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UNITED STATES PATENT OFFICE

Reed R. Brunner, Baltimore, Md., assignor to
United Air Lines, Inc., a corporation of Dela-

ware

Application Décembei 15, 1941, Serial No. 423,003 -
(CL 250—11)

10 Claims.

This invention relates to directional antennas
for radio -direction finders, more particularly to
directienal antenna arrays and methods of elim-
inating undesirable components therefrom, and
the invention has for an object the provision of
apparatus and methods of the above character
for rendering more accurate and reliable the
bearing records obtainable by radio direction
finders.

Radio direction finders utilizing an antenna
array of the type to which this invention relates
are described and claimed in a copending appli-
cation of Peter C. Sandretto and Elmer P. Buck-
thal, Serial No. 403,802, filed July 24, 1941, en-
titled Radio direction finder, and in the present
application only the antenna array itself will be
described. It will be understood, however, that
while antenna arrays embodying this invention
are particularly applicable to the direction finder
systems disclosed in the said Sandretto and
Buckthal application, the inwvention is not lim-
ited thereto but may be employed in wvarious
other direction finder systems.

In antenna arrays comprising spaced Iloops
disposed in substantial face-to-face or coaxial
relation, the loops are preferably connecfed in
opposed parallel relation with each other so that
the voltages induced in the respective loops will
cancel out regardless of variations in the induced
voltages so long as the same variations occur in
each loop. (Cancellation and zero resultant volt-
age therefore occur, in so far as the loops them-
selves are concerned, regardless of variations in
the inducing source. The spaced loops, as dis-
closed in the above referred to application, may
he mounted on the opposite ends of a hollow
horizontally disposed boom supported for rota-
tion about a substantially vertical medial axis,
and the connecting cables or transmission lines
from the loops extend through this hollow beom.
Voltages induced in these transmission lines by
the received radio wave would not ordinarily be
canceled out, however, and accordingly the boom
is constructed of metallic material to form a

shield for the transmission lines, and these lines *

are transposed so as to eliminate voltage errors
which would otherwise appear in the output of
the antenna array.

It is of course known, however, that certain
components of the received radio wave will in-
duce currents in a metallic boom of this char-
acter, and in order to avoid coupling between
the currents flowing in the boom and the antenna
loops, it has been proposed to mount the loops
on the boom in coaxial relation to each other
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with the plane of each loop at right-angles to the
bhoom. If the currenis flowing in the boom itself
were only horizontal, such a right angular rela-
tion would successfully eliminate all coupling,
but as a matter of practical necessity the boom
which forms the structural support for the loops
must have a substantial vertical dimension, and
with such a construction it has been found that
eddy currents are set up which flow vertically in
the boom and produce.a resultant cuwrrent flow
at an angle to the horizontal. With the loops
disposed in right angular relation to the ‘boom,
coupling of course results, and it is a further
object of this invention to provide an antenna
array in which the coupling, due to eddy current
fields produced by the received radio wave, is
eliminated, and to provide a simple and reliable
method for insuring such elimination.

For a more complete understanding of this
invention, reference should now be had to the
drawing in which:

Pig. 1 is a somewhat diagrammatic perspective
view of an antenna array embodying the present
invention; ‘ ‘

Fig, 2 is a diagrammatic elevational sectional
view of the antenna array of Fig. 1 before ad-
justment in accordance with the present inven-
tion; :

Fig. 3 is a vector diagram of the currents which
are believed to be induced in the horizontal me-
tallic boom of the antenna array of Fig. 1 by
components of the received radio wave; and

Fig. 4 is a view similar to Fig. 2 but showing
the antenna array as in Fig. 1 after it has been

5 adjusted in accordance with this invention.

Referring now to the drawing, the invention is
shown as embodied in an antenna array compris-
ing a pair of spaced shielded loops 0 ang {/{
having suitable loop conductors 12 and (2 re-
spectively enclosed within tubular shields 14 and
15 which are preferably formed of aluminum
alloy tubing, the two halves of each shield being
separated at the top as shown and suitably insu-
lated as indicated by the reference numeral {8,
As shown the loops {0 and {1 are mounted ad-
Jacent the respective opposite ends of a hollow
horizontally extending koom 17 through which
extend suitable transmission lines {8 and 19 for
connecting the loop conductors 12 and 12 in op-
posed parallel relation.  The boom {7 is prefer-
ably also formed of aluminum or aluminum al-
loys and not only provides the necessary mechan-
ical support for the loops 10 and i, but acts as
a shield for the transmission lines 13 and {9
which, as shown, are suitably transposed to elim-
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inate errors due to the voltage induced therein by
the received radio wave.

