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A Novel Method to Correct Radiation
Pattern Distortion of Conformal Antennas

1. INTRODUCTION

The development of phased array antennas has. for the most part, been for
antennas on planar surfaces. The large phased array a-ntennas, for example.
Pave Paws, Aegis, Cobra Dane, and Cobra Judy. are planar arrays. Interest has
dewveloped in phased arrays on curved surfaces because of the anticipated need for
antennas conformal to aircraft. When scanning, curvature has a detrimental

effect on the antenna's radiation pattern; the pattern becomes distorted and the
sidelobes are increased. The effect is influenced by factors such as the element
pattern, the extent of curvature, and the antenna size, and becomes especially

pronounced as the scan angle increases. 1. 2, 3

(Received for publication 20 July 1987)
1. Wojtowics, J., Ramsey, K.G. , and Fontana, T. (1963) Conformal array

analysis. Proceediugs of the 1983 Antenna Applications Symposium,
RADC-TR-Z4-*2, AD A142T74. Vol. 2.

2. Herper, J. C., Hessel, A. , and Tomasic, B. (1985) Element pattern of an
axial dipole in a eylindrical phased array. Part I: Theory, IEEE Trans.,
AP-33(No. 3).

3. Ludwig, AC. (1985) Anten'•a Curvature Analysis, RADC-TR-85-131.
AD B097555!..
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The purpose of this report in twofold. First, it is to take a first order ap-

proach to explain the effects due to curvature and thereby gain insight into the

parameters involved. Second, but foremost, the purnose is to demonstrate a

relatively simple and practical technique to correct for curvature effects. Correc-

tion implies recovering the form of the pattern that is present at broadside. When

the beam of a planar array in scanned, the integrity of the pattern is maintained.

For this reason, the equivalent planar array is ,ised as a reference or ideal for

the curved array to emulate. A straightforward approach to correct the antenna

pattern would be to adjust the amplitude and phase of each individual radiating
element. This procedure would be inwieldy and highly impractical. Introducing

either attenuators or power dividers into the system, in order to control the arnpili-
tude of each element, would greatly increase both rf network and controlling net-

work complexity. In addition, cost, ,rrors, failure rate, weight, and space

limitation problems would considerably increase. Attenuators would also introduce

power loss.

The approach described in this report is to adjust the aperture taper as a

whole. We begin by considering the position of the radiating elements on a curved

surface projected on to a straight line perpendicular to the propagation path. The

element spacings on the line are shortened from those on the curved surface, and

become more so at increasing scan anglcs. This causes the effective array ampli-

tude taper to become altered, and at scan angles other than zero degrees becomes
asymmetrical. The changed taper results in antenna pattern distortion. By adding

in the proper proportion an anti-symmetric taper to the symmetric taper, the

sym'netry of the original broadside taper can be largely restored. This correction

can be implemented with the sum and difference networks of the conformal phased

array antenna that yield, at broadside, symmetric and anti-symmetric functions
respectively. The concept described in this report is to restore. as much as

possible, tne original aperture taper by adding, as a function o0 scan angle, some

of the energy in the difference network to the energy in the suyn network. A simple

variable power divider is used to distribute the power, in a rprescribed proportion.

in the sum and difference channels of the antenna network. This scheme does not

use attenuators, and, subsequently, there is no loss of power. Also, each element

is not adjusted individually, thereby, making the technique practical and easily
implenmented.

2
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The approach in this study is to investigate the effect of curvature on an

antenna radiation pattern based on geornetrical conslierations. Phenomena such

as creeping waves ana mutual coupling will be neglected. These effects are con-

sidered second order aad less Influential. The physical model that we consider
in an arrmy of a fixed number of elements (66 in this case) and a fixed element m

spacing (X/2). The projection of the curved array on to a straight line perpendicular

to the beam direction would result in a projected array that is shorter than the

original planar array. The radiating elements on the curved surface are positioned

differently in three-dimensional space compared to the elements on the planar

surface; this difference brings about the distOrton of the wavefront from the equiva-

lent plane surface one accounts for the main effect on the radiation pattern.

