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The Cutterman’s Guide to Navigation Problems

Preface: How to Use This Guide

In the age of electronic navigation, older manual calculation methods have fallen out
of favor. However esoteric it may seem, competent navigators must maintain
proficiency with older navigation methods for three main reasons:

The first reason is that higher authority mandates it. Service navigation standards
and national licensing require proficiency in solving many types of navigation
problems.

The second reason is for potential electronic failure. Although rare, in the event of a
GPS or other electronic signal disruption, older methods of position fixing are
required. In an age where many watch officers seldom plot positions on paper
charts; maintaining proficiency with manual navigation problems is crucial.

The third reason for familiarity with navigation problem solving is for personal
satisfaction. Ship’s navigators are part of a heritage that goes back thousands of
years. We are lucky to live in an age where navigation can be so easy, but tradition
requires us to devote our energies to mastering our craft.

How to Use This Guide — For Everyone

This series of guides assumes that readers want to either refresh or master certain
navigation techniques in order to pass an exam or meet other qualification
requirements, and is therefore written in a “no-nonsense” fashion.

Standard texts such as Bowditch and Dutton’s do an excellent job of discussing
navigation theory. What they lack are clear instructions on navigation problem
solving to the level required for exams or problem solving. This guide attempts to
furnish concrete example problems to help mariners master the techniques.

Each Part features a brief introduction followed by a handful of example problems
with detailed solutions, including snapshots from required publications or
ephemerides. At the end of each Part are dozens of additional problems and
answers for self-practice.

Most problems are taken directly from the US Coast Guard test database and
therefore represent the types of problems expected on the 500-ton license exam.

When ephemeris data are required, all figures are taken from the 1981 Training
Nautical Almanac, Sight Reduction Tables for Marine Navigation (Pub HO 229), or
the 1983 Tide and Tidal Current Tables. All publications are available on the web.



How to Use This Guide — Specifically For USCG Cuttermen or Naval Personnel

Certain USCG cutter classes are required to maintain proficiency in a range of
navigation techniques, as set forth in the USCG Navigation Standards. Additionally,
as professional mariners, deck watch officers and members of the boatswain mate
and operations specialist ratings are required to meet certain qualification
milestones.

This guide covers a majority of the required terrestrial and celestial tasks required
by the Commandant’s Navigation Standards, and serves to supplement on-the-job
training for qualification as a deck watch officer or advancement in certain enlisted
ratings.

How to Use This Guide — Specifically For Merchant Mariners

For certification as a 500-ton or 1600-ton Ocean or Near Coastal Master (and many
other levels), the US Coast Guard still requires manual solutions to many navigation
problems, including celestial navigation. The problems solved in this guide are
taken directly from the US Coast Guard test database.

Each version of problem is solved in turn, so that license candidates can familiarize

themselves with the nuances of the questions. After reviewing this guide, mariners

should feel comfortable solving all problems on the TNAV or CNAV tests, in addition
to most manual calculations on the NAV GEN test.

Regarding study strategy, it is highly recommended to purchase or download copies
of the 1981 Training Nautical Almanac, the Sight Reduction Tables for Marine
Navigation (Pub HO 229), the 1983 Tide and Tidal Current Tables, and Bowditch
(Part 2) to familiarize themselves with the exam room materials. Additionally,
online testing and training programs such as Lapware.com and other online training
programs are indispensible when studying for a license or upgrade.



Organization
The Cutterman’s Guide to Navigation Problems is organized as follows:

Sections divide the material into Terrestrial and Celestial areas of study. These do
not, however, correlate directly to TNAV and CNAV on mariner exams...problems
can come from both Sections.

Parts break down Sections into manageable study and testing topics.
Equations or Introductions introduce the required mathematics or process.
Problems are solved for each topic, including variations on wording or technique.

Additional Problems and Answers are taken from the USCG test database for
further self-study and familiarization with problem wording.
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www.practicalnavigator.org and a YouTube channel dedicated to Navigation
Training.







The Cutterman’s Guide to Navigation Problems

Preface: Basic Calculations

Certain basic calculations are necessary for successfully solving later, more
advanced problems. This preface serves as a refresher for basic navigational

calculations.

Converting Positions to and from Decimal Notation

Given a standard position in latitude and longitude, converting to decimal notation
is completed by dividing the minutes of position by 60.

Problem P-1. Convert 24° 15.7’ N into decimal notation.

Step 1:

Step 2:

Step 3:

Break the initial position into degrees and minutes of position.
24°15.7' = 24° + 15.7’

Divide the minutes of position by 60.

1570 _0.262°
60

Combine the degrees and decimals of position into a final answer.
24° + 0.262° =24.262° N

Given a decimal position in latitude and longitude, converting to standard notation
is completed by multiplying the decimal portion of the position by 60.

Problem P-2. Convert 133.673° W into standard notation.

Step 1:

Step 2:

Step 3:

Break the initial position into degrees and decimals of position.
133.673°=133°+0.673°

Multiply the decimal of position by 60.
0.673° x 60 = 40.38’

Combine the degrees and minutes of position into a final answer.
133°+40.38°'=133°40.38' W



Converting Time into Decimal Notation

Given a standard time, converting to decimal notation is completed by dividing the
minutes by 60.

Problem P-3. Convert 3 hours and 16 minutes into decimal notation.

Step 1:

Step 2:

Step 3:

Break the initial position into degrees and minutes of position.
3 hours, 16 minutes = 3 hours + 16 minutes.

Divide the minutes of position by 60.

1€ 0.266 hours.
60

Combine the degrees and decimals of position into a final answer.
3 hours + 0.266 hours = 3.266 hours

Given a decimal time, converting to standard notation is completed by multiplying
the decimal portion by 60.

Problem P-4. Convert 4.277 hours into standard notation of hours and minutes,
and then again into hours, minutes, and seconds.

Step 1:

Step 2:

Step 3:

Step 4:

Break the initial position into degrees and decimals of position.
4.277 hours =4 hours + 0.277 hours.

Multiply the decimal portion by 60.
0.277 x 60 = 16.62 minutes.

Combine the degrees and minutes of position into a final answer.
4 hours + 16.62 minutes = 4 hours, 16.62 minutes.

If necessary, converting decimal minutes to seconds is accomplished
the same way.

16.62 minutes = 16 minutes + 0.62 minutes.

0.62 x 60 = 37.2 seconds.

16.62 minutes = 16 minutes, 37.2 seconds.

Thus the total answer would be 4 hours, 16 minutes, 37.2 seconds.
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Converting Time Between Zone Time and GMT

Depending on the problem, it is sometimes convenient to work exclusively in Zone
Time or GMT. So if a problem describes times in multiple formats, it is necessary to
convert to or from GMT.

Problem P-5. If the current ship time is 0834 and the ship is observing ZD (+4),
what is the time in GMT?

Step 1:  To correct zone time to GMT in the western hemisphere, add the zone
descriptor to the ship time.

0834 + 0400 = 1234.

Problem P-6. If the current ship time is 0834, and the ship is observing ZD (-4),
what is the time in GMT?

Step 1:  To correct zone time to GMT in the eastern hemisphere, subtract the

zone descriptor from the ship time.
0834 - 0400 = 0434.

Adding Degrees and Minutes

Adding degrees and minutes causes the most arithmetic errors when solving
navigation problems, because the degree system is based on 60, not 100. It is usually
best to complete the math in two steps:

Problem P-7. Add the following two latitudes. 23°47.3’ N and 11° 33.9’ N.

Step 1:  Add the whole degrees first and then the minutes.
23°47.3 +11°33.9'=(23°+11°) + (47.3' + 33.9") =34° + 81.2

Step 2:  Convert the minutes into degrees and minutes.
81.2’=1°+21.2’

Step 3:  Sum the parts.
34°+1°+21.2’=35°21.2’N

11



Problem P-8. Sum the following two latitudes. 23° 17.3’ N and 11° 33.9’S.
Sometimes when subtracting minutes, it is helpful convert 1° to minutes (e.g.
subtract 1° but add 60’ to the minutes value).

Step 1:  Subtract 1° and then add 60’ to the first value to make the math easy.
23°17.3" + (-11°33.9') = 22° 77.3’ + (-11.33.9)

Step 2:  Add the whole degrees first and then the minutes.
(22° + (-11°)) + (77.3' + (-33.9)) = 11° + 43.4’

Step 3:  Sum the parts.
11°+43.4°=11°43.4'N

12



Trigonometric Functions Involving Course Angle and Correct Sign

As described in further Parts of this text, “course angle” is related to actual
course and is an important naming scheme during license exams. From Bowditch:
“Course angle is the course measured from 0° at the reference direction clockwise or
counter-clockwise through 90° or 180° It is labeled with the reference direction as a
prefix and the direction of measurement from the reference direction as a suffix.”

Fortunately, the vagaries of trigonometry are forgiving of minor course error
mistakes, provided the mariner uses common sense when figuring course angles.

For example, if a vessel were to head from California westward on course
250° T, the correct course angle would be N 110° W. When plugging this course
angle into trigonometric values, 110° should be used to obtain the correct sign, as
below:

sin110° = 0.9397
cos110° = —0.3420
tan110° = —0.27475

However, if the mariner were to plug in the given course instead (250°), the
following results are obtained:

sin 250° = —0.9397
cos 250° = —0.3420
tan 250° = 2.7475

Clearly, the absolute values are the same, but the signs are often different.
This can be understood rapidly with a review of trigonometry, given in Bowditch or
other texts. However for the purpose of marine calculations and merchant mariner
exams, having the absolute value correct is usually sufficient provided the mariner
uses common sense to determine differences in latitude, longitude, and other
calculations.

For example, if a starting position of 145° W were given and Course Angle
was used to determine a Difference of Longitude of (-10°), the correct ending
longitude is 135° W. However, if course angle were improperly used, the Difference
of Longitude value would be (+10°), leading the mariner to incorrectly suppose the
secondary longitude was 155° W. However, given an inspection of the given
information in the problem, it is usually clear whether the absolute value of
Difference of Longitude should be added or subtracted. For example, the problem
might state that the initial course was 080° T...clearly the longitude should be
subtracted, regardless of the sign obtained.

It is definitely better to use Course Angle as described theoretically in
navigation texts, but it can be a confusing topic and it is wise to use common sense
when applying Departures, Differences in Latitude, and Differences in Longitude to
initial positions when completing problems in Sailings, Time of Phenomenon, or
other calculations involving trig functions.
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Interpolating for Values of Greenwich Hour Angle

In order to save space in the almanac, values of Greenwich Hour Angle in the
Nautical Almanac are given only for whole hours. Unless observations are made on

the hour, interpolation is necessary. This principle applies for all celestial bodies,

and the correction is always added.

Problem P-9. Itis 22 February and you make an observation of the sun at 15:48:13
UTC. The tabular value of GHA of the sun for 1500 UTC is 41° 37.3’. What is the
calculated GHA of the sun for the time of observation?

Step 1:

Step 2:

Step 3:

Step 4:

Note the tabular value of GHA for the next lower whole hour (1500

TC in thi )
UTC in this Case) , 2200} 176 36.1 S10 18.2
1500 UTC =41°37.3". 01| 191 362 173
02] 206 36.2 16.4
03§ 221 363 -- 155
. . . . 04] 236 36.4 14.6
Determine the difference in time between 05| 251 365 136
the time of observation and the next lower 8‘7’ ;g‘{ 322 s10 if;
whole hour (1500 UTC in this case). 08) 296 367 109
. S 311 368 -- 10.0
Observation - 15:48:13 u 10| 326 369  09.1
_ . . N 11} 341 37.0 08.2
Whole Hours - 15:00:00 > 12| 356 371 510 079
Difference = 15:48:13 - 15:00:00 = 00:48:13 A 13| 11371 064
Y 14} 26 37.2 05.4
15| 41 373 -- 045
. 16| 56 37.4 03.6
Enter the Increments and Corrections pages 17| 71375 027
in the Nautical Almanac and find the value }g e e s10 g(l)g
for 48 minutes and 13 seconds in the 5‘1’ 116 37710 00
“Sun/Planets” column. 22146 379 581
. . 161 38.0 57.2
48 minutes 13 seconds: 12° 03.3’ correction
48" INCREMENTS AND CORRECTIONS 49"
m v m
48 [,SUN | ARIES [MOON or Corre o;:'Corr" %Corr" 43, SUN. | ARIES [MOON o:rccrrn or Corra| or Corr
Oa 12 00012 02-0|11 27-2 || o-0 00| 60 49 |12:0 97 06 1; 150/12 170 (11 415 {00 00| 60 50 [12:0 99
01 |12 00312 022 |11 274 |Jo1 01| 621 49 | 120 98 01 |12153({1217-3{11 41802 Ol | 61 50 |12 100
02 |12 005{12 02.5|11 27-7 ||o2 02| 62 50 |[122 99 02 11215512 17-5/1142.0 |02 02| 62 51 [12:2 101
03112 008)12 02:7|11 279 |03 02| 63 51 |12:3 99 03]/12158(1217-8 (1142203 02| 6:3 52 [12:3 101
04 |12 01-0{12 03.0|11 282 |/ 0.4 03| 64 52 | 124 100 04 (1216012 180|11 425 0-a 03| 64 53 |12.4 102
05)1201:3|12 032 (11284 |05 04| 65 53 | 1255 101 05]12163(12 18311427 ({05 04 | 65 54 |12:5 103
06|12 01.5{12 03-5|11 286 || 0.6 05| 6.6 53 | 126 102 06 |12165]12 18511429 {06 05| 66 54 |[12:6 104
07|12 018{12 03.7(11 289 || 0:7 06| 67 54 | 12.7 103 07 |12 168(12 188 (11432 |07 06| 67 55 |12:7 105
08 |12 02:0{12 04-0{11 2%1 |/ 08 06| 68 55| 12-8 103 08|12170(12190{11434 || o8 07| 68 56 |12:8 106
0912 023{12042(11293 |09 07| 69 56 | 129 104 0911217312 193(11437 |09 07| 69 57 |[12:9 106
10|12 025(12 04:5|11 2%6 || 10 08| 7.0 57 | 130 105 10112 175(12 19511439 | 1.0 08| 7-0 58 [13.0 107
11|12 028(12 04-7{11 298 ([ 12 09| 71 57 [ 132 106 111217812 19811441 {122 09| 71 59 | 132 108
12 |12 030112 050|211 301 || 12 10| 7.2 58 | 132 107 12 112 180(12 20011 444 |12 L0 | 72 59 |13.2 109
13112 033(12 05211303 |[1-3 11| 7.3 59 [ 133 108 1312 183{12 203 |11 446 |{ 1-3 11| 73 &0 | 133 11-0
14 | 12 03-5|12 055|11 30-5( 144 11| 7.4 &0 | 13-4 108 14 112 185{12 20-5|11 449 |[ 1.4 12 | 7.4 &1 |13.4 111

Apply the correction to the tabular GHA for whole hours. The

correction is always added.

GHA for 1500 UTC = 41° 37.3’

Correction = 12° 03.3’

Total GHA =41°37.3' + 12° 03.3’ = 53° 40.6’

14



Interpolating for Values of Declination

In order to save space in the almanac, values of declination in the Nautical Almanac
are given only for whole hours. Unless observations are made on the hour,
interpolation is necessary. This principle applies for all celestial bodies. The
correction is either added or subtracted, depending on the trend of hourly

declination.

Typically, mental interpolation is sufficient, however, the
concept of d correction ensures accuracy. The abbreviated

process is to note the daily d value at the bottom of each

daily page. Then, enter the Increments and Corrections pages
for the minutes necessary, finding the appropriate d value on

that page and noting the correction.

Problem P-10. Itis 22 February and you make an
observation of the sun at 15:48:13 UTC. The tabular value of
declination of the sun at 1500 UTC is S 10° 04.5’. What is the
calculated declination of the sun for the time of observation?

Step 1:

next lower whole hour (1500 UTC in this

case).
1500 UTC=S10°04.5".

Step 2:
the next lower whole
hour (1500 UTC in this
case). Rounding to the
nearest minute is
sufficient.

Observation - 15:48:13
Whole Hours - 15:00:00
Difference = 15:48:13 -

15:00:00 = 48 min.

Step 3:
d=09

Step 4:

Note the tabular value of declination for the

00
22%
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17

<»02Z2Cw»

176 36.1 S10
191 36.2
206 36.2
221 363 --
236 36.4
251 36.5

266 36.6 S10
281 36.6
296 36.7
311 36.8 --
326 36.9
341 37.0

356 37.1 S10
11 37.1
26 37.2
41 373 --
56 37.4
71 375

86 37.6 S10
101 37.6
116 37.7 10
131 378 9
146 37.9
161 38.0

18.2
17.3
16.4
15.5
14.6
13.6
127
11.8
10.9
10.0
09.1
08.2

07.3
06.4
05.4
04.5
03.6
02.7

01.8
00.9
00.0
59.0
58.1
57.2

$.D. 162 d 059

Determine the difference in time between the time of observation and

48"

INCREMENTS AND CORRECTIONS

49"

SUN
PLANETS|

ARIES

MOON

v
or Corrn!
d

[
or Corr®
d

v
or Corr®
d

49

SUN
PLANETS|

ARIES

v
MOON 7 Corrn|

v v
or Corr | or Corr
d d

12 000
12 003
12 005
12 008
12 01-0

12 013
12 015
12 018
12 02:0
12 023
12 02:5
12 028
12 030
12 033

12 035

12 02:0
12 022
12 025
12 027
12 030
12 032
12 035
12 037
12 04-0
12 042
12 045
12 047
12 050
12 052
12 055

1272
11274
11277
1279
11282

11 284
11 286
11 289
11291
11293

11 2%6
11 298
11301
11303
11 305

00 00
o1 01
02 02
03 02
04 03
05 04
06 05
07 06
08 06
04 07
10 08
11 09
12 10
13 11
14 11

&0 49
61 49
62 50
63 51
64 52

&5 53
66 53
67 54
68 55
69 56
70 57
M 57
72 58
73 59
74 60

120 97
129 98
122 %9
129 99
124 100

125 101
12+ 102
127 103
12 103
129 104

1340 105
139 106
132 107
133 108
134 108

00
01
02
03
04

05
06
07
08
)

10
11
12
13
1

12 150
12153
12 155
12 158
12 160

12 163
12 165
12 168
12170
12173
12175
12178
12 180
12183

12 185

12170
12173
12175
12178
12 180

12 183
12 185
12 188
12190
12193

12 195
12 198
12 200
12 203
12 205

11415 o0 00
11418 floa 0L
11420 || 02 02
11 422 |03 02
11425 |04 03

11427 floss 04
11432 |07 06

11434 flos 07
11437 | o9 07

11439 10 08
11441 12 09

11444 |12 10| 2

11446 fl 13 11
11449 fl14 12

60 50 1220 99
61 50 |121 100
63 52 1243 101
o4 53 |12 102

65 54 |12 103
11429 o6 05| s

-
b

70 58 130 107

2 51 [12:2 101

54 120 104
7 55 127 105
8 56 |12:8 106
9 57 [12:9 106

459 |13 108
132 109
3 60 | 133 110
@ 6l 134 101

v
M

Note the d value at the bottom of the daily page.

Enter the Increments and Corrections pages in the Nautical Almanac

and find the page for 48 minutes. On that page, find the “v or d Corr”
column, and locate the heading for a d value of 0.9. Note the correction

d value - 0.9.
Correction = 0.7’
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Step 5:  Apply the correction to the tabular GHA for whole hours. In this case
the correction is subtracted because the tabular values of declination
are decreasing with time (winter and spring in the northern
hemisphere).

Dec for 1500 UTC = S 10° 04.5’ (decreasing)
d Correction = 0.7’
Total Dec=10° 04.5' - 0.7=S10° 03.8’

Note - this value can be easily estimated with direct interpolation in
most cases as follows:
a) The declination value for 1500 UTC is S 10° 04.5’
b) The declination value for 1600 UTC is S 10° 03.6’, for a
difference of 0.9’ (same as the d value)
c) The time of observation is 15:48:13, or approximately 15.8
hours, for a difference of 0.8 hours.

) 0.8 hours __  x minutes
1.0 hoursx 0.9 minutes
e) 0.8 = —
0.9

f) x = 0.7’ =declination correction to be applied.

Calculating the Local Hour Angle (LHA) of Any Body

Local Hour Angle (LHA) defines the angle between the observer and a celestial body.
LHA ranges from 0° to 359° 59.9’.

In the western hemisphere, Local Hour Angle (LHA) is equal to Greenwich Hour
Angle (GHA) minus the observer’s longitude (or DR longitude).

In the eastern hemisphere, LHA is equal to GHA plus the observer’s longitude (or DR
longitude).

16
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The Cutterman’s Guide to Navigation Problems

Part One: Fuel Consumption and Engine Problems

Fuel consumption problems are useful when calculating voyage efficiency or for
logistics requirements.

There are two types of problems to solve. The first type of problem involves the
relationship between speed, distance, and available fuel. The second type of
problem involves the relationships between pitch, engine revolutions-per-minute,
and speed.

Equations

There are five equations used to deal with in these problems:

New Consumption _ New Speed3

1 =
( ) 0ld Consumption 0ld Speed3
(2) New Consumption _ New Speed? x New Distance
0ld Consumption T owd Speed? x 0ld Distance
. Engine Speed—Observed Speed
(3) Slip = x 100

Engine Speed

(4) Efficiency = 100% — Slip

RPM X 60 X Pitch X Ef ficiency
6080

(5) Speed =

19



Speed, Distance, and Fuel Problems

These problems can take several forms, but all ultimately come down to the
relationship between speed, distance and fuel. All problems use either equation (1)
or equation (2).

Problem 1-1 (CG-632). The following question is taken directly from the USCG test
bank and illustrates the use of equation (1).

While steaming 17.5 knots, your vessel consumes 378 barrels of fuel oil per day. In
order to reduce consumption to 194 barrels of fuel oil per day, what is the maximum
speed the vessel can turn for?

Answer: 14.01 knots. Use equation (1) to solve for the new speed required.

New Consumption New Speed3

Step 1: — =
0ld Consumption 0ld Speed3
3
Step 2. 194 barrels per day — New Speed
378 barrels per day (17.5kts)3
3
Step 3: 0.5132 = Yewspeed?
5359.4
Step 4: 2750.4 = New Speed?
Step 5: 14.01 kts = New Speed

Problem 1-2 (CG-809). The following question is taken directly from the USCG test
bank and illustrates the use of equation (2).

You have steamed 174 miles and consumed 18.0 tons of fuel. If you maintain the same
speed, how many tons of fuel will you consume while steaming 416 miles?

Answer: 43.03 tons. Use equation (2) to solve for the new consumption. Since the
speed is to remain the same, you can cancel the terms from the numerator and

denominator.

