be derived while
at the same time providing such directivity values through
the use of dipole elements of lengths substantially shorter
than those required in present day antenna designs to ob-
tain similar results,

The instant invention is comprised of an antenna hav-
ing a plurality of pairs of substantially coplanar conduct-
ing elements which are fed from a two-wire balanced
feeder in a manner similar to the log-periodic dipole and

log-periodic resonant-V arrays. Each element of the pairs
of coplanar elements, however, is connected to the feeder
by means of a network of either lumped or distributed
elements. These networks are comprised of impedance
transforming elements which are selected in accordane
with the dipole élements to which they are attached so as
to provide suitable energy tranmsfer between the dipole
elements and the feeder line, This afrangement enables
the overall antenna array to provide extremely high di-
rectivity values with an array length which is substantially
shorter than that required in antennas of present da ydesign
to obtain similar high directivity values.

The antenna array is of the endfire type. The dipole
elements are designed preferably in the log-periodic
fashion with the lengths of adjacent elements differing
by a constant scale factor Tau; and the spacings or dis-
tances between adjacent element pairs differing by a con-
stant scale factor Tauy,. In one preferred ararngement
Tauy is approximately equal to Tau,, With the antenna
being used in conjunction with a receiver the elements
of shortest length face in the direction of the transmitted
signals. The receiver is connected to the feed line near
the end of the antenna array at which the shorest length
elements are located. In the case where the antenna ‘is
employed for transmission purposes the receiver is re-
placed by a suitable generating means. The array pro-
vides extremely high directivity values and high gain char-
acteristics over an extremely large bandwidth or over ex-
tremely large groups of bandwidths. As one example, the
antenna array of the instant invention may be employed
for television reception having channels allocated to the
frequency ranges of 54 mc.p.s. to 88 mc.p.s. and 174
mc.p.s. to 216 mc.p.s. The bandwidth characteristics
obtainable are extremely flat, thereby providing extremely
advantageous results in television applications.

The lumped or distributed elements employed in the
network connecting dipole element pairs to a feeder line
may be any suitable impedance transforming elements,
such as for example, quarter-wavelength wires, coil type
transformers, capacitors, or any other kind of impedance
transformmg networks.

It is therefore one object of the 1nstant 1nvent10n to
provide a novel antenna array of extremely high direc-
tivity values through the use of a substantially short array
of dipole elements.

Another object of the instant invention is to provide
a novel -antenna having extremely high directivity values
and high gain characteristics over a substantially unlimited
bandwidth.

Another object of the instant invention is to provide
a novel antenna having high gain and directivity values
over extremely large bandwidths through the use of dipole
elements which are not of resonant length but which are
connected to the antenna feeder line through impedance
transforming networks.

Still another object of the instant invention is to pro-
vide a novel antenna having extremely high directivity
and gain characteristics over several discrete wide fre-
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quency bands by means of connecting dipole element pairs

which are not of resonant length to a transposed feeder
line through impedance transforming networks.

Still another object of the instant invention is to pro-
vide a novel antenna having extremely high directivity
and gain characteristics over several discrete, wide fre-
quency bands by connecting dipole elements which are

not of resomant length but are arranged in substantially

coplanar fashion to a transposed feeder line by means
of impedance transforming networks.
" These and other objects of the instant invention will
become apparent when reading the accompanying descrip-
_tion and drawings in which:

FIGURE 1 is a schematic diagram of an antenna array

designed in accordance with the principles of the instant
invention. )

FIGURE 2 shows a typical full-wavelength dipole ar-
rangement.

. FIGURE 3a and 3b are views showing typical half-
wave length and three-half wave length dipoles, respec-
tively. ) L

FIGURE 4 shows a specific embodiment for the an-
tenna array of FIGURE 1.

FIGURE 5 is a perspective view showing one possible
impedance transforming element which may be employed
in the array of FIGURE 1.