Primarily, this first order effect on the close -in sid&lobes will be addressed in

this report. Orating lobe effects will not be investigated.
Of the different types of aperture illuminations, only ote will be considered

ini order to demonstrate the effect of curvature and the correction technique. The

aperture will have a cosine illumination with each element having a cos 1.5(Y)

pattern where V is a general angular variable. This element pattern approximates

measured element patterns and Is accurate for patch radiators, narrow slots, or

dipole* on a cylinder in which the E-fleld is along the cylindrical axis. Blockage

effects are included. The element radiates only up to the line drawn from it

through the next succeeding element (very nearly the tangent line). Although a

section of a ring array is being investigated, the results apply to the principal plane

cut of a section of a cylindrical array formed by the three-dimensional extension

o& the ring array. There are no cross polarization considerations in our model.

The hypothetical case of an isotropic element pattern, used to demonstrate the

iniluence of the element pattern on curvature effects, Is addressed in Appendix A.

22 Dinstort ctWaveost m a F=cto ( eSc= Anoe

Consider a series of radiating elements equally spaced along a curved line.

When the positions of the elements are projected onto a straight line normal to the

line of projection the element spacings on the straight line, as previously, men-

tioned, are shortened from those on the curved surface. The projected spacings

are now not uniform, but vary continuously along the array. The change in the

spacings are small at broadside, but increase as the angle of projectiori off of

broadside increases. The apparent change in element spacings cause the effective

I , m I I n n I I I I n



array amplitude tapr.r to become altered. At scan angles other than zero degrees.

the taper it, 8kewrd:d the greater the scan angle, the greater the skewness. The

asymmetrical n-nplitude taper greatly contributes to the antenna pattern distortion.

Figure I dov-onstrates a cosine aperture illumination (showing nine elements)

which chtnges at a scan angle Geo. In the broadside direc.tion, the taper is a slightly

distorted but symmetrical projection of a cos (N n/K) ape!-tu•e amplitude distribution

for th• sum pattern, where n is the element number in which the center element is

vtro and K is the total number o! element spacings. At the scan angle. 0 of 9,.'

figure shows how the taper becomes skewed due to the displaced positions ol the

elements along the line of projection. For example, the center element's position

is no icniger at the center of the projection line. The center element retains the

peak amplitude value of the cosine taper, and therefore, the maximum amplit.aPi

is shifted off-center. The other elements follow accordingly. In this ma'rn'., the

original taper becomes skewed. Figure 2 depicts the same phenomenon tfsking

place for a sin (2w nIK) amplitude distribution for the difference pattern. As the

scan angle increases, or as SIR. S being the surface length and R boing the ra•ius

of curva.ture, increases, the cenLer element is shifted further off-center and the

asymmetry increases. This distance off-center serves as an indicator of distortion.

The above discussion dealt with the dependence of the field at the aperture due only

to excitation coefficients of the elements and not to their individual patterna. How-

ever, the element pattern must also be included in order to obtain the total field,

Therefore, the general discussion of the field at the aperture would include a mul-

tiplying factor. Ae, which is the amplitude of the element pattern and is a function

of scan angle.

Figure 3 shows, for an arbitrary scan angle, the position of the elements on
the projection plane and the distortion of the amplitude taper an compared to a
cosine illumination function in that plane. The center element is at the origin of

the x. y coordinate system, and the other elements are numbered accordingly. The

cosine value of the nth element is coo (w n/K) where, for convenience, the total

number of elements. K + 1. is chosen to be odd. The distance of the nth element

along the X axis is found to be given by the following equation:

Xna2Rsin(A) sin( + )(

where R is the radius of curvature. 8 is the scan angle, and a is the surface length

between two consecutive elements. A plot of Xn vn the coo (w n/K) illumination

(the peak amplitude being normalized to one) reveals the kind of distortion depicted

in Figure 3. The same type of distortion holds for the difference function that is
given by sin (2v n/K). shown in Figure 4. The cosine curve in the projection plane

is shown in the X', Y' coordinate system. The cosine curve here is given by:

4_ I



Figure 1. Cosine Aperture Illumination on a Conforms!
Phased Array Antenna. At the sear. -ngle 9 the
illumination becomes skewed 0

I0

Figure 2. Sine Aperture Illumination on a Conformal
Phased Array Antenna. At the scan angle. 90. the
illumination becomes skewed

5

I



y y'

h

-32 -24 -18 -8 0 a is 24 32 UUE
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Y- Cos ( (2)

y, cos [I (Xn-h)/,] (3)

where

h = R[I - cos (Ks/2R)] sin 0 (4)

I - 2R sin (Ks/2R) cos 0 (5)

h being the distance the center element shifts off of the geometrical center; ! being

the length of the array in the projection plane. The difference between the two

curves at the nth point, including the effect of the element pattern, is

Ae cos (v n/K) - cos (Or X'/I). This is a measure of the distortion between the two

curves.

