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‘Randal MecG. Robertson, Cambridge, Mass., as-
- 'signor, By mesne assignments, to the United

States of America, as

retary of War

represented by the Sec-

Application May 17, 1945, Serial No. 554,268

5 Claims.
1

This invention relates to antennas for high fre-
quency communication systems antd more partic-
ularly to means for reducing the standing wave
amplitude in scanning antennas of the linear ar-
ray type, such as those disclosed in‘the copending
applications of Luis W. Alvarez, Seriai Ne. 542,287,
filed June 27, 1944, now Patent Mo. 2,480,208,
isstted August 30, 1949, and Serial No. 509,790,
fied November 10, 1943.

‘Seanning antennas of the above kind generally
comprise 'a long wave guide for fee@ing electro-
magnétic waves of energy to a plurality of aligned
spaced radiating elements such as dipoles ot slots
disposed along the length of ‘the wave guide. In
linear array antennas, standing waves :0f .consid-
erable amplitude arelikely to build up in the wave
guide Wheneverthe spacing betweentheradiating
elements approxzimates 180 electrical-degrees, i. e.,
corresponding to the radiation-of a beam which is
substantially nermal to the longitudinal axis ef
the-wave guide.

The -chief disadvantage -of the suddenly in-
creased standing-wave ratie which accompanies
the production of a beam nermal -te the axis of
the array is the possikility that the change in the
load offered by the antennsa resulting from the
standing waves may cause the transmifting tube
to shift its frequency of .operation. .Also the fre-~
quency-sensitivity of the-antenna is increased by
the existence of standing waves in the feed line
connecting the transmitting apparatus to the an-
tenna. This is of little practics] consequence for
standing-wave ratics of the order of magnitude
encountered in arrays of 50 wavelengths or

longer, se far as radioc-echo detection apparatus

of ordinary types is concerned, but it is of con-
siderable importance in the case of specialized
equipment of very high aceuracy such as equip-
ment empioyed for directing anti-aircraft fire.
The effect of the variation in standing-wave ratio
in the neighborhood of the normal beam position
of the scanner may be greatly reduced by employ-
ing means for varying the length of the wave
guide hetween the feed wave guide of the antennas,
angd the transmitting tube. Such means may be
a section of wave guide of variable width, as dis-
closed in the aforementioned copending applica~-
tion Serial No. 509,780. The variable portion of
wave guide has the function of adiusting the elec-

trical length of the wave guide go that the stand- 5

ing waves are presented to the fransmitter tube
in the most favorable phase. However, it has
been found that this variation of the width of
the wave guide does not sufficiently reduce the

effect of the standing waves on the transmitting ¢
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2
apparatus under certain special conditions such
as under conditions of normal beam particularly
when the scanning antenna is used for such
special purncses as for directing gun fire,

Accordingly it is the principal object of this
invention to provide means for reducing the
standing wave amplitude in linear array type an-
tennas.

- Other objects and advantages of this invention
will become apparent as the description proceeds
with reference to the accompanying drawing in
which:

Fig. 1 is front elevational view of a portion of
a wave guide linear array antenna including two
radiating dipcles and showing an emboediment of
the present invention; ard

Fig. 2 is a sectional side view along the line
22 of Fig. 1.

Fig. 3 is a wave guide adapled to be fed from
alternate ends, ‘

By way of example and for simplicity of illus-
tration and description the invention will be de-
scribed with reference to a linear array antenmsa
of the kind disclosed in the aforementioned ap-
plication Serial No. 509,790. Whils the present
invention is narticularly directed to. and the fol-
lowing ‘description relates to, such an antennas, it
will ‘he understoed that the invention is not lim-
ited to this particular structure but may be adapt-
able to any form of linear array having a hollow
pipe or coaxial wave guide for feeding energy to
a series of aligned and spaced radiating elements.

A portion of a variable width wave guide an-
tenna array is flustrated in the drawings. In
practice the entire structure may have a consid-
erable length and may ke mountied in an aircraft
oron a mobile or Axed mounting structure on the
eround or on a ship. . Accordingly there is shown

. @ portion of a wave guide {8 having a movable

wall 14 of narrow dimension whereby the wide
dimension ¢ of the wave guide may bhe varied in
the manmner described in the aforementioned ap-
plication, Serial No. 509,790, Along one of the
walls 42 of wide dimension ~f wave guide I8 are
arranged a plarality of alizned and svaced radiat-
ing elements here shewn as two diprias 18 and {4
of any conventional strixcture. Dipoles 12 ang 44
are excited by probes {5 and 18 prejecting through
wall 12 into wawve .guide 18 in a well-known
manner.

The means for reducing the standing wavs ratio
in a wave guide such as wave guide {§ comprises
the provision of additional or auxiliary projec-
tions into wave guide 18. Such projections may
be in any desired shape and size. For example
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they may be in the form of rods, bars, pins or
screws extending through a suitable aperture in
wave guide wall 12 and firmly secured or adjust-
ably movable relative thereto. Hence such pro-
jections may be screws {7 and (8 in adjustable
threaded engagement through threaded apertures
{9 in wall 12. Screws {7 and {8 are preferably
arranged in alignment with dipoles 13 and 14 and
are suitably spaced therefrom as more clearly
described hereinafter.

The purpose of projections such as screws {71
and {8 is to “match out” the standing waves set
up in wave guide {0 under normal beam condi-
tions. This matching effect is achieved by the
insertion of screws {71 and {8 a sufficient distance
into wave guide {0 to set up independent stand-
ing waves.” By proper choice of the position and
depth of penetration of screws {7 and I8 at least
a partial cancellation’effect will occur between the
standing waves set up by the screws and the
standing waves set up in the guide due to the
impedance imposed by probes 15 and I86.

