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A

Aberration, 247
Absolute accuracy, 446
Absorption bias, 463
Accelerations, 388
Accelerometers, 384
Accuracy, 27

Additional Secondary Factors (ASF), 446, 450

Adjustable errors, 292
Advance, 198
Advanced piloting techniques, 213
Advection fog, 663
Aeronautical charts, 62
Aeronautical lights, 76, 137
Age of the Moon, 242
Agonic, 155
Agulhas Current, 625, 627
Aids to Navigation System, 130
Aids to Navigation, 76, 130
Air Almanac, 265, 331
Air draft, 200
Air masses, 651
Air temperature correction, 299
Alaska Current, 626
Alaska Stream, 626
Aleutian Current, 626
Algae, 598
Alignment errors, 461
Almanacs, 122, 331, 333, 489
Alternating current, 402, 408
Alternating, 138
Altitude intercept (a), 349
Altitude intercept, 297
Altitude measurement, 256, 489
Altitude of bodies, 342
Altitude, 254
Altocumulus (Ac), 711
Altostratus (As), 709
Amplitude angle, 374
Amplitude modulation (AM), 410
Amplitude of radio waves, 402, 407
Amplitude, 372, 374, 745

by calculation, 298, 378

by visible horizon, 376
Amplitudes, 374
AMVER Communications Network, 532
AMVER participation, 533

INDEX

Anabolic wind, 658
Anchoring procedures, 211
Anemometer, 703

Aneroid barometer, 23, 699
Angular length, 256

Annular eclipse, 252
Anomalistic month, 607
Anomalistic year, 248
Antarctic Circle, 249
Antarctic Circumpolar Current, 623
Antenna characteristics, 408
Anthelion, 666
Anticrepuscular rays, 668
Anticyclone, 652

Antilles Current, 624
Antiselene, 666
Anti-spoofing, 418

Apbhelion, 238

Apogean tides, 607

Apogee, 238, 241

Apparent horizon, 255
Apparent motion, 235, 245
Apparent solar day, 237, 309
Apparent solar time, 251
Apparent Sun, 250

Apparent wind, 703

Arctic Circle, 249

Arctic Currents, 627

Arctic navigation, 575

Arctic sea smoke, 663
Arcturus, 272

Area calls, 507

Area to be avoided, 495

Aries, 249, 253, 269

Army Corps of Engineers, 124
Artificial horizon, 295
Artificial-horizon corrections, 303
Assumed latitude, 351
Assumed longitude, 351
Assumed position (AP), 262, 349, 354
Astronomic latitude, 20, 252
Astronomic longitude, 20, 252
Astronomical Almanac, 331
Astronomical distances, 236
Astronomical refraction, 299
Astronomical triangle, 263
Astronomical unit (au), 236
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Astronomical year, 248

Athwartship coil, 181

Atmosphere, 593, 643

Atmospheric electricity, 668

Atmospheric noise, 408

Atmospheric pressure correction, 299

Atmospheric pressure, 23, 595, 597, 664, 699,
701

Atmospheric refraction, 299

Atomic based timekeeping, 308

Attenuation, 408, 429, 597

Augmentation, 300

Aurora australis, 570

Aurora borealis, 570

Aurora, 239, 669

Automated Mutual-Assistance Vessel Rescue
System (AMVER), 510, 531

Automatic Identification System (AIS), 146, 498,
513

Autonomous free-drifting buoy, 628

Autonomous platforms, 55

Autumn, 248

Autumnal equinox, 248

Avoiding tropical cyclones, 692

Azimuth angle, 257, 745

Azimuthal Equidistant Projection, 64

Azimuthal Orthomorphic Projection, 63

Azimuthal Projection, 62

Azimuthal, 56, 62

Azimuths, 254, 257

B

Back sight, 289, 307

Backwash, 640

Bagyo, 675

Baily’s Beads, 251

Ballistic damping error, 184

Ballistic deflection error, 184

Bank cushion, 213

Bank suction, 213

Baric Wind Law, 652

Barograph, 700

Barometer, 595, 699

Barometric pressure, 699

Barometric pressure, analysis of, 694

Barycenter, 601

Bascule bridges, 137

Baseline length (BLL), 444

Baseline travel time (BTT), 444
Baseline, 445
Basins, 593, 598
Bathymetric charts, 74
Bathymetric Light Detection and Ranging (LI-

DAR), 51
Bathymetric navigation, 4, 466
Bayer’s Name, 265
Beacons, 135
Beam compasses, 196
Beamwidth, 463
Bearing record book, 201
Beaufort Scale of Wind Force, 705
BeiDou Navigation Satellite System (BDS), 424
Bells, 142
Benguela Current, 625, 627
Bergy bit, 521, 538, 540
Binary offset carrier (BOC), 757
Binary Phase Shift Keying (BPSK), 757
Binary star system, 245
Blackout Zone, 580
Blink coding, 444
Blizzard, 661
Body at rising or setting, 488
Body in zenith, 493
Body on prime vertical, 488
Bolide, 244
Bore, 605, 638
Bottom relief, 598
Brazil Current, 625
Breaker, 634
Bridge lights, 137
Bridge Navigational Watch & Alarm System

(BNWAS), 483
Bridge Resource Management, 475
Bridge Team Management, 476
British Thermal Unit (BTU), 701
Buoyage systems, 17, 142
Buoys, 130

Audible signals, 132

Bell, 132

Large navigational, 134

Lights, 132

Maintenance, 134

Moorings, 132

Ocean Data Acquisition System (ODAS) 131

Seasonal, 133
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Shapes, 144 Chart reading, 71

Sound, 132 Chart symbols, 72

Western Rivers, 133 Chart, 146

Whistle, 132 Accuracy, 68

Wrecks, 133 Corrections, 105
Bureau International des Poids et Mesures (BI- Scales, 67