FIGURE 1 shows an antenna array 10 designed in
accordance with the principles of the instant invention
and which is comprised of a plurality of dipole elements
11-15 wherein each dipole consists of an upper element
11a-15a and a lower element 115-15b, tespectively.
Each of the dipoles 11-15 are connected to a transposed

" feeder line 16 such that each succeeding element 11a-15a
is connected to the alternate side of the feeder line 16
through the impedance transforming networks 174-21a,
respectively, and in similar fashion the successive ele-
ments 115-15b are connected to alternate sides of feeder
line 16 by means of impedance transforming elements

" 17b-215, respectively.

In the case where the antenna array 10 is employed
for transmission purposes, a gemerator 23 is connected

" to the transposed feeder line 16 by means of a balanced

" line 22. 'The direction of transmission is represented by
the arrow 24. In the case where the antenna array 10

~of FIGURE 1 is to be employed for receiving signals,

* the generator 23 is replaced by suitable receiver means
and is connected to the balanced line 22.

The connection of the.adjacent elements 11a-15a and
115-15b to opposite conductors -of the transposed two-
wire line feeder 16 is utilized for the purpose of achieving
radiation directed toward the feed point rather than awa
from it as for a conventional endfire array. )

In order to achieve frequency independent operation
over extremely broad bands of frequencies, the length and
spacings of the elements 11a~15q and 115-15b are deter-
mined ‘substantially in accordance with log-periodic for-
mulas. The spacings, such as the spacing between ad-
jacent elements 11h and 124 and the spacing between
the elements 135 and 125 differ by a substantially con-
stant scale factor Tau, while the elements such as, for
example, the elements 11¢ and 124 differ in their lengths
26 and 27 by a substantially constant scale factor Tau,,
In the preferred arrangement Tau, is equal or is approxi-
mately equal tc Tau,. In the case of relatively narrow
bandwidths, departure from the log-periodic design is not
only possible, but is desirable in some cases in order to
compensate for truncation effects at the upper and lower
band limits. In general, the element lengths vary progres-
sively from one end of the array to the other in the man-
mer shown in FIGURE 1. Connection to the generator
in the transmitting case or to the receiver in the receiving
case is always made near the end of the shorter elements,

- The spacing between adjacent elements may decrease from
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_tion may be quite small so that'litﬂe‘, deterioration in per-

formance is experienced by maintaining constant spacing
between the elements 11-15..

For some applications the performance over a relative-
ly narrow band of frequencies near the upper end of a
band 'may be enhanced by addition of one or more par-

. asitic elements 27-28, in FIGURE 1. The resonant fre-
_quency of these parasitic elements may be adjusted for

best performance at one or more frequencies by design
of suitable two-terminal networks located in the elements
as 284-29%4, in FIGURE 1. Performance at the extreme

low frequency end of one or more frequency bands may

be enhanced by terminating the two-wire feeder in a short
circuit 25 at some distance behind the last element as
shown in FIGURE 1.

The instant invention differs from the present day an-
tennas in achieving radiation from elements which differ

“in length- appreciably from those presently used. In

the log-periodic dipole array the radiation occurs from
the elements near the dipole which is one-half wavelength
in total length for the frequency being transmitted or
received. In the log-periodic resonant-V array the radia-

"tion occurs from the elements near the one which is an

odd integer multiple of half-wavelengths in its total length
relative to the frequency being transmitted or received.
The formation of the radiating regions on the log-

" periodic dipole and log-periodic rescnant-V array anten-

nas is dependent upon the impedance at the junction be-
fween the radiating elements and the two-wire feeder,
The impedance of elements of other lengths can be trans-
formed to the appropriate value by adding a network of
lumped elements or a section of transmission line be-
tween the radiating elements or feeder, as shown by the
networks 17a-21a and 175-21b respectively.