New Consumption __ New Speed? x New Distance

Step 1: — = .
0old Consumption 0ld Speed? x 0ld Distance
Step 2- New Consumption __ Irrelevant Speed? x 416 miles
p 2 18.0 tons per day " Irrelevant Speed? x 174 miles
Step 3: Cancel the speed terms from the numerator and denominator.

20



New Consumption __ 416 miles

Step 4:

18.0 tons per day " 174 miles

New Consumption

Step 5: = 2.3908

18.0 tons per day

Step 6: New Consumption = 43.03 tons per day

Pitch, RPM, and Speed Problems

These problems take many forms and sometimes require multiple equations to
solve a single problem. They rely on equations (3), (4), and (5).

Problem 1-3. The following question illustrates the use of equation (3).

While turning for 18.0 knots, accounting for current and wind, the ship is observed to
make good 17.3 knots. What is the apparent slip of the propeller?

Answer: +3.88%. The reason for multiplying the fractional value by 100 is to obtain
an answer in percent form, the standard form for slip calculations. Note that
positive slip and negative slip values can occur, and it is crucial to watch the sign in
later, more complex problems.

Engine Speed—Observed Speed

Step1: Slip = Engine Speed x 100
Step2:  Slip = % x 100
Step3:  Slip = 1°é70";:s x 100

Step4:  Slip = 0.0388 x 100

Step5: Slip= +3.88%
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Problem 1-4 (CG-566). The following question is taken directly from the USCG test
bank and illustrates the use of equations (3) and (5) together.

The propeller on a vessel has a diameter of 20.6 feet and a pitch of 23.4 feet. What
would be the apparent slip if the vessel cruised 538 miles in a 24-hour day (observed
distance) at an average RPM of 877

Answer: -11.59%. The propeller diameter is “distractor” information and
unnecessary for the calculation. The goal is to calculate slip, so the “efficiency”
portion of equation (5) is not required.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:

RPM X 60 X Pitch X Ef ficiency

Speed =
6080

87RPM X 60 X 23.4ft X Ef ficiency (irrelevant in this case

Speed = ( )
6080

122148
Speed =

6080

Speed = 20.09kts

This gives us our engine speed for the next calculation. In the
problem, the vessel cruised 538 miles in a 24-hour day. Therefore
from a basic speed=distance/time calculation, the observed speed is
22.42Kkts.

Engine Speed—Observed Speed

Sllp = Engine Speed X100
, 20.09kts—22.42kts

Slip = 20.09kts X100

Slip = ;ss;:ttj X 100

Slip = —0.1159 x 100

Slip = —11.59%
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Problem 1-5 (CG-146). The following question is taken directly from the USCG test

bank and illustrates the use of equations (4) and (5) together.

If the speed necessary for reaching port at a designated time is 18.5 knots and the
pitch of the propeller is 21.7 feet, how many revolutions per minute will the shaft have
to turn assuming a 4% negative slip?

Answer: 83.1 RPM.

Step 1:
Step 2:
Step 3:
Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Efficiency = 100% — Slip
Efficiency = 100% — (—4%)
Efficiency = 104%
Efficiency = 1.04

After calculating the efficiency, the next step is to use equation (5) to
calculate the required RPM of the shaft.

RPM X 60 X Pitch X Ef ficiency

Speed = 2080

185kt$ — RPM X 60 X 21.7ft X 1.04
6080

185kt$ — RPM % 1354.08

6080

112480 = RPM x 1354.08

Step 10: RPM = 83.067

The purpose of the “60” in equation (5) is to turn RPM into an hourly figure. If a
question gives a daily revolutions count, then the “60” is not required.
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Problem 1-6 (CG-127). The following question is taken directly from the USCG test
bank and illustrates the concept of daily revolutions.

If the pitch of the propeller is 19.7 feet and the revolutions per day are 86,178,
calculate the day’s run allowing 3% negative slip.

Answer 287.60 nautical miles.

Step 1:
Step 2:
Step 3:
Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:

Efficiency = 100% — Slip
Efficiency = 100% — (—3%)
Efficiency = 103%
Efficiency = 1.03

After calculating the efficiency, the next step is to use equation (5) to
calculate the required RPM of the shaft. Since the daily revolutions
are given, the “60” in equation (5) is not necessary, and instead of
“speed,” the answer will be given in “day’s run.”

RPM X 60 X Pitch X Ef ficiency
6080

Speed = Equation (5)

Revs X Pitch X Ef ficiency
6080

Modified equation (5) to - Day’'s Run =

86,178 X 19.7ft x 1.03
6080

Day's Run =

1,748,637.798

Day's Run =
6080

Day's Run = 287.60 miles
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Additional Problems and Answers

All of the following questions were taken directly from the 2013 USCG test bank and
illustrate the concepts in this Part. Note - not all problems have been worked and
are subject to occasional errors in the database. For more problems and answers,
see the USCG database of questions (database information located in the preface).

Problem CG-621. While steaming 13.5 knots, your vessel consumes 251 barrels of fuel
oil per day. In order to reduce consumption to 129 barrels of fuel oil per day, what is
the maximum speed the vessel can turn for?

a) 6.9 kts

b) 9.7 kts

c) 10.8 kts- correct
d) 12.7 kts

Problem CG-624. While steaming at 14.5 knots, your vessel consumes 319 barrels of
fuel oil per day. In order to reduce consumption to 217 barrels of fuel oil per day, what
is the maximum speed the vessel can turn for?

a) 9.8 kts

b) 11.9 kts

c) 12.8 kts- correct
d) 13.5kts

Problem CG-625. While steaming 15 knots, your vessel burns 326 bbls of fuel oil per
day. What will be the rate of fuel consumption if you decrease speed to 12.2 knots?

a) 175 bbls per day- correct
b) 215 bbls per day
c) 277 bbls per day
d) 300 bbls per day

Problem CG-812. You have steamed 201 miles and consumed 18.0 tons of fuel. If you
maintain the same speed, how many tons of fuel will you consume while steaming 482
miles?

a) 252 tons

b) 43.2 tons- correct
c) 52.6 tons

d) 103.5tons

Problem CG-817. You have steamed 300 miles and consumed 34 tons of fuel. If you

maintain the same speed, how many tons of fuel will you consume while steaming 700
miles?
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a) 79.3 tons- correct
b) 74.3 tons
c) 68.4 tons
d) 66.2 tons

Problem CG-820. You have steamed 449 miles at 19 knots and burning 476 barrels of
fuel per day. You must decrease your consumption to 185 barrels per day with 362
miles left in your voyage. What must you reduce your speed (kts) to in order to burn
this amount of fuel?

a) 13.2- correct
b) 14.3
c) 17.1
d) 182

Problem CG-826. You have steamed 525 miles at 16 knots and consumed 105 tons of
fuel If you have 308 tons of usable fuel remaining, how far can you steam at 19 knots?

a) 920 miles

b) 1092 miles- correct
c) 1297 miles

d) 2172 miles

Problem CG-827. You have steamed 540 miles at 22 knots and burning 618 barrels of
fuel oil per day. You must decrease your consumption to 372 barrels with 299 miles left
in your voyage. What must you reduce your speed (kts) to in order to burn this amount

of fuel?

a) 22.9- correct
b) 20.0
c) 19.1
d) 17.6

Problem CG-838. You have steamed 916 miles at 13 knots, and consumed 166 tons of
fuel. If you have to steam 1325 miles to complete the voyage, how many tons of fuel
will be consumed while steaming at 14 knots?

a) 133 tons
b) 181 tons
c) 207 tons
d) 278 tons- correct

Problem CG-902. Your vessel arrives in port with sufficient fuel to steam 726 miles at

16 knots. If you are unable to take on bunkers, at what speed must you proceed to
reach your next port, 873 miles distant?
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a) 14.6 kts- correct
b) 15.1 kts
c) 16.3 kts
d) 16.8 kts

Problem CG-912. Your vessel consumes 274 barrels of fuel per day at a speed of 17.5
knots. What will the fuel consumption be at 13.5 knots?

a) 126 bbls- correct
b) 163 bbls
c) 211 bbls
d) 253 bbls

Problem CG-90. At your current speed of 20 knots, you only have enough fuel
remaining to travel 218 miles. You must travel 395 miles to reach your destination.
What should you reduce your speed (knots) to in order to reach your destination?

a) 174
b) 16.2
c) 14.9- correct
d) 13.7

Problem CG-96. At your current speed of 23 knots, you only have enough fuel
remaining to steam 386 miles. You must travel 785 miles to reach your destination.
What should you reduce your speed (knots) to in order to reach your destination?

a) 19.3
b) 17.7
c) 16.1- correct
d) 14.5

Problem CG-635. While steaming at 19.5 knots, your vessel burns 297 bbls of fuel per
day. What will be the rate of fuel consumption if you decrease speed to 15 knots?

a) 135 bbls- correct
b) 176 bbls
c) 229 bbls
d) 243 bbls

Problem CG-798. You have steamed 1124 miles at 21 knots and consumed 326 tons of
fuel Ifyou have 210 tons of usable fuel remaining, how far can you steam at 17 knots?

a) 1096 miles
b) 1105 miles- correct
c) 1218 miles
d) 1304 miles
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Problem CG-126. If the pitch of the propeller is 19.4 feet, and the revolutions per day
are 96,713, calculate the day’s run allowing 6% positive slip.

a) 266.4 miles
b) 290.1 miles- correct
c) 308.6 miles
d) 327.1 miles

Problem CG-132. If the pitch of the propeller is 21.5 feet, and the revolutions per day
are 96,666, calculate the day’s run allowing 9% negative slip.

a) 311.1 miles
b) 341.8 miles
c) 357.9 miles
d) 372.6 miles- correct

Problem CG-136. If the pitch of the propeller is 25.1 feet, and the revolutions per day
are 91,591, calculate the day’s run allowing 7 % positive slip.

a) 351.6 miles- correct
b) 378.1 miles
c) 390.0 miles
d) 404.6 miles

Problem CG-139. If the speed necessary for reaching port at a designated time is 12.6
knots and the pitch of the propeller is 13.6 feet, how many revolutions per minute will
the shaft have to turn, assuming no slip?

a) 81
b) 85
c) 90
d) 94- correct

Problem CG-140. If the speed necessary for reaching port at a designated time is 15.7
knots and the pitch of the propeller is 23.4 feet, how many revolutions per minute will
the shaft have to turn, assuming a 6% negative slip?

a) 64- correct
b) 68
c) 72
d) 76

Problem CG-144. If the speed necessary for reaching port at a designated time is 17.8

knots and the pitch of the propeller is 24.7 feet, how many revolutions per minute will
the shaft have to turn, assuming a 7% positive slip?
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a) 67
b) 71
c) 75
d) 79- correct

Problem CG-150. If the speed necessary for reaching port at a designated time is 20.7
knots and the pitch of the propeller is 23.8 feet, how many revolutions per minute will
the shaft have to turn, assuming a 3% negative slip?

a) 74
b) 79
c) 86- correct
d) 98

Problem CG-562. The propeller of a vessel has a pitch of 19.0 feet. If the vessel traveled
183.5 miles (observed distance) in 24 hours at an average of 44 RPM, what was the
slip?

a) +7.4%- correct

b) -7.4%
c) +11.6%
d) -11.6%

Problem CG-565. The propeller on a vessel has a diameter of 20.2 feet and a pitch of
19.0 feet. What would be the apparent slip if the vessel cruised 367 miles (observed
distance) in a 24-hour day at an average RPM of 847

a) +2.9%- correct
b) -2.9%
c) +5.2%
d) -52%

Problem CG-561. The pitch of the propeller on your vessel is 19’ 09”. You estimate slip
to be -3%. If you averaged 82 RPM for the day’s run, how many miles did you steam?

a) 370.8
b) 373.6
c) 393.7
d) 395.3- correct

Problem CG-571. The propeller on a vessel has a diameter of 24.0 feet and a pitch of
21.3 feet. What would be the slip if the vessel cruised 510 miles in a 24 hour day
(observed distance) at an average RPM of 867

a) -12.2%
b) +12.2%
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c) -17.5%- correct
d) +17.5%

Problem CG-579. The speed of advance necessary to reach port at a designated time is
15.8 knots. The pitch of the propeller is 20.75 feet. You estimate positive 5% slip. How
many RPM must you turn to make the necessary speed?

a) 73.5
b) 76.2
c) 79.9
d) 81.2- correct

Problem CG-730. You are turning 100 RPM, with a propeller pitch of 25 feet, and an
estimated slip of -5%. What is the speed of advance?

a) 24.7 kts
b) 23.5 kts
c) 25.9 kts- correct
d) 22.3 kts

Problem CG-735. You are turning 82 RPM, with a propeller pitch of 23 feet, and an
estimated slip of +6%. What is the speed of advance?

a) 17.5 kts- correct
b) 17.9 kts
c) 184 kts
d) 19.7 kts

Problem CG-991. Your vessel’s propeller has a pitch of 22°06”. From 0530, 19 March, to
1930, 20 March, the average RPM was 82. The distance run by observation was 721.5
miles. What was the slip?

a) +4%
b) -4%- correct
c) +7%
d) -7%
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The Cutterman’s Guide to Navigation Problems

Part Two: Basic Stability Calculations

Stability is a huge topic, and this document does not attempt to cover the spectrum
of stability problems to be found in the pilothouse. These examples represent a
portion of those encountered by the watch officer when preparing for qualification
or licensure. Refer to standard nautical texts such as Ladage for further information.

Equations

The following equations are of use when making basic stability calculations:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)
(9)

Roll Period =T = 0'44\7&
GM
26M
Loll =tan (0) = B

Moment = KG X Weight

Total Moment

Total KG = ,
Total Weight

Weight X Distance

Shift =

Displacement

KB = 0.53 X Draft

Weight
Tons Per Inch Immersion

Parrallel Sinkage =

Waterplane
420

Tons Per Inch Immersion =

Waterplane = Length X Beam X Coef ficient
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Deck Loading and Weight Shift Problems

Problem 2-1 (CG-5094). The following example is taken directly from the USCG
test bank and illustrates how to determine the final center of gravity (CG) of a vessel
after loading.

Your vessel displaces 479 tons. The existing deck cargo has a center of gravity of 3.0
feet above the deck and weighs 16.0 tons. If you load 23.0 tons of anchor and anchor
chain with an estimated center of gravity of 9 inches above the deck, what is the final
height of the CG above the deck?

Answer: 1.67 feet. To determine the total CG of a load, divide the total moment of
the load by the total weight of the load.

Step 1:  Setup a table to categorize the known information.

Category Weight Height of CG Moment
Existing Cargo 16 tons 3 feet

Anchor and Chain | 23 tons 9 inches =.75 feet

Total

Step 2:  Determine the individual moments of the loads.

Category Weight Height of CG Moment

Existing Cargo 16 tons 3 feet 16x3 =48
Anchor and Chain 23 tons 9 inches = 0.75 feet | 23x0.75=17.25
Total

Step 3:  Determine the total weights and total moments of the loads.

Category Weight Height of CG Moment
Existing Cargo 16 tons 3 feet 16 x3 =48
Anchor and Chain 23 tons 9inches = 0.75 feet | 23x0.75=17.25
Total 39 tons 65.25

Step 4:  Divide the total moment by the total weight to determine the total
height of the CG.
65.25 + 39 = 1.673 feet.
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Problem 2-2 (CG-4827). The following example is taken directly from the USCG

test bank and illustrates how to determine the final center of gravity (CG) of a vessel

after loading.

You are on a supply run to an offshore drilling rig. On board is the listed cargo. What is

the height above the main deck of the center of gravity of the cargo?

1. 50 drums of cement - each drum weighs 400 pounds and is stowed on end. Each

drum is 28 inches in diameter and 32 inches high.

2. Crated piping and valves - 8 crates stowed 2 high. Each crate measures 8'H x 4'W x

6’L and weighs 640 pounds.

3. Stewards stores - 12 containers measuring 6’H x 6’'W x 6’L. Each container weighs
960 pounds. The center of gravity of each container is 30 inches above the deck.
4. 20 lengths of drilling casing - 16 inches in diameter by 30 feet long. Each length

weighs 1.72 long tons and is stowed in a single tier on deck.

Answer: 1.05 feet. To determine the total CG of a load, divide the total moment of

the load by the total weight of the load.

Step 1:  Organize the known information. Convert the given information to
consistent terms of measure, height, and weight. Note that 1 ton =

2240 pounds.

1. 50 drums of cement - each drum weighs 400 pounds and is

stowed on end. Each drum is 28 inches in diameter and 32 inches

high.
50 x 500 pounds = 20000 pounds = 8.93 tons

32” high and stored on end = 32” = 2 = 16” center of gravity

2. Crated piping and valves - 8 crates stowed 2 high. Each crate
measures 8'H x 4'W x 6’'L and weighs 640 pounds.

8 x 640 pounds =5120 pounds = 2.29 tons

2.5’ high and stored 2 high = 2.5’ center of gravity

3. Stewards stores - 12 containers measuring 6'H x 6’'W x 6’L. Each
container weighs 960 pounds. The center of gravity of each

container is 30 inches above the deck.
12 x 960 pounds = 11520 pounds = 5.14 tons
30” center of gravity (Given)

4. 20 lengths of drilling casing - 16 inches in diameter by 30 feet
long. Each length weighs 1.72 long tons and is stowed in a single

tier on deck.
20 x 1.72 tons = 34.3 tons
16 inch diameter = 8” center of gravity
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Step 2:  Setup a table to categorize the known information.

Category Weight Height of CG Moment
Cement 8.9 tons 16" = 1.33 feet

Piping and Valves | 2.29 tons 2.5 feet

Steward Stores 5.14 tons 30" = 2.5 feet

Drill Casing 34.3 tons 8” =0.67 feet

Total

Step 3:  Determine the individual moments of the loads.

Category Weight Height of CG Moment

Cement 8.9 tons 16” = 1.33 feet 8.9x1.33=11.84
Piping and Valves 2.29 tons 2.5 feet 2.29x2.5=5.73
Steward Stores 5.14 tons 30" = 2.5 feet 5.14x2.5=12.85
Drill Casing 34.3 tons 8” =10.67 feet 34.3x0.67=22.98
Total

Step4:  Determine the total weights and total moments of the loads.

Category Weight Height of CG Moment
Cement 8.9 tons 16” = 1.33 feet 11.84
Piping and Valves 2.29 tons 2.5 feet 5.73
Steward Stores 5.14 tons 30" = 2.5 feet 12.85
Drill Casing 34.3 tons 8” =10.67 feet 22.98
Total 50.63 tons 53.40

Step 5:  Divide the total moment by the total weight to determine the total
height of the CG.
53.40 = 50.63 = 1.05 feet



Problem 2-3 (CG-4982). The following example is taken directly from the USCG
test bank and illustrates how to solve weight shift problems.

You have approximately 16 tons of fish on deck. What will be the shift in the center of
gravity after you shift the fish to the fish hold, a vertical distance of 8 feet? (Total
displacement is 640 tons).

Answer: 0.2 feet.

Step 1:  Use the weight shift formula to solve for shift in the center of gravity.
Weight X Distance

Shift = 25
Displacement
. (16 tons)x (8 vertical feet
Shift = © feet)
640 tons displacement
. 128
Shift = —
640

Shift = 0.2 feet

Roll Period Problems

Problem 2-4 (CG-5172). The following example is taken directly from the USCG
test bank and illustrates how to solve roll period problems.

Your vessel measures 126 feet long by 21 feet in beam. If the natural rolling period at a
draft of 8 feet is 6 seconds, what is the GM?

Answer: 2.37 feet

Step 1:  Use the rolling period formula and the given information to solve for
GM.

Roll Period =T = 044 x Beam

VM
0.44 X (21 feet)

6 seconds = Tont

9.24
6= Tem

9.24
VGM = —

VGM = 1.54
GM = (1.54)2
GM = 2.37
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Problem 2-5 (CG-5123). The following example is taken directly from the USCG
test bank and illustrates how to solve roll period problems.

Your vessel has a displacement of 24,500 tons. It is 529 feet long and has a beam of 71
feet. You have timed your full charge rolling period to be 25.0 seconds. What is your
vessel’s approximate GM?

Answer: 1.56 feet. Much of the provided information is “distractor” information.

Step 1:  Use the rolling period formula and the given information to solve for

GM.
Roll Period =T = 0'44\7&
GM

0.44 x (71 feet)

25 seconds = 7
GM

25 — 31.24

VGM = 1.25
GM = (1.25)2
GM = 1.56

Draft, Loading, and Immersion Problems

Problem 2-6 (CG-25). The following example is taken directly from the USCG test
bank and illustrates how to solve tons-per-inch immersion problems.

A bulk freighter 680 feet in length, 60-foot beam, with a waterplane coefficient of 0.84
is floating in salt water at a draft of 21 feet. How many long tons would it take to
increase the mean draft by 1 inch?

Answer: 81.6 tons.

Step 1:  Use the waterplane formula to calculate the waterplane.
Waterplane = Length X Beam X Coef ficient
Waterplane = 680 feet X 60 feet X 0.84
Waterplane = 34272

Step 2:  Use the tons-per-inch immersion formula to calculate the TPI.
Waterplane

420
34272

420
Tons Per Inch Immersion = 81.6 tons

Tons Per Inch Immersion =

Tons Per Inch Immersion =
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Problem 2-7 (CG-475). The following example is taken directly from the USCG test

bank and illustrates how to solve draft problems given tons-per-inch immersion.

A vessel’s mean draft is 29’ 07", At this draft the TPl is 152. The mean draft after
loading 1360 tons will be ?

Answer: 30’ 03.5”.

Step 1:

Step 2:

Use the parallel sinkage formula to calculate parallel sinkage.
Weight

Parallel Sinkage = ,
17;()6165tPer Inch Immersion

. ons

Parallel Sinkage = oy

Parallel Sinkage = 8.947”

Use parallel sinkage to determine the new mean draft.

0Old Mean Draft = 29’ 07”

Sinkage = 8.947"

New Mean Draft = 29’ 07" + 8.497” = 29’ 15.497” = 30’ 3.5”
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Additional Problems and Answers

All of the following questions were taken directly from the 2013 USCG test bank and
illustrate the concepts in this Part. Note - not all problems have been worked and
are subject to occasional errors in the database. For more problems and answers,
see the USCG database of questions (database information located in the preface).

Problem CG-5092. Your vessel displaces 475 tons. The existing deck cargo has a center
of gravity of 2.6 feet above the deck and weighs 22 tons. If you load 16 tons of ground
tackle with an estimated center of gravity of 8 inches above the deck, what is the final
height of the CG of the deck cargo?

a) 1.64 feet
b) 1.79 feet- correct
c) 1.96 feet
d) 2.14 feet

Problem CG-5097. Your vessel displaces 560 tons. The existing deck cargo has a center
of gravity of 4.5 feet above the deck and weighs 34 tons. If you load 10 tons of ground
tackle with an estimated center of gravity of 2.8 feet above the deck, what is the final
height of the CG of the deck cargo?

a) 4.11 feet
b) 4.36 feet
c) 4.57 feet
d) 4.78 feet

Problem CG-4823. You are on a supply run to an offshore drilling rig. On board is the
cargo listed. What is the height above the main deck of the center of gravity of the
cargo?

