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SIDELOBES

N2
P

~~MAINBEAM

{=—ANTENNA OF LENGTH L

CROSS SECTION OF THE BEAMPATTERN OF A CONTINUOUS
LINE ANTENNA WITH AUNIFORM APERTURE DISTRIBUTION.

NOTE THAT THE BEAMPATTERN IS ROTATIONALLY SYMMETRIC
ABOUT THE ANTENNA.

FIGURE 3-|
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g(x) F(u) Polar Diagram
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RECIPROCAL RELATIONSHIP BETWEEN APERTURE LENGTH AND
BEAMWIDTH WHERE L IS THE APERTURE LENGTH AND M IS A
CONSTANT.

FIGURE 3-3
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AMPLITUDE PHASE
LINE APERTURE PHASE SHIFT
FIGURE 3-4 (a) .
BROADSIDE INTERMEDIATE ENDFIRE

CROSS SECTIONS OF LINE SOURCE BEAMS

P

FIGURE 3-4 (b)
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Cos™p/2 DISTRIBUTION

- Sidelobe Beamwidth,BW3 P D

Level (dB) (Rad) Do

0 3.2 0.88X\/L 106

1 23 12X/ 1L 0.81

2 32 1.45)/L 0.67

3 40 1.661/L D58
TABLE 3-1(a)

VALUES FOR COSINE-ON-PEDESTAL PATTERNS

Aperture Edge Taper Sidelobe Level Beamwidth, BW,
(dB) (dB) (Rad)

10 20 1.06A/L

1S 22 Lo LA T

© (cosine alone) 23 Lo ZOX/L

TABLE 3-1(b)
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FIGURE4-3 DIRECTIONAL CHARACTERISTICS OF TWO
ISOTROPIC SOURCES A DISTANCE d APART.
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FIGURE4-4 DIRECTIONAL CHARACTERISTICS OF A LINE
ARRAY OF LENGTH L
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BEAM PATTERNS FOR THREE II-ELEMENT A/2
SPACED ARRAYS

sn(lrsng) 2
(@) THE UNIFORM ARRAY =
lIsin(2s1nB)

sin(3rsin®) 1°

(b) THE GABLED ARRAY [ >~
6sin(3snO)

10
(c)THE BINOMIAL ARRAY [cos(—’z'— sm9)]

FIGURE 4-6
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BEAMSTEERING (4;) AND CROSSOVER (9n) ANGLES

FIGURE 4 -10
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TABLE 4-2
Minimum Response or uo/n Values Corresponding to the Half-power

(10 log b(uo)=—3dB)Point in the Beampattern Versus N,the Number of Elements

N ud/n M N uo/n M

8 0.556E-01 8.98 45 0.983E-02 50. 86
9 0.494E-01 11002 46 0.961E-02 51.99
10 0.444E-01 11.26 47 0.941E-02 53.12
11 0.403E-01 12.39 48 0.921E-02 54.25
12 0.369E-01 13.53 49 0.902E-02 55.38
13 0.341E-01 14.66 50 0.884E-02 56.51
14 0.316E-01 15.79 51 0.867E-02 57.65
15 0.295E-01 16.93 52 0.850E-02 58.78
16 0.276E-01 18.06 53 0.834E-02 59.91
i 0.260E-01 19.19 54 0.819E-02 61.04
18 0.246E-01 20037 55 0.804E-02 62.17
19 0.233E-01 21.46 56 0.789E-02 63.30
20 0.221E-01 22.59 57 0.775E-02 64.43
21 0.210E-01 235472 58 0.762E-02 65.56
22 0.201E-01 24.85 59 0.749E-02 66.69
23 0.192E-01 25.98 60 0.737E-02 67.82
24 0.184E-01 2 61 0.725E-02 68.95
25 0.177E-01 28.24 62 0.713E-02 70.08 .
26 0.170E-01 29.38 63 0.702E-02 71,23 oo
27 0.163E-01 30.51 64 0.691E-02 7235
28 0.158E-01 31.64 65 0.680E-02 73.48
29 0.152E-01 3207 66 0.670E-02 74.61
30 0.147E-01 33.90 67 0.660E-02 75.74
31 0.142E-01 35.03 68 0.650E-02 76.87
32 0.138E-01 31.66 69 0.641E-02 78.00
33 0.134E-01 37.29 70 0.631E-02 79.13
34 0.130E-01 38.43 71 0.622E-02 80.26
35 0.126E-01 39.55 o 0.614E-02 81.39
36 0.122E-01 40.68 73 0.605E-02 82.52
37 0.119E-01 41.81 74 0.597E-02 83.65
38 0.116E-01 42.94 75 0.589E-02 54.78
39 0.113E-01 44.08 76 0.581E-02 85.91
40 0.110E-01 45.21 77 0.574E-02 87.04
41 0.107E-01 46 .34 78 0.567E-02 88.17
42 0.105E-01 4747 79 0.559E-02 89.31
43 0.102E-01 48.60 80 0.552E-02 90.43
44 0.100E-01 49.73

