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My invention relates to antenna arrays and
particularly to a high frequency directive an-
tenna system for wide-band operation.

In certain types of high frequency transmis-
sion systems, for example television systems, the
transmitting antenna must be designed to oper-
ate over a very wide band of frequencies. Thus,
in present day television systems, the upper and
lower side bands extend several megacycles on
either side of the mean operating frequency to

" . which the antenna is tuned. If the impedance

of the antenna is not properly matched to the
transmitting apparatus for all frequencies with-
in this operating range, the efficiency of the
system is reduced and the operating character-
istics are unsatisfactory. In particular, any mis-
match between the antenns and the transmis-
sion line feeding it gives rise to reflections and
disturbances within the operating range of fre-
quencies, in turn causing “ghost images” and
other interference, as is well known to those
skilled in the art.

It is accordingly an object of my invention
to provide an improved high frequency antenna
array which has uniform impedance character-
istics over a wide band of frequencies on either
side of the mean operating frequency to which
it is tuned.

In some types of service, for example in sys-
tems for relaying television programs from one
transmitting station to another, it is also de-
sirable to employ antenna systems which possess
maximum directivity in a given direction. It
is a further object of my invention to provide
an improved directional antenna system partic-
ularly adapted for such service.

It is specifically an object of my invention
to provide an improved antenna system partic-
ularly adapted for broadecasting or relaying tele-
vision programs.

Briefly, one form of transmitting antenna array
constructed in accordance . with my invention
comprises two parallel divole radiators which
are interconnected at their feed points by a quar-
ter wave coupling line. The general form of
the system is ‘therefore that of the letter H.
A transmission feed line is connected to the feed
point of one of the dipoles. For transmission
this dipole then becomes an antenna and the
other dipole becomes a driven reflector, or di-
rector, The radiation pattern is approximately
that of a half wave dipole multiplied by a cardi-
oid, so that considerable gain in one direction
is secured. :

A wide-band characteristic is obtained in ac-
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cordance with my invention by a proper selec-
tion of the physical dimensions of the dipole
elements so that they provide transmission loads
having the same impedance characteristics over
the operating band. The quarter wave coupling
line between the dipoles provides a 90-degree
phase difference in their energization and also
acts as an impedance-inverting network. Re-
sistance and reactance variations at the antenna
feed points are thereby compensated by equai
and opposite variations presented at the same
point by the coupling line and its load. .

The features of my invention which I believe
to be novel are set forth with particularity in
the appended claims. My invention itself, how-
ever, together with further objects and advan-
tages thereof, may best be understood by refer-
ence to the following description taken in con-
nection with the accompanying drawings, in
which Fig. 1 is a diagrammatic sketch of an
antenna array embodying my invention; Figs.
2a-2d are idealized reactance and resistance
curves which will be referred to for a better
understanding of the electrical characteristics
of the array of Fig. 1; Fig. 3.is a graph, pre-
pared from data taken during experimental tests
on certain antennae, showing their impedance
characteristics; Fig. 4 is a perspective view, part-
ly in section, of a practical embodiment of the
antenna system of Fig. 1; ¥ig. 5 is a sectional
end elevation of the system of Fig. 4 showing
certain details of this construction more clearly:
Fig. 6 is a perspective view, partly schematic,
of a multiple unit television and sound antenna
system embodying my invention; and Figs. 7
through 10 are fragmentary detail views of por-
tions of the system of Fig. 6.

The active antenna elements in the array of
Fig. 1 comprise two dipoles 20 and 2! which
are parallel to each other and spaced apart by
a quarter wave length at the mean operating
frequency for which the system is designed. For

reasons that will be explained later, each of

the dipoles has a relatively low ratio of length
to cross-section, and they are of unequal lengths,
as shown. - They are opened at their centers for
connection to a quarter wave coupling line 22
connected between them. The coupling line 22
is illustrated as an open-wire transmission line.

