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(Granted under Title 35, U.S. Code (1952}, see. 266) 

The invention described herein may be manufactured 
and used by or for the United States Government for 
governmental purposes without payment to me of any 
royalty thereon. 

This invention relates generally to directional antennas 
and more particularly to a modi?cation of slow wave an 
tennas to produce a re?ection of energy from an array to 
cause it to traverse the array at least once before it is 
radiated and thereby increase gain. 
The gain of slow wave antennas depends on the phase 

velocity of the surface wave travelling along it and the 
length of the antenna; however, for a given length there 
is an optimum phase velocity beyond which the gain de 
creases, therefore, for adjustment of antennas at optimum 
phase velocity, the gain becomes proportional to the an 
tenna length. 
The utilization of the concept of this invention whereby 

the use of a re?ection arrangement to cause a traverse 
of at least part of the energy of an end?re slow wave 
array back along the array has been found to increase the 
effective length of the array and, therefore, cause an in 
crease in antenna gain. The gain increase thus achieved 
is accomplished without extensive modi?caiton of the 
antenna or physically increasing the length. 

Accordingly it is an object of this invention to provide 
a novel method and means for increasing gain of all 
types of slow wave antennas. 

It is another object of this invention to provide an 
antenna of one-half or less of the usual antenna length 
for a given gain. 

it is still another object of this invention to provide at 
east double gain for an antenna of a given length over 
hat previously attainable. 
It is a further object of this invention to provide a 

novel antenna with a very high ratio of front to back 
radiation. 

It is a still further object of this invention to provide 
a structure to increase antenna gain while maintaining a 
feed at only one point. 

Another object of this invention involves the pro 
vision of a novel end?re array arrangement that allows 
sharp narrow beam-width patterns with reduced side 
lobes. 

Still another object of this invention involves the pro 
vision of an antenna utilizable at high or low frequencies. 
A further object of this invention involves the pro 

vision of an antenna suitable for ?ush mounting. 
A still further object of this invention involves the con 

struction of a novel end?re antenna of currently available 
material that lend themselves to standard mass production 
manufacturing techniques and of less cost than antennas 
of similar gain. 

These and other advantages, features and objects of the 
invention will become more apparent from the following 
description taken in connection with the illustrative em 
bodiments in the accompanying drawings, wherein: 
FIGURE 1 is a schematic representation of a conven 

tional end?re antenna with the main lobe of its pat 
tern; 
FIGURE 2 is a schematic representation of the back 

?re antenna embodiment of my invention with the main 
lobe of its pattern; 
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FIGURE 3 is a schematic representation of the embodi 
ment of FIGURE 2 adapted for flush mounting; and 
FIGURE 4 is a schematic representation of a multiple 

re?ection end?re antenna embodiment with the main 
lobe of its pattern. 

Referring to Fl-GURE 1, a conventional end?re Yagi 
antenna is shown wherein the feed F at one end excites 
the array and the energy travels along the array by means 
of directors D with a phase velocity slower than that of 
light. Apart from a negligible amount radiated directly 
from the feeder F, the energy is radiated from a virtual 
aperture (shown in dashed lines) located at the termi 
nation of the array. The concept of the virtual aper 
ture is more fully explained in my copending application 
Serial No. 719,698, ?ied March 6, 1958, titled End?re 
Array, wherein the virtual aperture at the end of an 
array includes the field at which power levels are from 
maximum to 26 db below maximum. In most end?re 
arrays a linear reflector R is mounted behind the feeder, 
as shown in FIGURE 1, to increase the gain in the for-» 
ward direction. The energy travels along the array in 
the direction of the arrows and radiates with the pattern 
(sidelobes omitted) indicated. 
The phase front of a traveling wave lies substantially 