All entries correspond to d/x=1 but can be adjusted for any d/) value
by dividing the entry by d/A. A comparison of N versus M, the number

of off-broadside beams in one quadrant is also provided.
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(z= zo, Ts(zo) =r)

T5(z)

FIFTH TSCHEBYSCHEF POLYNOMIAL SHOWING RELATIONSHIP BETWEEN

THE RATIO r AND PARAMETER

FIGURE 4-15
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= + + 4+ -I
V= A cosu + A,cos3u +A cos5u A(N/Z)COS(N Ju

WHERE u=(srd/X)siné

=G
) 0 0 0 0———0
M A A R A A Ay
2 2 2 2 2 2
cos(N-1u

V=Ayt A cos2u +Acos4u - A(N'l)/z

WHERE u= (d/\)sin@

SYMBOLS FOR EQUALLY SPACED LINE ARRAYS OF POINT ELEMENTS
0)EVEN NUMBER OF ELEMENTS b)ODD NUMBER OF ELEMENTS.

FIGURE 4-16
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TABLE 4-3 (a)
Amplitude Shading Coefficients

N=100

S bl .=-20 log v = =35 dB

DOLPH

1.00000
.99864
.99594
.99189
.98651
.97981
.97183
.96259
95211
.94043
«92:760
91 364
.89861
.88255
.86552
. 84756
.82874
.80911
.78874
.76768
. 74601
AR
S G,
67792
.65443
L63065
L000665
.58249

| Y
v 58S

03398

1

TAYLOR (n

.00000
.99807
«99598
.99186
98628
97920
.97065
.96070
94945
. 83700
92346
.90886
+ 89322
« 87652
.85874
.83987
.81998
« 79917
« P59
. 15540
« 13276
. 70975
« 068639
«06265
63848

.61385

B




TABLE 4&-3% (a) (Con"t.)

DOLPH TAYLOR (n = 10)
.50975 .48793
.48562 .46359
.46166 .43979
.43791 .41639
.41445 .39316
.39131 .36984
.36856 .34629
.34623 .32259
.32439 .29907 ;
.30306 .27636 =
.28230 .25529 '
26211 23677
.24258 .22159
.22368 .21024
.20549 .20280
.18798 .19890
17124 .19772
.15519 .19823
.13998 .19933
.62212 20013




DOLPH

1.00000

.99842
99525
. 99053
98425
« 97645
=SSO/
95642
.94426
<93074
.91590
. 89980
. 88250
. 86408
. 84459
.82411
80272
.78049
LD e
« 13385
.70961
.068486
.65969
.03418
.608453

TABLE 4-3(b)

Amplitude Shading Coefficients

=20 log r

TAYLOR (n

.00000
.99838
298513
-99023
.98368
.97548
- 96568
95432
.94148
.91168
.89487
.87685
« SSHG T
«83T5T
.81600
s £9.36:5
.77040
. 74640
« T2 176
L09601
.671006
.64517
.61899

i
) A

9 2

B

« D13 50

-81-



DOLPH

.50455
47877
.45323
-42797
.40309
.37864
. 35469
«331L29
. 30849
.28634
.26490
.24418
« 22425
.20510
.18680
.16933
L3215
W LSF0Z
o« L2220
.10823
« 09520
.33631

TABLE 4-3(b) (Cont'd.)