High frequency energy is transferreq between
the array of Fig. 1 and high frequency apparatus
(not shown) through a concentric transmission
line 23, 'This line is connected to the junction
between the coupling line 22 and the antenns
element 20 through a quarter wave open-wire
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matching line 24, The matching line 24 is de-
signed to provide a proper impedance match be-
tween the array and the feed line 23 in a manner
which will be obvious to those skilled in the
art.

The direction of maximum directivity is along
the axis of the coupling line 22 and toward the
right as viewed in Fig. 1. Since the line 22 is a
quarter wave long, the current in the dipole 21
lags the current in the dipole 20 by 90 degrees.
The horizontal radiation pattern becomes that
of a half wave dipole multiplied by a cardiod.
Therefore under these conditions the dipole 20
may be termed the antenna unit and the dipole
21 a driven reflector, or director, unit. ‘

The reactance and resistance of each of the
dipoles 20 and 21, locking into it from its center
feed point, will of course vary as the frequency
of the voltages impressed thereon is varied
through the natural frequency of the dipole. If
satisfactory wide-band operation is to be secured,
and reflections avoided, the reactance presented
to the matching line 24 should be substantially
zero over the entire’ operating band, and the
resistance should be substantially constant over
this range. As will be explained in greater de-
tail below, if the dipoles 20 and 21 are made to
appear as loads with identical reactance and re-
sistance variation characteristics, at their feed
connections, the variations due to one will be
compensated by the variations due to the other
as far as the transmission feed line is concerned.
This follows from the fact that a transmission
line which is an odd number of quarter wave~
lengths long can be utilized as an impedance-
jnverting network. 'The coupling line 22 per-
forms this added function to assist in securing
a wide-band characteristic in accordance with
my invention.
the reactance and resistance characteristics of

the 'dipole 21 so that they appear to have the-

opposite variations with frequency, thereby giv-
ing the required compensation. This action will
become apparent from a consideration of the
curves of Figs. 2¢-2d in conjunction with the
following detailed description.

The electrical characteristics of the system
will be better understood by first considering the
theoretical case of an antenna array similar to
that shown in Fig. 1, but where the dipoles 20
and 21 are conductors each physically one half
wave-length long. In this case the two antenna
elements do not have the same terminal or driv-
ing point impedances because the terminal im-
pedance of each element consists of two essen-
tially .separate impedances: (1) The self-im-
pedance of the radiator which would exist if
there were no other radiators in the vicinity,
and (2) the mutual impedance due to the field
produced by the other antenna element. The
self-impedances of the dipoles are the same.
However, due to mutual impedance effects, one
element has increased resistance and the other
element has decreased resistance by essentially
the same amount. Likewise, one element has
positive mutual reactance and the other negative
mutual reactance. This causes the frequency of
zero reactance, i. e., the resonant frequency of
the element, to shift upward in one case and

downward in the other case, as compared to its !

value for a single dipole in free space.

The idealized curves of Figs. 2a-2d, inclusive,
illustrate these principles graphically. Each of
these curves is drawn for variations in resistance
or reactance versus frequency.

Briefly, the line 22 transforms .
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Referring first to the half-wave antenna unit,
corresponding to the dipole 20 in Fig. 1 the solid
line curves Ra and Xa of Fig. 2a indicate the
variations in self-resistance and self-reactance
as the frequency is varied through the resonant
frequency fo. The dipole 20 derives its mutual
resistance and reactance due to current in dipole
21, which lags the current in dipole 20 by 90
degrees in time phase. Consequently, the re-
actance variation curve is shifted toward the
right and the frequency of zero reactance is in-
creased, as is indicated by the dashed line paral-
lel to Xa. Similarly the resistance variation
curve Ra is shifted upward to some position in-
dicated by the dashed line parallel to Ra.

The curves Rp and Xop of Fig. 2b show the
corresponding self-resistance and self-reactance
variations for the half-wave director unit, cor-
responding to the dipole 21 in Fig. 1. Since the
mutual impedance in this case is due to current
which leads the current in dipole 21 by 90 de-
grees in time phase, the signs of the mutual re-
sistance and mutual reactance are reversed,
causing the net resistance and reactance varia-
tions to be as indicated by the dashed lines.

