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ZL19 A computer program is described for calculating the signal
to noise ratio at the output of vertically directional
acoustic arrays in the ocean. The vertical array consists
of one to four elements providing an omni-directional and
four different types of null patterns. Provision is made
for considering other patterns which may be found to be
desirable. Multipath transmission is considered in computing
signal level. The signal along each path is convolved with
the array respo:se for the arrival angle, and the multiple
arrivals summed incoherently at the array output. The
vertical directionality of the noise is considered and
convolved with the array pattern to obtain the noise output.
The noise can be partitioned into coherent and incoherent

nents. Provision is made to investigate the z2ffect
of array tilt. The e of the study is to compare 7as /“/
v ' i ratios for ¢heé®various environmental

conditions to determine the optimum pattern from among
the available choices) ghis portion of the study has
not yet been undertaken.
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Summary Report
Phase I

General

This report summarizes the work performed
during the six month period, March through
September 1973, under the direction of Code 8109,
US Naval Research Laboratory. The effort, desig-
nated Phase I, was a continuation of ONR Con-
tract N00014-72-C-0463 and included developing a
program for the detailed analysis of vertically
directional arrays based on information previously
developed under this contract.

Phase I includes the following:

1. Select representative environments and
establish the noise and propagation
loss parameters.

2., Select the vertical array patterns to
be studied; the array will be limited
to a maximum of 8 elements.

3. Prepare computer programs to enable
evaluation df the conditions for which
vertical directivity provides signifi-
cant advantages.

During the second phase, it is planned that the
computer program, that was developed during Phase I,
will be used to: (a) compare array configurations,

(b) determine the sensitivity of array gains to array




tilt, and (c) to determine the experimental
programs for evaluation of the resultant
recommendations.

When reviewing the numerical computa-

tions, it should be borne in mind that they 3

are included only for the purpose of illustrating

i A
the computer model. The directional noise 1
pattern and the propagation loss arrival :

structure used were those available at the

time the computer program was being prepared, 4
and are not matched to represent a realistic ‘
combination. Thus, no interpretation is or
should be made concerning array performance

from the sample tables contained herein.

Selected Environments
Specific representative real world oceanic
conditions were selected for determining the
propagation loss and the ambient noise. This
includes selecting water depths, source and
receiver depths and velocity profile.
Propagation Loss
Propagation loss tables were

developed for four representative conditions.
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Water depths of 17,700, 15,421, 10,000 and 3000
feet were selected. Four géographical areas
are represented:
1. North of Mona Passage in the
Antillean chain (water depth
17,700 feet)
2. Northeast Pacific (water depth
15,421 feet)
3. Gulf of Mexico (water depth
10,000 feet)

4., Off east coast of Florida

(water depth 3,000 feet)
The critical depths and the source and receiver

depths are shown in Table 1. All predictions

MY OO S Py = N W

were made for a frequency of 100 Hz.

The first two cases, with water
depths of 17,700 feet and 15,421 feet, have
the hydrophone depths ranging from on the bottom

BEITET: X Sl

to a receiving depth somewhat less than critical

depth. The source depth of 60 feet was kept
constant, representing a shallow source.

The remaining two cases, with
water depths of 10,000, and 3,000 feet, were
selected so that the water depth would be
shallower than critical depth, so that there




would be no depth excess. For these two cases,
the hydrophones were placed at two depths: on
the bottom and 500 feet above the bottom. The
source depth was alsoc at 60 feet for these
Propagation loss calculations.

Propagation loss tables have been
prepared for all of the cases listed in Table 1.
The propagation loss tables include the loss and
the arrival angle for each path. Losses for
signals arriving via bottom paths were computed
using bottom loss tables based on curves given
in Ref. (1). The computations were made in
2 n.m. steps out to 50 n.m. or until the pro-
pagation loss exceeded 120 db. A typical case
is shown in Table 2.

Noise

The vertical directionality of the
noise field is not well known. At low frequencies
the noise field peaks in the horizontal or near
horizontal direction. Above critical depth,
with appropriate environmental conditions, a
noise hole may exist in the horizontal direction

with maxima located at angles to $15° to the

horizontal. Alternatively, because of bottom

g .




topography, or variations in the sound velocity
profile and the distribution of surface shipping,
the noise hole may be filled.

: In order to investigate all possibili-
ties, a series of yeneric vertical noise distri-
butions were selected for investigation. The
primary goal is to determine the dependence of
system perfqrmance on different noise distribu-
tions for various array patterns. A typical
set of noise patterns is shown in Figure (1).

In addition, the program includes the capability
of adding some incoherent noise energy so that

its effects can be observed.

Array Directivity Pattern
The array patterns that are condidered are

listed below. These were selected to provide
suppression of horizontal or near horizontal
noise., The potential detection range is limited
to a maximum of 50 n.m. via bottom bounce paths
and the RAP path for direct arrivals.

1. Single omni-directional hydrophones.

2. Two hydrophone arrays (dipole) with a

null in the horizontal direction, or

a null in the direction of +6° or -89,
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Three hydrophone arrays with nulls at
o

+6~ relative to the horizontal.
Four hydrophone array with nulls at
ie°, and 0° to the horizontal.

It is planned that during Phase II, each of
these patterns will be tested against selected com-
binations of noise patterns an? signal arrival pat-
terns. The purpose is to determine the improvement
achieved as the number of hydrophones increases.

Arrays with more than four elements have not

been considered.

Computer Program

The computer program has been written in sec-
tions so that modifications, such as array configur-
ations, could be accomplished without re-writing
the whole program. The following paragraphs pro-
vide a brief summary of the steps followed in com-
puting the array calculations.