L Fifty drums of cement. Each drum weighs 600 pounds and is stowed on end. Each
drum measures 28 inches in diameter and is 32 inches high.

II. Two reels of 1 inch diameter wire rope. Each reel contains 3000 linear feet of wire
weighing 1.55 pounds per linear foot. The tare weight of each reel is 450 pounds. The
reels are stowed on the flat and are 36 inches high.

111. Twelve pallets of general supplies. Each pallet measures 8'L x 4'W x 3'H. The pallets
are stowed singly and weigh 580 pounds each.

IV. Twelve crates of machine parts and pipe fittings. Each weighs 880 pounds. Each
crate measures 8'L x 3'W x 4'H and is stowed singly.

a) 1.50 feet- correct
b) 1.96 feet
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c) 2.21 feet
d) 2.78 feet

Problem CG-4824. You are on a supply run to an offshore drilling rig. On board is the
cargo listed. What is the height above the main deck of the center of gravity of the
cargo?

L. Two reels of hoisting wire. Each reel is 8 feet in circumference, 4 feet wide and has
3000 feet of wire. Both reels are stowed on the flat. Wire weighs 1.55 pounds per linear
foot. The tare weight of each reel is 500 pounds.

1. Eight pallets of case goods stowed singly. Each pallet is 8'L x 4'W x 4'H and weighs 1
long ton.

II1. Twelve steel containers of cement. Each container weighs 1 1/2 tons. Each
container is 8'L x 4'W x 4'H. The containers are stowed singly fore and aft.

IV. Ten crates of steward’s stores. Each crate measures 4'L x 4'W 3'H and weighs 420
pounds. Each crate is stowed on deck.

a) 1.76 feet
b) 1.97 feet- correct
c) 2.21 feet
d) 2.32 feet

Problem CG-4826. You are on a supply run to an offshore drilling rig. On board is the
cargo listed. What is the height above the main deck of the center of gravity of the
cargo?

L Fifty lengths of drill casing - stowed in a block 8 feet high. Each pipe weighs 326 Ibs.

II. Ten crates of valves - stowed 2 high. Each crate is 36" L x 30" W x 15" H and weighs
1020 Ibs.

II1. Fourteen containers of dry stores - stowed 2 high. Each container weighs 2 long
tons and measures 6'L x 6'W x 6'H.

IV. Four anchors - on deck. The center of gravity of each anchor is 9" from the deck and
each weighs 6120 Ibs.

a) 3.6 feet
b) 4.2 feet- correct
c) 4.4 feet
d) 4.9 feet
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Problem CG-4981. You have approximately 15 tons of fish on deck. What will be the
shift in the center of gravity after you shift the fish to the fish hold, a vertical distance
of 8 feet (total displacement 300 tons)?

a) 0.1 foot
b) 0.2 foot
c) 0.3 foot
d) 0.4 foot- correct

Problem CG-4987. You have approximately 60 tons of fish on deck. What will be the
shift in the center of gravity after you shift the fish to the fish hold, a vertical distance
of 7 feet (total displacement 960 tons)?

a) 0.6 foot
b) 0.5 foot- correct
c) 0.4 foot
d) 0.3 foot

Problem CG-5168. Your vessel measures 114 feet long by 16 feet in beam. If the natural
rolling period at a draft of 5 05” is 6 seconds, what is the GM?

a) 1.38 feet- correct
b) 1.53 feet
c) 1.76 feet
d) 1.98 feet

Problem CG-5173. Your vessel measures 127 feet long by 17 feet in beam. If the natural
rolling period at a draft of 7 10” is 5 seconds, what is the GM?

a) 1.96 feet
b) 2.24 feet- correct
c) 2.45 feet
d) 2.68 feet

Problem CG-5175. Your vessel measures 131 feet long by 20 feet in beam. If the natural
rolling period at a draft of 8’ 03" is 6 seconds, what is the GM?

a) 1.26 feet
b) 1.74 feet
c) 1.93 feet
d) 2.15 feet- correct

Problem CG-4834. You are on a vessel that has a metacentric height of 1.0 foot and a
beam of 40 feet. What can you expect the rolling period of the vessel to be?

a) 15.2 seconds

40



b) 15.9 seconds
c) 17.0 seconds
d) 17.6 seconds- correct

Problem CG-5122. Your vessel has a displacement of 19,800 tons. It is 464 feet long and
has a beam of 64 feet. You have timed its rolling period to be 21.0 seconds in still
water. What is your vessel’s approximate GM?

a) 1.1 feet
b) 1.3 feet
c) 1.6 feet
d) 1.8 feet- correct

Problem CG-5249. Your vessel has a beam of 40 feet and you observe a still water
rolling period of 20 seconds. What is the vessel’s metacentric height?

a) 0.3 feet
b) 0.5 feet
c) 0.8 feet- correct
d) 1.1 feet

Problem CG-24. A bulk freighter 580 feet in length, 60 feet in beam with a waterplane
coefficient of 0.84 is floating in salt water at a draft of 21 feet. How many long tons
would it take to increase the mean draft 1”7

a) 65.1
b) 69.6- correct
c) 74.3
d) 76.8

Problem CG-5124. Your vessel has a forward draft of 26’ 11” and an after draft of 29’
07”. How many tons of cargo can be loaded before the vessel reaches a mean draft of
28’ 06" if the TPl is 69?

a) 204 tons
b) 207 tons- correct
c) 210 tons
d) 213 tons

41



42



The Cutterman’s Guide to Navigation Problems

Part Three: Chronometer and ETA Problems

This part describes how to correct a chronometer or watch for known error, and
how to conduct time-tick corrections. Additionally it solves estimated time of
arrival (ETA) problems for trans-oceanic voyages.

Chronometer Correction Problems

After observing a celestial body, one must first account for any error in the
timepiece used when noting the time of observation. This is critical for all celestial
navigation problems, and typically is given as a factor in navigation problems to
increase complexity.

Problem 3-1. The following example illustrates the practice of correcting a
chronometer for known error.

According to your watch, you make an observation of the planet Venus at 15:43:30
Greenwich Mean Time. Your watch is known to be 1 minute and 20 seconds fast. At
what time did you actually observe Venus?
Answer: 15:42:10 GMT. In order to correct for a known error, simply add or
subtract the error, as appropriate, to the watch time to obtain the actual observed
time.

Step1:  Watch Time: 15:43:30 GMT

Step 2:  Known Error: 00:01:20 (Fast)

Step 3:  Calculation: 15:43:30 - 00:01:20 = 15:42:10 GMT

Time-Tick Problems

The procedure for translating the various sounds heard during radio time tick
broadcasts is described well in Bowditch but is largely irrelevant for calculation
purposes.

Problem 3-2 (CG-725). The following question is taken directly from the USCG test
bank and illustrates how to solve time-tick problems.

You are taking a time-tick using the 2000 signal from Kauai, Hawaii (WWVH). You
hear a series of 1-second dashes followed by a 9-second silent period, then a long 1.3
second dash. At the beginning of the long dash, your comparing watch reads 08h 00m
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49s. When compared to the chronometer, the comparing watch reads 08h 01m 33s,
and the chronometer reads 08h 00m 56s. What is the chronometer error?

Answer: Om 12s fast. The portions regarding various sounds and lengths of time are
distractor information. Note that the chronometer uses 12 hour clock (am and pm),
versus the typical 24 hour clock; it is best to immediately correct all times to the 24
hour system to avoid error.

Step 1:  Signal time: 20:00:00

Step 2:  Comparing watch time at signal: 08:00:49 pm, or 20:00:49

Step 3:  Calculate comparing watch error: 20:00:00 - 20:00:49 = 00:00:49 fast.

Step4:  Comparing watch (time 2): 20:01:33

Step5:  Corrected comparing watch (time 2): 20:01:33 - 00:00:49 = 20:00:44

Step 6:  Chronometer (time 2): 20:00:56

Step 7:  Chronometer error calculation: 20:00:44 - 08:00:56 = 00:00:12 fast

Problem 3-3 (CG-389). The following question is taken directly from the USCG test
bank and illustrates how to solve time-tick problems for chronometer rate.

On 23 July you take a time tick using the 0900 GMT Capetown broadcast. You hear a
repeating series of 59 dots followed by a dash. At the beginning of the fifth dash you
start your stopwatch. The chronometer reads 08h 39m 16s at the time the stopwatch
reads 01m 42s. The chronometer error at 0900 GMT on 22 July was 22m 24s. What is
the chronometer rate?
Answer: Losing 00m 02s daily. The portions regarding various sounds and lengths
of time are distractor information. Note that the chronometer has “lost” two seconds
from the previous day, so the chronometer’s rate is “losing.” The opposite case
would be “gaining.”

Step 1:  Signal time: 09:00:00

Step 2:  Stopwatch at time of signal: 00:00:00.

Step 3:  Stopwatch elapsed time: 00:01:42.

Step 4:  Chronometer time after elapsed time: 08:39:16.

Step5:  Chronometer time at time of signal: 08:39:16 - 00:01:42 = 08:37:34.
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Step 6:  Chronometer error: 09:00:00 - 08:37:34 = 00:22:26.

Step7:  Chronometer error on 22 July: 00:22:24 (Given).
Chronometer error on 23 July: 00:22:26.
Difference/Rate = 00:22:24 - 00:22:26 = - 00:00:02 (losing)

Long Distance ETA Problems

Calculating ETA is simply a problem of accurate timekeeping, chronometer
corrections (if necessary), and management of time zones, longitude, and daylight
savings time (if applicable).

Problem 3-4 (CG-43). The following question is taken directly from the USCG test
bank and illustrates how to solve long distance ETA problems.

At 0600 zone time, on October 22, you depart Manila, latitude 14° 35.0° N, longitude
120°58.0’E (ZD -8). You are bound for Los Angeles, latitude 33° 46.0° N, longitude
118°11.0° W. You estimate your speed of advance to be 20.2 knots. The distance is
6385.9 miles. What is your estimated zone time of arrival in Los Angeles?

Answer: 1805, 3 November.

Step 1:  Calculate the total time steaming:
6385.9 nm =+ 20.2 knots = 316.13 hours.

Step 2:  Convert the total time steaming into days and hours.
316.13 hours = 13.17 days = 13 days, 4 hours, 5 minutes.

Step 3:  Convert departure times to GMT.
0600 ZT (-8); 22 October = 2200 GMT; 21 October.

Step 4:  Add transit time to converted departure time.
2200 GMT; 21 October + 13 days, 4 hours, 5 minutes
= 0205 GMT; 4 November

Step 5:  Determine the arrival zone descriptor and account for daylight
savings time (not necessary in this case).
Arrival longitude = 118°11.0° W= 118.183°
118.183°+15=7.87=-87ZD

Step 6:  Correct GMT arrival time to local time zone. It is easy and advisable to
“backwards check” your work to ensure a correct answer.
0205 GMT; 4 November = 1805 ZT; 3 November

45



Problem 3-5 (CG-654). The following question is taken directly from the USCG test

bank and illustrates how to solve long distance ETA problems.

You are on a voyage from St. John’s Canada, to Galveston, Texas. The distance is 2280
miles, and the speed of advance is 15.0 knots. You estimate 16.5 hours for bunkering en
route at Ft. Lauderdale, Florida. If you sailed at 1642 hours (ZD +4) 27 February, what
was your ETA (ZD +6) at Galveston?

Answer: 1512, 6 March. There are many ways to account for the bunkering delay,
generally “delaying the departure” is an easy way to keep track of all times.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Calculate the total time steaming:
2280 nm =+ 15 knots = 152 hours.

Convert the total time steaming into days and hours.
152 hours = 6.33 days = 6 days, 8 hours.

Convert departure time into GMT and account for “departure delay.”
1642 7T (+4), 27 February = 2042 GMT, 27 February

16:30 hour delay for bunkering en route.
2042 + 1630 =36:72=12:72 + 1 day = 13:12 GMT, 28 February
Modified departure time = 1312 GMT, 28 February

Add transit time to converted departure time.
1312 GMT, 28 February + 6 days, 8 hours
=2112 GMT, 6 March

Convert GMT arrival time into zone time (given as +6).
2112 GMT, 6 March = 1512, 6 March ZT (+6).
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Additional Problems and Answers

All of the following questions labeled “CG” were taken directly from the 2013 USCG
test bank and illustrate the concepts in this Part. Note - not all problems have been
worked and are subject to occasional errors in the database. For more problems and
answers, see the USCG database of questions (database information located in the
preface).

Problem 3-X1. According to your watch, you make an observation of the sun at
11:27:35 Greenwich Mean Time. Your watch is known to be 2 minutes and 44 seconds
fast. At what time did you actually observe the Sun?

a) 11:24:51- correct
b) 11:29:51
c) 11:30:19

Problem 3-X2. According to your watch, you make an observation of the moon at
23:37:12 Greenwich Mean Time. Your watch is known to be 47 seconds slow. At what
time did you actually observe the moon?

a) 23:36:25
b) 23:27:59- correct
c) 23:28:25

Problem CG-205. On 12 November, you are taking a time tick using the 1600 GMT BBC
broadcast. You hear five pulses followed by a longer pulse. At the start of the longer
pulse, you start a stopwatch. You stop the stopwatch at the same time reading the
chronometer, with the following results: stopwatch 03m 19s, chronometer 15h 59m
46s. What is the chronometer error?

a) 01m 14sslow
b) 03m 19s fast
c¢) 03m 33s slow- correct
d) 06m 54s slow

Problem CG-729. You are taking a time tick using the 2100 signal from Callao, Peru.
You hear a series of 1-second dashes followed by a 9 second silent period, then a long
1.3 second dash. At the beginning of the long dash, your comparing watch reads 09h
00m 10s. When compared to the chronometer, the watch reads 09h 01m 20s, and the
chronometer reads 08h 59m 22s. What is the chronometer error?

a) 1m 48 slow- correct
b) 0Om 38s slow

c) 1m 10s fast

d) Om 10s fast

47



Problem CG-723. You are taking a time tick using the 1930 signal from Rio de Janeiro,
Brazil. You hear the preparatory signal CQ DE PPE repeated several times followed by
a short dash (0.4 sec), 60 dots (0.1 sec each), and another short dash. At the beginning
of the last dash, the comparing watch reads 07h 30m 08s. When compared to the
chronometer, the watch reads 07h 31m 48s, and the chronometer reads 07h 32m 16s.
What is the chronometer error?

a) Om 28s slow
b) 1m 40s slow
c) 0m 08s fast
d) Om 36s fast- correct

Problem CG-720. You are taking a time tick using the 1400 signal from Buenos Aires,
Argentina. You hear a 0.4 second dash followed by a series of dots noting that the 29t
dot and the 56t to 59t dots are omitted. At the start of the following 0.4 second dash
(which is followed by an 8 second pulse), the comparing watch reads 01h 59m 57s.
When compared to the chronometer, the watch reads 02h 00m 38s, and the
chronometer reads 02h 01m 33s. What is the chronometer error?

a) Om 03s slow
b) Om 41s slow
c) Om 52s fast- correct
d) 1m 36s fast

Problem CG-724. You are taking a time tick using the 2000 signal from Kekaha-Kaui,
Hawaii (WWVH). You hear a series of 1 second dashes followed by a 9 second silent
period, then a long 1.3 second dash. At the beginning of the long dash, your comparing
watch reads 07h 59m 54s. When compared to the chronometer, the comparing watch
reads 08h 00m 00s, and the chronometer reads 08h 00m 06s. What is the chronometer
error?

a) Om 06s slow

b) 0m 06 fast

c) Om 12s fast

d) no error- correct

Problem CG-41. At 0530 zone time on 20 December, you depart Cape Town (ZD -1).
You are bound for New York (ZD +5) and you estimate your speed of advance at 25

knots. The distance is 6,762 miles. What is your estimated zone time of arrival in New
York?

a) 1200, 31 December
b) 1100, 31 December
c) 0700, 31 December
d) 0600, 31 December- correct
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Problem CG-644. You are on a voyage from Baltimore, MD, to Seattle, WA. The distance
from pilot to pilot is 5960 miles. The speed of advance is 16.0 knots. You estimate 16
hours for bunkering at Colon, and 12 hours for the Panama Canal transit. If you take
departure at 0824 hours (ZD +5), 18 November, what is your ETA to Seattle (ZD +8)?

a) 1654, 5 December
b) 1354, 5 December
c) 2154, 4 December- correct
d) 1354, 4 December

Problem CG-917. Your vessel departs Yokohama from position latitude 35°27.0° N,
longitude 139° 39.0’E (ZD -9) at 1330 ZT on 23 July. You are bound for Seattle at
position latitude 47° 36.0° N, longitude 122°22.0’ W (ZD -8). The distance by great
circle is 4,245 miles and you estimate that you will average 13.6 knots. What is your
estimated ZT of arrival?

a) 0438, 4 August
b) 2038, 4 August- correct
c) 0438, 5 August
d) 1238, 5 August

Problem CG-337. On 21 November, you depart latitude 32° 12’ N, longitude 69° 26" W
en route to position latitude 12° 05’ N, longitude 7° 32’ W. The distance is 3,519 miles
and the average speed will be 12.5 knots. What is the zone time of arrival?

a) 1330, 3 December
b) 1530, 3 December
c) 1830, 3 December- correct
d) 1530, 4 December

Problem CG-50. At 0915 zone time on 7 April, you depart San Francisco, latitude 37°
48.5" N, longitude 122° 24.0’ W (ZD -8). You are bound for Kobe, latitude 34°40.0’ N,
longitude 135° 12.0’ E. You estimate your speed of advance to be 17 knots. The
distance is 4,819 miles. What is your estimated zone time of arrival at Kobe?

a) 0343, 18 April
b) 1243, 19 April
c) 2143, 19 April- correct
d) 0443, 20 April
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The Cutterman’s Guide to Navigation Problems

Part Four: Gnomonic Chart Problems

Gnomonic charts are used for ocean voyage
planning and are oblique representations of
the Earth’s surface, with only one point of
tangency.

Typically, waypoints are transferred from
the gnomonic chart to the Mercator chart
before a voyage. However, gnomonic charts
are also useful for general decision making
prior to a voyage. They provide a quick

reference guide to trans-oceanic voyages.

Chart WOCZX-5274 - provided in the USCG testing room
or available for purchase online.

Gnomic Chart Problems

Problem 4-1 (CG-664). The following question is taken directly from the USCG test
bank and illustrates how to solve qualitative gnomonic chart problems.

You are planning a voyage by great circle from latitude 38° 00’ N, longitude 73° 00° W
to latitude 49° 00’ N, longitude 06° 00" W. Which of the following statements are true?
Use Gnomonic tracking chart WOXZC 5274).

Answer: The shoals with a 25-mile radius around Sable Island will be a hazard.

Step 1:  Plot the origin and arrival positions on the tracking chart and draw
the trackline.

Step 2:  Read each answer option carefully to eliminate all but the correct
answer.

a. You will pass to the south of icebergs reported extending to 100 miles
south of Cape Race, Newfoundland. (Incorrect - You will pass through

the iceberg area)

b. The shoals with a 25 mile radius around Sable Island will be a
hazard. (Correct — The track passes within the shoal area)
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C.

You will reach the maximum northerly latitude at longitude 29° 45’ W.
(Incorrect - The maximum northerly latitude will be significantly
further north than the stated position.)

The distance is measured in 60-mile segments using the length of a
degree of latitude at the vertex. (Incorrect - Gnomonic charts are not
used in this way.)

Problem 4-2 (CG-666). The following question is taken directly from the USCG test

bank and illustrates how to solve qualitative gnomonic chart problems.

You are planning a voyage by great circle from Reykjavik (latitude 63° 30’ N, longitude
24° 00" W) to the Azores (latitude 39° 30’ N, longitude 29° 00’ W). Which of the
following statements are true? Use Gnomonic tracking chart WOXZC 5274).

Answer: The great circle track is not appreciably shorter than a rhumb line track.

Step 1:

Step 2:

Plot the origin and arrival positions on the tracking chart and draw
the trackline.

Read each answer option carefully to eliminate all but the correct
answer.

The distance is measured in sixty-mile segments based on the length
of a degree of latitude at the mid-latitude and mid-longitude positions.
(Incorrect - Gnomonic charts are not used in this way.)

The northern hemisphere vertex lies south of Reykjavik. (Incorrect -
The course is virtually North/South, so the vertexes would be near the
poles.)

The great circle track is not appreciably shorter than a rhumb
line track. (Correct - The course is virtually North/South, yielding no
significant savings by great circle.)

When plotted on a Mercator chart, the great circle track will be convex

to the British Isles. (Incorrect - The course would be concave to the
British Isles.)
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Additional Problems and Answers

All of the following questions labeled “CG” were taken directly from the 2013 USCG
test bank and illustrate the concepts in this Part. Note - not all problems have been
worked and are subject to occasional errors in the database. For more problems and
answers, see the USCG database of questions (database information located in the
preface).

Problem CG-1. A great circle track would be most advantageous when compared to the
rhumb line track on which route? (Use gnomonic tracking chart WOXZC 5274).

a) Cayenne (4°40’°N, 52° 15" W) to Sao Tome (0° 00’, 6° 45’ E)
b) Palm Beach, FL to the English Channel- correct

c) Natal, Brazil, to Reykjavik, Iceland

d) Recife, Brazil, to Monrovia

Problem CG-545. On which voyage would a great circle track be significantly shorter
than a rhumb line track? (Use gnomonic tracking chart WOXZC 5274).

a) Savannah, GA to Lisbon, Portugal- correct

b) Dublin, Ireland (Irish Sea) to La Coruna, Spain (latitude 43° 22’ N, longitude 8°
24'W)

c) Reykjavik, Iceland to Lisbon, Portugal

d) Boston to Sable Island

Problem CG-546. On which voyage would a great circle track provide a significant
savings in distance to steam, when compared to a rhumb line track? (Use gnomonic
tracking chart WOXZC 5270).

a) Valdez, AK to the Marquesas Islands (latitude 8° S, longitude 140° W)

b) San Francisco to Kodiak, AK

c) Christmas Island (latitude 2° N, longitude 157° 30’ W) to Singapore via latitude
3°N, longitude 126° E

d) Guam (latitude 14° N, longitude 145° E) to Seattle via latitude 47° 30’ N,
longitude 125° 20° W- correct

Problem CG-541. On a voyage via the southern tip of Nova Scotia (latitude 43° 20’ N,
longitude 65° 35" W), you wish to sail the shortest route to La Coruna, Spain (latitude
43°20’° N, longitude 8° 24’ W). Which of the following will require you to plot a
composite sailing? (Use gnomonic tracking chart WOXZC 5274).

a) Shoals extending 15 miles from Sable Island

b) Sea ice reported 68 miles ESE of St. John’s, Newfoundland

c) Icebergs reported extending west to west-northwest from latitude 47° N,
longitude 35° W- correct
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d) Naval exercises using live ammunition being conducted with a 150 mile radiues
of latitude 49° N, longitude 20° W

Problem CG-593. Using gnomonic tracking chart WOXZC 5270, determine which of the
following statements about a voyage from San Francisco to San Bernardino Strait
(latitude 13° N, longitude 125° 30’ E) is true.

a) A composite sailing should be used to avoid the Bonin Islands.

b) Distance is measured using the length of a degree of longitude at the point of
tangency.

c) You will cross the Northern Hemisphere vertex at the approximate longitude of
159° W- correct

d) The entire track line is west of the Northern Hemisphere vertex.