TAYLOR (n

.48567
.45926
43327
.40780
«358292
. 35860
.33479
.31142
.28844
.26590
.24393
ST
20252
.18467
.16845
.15457
.14319
« 13431
vl (46
sL2 325
.12047
.11916

= 10)
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DIRECTIVITY (dB)
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DIRECTIVITY VERSUS ARRAY LENGTH FOR
CHEBYSHEV SHADED LINE ARRAYS.

FIGURE 4-18
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(a)DESIRED PATTERN, F(6) ’\

Tax _3X 2\ _X 0 A 2 3 a4 B
L L L L b L = L
(b) SAMPLES,F(% )
“4x 3X 2X X 0 X 2x 3x 4\ S
L L L L L L L L

(c)RECONSTRUCTED OR APPROX.
PATTERN, R (8)

SING

CONSTRUCTION OF A FAR-FIELD AMPLITUDE PATTERN FROM SAMPLED VALUES.
FIGURE 4-19
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MAXIMUM DIRECTIVITY INDEX IN (dB)

0 | 1 1 1 1 1 1 1 1 J

o 0.2 0.4 06 0.8 1.0 |
RELATIVE SPACING, d/A\ :

MAXIMUM D.l. AS AFUNCTION OF ELEMENT SPACING (d/X\) FOR BROADSIDE
LINE ARRAYS WITH 3,5 AND 7 POINT ELEMENTS.

. FIGURE 4-20 |
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ORTHOGONAL BEAMWIDTHS OF A PLANAR ARRAY
PENCIL BEAM

FIGURE 4-28
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BEAM SHAPE VERSUS SCAN ANGLE FOR A
PENCIL BEAM.

FIGURE 4-29
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SPECTRAL REPRESENTATION
WAVEFORM (amplitude only)

il i

SINE-WAVE AMPLITUDE
MODULATION

%}%AVAVWL AL

SINE-WAVE FREQUENCY
MODULATION

P N 0 o

SQUARE WAVE By

Wﬁ NW BT

SQUARE-WAVE AMPLITUDE
MODUL ATION

WMW Nl T

SQUARE-WAVE FREQUENCY
MODULATION( frequency-
shift keying)

NATURE OF THE FOURIER SPECTRA FOR SOME TYPICAL
PERIODIC WAVEFORMS.
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SUBJECT INDEX 1

Amplitude Patterns, 4-6

Fourier Transform Pairs, 4

Examples of Fourier Transform Pairs, 6
Amplitude Shading, 65-96
Array Gain, 195-202

Definition, 195
Effect of Signal and Noise Coherence, 195-196
Examples of Array Gain, 197-202

Array Noise Gain with Phase and Amplitude Fluctuations, 189-194

Array Noise Gain, 189-190
General Remarks, 193-194
Special Cases, 191-192

Array Self-Noise Limitations, 131-148 e
Array Signal Gain with Phase and Amplitude Fluctuations, 181-188 ; '

Array Signal Gain, 183-184
Signal Gain Degradation, 185-188
Squared Time-Averaged Output Signal Voltage, 182

Beamforming, 46-63
Beampatterns of Line Sources, 17-24

Cosine Distributions (cosnp/Z), 20
Cosine-On-Pedestal Distributions, 22
Other Distributions, 24

Scanned Line Source, 18

Uniform Line Source, 17

Beamwidths and Beam Broadening Factors, 84-90

Cosine-On-Pedestal Shading, 90
Dolph-Chebyshev Shading, 85-87
Taylor Shading, 88-89

Unifora Shading, 84




Broadside Beampattern, 28-39

Directivity, 35

Grating Lobes and Spacing, 30
Mainbeam, 28

Nonuniform Amplitude Distributions, 37
Sidelobes and Nulls, 34

Chebyshev Polynomials, 66-70
Coherence, 136-137; 195-196
Constraints, 231-242

Comparison of Telemetry Systems,236-242
Encoding, 232-235

Modulation, 234-235

Multiplexing, 234

Ocean Engineering Constraints, 243

Coverage, Full Sector, 56-63

Crossover Angles, 52-56

Directivity, Interelement Spacing and Shading,
Directivity of Shaded Arrays, 91-96