1. The noise directionality pattern is
digitized and entered into the com-
puter. The noise field is numeri-
cally integrated using incremental
angles of one degree and an omni-
directional pattern. Any incoherent
noise is entered and summed with the
directiénal noise. The total noise

field is then arbitrarily fixed at

6




-20 db, independent of the shape of
the noise pattern. This is done to
ensure that computations conducted

for different noise patterns are not
affected by variations in the absolute
level.

The array patterns are selected and

Gttt hi o e

the array directivity computed. The
computation is frequency independent,

and is based on the ratio of wave

AL P it ek S

length to receiving element separation.
A typical computer printout is shown in
Table 3.

The array pattérns and the noise field
are subsequently combined taking into

account:

a. Partition between coherent ‘and
incoherent energy.

b. Array tilt.

3
]
:
|
:ji
;

The array output level is determined and printed out.

Typical printouts for a set of array directivity

r

patterns are shown in Table 4.
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4. Data from the propagation loss table
is entered into the computer. The

source level is fixed at 60 db. The




signal along each path is combined with

the array pattern to determine the array

output. The array output for each of

the paths is energy summed to determine

total array output. It is assumed that

oot |

the signal is totally coherent along

——

each path. The arrivals over different

Wi
[ 2

paths are combined as if they are uncor-

A

Beanns

related. (Note: this neglects fluctua- ' 3

tions due to phase relationships as the

[-——

target moves along the track, and uses

an average propagation loss value.) The

L e ]

total signal is printed out, as shown in
U Table 5. | 4

1 Array tilt can be accommodated by assigning the

Iy it
S i

plane of tilt, and the relative signal direction. The
i signal arrival angles, Table 2, are then shifted by

the appropriate amount and combined with the untilted

‘|
[

array directivity patterns.

5. The signal level and noise level are

| Su—

combined and the signal-to-noise ratio
printed out in 2 n.m., increments.
Typical results are also shown in Table

5.




Summary

All segments of the computer program have |
been checked out by inserting preliminary data. |
The program has been developed to the point

where the array comparisons can be performed and

Rl 3 ot s
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the results analyzed for those parameters con- f

sidered. If other arrays factors are considered, %

f such as use of difar elements, a subroutine can
5_ be written to accommodate the computations.
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TABLE 1

PERTINENT PROPAGATION LOSS TABLE PARAMETERS

Water Depth |Critical Depth |[Source Depth |Receiver Depth
(£t) ’ (£t) (ft) : (£t)
s 14528 60 : 13500
3 17700 14528 | 60 | 14528
17700 14528 ‘ 60 16200
E 17700 : 14528 : 60 : 17500
17900 14528 : 60 : 17700
't 4
i 15421 11491 : 60 10500
15421 11491 : 60 11491
} ' 15421 11491 : 60 13200
15421 11491 60 14921
[ 15421 11491 60 y 15421
i 10000 - 60 | 9500
- 10000 - 60 10000
| 3000 - 60 2500
: 3000 - 60 3000

10
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TABLE 2

SAMPLE PROPAGATION LOSS TABLE

WATER DEPTH 15421 FT.

SOURCE DEPTH 60 FT., RECEIVER DEPTH 10500 FT.,

D&SR 1BB 2BB 3BB

Range
(n.m.)| 6p PL| 6o PL | 6p PL| 6p PL | 6, PL | 6, PL | 6p PL
0 +90 68 |-90 82 |+90 88 | -90 98 {+90 101 |{-90 110 [ +90 112
e +40 72 |{-59 83 |+74 88 | -77 98 [+81 101 |-82 110 |+83 112
: 4 +21 76 [-40 83 [+59 89 | -65 99 |+71 101 |-74 110 |+77 112
i 2 +13 79 | -29 83 |+48 89 | -55 100 |+63 102 |-66 111 |+71 112
; 8 + 8 81 |-22 82 |+40 89 | -47 98 |+56 102 |-59 111 |+65 113
I 10 +5 83 |-18 84 |+34 89 | -40 95 |+50 101 |-53 111 |+59 113
| 13 -15 85 |+29 - 89 | -35 94 |+44 100 [-48 109 |+54 114
| 14 -14 86 |[+25 89 | -31 93 |+40 99 (-44 107 |+50 111
16 -12 87 |+22 88 |-28 92 |+36 99 |-40 104 |+46 109
18 -11 88 |[+20 89 (-25 93 |+33 98 [-36 105 |+43 109
20 -11 89 [(+18 90 | -23 90 |[+30 97 |-34 103 |+40 107
22 -10 90 [(+16 90 |-21 91 |[+28 95 |-31 100 |{+37 107
24 -10 91 |[+15 91 |-19 91 [+25 96 (-29 101 [+35 105
26 +13 92 | -18 92 (+23 94 |-27 98 [+32 105
28 +12 92 | -16 92 |+22 93 {-26 99 [+30 102
30 +12 93 |-15 93 [+21 93 |-24 96 {+29 103
32 +11 93 | -14 94 |+19 94 |-23 94 |+27 100
34 +11 94 |-14 94 |+18 94 | -21 94 |+26 101
36 +10 94 | -13 94 |[+17 95 |-20 95 |+24 098
38 +10 95 |-12 95 |[+16 95 |-19 95 |+23 98
40 -12 95 |[+15 96 |-18 96 |+22 96
42 -11 96 |[+15 96 |-17 96 |+21 96
44 -11 96 |+14 96 |-16 96 |+20 97
46 -11 97 [+13 97 |-16 97 |+19 97
48 -11 97 [(+13 97 |-15 97 |+18 97
i 50 =10 97 [+12 97 [-15 97 [+17 98
NOTE: 1In most cases arrivals of a particular propagation

type have been grouped together when the receiver
angles and losses along the paths are essentially
the same.

