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This invention relates to antenna systems-and

particularly-to-high gain; directive-antenna-sys=.

tems for-television-transmission and reception.
The-principal object of the invention is to. pro-

vide-a- high-gain -antenna- system that. will be:

responsive with: almost uniform, maximum gain
over a wide-range of frequencies-covering-at least
the range of the present high or low. television:
bands, and that will be responsive with good. per~
formance over both- the .present: high and:low
bands:

Another -object of the invention is-to provide
an - antenna system having-the. foregoing per-
formance characteristics: and having: an- aerial
structure suitable for mounting on a.single, ro-
tatable mast.

A further object of the invention is to provide
an-aerial structure-that may be shipped in a com-
pletely assembled, collapsed: condition, and that
may: be:- quickly extended: in:an: accordion-like
manner at the place of installation. for mounting

on a mast.to provide an antenna system: of the:

character described.

Still another object of the invention is to.-ac-
complish the foregoing objectives while making
the greatest possible structural use of electrically
functional members; thereby keeping the amount
of material in the aerial structure to a minimum
consistent with the results to be achieved.

Structurally, the aerial resembles two vertically

stacked sets of three:half wave collinear units
with-quarter wave, phase reversing stubs; one:of
the two: sets being:inverted with respect to: the
other to -bring their stubs back:to back, both
sets being supported in laterally spaced parallel
relationship with respect to a pair of similarly
stacked reflectors, and the whole being mounted
on a.vertical -mast. Electrically, however,. the
antenna system differs radically from such an
assembly, and; in-addition; possesses cerfain novel
struetural characteristics not immediately ap-
parent: from . an; inspection of the complete as-
sembly:

The principal electrical feature of the. inven-
tion: resides: in: the: discovery. that: remarkable

broad banding: effects are.achieved when such a.

vertically stacked pair of back to back sets: of
collinear units- have.the adjacent ends.of their
oppositely . disposed. stubs electrically connected,
as. by -closing their ends with a common con-
ductor.. Antennas. and antenna systems em-
bodying. this electrical feature of the invention
are . the subject of my copending application
Serial No. 185,197, filed September 16, 1950, and
granted as Patent. No. 2,566,287, granted August
28,1951,
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The: principal structural feature of the inven-
tion-resides in the employment of pivotal connec-.
tions -at-each corner: of each individual stub:so .
that each pair of oppositely disposed rectangular:
stubs having a common side may be collapsed, as:
felding: parallelograms, to-permit.the two. sets.of
collinear units and reflectors -to be brought to-
gether for packaging, pulled apart again at-the:
place of installation, and quickly .converted: into .
a-relatively rigid structure.

The present application is.a division of my.
aforementioned copending application and is di-
rected: to the various mechanical features of the
invention.

A third feature of the invention resides in.the;
use: of the upper and lower cross arms-as.elec-
trically functioning units, serving the purpose.of
reflectors,- as well as: supports for the upper-and
lower sets of collinear-units, respectively.

These, special features- of the invention and-
various other objects and advantages thereof will
be more fully understood from the following de~.
tailed description-of an illustrative embodiment,
of the invention, taken in conjunction with the
accompanying drawings, in which:

Figure 1 is a perspective view looking upwardly.
at an antenna embodying the invention;

Fig..2 is an. end elevation on an enlarged scale
of. the aerial structure and mast of the antenna
shown in: Fig. 1, the.view being: taken as indi-
cated by the line 2-—2.of Fig. 1;

Fig. 3is a fragmentary plan view on a further
enlarged. scale of the aerial structure and mast
of Fig, 1, the view being taken as indicated by the
line 3—3 of Flig. 1.

Fig. 4 is a fragmentary vertical section through .
the aerial structure and mast of Fig, 1, the view
being on the same scale as Fig, 3 and taken as
indicated by the lines 4—4 in Figs. 1 and 3;

Pig. 5.is another fragmentary. plan view show-
ing a.detail of the aerial of Fig. 1 on the.scale
of Figs. 3.and 4.