PM), 308 Soundings 73
Buys Ballot’s Law, 652, 693 Charts, 5, 83, 572
C Coastal, 68
Calculations, of meteorology, 746 General, 68
Calculations, of the sailings, 745 Harbor, 68
Calendar, 250 Raster chart, 88
California Current, 405, 626 Sailing, 68
Calorie, 701 Small craft, 68
Calve, 538, 540 Vector chart, 88
Canadian Ice Service (CIS), 521, 563 Chinook, 661
Canary Current, 625 Chronometer error, 9, 318
Cans, 147 Chronometer rate, 318
Canyons, 468 Chronometer time, 312, 318
Cape Horn Current, 625 Chronometer, 295
Cardinal system topmarks, 144 Circle of equal angle, 221
Cardinal system, 142 Circle, 490
Cartography, 48 Circles of latitude, 257
Cat’s paw, 661 Circles of longitude, 257
Catalog Number, 265 Circular probable error, 33
Category Zones of Confidence (CATZOC), 52 Circulation of the atmosphere, 643
Causes of tides, 601 Circumpolar, 246
Celestial equator system, 254 Circumzenithal arc, 665
Celestial equator, 253 Cirrocumulus (Cc), 709
Celestial horizon, 255 Cirrostratus (Cs), 709
Celestial meridian, 253 Cirrus (Ci), 709
Celestial navigation, 4, 284 Civil time, 316

High latitudes, 588 Clarinet Pilgrim (CP), 453

Routine, 379 Climate, 643
Celestial observations, Cloud formation, 708

High latitudes, 588 Cloud height measurement, 719
Celestial sphere, 235, 253 Clouds, 708
Celestial triangle, 262 Clutter, 431
Celestial, 256 Coaltitude, 9
Celsius (C), 701 Coast Earth Stations (CES), 506
Centering error, 292 Coast Pilots, 118
Characteristics of lights, 138 Coastal charts, 68
Chart lighting, 84 Coastal current, 622
Chart No. 1, 121 Coastal refraction, 405
Chart numbering system, 80 Code division multiple access (CDMA), 416
Chart preparation, 197, 480 Codeclination, 9

Chart projection, 56 Coding delay (CD), 444



Coefficients (compass), 165
Cold front, 653
Cold wall, 624
Comets, 244
Commercial ship tracking, 518
Common errors, 216
Common year, 247
Communications, 737
Compass card, 167
Compass checks, 482
Compass compensation, 180
Compass correction, 176
Compeass error, 6, 156, 189, 217
Compass north, 156
Compass, 6
Correcting, 189
Uncorrecting, 189
Compasses, 152
Compensating coils, 182
Composite sailing, 232
Compressibility, 595
Computed altitude (Hc), 349, 744
Computer sight reduction, 348
Conductivity-temperature-depth (CTD), 594
Conic projection, 60
Conical buoy, 144
Conjunction, 240
Conning Officer, 203
Constant error, 27
Constant of the cone, 574
Constellations, 245
Continental shelf, 598
Continental slope, 598
Contour advancing, 470
Contrary-Same Line, 355
Converting, Thermometer scales, 746
Coordinate systems, 254, 391
Coordinated Universal Time (UTC), 308
Coordinates, 20
Coriolis acceleration, 388
Coriolis force, 652
Corona Borealis, 272
Corona, 239, 666
Correcting (compass), 159
Correcting altitudes,
of the Moon, 304
of the Planets, 305
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of the Stars, 305
of the Sun, 304
Cospas-Sarsat System, 511
Counterglow, 244
Course (C, Cn), 8
Course line, 8
Course of advance (COA), 8
Course over ground (COQG), 8
Crepuscular rays, 668
Crescent, 242
Crossing angles and gradients, 448
Crowd Sourced Bathymetry, 54
C-S Line, 355
Culmination, 255
Cumulonimbus (Cb), 716
Cumulus (Cu), 714
Current diagrams, 619
Current ellipse, 610
Current meters, 614
Current rose, 610
Current, 193, 601
Currents, 201
Cyber-security, 111
Cyclone, 652
Cygnus, 274
Cylindrical projection, 56
D
Damage to Aids to Navigation, 151
Danger angle, 224
Danger bearings, 199
Danger ranges, 200
Danger soundings, 200
Date line, 316
Datum shift, 24
Davidson Current, 626
Day, 250
Daybeacons, 76, 137
Daylight saving time, 318
Dead reckoning (DR), 4, 190, 191, 486
Dead reckoning plot, 190
Dead reckoning, accuracy, 193
Dead water, 638
Decibar, 595
Deck ice, 662
Deck log, 201, 487
Declination, 253, 254, 354
of a planet, 335
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of a star, 335 DNC corrections, 103

of the Moon, 334 DNC, 99, 776, 778

of the Sun, 334 Doldrums, 645
Deep Scattering Layer (DSL), 524 Doppler effect, 457
Deep, 598 Doppler principle, 457
Deep-Water route, 495 Doppler shift, 458
Defense Mapping Agency, 14 Doppler sonar navigation, 457
Degaussing coils, 180 Doppler theory, 459, 463
Degaussing compensation, 180, 182 Doppler Velocity Logs (DVLs), 457
Degaussing effects, 181 Double high water, 606
Degaussing stations, 180 Double low water, 606
Degaussing system, 181 Double star system, 245
Degaussing, 179 Double-second difference, 361
Delta T, 309 Doubtful hydrographic data, 525
Demarcation line, 200 Drag circle, 212
Density, 595 Drift currents, 623
Departure, 7 Drift, 193, 201, 611
Deperming, 181 Dual rating, 442
Depressed pole, 256 Duel frequency correction techniques, 420
Depth contours, 73 Duration of slack water, 619
Depth conversion scale, 73 Dust whirl, 661
Developable surface, 56 Dynamical mean sun, 311
Deviation table, 156 E
Deviation, 6, 156, 189 Earth, 6, 239
Diaphones, 142 Loop oscillation, 394
Difference of latitude, 7 Rotation, 386
Difference of longitude, 7 Shape of the Earth, 19
Differential GPS (DGPS), 413, 422 East Auckland Current, 626
Diffraction, 407, 429 East Australian Current, 626
Digital chart accuracy, 105 East Cape Current, 626
Digital Nautical Chart (DNC), 99, 776 East Greenland Current, 625, 627
Digital Selective Calling (DSC), 509 Ebb, 611
Dilution of precision, 419 Eccentricity, 19
Dip correction, 744 ECDIS, 88, 190, 196
Dip, 297, 492 Correction system, 102
Direct current, 402 Outputs, 95
Direct motion, 240 Performance standards, 89
Direction on the Earth, 8 Training and simulation, 111
Discolored water, 522 Warnings and alarms, 92
Dissemination systems, 321 Warship ECDIS (WECDIS), 100, 779
Distance to the radar horizon, 744 Waypoints, 110
Distance to the visible horizon, 744 ECDIS-N, 99
Distances Between Ports, 121 Echo sounders, 50, 467
Distances Between United States Ports, 122 Eclipses, 251
Diurnal change, 154 Ecliptic system, 257
Diurnal circle, 245 Ecliptic, 239, 248, 257