2.3 Apparent Change of Element Density as a Function o& Scan Angle

Thus far, the distortion of the amplitude taper has been considered. However,

there is another contributor to the distortion of the radiation pattern. The other

factor is the change of the density of the elements when observed in the projection

plane. This causes a change in the field density. The elements on one end become

"bunched up" causing the local field density to increase. Increasing the element

density is equivalent to increasing the field that would otherwise be present if the

elements were uniformly spaced. The apparent element density and resulting

distortion increases as the scan angle increases. Consider the field of the nth

element to be E (n), and contained in a "tube" whose linear cross section is dn*

The length (dn), extends between the midpoints of the two immediate elements, one

on each side of the nth element. If the elements in the projection plane were uni-

fcrmly spaced, than an element's field would be in a tube whose width was equal to

the element spacing. If the nth element's equivalent field is E' (n) and the tube's

linear width is D', then

E' (n)/D' * E(n)/dn (6)

dn = (Xn+i " Xn )/2 (7)

D1 - f/K (8)

7



where Xn+ I and Xn 1 are defined by Eq. (1), E(n) is the amplitude taper in the

projection plane. E' (n) represents the effective field when the non-uniform

element spacing is made uniform.

EZ (n) z E(n) F(n) . (9)

F(n) will be referred to as the density function and is given by:

F(n) = K(X2n+ (10)

The effective amplitude taper in the projection plane is F(n)Ae cos (v n/K)

plotted as a function of X(n) for the sum pattern, and F(n)Ae sin (2w n/K) plotted

as a function of X(n) for the difference pattern. The distortion of the radiation

pattern is due to the difference between the shapes of the two curves in the pro-

jection plane, and the difference between their element densities. This

difference between the two curves at each element is now expressed as

G F(n)A cos(v n/K) -' cos(v X'/V) where G is the normalization factor.
e

3. RESTORATION OF THE COSM APERTURE TAPER

3.1 Correction Method Applied

As indicated earlier, the cos(y) curve and the sin(2y) curve are both distorted
in the projection plane. By adding these two functions, the original cosine taper

can be approximated in the projected plane. This addition is accomplished by using
the sum port and difference port simultaneously. The power is distributed, with-

4
out loss, by a variable power divider. The idea behind a variable power divider
is to split the signal entering in one arm and then, by phase adjustments, control

the amount of power going into its two output ports. Each port is part of a network

that generates across the array, a cos (y) and a sin (2y) distribution respectively.

Figure 5 shows the variable power divider in the antenna system. The signal from
the sum port, E, is distributed between the sum and difference ports, 12, and 4',
respectively. A portion of the signal in the difference network is added, at the

elements, to the signal from the sum network. For the receive mode, the principle
of reciprocity applies. The optimum fraction of power to be distributed to each

port can be found that achieves a best fit to the cos (-) taper in the projection plane

4. Rudge, A. W., Milne, K., Olver, A.D., and Knight, P. (1982) The Handbook

of Antenna Design, Vol. 1, p. 490, Peter Peregrinus Ltd., London, U.K.

8



at a particular scan angle. Generally, if A and B are designated the amplitude of

the energies in the sum and difference ports respectively, then A and B will be

chosen such that A cos (V) + B sin (2 V) approximates cos (y'). where yV is the

variable in the projection plane. The best fit would be to obtain the minimum error
between the shape of the corrected curve and the undistorted cosine curve. Since

we are matching cilve shapes, the curves are to be normalized; the corrected

curve is to be normalized to one. The difference between the two curves at the
th

n point is now expressed by:

= G(B)F(n)Ae [A cos(i n/K) + B siu(21rn/K)] - cos(7 X'/I) (11)

where

G (B) (12)
-- F(n)Ae eos (7T nI/K) + B sin(Z1n/2K)

NETWORK

VARIA 
E 

OiR

DIFFERENCE

ETOKBEAM ANTENNA
$CAN PHASE
SHIFTERS

Figure 5. Variable Power Divider Incorporated Into the

Antenna System

The constraint in the addition of the two networks is that the total power remains
constant. If the input power is normalized to one, thenI 2

A + B 2 = 1. (13)

"9



Ultimately, the equation used to match the distorted curve to a cosine curve with

uniformly spaced elements is the following:

an ' G(B)F(n)Ae[( N - cos(rn/K) B sin(2wnIK)j - cos[irXn,- )/11

(14)

The total deviation between the two curves is the sum of the 8 Is over all n. Since
the absolute value of 8 is of interest, it is mathematically convenient to use 82

n
instead of 6n. The value to be calculated is the sum of the squares of the deviations,

C, that is defined as:

K/2
S= D.(15)

n- -K12 "

An iterative procedure is used to determine B. First, G is found, when B is equal

to zero. Using this value of G, B is solved for which E has a minimum value.

