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[57] ABSTRACT 

Disclosed is an antenna system for radiating wave en 
ergy in a radiation pattern having a desired shape. Pat 
tern shaping is achieved by synthesizing the desired 
pattern using component antenna beams. A composite 
aperture excitation is developed which is substantially 
the superposition of component aperture excitations 
corresponding to the component antenna beams, and 
wherein the component aperture excitations have pre 
determined average phase displacements from each 
other to reduce reinforcement of excitation amplitude 
in the composite aperture excitation. 

7 Claims, 11 Drawing Figures 
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ANTENNA SYSTEM USING VARIABLE PHASE 
PATTERN SYNTHESIS 

BACKGROUND OF THE INVENTION 

This invention relates to antenna systems for radiat 
ing wave energy in a desired pattern of radiation ampli 
tude. In particular this invention relates to antennas de 
signed using the pattern synthesis technique to deter 
mine the amplitude and phase of the aperture excita 
tion which will achieve the desired rediation amplitude 
pattern. 

It is well known that any desired radiation amplitude 
pattern may be approximately achieved using a combi 
nation of component antenna beams which result from 
component aperture excitations. The desired ampli 
tude pattern results from the superposition of the com 
ponent beams in space, and a corresponding composite 
aperture excitation is determined by the superposition 
of the component aperture excitations. 

In practice it is convenient to choose component ap 
erture excitations which radiate an orthogonal set of 
component antenna beams. In an orthogonal set of an 
tenna beams, each beam has a direction of maximum 
radiation associated with it, in which direction all other 
beams in the orthogonal set have a radiation null. Using 
an orthogonal set of component antenna beams results 
in there being a corresponding set of directions in space 
at each of which the amplitude of radiation is deter 
mined by the amplitude ofa single component aperture _ 
excitation. 
The pattern synthesis technique may be used to de 

termine an aperture excitation which will cause the an 

tenna to radiate an antenna pattern having any desired 
amplitude characteristic with direction. As generally 
applied, the pattern synthesis technique results in one 
area of the antenna aperture having all of the excita 
tions in phase. The result is that in this area of the an 
tenna aperture there is a substantial reinforcement of 
the component electromagnetic ?elds, which can result 
in difficulties associated with high-power density. An 
other disadvantage occurs when the antenna aperture 
is an array of antenna elements because the elements 
in the area of phase reinforcement of the orthogonal 
excitations must have a substantially larger amount of 
energy coupled to them than is coupled to the other el 
ements in the array. This large amount of coupling cre 
ates substantial difficulty when a series feed arrange 
ment is used to couple wave energy to the elements of 
the array. 

OBJECTS OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a new and improved antenna system for radiat 
ing wave energy in a desired radiation pattern using a 
composite aperture excitation which is the superposi 
tion of a plurality of component aperture excitations. 

It is a further object of the present invention to pro 
vide such an antenna system wherein the aperture does 
not have an area where there is substantial phase rein 

forcement of the component aperture excitations. 
It is a still further object of the present invention to 

porvide such an antenna system using an array of an 
tenna elements wherein the amplitude of the wave en 
ergy coupled to the elements has a more uniform distri 
bution among the elements than could have been 
achieved using prior art aperture excitations. 
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2 
In accordance with the present invention, there is 

provided an antenna system for radiating wave energy 
in a desired radiation pattern. The antenna system in 
cludes an aperture, comprising an array of antenna ele 
ments, for radiated wave energy patterns in response to 
wave energy excitations. The antenna system addition 
ally includes means for supplying wave energy to the 
elements with predetermined relative phases and am 
plitudes to develop a composite wave energy excitation 
on the aperture. The relative phase and amplitude of 
the wave energy supplied to each of the elements com 
prises the vector sum of a plurality of component aper 
ture excitations, measured at the location of the ele 
ment on the aperture, including a reference excitation 
and other component excitations having both positive 
and negative phase variation on the aperture with re 
spect to the reference excitation. The component exci 
tations with positive phase variation have, with respect 
to the reference excitation, an average phase displace 
ment which is a ?rst monotonic function of the phase 
variation, and the component excitations with negative 
phase variation have, with respect to the reference ex 
citation, an average phase displacement which is a sec 
ond monotonic function of the phase variation. All ex 
citations have the same sense of average phase dis 
placement. There results a set of element excitations 
without substantial amplitude reinforcement of the 
component excitations at any selected one of the an~ 
tenna elements. 
For a better understanding of the present invention, 