Diurnal tide, 604 Eddies, ocean, 627
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Eddy viscosity, 596
Ekman layer, 622
Ekman spiral, 623
Ekman transport, 548, 622
Electric psychrometer, 702
Electrical conductivity, 597
Electrical oscillator, 402
Electromagnetic pulses, 668
Electromagnetic spectrum, 403
Electro-mechanical gyrocompass, 185
Electronic chart data base (ECDB), 87
Electronic Chart Display and Information System
(ECDIS), 17, 87
Electronic chart standards, 90
Electronic chart system, 87
Electronic chart, 56, 87
Electronic compasses, 185
Electronic navigation reports, 527
Electronic navigation, 11
Electronic navigational chart (ENC), 87, 96, 99
Electronic range finder, 206
Elevated pole, 256
Ellipsoid height, 19
Ellipsoid of revolution, 19, 239
Ellipsoid, 19
Emergency celestial navigation, 489
Emergency navigation kit, 484
Emergency navigation, 484
Emission delay (ED), 444
ENC display characteristics, 91
ENC, 96, 99
Energy of waves, 635
Enhanced Group Call (EGC), 507
Enhanced Loran (E-Loran), 453
Envelope-to-cycle difference (ECD), 443
EPIRB,
(Category I, II), 510
(Class A, B, S), 510
Registration, 511
Testing, 511
ePODs, 80
Equation of time, 251
Equator, 7
Equatorial Countercurrent, 627
Equatorial horizontal parallax, 241
Equatorial Jet, 627
Equatorial tides, 607

Equatorial undercurrent, 628
Equinoctial year, 248

Equinoctial, 253

Error circle, 192

Error, 26

Errors in piloting, 216

Estimated course, 194

Estimated position, 4, 191, 193
Estimated speed made good, 194
Estimated Time of Arrival (ETA), 203
Estimated track made good, 194
Estimating wind, 705

European Space Agency (ESA), 423
Exclusive Economic Zone (EEZ), 569
Expendable bathythermograph (XBT), 594
Extragalactic nebula, 245
Extra-tropical anticyclones, 653
Extra-tropical cyclones, 653
Extratropical low, 680
Extratropical storms, 681
Extremely high frequency, 410
Eye of the storm, 684