Using this value of B a second G is determined, and subsequently a final B, re-
ferred to as Bo, is obtained. B is quite accurate since there is a rapid convergence.

00B0 is the fraction of the amplitude from the difference port that yields the minimum

value of E, or the best fit of the corrected curve to the cosine curve with uniformly
spaced elements.

32 Calculated Corrections and Their Associated Errors

Thevalues ofB as a function of scan angle, 0, with SIR as a parameter, and

with A e equal to cos 0"75() (a cosI" (0) power radiation pattern) are shown in
Table 1. There were no values chosen in which element blockage was present.

Blockage occurs according to the following formula:

;B > v/2 - S/2R + s/2R . (16)

Since, when SIR = 2, (S = 32A, R 16XA, s = X/2) blockage occurs at 33. 65, the
case of S/R = 2 and 0 = 400 was not used. Figure 6 shows how the error, E,

varies with scan angle for particular values of S/R. The graph demonstrates the

extent to which the error is reduced by introducing the correction. When there is

no correction, or B. equals zero, it is observed that the curve of E vs e follows

approximately a tan2 0 curve. This relationship can be deduced from Eqs. (4) and (5).
The distortion increases as h increases, h being the distance that the projection of

the center element is displaced from the geometrical center of the projected array.

10
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More precisely, the factor to be considered in the proportion of the projected array

length that the center element is displaced, or hI f. SIrnce e is obtained from the

square of the distortion, the.:

e a ( 
1h17)

Using equations for 4 and 5 for h and I respectively, one obtains:t

o tan2 (&) tan2 (9). (18)

Table 1. Correction Factor. r__. as a Function *f Scan Angle. Sol
and the Curvature Factor. SIR

80

Go _i=.= 2

200 .105 .169 .227

30' .165 .264 .351

400 .238 .37G

This dependency is. to a large degree, verified b, the graph in Figure 6. The equa-

tion is approximate, but reasonably accurate. It shows the variation of pattern dis-

tortion as the scan angle and curvature are changed. The solid curve shows the

extent of the uncorrected amplitude taper error, that. in turn, indicates the degree

of distortion of the radiation pattern. The dashed curve is the residual error after

correction.

In Figure 6, one notices that the degree of error improvement increases as the

scan angle increases. Intuitively. one may have expected the opposite to occur.

However, adding an anti-symmetric function to a symmetric function does not help

to restore symmetry unless the symmetric function is asymmetrical or skewed. At

broadside, the symnmetric function is not skewed, and, therefore, at broadside, there

is no improvement. As the scan angle is increased, both functions become more

11



skewed, and, therefore. there becomes more opportunity for improvement. The

aperture taper could have been matched to the slightly changed broadside taper.

Than a modified cosine taper would have been our reference illumination, and thereI
would have been nio error at broadside. However, in the present stud~y, we chose
not to do this. Figures 7a through '7h show plots of the E-field at the aperture taking

into account a~perture taper distortion, apparent change of element density, normali-

sation, and the element pattern. The plots depict the distortion of the amplitude in

the projection plane relative to the cosine curve. The correction curve is alsoI
plotted. The results of the plots are consistent with the conclusions drawn in the
error curves of Figure 6. The improvement of the distorted curve is quite good,
especially at the higher scan angles.

R .

5 S
12

4

-Uncorvecled

e 3-- Corvected

2S
*j 1.07

012030 40

Figure 6. Error, C. the Measure of the Difference Between theI
Distorted Curve and the Aperture Cosine Curve, is Plotted as a
Function of Scan Angle, 00, With Curvature, SIR (the subtended
angle). as a Parameter0
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4. CURVATURE •EMS ON RADATION PATTERN

4.1 ScannIng Radiation Pattern of Arry on
Curved Surface and Its Correction actor

The power radiated at an arbitrary scan angle. 00, can be obtained by consid-

ering the scan angle direction of each element, and taking into account the path

length difference of each element. The E-field in the scan angle direction, 00, is:

K/2 ion _j kzn(o)

E(eo) F Ae(n, 00).A e e (19)
Sn =-K/2 n

where k a 2, IX. and An and *n are the magnitude and phase respectively of the nth

element's excitation coefficient. An is the amplitude taper across the aperture,

usually referred to as the aperture taper. Zn(6 o) is the nth element's path length

difference from a reference element; here the reference element is the center

element. Ae(n, 00) is the nth element's amplitude due to the element radiation

pattern in the direction of 00.