Fig. 6 is.a front elevation.of the detail of
Fig. 5;

Fig. 7 is.another fragmentary, vertical section
showing a detail of the aerial of Fig. 1 on the
same scale as Figs. 3 to.5. ‘

Fig, 8 is a fragmentary elevation of the aerial
of Fig, 1 in a partially collapsed condition;

Fig. 9 is a diagrammatic elevation of the prin-
cipal aerial elements of Fig. 1'in a partially col-
lapsed condition, the relationship of the elements
when fully extended being indicated -in dot-and-
dash lines;

g, 10 is'a diagrammatic elevation of a pair of
conventional aerial units arranged in-stacked re-
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lation with one inverted with respect to the other,
this illustration being given for comparative pur-
poses;

Fig. 11 is a similar, diagrammatic elevation
showing the changes from Fig. 10 that were most
significant in bringing about the improved elec-
trical operation achieved by the invention.

Referring principally to Fig. 1 and o the de-
tails shown in Figs. 2 to 7, the aerial structure of
the antenna system illustrated is carried by a
single vertical mast 12, that may take the form
of a rigid, hollow, metal tube mounted in any
desired manner (not shown) for rotation aboub
its vertfical axis.

A top cross arm (3 and a lower cross arm {4
are mounted at their centers adjacent the top of
the mast and extend horizontally in vertically
spaced-apart parallel relation. The cross arms
13 and 14 may also take the form of hollow, metfal
tubes, preferably being made of a light metal and
smaller in diameter than the mast 12, but large
enough in diameter to remain substantiallly rigid
while carrying the remainder of the aerial struc-
ture.

The cross arms 18 and {4 are rigidly secured
to the mast 12 by suitable brackets, such as the
one illustrated in detail in Figs. 3 and 4. In this
illustrative embodiment, the bracket comprises a
short, channel shaped member {8 extending hori-
zontally and having notches {7 in its flanges for
receiving the mast 12. The web or back of the
channe] shaped member {6 is formed with a lon-
gitudinally extending groove 18 therein to receive
the cross arm {3 (or {4). The channel shaped
member is secured against the mast and the cross
arm is secured against the channel shaped mem-
ber by a U-bolt 19 that straddles the mast with
its legs extending through aligned pairs of aper-
tures in the channel shaped member and in the
cross arm, and by a cooperating pair of nuts 21
and washers 22. As will be apparent, the nuts 21
may readily be tightened to hold the described
assembly in position.

“The embodiment of the invention illustrated
herein includes a set of three separated collinear
units of equal, selected resonant lengths mounted
on each cross arm to form structures having the
required rigidity to be self sustaining in space as
shown when the cross-arms 13 and {4 are
mounted on 3 mast in the desired positions, all
being more fully described hereinafter. To
mount the two sets of collinear units on their
respective cross arm supports, each cross arm 13
(or i4) has an array of identical, parallel sup-
ports £8 projecting laterally therefrom. In this
instance, ' five such supports are preferably
mounted on each cross arm in substantially
equally spaced relation and extending in the same
horizontal direction.” These supports may also
take the form of hollow tubes of light metal, and
may be of still smaller diameter than the cross
arms {3 and i4. They are conveniently mounted
in apertures drilled diametrieally through the
cross arms with an end of each support flared out
at 26 to prevent its withdrawal. Movement of
the supports in the opposite direction may con-
veniently be prevented by deforming portions of
the walls of the cross arms to form lips 27 extend-
ing into notches 28 in the supports.

. The center and two adjacent supports 23 on
each cross arm all carry suitable spacing insula-
tors 29 thereon for supporting adjacent ends of
the collinear units in spaced-apart relation, and
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for supporting the center unit at a break in the .

center thereof. The two outermost supports 23

75

4

on each cross arm both carry suitable bracing
insulators 81 thereon for giving additional sup-
port to the end collinear units of each set.