Eyewall, 680

F

Fading, 407

Fahrenheit (F), 701

Fall wind, 658

False echoes, 433

False shoals, 524

Fast ice, 544

Fata morgana, 664

Fathom, 6

Fathometer log, 201

Fathometer, 211, 482

Fault lines, 593

Federal Radionavigation Plan, 412
Fetch, 631, 705

Fiber optic gyro, 187

Finding GHA, 334

Finding latitude, 492

Finding longitude, 493

Fireball, 244

First adjustment, 292

First point of Aries, 320

First quarter, 242

First-year ice, 543

Fix expansion, 192
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Fix, 215

Fixed bridges, 137

Fixes, 205, 210

Fixing position, 437

Flamsteed’s Number, 265

Flattening, 19

Flaw lead, 544

Fleet Numerical Meteorology and Oceanography
Center (FNMOC), 631

FleetNET, 507

Floating derelicts, 521

Flood, 611

Flooding, 680

Florida Current, 624

Flux gate compass, 185

Foehn, 658

Fog, 662, 708, 730

Fogbow, 665

Forecastle coil, 181

Fourth adjustment, 294

Fractional scale, 67

Frame, 285

Frazil ice, 542

Frequency modulation (FM), 410

Frequency, 463

Front, 653

Frontal zone, 653

Frost degree day, 545

Frost smoke, 663

Full moon, 242

G

Galactic nebula, 245

Galaxy, 245

Galileo System, 423

Gauss, 180

Gegenschein, 244

General charts, 67, 68

Geocentric latitude, 21, 253

Geocentric parallax, 301

Geodesic, 6

Geodesy, 19

Geodetic latitude, 20, 252

Geodetic leveling, 22

Geodetic longitude, 21, 252

Geodetic survey, 22

Geodetic systems, 23

Geographic latitude, 252

Geographic longitude, 253

Geographical position (GP), 262

Geoid height, 19

Geoid, 19

Geomagnetic north pole, 579

Geomagnetic south pole, 579

Geometric dilution of precision (GDOP), 419

Geometric error, 36

Geostrophic equilibrium, 623

Geostrophic wind, 645, 652

Gibbous, 242

Gimbaled INS, 385

Gimballing error, 184

Glacial ice, 538

Glacier, 538

Global Maritime Distress and Safety System
(GMDSS), 504, 671

Global navigation natellite system (GNSS), 586

Global Navigation Satellite System (GLON-
ASS), 424

Global navigation satellite system (GNSS), 423

Global Positioning System (GPS), 12, 24, 415

Globular clusters, 245

GLONASS signal coding, 766

Gnomonic Projection, 57, 62

GNSS Antennas, 587

GPS signal coding, 417

GPS time, 309

Gradient wind, 645

Graduation errors, 292

Graphic scale, 67

Graticule, 57

Gravity waves, 631

Gravity, 388

Gray-white ice, 543

Grease ice, 542

Great circle charts, 63

Great circle distance, 7

Great circle sailing,
Computation, 230

Great circle, 6, 8

Great Lakes Environmental Research Laboratory
(GLERL), 561

Great Lakes ice, 557, 561

Green flash, 667

Greenwich Hour Angle (GHA), 253, 254, 321,
354



Greenwich Mean Time (GMT), 251

Greenwich mean time, 308
Greenwich meridian, 321

Greenwich Royal Observatory, 15

Greenwich, 251

Gregorian calendar, 247, 251
Ground swell, 634
Groundwave, 406

Group calls, 507

Group flashing, 138

Group repetition interval (GRI), 444

Group time delay, 420

Group velocity, 633

Growlers, 521, 538

Guinea Current, 625

Gulf Stream, 624

Gyro error, 184, 202

Gyrocompass, 6, 183
Polar, 582

Gyroscope principles, 183

Gyroscopes, 381

Gyroscopic inertia, 183

H

Halos, 665

Handle, 285

Harbor approach, 204

Harbor charts, 68

Harbor communications, 202

Harmonic tide plane, 608

Harvest moon, 243

Haze, 663

Heading transformation, 577

Heading, 8

Hectopascals, 595

Heeling coil, 182

Heeling error, 173

Heeling magnet, 174

Height error, 701

Height of antenna, 429

Height of eye correction, 298

Heliocentric halo, 665

Heliocentric parallax, 301

Hemispherical resonator gyro, 188

Hertz, 403

Hevelian halo, 665
High clouds, 708
High frequency, 409

INDEX

High tide, 604

High water datums, 609
High-latitude effects, 569

Ho, 354

Horizon glass, 285

Horizon System of Coordinates, 256
Horizon, 375

Horizons, 255

Horizontal axis, 183

Horizontal danger angle, 225

797

Horizontal dilution of precision (HDOP), 419

Horizontal geodetic datum, 21

Horizontal intensity, 155

Horns, 142

Horse latitudes, 647

Hour angle, 253, 321

Hour circles, 253

Hs, 354

Hull speed, 743

Humboldt Current, 627

Humidity, 702

Hunter’s moon, 243

Hurricane Wind Scale, 682

Hurricane, 675

Hydraulic current, 611

Hydrographic surveys, 48

Hydrography, 48

Hyperbolic Radio Aids, 12

I

IALA, 130, 143
Cardinal marks, 144
Isolated danger mark, 145
Lateral Marks, 143
Lateral marks, 144
Maritime Buoyage Systems, 142
New dangers, 146
Safe water marks, 145
Special marks, 146

Ice accretion, 662

Ice cake, 543

Ice cap, 538

Ice detection, 550

Ice field, 543

Ice floes, 543

Ice front, 539

Ice navigation, 537

Ice operations, 554
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Ice rind, 543

Ice shelf, 544

Ice wall, 539

Ice, 521, 707, 730

Ice, density of, 547

Ice, Distance and direction, 583

Iceberg drift, 539

Icebergs, 538

Icebergs, the North Atlantic, 540

IHO S-100, 97

Index arm, 285

Index correction, 297

Index mirror, 285

Indian Regional Navigational Satellite System
(IRNSS), 424

Indian spring low water (ISLW), 608

Indian tide plane, 608

Induced magnetism, 153, 179

Inertial navigation sensors, 386

Inertial Navigation System (INS), 457

Inertial navigation system errors, 390

Inertial navigation systems, 12, 384

Inertial navigation, 4, 381

Inferior conjunction, 240

Inferior planets, 239

Information Service (INS), 498

Inmarsat (International Maritime Satellite Orga-
nization), 506

Inmarsat-C, 506, 671

Inshore current, 622

Inshore Traffic Zone, 494

Instrument correction, 297

Instrument error, 701

Integrated navigation system (INS), 453

Intercardinal coils, 182

Intercept method, 122

Interference errors, 462

Interference, 408

Internal waves, 638

International Association of Lighthouse Authori-
ties, 17

International Code of Signals, 122

International Convention for the Prevention of
Pollution from Ships, 17, 128, 569

International Convention for the Safety of Life at
Sea (SOLAS), 126, 504

International date line, 316

International  Electrotechnical ~ Commission
(IEC), 18

International Hydrographic Bureau (IHB), 79

International Hydrographic Organization (IHO),
15,79

International Ice Patrol (IIP), 521, 562

International Maritime Organization (IMO), 16

International Regulations for Preventing Colli-
sion (COLREGS), 16

Interpreting weather, 674

Intracoastal Waterway, 76
Aids to navigation, 148

Ionosphere, 405, 419

Ionospheric delay errors, 419

Ionospheric delay model, 421

Irminger Current, 625

Irradiation, 343

Island shelf, 598

Island slope, 598

Isobars, 645, 651

Isogonic, 155

Isolated danger mark, 145

Isophase, 138

J

Jamming, 408

Japan Current, 626

Jet stream, 643

Julian day, 314

Jupiter, 241

K

Kamchatka Current, 626, 627

Katabatic wind, 658

Kepler’s laws, 237

Knot, 6, 7

Kuroshio Current, 626

L

Labrador Current, 625

Lagging tides, 606

Lake Erie, 560

Lake Huron, 560

Lake Michigan, 559

Lake Ontario, 561

Lake Superior, 557

Lambert conformal projection, 56, 62

Land breeze, 661

Land Earth Stations (LES), 506

Land ice, 538



INDEX 799

Large-scale chart, 67
Last quarter, 242
Lateral marks, 143
Lateral system, 130, 142
Latitude line, 351
Latitude, 7, 252, 731
At meridian passage, 359
by Polaris, 492
of the vertex, 746
Lead line, 49
Leap year, 247, 251
Leap-second adjustments, 325
Leeuwin Current, 627
Leeway, 193
Length, of sea waves, 746
Length, of the day, 493
Libration in latitude, 241
Libration in longitude, 241
LIDAR, 51
Lift bridges, 137
Light Lists, 119
Light rhythm characteristics, 138
Light sectors, 140
Lightning, 668
Light-year, 236
Limb, 285
Line of apsides, 238
Line of nodes, 251
Line of position, 10, 207, 341, 349, 354
Line of sounding, 471
Local apparent time (LAT), 310
Local Area Augmentation System (LAAS), 413,
423
Local disturbances, 155
Local Hour Angle (LHA), 253, 254, 321
Local mean time (LMT), 320
Local meridian, 256
Local Notice To Mariners, 124
Local time, 251
Local wind names, 648
Local winds, 658
Log, 6
Longitude at meridian passage, 361, 369
Longitude ramps, 398
Longitude, 7, 252
Longitudinal coil, 181
Long-Range Identification and Tracking (LRIT),

517
Longshore current, 622, 641
Loom, 141
Loop Current, 624
Loran accuracy, 446
Loran C theory, 445
Loran, 441
Low clouds, 708, 714
Low frequency, 409
Low tide, 604
Low Water Datum (LWD), 609
Low water datum, 608
Lower branch, 7
Lower limb, 287
Lower low water datum, 608
Lower Low Water, Large Tide (LLWLT), 609
Lowest Astronomical Tide (LAT), 609
Lowest normal low water, 608
Loxodrome, 7
Loxodromic curve, 7
Lunar day, 251
Lunar distance, 9
Lunar eclipse, 252
Lunar month, 607
Lunitidal interval, 607
M
Magnetic anomalies, 155
Magnetic compass, polar, 579
Magnetic dip, 155
Magnetic disturbances, 527
Magnetic heading, 189
Magnetic poles, 153, 571
Magnetic signature, 180
Magnitude ratio, 236
Magnitude, 236
Main coil, 180
Maintaining charts, 83
Major hurricane, 675
Major light, 135
Major wind patterns, 645
Malvinas Current, 625
Maneuvering, to avoid the storm center, 695
Manganese nodules, 599
Mare’s tails, 683
Marine chronometer, 295
Marine forecast products, 690
Marine gravity, 53
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Marine information reports, 526

