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INTRODUCTION

This is the second Interim Report on Contract No. DOT-FAT2WA-~
2882, "Application of the Large Gradient VOR Antenna, " and covers the

period 1 September to 30 November, 1972,

The present report investigates theoretically the radiation pattern
of Scanwell antennas located in free space and above a perfectly conducting
infinite planar ground, The organization of the report and some of the nota-
tions used are similar to our Interim Engineering Report No. 1 (Sengupta and

Chan, 1972).
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THE SCANWELL ANTENNA

The Scanwell antenna is a large gradient VOR antenna developed by
the Scanwell Laboratories. It consists of a linear array of five elements or
bays. Each bay consists of a standard 4-loop VOR array (Anderson et al, 1953).
Figure 1 shows schematically the array geometry. The direction of the z-axis
will be referred to as the vertical direction, The numbering of the array
elements is as shown in Fig, 1. The position of the nth element with respect
to the origin is denoted by dn' Note that dn is positive for elements above the
x-axis and negative for elements below the x-axis. As can be seen from Figure
1, the array is non-uniformly spaced and excited. However, the spacing of the

antenna elements are symmetrical with respect to the x-axis,

P (R,6)

FIGURE 1: Schematic representation of the Scanwell antenna.
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The Scanwell laboratories optimized the antenna parameters In (= IIn
dn such that the free space pattern of the antenna in the x-z plane produces

maximum field gradient (ag) at the horizon., The optimum parameters of the

antenna under such conditions are such that the following conditions hold:

(1)

It is now assumed that each element or bay has a sin 6 - type of pattern
in the z-x plane. Thus, the free space vertical plane complex pattern of the

antenna may be written as follows:

2
S (6) = sin 6 ﬂ10|+2 Z lIn
n-=1

The fundamental approximation made in Equation (2) is that the element

cos (kdn cosh - a )J (2)

pattern, i.e., the pattern of the 4-loop VOR array is sin 6 - type in the x- z
plane and that it is the same in both carrier and side-band modes. Because of

this Equation (2) indicates that the antenna has the same pattern in the carrier
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and side band mode of operation. As discussed earlier (Sengupta and Chan,
1972), the slightly different nature of the side-band and carrier mode patterns

can be taken into account by using the proper element pattern in Equation (2).
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FREE SPACE PATTERNS

In this section we give the free space vertical plane radiation patterns
of the Scanwell antenna. Figure 2 shows the free space pattern of the optimum
Scanwell antenna. The excitation coefficients of the optimum antenna, as ob-

tained by the Scanwell Laboratories, are as follows:

L|=0.62, e = 96%3

L|=0.19, a2:108?9 :

The element spacings in the optimum antenna are d1 = )\/ 2, d2 = 3>\/2 where
A is the operating wavelength. The field gradient obtained for the optimum antenna
is o 22 16 dBJ6°,
g
We have also obtained free space patterns of the antenna for slightly different
excitations but with the same element spacings. The following table gives the

excitations and the corresponding field gradients obtained:

|10| IIll |12| @, o o, a,

1 0.55  0.15 0 9603  108°9  10.20 dB/6°
1 0.50  0.10 0 9673  108.9  6.74 dB/6°
1 0.62 0 0 9.3 0 5.27 dB[6°
1 0.4 0.10 0 963  108.9  4.98 dB/6°
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Figure 3 shows the complete patterns of the antenna for different excitations,

It can be seen from Figure 3 that for the variation of the excitation used here,
the main beam of the pattern is not affected appreciably. However, the field
gradient as well as the minor lobe details are affected considerably by the change
in the excitations, It should be noted that the standard 4-loop array pattern has

a field gradient of about 3dB/ 6° in both carrier and side-band mode of operation,
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SCANWELL ANTENNAS ABOVE GROUND

In this section we discuss the patterns of Scanwell antennas located above
a perfectly conducting infinite planar ground. The far field patterns are obtained
by using the following expression:

] -ikz cos 6 S () - e1kz cos 6 S (z-6) , (3)
ST(G) =e

0<6< zf2,

where S (0) is given by Equation (2) and z is the height of the center element
(n = 0) above ground.
Complete patterns for the antenna have been computed by using Equation (3)

for selected values of Z. in the range 0<7Z

1 <500', During this part of the

1
computation the patterns have been calculated in the range 0 <6 <7 [2 at 1°

intervals. Some of the patterns for selected values of Z. are shown in Figures

1
(4a-4d). Figures (5a-e) give the patterns of the same antenna in the range

80° <6< 90° and for different values of the heights, These patterns have been
computed at 0. 1° intervals for sufficient accuracy. Figure 6 shows the positions
of the few minima above horizon (6 = 7 / 2) as functions of the antenna height.