Problem CG-594. Using gnomonic tracking chart WOXZC 5270, determine which of the
following statements about a voyage from Valdez, AK to Hilo, HI is true.

a) Agreat circle track is not significantly shorter than a rhumb line track- correct

b) You will cross the Northern Hemisphere vertex where the track line crosses
latitude 45° N.

c) Distance is measured using the length of a degree of longitude at the mid-
latitude line.

d) When plotted on a Mercator chart, the track line will be convex to San
Francisco.

Problem CG-656. You are on a voyage via position latitude 44° N, longitude 150° E to
latitude 46° 15° N, longitude 124° W. Using gnomonic tracking chart WOXZC 5270,
determine which statement is true.

a) A composite sailing with a limiting latitude of 51° N will clear the Aleutian
Islands- correct

b) The northern hemisphere vertex is east of the arrival position.

c) The Aleutian Islands are not a navigational hazard on the direct great circle
track.

d) The final course angle lies in the northeast quadrant.

Problem CG-667. You are planning a voyage by great circle from the mouth of the
Delaware River (latitude 38° 40’ N, longitude 75° W to Lisbon, Portugal. Which
statement is true? (Use gnomonic tracking chart WOXZC 5274).

a) You will reach the northernmost latitude of the voyage in the vicinity of
longitude 42° 30’ W- correct

b) The Northern Hemisphere vertex lies to the east of Lisbon.

c) You must plot a composite sailing to remain south of icebergs reported north of
44°N.
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d) The distance is measured in 60-mile segments using the length of the degree of
latitude crossed by the track line.

Problem CG-672. You are planning a voyage from Jacksonville, FL to the Strait of
Gibraltar. Using chart WOXZC 5274, determine which statement is true.

a) All of the courses lie in the northeast quadrant of the compass.
b) You will be east of the Northern Hemisphere vertex during the entire voyage.

c) The great circle track approximates a rhumb line track because there is little
difference in the latitudes.

d) None of the above are true- correct.
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The Cutterman’s Guide to Navigation Problems

Part Five: Great Circle and Sailings Problems

When planning a voyage of significant distance, the curvature of the earth must be
accounted for. Additionally, great circle techniques allow a navigator to accurately
dead-reckon to a location/time many hours in the future.

The ability to dead-reckon via mid-latitude or parallel sailing to a later location is
critical to solving more complex problems such as time of phenomenon or celestial
sight problems in later Parts of this text.

Definitions

Lat or L - Latitude.
L1 - the latitude of the point of departure.
L2 - the latitude of the destination.
Lm - the middle latitude ((L1 + L2) / 2)
Lv - the latitude of the vertex point (the point at the “peak” of the trackline).
Lx - the latitude of any point along the trackline.

DLat or I - the difference between two given latitudes.

m - Meridional parts. The actual length of an arc from the equator to a given
latitude, given along a longitude/meridian line. Table 6 in Bowditch provides
meridional parts.

m1 - the meridional parts of the point of departure.

mZ2 - the meridional parts of the destination.

A or Long - Longitude.
Long1 - the longitude of the point of departure.
Long2 - the longitude of the destination.
AV - the longitude of the vertex point (the point at the “peak” of the track).
A X - the longitude of any point along a trackline.

DLo - the difference in two longitudes.

p or Dep - Departure. The distance between two meridians at any given parallel of
latitude.

Cor Cn - Course angle. A course measured from 000° clockwise or anti-clockwise
through 180° labeled with prefix and suffix directions to clarify the intended course.
For example, a traditional course of 120° T would be expressed as a course angle of
E120°N, while a traditional course of 330° T would be expressed as a course angle of
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W30°N. Further discussion can be found in the Preface to this text, and even more
can is available in Bowditch (in the glossary or in “The Sailings.”)

Dist or D - Distance.

Trigonometric Identities and Inverse Functions
These formulae are also located in Bowditch, which is found on the bridge of most
ocean-going vessels. Additionally, these formulae are provided via “Bowditch

Volume I1,” which is located in the testing center for merchant mariner exams.

Trigonometric Identities:

in @ ! tan @ = . 0= 1
SIne = csco any = cotd secv = cos @
6 1 0= ! to =
cose = secl ey = sin @ cory = tan 6

Inverse Trigonometric Functions. Often, equivalent identities are expressed
differently in different texts. Also, sometimes it is necessary to perform algebraic
tasks on given formulae to solve for your desired value, necessitating inverse trig
functions. As a refresher, all of the following are equivalent:

sinf = x
0 = arcsinx
6 = sin"lx

The Sailings Formulae

Note that the below formulae are re-created from Bowditch (available in merchant
mariner test centers or vessel’s bridges). They generally do not need to be
memorized. Although listed under certain categories (e.g. “plane sailing” or
“Mercator sailing”), they are often interchangeable, depending on the type of
problem to be solved.

The Plane Sailing Formulae:

1
COSCZB l=D cosC
. ~_ P D =1secC
smC—D

p p=D sinC
tanC=T
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The Parallel Sailing Formulae:

DLo =p secl —or— DlLo - P
cos !
p = DLo cosL
The Mid-Latitude Sailing Formulae:
p
DLo =p secLm —or— DLo =
cosLm

p = DLo cosLm

The Mercator Sailing Formulae:

DLo
tanC = —
m

DLo =m tanC

The Great Circle Distance and Course Angle Formulae:

D = cos™!((sin L1)(sin L2) + (cos L1)( cos L2)(cos DLo))

sinDLo
((cos L1)(tan L2)) — ((sin L1)(cos DLo)))

C = tan™1(

The Vertex Calculation Formulae:

Lv = cos™!((cos L1)(sin C))

cosC
DLo(v) = sin™! ( _ )
sin Lv

Dv = sin~!((cos L1)(sin DLo(v))
Lx = tan~1((cos DLo(vx))(tan Lv))
Lx = sin~!((sin Lv)(cos Dvx))

DLo(vx) = sin‘l(%
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Course Angle Notation

Problem 5-1 (CG-452). The following question is taken directly from the USCG test
bank and illustrates the concept of course angle.

From latitude 7° 12’ N, longitude 80° 00’W to a position at latitude 47° 12’ S, longitude
169° 18’ E, the initial great circle course angle is 137.25°. How would you name this
course?

Answer: N 137.25° W. From Bowditch (glossary): “Course angle is the course
measured from 0° at the reference direction clockwise or counter-clockwise
through 90° or 180° It is labeled with the reference direction as a prefix and the
direction of measurement from the reference direction as a suffix.”

In this example, the vessel is proceeding from a point in the northern and western
hemisphere (near the Panama Canal) to a point in the southern and eastern
hemisphere. The course angle is given as 137.25°.

Since the reference hemisphere is north, the reference direction is north (000°).
Since the vessel is heading southwest from the departure point to the arrival point,
the course is measured “west of north” by the given 137.25°. The correct notation
is therefore N 137.25° W. In standard notation (not asked for in this problem), the
course would be 360° - 137.25° = 222.75° True.

Mid-Latitude Sailing Problems

Problem 5-2 (CG-7). The following question is taken directly from the USCG test
bank and illustrates how to solve mid-latitude sailings problems.

A vessel in latitude 20° 00’ N, longitude 107° 30" W is to proceed to latitude 24° 40’ N,
longitude 112° 30’ W. What is the course and distance by mid-latitude sailing?

Answer: Course 315.27° T, 394.4 nm.

Step 1:  Convert standard latitude and longitudes to decimal form:
Departure Location
20°00°N =20.0°N
107°30'W =107.5°W
Arrival Location
24° 40’ N =24.67°N
112°30'W =112.5°W

Step 2:  Determine the mid-latitude (Lm).
Lm = (20.0°N + 24.67°N) + 2=22.33°N

Step 3:  Determine the Difference of Latitude (DLat) and convert to arc
minutes to determine 1.
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Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

DLat = 24.67° - 20.0° = 4.67°
[=4.67° % 60 =280.2

Determine the Difference of Longitude (DLo) and convert to arc
minutes.
112.5°W -107.5°W = 5.0° = 300’

Apply mid-latitude formulae to determine the Departure (p).
p =DLo cosLm

p = 300" cos(22.33)

p = (300) (0.9250)

p = 277.49'

Determine the Course Angle (C) using the Mercator Formula.

tan C =§

277.49

280.2
tanC = 0.9903
C=tan"10.9903
C=44.722°

tanC =

Determine the distance given the Plane Sailing Formula.
D =1secC
D = (280.2) sec(44.722)

b= (280'2)(C05144.722)
D = (280.2)(g7752)
D = 394.4 nm

Determine the actual course given the solved Course Angle (C). Note
that the vessel clearly headed in a northwesterly direction based on
the origin and destination points. Therefore the course is given by:
Course =360°-C

Course =360°-44.722°

Course =315.278°
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Problem 5-3 (CG-30). The following question is taken directly from the USCG test
bank and illustrates how to solve mid-latitude sailing problems.

A vessel steams 640 miles on course 047° T from latitude 34° 45’ N, longitude 140° 00’
E. What are the latitude and longitude of arrival by mid-latitude sailing?

Answer: 42° 01.5’ N, 149° 57.2' E

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Convert standard latitude and longitudes to decimal form:
Departure Location

34° 45N =34.750°N

140° 00" E = 140.000° E

Determine the Difference in Latitude (/) using the plane sailing
formula and convert to decimal notation.

l=D cosC

[ = (640) cos(047°)

[ = (640) (0.6820)

[ = 436.5'

436.5" + 60 = 7.275° (to the north based on initial course).

Determine the arrival latitude using the Difference in Latitude (I).
Convert to standard notation for partial problem answer.
Latitude 1 = 34.750° N

Difference in Latitude = 7.275° to the north.

Latitude 2 = 34.750° + 7.275° = 42.025° N =42° 01.5' N

Determine the mid latitude using the Difference in Latitude (/) and
arrival latitude.
Latitude 1 = 34.750° N

Latitude 2 =42.025° N

Mid Lat = 2722222 = 38 388°

Determine the Departure (p) using the plane sailing formula.
p=D sinC

p = (640) sin47°

p = (640) (0.7313)

p = 468.1'

Determine the Difference in Longitude (DLo) given the departure and
mid-latitude.

DLo = p secLm
1

cosLm

DLo =p seclm =p(
DLo =p ! )

cosLlm

)
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Step 7:

DLo = (468.1") (————)

cosi?>8.388°
DLo = (468.1") (75357
DLo = (468.1") (1.2758)
DLo = 597.2'

Convert the Difference in Longitude (DLo) to decimal notation and
determine the arrival longitude. Convert to standard notation for
partial problem answer.

DLo = 597.2" + 60 = 9.953° (to the east based on initial course).
Longitude 1 = 140.000° E

Difference in Longitude = 9.953° to the east.

Longitude 2 = 140.000° + 9.953° = 149.953° E

149.953°E =149°57.2’E

Mercator Sailing Problems

Problem 5-4 (CG-777). The following question is taken directly from the USCG test

bank and illustrates how to solve Mercator Sailing problems for arrival location
given an initial course and distance.

You depart latitude 40° 42.0° N, longitude 074° 01.0° W and steam 3365.6 miles on
course 118° T. What is the longitude of your arrival by Mercator Sailing?

Answer: 17° 40.62’ W. Use table 6 in Bowditch to obtain the necessary meridional

parts.

Step 1:

Step 2:

Step 3:

Convert standard latitude and longitudes to decimal form:
Departure Location

40°42.0' N=40.70°N

74°01.0' W=74.02°W

Determine the Difference of Latitude (/) given the known course and
distance using the Plane Sailing formula. Then convert the mileage to
arc.

l=D cosC

[ = (3365.6) cos(118°)

[ = (3365.6) (0.4695)

[ =1580.05’

[ =1580.05" ~ 60 = 26.3342°

Given that the initial course was to the southeast, subtract the

Difference of Latitude (/) from the initial latitude to determine the
arrival latitude.
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Step 4:

Step 5:

Step 6:

Step 7:

Departure Latitude: 40.70° N
Difference of Latitude: -26.3342°
Arrival Latitude = 40.70° - 26.3342° = 14.366° = 14° 22.0' N

Use Table 6 in Bowditch to obtain the meridional parts (m1 and m2)
for the given latitudes. Be sure to use the table correctly.

Latitude 1: 40° 42.0’
Meridional Parts 1: m1 = 2662.8

Latitude 2: 14° 22.0’
Meridional Parts 2: m2 = 865.4

Determine the difference in meridional parts (m).
ml-m2=m
2662.8-865.4=m=1797.4

Determine the Difference in Longitude (DLo) using the Mercator
Sailing formula. Convert the mileage to arc.

DLo =m tan(C

DLo = (1797.4) tan 118°

DLo = (1797.4) (1.8807)

DLo = 3380.42'

DLo = 3380.42" - 60 = 56.34°

Determine the arrival longitude using the Difference of Longitude
(DLo).

Departure Longitude: 74.017° = 74° 01.0' W

Difference of Longitude: 56.34° = 56° 20.4’

Arrival Longitude = 74.017° - 56.34° = 17.677° = 17° 40.62’ N
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Problem 5-5 (CG-22). The following question is taken directly from the USCG test

bank and illustrates how to solve Mercator Sailing problems for course and distance
given a starting and ending location.

A vessel at latitude 45° 36.0° N, longitude 011° 36.0 W heads for a destination at
latitude 24° 16.0’ N, longitude 073° 52.0° W. Determine the true course and distance
by Mercator sailing.

Answer: 247.2° T, 3299.2 nm. Use table 6 in Bowditch to obtain the necessary
meridional parts.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Convert standard latitude and longitudes to decimal form:
Departure Location

45°36.0' N =45.600° N

11°36.0 W=11.600°W
Arrival Location

24°16.0’ N = 24.267° N

73°52.00 W=73.867°W

Determine the Difference of Latitude (/). Convert to minutes of arc.
1=45.600°N - 24.267° N = 21.333°
1=21.333°x 60 =1279.98

Determine the Difference in Longitude (DLo). Convert to minutes of
arc.

DLo=11.600°W - 73.867°W = 62.267°

DLo =62.267° X 60 =3736.02’

Use Table 6 in Bowditch to obtain the meridional parts (m1 and m2)
for the given latitudes.

Latitude 1: 45° 36.0’
Meridional Parts 1: m1 = 3064.7

Latitude 2: 24° 16.0’
Meridional Parts 2: m2 = 1492.1

Determine the difference in meridional parts (m).
ml-m2=m
3064.7-1492.1 =m =1572.6

Determine the Course Angle (C) using the modified Mercator Sailing
formula. Determine the actual course.

DLo =m tanC

DLo
tanC = —
m

65



3736.02'
1572.6
tanC = 2.3756
C =tan"12.3756
C =67.172

tanC =

Step 7:  Determine the actual course steered given the solved course angle.
Note that the vessel clearly headed in a SW direction given the initial
and final positions. Therefore the course angle 67.172° is expressed
as S 67.172° W. You can round final answers to nearest tenth.
C=S567.172°W
180°+ 67.172°W =247.172° T = 247.2°T

Step 8:  Determine the distance travelled using the Plane Sailing formula.

D =1secC
1
D=1 (cosC) 1
D = (127998) (cos 247,2)
D = (1279.98) (=)

(0.3875)
D = (1279.98) (2.5806)
D =3303.2 nm

Vertex Problems

Problem 5-6. The following question is modified from a question in the USCG test
bank and illustrates how to find the latitude of the vertex. Finding the longitude of
the vertex is given in the next problem.

The great circle distance from latitude 25° 50.0° N, longitude 077° 00.0" W to latitude
35°56.0° N, longitude 006° 15.0° W is 3616 nautical miles. The initial course is 061.7°
T. Determine the latitude of the vertex.

Answer: 37°34.92' N

Step 1:  Convert standard latitude and longitudes to decimal form:
Departure Location
25°50.0’ N = 25.834° N
77°00.0 W=77.000°W
Arrival Location
35°56.0°' N =35.934° N
06°15.0' W= 06.250°W

Step 2:  Determine the Latitude of the Vertex using the Vertex Formulae.
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Step 3:

Lv = cos™!((cos L1)(sin ())

Lv = cos~1((cos 25.834°)(sin 61.7°))
Lv = cos™1(0.900060)(0.880477)
Lv = cos~1(0.792482)

Lv = 37.582°

Convert the decimal longitude to standard notation.
37.582° N =37°34.92’N

Problem 5-7 (CG-551). The following question is taken directly from the USCG test

bank and illustrates how to find the longitude of the vertex of a Great Circle track.
Note that the USCG test question provides the latitude of the vertex. Solving for the
latitude of the vertex is shown in the previous problem.

The great circle distance from latitude 25° 50.0° N, longitude 077° 00.0’ W to latitude
35°56.0° N, longitude 006° 15.0° W is 3616 nautical miles. The initial course is 061.7°
T. The latitude of the vertex is 37° 34.9’ N. Determine the longitude of the vertex.

Answer: 025° 59.4' W

Step 1:

Step 2:

Convert standard latitude and longitudes to decimal form:
Departure Location
25°50.0’ N = 25.834° N
77°00.0 W=77.000°W
Arrival Location
35°56.0°' N =35.934° N
06°15.0' W= 06.250°W
Latitude of the Vertex
37°34.9'N =37.582° N

Determine the Difference in Longitude of the Vertex (DLo(v)) given
the Vertex Formulae.

cosC
DLo(v) = sin™! ( , )
sin Lv
cos61.7°
Do) = st (L2617 )
o(v) = sin™ G 37 582)
(0.4741)
1o < (S50
o(v) = sin™ (5 5099)

DLo(v) = sin™1(0.7773)
DLo(v) = 51.01°
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Step 3:  Determine the Longitude of the Vertex given the initial longitude and
the direction of travel (easterly in this case based on given positions).
Longitude 1 =77.000° W
Difference of Long(vx) = 51.01°
Longitude of the Vertex = 77.00° - 51.01° = 25.99° W

Step 4:  Convert the decimal longitude to standard notation.
25.99°W =25°59.4'W

Problem 5-8 (CG-552). The following question is taken directly from the USCG test
bank and illustrates how to find the latitude intersecting the great circle track, away
from the vertex. Note this example is a continuation of the previous two examples
(having previously found the latitude and longitude of the vertex). Also note that the
examples are slightly “off” due to rounding differences between this text and the
official CG answers.

The great circle distance from latitude 25° 50.0° N, longitude 077° 00.0" W to latitude
35°56.0° N, longitude 006° 15.0° W is 3616 nautical miles. The initial course is 061.7°
T. The position of the vertex is 37°34.9’ N, 25° 59.0’ W. Determine the latitude
intersecting the great circle track 600 miles west of the vertex, along the great circle
track.

Answer: 36°54.9’' N

Step 1:  Convert standard latitude and longitudes to decimal form:
Departure Location
25°50.0’ N = 25.834° N
77°00.0 W=77.000°W
Arrival Location
35°56.0’ N =35.934° N
06°15.0' W =06.250°W
Latitude of the Vertex
37°34.9'N =37.582° N
Longitude of the Vertex
25°59.0' W =25.983°W

Step 2:  Convert 600 miles to arc.
600 + 60 =10°

Step 3:  Determine the latitude at a position 600 miles (10° of arc) west of the
vertex along the great circle track using the Vertex Formulae. Note
that “D(vx)” stands for the “distance from the vertex” and “Lx” stands
for “latitude of any point along the great circle track.”

Lx = sin~!((sin L(v))(cos D (vx)))
Lx = sin~1((sin(37.582°)(cos(10°))
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Lx = sin"1((0.6099)(0.9848))
Lx = sin~1(0.6006)
Lx = 36.915°

Step 4:  Convert the decimal latitude to standard notation.
Lx = 36.915°=36° + 0.915°
0.915° x 60 = 54.9’
Lx = 36.915 =36°54.9'N

Plane and Parallel Sailings Problems

Typically, these problems are part of larger problems. For example, when
calculating a time of phenomenon problem (covered in Part 9) it is necessary to
dead-reckon the ship’s future position.

Plane and parallel sailing formulas can be used to accurately calculate a future ship
position, and these calculations are often incorporated into more complex time of
phenomena problems later. The basic formulae for plane and parallel sailings are
shown here, and this section should be reviewed before beginning the advanced
problems in Part 9: Time of Phenomenon Problems.

There are several plane sailing formulae given in the “formulae” section above, as
well as in Bowditch, but the main formulae necessary for most problems are:

l=D cosC
D =1secC
p=D sinC

The main parallel sailing formula is identical to the mid-latitude formula, given that
when determining Difference in Longitude (DLo), it is assumed a vessel is
proceeding along a parallel, e.g. parallel sailing. The main parallel sailing formula

needed is:

DL0=L
cos [

69



Problem 5-9. The following question is modified from a question in the USCG test
bank and illustrates how to solve for a second position given initial course, speed,

and position.

You are on course 082° T, speed 19 knots. Your 0830 DR position is latitude 24° 14.8° N
and longitude 133° 35.5" W. You wish to make a celestial observation at 1146 local
time. What will the ship’s position be at that time?

Answer: Latitude 2 = 24° 23.5’ N, Longitude 2 = 132° 28.0' W

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Determine the transit time and the Distance (D) steamed over that
time.

0830 to 1146 = 3 hours and 16 minutes = 3.27 hours.

3.27 hours at 19 knots =D = 62.13 nm covered

Determine the Difference in Latitude (/) using the plane sailing
formula.

l=D cosC

[ =62.13 cos(82°)

[l =(62.13) (0.1392)

[ =8.65

Determine latitude 2 given the initial position and the Difference in
Latitude (I).

Latl =24°14.8' N

1=0°08.65

Lat2 = 24° 14.8’ + 0° 08.65’ = 24° 23.5’N

Determine the Departure (p) using the plane sailing formula.
p=D sinC

p = (62.13) sin(82°)

p = (62.13)(0.9903)

p = 61.53

Determine the mid-latitude and convert to decimal notation.
Latl =24°14.8' N

Lat2 = 24°23.5’'N
L = 24235 ;-24 14.8) _

24°19.15’ N = 24.319°

Determine the Difference in Longitude (DLo) using the parallel sailing
formula. Then convert to arc.