together with other and further objects thereof, refer 
ence is bad to the following description taken in con‘ 
junction with the accompanying drawings and its scope 
will be pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) and 1(b) illustrate respectively the side 
view and front view of a linear array antenna system 
constructed in accordance with the present invention. 
FIGS. 2(a), and 2(b) and 2(c) illustrate a pattern syn 
thesis technique. 
FIGS. 3(a) and 3(b) illustrate respectively the com 

ponent and composite aperture excitations used in the 
prior art aperture synthesis technique. 
FIGS. 4(a) and 4(b) illustrate respectively the com 

ponent and composite aperture excitations used in the 
aperture synthesis technique in accordance with the 
present invention. 
FIGS. 5(a) and 5(b) illustrate respectively the front 

view and side view of another antenna system con 
structed in accordance with the present invention. 

DESCRIPTION AND OPERATION OF THE FIGURE 
1 ANTENNA SYSTEM 

The antenna system illustrated in FIG. 1 includes a 
linear array of dipoles 10(a) through 10(11), mounted 
on a conductive ground plane 11. Transmission lines 
12(a) through 12(11) connect the dipoles 10 to corre 
sponding directional couplers 13(a) through 1311). The 
directional couplers 13 are in series and are connected 
to a common input port by transmission line 14. Resis 
tive loads 15 are used to terminate the transmission line 
14 and the isolated outputs of the couplers 13. 
The dipoles 10, mounted on the ground plane ll, 

form an antenna aperture which will radiate wave en 

ergy patterns in response to wave energy excitations on 
the aperture. A wave energy excitation is developed on 
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the aperture by supplying to the individual dipoles 10 
wave energy signals having preselected relative ampli 
tudes and phases. ' 
The spacing of the dipoles 10 along the linear array, 

the length of the linear array, and the number of di 
poles 10 required are chosen in accordance with princi 
ples which are familiar to those skilled in the art. It will 
be evident that other antenna elements besides dipoles 
may be used to construct the linear array of the FIG. 
1 embodiment. Other commonly used antenna ele 
ments are feedhorns, waveguide slots and spirals. 

In the FIG. 1 antenna, wave energy signals are sup 
plied to the dipoles 10 from the input by means of 
transmission line 14, directional couplers 13 and trans— 
mission lines 12(a) through 12(11). It will be evident to 
one skilled in the art that the amplitude of the wave en— 
ergy signals coupled to each of the dipoles 10 is regu 
lated by the coupling coefficients of the various direc 
tional couplers 13(a) through 13(11). The phase of the 
wave energy signals coupled to each of the dipoles 10 
is determined by the phase length of the input transmis 
sion line 14, the directional couplers I3 and the trans 
mission lines 12. It is evident that the structure provides 
for individual adjustment of the amplitude and phase of 
wave energy signals that are simultaneously coupled to 
each of the dipoles 10. The transmission line 14 used 
in the FIG. I embodiment may be of any type appropri 
ate for use at the operating frequency of the antenna. 
Typical transmission lines which might be used are 
waveguides, coaxial lines, and strip transmission lines. 
The directional couplers 13 may be any type appropri 
ate to the chosen transmission line type. Those skilled 
in the art will recognize that other means, besides di 
rectional couplers, may be used to supply wave energy 
signals to the dipoles 10 from the input. Examples are 
reactive power dividers or enclosed multi-mode trans 

mission lines. 
FIG. 2(a) indicates a wave energy pattern which may 

be desired from the FIG. 1 antenna. The amplitude of 
the wave energy in the desired pattern is constant over 
a particular range of the angle (A), which is designated 
in the FIG. 1 drawing. It is also desired that there be no 
radiation at angles outside of the desired angular re 
gion. 