It will therefore be apparent that dipole ele-
ments of equal lengths do not provide the proper
transmission loads at their feed points and can-
not be balanced against each other to compen-
sate for their resistance and reactance varia-
tions. In order to proportion their net re-
actances so that both units have the same natu-
ral frequency fo, which is a condition required
for compensation, it is necessary to lengthen the
antenna element 20. and to shorten the element
21. Assuming that this has been done, then
the resistance and reactance variations of one
can now be compensated by the resistance and
reactance variations of the other through the
Impedance-inverting properties of the quarter
wave coupling line 22. Thus, the curves R’p and
X'p in Fig. 2¢ represent the resistance and re-
actance characteristics looking into the coupling
line 22 and its load, comprising the shortened
director element. Therefore, the net resistance
Ry and the net reactance Xy presented to the
matching line 24 are generally as represented
by the curves of Fig. 2d. It will be observed
that the resistance presented to the transmission
feed line is now substantially constant and the
reactance is very nearly zero over the entire op-
erating range.

In actual practice, when dipole elements of the
usual proportions are employed, the slopes of the
reactance curves are sufficiently great to prevent
satisfactory compensation over a wide band. In -
other words, the residual reactance variations, il-
lustrated by the curve Xy in Fig. 2d, are too great
a percentage of the value of Ry. However, if the
dipoles 20 and 2( are constructed so as to have
relatively large cross-sections as compared to
their lengths, the necessary conditions can be ap-
proximated over a band of frequencies sufficiently
wide for practical television purposes. The elec-
trical characteristics of the dipoles are affected in
a complex manner as their diameters are in-
creased.” When conductors of larger diameters
are employed, it is a well-known fact that they
will both be of shorter lengths for the same reso-
nant frequency, as compared to filamentary con-
ductors, but in any case the antenna element will
always be physically longer than the director by
reason of the mutual impedance effects previously
described. .

In the theoretical case of filamentary conduc-
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tors it would be expected that the antenna should
be physically longer than a half wave length and

the director physically shorter than a half wave

length by approximately the same amount to
provide correct compensation. However, in a
particular experimental antenna array using cy-
lindrical conductors of relatively large diameters,
it was found that both elements had to be shorter
than a half wave length, Thus, in this particular
array the quarter-wave -impedance-inverting
coupling line 22 was about 18 inches long and the
dipoles 20 and 2| were hollow metal cylinders
each having an outside diameter of about four
inches. Optimum results were secured when the
impedances of the dipoles and lines were properly
matched and when each half-section of the an-
tenna unit 20 was about 14.5 inches long and
each half-section of the director unit 2( about

12,5 inches long. The impedance characteristic-

for this particular unit is indicated by the curve
25 in Fig. 3. For comparison, curve 26 shows the
results secured for the same system when ad-
justed for optimum conditions and when both

units were of equal length, each half-section be-"

ing about 13.25 inches long. It is obvious that
satisfactory results were only secured when the
elements were properly proportioned in accord-
ance with my invention.

Figs. 4 and 5 show & practical embodiment of
the antenna system of Fig. 1. Corresponding ref-
erence numerals have been applied to correspond-
ing elements. The dipoles 20 and 2i each com-
prise two tubular metal cylinders mounted in
axial alighment. Each section of the antenna
element 20 is closed at its inner end and carries
an inner metal cylinder 20a extending beyond its
outer end, as shown. A tight sliding fit is main-
tained between the inner cylinders 20a and the
sections of the element 20 so that the effective
length of each section may be adjusted. The two
sections of the director element 21 are similarly
provided with inner cylinders 2ia for adjusting
the lengths of these sections.

In the antenna structure illustrated in Figs. 4
and 5, the conductors of the quarter-wave cou-
pling and matching lines 22 and 24 are in the
form of L-irons, as shown.  This construction
permits ready adjustment of the conductor spac-
ings in order to give the lines proper character-
istic impedances for matching all elements of the
system correctly. The feed connections to the
sections of the dipoles 20 and 21 are made at the
lower edges of their inner ends, where they are
secured to the coupling line conductors 22 in any
suitable manner, as by soldering, brazing, weld-
ing, or the like.