DLo = -2
cosl 53
61.
DLo = ————
cos(24.319°)
61.53
DLo =
0.9113
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Step 7:

DLo = 67.52'=1°07.5

Determine longitude 2 given the initial position and the Difference in
Longitude (DLo).

Long 1=133°35.5W

DLo =1° 07.5’ (eastward given the initial course).

Long 2=133°35.5"-1°07.5"=132°28.0' W

Problem 5-10. The following question is modified from a question in the USCG test

bank and illustrates how to solve for a second position given initial course, speed,

and position.

Your ship’s 0400 zone time DR position is 22° 31.°0 N and 031°45.0’ W. You are on
course 240° T at 16.5 knots. Sunrise is at approximately 0505. What position will the
ship be at that time?

Answer: Latitude 2 = 22° 22.1’ N, Longitude 2 = 134° 01.77 W

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Determine the transit time and the Distance (D) steamed over that
time.

0400 to 0505 =1 hour and 05 minutes = 1.083 hours.

1.083 hours at 16.5 knots = D = 17.87 nm covered

Determine the Difference in Latitude (/) using the plane sailing
formula.

l=D cosC

[ =17.87 cos(240°)

l =(17.87) (—0.5000)

[ = —8.935'

Determine latitude 2 given the initial position and the Difference in
Latitude (I).

Latl =22°31.0'N

[=-0°08.935

Lat2 = 22° 31.0 + (-0° 08.935") = 22° 22.1’ N

Determine the Departure (p) using the plane sailing formula.
p=D sinC

p = (17.87) sin(240°)

p = (17.87)(—0.8660)

p = —15.475

Determine the mid-latitude and convert to decimal notation.

Latl =22°31.0°N
Lat2 =22°22.1'N
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Step 6:

Step 7:

_ (22°31.0' +22°22.1) _
= _ =

Lm 22°26.55’ N = 24.443°

Determine the Difference in Longitude (DLo) using the parallel sailing
formula. Then convert to arc.

DLo = 2
€os 115 475
DLo = ———
c0s(22.443°)
—15.475
DLo =
0.9243

DLo = 16.742’ = 0° 16.742’

Determine longitude 2 given the initial position and the Difference in
Longitude (DLo).

Long 1=031°45.00' W

DLo = 0° 16.742’ (westward given the initial course).

Long 2 =133°35.5"+0°16.742’=133°61.742’ W = 134° 01.7' W
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Problem 5-11 (CG-768). The following question is taken directly from the USCG

test bank and illustrates how to solve parallel sailing problems.

You depart latitude 25° 54’ N, longitude 009° 38’ E and steam 592 miles on course

270°T. What is the longitude of arrival?

Answer 001° 20.1" W. Since the course is 270°, this is strictly a parallel sailing

problem.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Convert standard latitude and longitudes to decimal form:
Departure Location

25°54’N =25.900°N

009°38'E=9.633°E

Determine the Departure (p).
p=D sinC

p = (592) sin(270°)

p = (592) (—-1.0)

p =—592'

Determine the Difference of Longitude (DLo) using the parallel sailing

formula.
1

cos l)
DLo = (-592")(—————)

€0s 25.900°
DLo = (—592')(

DLo =psecl=1p (

1
0.8996)
DLo = (—592")(1.1116)

DLo = —658.1'

Convert the Difference of Longitude (DLo) into decimal notation.

-658.1" + 60 =-10.968° = 10.968° to the west.

Sum the longitudes to determine the final longitude.
Departure longitude = 9.633° E

Difference in longitude = 10.968° to the west.

Arrival longitude = 9.633° E - 10.968° to the west = -1.335°
-1.335°=1.335°W

Convert the arrival longitude to standard notation.
1.335°W=001°20.1"W
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Problem 5-12 (CG-775). The following question is taken directly from the USCG
test bank and illustrates how to solve parallel sailing problems.

You depart latitude 38° 12’ S, longitude 012° 06’ W and steam 1543 miles on course
270°T. What is the longitude of arrival?

Answer: 044° 49.3’ W. Since the course is 270°, this is strictly a parallel sailing
problem.

Step 1:  Convert standard latitude and longitudes to decimal form:
Departure Location
38°12’S =38.200°S
012°06°W=12.100°W

Step 2:  Determine the Departure (p).
p=D sinC
p = (1543) sin(270°)
p = (1543) (—1.0)

p = —1543’
Step 3:  Determine the Difference of Longitude (DLo) using the parallel sailing
formula.
1

DLo =psecl=p (Cosl)

, 1
DLo = (_1543 )(cos 38.200°)

N, 1
DLo = (—1543 )(0.7859)
DLo = (—1543")(1.2724)
DLo = —1963.3'

Step4:  Convert the Difference of Longitude (DLo) into decimal notation.
-1963.3’ =~ 60 = -32.722° = 32.722° to the west.

Step5:  Sum the longitudes to determine the final longitude.
Departure longitude = 12.100° W
Difference in longitude = 32.722° to the west.
Arrival longitude = 12.100° W + 32.722° to the west = 44.822° W

Step 6:  Convert the arrival longitude to standard notation.
44.822°W = 044° 49.3' W
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Additional Problems and Answers

All of the following questions were taken directly from the 2013 USCG test bank and
illustrate the concepts in this Part. Note - not all problems have been worked and
are subject to occasional errors in the database. For more problems and answers,
see the USCG database of questions (database information located in the preface).

Problem CG-5. A vessel at latitude 14° 10°N, longitude 61° 00’W is to proceed to
latitude 10° 00’ N, longitude 53° 23’ W. What is the course and distance by mid-
latitude sailing?

a) 117.3°T for 503 miles
b) 117.9°T for 504 miles
c) 118.6°T for 508 miles
d) 119.2°T for 512 miles- correct

Problem CG-7. A vessel at latitude 20° 10’ N, longitude 107° 30'W is to proceed to
latitude 24° 40’ N, longitude 112° 30’ W. What is the course and distance by mid-
latitude sailing?

a) 314.0°T for 389 miles
b) 315.3°T for 394 miles- correct
c) 317.2°T for 397 miles
d) 318.3°T for 399 miles

Problem CG-8. A vessel at latitude 20° 10’ N, longitude 122° 00’ E is to proceed to
latitude 26° 18’ N, longitude 128° 20’ E. What are the course and distance by mid-
latitude sailing?

a) 041.2°T for 501 miles

b) 041.9°T for 503.6 miles

c) 043.5°T for 507.3 miles- correct
d) 044.7°T for 509.7 miles

Problem CG-28. A vessel steams 576 miles on course 260° T from latitude 40° 36°N,
longitude 50° 24’ W. What are the latitude and longitude of the point of arrival by mid-
latitude sailing?

a) 39°12°N, 62°28'W
b) 39°06’N, 62°34'W
c) 39°02’N, 62°37'W
d) 38°56’N, 62°42° W- correct

Problem CG-29. A vessel steams 580 miles on course 083° T from latitude 13° 12’ N, 71°

12’ W. What are the latitude and longitude of the point of arrival by mid-latitude
sailing?
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a) 14°17’N,61°23’' W
b) 14°20°N,61°21'W
c) 14°23’N, 61°19’ W- correct
d) 14°25'N,61°17'W

Problem CG-30. A vessel steams 640 miles on course 047° T from latitude 34° 45’ N,
longitude 140° 00’ E. What are the latitude and longitude of the point of arrival by
mid-latitude sailing?

a) 41°57’N, 150°02’E
b) 42°01’N, 149° 57’ E- correct
c) 42°06’N, 149°53’E
d) 42°09°N, 149°50’E

Problem CG-9. A vessel at latitude 21° 18.5’ N, longitude 157° 52.2° W heads for a
destination at latitude 8° 53.0° N, longitude 79° 31.0° W. Determine the true course and
distance by Mercator sailing.

a) 081°T,4617.5 miles
b) 081°T, 4915.8 miles
c) 099°T,4617.5 miles- correct
d) 099°T, 4915.8 miles

Problem CG-13. A vessel at latitude 29° 38.0° N, longitude 93°49.0° W heads for a
destination at latitude 24° 38.0’ N, longitude 82° 55.2’ W. Determine the true course
and distance by Mercator sailing.

a) 115°T, 637 miles
b) 117°T, 658 miles- correct
c) 122°T, 648 miles
d) 126°T, 665 miles

Problem CG-16. A vessel at latitude 32° 14.7’ N, longitude 66° 28.9’ W heads for a
destination at latitude 36° 58.7’ N, longitude 75° 42.2’ W. Determine the true course by
Mercator sailing.

a) 0582°T
b) 2352°T
c) 301.8°T- correct
d) 3483°T

Problem CG-6. A vessel at latitude 18° 54’ N, longitude 73° 00’ E heads for a destination

at latitude 13° 12’ N, longitude 54° 00’ E. Determine the true course and distance by
Mercator sailing.
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a) 247°T, 1161 miles
b) 250°T, 1172 miles
c) 253°T, 1154 miles- correct
d) 256°T, 1136 miles

Problem CG-3. A vessel at latitude 10° 22’ S, longitude 7° 18’ E heads for a destination
at latitude 6° 54’ N, longitude 57° 23" W. Determine the course and distance by
Mercator sailing.

a) 285°T, 3825.3 miles
b) 285°T, 4025.7 miles- correct
c) 296°T, 3825.3 miles
d) 296°T,4025.7 miles

Problem CG-24. A vessel steams 1082 miles on course 047° T from latitude 37° 18.0’ N,
longitude 24° 40.0’ W. What is the latitude and longitude of the point of arrival by
Mercator sailing?

a) 49°30’N, 6°22'W
b) 49°33’N, 6°25'W
c) 49°36’N, 6°28” W- correct
d) 49°39’N, 6°31'W

Problem CG-26. A vessel steams 1650 miles on course 077° T from latitude 12° 47’ N,
longitude 45° 10’ E. What is the latitude and longitude of the point of arrival by
Mercator sailing?

a) 18°54’N, 72°58’E
b) 18°58’N, 72° 52’ E- correct
c) 19°02’'N, 72°44’E
d) 19°06’N, 72°36’E

Problem CG-779. You depart latitude 49° 45.0° N, longitude 6° 35.0° W and steam 3599
miles on course 246.5° T. What is the longitude of your arrival by Mercator sailing?

a) 76°36.2°W
b) 77°02.8 W- correct
c) 78°14.00W
d) 78°22.6’'W

Problem CG-914. Your vessel departs latitude 32° 45’ N, longitude 79° 50’ W, and is
bound for latitude 34° 21’ S, longitude 18° 29’ E. Determine the distance by Mercator

sailing.

a) 5,021 miles
b) 6,884 miles- correct
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c) 6,954 miles
d) 7,002 miles

Problem CG-988. Your vessel receives a distress call from a vessel reporting her
position as latitude 35° 01’ S, longitude 18° 51’ W. Your position is latitude 30° 18’ S,
longitude 21° 42’ W. Determine the true course from your vessel to the vessel in
distress by Mercator sailing.

a) 135°T
b) 149°T
c) 153°T- correct
d) 160°T

Problem CG-100. Determine the distance from latitude 59° 12’ N, longitude 14° 00’ W
to latitude 59° 12’ N, longitude 03° 20" W by parallel sailing.

a) 324.2 miles
b) 325.4 miles
c) 327.7 miles- correct
d) 328.9 miles

Problem CG-99. Determine the distance from latitude 34° 18’ S, longitude 172° 40’ E to
latitude 34° 18’ S, longitude 152° 38’ E by parallel sailing.

a) 993.0 miles- correct
b) 995.2 miles
c) 996.4 miles
d) 998.6 miles

Problem CG-765. You depart latitude 15° 48’ N, longitude 174° 06’ E and steam 905
miles on course 090° T. What is the longitude of arrival?

a) 165°41°'W
b) 170° 13" W- correct
c) 172°47'W
d) 179°06’E

Problem CG-987. Your vessel receives a distress call from a vessel reporting her
position as latitude 35° 01.0’ S, longitude 18° 51.0° W. Your position is latitude 35°
01.0’, longitude 21° 42.0’ W. Determine the true course and distance from your vessel
to the vessel in distress by parallel sailing.

a) 090°T, 140.0 miles- correct
b) 090°T, 189.2 miles
c) 270°T, 140.0 miles
d) 270°T, 189.2 miles
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Problem CG-775. You depart latitude 38° 12’ S, longitude 12° 06’ W and steam 1543
miles on course 270° T. What is the longitude of arrival?

a) 44°49’ W- correct
b) 45°12°W
c) 45°37°W
d) 45°42°W

Problem CG-1006. The initial great circle course angle between latitude 23° S,
longitude 42° W, and latitude 34° S, longitude 18° E is 063.8°. What is the true course?

a) 063.8°T
b) 116.2°T- correct
c) 243.8°T
d) 296.2°T

Problem CG-549. The great circle distance from latitude 24° N 25.3’ W, longitude 83°
02.6" W to latitude 35° 57.2" N, longitude 5°45.7" W is 3966.5 miles. Determine the
latitude of the vertex.

a) 38°46.2°'N
b) 38°16.4’'N
c) 38°09.4° N- correct
d) 37°57.3'N

Problem CG-548. The great circle distance from latitude 8° 50.0° N, longitude 80° 21.0’
W to latitude 22° 36.0° N, longitude 128° 16.0’ E is 7801 miles and the initial course is
318°45’T. The latitude of the vertex is 49° 20.6’ N. What is the longitude of the vertex?

a) 156°43’ W
b) 162°41" W- correct
c) 159°32'W
d) 161°18'W

Problem CG-642. You are on a great circle track departing latitude 25° 50’ N,
longitude 77° 00’ W, and your initial course is 061.7° T. The position of the vertex is
latitude 37° 35.6° N, longitude 25° 57.8’ W. What is the distance along the great circle
track between the point of departure and the vertex?

a) 2735.1 miles
b) 2664.9 miles- correct
c) 2583.2 miles
d) 2420.0 miles
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Problem CG-555. The great circle distance from latitude 35° 08’ S, longitude 19° 26’ E
to latitude 33° 16’ S, longitude 115° 36’ E is 4559 miles and the initial course is 121°T.
Determine the latitude of the vertex.

a) 44°29.1’S
b) 45°30.9’S- correct
¢) 46°18.2’S
d) 43°41.8'S

Problem CG-556. The great circle distance from latitude 35° 08’ S, longitude 19° 26’ E
to latitude 33° 16’ S, longitude 115° 36’ E is 4559 miles and the initial course is 121°T.
Determine the longitude of the vertex.

a) 26°50.9'E
b) 65°45.9’E- correct
¢) 69°19.1E
d) 72°18.3'E

Problem CG-643. You are on a great circle track departing from position latitude 25°
50’ N, longitude 77° 00’ W. The position of the vertex is latitude 37° 35.6’ N, longitude
25°57.8"W. The distance along the great circle track from the vertex to a point (x) is
600 miles westward. Determine the position of point (x) on the great circle track.

a) 36°47.5’N,38°21.8 W
b) 36°50.4’N, 38°25.6’W
c) 36°55.6’N, 38°30.0° W- correct
d) 37°02.3’N, 38°34.4’' W

Problem CG-105. Determine the great circle distance and initial course from latitude
24°52.0’ N, longitude 78° 27.0° W to latitude 47° 19.0’ N, longitude 6° 42.0° W.

a) 3593 miles, 048.1° T- correct
b) 3457 miles, 053.3° T
c) 3389 miles, 042.4° T
d) 3367 miles, 045.0° T

Problem CG-108. Determine the great circle distance and initial course from latitude
26°00’S, longitude 56° 00’ W to latitude 34° 00’ S, longitude 18° 15.0’ E.

a) 3705 miles, 153°T
b) 3841 miles, 068° T
¢) 3849 miles, 248° T
d) 3805 miles, 117° T- correct
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The Cutterman’s Guide to Navigation Problems

Basic compass problems are usually a part of a much larger navigational problem,

Part Six: Compass Problems

but the skills to correct and un-correct a compass can also be used in ship’s logs or
general navigational computations.

Many navigation problems are multi-part, with a compass calculation as a critical

part of the solution.

Acronyms

When solving a compass problem, most people find it easiest to set up a grid, or

their own type of system for solving each problem, and then sticking with it. Having
a “system” reduces the chances for error in complex problems, provided it is used -

every time.

A politically correct version of the most common acronym for solving compass

problems is “True Vampires Make Dull Companions At Wakes.” Or, in reverse, “Can
Dead Men Vote Twice At Elections?”

In either case, here is what the acronym stands for:

s

Moving Down... East Elections
(Correcting) Add At
True True Course Twice
Vampires Variation Vote
Make Magnetic Course Men
Dull Deviation Dead
Companions Compass Course Can
At Add (Un-correcting)
Wakes West Moving up...

Another acronym to use for some problems is “G-E-T.” The acronym “G-E-T,” which
stands for “Gyro course + Easterly Error = True course” will help to solve problems
involving gyro error. Note, however, that often times although gyro error is known

or given, it is not necessary in calculations. Be careful in choosing applicable

information when solving compass problems!
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Definitions

True Course - the actual course between two points.

Variation - the difference in true north and magnetic north for the current location.

Magnetic Course - the actual magnetic course between two points.

Deviation - the difference in a magnetic course and the reading on a magnetic
compass due to errors caused by adjustment or interference from the
ship.

Compass Course - the course read directly off a steering compass.

Add East/Add West - this indicates to add easterly/westerly values (as the case
may be) when moving in a certain direction. For example,
when correcting (moving down), westerly values are added
and easterly values are subtracted.

“per steering compass” or “per standard compass” - the course read off a

magnetic compass.

“per gyro compass” - the course read off a gyroscopic compass.

Given these definitions and acronyms, all problems will be solved by first writing:

no=z <A

AW | (This indicates you should add westerly values moving down (correcting),
reminding you that the opposite is also true - you should add easterly values
when moving up (un-correcting).

Doing this process for every calculation, no matter how mundane drastically reduces
the chance for errors. For example, a mariner could spend upwards of 30 minutes
performing a course calculation on a chart plot exam or for a ship evaluation, only to
ultimately get an incorrect answer because of an error in a 15 second compass
calculation at the end.
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Compass Correction Problems

Problem 6-1. The following question illustrates the use of the compass un-
correction process (moving upwards in the table).

Your vessel is steering 195° per standard magnetic compass. Variation is 12° west, and
deviation is 4° east. What is the true course made good?

Answer: 187° True.

Step 1:

Step 2:

Step 3:

Step 4:

Write down the acronym:

T (True Course)

V (Variation)

M (Magnetic Course)

D (Deviation)

C (Compass Course)

AW | (This indicates you should add westerly values moving down
(correcting), reminding you that the opposite is also true - you
should add easterly values when moving up (un-correcting). In
this case we will be moving up (un-correcting), so easterly
values will be added.

Fill in the known values:
T:

V:12°W

M:

D: 4°E

C: 195° (Steering)

Correct or un-correct the compass as required to obtain the magnetic
course. In this case, we are moving upwards, or un-correcting, so we
will add easterly values and subtract westerly values proceeding up
the table:

T:

V:12°W (Given)

M: 199°

D: 4° E (Given)

C: 195° (Steering)

Determine the true course made good:
T:187°T

V:12° W (Given)

M: 199° (Calculated)

D: 4° E (Given)

C: 195° (Steering)
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Problem 6-2. The following question illustrates the use of the compass correction
process (moving downwards in the table).

To clear an obstruction, your vessel must make good a true course of 330° true.
Variation in the area is 15° east and the deviation table indicates a value of 2° west for
your heading. What is the course to steer per standard magnetic compass?

Answer: 317° per standard magnetic compass.

Step 1:

Step 2:

Step 3:

Step 4:

Write down the acronym:

T (True Course)

V (Variation)

M (Magnetic Course)

D (Deviation)

C (Compass Course)

AW | (This indicates you should add westerly values moving down
(correcting), reminding you that the opposite is also true - you
should add easterly values when moving up (un-correcting). In
this case we will be moving down (correcting), so westerly
values will be added.

Fill in the known values:

T: 330° T (Course to make good)
V: 15°E (Given)

M:

D: 2°W (Given)

C:

Correct or un-correct the compass as required to obtain the magnetic
course. In this case, we are moving downwards, or correcting, so we
will add westerly values and subtract easterly values proceeding
down the table:

T: 330° T (Course to make good)

V: 15°E (Given)

M: 315°M

D: 2°W (Given)

C:

Determine the necessary course to steer:

T: 330° T (Course to make good

V: 15°E (Given)

M: 315° (Calculated)

D: 2°W (Given)

C: 317° (Necessary course to steer per standard magnetic
compass)

84



Compass Correction Problems with Ancillary Information

Often, compass correction problems are simply part of larger problems, such as gyro
error or leeway problems. Here are several examples of problems that incorporate
compass corrections in them.

Problem 6-3 (CG-618). The following question is taken directly from the USCG test
bank and illustrates the calculation of deviation using a charted range.

While proceeding up a channel on course 010° per gyro compass, you notice a pair of
range lights in alignment with the masts of your vessel when viewed forward. A check
of the chart shows the range to be 009° T and the variation to be 15° W. If the ship’s
course is 026° per steering compass, what is the deviation for the present heading?

Answer: 2°W

Step1:  Write down the acronym:

T (True Course)

V (Variation)

M (Magnetic Course)

D (Deviation)

C (Compass Course)

AW | (This indicates you should add westerly values moving down
(correcting), reminding you that the opposite is also true - you
should add easterly values when moving up (un-correcting).

Step 2:  Fill in the known values:
T: 009° T (Given)
V: 15° W (Given)
M:
D:
C: 026° per steering compass (Given)

Step 3:  Calculate the magnetic course and then the deviation using the known
values:
T: 009° T (Given)
V:15°W (Given)
M: 024° M (Calculated)
D: 2° W (Calculated)
C: 026° per steering compass (Given)
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Problem 6-4 (CG-580). The following question is taken directly from the USCG test
bank and illustrates the process of accounting for gyro error when choosing a
course to steer per gyro compass.

The track line on a chart is 274° T. The gyro error is 1.5° E. What course would be
steered by gyro compass to make good the desired course?

Answer: 272.5° pgc. In this case, the only acronym needed is “G-E-T.” The acronym
“G-E-T,” which stands for “Gyro course + Easterly Error = True course” will help to
solve these problems. Remember that when moving up the acronym, easterly errors
are subtracted.

Step1:  Write down the acronym:
G: (Gyro Course)
E: (Add Easterly Error - when moving down the acronym)
T: (True Course)

Step 2:  Fill in the known values:
G:
E: 1.5° E (Given)
T: 274° T (Given)

Step 3:  Calculate the gyro course to steer.
G: 272.5° per gyro compass
E: 1.5° E (Given)
T: 274° T (Given)

Problem 6-5. The following question illustrates the use of gyro error calculations in
larger compass calculation problems. The acronym “G-E-T,” which stands for “Gyro
course + Easterly Error = True course” will help to solve these problems.

