
July 25, 1950 R. MCG. ROBERTSON 2,516,530 
ANTENNA 

Filed May 17, 1945 

Z 

ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZI 

ZZZZZZZZZZZZZZZ 

ZZZZZZZZZZZ ZZZZZZZZZZZZa 
SVVTC 

ZZZZZZZZZ ZZZZZZZZAZZZZa 

INVENTOR. 
RANDAL McG.ROBERTSON 

BY 

12zceé-- 9 4ée, 
ATToRNEY 

: 

  
  

  



Patented July 25, 1950 2,516,530 

UNITED STATES PATENT OFFICE 
ANTENNA 

Randa McG. Robertson, Cambridge, Mass., as 
- signor, by EmeSne assignments, to the United 
States of America, as represented by the Sec 
retary of War 

Application May 17, 1945, Serial No, 594.268 
5 Ciains. 

This invention relatesto antennasforhigh fre 
quency communication Systems and 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 No. 542,287, 
filed June 27, 1944, now Patent No. 2,480,208, 
issued August, 39, 1949, and Serial No. 509,790, 
fied November 10, 1943. 
Scanning antennas of the abovekind generally 

comprise a long wave guide for feeding electro 
magnetic waves of energy to a plurality of aligned 
spaced radiating elements such as dipoles orsiots 
disposed along the length of the wave guide. In 
linear array antennas, standing Waves Of consid 
erable amplitude are likely to build up in the wave 
guide whenever the spacing between the radiating 
elements approximates 180 electrical degrees, i.e., 
corresponding to the radiation of a beam Whichis 
substantialy normal to the longitudinal axis of 
the wave guide. 
The chief disadvantage of the stiddenly in 

creased: 3tanding-wave ratia Which accompanies 
the production of a beam normalto the axis of 
the array is the possibility that the change in the 
load offered by the antenna resulting from the 
standing Waves may cause the transmitting tube 
to shift its frequency of operation. Also the fre 
quency-sensitivity of the antennais increased by 
the existence of standing Waves in the feed line 
connecting the transmitting apparatus to thean 
tenna, This is of littie practic3 conseguence for 
standing-wave ratics of the order of magnitude 
encountered in arrays of 50 Wavelengths or 
longer, se far as radio-echo detection apparatus 
of ordinary types is concerned, but it is of con 
siderable importance in the case of specialized 
equipment of very high accuracy Such as equip 
ment employed for directing anti-aircraft fire. 
The effect of the variation in standing-Waveratio 
in the neighborhood of the normal beam position 
of the scanner may be greaty reduced by employ 
ing means for varying the length of the Wave 
guide between the feed Wave guide of the antenna 
and 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. 509,790. The variabie portion of 
Wave guide hastiae function of adiusting the elec 
trical length of the wave guide so that the stand 
ing waves are presented to the transmitter 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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apparatus under certaia special conditions such 
as under conditions of norma beam particularly 
When the scanning antenna, is used for Such 
Special prpGSes as for directing gun fire. 
Accordingly it is the principa object of this 

invention to provide means for reducing the 
standing Wave amplitude in linear array type an 
tenaas. 

i Cther objects and advantages of this invention 
Will beconne apparelataS the deSCription proceeds 
With reference to the accompanying dra Wing in 
Whic 

Fig. 1 is front elevational view of a portion of 
a Wave guide linear array antenna including tWo 
radiating di poles and Showing an embGdinent of 
the present invention; and 

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

Fig. 3 is a wave guide adapted to be fed from 
alternate ends. 
By Way of example and for simplicity of illus 

tration and descriptic the invention Will be de 
Scribed With reference to a linear array antenna, 
of the kind disclosed in the aforementioned ap 
plication Seria No. 509790. While the present 
invention is particularly directed to, and the fol 
lowing description relatesto, such an antenna, it 
Will be understood 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 radiatiing elements. 
A portion of a, variable width Wave guide an 

tenna array is illustrated in the drawings. In 
practice the entire structure may have a consid 
erable length and may be mounted in an aircraft 
or on a nobile or fixed Imounting stucture on the 
ground Oron a.ship. Accordingly there is shown 
a portion of a Wave guide 9 having a movable 
wall lf of narrow dimension whereby the wide 
dimension a of the Wave gide may be varied in 
the manne described in the aforexantioned ap 
plication, Seria No. 509,790. Along Qine of the 
Walls 2 of Wide dirension rf Wave guide 6 are 
arraragedia, plurality of aligned and Saaced radiat 
ing elementSh?ºre shavn as two dipies 3 and & 
of any conventional Strict::re. Tipoes 3 and 
are excited by probes 5 and projecting through 
Wall. 2 into wave guide ?i in a Well-known 
ae, 
The means for reducing the Standing wave ratio 

in a Wave guide Such as wave guide 9 comprises 
the provision of additional or auxiliary projec 
tions intg wave guide i). Such projections may 
be in any desired shape and size. For example 



3 
they may be in the form of rods, bars, pins or 
ScreWS extending through a suitable aperture in 
Wave guide Wall A2 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 
l9 in Wall. 2. Screws and 8 are preferably 
arranged in alignment With dipoles 3 and i 4 and 
are suitably Spaced therefrom as more cleary 
described hereinafter. 
The purpose of projections Such as screws T 

and 8 is to “match outº the standing Waves set 
up in Wave guide i 0 under normal beam condi 
tions. This matching effect is a chieved by the 
insertion of screws and A 8 a sufficient distance 
into wave guide i Oto set up independent stand 
ing Waves. By proper choice of the position and 
depth of penetration of Screws i 7 and i8 at least 
a partial cancellation effect Will occurbetween the 
standing waves set up by the screws and the 
standing Waves set up in the guide due to the 
impedance imposed by probes 5 and 6. 
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 adiacent 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 the penetration of the probes 5 and IS 
into the wave guide and when the spacing be 
tWeen the screws and the respective nearest 
probes is equal to substantially one-fifth of the 
Wavelength in the Wave guide for conditions of 
normal 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 cal 
culation according to the impedance of the par 
ticular radiating elements used. The Screws 
should be located on that side of the probes from 
which they are respectively spaced by 0.2 AG or 
other determined distance in the direction to 
wards the connection of the feed Wave guide to 
tbe transmitting and receiving apparatus. AS 
shown in the drawings, the screws are disposed 
on the left of dipoles 3 and 14 assuming that 
the connection of Wave guide 9 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 longerbe 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 
between 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 
recOrnmended dimension can be restated as 
being about two-fifths of the spacing between 
successive probes. As indicated hereinabove this 
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Spacing nay 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 Patenti 
No. 2,480,208. In such an arrangement the 
screws 7 and 8 are placed substantially half 
way between dipoles 15 and t6 and the depth 
of penetration of Screws 7 and i 8 is determined 
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 
quency apparatus is connected, said screws 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 screws 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 frequency communica 
tion Systems comprising a 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 colpling 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 adiacent 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 fora, 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 
adiacent 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 
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6 
the projections are disposed substantially equi 
distant between successive dipoles When the Wave 
guide is adapted to be fed from alternate ends 
thereof. 

RANDAT MCG. ROBERTSON. 
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