Cosine-On-Pedestal Shaded Arrays, 95-96
Dolph-Chebyshev Shaded Arrays, 91-93
Taylor Shaded Arrays, 94

Uniformly Shaded Arrays, 91

Discrete-Element Arrays, 2,25
Dolph-Chebyshev Shading, 66-74
Electrical Noise, 132-133
Encoding, 232-235
Equal-Sidelobes Aperture, 66-74
Errors, 170-179

Beam Pointing Error, 176-179
Effect on the Beampattern, 170-171
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Effect on the Sidelobes,; 172-173
Effect on the Array Directivity, 174-175

Far Field, 4

Flow Noise, 134-138 ’
Definition and Description, 134
Discrimination Against Flow Noise, 138
Flow Noise Coherence, 136-137

Flow Noise Generated by Surface Roughness, 138
Reductior of Flow Noise, 135

Fourier Transform Pairs, 4

Gain-Beamwidth Product, 112-114; 130

Geometrical Considerations in Discrete Arravs, 26

Grating Lobes, 30;34

Ideal Pattern, 76 - '

w
Line Source Directivity, 9-16 ™ i

Amplitude Distributions of the cosnp/z Type, 16 |

Definition, 9 i
Scanned Line Source, 11 |
Triangular Amplitude Distribution, 14

Uniform Line Source, 11
Losses, 209-230

Beam Scalloping Loss, 217-219
Frequency Bin Scalloping Loss, 227-22
Lost Hydrophones, 209-216

Operator Loss, 229

Other Losses, 230
Sampling Loss, 220-223
Wideband Signal Loss, 224-226
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Maximum Directivity, 102-108




Multipath Environment, 157-168

Example, 162-163

General Problem, 157

Performance of a Line Array, 158-161
Planar Array Performance, 164-168

Noise (See Electrical Noise, Flow Noise, Radiated Noise, Self-Noise)
Nonuniformly Spaced Arrays, 114-122

Advantages of Spatial Taper, 122
Analysis and Design Methods, 120-121
Examples, 116-117

Important Properties, 118-120

Nulls, 34-35; 48-50

Pattern Synthesis, 97-101

Sinmu/mu (or Woodward-Lawson) Method, -97
Other Methods, 101
Performance as a Function of Depth, 149-156

Performance With Random Error: 169-180
Performance in Directional No... .ields, 203-208

Two-Dimensional Isotropy, 204-205
No Isotropy, 205-207

Planar Arrays, 123-130

Beamwidth and Beam Scanning, 124

Directivity of Planer Arrays, 128
Far-Field Amplitude Pattern, 123

Gain-Beamwidth Product, 130

Product Theorem, 123
Radiated Noise, 139-140
Random Errors, 169-180

Resolution (See Beamwidth)
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Scanned Arrays, 46-52

Beam Broadening and Directivity, 51
Beamwidths and Nulls, 48

Mainbeam and Other Major Lobes, 46
Sidelobes, 52

Schelkunoff, Theorems of, 40-46
Geometrical Interpretations, 43-45

Scalloping Leoss, 217-219; 227-229

Sector Coverage in Multibeam Arrays, 52-64

Crossover and Steering Angles, 52-55

Number of Beams Required for Full Sector Coverage, 56-64
Self-Noise, 131
Shading of Arrays, 65-83

Binomial Shading, 75
Cosine-On-Pedestal Shading, 78
Definition and Examples, 65
Dolph-Chebyshev Shading, 66

Example of Dolph-Chebyshev Shading, 71
Taylor Shading, 76

Spatial Resolution, 1

Steering of Arrays, 54-56
Supergain, 109-111

Towship Radiated Noise, 139-140

Definition and Description, 139
Hydrodynamic Noise, 139

Machinery Noise, 139

Propeller Noise, 140

Keduction of Towship Radiated Noise, 140

Two-Dimensional Arrays, 123-130
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Unit Circle, 40-42
Vibration Induced Noise, 141-148

Definition and Description, 141

Cable Strum, 141

Reduction of Vibration Induced Noise, 142-143
Towship Vibrations Propagated Down the Cable, 141
Typical Examples for a Towed Array, 144-148

Wavenumber, 47

Woodward-Lawson Synthesis, 97-100
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