The gyro compass is not functioning. You are steering 010° per standard magnetic
compass. The variation is 5° E, the deviation is 2° W, and the gyro erroris 1°E. At
2300, the gyro compass is repaired. What gyro course should you steer to maintain
track?

Answer: 012° per gyro compass. The acronym “G-E-T,” which stands for “Gyro
course + Easterly Error = True course” will help to solve these problems.

Step 1:  Write down the acronyms:
T (True Course)
V (Variation)
M (Magnetic Course)
D (Deviation)

86



Step 2:

Step 3:

Step 4:

C (Compass Course)

AW | (This indicates you should add westerly values moving down

(correcting), reminding you that the opposite is also true - you

should add easterly values when moving up (un-correcting).

G: (Gyro Course)
E: (Easterly Error Added)
T: (True Course)

The acronym “G-E-T,” which stands for “Gyro course + Easterly Error

= True course” will help to solve these problems.

Fill in the known values:

T:

V: 5°E (Given)

M:

D: 2°W (Given)

C: 010° per steering compass (Given)

G:
E: 1° E (Given)
T:

Calculate the magnetic course.

T:

V: 5°E (Given)

M: 008° M (Calculated)

D: 2°W (Given)

C: 010° per steering compass (Given)

G:
E: 1° E (Given)
T:

Calculate the true course.

T: 013° T (Calculated)

V: 5°E (Given)

M: 008° M (Calculated)

D: 2°W (Given)

C: 010° per steering compass (Given)

G:
E: 1° E (Given)
T:
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Step 5:  Calculate the gyro course to steer to make good the previously
calculated true course.
T: 013° T (Calculated)
V: 5°E (Given)
M: 008° M (Calculated)
D: 2°W (Given)
C: 010° per steering compass (Given)

G: 012° Per gyro compass (Calculated)
E: 1° E (Given)
T: 013° T (Carried over from “T” above)

Problem 6-6 (CG-786). The following question is taken directly from the USCG test
bank and illustrates the calculation of a desired course to steer taking into account
leeway. Additionally, it illustrates the incorporation of gyro error into the
calculations.

You desire to make good a true course of 046° T. The variation is 6° E, magnetic
compass deviation is 12° W, and the gyro compass error is 3° W. A northerly wind
produces a 5° leeway. What is the course to steer per standard magnetic compass to
make good the true course?

Answer: 047° per steering compass.

Leeway is treated as simply another error to be accounted for in the problem. In
this case, “a northerly wind produces a 5° leeway.” This means that the ship must
steer 5° towards the wind (north/left in this case) in order to make good the desired
course. Therefore once the compass course to steer has been calculated, the
mariner must account for leeway, by subtracting 5° in this case.

Also note that although gyro error information is given in this problem, it is not
necessary to solve the problem, so those calculations have been omitted in this
example.

Step 1:  Write down the acronyms:

T (True Course)

V (Variation)

M (Magnetic Course)

D (Deviation)

C (Compass Course)

AW | (This indicates you should add westerly values moving down
(correcting), reminding you that the opposite is also true - you
should add easterly values when moving up (un-correcting).
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Step 2:

Step 3:

Step 4:

Step 5:

Fill in the known values:

T: 046° T (Given - desired)
V: 6° E (Given)

M:

D: 12° W (Given)

C:

G:
E: 3° W (Given but not necessary. Further gyro error calculations are

omitted.
T:

Calculate the magnetic course.
T: 046° T (Given - desired)

V: 6° E (Given)

M: 040° M (Calculated)

D: 12°W (Given)

C:

Calculate the course per steering compass.
T: 046° T (Given)

V: 6° E (Given)

M: 040° M (Calculated)

D: 12°W (Given)

C: 052° per steering compass (Calculated)

Apply leeway to the calculated course to obtain a necessary course to
steer.

T: 046° T (Given)

V: 6° E (Given)

M: 040° M (Calculated)

D: 12°W (Given)

C: 052° per steering compass (Calculated)

--052° per steering compass

--Subtract 5° to account for leeway from a northerly (000° T) wind
--047° per steering compass, taking into account leeway.
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Deviation Table Problems

Problem 6-7 (CG-868). The following question is taken directly from the USCG test
bank and illustrates the use of a deviation table in compass correction problems.

You swung ship and compared the magnetic compass against the gyro compass to find
deviation. Gyro error is 2° E. The variation is 8° W. Find the deviation on a gyro
heading of 196° per gyro compass.

Table:

Heading Heading Heading
pPSC pPGC pPSC pPGC pPSC pPGC
358.5° 350° 122.5° 110° 239.5° 230°
030.5° 020° 152° 140° 269° 260°
061.5° 050° 181° 170° 298° 290°
092° 080° 210° 200° 327.5° 320°

Answer: 0.1°, rounded to nearest half-degree is 0.0°. Only the portions of the
deviation table bracketing your headings are required. Construct TVMDC tables for
each possible heading and interpolate.

Step 1:  Write down the acronyms:

T (True Course)

V (Variation)

M (Magnetic Course)

D (Deviation)

C (Compass Course)

AW | (This indicates you should add westerly values moving down
(correcting), reminding you that the opposite is also true - you
should add easterly values when moving up (un-correcting).

Step 2:  Fill in the known values in table form for each gyro course bracketing
the desired course.

170°PGC | 196° PGC 200° PGC
T
\Y 8°W 8°W 8°W
M
D
C 181° PSC 210° PSC
G
E 2°E 2°E 2°E
T
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Step 3:

Step 4:

Step 5:

Step 6:

Solve the gyro error portion of the table.

170°PGC | 196° PGC 200° PGC
T
\Y 8°W 8°W 8°W
M
D
C 181° PSC 210° PSC
G 170°PGC | 196° PGC 200° PGC
E 2°E 2°E 2°E
T 172°T 198°T 202°T

Transfer the solved gyro error portion of the table (T) to the True

Course in the main table. The gyro error portion of the table has been
omitted for the remainder of the problem.

170°PGC | 196° PGC 200° PGC
T 172°T 198°T 202°T
\Y 8°W 8°W 8°W
M
D
C 181° PSC 210° PSC

Solve the table for the “Magnetic” course.

170°PGC | 196° PGC 200° PGC
T 172°T 198°T 202°T
\Y 8°W 8°W 8°W
M 180°M 206°M 210°M
D
C 181° PSC 210° PSC

Solve the table for the “Deviation” for the known PGC headings.

170°PGC | 196° PGC 200° PGC
T 172°T 198° T 202°T
\Y 8°W 8°W 8°W
M 180° M 206° M 210°M
D 1°W 0°
C 181° PSC 210° PSC
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Step 7:

Interpolate the known values of deviation to determine the deviation
for the desired PGC heading.

170°PGC | 196° PGC 200° PGC
T 172°T 198° T 202°T
\Y 8°W 8°W 8°W
M 180° M 206° M 210°M
D 1°W TBD -X 0°
C 181° PSC 210° PSC

Deviation for 170° PGC: 1.0°'W

Deviation for 196° PGC: unknown = x
Deviation for 200° PGC: 0.0°

200°
200°

-170°=30°
-196° =4°

1.0°-0.0°=1.0°

4°

30°

x = 0.133° Rounded to the nearest half-degree, answer is 0.0°

X

1.0°

92



Navigation Log Keeping Problems

Most CG cutters require frequent entries in the navigation log which feature
compass correction problems. Here is the proper way to keep the cutter navigation
log. The columns in the navigation log are laid out thus:

Time Gyro Gyro True Var Mag Dev Steer Speed of | Comments
Crs/Brg | Error Course/Brg Compass Compass | Advance

Since most cutters steer by gyro compass exclusively, it is convenient to think of this
log-keeping challenge as two separate problems. The first problem involves
correcting the gyro compass in the boldfaced section below. Use the acronym “G-E-
T” to solve these problems.

Time Gyro Gyro True Var Mag Dev Steer Speed of | Comments
Crs/Brg | Error | Course/Brg Compass Compass | Advance

The second problem involves using the corrected gyro course to solve a magnetic
compass check in the boldfaced section below. Use the acronym “True Vampires
Make Dull Companions (at wakes)” or “Can Dead Men Vote Twice (at elections” to
solve these problems.

Time Gyro Gyro True Var Mag Dev | Steer Speed of | Comments
Crs/Brg | Error | Course/Brg Compass Compass | Advance

The time, speed of advance, and comments columns are self explanatory.

Problem 6-8. The following question illustrates a typical log-keeping challenge
while on watch in open ocean waters.

Your cutter is underway on patrol at 10 knots. At 0330, the quartermaster of the
watch conducts a periodic compass check with the following information obtained:

The gyro compass course reads 045° per gyro compass.

The magnetic compass course reads 054° per steering compass.

The calculated gyro erroris 1°E.

The charted variation for your location is 10° W.

The deviation table for your course indicates a magnetic deviation of 2° E.

Properly fill in the cutter navigation log.
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Answer: as indicated below.

Step 1:  First, use the gyro compass course and gyro error to calculate the true
course, using the acronym “G-E-T,” which stands for “Gyro course +
Easterly Error = True course.”
In this case, the gyro course is 045° pgc, the gyro error is 1° E, so the
true course is therefore 046° T, as indicated in the log below.
Time Gyro Gyro True Var Mag Dev Steer Speed of | Comments
Crs/Brg | Error | Course/Brg Compass Compass | Advance
0330 | 045° 1°E__ [ 046°T 10.0kts | C/C
Step 2:  Fill in the known information. Remember that the reading off the
magnetic compass on the cutter’s bridge is “Steering Compass” not
“Magnetic Compass.”
Time Gyro Gyro True Var Mag Dev | Steer Speed of | Comments
Crs/Brg | Error Course Compass Compass | Advance
/Brg
0330 | 045° 1°E | 046°T 10° 2°E | 054°psc | 10.0kts | C/C
w
Step 3:  Use the true course that was just calculated, the given information and
the acronym “True Vampires Make Dull Companions (at wakes)” to
complete the navigation log.
Time Gyro Gyro True Course | Var Mag Dev Steer Speed of | Comments
Crs/Brg | Error | /Brg Compass Compass | Advance
0330 | 045° 1°E 046° T 10° | 056°M | 2°E | 054°psc | 10.0kts | C/C
w

If the calculations do not work out perfectly, first double check the work, and
second, consider that gyro error or deviation may have changed based on the
existing conditions, and make log entries accordingly.
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Additional Problems and Answers

All of the following questions were taken directly from the 2013 USCG test bank and
illustrate the concepts in this Part. Note - not all problems have been worked and
are subject to occasional errors in the database. For more problems and answers,
see the USCG database of questions (database information located in the preface).

Problem CG-946. Your vessel is proceeding down a channel and you see a pair of range
lights that are in line dead ahead. The chart indicates that the direction of this pair of
lights is 229° T, and the variation is 6° W. If the heading of your vessel at the time of
the sighting was 232° per standard magnetic compass, what is the deviation?

a) 3°E- correct
b) 9°E
c) 3°W
d 9°wW

Problem CG-948. Your vessel is proceeding up a channel and you see a pair of range
lights that are in line ahead. The chart indicates that the direction of this pair of lights
is 014° T and the variation is 11° E. If the heading of your vessel at the time of the
sighting is 009° per standard magnetic compass, what is the correct deviation?

a) 5°E
b) 5°wW
c) 6°E
d) 6°W- correct

Problem CG-953. Your vessel is proceeding up a channel and you see a pair of range
lights in line ahead. The chart indicates that the direction of this pair of lights is 352° T
and the variation is 4° W. If the heading of your vessel at the time of the sighting is
359° per standard magnetic compass, what is the correct deviation?

a) 3°W- correct
b) 7°E

¢) 11°E

d 11°wW

Problem CG-592. Two beacons form a range in the direction of 221.5° T. The range is
seen in line from your vessel bearing 223° per gyro compass. The variation is the area
is 4° E. What is the error of your gyro compass?

a) 1.5°W- correct
b) 2.5°W
c) 55°W
d) 2.5°FE
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Problem CG-976. Your vessel is steering course 111° psc, variation for the area is 5° E,
and deviation is 3° W. The wind is from the northwest, producing a 1° leeway. What
true course are you making good?

a) 108°T
b) 110°T
c) 112°T
d) 114°T- correct

Problem CG-978. Your vessel is steering course 166° psc, variation for the area is 8° W,
and deviation is 3° W. The wind is from the WSW, producing a 2° leeway. What true
course are you making good?

a) 153°T- correct
b) 157°T
c) 175°T
d) 179°T

Problem CG-983. Your vessel is steering course 299° psc, variation for the area is 7° W,
and deviation is 4° W. The wind is from the SW, producing a 3° leeway. What is the
true course you are making good?

a) 291°T- correct
b) 296°T
c) 299°T
d) 313°T

Problem CG-584. The true course between two points is 078°. Your gyrocompass has
an error of 2° E. You make an allowance of 3° leeway for a north wind. What gyro
course should be steered to make the true course good?

a) 073°pgc- correct
b) 075°pgc
c) 077°pgc
d) 079°pgc

Problem CG-587. The true course between two points is 194°. Your gyrocompass has
an error of 2° W and you make an allowance of 1° leeway for a southeast wind. What
gyro course should be steered to make the true course good?

a) 193°pgc
b) 195°pgc
c) 197°pgc- correct
d) 199°pgc
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Problem CG-590. The true course between two points is 337° Your gyrocompass has
an error of 3° E and you make an allowance of 5° leeway for a west wind. Which gyro
course should be steered to make the true course good?

a) 329°pgc- correct
b) 335°pgc
c) 339°pgc
d) 345°pgc

Problem CG-591. The true course from point A to point B is 317° A SSW wind causes a
4° leeway, variation is 6° W, and deviation is 1° E. What is the magnetic compass
course to steer to make good the true course?

a) 326°psc
b) 318° psc- correct
c) 313°psc
d) 308°psc

Problem CG-783. You desire to make good 152°. The magnetic compass deviation is 4°
E, the variation is 5° E, and the gyro error is 3° E. A southwesterly wind produces a 4°
leeway. Which course would you steer per standard compass to make good the true
course?

a) 137°psc
b) 141°psc
c) 143°psc
d) 147° psc- correct

Problem CG-785. You desire to make good a true course of 038°. The variation is 5°E,
magnetic compass deviation is 4° W. A southeasterly wind produces a 4° leeway. What
is the course to steer per standard magnetic compass to make the true course good?

a) 033°psc
b) 041° psc- correct
c) 043°psc
d) 047°psc

Problem CG-793. You desire to make good a true course of 223°. The variation is 2°E,
magnetic compass deviation is 2° E, and gyrocompass error is 1° W. An east-southeast
wind produces 3° leeway. What is the course to steer per standard magnetic compass
to make the true course good?

a) 213°psc
b) 216° psc- correct
c) 220°psc
d) 223°psc
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Problem CG-797. You desire to make good a true course of 347°. The variation is 11°E,
magnetic compass deviation is 7° W, and gyrocompass error is 4° W. A north by east
wind produces a leeway of 4°. What is the course to steer by standard magnetic
compass to make the true course good?

a) 339°psc
b) 343°psc
c) 347°psc- correct
d) 351°psc

Problem CG-885. You wish to check the deviation of your standard magnetic compass.
You find a natural range that you steer for and note that the gyrocompass heading is
034° and the heading by standard magnetic compass is 026°. The gyro erroris 1° W.
Variation is 9° E. What is the deviation for that heading?

a) 2°W- correct
b) 0°

¢) 2°F

d) 9°E

Problem CG-869. You swung ship and compared the magnetic compass against the
gyro compass to find deviation. Gyro error is 2° E. The variation is 8° W. Find the
deviation on a magnetic compass heading of 057°.

PSC PGC PSC PGC PSC PGC
358.5° 350° 122.5° 110° 239.5° 230°
030.5° 020° 152.0° 140° 269.0° 260°
061.5° 050° 181.0° 170° 298.0° 290°
092.0° 080° 210.0° 200° 327.5° 320°

a) 1.0°E

b) 1.5°FE

c) 1.5°W- correct

d) 05°W

Problem CG-870. You swung ship and compared the magnetic compass against the
gyrocompass to find deviation. Gyro error is 2° E. The variation is 8° W. Find the
deviation on a magnetic compass heading of 104°.

PSC PGC PSC PGC PSC PGC
358.5° 350° 122.5° 110° 239.5° 230°
030.5° 020° 152.0° 140° 269.0° 260°
061.5° 050° 181.0° 170° 298.0° 290°
092.0° 080° 210.0° 200° 327.5° 320°
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a) 1.8°E
b) 2.6°E

c) 2.2°W- correct

d) 2.7°W

Problem CG-872. You swung ship and compared the magnetic compass against the

gyrocompass to find deviation. Gyro error is 2° E. Variation is 8° W. Find the deviation

on a magnetic compass heading of 234°.

PSC

358.5°
030.5°
061.5°
092.0°

a) 2.5°W
b) 2.5°E
c) 1.0°W

d) 0.5°E- correct

Problem CG-881. You swung ship and compared the magnetic compass against the

PGC

350°
020°
050°
080°

PSC

122.5°
152.0°
181.0°
210.0°

PGC

110°
140°
170°
200°

PSC

239.5°
269.0°
298.0°
327.5°

PGC

230°
260°
290°
320°

gyrocompass to find deviation. Gyro error is 2° W. Variation is 8° W. Find the deviation

on a true heading of 236°.

PSC

358.5°
030.5°
061.5°
092.0°

a) 1.0°W

b) 0.5°E- correct

¢) 15°E
d) 0.0

Problem CG-882. You swung ship and compared the magnetic compass against the

PGC

354°
024°
054°
084°

PSC

122.5°
152.0°
181.0°
210.0°

PGC

114°
144°
174°
204°

PSC

239.5°
269.0°
298.0°
327.5°

PGC

234°
264°
294°
324°

gyrocompass to find deviation. Gyro error is 2° W. Variation is 8° W. Find the deviation

on a true heading of 319°.

PSC

358.5°
030.5°
061.5°
092.0°

a) 0.5°E

PGC

354°
024°
054°
084°

PSC

122.5°
152.0°
181.0°
210.0°

PGC

114°
144°
174°
204°

PSC

239.5°
269.0°
298.0°
327.5°

PGC

234°
264°
294°
324°
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b) 1.0°W
c) 2.5°E- correct
d) 2.5°W
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The Cutterman’s Guide to Navigation Problems

Part Seven: Tide and Tidal Current Problems

Calculating tides and currents manually involves determining the height of tide or
state of current at a reference station, determining offsets to your desired location,
and then applying offsets to the reference station to find your exact values.

Problems are based on the 1983 tide tables and 1983 tidal current tables.
Descriptions of these tables are located in the preface. Frequently utilized tables
from the Tide Tables and Tidal Current Tables are reprinted at the end of this Part.

Tide Problems

Problem 7-1 (CG-703). The following question is taken directly from the USCG test
bank and illustrates how to solve height of tide problems.

On 5 March, 1983, at 0630 EST (ZD +5), what will be the predicted height of tide at
Ocracoke, Ocracoke Inlet, NC.

Answer: 0.1 foot.

Step 1:  Locate the desired port in the Tide Tables and note the reference
station and any offsets required.

POSITION DIFFERENCES RANGES

_ Time Height Mean

NO., PLACE Lat. Long. Mean Spring| Tide

High Low Righ Low Level

Water  Water  Water  Water
NORTH CAROLINA, Outer Coast

2443 Currfituck Beach Lighticiecasaarsnannnnns 36 23 75 50 -1 46 -1 45 +1.1 0.0 3.6 4,3 1.8
2444 Albemarle and Pamlfco Sounds <9>....vses - - - - .. - - - - - - - - - - - - .- - -
2445 | Xitty Hawk (ocean)...... Cestsarssresaece 36 06 75 43 -1 50 -1 49 +0.7 0.0 3.2 3.8 1.6
2446 Jennetts Piler (ocean). 35 S5 15 36 -1 54 -1 50 +0.8 0.0 3.3 3.9 1.6
2447 Roanoke Sound Channel 35 48 75 38 +0 27  +0 37 -2.0 0.0 0.5 0.6 0.3
2448 Oregon [nlet Marina. 35 48 75 33 -0 38 +0 26 -1.9 0.0 0.6 0.7 0.3
2449 Oregon Intetesssaces 35 46 75 31 -1 13 -1 07 -0.5 0.0 2.0 2.4 1.0
2450. | CregonInlet Bridge... 35 46 75 32 -1 27 -1 3% -0.6 0.0 1.9 2.3 1.0
2451 Oregon ‘Inlet Chanael 35 46 75 34 -1 19 -1 14 -1.3 0.0 1.2 1.4 0.6
2452 014 House Channel... 35 46 75 3% -0 36 -0 12 -1.8 0.0 0.7 0.8 0.4
2453 | Oregon Ialet (USCG S . 35 46 75 32 -1 40 -1 31 -0.8 0.0 1.7 2.0 0.9
2454 - Davis S1ougNesveense .o vene 35 45 75 33 -1 01 -0 41 -1.6 0.0 0.9 1.1 0.5
2455 Cape Hatteras..... .e 35 14 75 31 -1 54 -2 05 +1.1 0.0 3.6 4.3 1.8
2456 | Hatteras (ocean 35 12 75 42 -2 02 -205 +0.9 0.0 3.4 4,1 1.7
2457 Hatteras Inlet.. 35 12 7S 44 -1 39 -1 39 -0.5 0.0 2.0 2.4 1.0
2458 Ocracoke Inlet... 35 04 76 01 -1 38 -1 41 0.6 0.0 1.9 2.3 0.9
2459 Ocracoke, Ocracoke Inlet. 35 07 75 S9 -1 23 -1 00 *0.40 *0.40 1.0 1.2 0.5
2661 Cape LOOKOUt.veurnacvsnss 34 37 76 32 -2 04 -2 13 +1.2 0.0 3.7 4.4 1.9
2463 | Shell Point, Harkers Isla 34 41 76 32 40 12 +0 45 -1.2 0.0 1.3 1.6 0.6
2465 8eaufort (Pivers Island). 4 76 40 -1 01 -1 09 +0.5 0.0 3.0 3.6 1.5
2467 Morehead City...cvvecenas 34 43 76 42 -0 58 -1 0% +0.4 0.0 2.9 3.5 1.4
2469 Atlantic BedcCheicieesssvocscsaresnssonnns 34 42 76 43 -2 02 -2 03 +1.1 0.0 3.6 4.3 1.8
2471 | Bogue Inlet...... 34 39 77 06 -1 34 .1 37 -0.3 0.0 2.2 2.6 1.1
2473 Kew River Inlet,..cvsen 34 32 77 20 -1 3 -1 35 +0.5 0.0 3.0 3.6 1.5
2475 New Topsail Inlet 4 22 77 38 -1 27 -0 52 +0.5 0.0 3.0 3.5 1.5
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For Ocracoke, Ocracoke Inlet, NC (station 2459), the reference station is
Hampton Roads, Virginia. The offsets are:

Tim | High | Low | Heigh | High | Low HARCH
e Wate | Wate |t Wate | Wate Time Height Time Height
r r r r Day Day
. . * * Ao Mt L] LT T 41 n
-1:23 -1:00 0.40 0.40 1 0435 0.5 -0.2 16 0406 -0.3 -0,1
Ty 1046 2.8 0.9 ¥ 1013 2.2 0.7
1658 -0.4 -0.1 ;g;; -g.: -g.}
. . . . 2313 2.9 0.9 . .
Step 2:  Find the tidal information for the s o 01 17 06t 03 o
20 -0,3 -0. «0.3 -0,
i i .10, .2 0.7
reference station for the desired date. itz 37 0.8 Il 2.2 0.
2359 2.8 0.9 2311 2.5 0.8
. . . . 3 0613 -0.1 0.0 18 0524 -0.1 0.0
For 5 March, 1983, the tidal information is: h 1218 2.5 0.8 F 1125 2.2 0.7
1826 -0.1 0.0 1728 -0.1 0.0
2353 2.6 0.8
. 2,7 0.8 19 0610 0.0 0.0
0139: 2.5 feet +ooe i1 6o e 110
.2 . . .
0800: 0.2 feet 191 0.0 om0
. 2.5 0.8 20 0041 2.6 0.8
1358: 2.0 feet si 8333 0.2 gz Sy ?;gg g{ gé
2003: 0.2 feet 3003 5.2 0.1 19037 0.1 0.0

Step 3: Determine if daylight savings time is in effect.