The spacing insulators 29 may conveniently be
rectangular in form with holes drilled there-
through at their ends to receive machine screws
32, to which the adjacent looped ends of collinear
units are secured by nuts 33. Each spacing insu-
lator 29 may be mounted on its support 23 by
another machine screw 34, which may be
threaded into a nut 38 jammed into the end of the
support 23.

The bracing insulators 8i are preferably in the
form of square blocks of sufficient thickness for
holes 37 to be drilled edgewise therethrough to
receive the end collinear units. Each bracing
insulator may be mounted on its support 23 by
means of a machine screw 38 threaded into a nut
39 jammed into the end of the support 23.

The two sets of collinear units respectively
associated with the upper and lower cross arms
13 and {4 are identical, and a description of one
is equally applicable to the other. Referring to
either set, the center unit 1 is broken in the mid~
dle, as noted above, to provide two separated con-
ductor parts 4ia and 4ib having their adjacent
ends connected to a spacing insulator 29; as de-
scribed above. 'The outer units 42 and 43 are
unbroken conductors that are collinear with the
center unit and are physically and electrically
spaced therefrom at opposite ends thereof by ad-
ditional spacing insulators 28, as described above.

The physical lengths of the units &1, 42, and
43 gre empirically selected in accordance with
well-known principles to be of substantially equal
resonant lengths of % wave length each, or any
whole multiple thereof, the wave length upon
which their dimensions are based being a selected
one in about the center of the range of wave
lengths to which maximum response of the con-
nected eircuit is desired. Thus, the upper and
lower sets of collinear units per se are conven-
tional.

As will be apparent from the foregoing descrip-
tion of the manner in which each set of collinear
units is mounted with respect to its cross arm,
each cross arm is insulated from the collinear
units carried thereby and serves both as a struc-
tural support and as a reflector therefor. This
arrangement effects a considerable economy of
material by eliminating the electrically non-
functional cross arm usually disposed between the
collinear units and the reflector.

In an effort to find means for improving the
gain and for broadening the band response of two
vertically stacked sets of collinear units of the
character described above (each unit having an
effective resonant length of one-half of the se-
lected wave length in the high television band) I
first added a conventional, quarter wave, phase
reversing stub between each two adjacent units
of each set. With this arrangement, the two sets
of collinear units were rotated about their longi-
tudinal axes to dispose the stubs at various angles
to the vertical and to dispose the stubs of one at
various angles with respect to-the stubs of the
other (no reflectors being employed). One such
arrangement is diagrammatically illustrated in
Fig. 10 where the stubs Su of the upper set hang
downwardly in a vertical plane and the stubs S1
of the lower set project upwardly in the same
plane. A conductor C: was connected between
the center units of the two sets on one side of the
central break therein, and a parallel conductor Cz
was connected between the center units of the
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two'sets on the opposite side of the-central break

therein. The terminal ends Tr and T2 of-a: two~

conductor radio freguency transmission line were
connected to the mid-points of the conductors Ci
and  Ca. :

With the general arrangement shownin-Fig. 10,
the gain of the antenna over the entire-high-and
low television bands reached its maximum -at
about 180 megacycles and dropped off: sharply to
less than half the maximum at 170 megacycles
and to less than two-thirds the maximum at 220
megacycles. 'In the low band, the gain reached
a maximum of about 40% of the highband maxi-
mum at 65 megacyecles and dropped-off sharply
to about 50% of the low band maximum-at-50
megacycles and to less-than 50% of the low band
maximum at 80 megacycles.

The characteristics .of this antenna as-regard
the impedance mateh of the antenna to the line
(standing wave ratio) .corresponds closely to the
gain characteristics, as should be expected. In
the high band, this ratio was about 1.25'at about
190 megacycles, but rose sharply to about 4-at 220
megacycles and to about 4.7 at 170 megacycles.
In the low band, this ratio was a minimum of
about. 2.3 at about 65 megacyeles and rose.sharp-
ly to about 3.9 at 80 megacycles and to about 4.2
at 50 megacycles. Since the required -condition
for high gain broad band perfarmance is a stand-
ing wave ratio near unity over the entire useful
band, it is apparent that this antenna -showed no
particularly unusual broad band characteristics,
though the gain at the optimum frequencies was
very good.