11
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TABLE 2 (CONT'D)

4BB SBB 6BB
Range
(n.m.) ég PL 6 PL ég PL ég PL ég PL 6p PL
0
2
4
6
8
10
12
14
16
18 -46 115 +51 120
20 -43 116 | +48 121
22 -40 112 +45 117
24 -37 113 | +42 117
26 -35 109 | +40 114 _
28 -33 109 | +38 114 | -40 119 | +44 125
30 -32 106 | +36 115 |-37 120 | +42 125
32 -30 106 | +34 111 | -36 120 | +40 121
34 -28 103 | +32 111 |-34 115 | +38 121
36 -27 103|431 108 |-32 116 | +36 121
38 -26 103| +30 108 -32 111 | +35 116
40 -24 100 | +29 108 |-31 111 | +33 117
42 -23 100 | +27 105 |-29 112 | +32 117
44 -22 97 | +26 105 [-28 107 | +31 112 | =32 121 +35 122
46 -21 97 | +25 105 | =27 107 | +30 113 | -32 116/ +34 122
48 -21 97 | 424 102 (=26 108 | +29 113 | =31 116 +33 122
50 =20 98 | 423 102 |-25 108 | +28 108 | -30 11§J7+32 123

12




TABLE 2 (CONT'D)
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Table 3

¥
habancossdl

@ (011001) 10001, s
DIRECTIVITY PATTERNS OF 20 LOG P ;

CONSTANTS: ‘
DELAY ANGLE = 0010.00 T[CEG. .
LAMBOA = N001.00 FT. 3

ELEMe SEP. = (UO0.30 FT.

ARRAYS: i

y A = FOUR ELEMENT !
l B = THREE ELEMENT
] C = TWQ SLEMENT-WITH DELAY
: D = TWQ ELEMENT-NO DELAY
“ 3
% ANGLE A B c D ]
A -0090.00 001214 0007 .97 0005.03 0004« 16
: -0089.00 0012.13 0007.97 0005.03 0N0L.1 6
‘l] -0088 .00 0012.12 0007.95 0005.02 0004.16
1 -0087.00 0012.12 0007.95 0005.02 0004¢16
g «0086.00 001210 0007.95 0005.03 0004.15
I] -0085.00 0012.07 0007.92 0005.02 0004.14
4 «0084.00 0012.03 0007.90 0005.00 0004a.13
A -0083.00 0012.00 O0007.88 0005.00 0004.11
" -0082.00 0011497 0007.86 0005.00 00041
-0081.00 001190 0007.81 0004.98 0004.09
3 «0080.00 0011.86 0007 +78 0004.96 0004.07
: -0079.00 O0011.80 0007.75 0004.95 0004.05
ﬂ «-0078.00 0011.74 0007 .70 0004 .94 0004.03
3 =0077 «00 0011.66 0007.65 0004.92 0004401
d ~0076.00 0011.58 0007.59 0004.90 O0003.98
i n ~0075.00 001151 0007.55 0004.89 0003.96
; =0074.00 0011.40 0007 .47 0004.86 0003.93
; =0073.00 0011431 0007 <41 0004.64 0003.89
: n -0072.00 001120 0007.34 0004.42 0003.85
i =0071.00 0011.08 0007.26 0004.79 0003.82
i «0070.00 001097 0007<18 0004.76 0003.79
i -0069.00 0010.84 000709 0004¢73 0003.74
ﬂ =0068.00 0010.71 0007.01 0004.71 0003.70
g =0067.00 0010.56 0006.90 0004.67 0003.+65
i =0066.00 0010.42 0006481 0004.64 0003.61
-0065.00 0010.26 0006.70 0004.61 0003.55
5 -0064.00 0010.08 0006.57 0004.56 0003.50
i =0063.00 0009 .91 0006.47 0004 .52 0003.44
e ~0062.00 0009.72 0006.33 0004.47 0003.38
, . «0061.00 0009.54 0006.22 0004.44 (0003.32
; =0060.00 0009.33 0006.07 0004.:39 0003.25%
; ~0059.00 0009.12 000%5.93 0004.34 0003.19
| l -0058+.00 0008.69 0005.77 0004.28 0003.12
«0057.00 O0008.66 0005.61 0004.23 0003.04

14
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0116.01

-0056.00
-0055000
-0054.00
=0053.00
=008 .00
«-0051.00
-0050.00
-0049.00
-OOQH 000
=-0047 .00
=-004€ .00
‘00‘05 . 00
=-0044 .00
=0043.00
=0042.06
=0041.00
-0040.00
-0039.00
-0036.00
‘0037000
=0036.00
=0035.00
=0034.00
=0033.00
-0032.00
-0031.00
«0030.00
«0029 .00
-0028 .00
-0027 .00
-0026 .00
-0025.00
-0024.00
-0023.00
-0022.00
-0021.00
'0020&00
=0019.00
-0018.00
=0017.00
-0016.00
-0015.00
«00i4.00
-0013.00
-0012.00
=00}1.00
-0010.00
-0009.00
-0008.00
=0007 .00
-0006.00
~-0005.00
-0004.00
'0003000
-0002.00
=0001 .00

00V .4}
0008.17
0007 .89
0007 .61
0007 «32
0007 .01
0006 .70
0006.36
V006 .01
000S .65
0005.25
0004 .87
0004.46
0004.03
0003.59
0003.10
0002.62
0002.10
0001 .56
0001.01
0000.42
-0000. 18
-0000.82
=0001.50
=-0002.22
=-0002.96
-0003.72
-0004.55
=-0005.42
«0006.33
= 0007 .30
=-0008.34
-0009.41
=-0010.57
-0011.82
«0013.15
«0014.59
-0016.14
-0017 .85
«0019.73
=-0021 .85
-0024.25
-0027 .08
«0030.54
=0035.06
-00420l,
'0362077
-004‘069
«0040.12
=0038.24
«0037 .56
=0037 .75
‘003‘061
‘00‘00“
=-0043.50
- 0049 .23