Ae (n, eo) = cosP(00 - as/R) (20)

p being a constant defining the element pattern. A beam is steered to the 00
direction by having on equal to k Zn(Oo). The value of Zn (90) is computed from

the following derived equation:

Zn (o) z 2R sin(ns/2R) cos(T//2 - 00 + ns/2R) . (21)

The E-field in the e d.rection, relative to a 00 scan angle direction is:

K/2 j kzn (00) -kzn (0)

E(0) = A (no 0) A e e n (22)
n-- -K/2 e n

where An is real and 0n has been set equal to kZn(Oo). Ae (n. 0) and Zn(O) are

given by Eqs. (20) and (21) respectively, using 0 in place of 00.

The value of the power, P, is cbtained by using Eq. (22) in the following
equation:

p E() . (23)
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The effect of curvature on the radiation pattern is predominantly a function of

00, ns/r, and, consequently, Ks/R or S/R. the array's subtended angle. To

demonstrate the effect of curvature, the radiation pattern, P, is obtained as a
function of S/R (with 0 0 constant), and as a function of 0 (with S/R constant).

Both the number of elements, K + 1, and the element spacing, s, are held constant.
The effect of curvature is diminished by adjusting the aperture taper, An . For the
case of a cosine aperture taper,

A n cos (v n/K) . (24)n

In Section 2. 3 it was found that the cosine taper distortion wEs measured according

to Eq. (11). The distortion was corrected by using A' in place of A n, such thatnn

A [ - co E +Bsin (K )(25)
using An in place of An in Eq. (22), the corrected power pattern is obtained.

4.2 Radiation Pattern Using a Cosl's 1 0) Element Pattern

The cos1 5(0) element pattern is a practical case since a patch radiator, a
slot, or a dipole in an array exhibits very nearly this dependency. Figures 8a
through 8h show the radiation plots using cos 1.5(0) element pattern and cosine
aperture taper for various values of scan angle, 0 , and subtended angle, S/R.
The number of elements used is 65, the element spacing is A/2 and A is
0. 1 meters. The correction is most pronounced as the scan angle is increased
and/or the subtended angle is increased. The figures show the increase of the
near-in sidelobe levels as a function of scan angle, and subtended angle; the
uncorrected and corrected patterns are shown. The improvement of the distorted
pattern is substantial, showing the correction works well. The pattern is very
much restored in the near-in sidelobes. Moreover, there is no detriment in the
corrected pattern in the rest of the 3600 coverage. There is a greater improve-

ment in the larger scan angles, as was predicted from the discussion on errors.
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4.3 The Dfhnoft P&eN

The difference pattern was not discussed earlier because it is not the primary
subject of the investigation. The difference pattern is obtained from the other poit.
which is part of the difference channel between the receiver and the variable power
divider. If the transmitted signal amplitude at the sum and difference output ports,
after the power divider, are A and B respectively, then a received signal at the
difference channel, will be the addition of the amplitude B, now from the sum net-
work, and minus A from the difference network. When the correction. B., is
employed, the mnplitude used for the calculation of the differer.ce pattern is:

A - B co( 28in (6)

The application of the correction for the optimum sum pattern results in an improve-
ment of the difference pattern. The crucial criterion of a di, ference pattern is the
mainbeam null depth; the deeper the mainbeam null, the better the pattern. One
example of the improvement of the difference pattern is shown in Figure 9.

Taole 2 depicts the improvement of the mainbeam null depth that can be seen
to be significant. The improvement decreases slowly as the curvature increases.
There is not a significant variation with a change of the scan angle. A better differ-
ence pattern can be obtained by sacrificing some of the correction of the sum pattern.