Rotation of the two sets of collinear units to
vary the angles of the planes of the stubs to the
vertical had essentially no éffect. on the standing
wave ratio or gain of the antenna over any part
of the high and low bands. ‘When the planes of
the stubs were horizontal, the radiation pattern
of the antenna in .a horizontal plane, measured
with horizontally polarized waves, exhibited slight
lobes. at.the 90° position, but this effect was small
and varied only slightly with freduency.

Thus, while the two sets of vertically stacked A

collinear units with phase reversing stubs could
be connected in parallel by conductors Ci1 and Cs
to obtain greater gain, the combination was still
responsive only to a very narrow.range of fre-
quencies, regardless of the orientation of the two
sets. The addition of reflectors produced. the ex~
pected effects of further increasing the .gain.and
making the combination more highly directional,
but nothing more. ’

After considerable experimentation, I finally
electrically connected the stubs.of one set to the
respectively alighed stubs.of the other set, as dia-
grammatically illustrated in Pig. 11. "Upon test-
ing the performance of this arrangement, star-
tling broadbanding effects were obtained. The
gain over the high television band reached sub-
stantially the same maximum as the arrangement
of Fig. 10 at about 190 megacycles, but it fell off
slowly not over 5% up to.220 megacycles and
down to 170 megacycles. In the low band, the
gain.reached a maximum at about 65 megacycles,
which was about 20% greater gain than was.ob-
tained in this band with-the arrangement in Pig.
10, and the gain fell off slowly only about.25%
up. to.90 megacycles and only.about 20% down to
50 megacycles. The standing wave ratio curves
were similar to the gain curves .when plotted
against frequency. .In the high.band, this.ratio
varied - between.the-optimum: figure.of 1.25.at.190
megacycles to a maximum of only about 1.5 &t
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220 megacycles-and:li6 at 170-megacycles. . In:the’
low band,-the-optimum: ratio iwas-about : 1.75.:at
65 -megacycles-and :rose -only-to :about:2.6:at-90
megacycles-and 2:1-at 50 -megacycles. - This.re-
markable uniformity of .gain at-the high level:in-
dicated by thestanding wave ratio over the.entire
high band, and theexcellent characteristics in the
low band with the ‘same antenna, far-excel:the
perfermance-charaecteristics of any:antenna. with
which I-am familiar. ~For an:easier:comparison
of-the improvement-obtained -with the antenna: of
Fig.'11 overthe antenna:of:Fig. 10, reference may
be made to'the following tabulation of the:fisures:
given ‘in:the foregoing- discussion with.approxi-
mate intermediate valuesradded:

"Standing Wage 'Gain, pereent-of
‘Ratio : " Maxima
Frequency (Megacycles) :
iFig. 10 | iFig, 114] . Fig:10: | “Figa1t
B0 et 4.2 201 50; 80
60 2.7 L.75 90, 98
- 2730 175 100 “100
257 18 98 196
2.8 2.2 . 78, 82
39 AN 47 “Th
4 1.6 40 295
2.0 1.4 82 08
1.25 1.25 100 100 .
‘1.5 1.3 90, 99
2.7 14 78 ‘97,8,
‘4.0 “1b - 165 96

I am unable ‘to explain, by -any-satisfactory
analysis of the arrangement shown in Fig. 11,
why it has the outstanding performance-charac-
teristics described above. ‘Connecting’the -stubs
back-to-back, however, is obviously largely re-
sponsible for such .performance characteristics,
which far exceed anything achieved:heretofore to
the best of my knowledge.