FIG. 2(b) indicates the main lobes of a set of compo 
nent orthogonal antenna beams which would be radi~ 
ated by the FIG. 1 antenna when fed with a set of wave 
energy signals whose amplitude and phases are chosen 
in accordance with prior art techniques. The compo 
nent beams 16(0) through 16(6) would be radiated by 
component aperture excitations having uniform ampli 
tude at all of the elements and phase distributions 
which are orthogonal to each other. Orthogonal phase 
distributions have a phase variation relative to each 
other which is an integral multiple of 277' across the ap 

erture of the antenna. 
In FIG. 2(1)) the beam designated 16(0) is a beam 

which would be radiated by a reference component ex 
citation having equal amplitude and equal phase at all 
of the elements. Beams designated 16(1)) and 16((1) are 
radiated by other component aperture excitations with 
phase variations, with respect to the beam 16(c) excita 
tion, of plus ZTr and minus 211', respectively. Beams des 
ignated 16((1) and 16(6) are radiated by component ex 
citations which have phase variations of plus 471' and 
minus 411', respectively, with respect to the reference 
excitation corresponding to beam 16(c‘). 
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FIG. 2(0) represents the composite radiation pattern 

which results from the superposition of the ?ve beams 
in FIG. 2(b). This radiation pattern is achieved if the 
aperture is provided with a composite aperture excita 
tion having an amplitude and phase distribution which 
is the superposition of the component aperture excita 
tions which result in the beams of FIG. 2(b). 

In order to develop the desired composite radiation 
pattern shown in FIG. 2c from the linear array of FIG. 
1 using prior art techniques, such as those described in 
detail in Section 2.13 of the “Antenna Engineering 
Handbook” by Henry .lasik (McGraw-Hill, 1961), it is 
necessary to use an aperture excitation which is the su 
perposition of the composite aperture excitations cor 
responding to the component antenna beams of FIG. 
2b. In the illustrated example all of the component an 
tenna beams have the same amplitude, so it would be 
appropriate that all of the component aperture excita 
tions have the same amplitude. The phase distributions 
17(a) through 17(e) of the component aperture excita 
tions which result in the component antenna beams 
16(11) through 16((e) of FIG. 2b are illustrated in FIG. 
3a. In order to obtain the required phase and amplitude 
excitations for elements 10(a) through 10(11) it is nec 
essary to make a vector addition of the component ap 
erture excitations at the location on the aperture of 
each of the antenna elements 10(a) through 10(11). 
Since all of the component excitations have uniform 
amplitude distribution on the aperture, and each has 
the same amplitude, the amplitude and phase of the re 
quired excitation at each element is determined by vec 
tor addition of ?ve vectors (one for each component 
aperture excitation) of equal amplitude and each hav 
ing a phase which is determined by the phase distribu 
tions shown in FIG. 3a. 
For example, in accordance with prior art tech 

niques, the excitation for element 10(a) is determined 
by adding ?ve vectors having equal amplitude and pha 
ses of approximately 21r, 1r, 0, ——1r and —2'rr. These pha 
ses are determined by the value of phase distributions 
17((1) through 17(2) at the location of element 10(a) 
on the aperture. Likewise, for example, the excitation 
for element 10((1) is determined by adding ?ve vectors 
having equal amplitude and approximately zero phase 
as indicated by FIG. 3a. ' 

FIG. 3(b) shows the resultant amplitudes of excita 
tion for each of the elements 10(a) through 10(11). It 
will be noted that the amplitudes of excitation for ele 
ments 10((1) and 10(2) are greatly in excess of the aver 
age amplitude excitation of the elements. 
Having determined the amplitude and phase of the 

excitation required for each of the elements 10(a) 
through 10(11) of the FIG. 1 array, the desired excita 
tion may be achieved by proper selection of the cou 
pling values for couplers 13(0) through 13(11) and 
transmission lines 12((1) through 12(lz). To achieve this 
it is necessary to compute the percentage of the total 
power supplied to all of the antenna elements which 
must be supplied to each of the individual elements. 
The coupling value for each of couplers 13(a) through 
13(11) is then computed on the basis of the fractional 
power to be supplied to each element with respect to 
the power remaining in transmission line 14 at the input 
to the particular coupler, allowing for power previously 
coupled out. According to the type of transmission line 
used it may also be necessary to make allowance for 
power loss in the transmission line 14. The phase of the 
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wave energy supplied to each of the elements 10((1) 
through 10(11) is adjusted by varying the length of the 
respective transmission lines 12(0) through 12(12). Il 
lustrated in FIG. 3b is the amplitude excitation which 
would result for each of the elements 10(u) through 
10(11) if the prior art synthesis technique were used to 
achieve the composite radiation pattern illustrated in 
FIG. 20. As is evident from FIG. 3b and has been dis 
cussed above, the phase variations of the prior art syn 
thesis technique tend to cause reinforcement of the am 
plitude of the excitations of the elements in a particular 
region of the aperture. In the set of amplitude excita 
tions illustrated in FIG. 3b elements 10(d) and 10(e) 
have a much greater amplitude excitation than the re 
maining elements. In the illustrated case the differences 
in amplitude excitations can be as much as 10:] in volt 
age, which results in differences of 100:1 in the power 
to be supplied to the elements of the array. 