The problem states that times are to be determined in EST, which

means daylight savings time is not in effect, and no correction to the
tidal times is required.

Step 4:  Create a table to compute tides at the desired location near the
desired time.

Time High Water | Low Water | Height High Water | Low Water
Reference | 01:39 08:00 2.0 feet 0.2 foot
Offsets -1:23 -1:00 *0.40 *0.40
Ocracoke 00:16 07:00 0.8 feet 0.1 foot
Step 5 Answer the required TABLE 3.—HEIGHT OF TIDE AT ANY TIME 239
queSthHS I'egardll’lg Time from the nearest high watcr or low wnter
hohilmh it mhmlh e m b [hom 2w hoplhmTam nmhm
. 1 1 136 1 144|152|200
the state Oftlde. 4200009[017]028 03s|043jos2{ 101|109 138|127 [138 |14 |153]201]2%0
o 44 ooo(019{028}037 (047 038|105 [115|12¢{13 |143)152|201 (211|220
2 s000010]{020f030(040f020|100|110[120|130f140{150|200[210|22]230
2 sa|ofozfo32|o4a|oz3|1o| 115|125 [136|147f157|208|21 |22 240
& s fon|omjosufoss|os7|i08| 119 13t | 142|153 |205]218|227|239{250
3 8001012/024(036/048|1001112)124|136]148|200(212]224]| 2
The questlon asks the % §20)013(02s|ox {051 108|126 120|141 |154| 207|310 |232 3 43|3es|3%
5 $401013027{040{053 {107 (120|133 | 147 [200|213 227|240 |253 (307 (320
: S 70 |oufo2sosz|ose[110{124]138]152]208]220]23¢]2
state of tide at 0630, 5 720015(02{044|050|113]128| 143|187 | 213|227 24112581301 |3 59|30
& 740 )ois|oatfods]ron|117|132| 147|203 |218[233 249|304 |39 [335|3%
3 3 3 = 800)016(032/0481104{120{136|152|2085[224|240]/256)3 12328
which is 30 minutes S 8200017/033{080(107(123|140| 157 | 213|230 | 247|303 |32 | 35713 83]4 0%
g 840]017(035052{109(127 144201 {219 |236(253 311|328 |345|403)420
: S 9oefo1s{o3s|os|112[130]148[206[22¢|242{300|318)3
before the time of low E 920]019(037 [056[115(133(152[ 211|229 248 307|325 AR
3 940]019(030 (088 (117137 (1356[215 (235|234 (313|333 [as2|4n1 431|400
1000 fo20|040{100(120(149(200[ 220 | 240(300| 3203
water. Refer to the 1020 (0211041 |102|123( 143|204 225 | 245 | 300 | 337|347 | 408 | 429|440 0
N ) . 10 40 1021|043 104|125 | 147208} 229 { 251 | 312 (333355 | 416] 43 |as0|5 2
HEIght Olede at any Correction to height
: » : AT AR AR I A AT T I araea
Time” table in the o5]06(00]06f0clac|as| 01| 01| 6] 01l 61| ba| b2l Hal 5
HS I &) & & s s R B 3
. . 4| 0.4 6| 07| a8
rofoofoolaolor|eifaz]| o3| o3| oas| 05| as| 07| o .
Tidal Tables £s]oo|oo|at|a|oz|as| o3| ai| as| oa| or| oe| vo| 24| E3

(reprinted at the end
of this Part).
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The duration of rise or fall is 07:00 - 00:16 or 5 hours, 44 minutes.
The time from nearest high water is 30 minutes.

Entering the table with this data yields a height correction of 0.0 foot.
Therefore there is no offset to the calculated tide, and the correct

answer is 0.1 foot.

Problem 7-2 (CG-695). The following question is taken directly from the USCG test
bank and illustrates how to solve height of tide problems.

On 10 August 1983 you will dock near Days Point, Weehawken, on the Hudson River at
1800 DST (ZD +4). The charted depth alongside the pier is 24 feet (7.3 meters). What
will be the depth of water when you dock?

Answer: 23.9 feet or 7.2 meters.

Step 1:  Locate the desired port in the Tide Tables and note the reference
station and any offsets required.
POSITION DIFFERENCES RANGES
- Time Helight Mean
NO., PLACE Lat. Long. Mean Spring| Tide
High Low Righ Low Level
Water Water Water Water
Hudson River <8>
1513 | Jarsey City, Con Rafl RR. Feery, K. J... | 40 43 74 02 0 07
1515 | New York, Desbrosses SEreetesssescesess | 40 43 74 01 | 0 10 NEW YORK (The Battery), N.v., 1983
7 | o e et Bl O] S i veges o1
oboken, Castie 70int, o Vesoassasne vese * s 0
1521 | Weehawkan, Days Point, K. Jueeauessesess | 40 66 74 01 | 0 24 S gh and Low Waters
1523 New York, Unfon Stock YardS.eeesesass .ee 40 47 74 00 +0 27
1525 | New York, 130th Street...... il a0as 73se | oe037 A
1527 | George Washington B8r1dQ€e.eeescesess veee | 4051 7357 ] +0 4 UGusy
1529 Spuyten Duyvil, west of RR, bridge...... 40 S3 73 56 +0 58
1531 | Yonkers.eecssasesosraavessonnrsacssacase | 40 56 73 54 +1 09 Time  Height Time  Height
Day Day
h = ft L] hm ft "
For Weehawken, Days Point, N]J i 0029 4.2 13 oS 42 1
. . . . u 0840 0.6 9.2
(station 1521), the reference station 151 3 i st s 1o
is New York. The offsets are: s 0290 0.8
-0.8 -0.2 24 0252 0.0 0.
Tu 083E 5.1 1.6 W 0854 4.5 ‘1)2
1445 -0.5 .0.2 1459 0.4 0.1
: : i — 2054 6.0 1.8 2102 5.0 1.5
Time | High Low Height | Hig Low 10 0322 -0.9 -0.3 25 0326 0.0 0.0
Water | Water Water | Water w ?ggé gg ég Th ?229 4.6 1.4
-0.5 -0, 4 o, 1
+0:24 | +0:23 -0.3 0.0 2150 5.9 1.8 2134 t.; 2;
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Step 2:

date.

For 10 August, 1983, the tidal information is:

0322 -0.9 foot
0931 5.3 feet
1536 -0.5 foot
2150 5.9 feet

Step 3: Determine if daylight savings time is in effect.

The problem states that times are to be determined in DST, which

Find the tidal information for the reference station for the desired

means daylight savings time is in effect, and one hour must be added
to determine the correct times. The new tidal information is:

0422 -0.9 foot
1031 5.3 feet
1636 -0.5 foot
2250 5.9 feet

Step 4:  Create a table to compute tides at the desired location near the
desired time.
Time Low Water | High Water | Height Low Water | High Water
Reference 16:36 22:50 -0.5 foot 5.9 feet
Offsets +00:23 +00:24 0.0 -0.3
Weehaken | 16:59 23:14 -0.5 foot 5.6 feet
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239

Time from the nearest high watcr or low water

0.1 feet.

TABLE 3.—HEIGHT OF TIDE AT ANY TIME
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Since the nearest tide is low, the correction is applied from low water.
alongside is 24 feet, the correct depth of water at the pier at the time

Entering the table with this data yields a height correction of 0.4 feet.
of mooring is 23.9 feet.

The question asks for the height of water at the time of mooring (1800
DST). The height of water is MLLW + the height of tide. Using the

Height of Tide at any Time table:
The duration of rise or fall is 14:59 - 21:14 or 6 hours, 13 minutes.

The time from nearest high or low water is 1 hour, 1 minute.

The range of tide is 6.1 feet.
Since the height of tide at 1800 is -0.1 foot and the charted depth

Answer the required questions regarding the state of tide.

-0.5 foot + 0.4 feet

1659 to 1800:

Step 5:
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Tidal Current Problems

Problem 7-3 (CG-1470). The following question is taken directly from the USCG

test bank and illustrates how to solve tidal current speed problems.

What is the predicted velocity of the tidal current 2 miles west of Southwest Ledge for
2330 DST (ZD +4) on 7 September 19837

TABLE 2. - CURRENT DIFFERENCES AMD OTHER CONSTANTS, 1983
AnS wer.: 1 . 1 knOtS real POSITION TIME DIFFERENCES sreeo AVERAGE SPEEDS AKD DIRECTIONS
RATIOS
0. PLMCE Min. Min, Minimua MHinimum
DEPTH| Lat. Long. |[before Flood before Ebb |Flood Ebb before Maximus before Maximum
Flood (1] Flood Flood Ebb [0
1t ' hoe how how hoa knots deg. |knots deg. [knots deg. [knots deg.
S . h 0 ¥
tep 1 . Locate t e MARRAGANSETT BAY ¢8> on POLLOCK RIP CHAMNNEL, p.28
. Time meridian, 75°W
deslred 2041 [ Patience Island, narrows east of, 41 9.5 T2L2 | -241 <229 -244 237 |04 0.5)0.0 - 0.7 354 | 0.0 - 0.9 157
2051 | Patfence 1. and Marwick Meck 41 39.8 712,47 <140 121 -118 -113/0.3 0.5]0.0 - 0.6 040 | 0.0 - 0.8 224
location in the | S|&m s e E AN SRS R EE
rren, Warren River,, N 0 - + - - .5 0. N . .0 - 3
Ocatlon ln t e 2081 | Hog Island to Provide: .- ... urrent weak and variable 03
2091 | India Point RR. Bridge, Seekonk R. <9).. 41 49.0 7233 | -148 ;gg <131 -106|0.5 0.8)0.0 - 1.0 020 | 0.0 - 14 180
: d 1 C 0.2 0.4 020
-0 12 0.7 1.3 020
Tl a urrent 2101 | Cold Spring Pt., Seekonk River <10>..... 41 49.6 71228 | -148 414 131 10204 0.8)00 --]0.8 03|00 1.4 210
2 0.1 0.2 030
Tables and 0 2% 0.6 11 03
BLOCK [SLAND SOUND on THE RACE, p.34
Point Judith
nOte the 2106 ” nlﬁrbor of Refuge, south entrance..... 412148 71 29.75) -223 -252 -226 -359 | 0.2 g.i 0.0 0.6 329 | 0.0 g.: :::
-2 41 . 3
-1 56 0.2 0.7 141
reference 2111|  Harbor of Refuge, west entrance. w2 na See table 5.
211 Pond entrance....... 41 23 ni3 <323 301 -316 -352(0.6 0.4 0.0 1.8 351 | 0.0 1.5 186
. 2121 2.4 miles swl:nst ' :l 19.87 71 30.65| -0 48 -0 01 005]! -024)0.2 0.2]0.0 0.7 258 | 0.0 0.6 0%
Statlon and any 2126 nl«‘isx:“:: southwest of.., 118 nxn See table 5.
231 four miles north of..... 4118 71 32 ~030 4003 +035 +021 ) 0.2 0.20.0 --[0.8 285 |00 - 0.8 076
ffset Ha R i B e e FP R B Sl R e Bl D
ofl1sets. 2146 220 (132 0y 085 |02 0.1]05 220 | 0.7 28| 0.0 - - |05 164
2151 010 -029 -034 4009 |0.1 0.1]0.0 -- 0.2 33 | 0.0 - 0.6 175
2156 137 <108 034 -113{0.7 0500 -- 1.9 298| 0.0 - 1.8 136
2161 131 115 -044 -05 |04 0.4}0.0 - 1.4 318 | 0.0 - L1 170
2166 Great Salt Pond entrance.... 418 -335 -3 -422|0.1 0.1)0.0 - 0.3 165 ] 0.0 - 0.3 326
he ref e BT ELEH R ER BRI F RIS
nt, 0.4 miié we I R ) B ¥l I S Bl B S Y
T e re erence 2181 | Green N{II Point, 1.1 miles so:n of 106 -047 -0 -055/0.2 0.1]0.0 0.6 258 | 0.0 - 0.4 070
;}:f 306] :n:n:. ;,; l::ti mrlh”:x( v: -0 04 s:z :lmms" +004 | 0.2 0.2|0.0 - 0.7 270 [ 0.0 - 0.6 084
L ace Point, 2.0 miles nortl st of able 5. ~
f 219% hont. Beach, 1.1 wiles S of 052 +006 +037 -020 (0.4 0.1]0.0 - 1.1 248 { 0.0 - 0.4 078
Statlon Or 2201 axhﬂnl::; lt::‘l. 3.8 :”:: o -0 05 :0 06 :0 29 +008 ) 0.2 0.2 0.0 - 0.7 23 | 0.0 - 0.6 058
2206 | Lewis Point, 6.0 miles WNW of., +051 +040 +006 +035/0.2 0.30.0 - II).: ;g gg - ;.f ?2;
033 -033 010 -008 0.5 0.5]0.0 - o .0 - .
Southwest 4002 +010 +001 -041 (0.5 0.50.0 - 1.5 354 [ 0.0 - 1.9 168
5338 Vateh 11 oot 02 1018 033 042 |04 03 | a0 11|12 2 |00 11|52 ook
L 2226 | vatcl ! o 0 + + + B . .0 - o .0 - .
d 2231 | Montauk Poiat, 5. iles NNE 025 -003 -047 +008 |04 0500 - L1 29|00 - 1.6 079
Le ge (Statlon 2236 Mt:vl Pﬂi:(. 1.2 :Il:: east o :l 30 -109 -048 :l 53/1.0 0.8 0.0 - 2.8 346 | 0.0 - 2.8 162
. 2241 | Montauk Point, 1 mile northeast 202 -129 -110 -141[0.7 0.4 0.0 - 2.4 35 | 0.0 - 1.9 145
2211) is The
Race.
The offsets and tabular data are:
Minimum Flood Minimum Ebb Speed ratio Speed ratio | Minimum Max Flood Minimum Max Ebb
before before (Flood) (Ebb) before before
Flood Ebb flood Ebb
o
-0:33m -0:33m -0:10m -0:08m 0.5 0.5 0/- 1.5kts/321°T 0/- 2.1kts/ 141°T

Step 2:

The reference station data are:

The Race

Maximum

Velocity

Slack Water

0212

4.8 Ebb

0525

0814

4.2 Flood

1119

1439

4.7 Ebb

1748

2037

4.3 Flood

2342

The Race

Determine the tidal current information for the reference station.
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Step 3:

Step 4:

s THE RACE, LONG ISLAND SOUND, 1983
F-Flood, Dir. 295° True E-Edb, Dir. 100° True
SEPTEMBER ocT

Slack Haximum Slack Naxisum Slack Maximum
Water Current Water Current Water Current
Time Time Vel. Time Time Vel. Time Time Vel.

Day Day Day
h.m. h.m. knots h.m, h.m. knots L] h.m. knots

1 0232 2.3F 16 0132 0432 2.2F 1 0034 0314 2.6F

Th 0533 0855 2.5E F o028 1031 2.SE Sa 0621 0949 2.9€
1155 1454 2.6F 1347 1650 2.2F 1251 1540 2.9F
1758 2137 3.2 1930 2256 3.0E 1846 2218 3,5E

2 0056 0335 2.5F 17 0228 052§ 2.3F 2 0136 0418 2.9F

F 0639 1002 2.7€ Sa 0812 1122 2.7¢ Su 0725 1050 3.4E
1302 1855 2.9F 1440 1739 2.4F 1356 1644 3.2F
1903 2237 3.5¢ 2022 2345 3.2€ 1950 2318 3.9E

3 0157 0437 2.8F 18 0312 0611 2.5F 3 0233 0819 3.4F

Sa 0742 1106 3.2€ Su 0858 1211 2.9€ M 0823 1145 3.9€
1406 1700 3.2F 1526 1824 2.5F 1456 1745 3.6F
2005 2336 3.9E 2108 2049

4 0253 0538 3.2F 19 0031 3.3E 4 0013 4.2E

Su 084) 1201 3.6E M 0353 0650 2.6F Tu 0325 0614 3.8F
1506 1758 3.6F 0939 1252 3.1E 0918 1239 4.4E
2103 1608 1859 2.6F 1550 1840 3.9F

2149 2144

5 0030 4.3E 20 0112 3. 4E S 0104 4.5E

M 0346 0633 3.7F Tu 043) 0721 2,8F W 0415 0705 4.1F
0936 1256 4.1E 1015 1333 3,2¢ 1009 1330 4.7E
1602 1852 4.0F 1647 1931 2.8F 1642 1931 4.1F
2158 2227 2235

6 0123 4.6E 21 0149 3.4E [ 0153 4.6E

Tu 0436 07128 4.0F ¥ 0506 0750 2.9F Th 0503 0753 4.2F
1028 1347 4. 5E€ 1049 1409 3.3E 1057 1419 4.8E
1655 1946 4,2F 1723 2003 2.8F 1733 2021 4.1F
2251 2304 2325

7 0212 4.8€ 22 0228 3.4E 7 0242 4.5E

¥ 0525 0814 4.2F Th 0538 0818 2.9F F 0550 0840 4.2fF
1119 1439 4.7€ 1123 1447 3.4E 1145 1508 4.8t
1748 2037 4.3F 1757 2037 2.9F 1822 2110 4.0F
2342 2340

Determine if daylight savings time is in effect and adjust times as

required.

The problem states that DST is in effect. To obtain DST times, one
hour must be added. The corrected data are:

The Race Maximum Velocity
Slack Water | 0312 4.8 Ebb
0625 0914 4.2 Flood
1219 1539 4.7 Ebb
1848 2137 4.3 Flood
0042 The Race

Create a table to calculate the required information at the desired

location.

The problem asks for the velocity of the tidal current, so only relevant

data are included in the table.

Max Flood Velocity Desired Velocity Slack After Desired | Velocity
Before Desired Time Time
Time
Reference Station 21:37 4.3 kts 00:42 0 kts
Flood
Offsets -0:33m *0.5 -0:10 0 kts
Southwest Ledge 21:04 2.2 kts 2230 TBD 00:32 0 kts
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Step 5:  Answer the required questions.

The question asks for the velocity at a specific time (2330 DST). Table
3 in the Tidal Current Tables gives the velocity of the current at any
time (Table 3 is reprinted at the end of this Part).

The interval between slack and desired time (2330) is:
2330t0 0032 =1 hr, 02 m.

The interval between slack and maximum current is:
2104 to 0032 =3 hr, 28 m.

Entering Table 3 yields a correction factor (f) of 0.5.

Per the instructions in Table 3, the factor (f) is multiplied by the

maximum tidal current velocity to yield the tidal current at the
desired time:

0.5x2.2 kts=1.1 kts at 2230 DST

190 TABLE 3.—VELOCITY OF CURRENT AT ANY TIME
TABLE A
Interval between slack snd mazimum current
T T T T v
A.m,[n.m';,m_!l.m.!l.n, hom. A.n.ll.u.!A.n.!h.m.:h.u.él.m. Lm.l,ln
120 |40 i3 240 | 30 LR R R R LR R
i L i 1 ' 1

A, . . . , . . . I3 1 1.
o' §2 | 2 5.: £ | & &1 | bl & b
g 040 o4 03| a3 | 03| o3 | 02| 02| a2 a2 | 02
i 1900 o6 | 05| os | 04| 04| 04| 03| 03| 03| 03
1:20 07 | o8| o8| o5 | 05| 05 | 04 | 04 | 04 | Q4
11 o8 | o8 | o7 | a7 | o6 | 08 | 0S5 | 05| 05| 04
2 20 av | ao | o8| as | o7 | a7 | 06 | o8| 06| o5
HIEE) no ! a9 00 o8| o8 | o7 | a7 | a7 | a6 | o8
y 140 1o Lo 10| a9 | oo | o8| o8| o7 | 07| o7
B 30 1of 1o | 1ol ool 0o | oas ! o8 i o8} o7
T o320 |l 10| Lo | Loj oo | a9 | 09| o8| o8
$ 314k o vo | nol oo a9 a9 | 0o
b SRR J [PV OO (OO SO URUUR [SUUNUUR INPPUOOR ORI Lo | Lo | 1o | rol ool oo
T4 20 | LI I I I I I I T 10| vo| Lo | no| @
§ 440 | LontiD | I I S L I I T Lo ! Lo Lo | Lo
SR B B [(SVUUUN [PUUUNUR PURUUTR) [PUUUIUG) [PPRPURLY OVVOU [FPUPURLY [PURIV PR [PURRINY [ | 1o} w0 ] no
=g | IIUUITITIIIDIIIID | D LD | D L I I L D onenes 10 | 1o
5 40 o e D R e R 1.0

. A
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Problem 7-4 (CG-2066). The following question is taken directly from the USCG

test bank and illustrates how to solve tidal current problems for specific time

windows.

You want to transit Hell Gate on 23 July 1983. What is the period of time around the
AM (ZD +4) slack before ebb when the current will be less than 0.5 knot?

Answer: 0939 to 0957.