Upon translating "this electricdl “arrangement
into a physical form suitable for commercial pro-
duction, I first constructed each pair-of back-to-
back stibs Su.and S: of three conductor elements
C3, C4, and Cs (Fig. 11) so ‘that ‘the assembled
aerial resembled a ladder with the stub conduc-
tors Cz and Cs: and the center 'set “of "intercon=
necting conductors Ci and Cz forming ‘the rungs
and holding the two sets of collinear units in
fixed, spaced, .parallel relation. When pre-

. assembled on the cross arms 13 and 14, this struc-
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ture is so bulky as'to make packaging and ship-
ping costs prohibitive. If shipped disassembled,
the assembly time required at the point-of instal~
lation is excessive compared to other aerisls of
simpler .construction, “but 'inferior performsance,
which "have been in wide commerecial use. “To
overcome these commexcial objections to my. new
aerial arrangement, I.have devised a collapsible
physical embodiment of ‘the electrical . elements
which can be compactly packaged .for shipment
and quickly extended and mounted at the point
of installation. .

‘Referring again ‘to Figs. 1 and 2 and also to
Figs. 5, 6, 8, and 9, collapsibility of the unit shown
therein is achieved by constructing each pair of
back-to-back stubs (such as Su and 81 in Fig.11)
of five pivotally connected conductor élements in~-
stead of three conductor elements. 'Thus, each
upper stub. includes “a pair of parallel, vertical
conductors 46¢ and 4Ta, angd each lower stub in-
cludes a pair of identical, parallel, vertical.con-
ductors 46b and 47b; and a common, short con-
ductor 48 is pivotally connected .at .one end to
both the upper.and lower alisned conductors 46a

.-and 46b, and.at its opposite -end ‘to hoth ‘the

75

upper and lower dligned conductors #7a and 41b.
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These pivotal connections may conveniently be
made by forming. loops in the ends of the con-
ductors to be joined and simply inserting a ma-
chine screw through the loops, applying a nut
loosely thereon, and mutilating the threads on
the portion of the serew that projects beyond the
nut to prevent its accidental removal.

The upper ends of the conductors 46e and 4Ta
are also pivotally connected, respectively, to the
adjacent ends of the associated upper collinear
units 42 and 41, or 43 and 4(, and to the interven-
ing insulator 28, as shown in Figs, 5 and 6. Simi-
larly, the lower ends of the conductors 46b and
41b are pivotally connected, respectively, to the
adjacent ends of the associated lower collinear
units 42 and 41, or 43 and 41, and to the inter-
vening insulator 29. The machine screws which
may suitably be employed to form these pivotal
connections, such as the screws 32, preferably
have the vertical conductors applied after the
nuts 33 have been applied and tightened, and
additional nuts -5{ are then Iloosely applied.
Again, the assembly may be held together against
accidental removal of the nuts 51 from the ma-
chine screws by mutilating the fthreads of the
portions of the screws that project beyond the
nuts.

Similarly, the conductors C: and Cz, to which
the terminal ends T: and Tz of the transmission
line are connected in Fig. 11, are respectively re-
placed in Fig. 1 by an identical pair of vertically
aligned conductors 52¢ and 52b and by another
identical pair of vertically aligned conductors
53¢ and 53b. The upper ends of the conductors
52a and 53¢ are pivotally connected, respectively,
to the adjacent ends of the sections 4la and 410,
of the central collinear unit 4. ‘The lower ends
of the conductors 52b and 53b are pivotally con-
nected, respectively, to the adjacent ends of the
sections 41a and 41b of the lower collinear unit
41. These pivotal connections may be made in
the same manner shown in Figs. 5 and 6.

The adjacent ends of the upper and lower con-
ductors 52¢ and 52b are pivotally connected to
each other and to one end of a short insulator 54,
as by a suitable machine screw and nut; and the
adjacent ends of the upper and lower conductors
53a and 53b are similarly connected to the oppo-
site end of the short insulator 54. The ferminal
ends 56 and 57 of a two-conductor radio fre-
quency transmission line, such as a conventional
“twin-lead” line, are respectively connected to
these pairs of upper and lower conductors, the
connections conveniently being made by means
of the same machine screws and nuts employed
on the short insulator 54.