Table 3 (Continued)

000S5.45
0005.28
0005.09
0004.90
0004.71
0004.49
0004.72y
0004.05
0003.81
0003.57
0003.29
0003.03
0002.75
0002.46
0002.16
0001.82
0001.50
0001.14
0000.77
0000.39
-0000.00
-0000+42
=-0000.86
-0001.33
-0001.83
-0002.34
-0002.88
=0003.45
‘0004.06
-0004.70
=-0005.38
=-0006.11
-0006.68
=0007.71
=-0008.61
-0009.57
-0010.62
-0011.76
-0013.03
-0014.44
-0016.06
‘00‘7092
-0020.17
-0023.01
«0026.86
-0033.24
-0353.02
=-0034.04
-0028.46
=0025.42

‘=0023.42

=-0022.05
-0021.04
-0020.34
=-0019.8%
«0019.57

NNN4«17
04«12
0C04+06
(‘00399
N0NJ 93
NON3 e85
OLO3«T79
0C0371
0002.62
0003 .58
D003 eub
0woN337
0003.28
00318
0003.08
0002.96
0002.86
0002.74
0002.62
0002.50
0002.36
0002.24
0002.10
0001.55
0001.79
0001 .64
0001 .47
0001.30
0001.12
0000.94
000075
0000.54
0000.33
0000.12
«-0000.12
«000035
-0000.61
-0000.86
«0001.14
«0001.41
’000!07‘
-0002.02
«0002.35
«0002.70
=-0003.08
«0003.44
-0003.83
«0004.26
=-0004.71
«0005.20
«00085.71
-0006.28
-0006.86
=-0007 .68
=0008.17
-0008.92
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onn: «70H
000Gy o 0al
000”2« 1
GO0 e )
OO0 e & |
0007 .19
0002 6 1)
Q001 eVA
0001 e 3
000170
0601 « 56
000142
00017
0001.17
0000.96
000079
0000.62
0nNeN.43
0000.24
0000.04
-0000.16
=0000.39
=0000.61
=-0000.84
-0001.09
«A001.35
=-0001.63
-0001.91
-0002.22
=-0002.52
-0002.86
=-0003+21
-0003.58
=0003.96
«0004.38
-0004.82
«0005.28
=-0005.78
=-0006.32
=0006+91
=0007 53
=-0008.20
=-0008.94
=0009.74
«0010+64
001165
-0012.81
«0014.14
«0015.70
001763
=-0020.13
=0023.64
'0029-66




0116.02
0000.00
0001.00
0002.00
0003.00
Q004 .00
0005.00
0006.00
0007 .00
0008 .00
0009 .00
0010.00
0011.000
- 0012.00
0013.00
0014.00
0015.00
0016.00
0017.00
0018.00
0019.00
0020.00
0021.00
0022.00
{? 0023.00
i 0024.00
0025.00
0026.00
0027 .00
0028.00
0029.00
0030.00
0031.00
0032.00
0033.00
0034.00
0035.00
0036.00
0037 «00
0038.00
0039.00
0040.00
0041.00
0042.00
0043.00
0044.00
0045.00
0046.00
0047 .00
0048.00
0049.00
0050.00
0051.00
0052.00
0053.00
0054.00
0055.00
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‘0368.68
-0049,.23
=-0043.50
-0040.48
-0038.67
'0037075
-0037056
=0038 .24
‘00&00'2
=-0044 . 69
=-0362.77
-0002.]9
-0035.06
'003005“
-0027 .08
=0024.25
-0021 .85
-0019.73
'0017085
-0016.14
-0014.59
-0013.15
-0011.82
-0010.57
=-0009.41
-0008 « 34
-0007 .30
-0006.33
-000S5 42
=-0004.55
-0003.72
'0002096
’0002022
- 0001.50
=0000.82
-0000. 18
0000.42
0001.01
0001.56
0002.10
0002. 62
0003.10
0003 .59
0004.03
0004 .46
0004.87
0005.25
0005.65
0006.01
0006 .36
0006 .70
0007 .01
0007 »32
007 «6 1
00C7 89
0008.17

Table 3 (Continued)

=0019.49
~0019.57
=-0019.85
~0020.34
~0021.04
‘002? e ()5
-0023.47
~0025 .42
=-(1028 46
-OOSa-Oa
'0353002
«0033.24
-0026.86
'0023001
-0020.17
-0017.92
~0016.06
-0014.44
-0013.03
~0011.76
-0010.62
-0009 .57
-0008.61
=0007.71
=-0006.88
=0006.11
-0005.38
=-0004.70
-0004.06
-0003.45
-0002.88
=-0002.34
-0001.83
-0001.33
-0000.86
-0000.42
-0000.00
0000.39
0000.77
000114
0001.50
0001.82
0002.16
0002.46
0002.75
0003.03
0003.29
0003.57
0003.81
0004.05
0004.29
0004.49
0004.71
0004.90
0005.09
000%,.28

“-0009.74
=-0010.65
-0011.67
~0C12e45
=004 1¥
=001 e7A
() [7 T}
-0C20N 27
~0022. 70
=002Ye7H
-0349.lb
=-NN29.80
-0023.80
=-0020.30
=0017.81
=0015.90
'0014030
-0017.03
-0011.8%
-0010.89
'00‘0.00
‘0009021
-DONB . 48
=0007 .83
=0007 .22
-0006.66
'0006013
-0005.64
=-0005.19
=0004.76
-0004.36
-0003.98
=-0003.62
=-0003.29
-0002.96
-0002. 67
=-0002.37
=0002.10
=0001.85
=0001.59
-0001.35
=-0001.14
‘0000.91
=0000.71
=0000.52
-0000.33
-0000.16
0000.02
0000.18
0000.34
0000.49
0000.64
0000.77
0000.90
0001.03
0001.15