Marine microbarograph, 700

Marine sediments, 598

Marine sextant, 284

Mariner-contributed data, 54

Maritime Mobile Service Identity (MMSI), 509

Maritime Safety Information (MSI), 124, 504,
507

Maritime safety systems, 504

MARPOL, 17, 128, 569

Mars, 240

Master-Pilot Exchange (MPX), 477

Mean high water (MHW), 610

Mean high water lunitidal interval, 607

Mean high water springs (MHWS), 610

Mean higher high water (MHHW), 610

Mean low water springs (MLWS), 608

Mean lower low water (MLLW), 608

Mean lower low water springs (MLLWS), 608

Mean sidereal time, 320

Mean solar time, 251, 316

Mean square error, 38

Mean sun, 310

Medium frequency, 409

Medium-altitude Earth Orbit Search and Rescue
(MEOSAR) system, 424

Mercator Projection, 57

Mercator sailing, 229, 745

Mercurial barometer, 699

Mercury, 240

Meridian altitude, 492

Meridian angle, 254, 321

Meridian transit, 255, 488

Meridian, 6

Meridional parts, 58

Mesoscale, 628

Meteor showers, 244

Meteorite, 244

Meteorological equator, 645

Meteors, 244

Microelectromechanical systems, 384

Micrometer drum sextant, 285

Microwaves, 403

Middle clouds, 708

Mid-latitude sailing, 228, 745

Mid-latitude, 7

Mindanao Current, 627

Mines, 523

Minimum time tracks (MTT), 728

Minor lights, 135

Minutes of arc, 58

Mirage, 664

Misalignments, 390

Mist, 663

Mistakes, 26, 46

Mixed tide, 605

Modified facsimile charts, 79

Modified Lambert Conformal, 65

Modulation, 410

Moon cross, 666

Moon pillar, 666

Moon sights, 288, 343

Moon, 236, 241

Moonbow, 665

Moonrise, 337

Moonset, 337

Mooring procedures, 203

Most probable position (MPP), 485

Most probable position, 43

Motions of Bodies, 236

Movement of other Celestial Bodies, 248

MSPGEOTRANS, 24

Multipath reflection errors, 422

Multipath wave, 404

Multiple echoes, 434

Multiple star system, 245

Multiyear ice, 543

N

Nadir, 253

Nathaniel Bowditch, ii

National Aeronautics and Space Administration
(NASA), 553

National Geospatial-Intelligence Agency (NGA),
13

National =~ Marine
(NMEA), 18

National Snow and Ice Data Center (NSIDC),
549

National tidal datum epoch, 610

Nationwide Automatic Identification System
(NAIS), 498

Natural magnet, 153

Natural year, 248

Nautical Almanac, 265, 331

Electronic  Association
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Nautical charts, 56, 466

Nautical mile, 6, 743

Nautical publications, 115

NAVAIDS, 197

NAVDORM, 774

Navigation accuracy, 30

Navigation Assistance Service (NAS), 498

Navigation processes, 475

Navigation regulations, 494

Navigation system accuracy, 43

Navigation System using Timing And Ranging
(NAVSTAR), 415

Navigational Astronomy, 234

Navigational tables, 11

Navigational triangle, 9, 262

NAVTEX, 508, 671

Navy ECDIS, 99

Navy Navigation Satellite System (NAVSAT),
415

Neap tides, 606

Nebula, 245

Neptune, 241

Network Coordination Station (NCS), 506

New Guinea Coastal Current, 627

Newton’s laws of motion, 237

Ney’s Projection, 65

Night effect, 407

Night observations, 707

Night orders, 482

Nilas, 543

Nimbostratus (Ns), 716

No anchoring area, 495

Nodal period, 607

Nodes, 251

Noise, 408

Nonadjustable errors, 291

Nontidal current, 610

Non-uniform propagation rates, 446

North American Datum (NAD 83), 23

North American Ice Service (NAIS), 521, 563

North Atlantic Current, 625

North Cape Current, 625

North Equatorial Countercurrent, 624, 626

North Equatorial Current, 624, 625, 626, 627

North Pacific Current, 626

North wall effect, 730

Northeast Drift Current, 625

Northeast trades, 645

Northern lights, 669

Northwest European Loran System (NELS), 453

Northwest Passage (NWP), 568

Norway Current, 625

Notice to mariners, 123

Notices to Shipping (NOTSHIP), 563

Nova, 245

Numerical scale, 67

Nuns, 147

Nutation, 247, 249, 250

O

Oblate spheroid, 239

Oblique gnomonic projection, 62

Oblique Mercator Projection, 59

Oblique Orthomorphic Projection, 59

Oblique sphere, 246

Obliquity of the ecliptic, 248

Observed altitude (HO), 354

Observed altitude (Ho), 349

Observed altitude, 297

Observed latitude, 351

Observed longitude, 351

Occulting, 138

Ocean current phenomena, 627

Ocean current reports, 531

Ocean currents and climate, 628

Ocean currents, 622, 730

Ocean temperature, 594

Ocean waves, 631

Oceanic circulation, 623

Oceanographic chemistry, 593

Oceanography, 593

Officer of the Deck, 203

Offshore current, 622

Offshore Vessel Movement Reporting System
(OVMRS), 500

Old ice, 543

One-dimensional errors, 38

Open cluster, 245

Opposition, 240

Optical gyroscopes, 186, 382

Optimum Track Ship Routing (OTSR), 631, 728

Origin of the oceans, 593

Orion, 269

Orthographic projection, 57, 64

Orthometric height, 19
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Oscillatory wave, 634
Outliers, 462
Out-of-tolerance (OOT), 444
Overfalls, 634

Oyashio Current, 626

P

Pancake ice, 543
Parallax, 301, 492
Parallel indexing, 438
Parallel of declination, 254
Parallel sailing, 228, 745
Parallel sphere, 246
Parallel, 7

Parameter P, 165
Parameter Q, 165
Paranthelion, 665
Parantiselene, 666
Paraselene, 666