DESCRIPTION AND OPERATION OF THE 
ANTENNA SYSTEM OF FIG. 1 BASED ON THE 

PRESENT INVENTION 

It is an object of the present invention to provide an 
antenna for radiating a desired radiation pattern with 
out substantial reinforcement of the excitation at any 
of the elements on the aperture. An antenna con 
structed in accordance with the present invention may 
be identical in circuit arrangement and detailed design 
technique to prior art antennas but different compo 
nent values are used to achieve the required amplitude 
and phase excitations for the elements. The present in 
vention avoids the disadvantage of the prior art aper 
ture designs which result in substantial reinforcement 
of the energy supplied to particular elements of the ar 

20 

25 

-35 ray. 
FIG. 4(a) indicates the phase distributions 17’(a) 

through l7'(e) of component aperture excitations 
which are selected in accordance with the present in 
vention. It should be noted that there is a reference ex— 
citation l7’(c) and other component excitations having 
both positive and negative phase variation with respect 
to the reference excitation. It should be further noted 

that the component excitations 17'(a) and l7’(b) 
which have positive phase variation also have, with re 
spect to the reference excitation l7'(c), average phase 
displacements x’ and x, respectively, and these average 
phase displacements x’ and x are monotonically related 
to the phase variation of their respective component 
excitations 17'(a) and 17'(b). Thus, component excita~ 
tion l7'(a), which has a phase variation of 4w with re 
spect to the reference excitation 17’(c), has a greater 
average phase displacement .t' than component excita 
tion 17’(b), which has a phase variation of 211' and an 
average phase displacement x. Similarly, component 
excitations l7'(d) and l7’(e), which have negative 
phase variation. also have, with respect to the reference 
excitation 17'(c), average phase displacements x and 
x’, respectively, and these average phase displacements 
.\' and x’ are monotonically related to the phase varia 
tion of their respective component excitations l7'(d) 
and l7’(e). The average phase displacements of all ex~ 
citations with respect to the reference excitation have 
the same sense. Use of displacements with the same 
sense prevents phase reinforcement of the component 
excitations at another point on the aperture. 

In the embodiment described by the FIG. 4(a) phase 
diagram, excitation l7’(a) has the same average phase 
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6 
displacement x’ as excitation 17'(e). Similarly, excita 
tion l7'(b) has the same average phase displacement x 
as excitation 17'(d). It should be noted that the average 
phase displacements of excitations having a positive 
phase variation may be a different monotonic function 
of the phase variation than the average phase displace 
ments of excitations having a negative phase variation. 
The effect of introducing average phase displace 

ment of the component aperture excitations is to elimi 
nate the point of phase reinforcement in the composite 
excitation. FIG. 4(b) illustrates the amplitude of the 
composite excitation at the various array elements 
10(a) to 10(e) of FIG. 1, which results from the super— 
position of the component excitations 17'(a) through 
17’(e). By comparing FIGS. 3(b) and 4(b), it will be 
seen that the relative amplitude of excitation for the el 
ements 10(d) and 10(6) has been reduced by approxi 
mately 60 percent. The amplitudes of excitation which 
must be coupled to the remaining elements of the array 
have been correspondingly increased, resulting in a 
more uniform amplitude distribution in the composite 
aperture excitation. The actual amplitude and phase 
excitations for an antenna array design in accordance 
with the present invention is determined in a manner 
similar to that for the prior art excitation, except that 
component aperture excitations having phase displace 
ments similar to that illustrated in FIG. 4a are used to 
determine the amplitude and phase excitations for the 
various elements in the array. 
The effect of the average phase displacement of the 