While the ‘loop shields ‘14 and 15 may be
mounted on the boom. 7 by various connecting
means, they are preferably arranged, as shown
diggrammatically. in Fig. 1, to engage suitable
apertures in the opposite side walls of the boom,
and suitdable flanges. 20 and flange bolts. 21 are
~provided by ‘means of which -the loops may be
secured to the boom in the desired angular re-
lationship thereto. As more fully explained in

the above referred to Sandretto and Buckthal
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,ehmma.tion of the error-producing cornponents.

- While I have shown a particular embodiment
of my invention, it will be understood, of course,

- that I do not wish to be limited thereto since many
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modifications may be made, and I, therefore, con-
template by the appended claims to cover any
such modifications as fall within the true spirit

-and scope of my invention.:

Having ‘thus: descrlbed my 1nvent1on what I
claim and desire to secure by Letters Patent is:
1. A directional antenna comprising- a hollow

. metallic boom mounted in substantially horizon-

application, the boom 11 is supported at substan-

tially its center on a rotatable post 22 by.means
of which the entire antenna array is rotated in
a substantially horizontal plane, and the trans-
mission lines {8 and 19 are connected by suitable
conductors - 23 - to the direction finder recewe*‘
(not shown).

In Fig. 2 the antenna’ array is shown w1th the

loops 10 and ({ disposed at right ahgles to the
boom 17, and; as heretofore explained; with the
loops in this position coupling will occur between
the loops and the' currents flowing in the boom
itself due to-the fact that components of the
received radio wave induce voltages therein. In
Flg 3 there is shown a vector giagram illustrat-
ing the boom currents as comprising horizontal
‘components 25 and vertical ‘components 28. . The
- resultants of the components 25 and 26 are illus-
trated by the arrows 271, 'and it will be observed

that these resultants extend at an-angle ¢ with

respect to the -horizontal, Coupling with the

loops 10 and {1 occurs due to the fact that the.

loops are not disposed in rlght angular relation
to this resultant current, and in accordance with

this invention substantially zero coupling is ob-
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- tal-relation -for rotation about a vertical medial

axis, & Single pair of loops, said loops being posi-
tioned on opposite.sides of said vertical axis-in
planes transverse to the longitudinal axis of said

. boom, means connecting said loops in opposed
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- tained by tilting the loops {8 and {1 to the respec-

tive tilted p051t10ns shown in Fig. 4, wherein the
tilt angle is designated by the letter b. Although
. the loops 10 and i1 are shown in the drawing as
being tilted vinwardly, it will’ of course be under-
stood variations in the eddy currents may neces-
: sitate that the loops be tilted outwardly instead.
‘In order accurately to determine the angle of
tilt to be imparted to loops 18 and i1-so as to in-
sure -that substantially zero coupling  with the
boom currents will result, it has been found pref-
erable to arrange the loops 18 and (i in substan-
- tially the right angular position shown in Fig. 2
~and to then energize the antenna array from a
properly terminated-two-wire transmission, line
directed substantially’ parallel to the boom {1,
‘With the antenna array energized solely from this
transmission line, the conductors 23 are con-
nected to. a suitable receiver, and the receiver
output is observed. either by visual or audible sig-
nal means. The loops {0 and 11 are then tilted
with respect to the longitudinal axis of the boom
{7 until the receiver output becomes substantially
Zero,
' Zero receiver output 1nd1cates that the antenna
array is so adjusted as to be free from any effect

40

45

50

60

- of eddy current fields produced by components -

‘of ‘a received radio wave and, the tilt angle hav-
‘ing ‘thus been determined, the loops {8 and
are fixedly secured‘to the boom in the proper
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‘tilted position. ” While it may be possﬂole by trial -

and error-during actual reception of a radio wave
“-or by calculation, to determine the proper angle
of tilt which must be.imparted to the loops 18
and t1 in order to -eliminate the effects of error-
producing components the above-described meth-
od has been found to be highly accurate and is
‘considered the preferable method of insuring such
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parallel relation to each other and means mount-
ing said loops in predetermined oppos1te1y tilted
relation to said longitudinal axis,

2. A directional antenna comprising a hollow
metallic boom mounted in substantially horizon-
tal relation for rotatlon about. a vertical medial
axis, a single pair of ]oops ‘said loops being posr-
tioned on. opposite sides of said vertical axis in
planes transverse to the longitudinal axis of said -
boom, means connecting. said loops in opposed
parallel relation to each other and means mount-
ing said loops on said boom in ‘predetermined op-
positely tilted- relatmn to the plane of rotation of
said boom.