As one example, consider the case of the full-wave-
length dipole 30, shown in FIGURE 2. When the dipole

“elements 31 and 32 are each one-half wavelength long

the current is distributed along these elements approxi-

“mately as shown by the dotted waveforms 33 and 34,

respectively. The current has a zero magnitude at the

“outer ends 31a and 32q of the full-wave dipole; has its

maximum magnitude at the quarter-wavelength distance
from the ends represented by the dashed lines 35 and 36,
respectively; and decreases to an appreciably small value
at the input terminals 315 and 32b tespectively of the
dipole 30. The impedance at the dipole ferminals 315

“and 325 is therefore quite high and little energy is trans-

ferred from the low impedance feeder, such as for ex-

“ample, the feeder 16 of FIGURE 1, to the full-wave

dipole 30.
In contrast to the full-wavelength dipole, such as for

" example, the dipole 30, the half-wave and three-half

wave dipoles 40 and 50, respectively, are shown in FIG-
URES 3¢ and 3b. Considering FIGURE 3a, dipole 40
is comprised of elements 41 and 42, the total length of
which is a half-wavelength. At the outer ends 41a and
422 the current magnitude is zero, while at the inner
ends 415 and 425 the current has its maximum magnitude.
This is also true of the dipole 50 of FIGURE 35, having
elements 51 and 52. Their outer ends 51q and 524 are
at zero magnitude and with the dipole element 50 being
three-half wavelengths long, the inner ends 515 and 525

- are at substantially maximum current magnitude.

Dipoles of the type shown in FIGURES 3 and 35
have lower input impedance and energy is readily trans-

- ferred to dipoles of these and other dipoles having lengths

equal to an odd integer number of wavelengths. ¥t is
desirable to be able to use full-wave dipoles in cases

- where directivity greater than possible with half-wave
70
_dipole would be impractical to build

dipoles is required and yet where a three-half wavelength
because of its ex-

tremely large physical sizé. ‘
In order to transform the high impedance of a full-

" wave dipole which necessarily has substantially zero cur-

Tent magnitude at its inner ends, to a value comparable
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‘to that of the odd integer half-wavelength, a transformer
or transforming network can be inserted between the
full-wave dipole and the two-wire feeder. A simple
transformer can be provided by utilizing the length of
the two-wire line which is approximately one-quarter
wavelength long. This method proved extremely suc-
cessful in the embodiment of FIGURE 4.

In the antenna array 60, shown in FIGURE 4, this array
is somewhat similar to the arrangement of FIGURE 1
with like elements bearing like numeral designations. In
the embodiment of FIGURE 4, the antenna 60 is com-
prised of six dipole elements 11-15 and 61, each com-
prised of elements 11a-15a and 61¢ and 115-15b and
615. The major portions of the elements 11a-15a, 115—
15b and 61z and 61b are substantially perpendicular to
the direction of the transposed feeder line 16. Each
element is provided with a short end portion 11c-15c,
11d-15d and 61c and 61d, respectively, with these por-
tions being substantially parallel to the line of direction
of feeder line 16 and connecting the respective portions
11a-15a, 115-15b, 61a and 615 to the feeder line. Taken
together each pair of end-portions 1ic-11d, 12¢-124,
et cetera, form a short section of two-wire balanced line
which transforms the input impedance of each dipole to
a different value at the point of connection to the trans-
posed two-wire feeder 16. The design dimensions of the
antenna array 60, shown in FIGURE 4, are given in the
table below:

Tau—0.950 Sigma—0.074

Inches
2.

Interpreting the data shown in the above chart, the
first column setting forth 11a-61a gives the dimension
for each of these elements. The second column setting
forth 11c—61c gives the dimensions for the parallel leg
portions 11c-61c. The third column setting forth the
values d-1 — d—5 yields the spacing between the adjacent
elements 11a-61a. The constant scale factor Tau, when
multiplied by the value of any element length, yields the
length of the mext shorter element. For example, the
length of element 11 multiplied by Tau equals the length
of 12a. In order to determine the length of each parallel
portion of 11c—61c, the length of each perpendicular
portion 11a-61a is divided by the constant Beta. For
example, dividing the length of element 11a by Beta yields
the length of element 1ic.