Parhelic circle, 665
Parhelion, 665

Partial eclipse, 251

Path of totality, 251
Pegasus, 266

Perigean spring tides, 607
Perigean tides, 607
Perigee, 238, 241
Perihelion, 238

Periodic current, 622

Permanent magnetism, 153, 179

Personal correction, 297
Personal equation, 343
Perspective projections, 57
Peru Current, 626

Phase characteristics of lights, 144

Phase coding, 444

Phase correction, 300

Phases of Navigation,
Coastal Phase, 5
Harbor approach phase, 5
Inland Waterway phase, 5
Ocean Phase, 5

Photosphere, 238

Pilot, 203

Piloting, 4, 196, 202
Brief, 202
High latitudes, 583
Procedures, 208

INDEX

Routine, 210
Simulators, 217
Transition, 203
Pilots, 6
Pitch, 386, 668
Plan position indicator (PPI), 427
Plane projection, 57
Plane sailing triangle, 227
Plane sailing, 227, 745
Planet diagram, 274
Planet sights, 288, 344
Planets, 239
Plateaus, 468
Plates, 593
Platform indexing, 388
Plotting, 191, 196
Running fixes, 214
Sheets, 66, 485
the DR, 191
Plunging breaker, 639
Pluto, 241
Points of intended movement (PIM), 480
Polar charts, 65
Polar circles, 249
Polar Class, 555
Polar distance (p), 254
Polar front, 647
Polar frontal jet stream (PFJ), 643
Polar grid, 574
Polar motion, 247
Polar navigation, 566
Polar Projection, 65
Polar winds, 647
Polaris, 488
Polarization error, 407
Polarization, 404
Polyconic projection, 56, 62
Polynya, 544
Port entry lights, 136
Port Meteorological Officer (PMO), 701
Ports and Waterways Safety System (PAWSS),
499
Position dilution of precision (PDOP), 419
Position offsets, 395
Positioning, 467
Power flux density, 408
Power loss errors, 462



Practical salinity unit (psu), 594
Preamble, 507

Precautionary area, 495

Precession of the equinoxes, 247, 250
Precession, 249

Precipitation, 706

Precise positioning service (PPS), 417
Precise timing system, 452

Precision, 27

Precomputation, 343

Predictability, 43

Preferred channel, 147

Preliminary route recommendation, 736
Pressure gradient, 645

Pressure tendency, 654

Prevailing Westerlies, 647

Primary Phase Factor (PF), 446
Prime meridian, 5

Prime vertical circle, 256

Prime vertical, 256

Priming tides, 606

Print on Demand, 79

Prismatic error, 291

Private Aids to Navigation (PATON), 151
Projections, 56, 572

Proper motion, 245, 247, 248
Pseudorandom noise (PRN), 416
Psychrometer, 702

Psychrometric tables, 702

Pulse modulation (PM), 410

Pulse repetition rate (PRR), 426

Q

Quadrantal error, 184, 414
Quarterdeck coil, 181

Quasi-Zenith Satellite System (QZSS), 425
R

Racons, 436

Radar beacons, 436

Radar bearings, 438

Radar interpretation, 429

Radar navigation reports, 527

Radar navigation, 4, 426

Radar piloting, 437

Radar ranges, 205

Radar reflectors, 146, 436

Radar, 12

Radial motion, 245

INDEX 803

Radiation fog, 662

Radio direction finding, 414

Radio navigation, 4

Radio Navigational Aids, 121

Radio propagation factors, 322

Radio spectrum, 403

Radio Technical Commission for Maritime Ser-
vices (RTCM), 17

Radio wave propagation, 409

Radio waves, 402

Radioactivity, 597

Radiobeacons, 76

Radiofax, 671

Radius vector, 237

Rage sea, 635

Rainbow, 665

Ramarks, 436

Random errors, 28

Random walk, 390

Range lights, 135

Raster chart display system (RCDS), 88

Raster chart, 88

Raster navigational chart (RNC), 97

RCDS, 88

Receivers, 412

Recommended direction of traffic flow, 494

Recommended route, 495

Recommended track, 495

Recording observations, 719

Records, 201

Rectangular projection, 60

Reference plane, 75, 608

Reference stations, Tide, 615

Reflecting quality, 430

Reflection, 404

Refraction of radio waves, 405

Refraction, 298, 429, 492, 634, 639

Registered Information Provider, 507

Regression of the nodes, 242, 252

Regulated waterways, 503

Relative accuracy, 447

Relative bearing, 9

Relative humidity, 702

Relative motion, 235

Repeatability, 43

Repeatable accuracy, 447

Representative fraction, 67
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Resolution in bearing, 429
Resolution in range, 429
Retrograde motion, 240
Revolution, 236
Revolver, 224
Rhumb line, 7
Ridges, 468
Right semicircle, 680
Right sphere, 246
Right triangle, 490
Ring laser gyrocompass, 186
Rings, ocean, 627
Rip Currents, 641
Ripples, 631
RMS Titanic, 562
RNC, 88
Roaring forties, 647
Rocking the sextant, 287
Roll, 386
Rotation, 236
Roundabout, 494
Route planning and monitoring, 107
Routing System, 494
Rrigid zones, 249
Running fix, 206
Russian Federation Northern Sea Route (NSR),
568
S
Safe Water Marks, 145
Safe water, 147
Safety of Life at Sea (SOLAS), 16, 671
Safety report messages, 523
Safety reports, 521
SafetyNET, 507
Saffir-Simpson, 682
Sagnac principle, 382
Sailing charts, 68
Sailing Directions, 6
Enroute, 116
Planning Guide, 115
Sailings, 227
Salinity, 593
Sand bars, 641
SAR Manuals, 533
Sargasso Sea, 625
Saros, 252
SART pulse, 515

SART range, 515
Satellite altimetry, 53
Satellite Based Augmentation Systems (SBAS),

422
Satellite Imagery Derived Bathymetry, 54
Satellite navigation, 4, 415
Satellite oceanography, 600
Satellite positioning, 21
Saturn, 241
Schuler compensations, 388
Schuler oscillation, 391
Scintillation, 239
Sea ice, 537, 542

Drifting, 548

Salinity, 547

Thickness, 545
Sea smoke, 570
Seamounts, 468
Search and acquisition, 442
Search and Rescue (SAR), 504
Search and Rescue Radar Transponder (SART),