16

(369,18
-N029 .66
=023« 64
-0020« 13
-0017.£3
-C01Se70
w{(Wi ] e | &
A LLER DA |
=001 1e6Y
-(0N]1 e b
=000 e 74
=000 «GU
=0C0k «20
=0006.91
=000€ « 32
=0005.78&
“0005% 2K
=0004.82
'0000.38
-0003.96
'0003-58
=-0003e21
-0002.66
‘0002-52
‘0002.22
‘000109‘
-0001.63
-0001.35
-0001.09
=-0000.84
-0000.61
‘0000.39
=0000.16
0000.04
0000.24
0000.43
0000.62
0000.79
0000.96
0001.12
0001.27
0001.42
0001.56
0001.70
0001.83
0001.96
0002.08
0002.19
0002.31
0002.41
0002.51
0002.60
0002.70
0002.79
0002.88




0116.03
0056.00
0057 .00
0058.00
0059.00
0060.00
0061.00
"0062.00
0063.00
0064.00
0065.00
0066.00
0067 .00
0068.00
0069.00
0070.00
0071.00
0072.00
0073.00
0074.00
0075.00
0076.00
0077 .00
0078.00
0079.00
0080.00
0081.00
0082.00
0083.00
0084.00
0085.00
0086.00
0087 .00
0088.00
0089.00
0090.00

0008.41
0008 .66
0008 .89
0009.12
0009.33
0009.54
0009.72
0009.91
0010.08
0010.26
0010.42
0010.56
001071
0010.84
0010.97
0011 .08
0011.20
0011.31
0011.40
0011.51
0011% 58
001166
001174
0011.80
0011.86
0011.90
0011.97
0012.00
0012.03
0012.07
0012.10
0012.12
0012.12
0012.13
0012.14

Table 3 (Continued)

000545
000561
0005.77
0005.93
000607
0006.22
0006 +33
000647
000657
0006.70
0006.81
0006.90
0007.01
0007 .09
0007.18
0007 .26
0007 « 34
0007.41
0007 «47
0007 +55
0007 +59
000765
0007.70
0007.75
0007.78
0007 .81
0007 .86
0007 .88
0007.90
0007 .92
0007 «95
0007 .95
0007 .95
0007 .97
0007 «97

0001.27
(000137
00C1 <48
(001 .58
NO01 «68
000177
0001 05
G001 94
0002.01
000209
NG02.16
ON02.23
0002.29
0002.35
0002.a1
0002.46
0002.52
0002.56
0002.60
0002.65
0002. 69
0002.72
0002.76
0002.79
0002.81
0002.83
0002.86
0002.88
0002.90
0002.90
0002.92
0002.93
0002.93
0002.93
0002.94

0002.96
00023.04
00C3.12
0003.19
0003.%5
0003 e
000334
0003 e lia
NOOR SN
0003 5%
000361
QUOJF8
0003.70
0003.74
NPNNRT79
0003.582
0003.%5
0003.89
0003.93
0003.96
0003.98
0004.01
0004.03
0004.05
0004.07
0004.09
0004.11
0004.11
0004413
0004. 14
0004.15
0004.16
0004.16
0004.16
0004.16




G <ul0001)

Table 4

ARRAY NOISE LEVELS

DIKECTIVITY PATTERN #:

CORRECTED NJISE FIELD #:
THE ARRAY TILT ANGLE (DEGS):

THE INCOHERENT NOISE LEVEL (DB):

THE CALCULATED NJISE LEVELS IN DB ARE:

FOUR ELEMENT:

THREE ELEMENT:

TV ELEMENT-WITH DELAY:
TWwd ELEMENT-NO DELAY:
(MN1-DIKECTIONAL:

CIHERENT
-0043.33
=0041 .55
-0027.14
=-0029.98
-0020.01

0116
Ono
0000
=0200.1:0

TJOTAL
-0043.33
-0041.55
‘(‘027 - la
=0023.98
-0020.01




G (010001) »

Table 4

ARRAY NJISE LFUVELS

DIRECTIVITY PATTERN #:

COKRECTED NJISE FIELD #:
THE ARKAY TILT ANGLE (DEGS):

THE INCOHERENT NJISE LEVEL (DBR):

THE CALCULATED NJISE LEVELS IN DB ARE:

FOUR ELEMENT:

THREE ELEMENT:

TWd ELEMENT-WITH DELAY:
TWd ELEMENT=-NO DELAY:
MNI=-DIRECTIONAL:

COHERENT
-0042.51
=0039.92
-0026.98
-0029.66
~0020.0!

(Continued)

0116
ooC|
000s

-0200.00

TOTAL
=0042.51
-0039.92
'00260 98
-0029.66
-0020.01
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Table 4

ARRAY NOISE LEVELS

DIRECTIVITY PATTERN #:

CORRECTED NJISE FIELD #:
THE AKRAY TILT ANGLE (DEGS):

THE INCOHERENT NJISE LEVEL (DB):

THE CALCULATED NJISE LEVELS IN Db ARES

FOUR ELEMENT:

THREE ELEMENT:

WO ELEMENT-WITH DELAY:
TWO ELEMENT=-ND DELAY:
MNI-DIRECTIONAL:

COHERENT
-0043.75
-00“‘.96
‘00?-’ . 55
"00300“0
’0020.42

(Continued)

(116
noes
ouue
=0030 4}

TOTAL
~0024.36
=0025455
=00248.46
=N025+63
=0020.01
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Table 4 (Continued)