3.. A directional antenna. compnsmg a ‘hollow
metallic boom mounted in substantially horizon-
tal relation’ for rotatlon about a vertical medial
axis;, a pair of loops Tespectively positioned on
opposite sides of said vertical axis in planes trans-
verse to the longitudinal axis of said boom, and
means mounting ‘said loops on said boom with
each loop in substantially zero coupling relation
to the fields produced by the eddy currents in-
duced in sald hollow boom by received radio
waves,

4. A dlrectlonal antenna, comprlsmg a, hollow
metallic boom mounted in substantially horizon-
tal relation for rotatlon about a vertical medial
axis, a single pair of .shielded loops disposed with.
one of said loops adJacent each end of said boom
in a plane transverse to the longitudinal axis of
sajd boom, means extendmg through said hollow
boom connectmg sald loops.in opposed. parallel
relation to each’ other and -means securing the
lower side of each loop to. said boom with the
upper and lower sides of the loops at right angles
to said axis and with the upper side of each loop
offset- from’ the Vertlcal plane through- the lower
side thereof.

5. A directional antenna comprlsmg a hollow
metallic boom mounted in substantially horizon-~
tal. relatlon for rotatlon about a vertical medial
axis, a 'single pa1r of shaelded loops.each having
8 top portion, a bottom portwn and connecting

'side portions, means mounting one of said loops

adjacent each end of said boom with the top and
bottom ‘portions at right angles to the axis of
said boom and the side portions of each loop in
tilted relation to said axis, and means extending
through said hollow boom connectmg said loops
in opposed parallel. relation to each other .

6. A directional antenna comprising a hollow
metallic boom mounted in substantially horizon-
tal relation for rotation about a vertical medial
axis, ‘and a pair of shielded lIoops mounted on
said boom with ‘the’ top and bottom portions of

—each loop -at right angles to the axis of said

-

3

"boom ‘and the sides of each loop in tiited rela-
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tion to said axis in substantially zero coupling
relation ‘to the eddy currents induced in said
boom by received radio waves.

7. In a directional antenna array of the type
comprising a pair of shielded loops disposed in
spaced apart substantially face-to-face relation
and connected in parallel circuit with each other
by transposed transmission lines, the combina-
tion of a hollow metallic boom for containing said
transmission lines in shielded relation and for
supporting said loops for rotation about a me-
dial axis, and means mounting said loops on said
boom in such tilted relation thereto as to mini-
mize coupling between said loops and said boom.

8. A rotatable directional antenna array com-
prising a pair of spaced apart shielded loops,
transposed transmission lines connecting said
loops in parallel circuit relation with each other,
a hollow metallic boom through which said trans-
mission lines extend in shielded relation, said hol-
low boom being mounted for rotation about a
transverse medial axis, and means mounting said
loops on said boom adjacent the respective oppo-
site ends thereof and in such tilted relation
thereto as to minimize coupling between said
loop and said boom.

9. In a rotatable directional antenna array in-
cluding spaced apart loops mounted in substan-
tially face-to-face relation adjacent opposite ends
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of a substantially horizontally extending metallic
boom, the method of eliminating horizontal com-
ponents which comprises energizing said antenna
array solely from a transmission line disposed
substantially parallel to said boom, determining
the output of said antenna array, tilting said
loops relative to the horizontal axis of said boom
to positions in which said output is substantially
zero, and securing said loops to said boom in said
tilted positions.

10. The method of obtaining a sharp null in
the energy received by a rotatable antenna ar-
ray of the type including spaced apart loops sup-
ported on substantially the opposite ends of a
rotatable horizontal boom formed of conducting
material, which method comprises disposing said
loops in substantially face-to-face relation, con-
necting said loops in opposed parallel-circuit rela-
tion with each other by conductors extending
through and shielded by said boom, transposing
said conductors to cancel out the voltages induced
therein, energizing said array solely from a trans-
mission line disposed substantially parallel to said
boom, determining the output voltage of said
array due to said energizing, and tilting said loops
to positions wherein said output becomes substan-
tially zero.

REED R. BRUNNER.