515
Seasonal current, 622
Secant Conic Projection, 62
Secchi disk, 597
Second adjustment, 292
Secondary coding delay (SCD), 444
Secondary Phase Factor (SF), 446
Secondary stations, 442
Second-trace echoes, 434
Secular change, 154
Seiche, 637
Selective Availability (SA), 418
Semidiameter, 300, 492
Semidiurnal tide, 604
Semidiurnal, 611
Semi-major axis, 19
Sensible horizon, 255
Sensor errors, 390
Sensors, 381
Separation zone, 494
Set and Drift, 193
Set, 193, 201, 611
Sextant altitude, 297, 354
Sextant, 220

Altitude corrections, 297, 491

Care, 291



Error, 290
Reading, 289
Shade error, 291
Shade glasses, 285
Shallow water, 706
Shapes of marks, 143
Shapiro Keyser Model, 656
Ship Earth Stations (SES), 506
Ship handling, 213
Ship routing, 494
Ship simulators, 217
Ship tracking, 517
Ship’s heading, 189
Shoaling, 634
Shooting stars, 244
Shore lead, 544
Shuga, 542
Side echo, 471
Side error, 292
Sidelobe beam-coupling bias, 463
Side-lobe effects, 434
Sidereal day, 247, 251, 308, 320
Sidereal hour angle (SHA), 249, 253, 254
Sidereal month, 241
Sidereal noon, 308
Sidereal time, 251, 308, 309, 310, 320
Sidereal, 237
Sight planning, 341, 346
Sight planning, Twilight, 344
Sight reduction tables, 122
Sight reduction, 348, 354, 492
Signal-to-noise ratio (SNR), 447
Simple conic projection, 56, 60
Sinking, 664
Sirens, 142
Skip distance, 406
Sky coloring, 664
Sky diagrams, 265
Skywave, 406
Slack water, 610
Slide bar, 199
Sling psychrometer, 702
Small circle, 6
Small craft charts, 68
Small scale chart, 67
Smog, 663
Snow blink, 552

INDEX

Solar day, 250

Solar eclipse, 251

Solar parallax, 301

Solar System, 236

Solar tide, 605

Solar wind, 239

Solar year, 248

SOLAS, 126, 504, 671

Somali Current, 627

Sound signals, 142

Sound velocity, 468

Sounding datum, 75, 608
Sounding reports, 524

Source diagram, 48, 70

South Atlantic Current, 625
South Equatorial Current, 624, 626, 627
South Java Current, 627
Southeast Drift Current, 625
Southeast trades, 645

Southern hemisphere routing, 737
Southern Lights, 669

Southwest Monsoon Current, 627
Space motion, 237, 248

Space segment, 506

Special environmental problems, 734
Special Notice to Mariners Paragraphs, 124
Special Notice to Mariners, 123
Special purpose buoys, 131, 148
Special tidal effects, 606

Specific heat, 596

Speed error, 184

Speed line, 351

Speed made good (SMQG), 8, 194
Speed of advance (SOA), 8
Speed over the ground (SOG), 8
Speed, 7

Speed, of a vessel, 743

Spherical buoys, 144

Spherical triangle, 262

Spicules, 542

Spilling breaker, 639

Spin axis, 183

Spindrift, 705

Spitsbergen Current, 625

Split fix, 222

Spring tides, 606

Spring, 248
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Squall line, 655

Squalls, 654

Squat, 213

St. Elmo’s Fire, 669
Stadimeter ranges, 205

Stand, 604

Standard deviation, 38
Standard lapse rate, 643
Standard parallel, 60
Standard Positioning Service (SPS), 417
Standard time broadcasts, 323
Standard time, 318

Standard zero crossing, 443
Standard, 26

Standards of Training, Certification and Watch-

keeping (STCW), 127, 478
Standing orders, 482
Standing waves, 637
Star charts, 265
Star clouds, 245
Star finder, 265, 276
Star globe, 265
Star sights, 288
Stars, 244, 265
Station pressure, 701
STCW, 127, 478
Steering error, 192
Stellar paralax, 301
Stereographic projection, 57, 63
Storm surge, 681
Storm tides, 637
Stratocumulus (Sc), 715
Stratosphere, 419, 643
Stratus (St), 715
Stream, 623
Subastral point, 262
Sublunar point, 602
Sublunar, 602
Subordinate stations, Tide, 615
Subpolar regions, 566
Subsatellite point, 262
Subsolar point, 262
Substellar point, 262
Sub-tropical jet stream (STJ), 643
Summary Of Corrections, 124
Summary of corrections, 302
Summer solstice, 248

INDEX

Summer time, 318
Sumner line, 10

Sun drawing water, 668
Sun pillar, 666

Sun sights, 287, 343

Sun, 238

Sun-Earth-Moon system, 601
Sunrise, 336

Sunset, 336

Sunspots, 238

Super high frequency, 410
Super typhoon, 675
Superior conjunction, 240
Superior planets, 239, 240
Supernova, 245
Super-refraction, 405
Supersaturated, 702

Surf, 634

Surface Picture (SURPIC), 534
Sweat, 702

Swell, 631, 706

Swing bridges, 137

Swing circle, 212
Swinger, 224

Swinging the arc, 287
Sylphon cell, 699
Symbols, 146

Synodic month, 241
Synodic period, 240
Synodic, 237

Synodical month, 607
Synoptic oceanography, 600

Synoptic weather considerations, 731
System Electronic Navigation Chart (SENC), 87

Systematic errors, 27

Systeme International (SI), 308
T

Tabular iceberg, 539

Tabular sight reduction, 349
Tactical Ocean Data (TOD), 778
Taking a sight, 288

Tangent arc, 665

Tangent bearings, 438

Tangent latitude error, 184
Tangent screw, 285

Tasman Front, 626
Tehuantepecer, 661



Telescope, 285

Temperate zones, 249
Temperature error, 701
Temperature inversion. 662
Temperature measurement, 702
Temperature, 701

Temporary geographic grid (TGG), 67
Terminator, 242

Terrain bias, 463

Terrestrial Dynamical Time (TDT), 309
Terrestrial magnetism, 154, 156
Terrestrial refraction, 299
Terrestrial time (TT), 309
Terrestrial Time, 309

The Sailings, 6

Thermal conductivity, 597
Thermal expansion, 597
Thermocline, 594

Thermohaline, 622

Thermometer, 702

Third adjustment, 293
Three-point problem, 220, 222
Three-point problem, errors, 223
Thunder, 668