G C0l10001)

ARRAY NJISE LEVELS

DIRECTIVITY PATTERN #:
CORRECTED NOISE FIELD #:3

THE ARRAY TILT ANGLE (DEGS):

THE INCOHERENT NJISE LEVEL (DB):

THE CALCULATED NJISE LEVELS IN LB ARE:

COHERENT
FOUR ELEMENT: -0042.92
THREE ELEMENT: -0040.34
TW ELEMFNT-WITH DELAY: -0027+39
TWd ELEMENT=NDQ DELAY: -0030.08
MNI-DIRECTIONAL: . =-0020.42

011¢
0002
0008
-~0030 .41

TOTAL
-0024.34
-0025.50
=0024.39
-002%5.53
=-0020.,01
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SYSTEN PARANETERS

SOURCE LEVEL VALUR:

LOSS TABLE ¢

NET NOISE FIELD ¢

MRRAY PATTENN ¢
PELAY ANGLE?
SOPARAT] 0N
LANBDAS

EFFECTIVE NOISE LEVELS

- . e N e ‘e
[ A R X X} L) &

s/m
s,

=0084:.30
«0013.98
803180
8010410
-0010.49
-0000. 88
000879
« 8 . M
-0008:78
-G08 « 87
- 0094 « 37
~GDEN ; 48
= R . P
-8000. 18
0000.82
L FY
0004.6 8
000678
001008
(I Ty ¢
adta. i@
LT ¥ 2
01983
ey -39
DRBE - DE
OBas. 8

Table 5

BOTTON VERTICAL
ARRAY PERFORNANCE

PR EL.
0060.00 OB
- 0001

ooe!

o116

0010.00 ©OEa
000030 FT
0001.00 rY

~0043.33 0B
SieNAL LEVEL
- BB

000770
- 0096 .92
=00848.93
= R+ b4
=0054 « 03I
-0088,: 89
-0008.13
-0081.92
- e » 09
- AE - 8 1
-0047.71!
~9Pag .94
- O0M6 . B8
-0048.38
=4043.10
-0%40.93
-00M .48
=P084.88
~ WSS 88
«0031.80
-0089.18
-0087 o R4
~00R3 -6
001876
- 0008 .87

M00C 47

22
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l Table 5 (Continued)
BOTTON VERTICAL
l ARRAY PERFOIRMANCE
l SYSTEN PARANETRRS
ARRAY SIZ s THREE ELe
SURCE LEVEL VALY B 0060.00 DB
I LOSS TABLE ¢ 0001
MET NOISE FIELD ¢¢ 000!
ARRAY PATTERN ¢ o116
I DELAY ANGLE: 0010.00 DES
SEPARATION: 0000.30 FT
LANBOAS 0001.00 FT
-
4 EFPECTIVE NIISE LEVELe «0041.%8 DB
RANOE s/m SIGMAL LEVEL
- e [ 19 28.
0080 -0009.36 <0080.9%
i U 00A8 -0009:00 -0080.86
0046 -0007:68 -0049.84
7 0044 <-0006:69 -0048.88
i 004t ~0007.66 -0049:00
0040 -0000:79 <-0048.38
0038 <0000+48 <-0048.0!
] 0036 -000700 -0048:86
B 0034 ~0004:78 -~0046.34
0032 ~0004:48 <-0086:04
| 0030 ~0004:.18 <0048.74
| 0088 -0003.00 <~0044.62
0086 000017 <-0003.8)
E I} 8084 0000s14 <~00al.Al
' ooee 0000:36 <0041:19
ooge 0008:43 <0099:18
i 0018 0004.84 <=0036.71
P | o016 000644 -0038:11
i U 014 0008:78 <«0038:77
’ cole 001007 «0031.48
0010 0011.88 <-0030.31
1 Dpoa 0019:00 ~0088.58%
0006 0017 .69 -0023+86
b LY ¥ 0028.08 -0016.47
0008  0833:36 -0808.19
- D800 9037:8¢ -0003:.69
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SYSTEN PARANETERS

ARRAY SIZEs

SOURCE LEVEL VAU K

LJSS TABLE #:

NET NOISE FIELD #0

ARRAY PATTENN ¢
DELAY ANGLES
SEPARATIONS
LANSDAS

SFPECTIVE NJISE LEVELS

s/m
e

«0010.08
-0018: 8¢
-0011.08
-0010.78
-0018.08
001108
«0010.49
-8010:.90
-3009+353
- 3088 « 80
-0008¢19
=308 ¢ I8
-0088 )4
0008 <. 0%
- 0000 27
-0007.8)
«0004e17
- 0083-86
=808 s T4
-0800.33

PGS & PO

*Ee. ¥

009N 38

008% < 43

11 X1}/

001861

Table 5 (Continued)

BOTTON VERTICAL
ARRAY PERFIRMANCE

™D EL. ¥D
006000 DB

" 0001

0001

ollé

0010.00 OEA

000030 T

0001.00 re

-0027.14 OB

SIGNAL LEBVEL
ol

«0037 .97
«0039.4)
003817
«08097 .93
003917
=0038 20
=0037.64
«0087:48
«0086:68
-0899.6%
-8038534
-0038+67
B L TY
-0088 .21
«0036s42
=0834:96
«0031.32
L L PR
~SH0E « 88
-e7.a8
o00R8e¢id
=0084.41
-000) +8¢
=0017481
«0011+97
'““:0:'3

e




Table 5 (Continued)