For horizontally polarized operation the entire
antenna assembly is preferably mounted upon
cross arms 271 at the top of a single supporting
pole 28, as illustrated. The concentric trans-
mission feed line 23 is secured alongside the sup-
porting pole and connected to the:-lower end of
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" one-quarter wave length at the mean operating
frequency. Due to the impedance-inverting
characteristics of a quarter wave line, a high im-
pedance exists between the upper ri.. of the
sleeve 30 and the adjacent rim of the outer con-
ductor of the line 23. Consequently, the upper
end of the outer conductor of the transmission

line 23 is effectively isolated from ground for .

radio frequency potentials and is free to “float”
so that balanced operation of the array may be
attained.

Greater gain in a given horizontal direction -
may be secured by using & multiple unit antenna
system. composed of a plurality of unit arrays of
the form just described. In this type of system
the unit arrays are similarly oriented and spaced
apart along a common vertical axis. A television
system employing four unit arrays is illustrated in
Fig. 6. Each of the unit arrays is essentially of
the same form as shown in Pig. 4. However, in
the embodiment illustrated in Fig. 6, each of the
coupling line conductors 22 comprises an outer
bar 38 fixedly secured at its ends to the dipoles

‘20 and 21, and an inner bar 36 adjustably mount-

ed on the outer bar by means of adjusting studs
and nuts. This construction provides a simple

‘means for. adjusting the spacings between the re-

spective transmission line conductors for imped-
ance matching purposes. A similar transmission
line construction is-also employed for the four
matching sections 24, as is clearly shown in the
drawings. )

The four unit arrays in Fig, 6 are fed in par-
allel from a ‘common concentric transmission
line 37, 38 which is supplied from g suitable
source of television signals indicated schemati-

.cally by the box 39. Energy is supplied through
‘the vertical portion 37 and the horizontal por-

tion 38. The portion 38 is positioned halfway
between the two inner unit arrays. Transition
to balanced feed is obtalned through an elevator
section 40. The constructional details of g pre-
ferred form of this elevator will be apparent
without detailed discussion from an inspection
of Fig. 9 which shows a vertical sectional view
through the elevator and the transmission line

- 31, 38,

o

the matching line 24 through the flexible con- °

nections 29.

In order to permit unbalanced operation of the -

transmission line 23 with one conductor ground-
ed and yet provide balanced operation of the ar-
ray with respect to ground, the “elevator” section
30 is employed. Ifs construction and operation
are familiar to those skilled in antenna design

and require no detailed explanation here. Brief-

ly, it comprises an outer cylinder 30 having its
upper end free and its lower end secured to the
outer conductor of the line 23 at a point spaced

70

from the upper rim of the outer conductor by 75

The feed connections divide into .an upper
branch 41 feeding the upper pair of unit arrays
and a lower branch 42 feeding the lower pair of
unit arrays. These two branches are symmetri-
cal and, in the particular form illustrated, each
comprises two concentric lines in parallel. This
arrangement is employed to secure a proper
match between line 38 and the combination of
lines 41 and 42,

. Each of the branch lines 41 is connected to one
pair of matching lines 24 through an elevator 42.
It is believed that the details of construction of
these elevators will be obvious from an inspec-
tion of Figs. 7 and 8, which show respectively a
horizontal section through either one of the ele-
vators and an end elevation looking toward the
left-hand end of the upper elevator £2.