component aperture excitations is a corresponding 
phase change in the component radiated beams. There 
fore, if the component excitations of FIG. 4(a) are 
used, antenna beam 16(b) of FIG. 2(12) will result from 
excitation l7’(b) of FIG. 4(a). The component antenna 
beam 16(b) will have a phase difference from the refer 
ence component antenna beam 16(0) equal to the aver 
age phase displacement x of the component excitation 
l7’(b). The effect of the phase differences among an 
tenna beams on the composite antenna pattern is small, 
since the phase difference between adjacent antenna 
beams is small. In the FIG. 4(a) embodiment adjacent 
beams are displaced in phase by approximately 1'r/2. 
This phase difference between adjacent beams may 
cause an increase in the “ripple” effect on the compos 
ite antenna pattern as shown in FIG. 2(c). The magni— 
tude of the ripple effect increases with increased phase 
difference between adjacent beams. 
The desired shape of the radiation pattern may be 

other than uniform amplitude as in the FIG. 2 example. 
Speci?c applications may require radiation patterns 
which are tapered or even multi-Iobed. In such case, 
the desired pattern may be synthesized using compo‘ 
nent excitations with different relative amplitudes. In 
some cases component excitations may even have op 

posite polarity. However. the present invention may be 
applied to these cases without difficulty. 

It will be evident to those skilled in the art that finer 
pattern detail and more precise correspondence be 
tween the composite antenna pattern and the desired 
antenna pattern will result from the use of a larger an 

tenna aperture with correspondingly smaller compo— 
nent antenna beams. The selection of aperture size 
would naturally involve a tradeoff between the lower 
cost of a small aperture and the better correspondence 

to the desired pattern available from a large aperture. 
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It will be evident to one skilled in the art that using 
the basic principles of the invention, as they are dis 
closed above, one can use the present invention to con 
struct antenna systems of many different forms. For ex 
ample, the linear array of the FIG. 1 embodiment may 
be combined with other linear arrays to form a planar 
or cylindrical array antenna using the present inven 
tion. The technique for formulating the composite ap 
erture excitation may also be applied in the perpendic 
ular plane of an antenna system which uses a plurality 
of the FIG. 1 linear arrays. It will also be evident that 
it is not necessary that the antenna aperture be an array 
of elements. Once a desired composite aperture excita 
tion has been formulated using the synthesis technique, 
it is possible to achieve that illumination on an aperture 
consisting of a transmissive or re?ective focusing 
means excited by conventional means, such as a plural 
ity of feed elements. In such an application, each feed 
element forms a component excitation on the focusing 
means and a composite excitation on the aperture 
would result from simultaneous excitation of all of the 
feed elements. 

DESCRIPTION OF THE FIG. 5 ANTENNA SYSTEM 

FIG. 5 illustrates another linear array antenna system 
constructed in accordance with the present invention. 
In the FIG. 5 antenna system the antenna elements con 
sist of slot elements 20 located in a side wall of a rect 
angular waveguide 19. In this embodiment the ampli 
tude of the wave energy supplied to each of the slot ele 
ments 20 is determined by the fraction of the wave en 
ergy in the waveguide coupled to the slot element 20, 
which is a function of the angle of the slot element 20 
in the side wall of the waveguide 19. The phase of the 
wave energy coupled to each of the slot elements 20 is 
determined by the phase of the wave energy in the 
wave guide 19 at the location of the slot element 20. 
The phase of any slot element 20 may be changed by 
180° by reversing the slot inclination angle. Once a de 
sired composite aperture excitation, amplitude and 
phase has been determined with the invention as de 
scribed above, it is possible to locate the slot elements 
20 along the waveguide 19 so that wave energy signals 
introduced at the input end of the waveguide 19 are 
coupled to the slot elements 20 with the required 
phase; the inclination angle of each slot element 20 is 
adjusted so that the slot elements 20 will have the re 
quired amplitude of wave energy signals coupled to 
them. 
The present invention is particularly advantageous in 

the FIG. 5 embodiment since there is a practical limit 
to the fraction of the energy in the waveguide 19 which I 
may be coupled to each slot element 20. The present 
invention facilitates the implementation of the FIG. 5 
embodiment by allowing the use of an aperture excita 
tion which has a more uniform amplitude distribution 
of the wave energy signals coupled to each of the ele 
ments. 