BOTTON VERTICAL
ARRAY PERFIRNANCE

SYSTEN PARAMETERS

ARRAY S1ZE: v ELe ND
SURCE LEVEL VALL Bs 0060.00 DO
LOSS TABLE 9t 0001
MET NOISE FIBLD 0: 0001
ARRAY PATTERN 0 0116
DELAY ANGLE: 0010.00 DEG@
SEPARAT 1JM:e 0000.30 FT
LANBDA: 0001.00 T
CFPFECTIVE NOISE LEVEL: «0029.96 0O®
RAME & S/0 SIGMAL LEVEL
-.mts [ 19 [
0080 001113 ~0041.)8
00A8 <=00IB.81 <-0048.80
0086 <0010:<71 =0040.70
A «0010:89 -00A0.28
0042 <~0011+08 <=004).07
0080 -~0010:.06 -0040.68
0038 -~0009.68 -0099:.07
0036 071 -08099:70
003a «0008:.39 <0038.38
0038 <~0007:38 003727
0030 ~-000681 <~0036.80
& «0006.42 ~00306.0!
0086 ~0008:87 <-0038.86
[ 2 ] «0008:0% <0038.,08
[ 1] «0008.76 <-0038.78
0020 -~0004.99 <-0034.88
o018 -0009:.71 <=0033.,70
0086 000872 <~00380:7)
0014 «0000:44 <0030:43
001t ‘000181 <=00R8.76
0010 000366 <-0086+,38
0608 0008.88 -=0024.46
004 0009:.16 -0080.88
[ 2] 0014:07 ~0018.91
000t 0019:37 <-0010.61
onen 0088:48 -0007:30




— |

SYSTEN PARMMETERS

ARRAY S1ZEKs

SOURCE LEBVEL. VALUE:

LISS TABLE ¢s

NET NOISE FIELD ¢

ARRAY PAT TERN ¢12
DELAY ANGLES
SEPARATIONS
LARBDA:

1

Table 5 (Continued)

BITTON VERTICAL
ARRAY PERFORMANCE

1 MMNI-HYD
0060.00 DB

- 0001

0001

o116

0010.00 DEG
0000030 FT
0001.00 FT

EFFECTIVE NJSE LEVELS -0020.00 DB

RANS € s/
.ﬂg -’

0050 -0010.81
0048 <003 1s77
0046  -0010483
0044  -0010583
0042  -0011463
0040  -00)0:08
0038  -0010%7S
0036  -0010433
0034  -0010418
0032  -0009:37
0030 «0009.60
0028  -0009¢98
0086  -001041S
0084  -0010%48
o0ee  -0011488
0080  -0011:08
0018 -0004.07
0016  -0003%38
001a  <0002:38
0012  =0001447
0010 0000525
0008 0000430
0006  0001¢88
0002 000387
0002 000646
0000 000833

SIGNAL LEVEL
Whe

=0030.81
-0031:77
«0830,83
«0030+83
«=0031+63
<0030.08
«00306:78
«0030+33
=0030.18
«0029+37
=0089¢:60
-0029,98
«0030.18
«0030.48
=003 86
=003 .02
«0024.07
«0023438
0082, 38
0081 +47
=0019s74
=0019669
«0018¢41
=0016+18
«-0013+83
=~0011+66

26
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3 (01-%736)

Ll

SYSTEM PARAMET ERS

AKKRAY SI1ZE:

SOURCE LEVEL VALUE:

LOSS TABLE ¢
NET NJISE FIELD #:
ARRAY PATTERN #:

DELAY

ANGLE:

SEPARATION:
LAMBDA:

EFFECTIVE NOISE LEVEL:

RANG E
NM.

0050
0048
0046
0044
0042
0040
0038
0036
0034
0032
0030
0028
0026
0024
0022
0020
0018
0016
0014
oot2
0010
0008
0006
0004
0nno2
(Vs lol¢}

S/N
DB.

=0033.34
-0032.56
«0030.57
«-0029 .08
-0029 .67
-0028.23
‘0027 77
=0027 «56
-0024.73
"0024025
=-0023.35
-0022. 60
=-0021.68
-0019.16
~2018¢73
«0016.57
~0014.32
-0012.19
=-0008.91
-0006.84
«0004.79
=-0002.87

0000.85

0008 .59

0019.08

0024.83

Table 5 (Continued)

BATTAOM VERTIUAL

ARRAY PERFIHMANCE

FOUR ELe.
006N« 00 DK
oanl

003

0116

00iC.000 DEG
0000.30 FT
0001.00 FT

-0024.35 DB

SIGNAL LEVEL
D8.

-0057.70
-0056.92
=-0054.93
-00%3.44
-0054.03
-0052.59
=-0052.13
-0051.92
-0049.09
«-0048.61
=-0047 .71
=0046.96
-0046.24
-0043.52
=-0043.10
=0040.93
'0038068
«0036.55
-0033.28
«-0031+20
-0029.15
-0027 .24
«-0023.50
«0015.76
-0005.27

0000.47

27
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BN B R W e a5 55

Lo = P2 N e R BB

SYSTEM PARAMETEHKS

ARRAY SIZE:

SOURCE LEVEL VALUE:

LOSS TABLE #:

NET NJISE FIELD #:

ARRAY PATTEEN #:
DELAY ANGLE:
SEPARATION:
LAMBDA:

Table

5 (Continued)

BMMTOM VEFILCAL
ARRAY PEFFOERMANCE

EFFECTIVE NOISE LEVELs

RANGE
NM.

0050
0048
0046
0044
0042
0040
0038
0036
0034
0032
0030
0028
0026
0024
0022
0020
oois8
0016
0014
0012
0010
0008
0006
0004
0002
0000

S/N
DB.

=-0025 .37
-0025.01
=-0023.69
'0022010
'0023067
-0022.80
-0022.46
=0023.01
‘0020079
-0020.49
=-0020.19
-0019.07
-0018.28
-0015.86
-0015.64
-0013.57
-0011.16
-0009 .56
=-0007 .22
~0005 .93
-0004 .76
«-0003.,00
0001.68
0009 .07
0017 «35
0021.65

THREF. FELe
0000 Db
0001

0003

ol16

0010.00 DEG
0000.30 FT
0001.00 FT

-0025.54 DB

SIGNAL LEVEL

DBe.