Table 2. Values of Ma'nbeam Null of Uncorrected and Corrected
Difference Patterns as a Function of Scan Angle and Subtended
Av'gle. A coqd, 5(0) element pattern was used

MAINSEAM NULL
S (-d48) IMPROVEMENT
R UNCORRECTED CORRECTED0 IN dS

PATTERN PATTERN

1.07 23.20 30.66 7.46
200 1.6 19.70 25.72 6.02

2 17.78 n.50 4.72
1.07 19.71 27.35 7.64

300 1.6 16.20 22.40 6420
2 14.24 19.27 5.03
1.07 17.24 24.92 7.61

S 1 06 13.68 20.06 _., 
_
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5. CONCLUSION

The results demonstrate the value of the correction technique. It is a simple.

practical technique expending no additional power and yet offers quite a high level

of improvement. It is worthwhile to compare an amplitude correction curve with

a result obtained by Ludwig. 3Ludwig used an iterative algorithm in which the

complex weights of each element was adjusted in order to synthesize an ideal

pattern. Although he used a Taylor aperture illumination, the two results are, to

some extent, comparable. For his case, using a 40* scan angle and SIR:- 0. 8,

the peak of the corrected amplitude taper shifts, in terms of his array, by about

three and one-half elements. Using our technique, for 0 0ý=400* and SI R = 1. 07,
there is roughly the same shift. The iterative algorithm is a synthesis technique

producing an ideal set of complex weights. Our corrector approximates the com-

parable ideal, and, at the same time is practical and can be easily implemented

in an actual system.

We demonstrated our technique using a cosine aperture taper. If a Taylor
illumination was employed, we would use a Taylor, Bayliss addition. Generally,

any symmetric and anti-symmetric functions are to be combined. It would be

worthwhile to investigate a Taylor aperture distribution since it is a very practical

case. Another study may be to use the technique in order to increase the power in

the mainbeam for large scan angles. In that way, the extent of large angle sca~nning

can be augmented and made possible by the existence of curvature. Another further

study may be to investigate the possibility of using this method in order to correct

for the- effect of physical obstructions located within portions of the antenna's
radiation field.
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Appendix A

Effect of Using an Isotropic Element Pattern

The isotropic element pattern does not approximate the pattern of a known radia-

tor in an array; however, it represents a limiting case and demonstrates when com-

pared to the results of using other element patterns, the influence of an element

pattern on curvature effects. The application of an isotropic (non varying) element

pattern is now briefly examined. The subsequent calculations follow that of the

Cos 15(0) element pattern, except that the value one is used for A e. Figure Al shows
how the error, E, varies with scan angle for different values of SIR. The graphs

have the same shape as Figure 6 except that the error is greater. This shows that

the element pattern can be used to reduce the error. Ir this case, the cos" 15(9)
element pattern reduces the error, E, associated with the isotropic element patteen

by a factor of about 0. 4. Figure A2 shows a plot of the E-field at the aperture

using the isotropic element pattern. The distortion of the amplitude taper is

observed to be worse than the equivalent plot using the cos' 15(0) element pattern.
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Distorted Curve and the Cosine Curve is Plotted as a Function of
Scan Angle. 00, With Curvature, S/R (the subtended angle), as a
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Figure. M~a, A3b. and A3c show the radiation patterns using an isotropic element
pattern. As in the previous case, the patterns are substantially improved using

the correction technique. However, they have a noticeable difference; on one
side of these patterns. there is a pronounced increase in the dB level of the side -
lobes. This may be referred to as the curvature lobe since it comes about because
of curvature. The curvature lobe starts at approximately the angle at which blockage
of the elements at the other end of the array occurs. The angle, *Bb at which the
first array element is blocked is given by Eq. (16). For SI R equal to 1. 07,
blockage begins at 600. As can be seen in the plots, for S/R equal to 1. 07, the
beginning of the curvature lobe approximately matches with 0 *The correction
factor was aimed at improving the first few sidelobes. It can be noticed that the

Cs1. 5(0) element pattern was able to greatly negate the curvature lobe: the
apparently bunched up elements in the blocked area of the array are contributing
little to the radiation field at high angles, and, therefore, do not encourage the
build up of the curvature lobe. The phenomenon of the curvature lobe offers some
insight into the mechanism of curvature effects.

When considering the difference pattern, 'it was found that the difference pattern
cann~ot be improved when using the isotropic element pattern since the mainbearn
null is minus infinity. This is because there is an equal level of power to the right
of the center element as to the left of the center element. If it was necessary,
the difference channel of the .ariable power divider could be bypassed. However,
since the isotropic element pattern is not a real case the question is hypothetical.
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