Tidal current charts, 619

Tidal current periods and cycles, 612
Tidal current tables, 615, 617
Tidal currents, 193, 610, 615, 706
Tidal cycle, 607

Tidal day, 607

Tidal heights, 614

Tidal waves, 636

Tide calculations, 744

Tide predictions, 616

Tide range, 604

Tide, 201, 601

Tide-generated waves, 638

Time balls, 9

Time delay lattice, 442

Time diagram, 255

Time difference, 442, 616

Time dilution of precision (TDOP), 419
Time of Arrival (TOA), 452
Time of Coincidence (TOC), 452
Time of transit, 493

Time sight, 10

Time signals, 323

INDEX

Time, 250
Topmarks, 144
Tornadoes, 662, 682
Torrid zone, 249
Total electron content (TEC), 420
Total intensity, 155
Track (TR), 8
Track made good (TMQG), 8
Track Plan, 202
Tracking and lock phase, 442
Tractive forces, 602
Trade winds, 622, 645
Traffic flow, 495
Traffic lane, 494
Traffic Organization Service (TOS), 498
Traffic Separation Scheme (TSS), 494, 495
Transfer, 198
Transit of the sun, 240
Transmissometer, 597, 719
Transmitted acoustic signal, 463
Transmitter, 410
Transmitting stations, 442
Transparency, 597
Transponder, 412
Transverse Coordinate System, 575
Transverse Mercator projection, 58
Transverse Orthomorphic Projection, 58
Transverse projection, 56, 57
Traverse sailing, 228, 745
Traverse, 22
Triangulation, 22
First-order, 22
Second-order, 22
Third-order, 22
Trilateration, 22
Tropic higher high water (TcHHW), 610
Tropic lower low water (TcLLW), 608
Tropic of Cancer, 249
Tropic of Capricorn, 249
Tropic tides, 607
Tropical Cyclone Forecast Products, 687
Tropical Cyclone Forecasts, 684
Tropical cyclone, 675, 678
Tropical depression, 675
Tropical disturbance, 676
Tropical month, 607
Tropical storm, 675
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Tropical year, 248, 251

Tropics, 594

Tropopause, 643

Troposphere, 419, 643

True bearing, 9

True heading, 189

True wind, 703

Tsunamis, 636

Tsushima Current, 626

Turbidity currents, 599

Turn Bearings, 198

Turning point, 198

Twilight, 336

Two-dimensional error, 39

Two-way route, 495

Typhoon, 675

U

U.S. Coast and Geodetic Survey, 12

U.S. Maritime Advisory System, 519

U.S. National Ice Center, 521, 549, 561

Ultra high frequency, 410

Umbral shadow, 252

Uncharted objects, 224

Uncorrecting (compass), 159

Undercurrents, 628

United States Aids to Navigation system, 147

United States Coast Guard, 14

United States National Search and Rescue Sup-
plement (NSS), 533

United States Naval Observatory, 14

United States Navy, 14

Universal law of gravitation, 237

Universal Polar Stereographic (UPS), 64, 67

Universal Time (UT), 251, 309

Universal Transverse Mercator (UTM), 59, 67

Upper air observations, 719

Upper branch, 6, 253

Upper limb, 287

Uranus, 241

Ursa Major, 272

Ursa Minor, 272

USATONS, 130, 147

User equivalent range error (UERE), 419

USNIC, 521, 549, 561

USS Ramapo, 636

\Y%

Variable stars, 245

Variation, 6, 155, 189
Annual change, 189
Variations in color, 522
Vector chart, 88
Vector transformation, 577
Velocity of sound errors, 461
Velocity transformation, 577
Venus, 240
Vernal equinox, 248, 249, 253, 254, 309
Vernier sextant, 285
Vernier, 285
Vertical axis, 183
Vertical danger angle, 225
Vertical dilution of precision (VDOP), 419
Vertical intensity, 155
Vertical surveying, 22
Very high frequency, 409
Vessel motion induced errors, 461
Vessel Movement Reporting System (VMRS),
500
Vessel Traffic Management and Information Ser-
vices (VIMIS), 502
Vessel Traffic Service, 14, 494, 498
Viscosity, 595
Visibility measurement, 719
Visibility, 523, 719
Visible horizon, 255
Volcanic activity, 522
Voluntary Observation Ship (VOS) program, 700
Voyage Data Recorder, 95
Voyage monitoring, 481
Voyage planning, 203, 479
Voyage preparation, 480
Voyage track, 480
VTS, 14, 494, 498
Berwick Bay, 502
Houston-Galveston, 501
Los Angeles/Long Beach, 502
Louisville, 502
Lower Mississippi River, 502
New York, 500
Port Arthur, 502
Prince William Sound, 501
Puget Sound, 500
Saint Mary’s River, 501
San Francisco, 500
Tampa, 502
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Waning, 242

Warm front, 653

Watch conditions, 476

Watch error, 319

Watch relief procedures, 482

Watch time, 312, 319

Waterspout, 662

Wave characteristics, 631

Wave front, 403

Wave height, 631, 730, 746

Wave interference, 404

Wave period, 631

Wave speed, 746

Wavelength, 403, 631

Waves, 705

Waxing, 242

Weather advisory, 736

Weather forecast dissemination, 671

Weather observations, 699

Weather, 201, 643

West Greenland Current, 625

West Wind Drift, 623, 625

Western Rivers System, 148, 151

WGS 60-84, 23

Whistles, 142

White caps, 705

White light, 664

White out, 571

Wide Area Augmentation System (WAAS), 413,
422

Wind driven currents, 622
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Wind duration, 705

Wind measurement, 703

Wind shifts, 707

Wind speed, 705

Wind, 705, 729

Winter solstice, 248

Wire drag, 50

World Geodetic Reference System (GEOREF),
67

World Geodetic System, 23

World Magnetic Model (WMM), 155, 579

World Meteorological Organization, 671

World Port Index, 121

X

X-shaped topmarks, 144

Y

Yaw, 386

Year, 250

Young ice, 543

Z

Zenith distance, 257

Zenith, 253

Zenithal projection, 56

Zenithal, 62

Zodiac, 250

Zodiacal light, 244

Zone description (ZD), 317

Zone meridian, 316

Zone of Confidence diagram (ZOC), 52

Zone time (ZT), 251, 316

Zones of Confidence (ZOE), 70