With this structural arrangement of the pairs
of back-to~back stubs and the pairs of conductors
to which the transmission line leads are attached,
three parallel motion linkages are provided for
connecting the upper set of collinear units to the
lower set of collinear units, as diagrammadtically
illustrated in Fig. 9. The fully extended positions
of the various elements of the structure are indi-
cated in Fig. 9 in dot-dash lines, andg the par-
tially collapsed positions of the elements of the
structure are shown in solid lines. The collapsing
action is also illustrated, in part, by Fig. 8, show-
ing the partially collapsed parallel motion linkage
formed by the conductors 52, 52b, 53¢ and 53b to
which the leads of the transmission lines are con-
nected. i

This collapsible structure permits the entire
aerial unit to be completely assembled in the fac-
tory with the machine screws and nuts forming
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the various pivotal connections loosely assembled,
as described above. By moving the upper, rela-
tively rigid frame of collinear units and cross arm
{3 toward the lower frame of collinear units and
cross arm 14, the completely assembled structure
may be collapsed into a compact unit, little
thicker in its vertical dimension than the com-~
bined vertical height of the two brackets em-
ployed for mounting the aerial unit on the mast
12. If it is desired to collapse the structure fur-
ther to form a still flatter package, these brackets
may be left off the assembly at the factory and
packaged loosely therewith.

When the collapsed unit is removed from a
package or carton at the location where it is to be
installed, the structure may readily be pulled out
to its fully extended condition and the nuts and
machine screws forming the pivotal connections
may be quickly tightened by means of a screw-
driver and suitable wrench or pliers. The result-
ing structure, when mounted on the mast (2 in
the manner described above, is sufficiently strong
and rigid to withstand winds of gale force.

The antenna assembly of this invention is
adapted to be duplicated, to the extent desired to
obtain still further gain, by stacking one such
assembly above another on the same mast and
connecting them to the transmission line in par-
allel in a well-known manner.

While the features of the invention responsible
for high gain, broad band performance have
been illustrated as applied to sets of collinear
units comprising three units each, they are ap-
plicable to arrangements having any desired
larger number of collinear units per set. An odd
plurality of collinear units per set is preferred,
because of the natural impedance match of the
antenna to the transmission line when the line
is connected through transverse conductors to
a center unit of each set at a central break
therein. However, with suitapble matching of the
impedance of the antenna to that of the line,
by adjusting in a well-known manner the im-
pedance of the transverse conductors to which
the line leads are attached, excellent character-
istics can also be obtained with four, six, eight,
etc. collinear units per set. With an even num-
ber of units per set, the line leads are, of course,
connected to transverse conductors respectively
joining adjacent ends of the center-most units
in one set to adjacent ends of corresponding units
in the other set. .

The structural features of the invention which
render the fully assembled aerial unit collapsible
are obviously applicable to numerous other forms
of aerials. Accordingly, the scope of the inven-
tion is fo be construed as limited to aerials
employing spaced sets of collinear units only as
required by the terms of the appended claims.

For convenience, in this specification and in
the appended claims, the terms “antenna” and
“antenng system” have been employed to desig-
nate the entire energy receiving or transmitting
apparatus that is normally connected to the
antenna terminals of g transmitter or receiver,
and the term “aerial” has been employed to
designate only the energy radiating or intercept-
ing members and their physical supporting struc-
ture, excluding the ftransmission line.

From the foregoing description of my inven-
tion, it will be appreciated that I have provided
a high gain antenna system having remarkable
broad band characteristics. It will also be ap-
preciated that the system has been embodied in
a physical form which may be preassembled in
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the factory, packaged, and shipped in a collapsed
condition and quickly extended and made rigid
at the place of installation.for convenient mount-
ing on a single, vertical mast of any desired
type.. It will.also be. appreciated.that these op-
erational results have. been accomplished with
_greater than. usual economy of materials.