In describing the various embodiments above, refer 
ence has been made to transmitting antenna systems, 
but it will be recognized by those skilled in the art that 
the principles of the present invention can also be ap 
plied to receiving antenna systems. Accordingly, the 
appended claims are intended to be construed as cover 
ing both transmitting and receiving antenna systems re 
gardless of the descriptive terms actually used therein. 
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While there have been described what are at present 

considered to be the preferred embodiments of this in 
vention, it will be obvious to those skilled in the art that 
various changes and modi?cations may be made 
therein without departing from the invention and it is, 
therefore. aimed to cover all such changes and modifi 
cations as fall within the true spirit and scope of the in 
vention. 
What is claimed is: 
1. An antenna system for radiating wave energy in a 

desired radiation pattern comprising: 
an aperture comprising an array of antenna elements 

for radiating wave energy patterns in response to 
wave energy excitations; 

means for supplying wave energy to said elements 
with pre-determined relative phases and ampli 
tudes to develop a composite wave energy excita 
tion on said aperture, the relative phase and ampli 
tude of the wave energy supplied to each of said el 
ements comprising the vector sum of a plurality of 
component aperture excitations, measured at the 
location of said element on said aperture, including 
a reference excitation and other component excita 
tions having both positive and negative phase varia 
tion on said aperture with respect to said reference 
excitation, said component excitations with posi 
tive phase variation having with respect to said ref 
erence excitation an average phase displacement 
which is a first monotonic function of said phase 
variation, and said component excitations with 
negative phase variation having, with respect to 
said reference excitation, an average phase dis 
placement which is a second monotonic function of 
said phase variation, all excitations having the same 
sense of average phase displacement, thereby re 
sulting in a set of element excitations without sub 
stantial amplitude reinforcement of said compo 
nent excitations at any selected one of said antenna 

elements. 
2. An antenna system for radiating wave energy in a 

desired radiation pattern comprising: 
an aperture comprising a linear array of antenna ele 
ments for radiating wave energy patterns in re 
sponse to wave energy excitations; 

means for supplying wave energy to said elements 
with predetermined relative phases and amplitudes 
to develop a composite wave energy excitation on 
said aperture, the relative phase and amplitude of 
the wave energy supplied to each of said elements 
comprising the vector sum of a plurality of compo 
nent aperture excitations, measured at the location 
of said element on said aperture, including a refer 
ence excitation and other component excitations 
having both positive and negative phase variation 
on said aperture with respect to said reference ex 
citation, said component excitations with positive 
phase variation having with respect to said refer 
ence excitation an average phase displacement 
which is a ?rst monotonic function of said phase 
variation, and said component excitations with 
negative phase variation having, with respect to 
said reference excitation, an average phase dis— 
placement which is a second monotonic function of 
said phase variation, all excitations having the same 
sense of average phase displacement, thereby re 
sulting in a set of element excitations without sub~ 
stantial amplitude reinforcement of said compo 
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nent excitations at any selected one of said antenna 
elements. 

3. An antenna system for radiating wave energy in a 
desired radiation pattern comprising: 
an aperture comprising an array of antenna elements 

for radiating wave energy patterns in response to 
wave energy excitations; 

means for supplying wave energy to said elements 
with predetermined relative phases and amplitudes 
to develop a composite wave energy excitation on 
said aperture, the relative phase and amplitude of 
the wave energy supplied to each of said elements 
comprising the vector sum of a plurality of uniform 
amplitude, orthogonal-phase component aperture 
excitations, measured at the location of said ele 
ments on said aperture, including a reference exci 
tation and other component excitations having 
both positive and negative phase variation on said 
aperture with respect to said reference excitation, 
said component excitations with positive phase var 
iation having with respect to said reference excita 
tion an average phase displacement which is a first 
monotonic function of said phase variation, and 
said component excitations with negative phase 
variation having, with respect to said reference ex 
citation, an average phase displacement which is a 
second monotonic function of said phase variation, 
all excitations having the same sense of average 
phase displacement, thereby resulting in a set of el 
ement excitations without substantial amplitude 
reinforcement of said component excitations at any 
selected one of said antenna elements. 