In order to obtain the spacing betwen adjacent dipoles
this is performed by multiplying the constant Sigma by
the length of an element times four. For example, given
the length of element 11a, multiplying this by four and
further by Sigma, this yields the spacing distance d-1.

Advantageous backfire radiation patterns were ob-
served ntilizing the above embodiments over the band of
frequencies comparable to the FM radio band from 88
mc.ps. to 108 mec.p.s. The exemplary embodiment of
FIGURE 4 was constructed as a scale model of the an-
tenna operating on a 5:1 scale. Thus, if the perpendicu-
lar and parallel element lengths and the spacings between
adjacent dipoles is multiplied by five, such an arrange-
ment will provide operation over the FM radio band.
The antennas constructed in accordance with the prin-
ciples of the instant invention have been shown to provide
improved performance with half-power beamwidths in the
E-plane as small as 32° and front-to-back ratios greater
than 18 decibels without the presence of side-lobes. This
design permits extremely high values of directivity to be
achieved compatible with practical transverse dimensions
of the radiating elements on a broadband backfire array.
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Tn other words, the directivity characteristics of the an-
tenna arrays 10 and 60 of FIGURES 1 and 4 respectively,
have ‘yielded extremely advantageous directivity charac-
teristics without the need for use of extremely long dipole
clements or inordinate array lengths. If greater direc-
tivity is desired, the element length of each dipole ele-
ment can be controlled within desirable limits simply by
adding impedance transforming elements between the
dipoles and feeders.

Although the examples described above employ trans-

mission line elements as transformers, other impedance
transforming networks may be utilized. As one example,

FIGURE 5 shows the capacitor arrangement 70 which
may be employed at the base of each dipole element.
Such an element transforms the resonant value of im-
pedance which normally occurs near the half-wave dimen- -
sion of the dipole. The new resonance would occur at
a longer length of the dipole. The capacitor arrange-
ment 70 can be built into the tubular elements as shown
in FIGURE 5. A large diameter tube 70 is provided
which is connected to the feeder line 16 (see FIGURES
1 or 4) at its left-hand end 70a. The dipole element 71
has a smaller outside diameter than the tube 70 and is
inserted through the opening 70b therein. Dipole. ele-
ment 71 is insulated from tubular member 70 by means
of a dielectric sleeve 72. This arrangement . provides
adequate positioning and support -of the dipole element
71, as well as providing the capacitive coupling between
the feeder line and the dipole element.

It can therefore be seen that the instant invention pro-
vides a novel antenna array which has extremely high
directivity characteristics over an extremely broad band
of operating frequencies, while at the same time keeping
the length of the dipole elements as well as the overall
length of the array well within reasonable limits so as to
prevent the overall structure from becoming impractical
for both construction and use. These features are ob-
tained by employing lumped or distributive networks as
connecting means between the feeder line and the dipole
elements to provide the desired resonance characteristics
for each of the dipole elements.

Although there has been described a preferred embodi-
ment of this novel invention, many variations and modi-
fications will now be apparent to those skilled in the art.
Therefore, this invention is to be limited, not by the
specific disclosure herein, but only by the appending
claims.

‘What is claimed is:

1. An antenna array providing high directivity values
over extremely broad bands of operating frequencies
comprising a plurality of dipoles being arranged at
spaced intervals; each of said dipoles being comprised of
first and second elements substantially colinear to one
another; all of said elements lying substantially in a single
plane; a two-wire feeder line; adjacent elements of said
dipoles ‘being connected to alternate sides of said feeder
line; the lengths of said dipoles being maximum at a first
end of said feeder line and being progressively shorter
toward the opposite end of said feeder line; a plurality of
impedance-transforming networks each connecting an
associated dipole element to said feeder line to provide
maximum energy transfer between said feeder line and
said element when the length of its associated dipole is
substantially different from the odd-integer multiple of
half-wave length corresponding to the frequency of opera-
tion.