Notice that the position of a minimum is expressed in angles above the horizon,

i.e., above 900. The curves given in Figure 6 are self explanatory. The index
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n in Figure 6 denotes the number of the minimum above the horizon; n =1
is the minimum in the pattern closest to the horizon., Figure 7 shows the depths
of the first few minima as a function of the antenna height. In general it can be

said that the depths of a minimum increases continuously with Z.. For a given

1
Z 1 the minimum nearest to the horizon is deepest and the depth decreases with
the order of the minimum. Figure 8 shows the variation of the filling factor
versus height for the first few minima in the pattern obtained by using the
optimum antenna as compared with those obtained with a standard VOR antenna
when the two antennas are located at the same height. Figure 8 indicates that
for each minimum initially the filling factor increases rapdily with height and
then it approaches a constant value of about 10dB.

Figures 9, 10 and 11 show respectively the position of the minima, depths
of the minima and the fillings factors as functions of height for the Scanwell
antenna with ag =10 dB/ 6°. The corresponding curves for ag= 6.74dB/ 6° are
given in Figures 12 - 14 and those for ag=4.98dB/ 6° are given in Figures 15 - 17,

In general, for a given Z_, the depth of a minimum (say n = 1) increases

1}

as ozg decreases. This is as it should be. The positions of the minima appears

2100'., For Z. <100, the positions of the

to be independent of ag for Z 1

1
minima increase as the gradient decreases. Most importantly, the saturation

value of the filling factor decreases as the field gradient value ozg decreases.

10
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The depth of the first minimum and the filling factor of the first minimum are

shown in Figure 18 as functions of ag for the particular height Z1 = 200",

11



011218-2-T

ANGLE IN DEGREES

| | | |

’ sT(O)l IN DD

. ’

-20

-10 T

I

i
| | | | | 1

40 50 60 70 80 90

FIG. 4a: Theoretical elevation plane pattern of the
optimum Scanwell antenna above ground.

= 1581
Z1 15,

12



10 +

lST (o)lIN DB

. ’

-10-

011218-2-T

ANGLE IN DEGREES

} | | ! Il I
i | 1

=20

304

It
| i
10 20 40 50 60 70 80 90

FIG. 4b: Theoretical elevation plane pattern of the
optimum Scanwell antenna above ground.

= 951
Zl 25',

13



|sT(0)| iN DB

10 T

011218-2-T

ANGLE IN DEGREES

!
—
(e)

il
T

J
(3]
o

]
I

20 30 40 50 60 70 80

FIG. 4c: Theoretical elevation plane pattern
of the optimum Scanwell antenna,
Z, =50 '

14




S
| T(G)I IN DB

011218-2-T

ANGLE IN DEGREES

FIG. 4d: Theoretical elevation plane pattern
of the optimum Scanwell antenna.

= 756t
z, = 5",

15



'|ST(9) IIN DB

011218-2-T

ANGLE IN DEGREES

| | | | 1 }

-10

-11 .1

i
80 8l

82 83 84 8 8| [87

FIG. 5a: Theoretical elevation plane radiation pattern

near the horizon for the optimum Scanwell
antenna above ground. Zl = 150",

16

90




|‘sT(0) I IN DB

011218-2-T

ANGLE IN DEGREES

]

-9

-104

% e 8z & 61 6 U 87| |88

FIG. 5b: Theoretical elevation plane radiation
pattern near the horizon for the optimum
Scanwell antenna above ground. Zl = 200°',

17




|s (0] mvpm

011218-2-T

| ANGLE IN DEGREES

-10 -
_12_
-14
-16

-181

L

86 \/

NS

FIG. 5¢: Theoretical elevation plane radiation
pattern near the horizon for the
optimum Scanwell antenna above
ground. Z1 = 350°,

18

»




011218-2-T

ANGLE IN DEGREES

| l 1

‘ST(G)I IN DB

86 \j ' 88 90

FIG. 5d: Theoretical elevation plane radiation
pattern near the horizon for the
optimum Scanwell antenna above
ground. Z1 = 400",

19



|ST(9)| IN DB

-104

-124

-161

011218-2-T

S
—

9L
. - , | ANGLE IN DEGREES
I | |

Lo TR

FIG. 5e: Theoretical elevation plane radiation
pattern near the horizon for the optimum
Scanwell antenna above ground.
Zl = 450°,

20



011218-2-T

FIG. 6: Positions of the elevation plane pattern
minima versus height of the antenna above
ground for the optimum Scanwell antenna

(n =1 is the minimum nearest to the
horizon).
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FIG. 7. Depths of the pattern minima versus height
for the optimum Scanwell antenna.
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FIG. 9: Positions of the elevation plane
pattern minima versus height

of the antenna above ground for
the Scanwell antenna having
@, 10.2dB/6°.
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FIG. 10:

Depths of the pattern minima versus
height for the Scanwell antenna having
@, = 10.2dB/6°.
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FIG. 12: Positions of the elevation plane
pattern minima versus height of
the antenna above ground for the

Scanwell antenona having
a, = 6.74dB/6 .
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FIG. 18: Depth of the first minimum and the filling
factor for the first minimum as functions
of the field gradient ag.
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