4. An antenna system for radiating wave energy sig 
nals in a desired radiation pattern, comprising a wave 
guide having an aperture comprising a linear array of 
slots for radiating wave energy patterns in response to 
wave energy excitations and having selected slot orien— 
tations and locations which cause wave energy supplied 
to one end of said waveguide to develop a composite 
wave energy excitation on said aperture wherein the 
wave energy supplied to each of said slots has a relative 
phase and amplitude comprising the vector sum of a 
plurality of component aperture excitations, measured 
at the location of said slot in said array, including a ref 
erence component excitation and other component ex~ 
citations having both positive and negative phase varia 
tion along said linear array with respect to said refer 
ence excitation, said component excitations with posi 
tive phase variation having with respect to said refer 
ence excitation an average phase displacement which 
is a first monotonic function of said phase variation, 
and said component excitations with negative phase 
variation having with respect to said reference excita 
tion an average phase displacement which is a second 
monotonic function of said phase variation, all excita 
tions having the same sense of average phase displace 
ment, thereby resulting in a composite wave energy ex 
citation without substantial amplitude reinforcement of 
said component excitations at any of said slots in said 
waveguide. 

5. An antenna system for radiating wave energy sig 
nals in a desired radiation pattern, comprising a wave 
guide having an aperture comprising a linear array of 
slots formed into one of the narrow walls of said wave 

guide for radiating wave energy patterns in response to 
wave energy excitation and having selected slot orien— 
tations and locations which cause wave energy supplied 
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10 
to one end of said waveguide to develop a composite 
wave energy excitation on said aperture wherein the 
wave energy supplied each of said slots has a relative 
phase and amplitude comprising the vector sum of a 
plurality of component aperture excitations, measured 
at the location of said slot in said array, including 21 ref 
erence component excitation and other component ex 
citations having both positive and negative phase varia 
tions along said linear array with respect to said refer 
ence excitation, said component excitations with posi 
tive phase variation having with respect to said refer 
ence excitation an average phase displacement which 
is a ?rst monotonic function of said phase variation, 
and said component excitations with negative phase 
variation having with respect to said reference excita 
tion an average phase displacement which is a second 
monotonic function of said phase variation, all excita 
tions having the same sense of average phase displace 
ment, thereby resulting in a composite wave energy ex 
citation without substantial amplitude reinforcement of 
said component excitations at any of said slots in said 
waveguide. 

6. An antenna system for radiating wave energy sig 
nals in a desired radiation pattern, comprising a wave 
guide having an aperature comprising a linear array of 
slots for radiating wave energy patterns in response to 
wave energy excitations and having selected slot orien 
tations and locations which cause wave energy supplied 
to one end of said waveguide to develop a composite 
wave energy excitation on said aperature wherein the 
wave energy supplied each of said slots has a relative 
phase and amplitude comprising the vector sum of a 
plurality of uniform amplitude, orthogonalphase com 
ponent aperature excitations, measured at the location 
of said slot in said array, including a reference compo 
nent excitation and other component excitations hav 
ing both positive and negative phase variation along 
said linear array with respect to said reference excita 
tion, said component excitations with positive phase 
variation having with respect to said reference excita 
tion an average phase displacement which is a ?rst 
monotonic function of said phase variation, and said 
component excitations with negative phase variation 
having with respect to said reference excitation an av~ 
erage phase displacement which is a second monotonic 
function of said phase variation, all excitations having 
the same sense of average phase displacement, thereby 
resulting in a composite wave energy excitation without 
substantial amplitude reinforcement of said component 
excitations at any of said slots in said waveguide. 

7. An antenna system for radiating wave energy in a 
desired radiation pattern, comprising a rectangular 
waveguide, having an aperture comprising a linear 
array of slots for radiating wave energy patterns in re 
sponse to wave energy excitations, said slots being 
formed into one of the narrow walls of said waveguide 
and having selected slot orientations and locations 
which cause wave energy supplied to one end of said 
waveguide to develop a composite wave energy excita 
tion on said aperture wherein the wave energy supplied 
to each of said slots has a relative phase and amplitude 
comprising the vector sum of a plurality of uniform 
amplitude, orthogonal-phase component aperture exci 
tations, if measured at the location of said slot in said 
array, including a reference component excitation and 
other component excitations having both positive and 
negative phase variation along said linear array with re 
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spect to said reference excitation, said component exci 
tations with positive phase variation having with re 
spect to said reference excitation an average phase dis 
placement which is a ?rst monotonic function of said 
phase variation, and said component excitations with 
negative phase variation having with respect to said ref 
erence excitation an average phase displaccmcnt which 
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12 
is a second monotonic function of said phase variation, 
all excitations having the same sense of average phase 
displacement; thereby resulting in a composite wave 
energy excitation without substantial amplitude rein 
forcement of said component excitations at any of said 
slots in said waveguide. 

>l< >I< * * * 