In order to provide a support for the inner
conductor of the transmission line 37 and to
prevent the inner conductor of the transmission
line 38 from being bent downwardly due to the
weight of the parts, the transmission line 30 is
extended vertically a quarter of a wave length
above its junction with the line 38, as is indi-
cated by the section 50 in Fig. 6.  As is shown
more clearly in the fragmentary sectional view
of Fig. 10, the inner transmission line conductor
termlnates within a cylindrical junction box 5i.
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Its upper end is threaded and provided with nuts
52 which in turn support the inner conductor
through a thrust mounting comprising an insu-
lating bushing 53 which is seated upon the upper
end of the outer transmission line conductor. A
metal shorting cap 54 iIs provided for short-cir-
cuiting the transmission line 50 at this point.
It will be apparent that this produces a high
impedance at the junction of sections 37 and 38.
In some cases it may be desirable to replace the
shorting cap 54 by impedance elements for com-
pensating purposes. .
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stances it may also be desired to connect each
of the dipoles to its feed point, at.one end of
the . coupling’ line 22, through additional im-
pedance-matching or coupling lines. Therefore,
while I have illustrated what I believe to be pre-
ferred embodiments of my invention, I do not

. wish to be limited thereto since many such modi-

10

The television antenna structure illustrated in

Fig. 6 also incorporates a sound transmission
system. A suitable source of ‘sound signals to
accompany the television signals is indicated
schematically by the box 60. It is connected to
an antenna 61 through a concentric feed line 62.
In order to.give the antenna 61 a directional
characteristic, with maximum radiation in the
same direction as the television antenna system,
a grounded vertical reflector 62 is provided ad-
jacent the antenna 81 and suitably spaced there-
from. This reflector 62 may constitute an ex-
tension of the grounded outer conductor of the
transmission line 37 feeding the television -an-
tenna, as shown. It also extends to a higher
point than the upper end of the antenna 61 so0
that it performs the additional function of a
lightning rod for the protection of both the sound
system and the television system,

Referring again to Fig. 6, it should be noted
that the lengths of all the antenna elements 20,
and of all the director elements 21, will not

necessarily be the same if all elements are to :

provide proper transmission loads at their driv-
ing points for reactance and resistance com-
pensation in accordance with my invention.
Neither will they in . general be of the same
lengths as the corresponding elements in a single
. array, such as is shown in Fig. 4. The reason
for this of course lies in the fact that there is
mutual impedance between the several unit ar-
rays as well as between the dipoles of each ar-

ray.
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In general it will be necessary to determine .

the correct length for the elemental dipoles in
any given form of system by actual operating
tests. Their physical dimensions for correct
compensation cannot be calculated exactly be-
cause of the many interdependent quantities in-
volved, most of which are not known with any

50

degree of certainty. For example, even In the -

simple array of Fig. 4, all of the following quan-
tities affect the physical dimensions of the ele-
ments and none of these quantities s capable of
exact calculation by known methods: (1) The
ratio of the currents in the elements, (2) the
mutual impedance between elements of different
- lengths, (3) the mutual impedance between con-
ductors of large cross-sections as compared to
their lengths, (4) capacity effects between the
inner ends of the large conductors forming each
dipole, and (5) the capacity “end effects” of the
coupling line.

It will also be apparent that various modifica-
tions may be made in the construction of antenna
arrays utilizing the principles of my invention.
In some cases it may be desirable to use con-
ductors of unequal diameters for the dipoles.
It has also been indicated earlier that the two
dipoles might in some cases be coupled together
through a coupling line greater than a quarter
wave length long and equal to an odd number
of quarter wave lengths, Under some circum-
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fications may be made, and I contemplate by the
appended claims to cover any such modifica-
tions as fall within the true spirit and scope of
my invention, '

What I claim as new and desire to secure by
Letters Patent of the United States is:

1."An antenna systemi comprising, in combi-
nation, two substantially coplanar, linear an-
tenna elements, each element being connected
to a feed point, impedance-inverting means in-
terconnecting sald feed points, said means com-
prising a transmission Iine having a length sub-
stantially equal to an odd multiple of a quarter
wave length at the mean -operating frequency

"of the system, and a feed line connected to one

of said feed points, the physical dimensions of
said elements being so proportioned that, over
a predetermined band of frequencies including
said mean frequency, the reactance and resist-
ance variations with frequency looking from said
one -point into the element connected thereto
are substantially equal and of opposite slope to
the reactance and resistance variations with fre-
quency looking into said line from said one point.