The extent of penetration and the position of
the screws into the wave guide is coordinated
with the distance of penetration into the wave
guide of an adjacent probe which excites its
associated antenna element. It has been found
that a desirable degree of reduction of the stand-
ing-wave ratio for conditions of normal beam is
obtained when  the penetration of the screws
{7 and {8 into the wave guide is substantially
half of thé penetration of the probes (5 and 16
into the wave guide and when the spacing be-
tween  the screws and the respective nearest
probes is equal fo substantially one-fifth of the
wavelength in the wave guide for conditions of
normsl beam. It will be understood, however,
that this distance is for the type of dipole and
feed as illustrated in the drawings and that such
spacing may be varied for different types and
sizes of dipoles and probes, the exact spacing
being determined by experimentation and ecal-
culation according to the impedance of the par-
ticular radiating elements wused. The screws
should be located on that side of the probes from
which they are respectively spaced by 0.2 Aa or
other determined distance in the direction to-
wards the connection of the feed wave guide to
the -transmitting and receiving apparatus. As
shown in the drawings, the screws are disposed
on the left of dipoles 12 and 14 assuming that
the connection of wave guide 108 to the trans-
mitting and receiving apparatus is at the left
hand end of the figures.

It will be understood that under conditions
other than those appropriate for normal-beam
radiation the spacing between the screws and
the respective probes will no longer be one-fifth
of the wavelength in the wave guide, as the wave-
length in the wave guide is varied from normal-
beam conditions. This is not important, how-
ever, since reduction of standing waves is prin-
cipally a problem in the neighborhood of normal
heam conditions, as is more fully pointed out
hereinabove. Since the dimension of the spacing
hetween the screws and the nearest probe de-
pends upon the wavelength in the guide under
normal-beam conditions and since under normal-
beam conditions successive probes are spaced by
one-half of the wavelength in the guide, the
recommended dimension can be restated as
being about two-fifths of the spacing between
successive probes.  As indicated hereinabove this
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spacing may vary slightly depending on the im-
pedance of the particular dipole used.

It will be understood that this arrangement
will be most effective to reduce the standing
waves for normal-beam conditions when {the
connection of the antenna array with the trans-
mitting and receiving apparatus is at one end of
the array.

It has also been found that partial matching
may be obtained for a wave guide which is fed
from alternate ends of the array such as in the
manner disclosed in the aforementioned Patent
No. 2,480,208. In such an arrangement the
serews 1T and {8 are placed substantially half-
way between dipoles {5 and 6 and the depth
of penetration of screws {7 and I8 is detérmined
to obtain the minimum standing wave ratio.

‘While preferred embodiments of this invention
have been particularly described and illustrated,
it will be understood that various other modifi-
cations and improvements may be made without
departing from the spirit of the invention.
Therefore it is not desired that the invention
be limited to the precise details set forth.

What is claimed is:

" 1. An antenna for high frequency communi-
cation systems comprising, a rectangular feed
wave guide to be connected at one end to high
frequency apparatus, a plurality of aligned spaced
radiating dipoles positioned along the length of
said wave guide and having probes extending into
said wave guide adapted to be excited by energy
in said wave guide, said dipoles being spaced apart
by a distance equal to one half of the wavelength
of the energy in said wave guide under condi-
tions in which the beam of energy radiated by
said dipoles is normal to the axis of said wave
guide, and an adjustable screw spaced from each
of said dipoles in the direction towards that
end of said wave guide at which the high fre-
auency apparatus is connected, said serews being
in substantial alignment with said dipoles, the
spacing of each of said screws from its corre-
sponding dipole being two-fifths of the distance
between successive dipoles, said serews projecting
into said wave guide for half the distance of
penetration of said probes, said screws being ef-
fective to reduce the standing wave ratio of said
energy in said wave guide.

2. An antenna for high freonency communica-
tion systems comprising 2. wave guide transmis-
sion line, a plurality of radiating elements dis-
posed in aligned spaced relation along said line,
each of said elements having a probe projecting
into said wave guide and coupling each of said
elements to said line whereby each of said ele-
ments are adapted to be excited by energy in
said line, the space between probes of adjacent
elements being substantially one half the wave
length of said energy under conditions when the
energy beam radiated by said elements is perpen-
dicular to the axis of said line, and a member
projecting into said line adjacent to and spaced
from . each said dipole, said members being in
substantial alignment with said elements, each
of said members being spaced from its adjacent
elements by a distance of approximately one-
fifth of the wavelength of the energy in said line.

3. In a linear array type antenna for high fre-
quency communication systems having a plu-
rality of aligned spaced radiating elements dis-
posed along the length of a wave guide and
adapted to be excited by probes extending into
said wave guide when energy is fed through said
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wave guide, means for reducing the amplitude of
the standing waves set up in said wave guide
when the axis of a beam of energy radiated by
said elements is perpendicular to the axis of said
wave guide, said means comprising a series of
spaced projections extending into said wave
guide for a distance not substantially more than
the distance of penetration of said probes.

4. An antenna as claimed in claim 3 wherein
each one of the projections is spaced from its
adjacent radiating element by a distance ap-
proximately equal to two-fifths of the distance
between successive elements.

5. An antenna as claimed in 3 wherein each of

w

it

the projections are disposed substantially equi-
distant between successive dipoles when the wave
guide is adapted to be fed from alternate ends
thereof.

RANDAIL McG. ROBERTSON.
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