2. An antenna array providing high directivity values
over extremely broad bands of operating frequencies
comprising a plurality of dipoles being arranged at spaced
intervals; each of said dipoles being comprised of first
and second elements substantially colinéar to 'one an-
other; all of said elements lying substantially in a single
plane; a two-wire feeder line; adjacent elements of said
dipoles being connected to alternate sides of said feeder
line; the lengths of said dipoles being maximum at a first
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end of said feeder line and being progressively shorter
toward the opposite end of said feeder line; the lengths
- of the elements of each dipole differing from the lengths
of the adjacent longer dipole elements by a substantially

constant scale factor; a plurality of impedance-transform- .

- ing metworks each connecting an associated dipole ele-

“ment to said feeder line to provide maximum energy
transfer between said feeder line and said element when
the length of its associated dipole is substantially different

- from the odd-integer multiple of half-wavelength corre-
sponding to the frequency of operation. °

3. An antenna array providing high directivity values

over extremely broad bands of operating frequencies com-
- prising a plurality of dipoles being arranged at spaced
- intervals; each of said dipoles being comprised of first
- and second elements substantially colinear to one an-
other; all: of said elements lying substantially in a single
* plane; a two-wire feeder line; adjacent elements of said
dipoles being connected to alternate sides of said feeder
line; the lengths of said dipoles being maximum at a
first end of said feeder line and being progressively
shorter toward the opposite end of said feeder line; the
lengths of the elements of each dipole differing from the
- lengths of the adjacent longer dipole elements by a sub-
stantially constant scale factor; the distance between ad-
jacent dipoles being maximum at the first end of said
feeder line and being progressively shorter toward the
- opposite end of said feeder line; a plurality of impedance-
transforming networks each connecting an associated
- dipole element to said feeder line to provide maximum
energy transfer between said feeder line and said ele-
ment when the length of its associated dipole is substan-
tially different from the odd-integer multiple of half-wave
" length corresponding to the frequency of operation.

4. An antenna array providing high directivity values
over extremely broad bands of operating frequencies com-
prising a plurality of dipoles being arranged at spaced
intervals; each of said dipoles being comprised of first
and second elements substantially colinear to one another;
all of said elements lying substantially in a single plane;
a two-wire feeder line; adjacent elements of said dipoles

- being connected to alternate sides of said feeder line;

the lengths of said dipoles being maximum at a first end’

+ of said feeder line and being progressively shorter toward
the opposite end of said feeder line; the lengths of the
elements of each dipole differing from the lengths of the
adjacent longer dipole elements by a first substantially
constant scale factor; the distances between adjacent
dipoles being maximum at the first end of said feeder
line and being progressively shorter toward the opposite
end of said feeder line; the distance between adjacent
dipoles differing from the distance between succeeding
adjacent dipoles by a second substantially constant scale
factor; a plurality of impedance-transforming networks
each conmnecting an associated dipole element to said
feeder line to provide maximum energy transfer between
said feeder line and said element when the length of its
associated dipole is substantially different from the odd-
integer multiple of half-wave length corresponding to
the frequency of operation.

5. An antenna array providing high directivity values
over extremely broad bands of operating frequencies com-
prising a plurality of dipoles being arranged at spaced
intervals; each of said dipoles being comprised of first

- and second elements substantially colinear to ome an-

other; all of said elements lying substantially in a single

plane; a two-wire feeder line; adjacent elements of said
dipoles being connected to alternate sides of said feeder
line; the lengths of said dipoles being maximum at a first
end of said feeder line and being progressively shorter
toward the opposite end of said feeder line; the lengths
of the elements of each dipole differing from the lengths
of the adjacent longer dipole elements by a first sub-
stantially constant scale factor; the distances between
adjacent dipoles being maximum at the first end of said

10

20

25

30

35

40

45

50

8

- feeder line ‘and being progressively shorter toward the

opposite end of said feeder line; the distance between
adjacent dipoles differing from the distance between suc-
ceeding adjacent dipoles by a second substantially constant

“scale factor; a plurality of impedance-transforming net-

works each connecting an associated dipole element to
said feeder line to provide maximum energy transfer
between said feeder line and said element when the
length of its associated dipole is substantially different
from the odd-integer multiple of half-wave length corre-
sponding to the frequency of operation; said first and

- second scale factors being substantially equal.