2. A high-frequency directive antenna array
comprising, In combination, a pair of substan-
tially parallel- dipoles spaced apart by substan-
tially one quarter of a wave length at the mean
operating frequency of the system, each dipole
heing connected to a feed point, an impedance-
inverting line interconnecting said feed points,
said line having a length substantially equal to
an odd multiple of a quarter wave length at
said frequency, and a transmission line con-
nected to one of saild feed points, the physical
dimensions of said dipoles being so-proportioned
that, over a predetermined band of frequencies

5 including said mean frequency, the reactance

and resistance variations with frequency looking
from said one point into the dipole connected
thereto are substantially equal and of opposite
slope to the reactance and resistance variations
with frequency looking into said line from said
point.

3. The combination, in a high-frequency di-
rective antenna system, of a dipole antenna unit,
a dipole director unit substantially parallel to
said antenna unit and spaced therefrom by sub-
stantially one quarter wave length at the mean
operating frequency of the system, an imped-
ance-inverting line interconnecting said units,
and a transmission feed line connected to said
antenna unit, said units having substantially
equal feeding point resistances and reactances
at any frequency within a predetermined band of
frequencies extending on either side of sald mean
operating frequency.

4. A high-frequency transmitting antennsa ar-
ray comprising, in combination, a horizontal di-
pole antenna element, a horizontal dipole di-
rector element substantially parallel to said an-
tenna element and spaced therefrom by substan-
tially one quarter wave length at the mean op-
erating frequency of the array, each of said ele-
ments having a center feed connection, imped-
ance-inverting means connected between said
feed connections, and a‘ transmission Iline
adapted to supply high frequency energy to said
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array connected to said antenna feed connection,
said elements having substantially equal feeding
point resistances and reactances at any fre-
quency within a relatively wide band of fre-
quencies extending on either side of said mean
operating frequency. ] :

5. An antenna system comprising, in combi-
nation, two substantially coplanar, linear an-
tenna elements of unequal physical lengths, the

length of at least one -of said elements being
substantially different from a half wave length

or an integral multiple thereof at the mean op-

10

erating frequency of the system, each element -

being connected to a feed point, impedance-in-
verting means interconnecting said feed points,
and a transmission line connected to one of said
feed points.

6. In a directive antenna system for operation
on high frequencies extending over a relatively
wide band, the combination comprising a first
linear antenna element, & second linear antenna
element substantially parallel to said first ele-
ment and spaced therefrom by substantially one
quarter of a wave length at the mid-band fre-
quency, each element being connected to a feed
point, impedance-inverting means connected be-
tween said feed points, and a transmission line
connected to one of said feed points, said ele-
ments having unequal lengths so selected that
their respective feed point reactances and re-
sistances are substantially equal at any fre-
quency within said band, whereby the imped-
ance presented to said transmission line by said
system- at said one .feed point is substantially
uniform over sald wide band of frequencies.

7. In a directive antenna system for transmit-
ting waves of high frequencies extending over a
relatively wide band, the combination compris-
ing a dipole antenna unit, a dipole director unit
substantially parallel to said antenna unit and
“spaced therefrom by substantially one quarter
of a wave length at the mid-band frequency,
each element being connected to a feed point,
an impedance-inverting line coupling said feed
points together, and a transmission feed line
connected to the feed point for said antenna
unit, the physical dimensions of said units being
so proportioned that, over said wide band, the
reactance and resistance variations with fre-
quency looking into said antenna unit from said
antenna feed point are substantially equal and
of opposite slope to the reactance and resistance
variations with frequency looking into said im-
pedance-inverting line from the same point,
whereby the impedance of said system is .sub-
stantially uniform over said wide band.

8. A wide-band high-frequency transmitting
antenna array comprising, in combination, a
pair of substantially parallel dipoles spaced apart
by substantially one quarter of a wave length.
at the mean operating frequency, each of said
elements being connected to a feed point, an
impedance-inverting t{ransmission line inter-
connecting said feed points, said line having a
length substantially equal to an odd multiple of
a quarter wave length at said frequency, and a

20
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resistance presented to said feed line by the ar-
ray is substantially constant.