Having deseribed my. invention, I claim:

1. An anténna comprising a.pair. of rigid elon-~
gated reflector rods of relatively large diameter
disposed in. transversely aligned parallel  rels-
tionship, means on said reflectors for. separately
securing them in.superposed horizontal positions
to a vertical mast, including means for positively
restraining said reflectors against rotation about
their respective longitudinal axes, each of said
reflectors carrying a series of conductor sup-
"porting rods of relatively small diameter, each
of which has one end rigidly secured to its re-
flector, said” conductor supporting rods being
carried.entirely by their reflector and extending
horizontally therefrom in the same direction as
parallel cantilevers, a.first set-of at least . three
generally-collinear conductors.of -relatively . small
diameter mounted in longitudinally spaced. rela-
tionship on the opposite. ends of the series.-of
~conductor supporting rods. carried by one. re-
flector to form a. cantilever assembly supported
by its reflector, each collinear: conductor being
- supported: at points spaced along its:length by
at:least two. of said conductor supporting rods,
- a.second set.of at:least three generally collinear
conductors of relatively: small diameter corre-
spondingly moeunted in longitudinally spaced
-relationship on:the opposite’ ends of the series
of conductor  supporting rods. carried: by  the
other- reflector. to: form: another: cantilever as-
sembly supported by its reflector, and a plurality
of vertically extending phasing units spaced
along the lengths of said sets of collinear con-
ductors and mechanically connecting each con-
ductor of each collinear set to the correspond-
ing conductor in the other collinear set for stabi-
lizing the cantilever assemblies and maintaining
the sets of collinear conductors in vertically
spaced, generally parallel, relationship.

2. An antenna according to claim 1 in which
each of said phasing units comprises a pair of
spaced, transversely aligned, generally vertical,
conductors extending between said sets of col-
linear conductors and a generally horizontal
member mechanically connecting the mid-points
of said generally vertical conductors and main-
taining the transverse spacing thereof.

3. An antenng according to claim 1 in which
each of said phasing units comprises an upper
pair of spaced, transversely aligned, generally
vertical, conductors and a lower pair of spaced,
transversely aligned, generally vertical, con-
ductors mechanically connected to said upper
pair midway between said sefs of collinear con-
ductors, said upper and lower pairs of generally
vertical conductors being hingedly connected to-
gether and to the upper and lower sets of col-
linear conductors, respectively, for pivotal move-
ment about parallel horizontal axes to provide
a parallel motion linkage permitting collapsing
of the antenna structure.

4. An antenna according to claim 1 in which
each of said phasing units comprises an upper
pair of spaced, transversely aligned, generally
vertical, conductors and a lower pair of spaced,
transversely aligned, generally - vertical, con-
ductors mechanically connected to said upper
pair midway between said sets of collinear con-
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ductors, said upper and lower pairs of generally
vertical conductors being hingedly connected to-
gether and to the upper  and lower sets' of ‘col-
linear conductors, respectively, for piveotal move~
ment about parallel horizontal axes to provide
a parallel motion linkage permitting collapsing
of the antenna structiire, and means for tighten-
ing at least one'of said hinged connections-of
each of said phasing-units to resist pivotal move~
ment and rigidify the structure when- said" re-
flectors are secured to a mast:

5. An antenna comprising a pair-of rigid‘elon~-
gated reflector rods of relatively large diameter
disposed in transversely aligsned parallel’ rela-
tionship, means on said reflectors for separately
securing them in superposed horizontal positions
to a vertical mast, including means for positively
restraining said reflectors against rotation about
their respective longitudinal axes;, each: of* said
reflectors carrying a series of conductor support-
ing rods of relatively small diameter; each- of
which has one end rigidly secured to its reflector,
said conductor; supporting rods being carried en-
tirely by their reflector and extending horizon-
tally therefrom in the same direction as parallel
cantilevers, a first set of ‘at'least three generally
collinear conductors of relatively small ‘diameter
mounted in longitudinally spaced relationship-on
the opposite ends of the series of conductor sup~
porting rods carried by one reflector to form a
cantilever assembly supported: by its reflector,
each collinear conductor being supported  at
points spaced along its length by at least two of
said conductor supporting rods; a second set of
at least three generally collinear conductors: of
relatively small diameter correspondingly mount-
ed in longitudinally spaced relationship on the
opposite ends of the series of conductor support-
ing rods carried by the other reflector to form
another cantilever assembly supported by its
reflector, and a plurality of vertically extending
members spaced along the length of said sets
of coilinear conductors and mechanically con-
necting each conductor of each collinear set with
the corresponding conductor in the other col-
linear set for stabilizing the cantilever assem-
blies and maintaining the sets of collinear con-
ductors in vertically spaced parallel relation-
ship.

6. An antenna according to claim 5 in which
said vertically extending members include at
least two spaced pairs of generally vertical con-
ductors, the conductors of each pair mechanical-
Iy connecting adjacent ends of two collinear con-
ductors of one set to adjacent ends of two col-
linear conductors of the other set.

7. An antenna comprising a pair of rigid elon-
gated metallic reflectors disposed in transversely
alisned parallel relationship, brackets on said
reflectors for separately securing them in super-
posed horizontal positions to a vertical mast,
each of said reflectors carrying a series of me-
tallic conductor supporting rods, each of said
rods having one end rigidly secured to its re-
flector and extending horizontally therefrom in
the same direction to form a series of parallel
cantilevers, insulators on the opposite ends of
said conductor supporting rods, a first set of at
least three generally collinear conductors mount-
ed in longitudinally spaced relationship on said
insulators on the series of rods carried by one
reflector to form a cantilever assembly supported
by its reflector, a second set of at least three
generally collinear conductors respectively
mounted in longitudinally spaced relationship of
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said insulators on the series of rods carried by
the other reflector to form another cantilever
assembly supported by its reflector, each of said

sets of collinear conductors being provided with .

at least two spaced pairs of phasing conductors

. and each pair of phasing conductors being re-
spectively connected to adjacent ends of spaced
collinear conductors of the same set for rota-
tion about a horizontal axis, the pairs of phasing
conduectors of the two sets being of substantially
the same length and symmetrically arranged and
the pairs of phasing conductors of each set
normally extending toward the respectively op-
posite pairs of phasing conductors of the other
set, and each pair of phasing conductors of one
set being hingedly connected to the opposite pair
of phasing conductors of the other set midway
between the two sets to provide a parallel motion
connection permitting collapsing movement of
the rigid assemblies of the collinear conductors
and their respective reflectors and supporting
rods toward and away from each other.

8. An antenng according to claim 7 in which
the hinged connections between opposite pairs
of said phasing conductors include generally
transverse elements connecting the phasing con-
ductors of each pair with a fixed spacing at
said hinged connections.

9. An antenna according to claim 7 in which
said pairs of phasing conductors are respectively
connected to adjacent ends of spaced collinear
conductors for rotation about a horizontal axis
normal to the plane defined by said reflectors,
and opposite pairs of phasing conductors are
hingedly connected for relative pivotal move-
ment about axes normal to the plane defined by
said reflectors.
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10. An antenng according to claim 7 in which
said pairs of phasing conductors are respectively
connected to adjacent ends of spaced collinear
conductors for rotation about a horizontal axis
normal to the plane defined by said reflectors,
and opposite pairs of phasing conductors are
hingedly connected for relative pivotal move-
ment about axes normal to the plane defined by
said reflectors, the hinged connections between
opposite pairs of said phasing conductors in-
cluding generally transverse elements connecting
the phasing conductors of each pair with a fixed
spacing at said hinged connections.

LEWIS H. FINNEBURGH, Jz.
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