6. An antenna array providing high directivity values
over extremely broad bands of operating frequencies com-
prising a plurality of dipoles being arranged at spaced
intervals; each of said dipoles being comprised of first
and second elements substantially colinear to one an-
other; all of said elements lying substantially in a single
plane; a two-wire feeder line; adjacent elements of said
dipoles being connected to alternate sides of said feeder
line; the lengths of said dipoles being maximum at a
first end of said feeder line and being progressively
shorter toward the opposite end of said feeder line; the
lengths of the elements of each dipole differing from the
lengths of the adjacent dipole elements by a first sub-
stantially constant scale factor; the distances between ad-
jacent dipoles being maximum at the first end of said
feeder line and being progressively shorter toward the op-
posite end of said feeder line; the distance between ad-
jacent dipoles differing from the distance between suc-
ceeding adjacent dipoles by a second substantially con-
stant scale factor; a plurality of impedance-transforming
networks each connecting an associated dipole element
to said feeder line to provide maximum energy transfer
between said feeder line and said element when the length
of its associated dipole is substantially different from the
odd-integer multiple of half-wave length corresponding
to the frequency of operation; said first and second scale
factors being substantially equal. '

7. An antenna array providing high directivity values
over extremely broad bands of operating frequencies
comprising a plurality of dipoles being arranged at spaced
intervals; each of said dipoles being comprised of first
and second elements substantially colinear to one an-
other; all of said elements lying substantially in a single
plane; a two-wire feeder line; adjacent elements of said
dipoles being connected to alternate sides of said feeder
line; the lengths of said dipoles being maximum at a
first end of said feeder line and being progressively shorter
toward the opposite end of said feeder line; a plurality

- of impedance-transforming networks each connecting an
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associated dipole element to said feeder line to provide
maximum energy transfer between said feeder line and
said element when the length of its associated dipole
is substantially different from the odd-integer multiple
of half-wave length corresponding to the frequency of
operation, said networks comprising transformer means
for substantially matching the impedance of each ele-
ment to the impedance of said feeder line.

8. An antenna array providing high directivity values
over-extremely broad bands of operating frequencies
comprising a plurality of dipoles being arranged at
spaced intervals; each of said dipoles being comprised
of first and second elements substantially colinear to
one another; all of said elements lying substantially in
a single plane; a two-wire feeder line; adjacent elements
of said dipoles being connected to alternate sides of said
feeder line; the lengths of said dipoles being maximum
at a first end of said feeder line and being progressively
shorter toward the opposite end of said feeder line; a
plurality of impedance-transforming networks each con-
necting an associate dipole element to said feeder line
to provide maximum energy transfer between said feeder
line and said elements; said networks having values to
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cause said dipoles to operate at lengths corresponding
substantially to integer multiples of the wave length.

9. An antenna array providing high directivity values
over extremely broad bands of operating frequencies
comprising a plurality of dipoles being arranged at spaced
intervals; each of said dipoles being comprised of first
and second elements substantially colinear to one an-
other; all of said elements lying substantially in a single
plane; a two-wire feeder line; adjacent elements of said
dipoles being connected to alternate sides of said feeder
line; the lengths of said dipoles being maximum at a
first end of said feeder line and being progressively
shorter toward the opposite end of said feeder line; a
plurality of impedance-transforming networks each con-
necting an associated dipole element to said feeder line
to provide maximum energy transfer between said feeder
line and said elements; said networks comprising trans-
former means for substantially matching the impedance
of each element to the impedance of said feeder line;
said networks having values to cause said dipoles to
operate at lengths corresponding substantially to integer
multiples of the wave length.