9. In & wide-band directive antenna -system,.
the combination comprising two substantially
parallel dipoles of comparabie cross sections and
of substantially different physical lengths, said
dipoles being spaced apart by substantially. one
quarter of a wave length at the mid-band fre-
quency, an impedance-inverting means inter-
connecting said dipoles, and a transmission line
connected to one of said dipoles.

10. In a directive antenna system for trans-
mitting waves of high frequencies extending over
a relatively wide band, the combination compris-

. Ing, a substantially cylindrical dipole antenna, a

substantially cylindrical dipole director parallel
to said antenna and spaced therefrom. by sub-
stantially one quarter of a wave length at the
mid-band frequency, said antenna and said di-
rector each having a center feed point, an im-
pedance-inverting line connected between said
points, said line having a length substantially

‘equal to an odd muitiple of a quarter wave length

- at said frequency, and a transmission feed line

connected to the antenna feed point, said an-
tenna having a cross-section comparable to said

" director and & physical length substantially
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transmission feed line connected to one of said -

feed points, said dipoles having substantially
different ratios of length to cross-section such
that, over a wide band of frequencies on either
side of said mean frequency, their respective feed

70

point reactances and resistances are substan-

tially equal at any frequency within said band,
whereby the reactance presented to said feed
line by the array is substa.ntially zero and the

75

greater than said director. )

11. In a directive antenna system for trans-
mitting waves of high frequencies extending over
& relatively wide band, the combination compris-
ing, a substantially cylindrical dipole antenna, a
supstantially cylindrical dipole director parallet
to said antenna and spaced theretrom by sub-
stantially one quarter of a wave length at the
mid-band frequency, said antenna and said di-
rector each having a center feed point, an im-
pedance-inverting line connected between said
points, said line having a length substantially
equal to an odd multiple of a quarter wave length
at said frequency, and a transmission feed line
connected to the antenna feed point, said an-
tenna having a cross-section comparable to said
director and a length substantially greater than
said director, said lengths being sucia that, over
said wide band of frequencies, the reactance
and resistance variations with frequency looking
into said antenna from said antenna feed pointg
are substantially equal and of opposite slope to
the reactance and resistance variations with fre-
quency looking into said impedance-inverting
line from the same point, whereby the impedance
of said system is substantially uniform over said
wide band. :

12, A wide-band transmitting antenna array
comprising, in combination, a cylindrical dipole
antenng element, a cylindrical dipole director
element parallel thereto and spaced therefrom
by substantially one quarter wave length at the

‘mean operating frequency, each of said elements

being connected to a feed point, a quarter wave
transmission line interconnecting said feed
points, and a transmission feed line connected
to the antenna feed point, each of said elements
having a relatively low ratio of length to diam-
eter ‘and said antenna element being physically
longer than said director element.

13. A wide-band transmitting antenna array
comprising, in combination, a cylindrical dipole
antenna element, a cylindrical dipole director
element parallel thereto and spaced therefrom by
substantially one quarter wave length at the
mean operating frequency, each of said elements
being connected to a feed point, & quarter wave
transmission line interconnecting said feed
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points, and & transmission feed line connected
to the antenna feed point, each of said elements
having a relatively low ratio of length to diam-
eter and sald antenns element being physically
-longer than sald director element, the lengths
of sald elements being so adjusted that, over a
wide band of frequencies on either side of sald
mean frequency, their respective feed point re-
actances and resistances are substantially equal
at any frequency within sald band, whereby the
‘reactance presented to said feed line by the sys-
tem is substantially zero and the resistance pre-
sented to said feed line by the system is substan-
tially constant.
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14. A directive antenna system adapted to op- -
erate on a wide band of high frequencies com-
prising, in combination, two substantially paral-
lel dipoles spaced apart by substantially one

quarter of a wave length at the mid-band fre- .

quency, impedance-inverting means intercon-
necting said elemeats, and a. transmission feed
line connhected to one of said dipoles, said di-
poles having substantially equal values of react-
ance and equal values of- resistance at any fre-
quency within said band.
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