in a plane at the radiating end of an end?re array when 
the antenna is adjusted for optimum gain in the forward 
direction. The concept of this invention, embodied in 
the representation labeled FIGURE 2, allows the travel 
ing wave to impinge on and be re?ected by a planar re 
?ector M such that the wave now travels along the array 
for a second time in the direction toward the feed. 
Then, the array of FIGURE 1 as modi?ed by the use of 
this invention as shown in FlGURE 2 utilizes a feed 
F, a reflector ll, directors D, and has a virtual aperture 
V. By placing the planar reflector M at what would 
normally be the end or" the array, the new virtual aper 
ture now appears at the feed end of the array. Re?ectors 
R and M are spaced at their usual positions with respect 
to the array at approximately M4. The major part of 
the energy ?rst travels along the array as shown by the 
inner arrows and travels in the opposite direction as in 
dicated by the outer arrows to be radiated with a higher 
gain, narrower beamwidth pattern, as shown, in a diverse 
direction to that of FIGURE 1. The mirror action of 
the planar re?ector M differs from the usual use and 
action of plane reflectors with linear or slow wave an 
tennas. With a linear antenna a planar re?ector causes 
constructive interference between the original antenna 
wave and the reflected one to increase the forward gain. 
Planar reflectors with slow wave structures have been 
used in the past to prevent backlobes. However, the 
waves impinging on the re?ector in this case are not slow 
waves since the usual position is behind the feed. The 
mirror action of reflector M, since there is no direct 
wave with which to interfere as in the linear antenna 
case, and since it is situated in the main wave channel 
of a slow wave structure to reflect the slow wave energy, 
causes all the energy in the channel to retravel along the 
wray thus creating a large increase in gain. This in 
crease in gain is explainable by the fact that the retravel 
makes the antenna act like one double its length. In 
FlGURE 2 the gain would be at least equal to a factor 
of two, except that reflector R may tend to reduce the 
gain factor slightly. The narrow pattern with a high 
ratio of front to back radiation and decreased sidelobes 
with the attendant increase in virtual aperture V requires 
an adjustment of directors D for a new length suitable for 
an array which would normally be double in length. 
Linear re?ector R, it has been found, causes a re?ection 
of the energy toward re?ector M; however, its effect on 
the slow Wave returning down the array is to cause only 
negligible perturbations in the ?eld. Element M is gen 
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erally flat and should be as large as the virtual aperture 
for maximum gain; however, a slightly curved plate cor 
responding to the plane of the phase front hi the virtual 
aperture or mesh screen or closely spaced linear elements 
may be used to form this re?ector. 
FIGURE 3 is an example of the ?ush mounting of the 

antenna of FIGURE 2. In this ?gure, as in all the fig 
ures, like elements have the same designations. The 
feed F in this application is enclosed in a hollow tube T 
which supports the array and its elements and feeds the 
feeder elements which are insulated from tube T. 
The back?re antennas of FIGURES 2 and 3 radiate 

in a direction reverse from normal with an e?ective 
length of double and a gain increase of at least 3 db 
above a conventional end?re array. A modi?cation 
of the backfire antenna allows for further gain increases 
by utilizing multiple re?ection. 
The multiple re?ection concept is embodied in the 

schematic representation of FIGURE 4 where a feed F 
feeds an array of directors D in front or’ which is placed 
a partial re?ector R, While a re?ector M is placed behind 
the feed, as shown. This structure modi?es the principle 
of the back?re antenna in that only a part of the energy 
travelling along the antenna from the feed end to the out 
put end is re?ected by re?ector R while the remainder is 
radiated in the normal end?re direction. As in the con 
cept described relative to the back?re antenna, the re 
?ected portion of the energy travels a second time along 
the antenna but in the opposite direction until it im 
pinges upon its feed re?ector M. In the multiple re?ec 
tion antenna, M is a planar re?ector which must be of 
such size as to re?ect back as much of the surface wave 
energy possible and for maximum gain is of the same 
size as the virtual aperture. The energy then travels 
a third time along the antenna; this time in the normal 
end?re direction. After reaching the antenna end it is 
again partly radiated at the virtual aperture V and partly 
re?ected back, as before. This process continues until all 
the energy has been radiated. 
Maximum gain of the multiple re?ection antenna with 

a mirror re?ector M of the same size as the virtual aper 
ture requires optimization of two parameters: the re?ec 
tivity of the partial re?ector R at the radiating end, and 
the phase velocity along the antenna which is accom 
plished by adjustment of the length of directors D in ac 
Qordance with the new effective length of the antenna. 
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Thus reversal of elements M and R of the back?re an 

tenna and making R produce perturbations in the slow 
wave produces increased gain over the back?re antenna. 
The multiple re?ection antenna has greater structural sim 
plicity and strength since the feed is located at the same 
end as the re?ector plane. 
The partial re?ector R or the planar re?ector M may 

be of solid metal, metalized plastic, screening material, 
or of closely spaced rods either parallel or radially 
mounted. For optimized gain the individual elements D 
are decreased from the optimum value for a conven 
tional end?re antenna for phase adjustment. 
The multiple re?ection principle may be applied to the 

back?re antenna to increase its gain by utilizing a partial 
re?ector rather than a linear re?ector in order to cause 
a partial re?ection back along the array in accordance 
with the action described relative to FTGURE 4. 
Although the invention has been described relative to 

particular embodiments, it will be understood to those 
skilled in the art that the invention is capable of a vari 
ety of alternative embodiments, for example, the meth 
ods of increasing gain are applicable to all types of slow 
Wave antennas such as the dielectric rod, cigar antenna, 
etc. Furthermore, the teachings of my aforementioned 
copending application are applicable to the back?re and 
multiple re?ection antennas. 

I intend to be limited only by the spirit and scope of 
. the appended claim. 

What is claimed is: 
Means for increasing the gain and decreasing the side— 

lobes of a multiple director type of antenna array com 
prising a planar re?ector positioned at what would nor 
mally be the emitting end of the series of director ele- I 
ments, for re?ecting energy back along said director ele 
ments in reverse sequence, for emission at the end of said 
array Where the energy traverse began. 
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