10. An antenna array providing high directivity values
over extremely broad bands of operating frequencies
comprising a plurality of dipoles being arranged at spaced
intervals; each of said dipoles being comprised of first
and second elements substantially colinear to one an-
other; all of said elements lying substantially in a single
plane; a two-wire feeder line; adjacent elements of said
dipoles being connected to alternate sides of said feeder
line; the lengths of said dipoles being maximum at a
first end of said feeder line and being progressively
shorter toward the opposite end of said feeder line; a
plurality of impedance-transforming networks each con-
necting an associated dipole element to said feeder line
to provide maximum energy transfer between said feeder
line and said elements; said networks comprising trans-
former means for substantially matching the impedance
of each element to the impedance of said feeder line;
said transformer means being a section of two-wire bal-
anced transmission line.

11. An antenna array providing high directivity values
over extremely broad bands of operating frequencies
comprising:

a plurality of dipoles being arranged at spaced in-

tervals;

each of said dipoles being comprised a first and sec-
ond elements substantially colinear to one another;

each of said dipoles having a length of substantially
integer multiples of the wave length corresponding
to the frequency to be received by said each of
said dipoles;

all of said elements lying substantially in a single plane;

a two-wire feeder line;

adjacent elements of said dipoles being connected to
alternate sides of said feeder line;

the lengths of said dipoles being maximum at a first
end of said feeder line and being progressively shorter
toward the opposite end of said feeder line;

a plurality of impedance-transforming networks each
connecting an associated dipole element to said
feeder line to provide maximum energy transfer be-
tween said feeder line and said elements;

said networks comprising transformer means for sub-
stantially matching the impedance of each element
to the impedance of said feeder line;

said transformer means being a section of two-wire
balanced transmission line extending substantially
parallel to said feeder line;

each of said two-wire balanced transmission lines hav-
ing a length of substantially one-quarter multiples

5

10

15

20

25

30

40

45

50

55

60

65

70

10
of the wavelength corresponding to the frequency
to be received by its associated dipole element.

12. An antenna array providing high directivity values
over extremely broad bands of operating frequencies
comprising:

a two-wire feeder line;

a plurality of dipoles being arranged transverse to said
feeder line at spaced intervals along the length
thereof;

each of said dipoles being comprised of first and sec-
ond elements spaced on opposite sides of said feeder
line;

adjacent elements of said dipoles being connected to
alternate sides of said feeder line;

a plurality of impedance-transforming networks each
connecting an associated dipole element to said
feeder line to provide maximum energy transfer be-
tween said feeder line and said elements;

said networks comprising transformer means for sub-
stantially matching the impedance of each element
to the impedance of said feeder line;

said transformer means being a section of transmis-
sion line extending substantially parallel to said
feeder line;

the length of each transmission line transformer means
being approximately one-quarter of the length of
the dipole arm to which it is connected;

the accumulated length of said first and second ele-
ment of any one dipole plus the length of the trans-
mission line transformer means connected to said
first and second elements being of the order of
one and one-quarter wavelength at a frequency with-
in the operating band of the antenna array.

13. An antenna array providing high directivity values
over extremely broad bands of operating frequencies
comprising:

a two-wire feeder line;

a plurality of dipoles being arranged transverse to
said feeder line at spaced intervals along the length
thereof;

each of said dipoles being comprised of first and sec-
ond elements spaced on opposite sides of said feeder-
line;

the accumulated length of said first and second ele-
ments of any one dipole being substantially integer
multiples of the wave length corresponding to the
frequency to be received by said any one dipole;

adjacent elements of said dipoles being connected to
alternate sides of said feeder line;

a plurality of impedance-transforming networks each
connecting an associate dipole element to said feeder
line to provide maximum energy transfer between
said feeder line and said elements;

said networks comprising transformer means for sub-
stantially matching the impedance of each element
to the impedance of said feeder line.
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