=-0050.92
~0050.56
=0049 .24
-0048.25
'00‘902?
-0048.35
=0048.0)
-0048.56
-0046.34
-0046.04
-0045.74
-0044.62
-0043.83
-0041.41
-0041.19
=0039.12
«0036.71
=-0035.11
003277
=-0031.48
«0030.31
-0028.55
=0023.86
«0016 .47
=0008.19
-00063.69

28
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SYSTEM PARAMETERS

AKKRAY S1ZE:

SOURCE LEVEL VALUE:

LOSS TABLE #3

NET NJISE FIELD #:

ARRAY PATTERN #:
DELAY ANGLE:
SEPARATIONS
LAMBDAS

EFFECTIVE NJISE LEVEL:

RANGE S/N
NM. DB.

0050 ~0013.51
0048 ~0014.95
0046 -0013.71
0044 -0013.47
0042 ~0014.71
0040 ~0013.74
0038 ~0013.18
0036 ~0012.99
0034 -0012.22
0032 ~0011.19
0030 -0010.88
0028 ~0011.21
0026 ~0010.83
0024 ~0010.7S
0022 ~0011.96
0020 «0010.50
0018 ~0006 .86
0016 ~0005 .97
0014 ~0004.43
0012 «0003.02
0010 ~0000.70
0008 0000.04
0006 0002.63
0004 0006.94
0002 0012.48
0000 0015.92

Table 5 (Continued)

BOTTOM VERTICAL
ARRAY PERFJOKMANCE

TW) ELe WD
0060.00 DB
0001

0003

0116

0010.00 DEG
0000.30 FT
0001.00 FT

=-0024.45 DB

SIGNAL LEVEL
DB.

’0037 «97
=-0039.41
«-0038.17
=0037.93
=0039.17
-0038,20
-0037 .64
=0037.45
=0036.68
«0035.65
«0035.34
=0035.67
-0035.29
-0035.21
-0036.42
=0034.96
~0031.32
=-0030.43
-0028.89
-0027 .48
-00285.16
«-0024.41
-0021.82
=0017.51
=-0011.97
-0008.53
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SYSTFM

PARAMETEKS

ARRAY SIZE:

SOMRCE LEVEL VALUE:

LJSS TABLE #3

NET NOISE FIELD #:

ARRAY PATTERN ¢:
DELAY ANGLE:
SEPARATION:
LAMBDA:

EFFECTIVE NJISE LEVEL:

RANGE
NM.

0050
0048
0046
0044
0042
0040
0038
0036
0034
0032
0030
oo2s
0026
0024
0022
0020
0018
0016
0014
oo1e
0010
0008
0006
0004
ovo2
nooo

S/N
DBe.

-0015.49
'00‘6057
-0015.07
-0014.59
-0015 .94
-0015.0"
-OOIA.OA
'00‘“007
-0012.75
-0011.74
-0011.18
-0010.78
-0010.23
-0009 .45
-0010.12
-0008.65
-0008.07
'0007008
‘000‘0‘0
-0003.13
-0000. 69
0001.16
0004.80
0009.71
0015.01
0018.12

Table 5 (Continued)

BOTTOM VERTICAL
ARKRAY PERFOFMANCE

TWwd EL. ND
UOEDLO00 Dt
0001

0003

0116

0010.00 DEG
0CL0«30 FT
0001.00 FT

-0025.67 DB

SIGNAL LEVEL
DB.

=-0041.12
=0042.20
‘0040070
-0040.22
-0041.57
‘00‘0.65
'0039067
=-0039.70
-0038.38
«0037 .37
-0036.80
=-0036.41
=-0035.86
-0035.08
=0035.75
-0034.28
=-0033.70
-0032.71
=-0030.43
-0028.76
-0026.32
-0024.46
-0020.82
-0015.91
~0010.61
=0007.50
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SYSTEM PARAMETERS

ARRAY SIZE:

SORCE LEVEL VALUE:

LOSS TABLE #:

NET NJISE FIELD #:

ARRAY PATTERN #:
DELAY ANGLE:
SEPARATION:
LAMBDA?

EFFECTIVE NJISE LEVEL:

RANGE S/N
N" L DB.

0050 -0010.81
0048 -0011.77
0046 -0010.83
0044 -0010.83
0042 -0011.63
0040 -0010.88
0038 -0010.75
0036 -0010.33
0034 -0010.18
0032 =0009.37
0030 -0009.60
oo2s «0009.95
0026 -0010.15
0024 -0010.45
0022 -0011.88
0020 -0011.02
0018 =0004.07
0016 -0003.32
0014 -00082.32
ooi2 =0001.47
0010 0000.25
0008 0000.30
0006 0001.58
00ca 0003.87
0002 0006.46
0000 0008.33

Table 5 (Continued)

BOTTOM VERTICAL
ARRAY PERFORMANCE

1 OMNI=-HYD
0060.N00 OB
000\

0003

vllée

0010.00 DEG
0000.30 FT
0001.00 FT

-0020.00 DB

SIGNAL LEVEL
DB.

'003008]
-0031.77
=0030.83
«0030.83
-0031.63
-0030.88
-0030.75
-0030.33
-0030.18
-0029 .37
=-0029 - 60
'0029095
=-0030.15
=0030.45
-0031.68
-0031.02
-0024.07
=0023.32
-0022.32
=0021 .47
=0019.74
-0019.69%9
-OOIG.CI
-0016.12
=-0013.53
-0011.66

31
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