JuLy

Slack
Water
Time

Day

hem. h.m, knots h.m,

Maximum
Current
Time Vel.

h.m. knots

Step 1:  Determine the tidal current information for the desired location.
Since Hell Gate is it's own reference station no offsets are required.
The data are:
Hell Gate Maximum Velocity Slack  Maximum
Slack Water m"ﬁ.‘.: Tine Vel
0252 0552 3.3 Flood
0848 1146 4.4 Ebb
1503 1809 3.5 Flood
2107 Hell Gate
Step 2:  Determine if daylight savings time applies and adjust times as
required.
The problem states that DST is in effect. To obtain DST times, one
hour must be added. The corrected data are:
Hell Gate Maximum Velocity
Slack Water
0352 0652 3.3 Flood
0948 1246 4.4 Ebb
1603 1909 3.5 Flood
2207 Hell Gate
Step 3:  Answer the required question.
a. The question asks for the period of time around the AM slack with
current less than 0.5 knots. The AM slack is at 0948 (technically it
could also be at 0352 but in this case the question seeks the 0948
slack).
b.

23 0252
Sa 0848
1503

2107

0552 3.3F
1146 4.4E
1809 3.5F

To find the duration of slack water (the period around slack with a

given current speed), utilize Table 4 in the Tidal Current Tables (Table

4 is reprinted at the end of this Part).
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The maximum current is Tasz B
4.4 knots for the nearest Maximum Pertod with a velocity not more than—

flood, and 3.3 knots for the T | odknot | o2knot | o0dkmot | odkmot | 05knot ‘
nearest ebb.

Knots Minutes Minutes Minutes Minutes Minutes |
1.0 13 ] 23 46 66 89 .
L5 8 18 28 39 52
2.0 [} 13 20 2 36
Y] 3 s % i3 7
: : 3 9 13 B
The period sought is for a 50 3 $ 3 0w

window of current less
than 0.5 knots.

Utilize table B, because the question deals with Hell Gate.

The duration of slack (less than 0.5 knots) based on the nearest flood
is 15 minutes.

The duration of slack (less than 0.5 knots) based on the nearest ebb is
20 minutes.

The average duration of slack based on both the nearest flood and
nearest ebb is:

(15 min + 20 min) + 2 = 18 minutes.

Therefore, if slack is at 0948, the window of time with current less
than 0.5 knots is 0948 +/- 9 minutes, or 0939 to 0957.
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Additional Problems and Answers

All of the following questions were taken directly from the 2013 USCG test bank and
illustrate the concepts in this Part. Note - not all problems have been worked and
are subject to occasional errors in the database. For more problems and answers,
see the USCG database of questions (database information located in the preface).
Tide and tidal current problems are located on the navigation general test.

Problem CG-107. Determine the height of the tide at 1430 EST (ZD +5) at New Bedford,
MA, on 10 April 1983.

a) 1.1 feet
b) 1.2 feet
c) 1.4 feet- correct
d) 1.7 feet

Problem CG-408- Determine the height of the tide at 2045 EST (ZD +5) at Augusta, ME,
on 8 March 1983.

a) 1.4 feet (0.5 meter)

b) 1.9 feet (0.6 meter)- correct

c) 2.3 feet (0.7 meter)

d) 2.6 feet (0.8 meter)

Problem CG-439. Find the height of the tide at Port Wentworth, GA, on 5 October 1983,
at 1840 DST (ZD +4).

a) 3.0 feet
b) 3.5 feet
c) 4.0 feet
d) 4.4 feet- correct

Problem CG-447. For 3 November 1983, at 0830 EST (ZD +5) at Catskill, NY, what is
the predicted height of tide?

a) +0.1 foot
b) -0.6 foot- correct
c) +0.9 foot
d) -1.3 feet

Problem CG-697. On 2 November 1983 at 1630 EST (ZD +5), what will be the predicted
height of tide at Fulton, FL?

a) 2.8 feet- correct
b) 3.4 feet
c) 4.2 feet
d) 5.6 feet
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Problem CG-1517. What will be the height of tide at Three Mile Harbor Entrance,
Gardiner’s Bay, NY, at 0700 (ZD +5) on 14 November 19837

a) 1.1 feet
b) 1.7 feet- correct
c) 1.9 feet
d) 2.2 feet

Problem CG-336. At what time after 1400 EST (ZD +5), on 4 January 1983, will the
height of tide at Port Wentworth, GA be 3.0 feet?

a) 1612
b) 1630
c) 1653- correct
d) 1718

Problem CG-695. On 10 August 1983 you will dock near Days Point, Weehawken, on
the Hudson River at 1800 DST (ZD +4). The charted depth alongside the pier is 24 feet
(7.3 meters). What will be the depth of water when you dock?

a) 23.5feet (7.1 m)
b) 23.9 feet (7.2m)- correct
c) 24.9 feet (7.5m)
d) 26.3 feet (8.0m)

Problem CG-2001. You are to sail from Elizabethport, NJ on 22 May 1983 with a
maximum draft of 28 feet. You will pass over an obstruction with a charted depth of 27
feet. The steaming time from Elizabethport to the obstruction is 1h 40m. What is the
earliest time (ZD +4) you can sail on the afternoon of 22 May and pass over the
obstruction with 3 feet of clearance?

a) 1407- correct
b) 1331
c) 1303
d) 1242

Problem CG-1470. What is the predicted velocity of the tidal current 2 miles west of
Southwest Ledge for 2330 DST (ZD +4) on 7 September 1983?

a) 1.3 knots- correct
b) 1.6 knots
c) 1.9 knots
d) 2.2 knots
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Problem CG-1515. What will be the direction and velocity of the tidal current at
Provincetown Harbor, MA at 1045 DST (ZD +4) on 5 May 19837

a) 0.0 knotat135°T
b) 0.2 knotat135°T
c) 0.4 knotat 315° T- correct
d) 0.6 knotat315°T

Problem CG-1524. What will be the time of maximum flood current at the Sagamore

Bridge on the Cape Cod Canal during the morning of 6 December 1983 (ZD +5)?

a) 0708- correct
b) 0712
c) 0716
d) 1020

Problem CG-1526. What will be the velocity and direction of the tidal current at Old

Ferry Point, NY, at 1340 EST (ZD +5) on 5 February 19837

a) 0.8 knotat060°T
b) 0.8 knot at 240° T
c) 1.0 knotat 076°T
d) 1.4 knot at 076° T- correct

Problem CG-1536. What will be the velocity of the tidal current at Port Royal, VA at

1505 DST (ZD +4) on 4 June 1983?

a) 0.0 knot
b) 0.1 knot
c) 0.4 knot- correct
d) 0.7 knot

Problem CG-1537. What will be the velocity of the tidal current in Bolivar Roads,

Texas, at a point 0.5 miles north of Ft. Point, on 23 November 1983 at 0330 CST (ZD

+6)?

a) Slack water- correct
b) 0.8kt

c) 1.2 kts

d) 3.4 kts

Problem CG-2069. You will be entering the Mystic River in Connecticut. What is the

current at the Highway Bridge at 1900 EST (ZD +5) on 24 January 1983?

a) 2.2 knots flooding
b) Slack water
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c) Slight ebb- correct
d) 2.5 knots ebbing

Problem CG-2066. You want to transit Hell Gate on 23 July 1983. What is the period of
time around the AM (ZD +4) slack before ebb when the current will be less than 0.5
knot?

a) 0939 to 0957- correct
b) 0943 to 0953
c) 0844 to 0852
d) 0348to 0356

Problem CG-2068. You want to transit Pollack Rip Channel, MA on 6 April 1983. What
is the period of time around the 0955 (ZD +5) slack water in which the current does
not exceed 0.3 knot?

a) 0911 to 0955
b) 0940to 1010
c) 0955to 1044
d) 0935to 1017- correct

Problem CG-409. Determine the time after 0300 CST (ZD +6) when the velocity of the
tidal current will be 0.5 knot on 16 April 1983 at Port Arthur Canal Entrance, TX.

a) 0436
b) 0507- correct
c) 0538
d) 0554

Problem CG-405. Determine the duration of the first PM slack water on 3 March, 1983,
east of the Statue of Liberty, when the current is less than 0.1 knot?

a) 10 minutes
b) 13 minutes- correct
c) 16 minutes
d) 19 minutes

Problem CG-1469. What is the period of time from around 1008 FST (ZD +4) at
Canapipsit Channel, MA on 7 August 1983, in which the current does not exceed 0.4
knots?

a) 0945to 1031
b) 0950to 1026
c) 0955to 1021- correct
d) 1000to 1024
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Problem CG-1148. The predicted time that the flood begins at the entrance to
Delaware Bay is 1526. You are anchored off Chestnut Street in Philadelphia. If you get
underway bound for sea at 1600 and turn for 8 knots, at what point will you lose the
ebb current?

a) Billingsport

b) Marcus Hook
c) Mile 63- correct
d) Mile 52
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Time from the nearest high water or low water

TABLE 3.—HEIGHT OF TIDE AT ANY TIME
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TABLE 3.—VELOCITY OF CURRENT AT ANY TIME
TABLE A
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ty of maximum current (Nood or ebb), one of which is im-
, and enter Lhe side of table A or B with the interval which

y is desired,
d maximum current, and enter the top of table A or B with the interval which

table, the factor corresponding to the above Lwo intervals, and muluply the maximum velocity by this factor. The

and the other after the time for which the velocit:
result will be the approximate velocity at the time desired.

2. Find the interval of Lime between Lhe above slack an

dictions find the time of slack water and the time and velccei
most nn:lg sgrees with Lhis value,

rees with this value,

From
mediately begreo
3 l‘t.a‘e interval of time between the above slack and the time desired
. in the

Use table B for Cape Cod Canal, Hell an. Chesapeaks and Delaware Canal and all stations in table

Use table A for all places except those listed below for table B.

3. Fin

most nearl

4. Fin




TABLE 4.—DURATION OF SLACK

The predicted times of slack water given in this publication indicate the instant of zero
velocity, which is only momentary. There is a period each side of slack water, however, during
which the current is so weak that for practical purposes it may be considered as negligible.

The following tables give, for various maximum currents, the approximate period of time.
during which weak currents not exceeding 0.1 to 0.5 knot will be encountered. This duration
includes the last of the flood or ebb and the beginning of the following ebb or flood, that is,
half of the duration will be before and half after the time of slack water. -

Table A should be used for all places except those listed below for table B.

Table B should be used for Cape Cod Canal, Hell Gate, Chesapeake and Delaware
Canal, and all stations in table 2 which are referred to them.

Duration of weak current near lime of slack water

TABLE A

! Period with a velocity not more than—
¢ Maximum

i
!
| current :
{ 0. knot 0.2 knot 0.3 knot 0.4 knot 0.5 knot -
1 -
1 i
i Knota Minutes Minutes Minutes Minutes Minutes |
1,0 4 70 [N 120 |
i LS 13 31 48 62 78
{20 1 3 35 46 8
.0 8 15 23 al 38 I
4,0 8 11 17 23 28
5.0 s 9 14 18 |
8.0 4 8 11 15 19 |
7.0 3 7 10 13 18 |
3.0 3 6 y 11 TR
i 9.0 3 5 8 10 13
i 1.0 2 3 7 9 i
1 . |
TABLE B
1 Period with a velocity not more than—
Mazimum :
current i
0.1 knot 0.2 knot 0.3 kot 0.4 knot ! 0.5 knot l
Knots Minutes Minutes Minutes Minutes ! Minutes T
: 1.0 13 ) 28 ) 66 I T
1.5 8 : 18 28 39 iR
l 2.0 ] : 13 20 28 -
30 4 8 13 18 .o
4.0 3 i ¢ 9 13 1)
5.0 3 : 5 8 10 N+ B

When there is a difference between the velocities of the maximum flood and ebb preceding
and following the slack for which the duration is desired, it will be sufficiently accurate for
practical purposes to find a separate duration for each maximum velocity and taI‘;e the average
of the two as the duration of the weak current.’
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The Cutterman’s Guide to Navigation Problems

Part Eight: Visibility and Distance Off Light Problems

There are two types of problems to solve involving lights: visibility of lights
problems, and distance off of lights problems. Each relies on tables in Bowditch for
solutions.

Visibility of Lights

Visibility of light problems involve completing two separate calculations (one for the
existing meteorological visibility and another for the geographic range of the light)
and determining which of the two are less. The luminous range diagram and Table
13 in Bowditch are used to solve these problems, and are re-created at the end of
this part.

Problem 8-1 (CG-1026). The following question is taken directly from the USCG
test bank and illustrates how to solve visibility of lights problems.

The Light List indicates that a light has a nominal range of 13 miles and is 36 feet high.
If the visibility is 17 miles and your height of eye is 25 feet, at what approximate
distance will you sight the light?

Answer: 12.86 miles. A ‘M"”“””%'ﬂm:
= 5 (o g?}#&y i »
Step1:  Determine the luminous range of ) 2 .,
the light. " M{V l
2
a. Determine the nominal range of the : 3 \»@L:f =1
light from the Light List or List of = o
Lights (if necessary). ®) gt B
The nominal range is given as 13 ! W ]
miles in the problem. /@ ||
EE 'V I ]
b. Enter the luminous range diagram y 4] i){%}.}#/
with the nominal range and the Tk — i
meteorological visibility to o8 P = e D
determine the luminous range of the wf LF;E‘(‘?’?-?““‘W );_j%} .
light. (The luminous range diagram - | /// @ |
is printed at full scale at the end of ISRy e AT AT B

NOMINAL RANGE-nautical miles

this part).

In this case, the luminous range is determined to be approximately
20.0 nm.
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Step 2:

Step 3:

Determine the geographic range of the light.

Determlne the helght Object Height Height of eye of observer in feet and meters
of the object and the Feet 7 10 13 16 20 23 26 30
height of eye of the Meters 2 3 4 5 6 7 8 9
observer_ Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles
0 0 3.1 3.7 4.2 4.7 5.2 5.6 6.0 6.4
3 1 5.1 5.7 6.2 6.7 7.3 7.6 8.0 8.4
3 1 i 7 2 6.2 6.8 7.3 7.8 8.3 8.7 9.1 9.5
The hght 1S glven as 10 3 6.8 7.4 7.9 8.4 8.9 9.3 9.7 | 10.1
being 36 feet h]gh 13 4 7.3 7.9 8.4 8.9 9.5 9.8| 10.2] 10.6
) 16 5| 78] 84| 89| 94| 99| 103] 10.6] 111
and the observer’s 20 6|l 83| 89| 95| 99| 105| 108] 112 116
. . . 23 7 8.7 9.3 98| 103| 10.8| 11.2| 11.6| 12.0
height of eye is given 26 gl 91| 97| 102] 106| 112] 16| 11.9| 124
30 ol 95| 10.1] 10.6] 11.1| 11.6| 12.0| 12.4| 128
as 25 feet. 33 10| 98] 104 109] 11.4] 12.0] 12.3| 12.7] 13.1
36 11| 101 107 11.2| 11.7| 123| 12.6| 13.0| 13.4

Enter Table 13 in Bowditch with the height of the light and the height
of the observer.

Interpolate the geographic range.

In this case the geographic range is approximately 12.86 nautical
miles.

Compare the luminous range and geographic range to determine
which is smaller. The smaller value is the actual visible range of the
light.

The luminous range is 20.0 nm and the geographic range is 12.86 nm.
The actual visibility of the light is 12.86 miles.

Problem 8-2 (CG-1030). The following question is taken directly from the USCG

test bank and illustrates how to solve visibility of lights problems.

Problem CG-1030. The Light List indicates that a light has a nominal range of 14 miles
and is 42 feet high. If the visibility is 6 miles and your height of eye is 20 feet, at which
distance will you sight the light?

Answer: 10.0 miles.

Step 1:

Determine the luminous range of the light.

Determine the nominal range of the light from the Light List or List of
Lights (if necessary).

The nominal range is given as 14 miles in the problem.
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b. Enter the luminous range ottt m e w e a

diagram with the nominal 7 ,gg.%y ]
range and the meteorological v =
visibility to determine the ’ B e B
luminous range of the light. ) @ /ﬁfﬁ‘ |
(The luminous range . A EN
diagram is printed at full . ) g2 i

scale at the end of this Part).

LUMINGUS RANGE-nautical miles

(Thig range may he reduced by the glare of other lights)

. «
| A
e 1 L
o
%

A \
I L \
< > w

In this case, the luminous
. . | ]
range is determined to be %m/
approximately 10.0 nm. o/ 1
B s
. . |- / -
Step 2:  Determine the geographic L
] 1
range of the light. o . st dD o
C | L o988 g <] 7
. . 0.2 / k;:\ g /);}.j’%—“ 0.2
a. Determine the height of the : T |
object and the height of eye oaL L1 al;'i Ly l{ﬂsl TIETTIANT \“HHJ; T
ofthe ObSGI'Ver NOMINAL RANGE-nautical miles
The light is given as — — —
b . 42 feet hlgh and Object Height Height of eye of observer in feet and meters
eing ,
the Observer‘s helght Of Feet 7 10 13 16 20 23 26 30
eye is given as 20 feet. Meters 2 8 4 S 6 7 8 °
Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles
) 0 ol 31| 37| 42| 47| 52| 56| 60| 64
b. Enter Table 13 in 3 1| 51| 57| 62| 67| 73| 76| 80| 84
. . 7 2| 62| 68| 73| 78| 83| 87| 91| 95
Bowditch with the 10 3| es| 74| 79| s4| so| o3| 97| 101
heicht of the lich d 13 4| 73| 79| 84| 89| 95| 98| 102 106
eight of the light an 16 5| 78] 84| 89| 94| 99| 103] 106] 1L1
: 20 6| 83| 89| 95| 99| 105| 108| 112] 116
the height of the 23 7] 87| 93| 98| 103]| 108| 112| 11.6| 1200
: 26 g| 91| 97| 102] 106| 112] 11.6| 11.9| 12.4
observer (Table 13 is 30 ol os| 1011 1066| 11.1| 1156] 1200| 12.4| 1238
printed at the end of 33 10] 98] 104] 109 11.4] 1200| 123] 12.7] 13.1
i 36 1] 101 107] 11.2] 11.7] 123 12.6| 13.0| 13.4
this Part). 39 12| 104 110 115 120] 12.5| 129| 13.3| 137
43 13| 108| 11.4] 11.9] 12.4] 129 133| 13.6| 141
46 14] 110 116] 122| 126| 132 13.5| 13.9| 143

c. Interpolate the
geographic range.

In this case the geographic range is approximately 12.8 nautical miles.
Step 3:  Compare the luminous range and geographic range to determine
which is smaller. The smaller value is the actual visible range of the

light.

The luminous range is 10.0 nm and the geographic range is 12.8 nm.
The actual visibility of the light is 10.0 miles.
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Distance Off of Lights

“Distance off” problems involve two bearings to one object at different times. By
entering Table 18 in Bowditch with the difference between the course and each
bearing, the distance off at the second bearing, or the distance off abeam can be
calculated.

Problem 8-3 (CG-684). The following question is taken directly from the USCG test

bank and illustrates how to solve distance off at the second bearing problems.

You are steaming on a course of 114° T at 17 knots. At 1122 you observe a lighthouse
bearing 077° T. At 1133 the lighthouse bears 051° T. What is your distance off at the
second bearing?

Answer: 4.31 miles

Step 1:

Step 2:

Create a table of data to determine the difference between ship’s
course and each bearing.

Time | Course | Bearing Difference between course and bearing
1122 | 114°T 077°T 114°T-077°T =37°
1133 | 114°T 051°T 114°T - 051°T=63°

Enter Table 18 in Bowditch
with the difference between the

TABLE 18

Distance of an Object by Two Bearings

Difference between the course and first bearing

course and each bearing. " - - o P
Retrieve the tabular data, with
bracketing values if exact values
are not listed (Table 18 is
reproduced in it’s entirety at s | 300l 224
the end of this Part). i 25113 o8] 3] ass| 26
50 2.03| 1.55] 2.43| 1.86] 2.96| 2.27| 3.70| 2.84
52 1.81] 1.43] 2.13| 1.68] 2.54| 2.01] 3.09| 2.44| 3.85| 3.04
54 1.63| 1.32] 1.90| 1.54] 2.23| 1.81] 2.66| 2.15] 3.22| 2.60
. 56 1.49| 1.24) 1.72] 1.42] 1.99| 1.65) 2.33| 193} 2.77| 2.29
d. The br‘aCketlng Values are: 58 1.37] 1.17] 1.57] 1.33] 1.80] 1.53] 2.08| 1.76] 2.43| 2.06
60 1.28] 1.10] 1.45| 1.25] 1.64| 1.42] 1.88]| 1.63] 2.17| 1.88
62 1.19] 1.05) 1.34| 1.18) 1.51| 1.34] 1.72| 1.52] 1.96| 1.73
36° 38° 6o | vos| 09| 1a| 107l 131 130| 13| 134] 163| 1%
68 1.00| 0.93) 1.11| 1.03) 1.23| 1.14) 1.37| 1.27] 1.53| 142
62° 1.34/1.18 1.51/1.34
64° 1.25/1.13 1.40/1.26

b.

Interpolate for the desired value to the nearest hundredth.
36° 3770 38°
62° 1.34/1.18 1.51/1.34
63° 1.30/1.16 1.46/1.30
64° 1.25/1.13 1.40/1.26
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36° 37° 38°
62° 1.34/1.18 1.51/1.34
63° 1.30/1.16 | 1.38/1.23 | 1.46/1.30
64° 1.25/1.13 1.40/1.26

The interpolated values for 37° and 63° are 1.38 and 1.23.

Step 3: Given the time between bearings and the ship speed, determine the
distance run.
Bearing times: 1122 and 1133.1133-1122 = 11 minutes run.
11 minutes = 0.183 hours at 17 knots = 3.12 miles run.

Step 4: Per the instructions in Bowditch for using Table 18, the distance run
between bearings multiplied by the first number is equal to the
distance at the second bearing, and the distance run multiplied by the
second number is equal to the distance abeam.

Distance off at second bearing = 3.12 miles run x 1.38 = 4.31 miles
Distance off abeam = 3.12 miles run x 1.23 = 3.84 miles

Problem 8-4 (CG-933). The following question is taken directly from the USCG test
bank and illustrates how to solve distance off abeam and time abeam problems.

Your vessel is on course 237° T at 18 knots. At 0404 a light bears 263.5° T and at 0430
the light bears 282° T. At what time and at what distance off will your vessel be when
abeam of the light?

Answer: 0456, 7.8 miles.

Step 1: Create a table of data to determine the difference between ship’s
course and each bearing.

Time | Course | Bearing Difference between course and bearing
0404 | 237°T | 263.5°T 237°T-263.5°T =26.5°
0430 237°T 282°T 237°T-282°T =45°
S tep 2_ En ter Table 18 ln Difference between the course and first bearing
Bowditch with the 20° 2 2 26° 28°
difference between 30 | 197) 098
32 | 164 087| 2.16| 1.14
the course and each 34 1.41] 0.79] 1.80| 1.01| 2.34| 1.31
) ; 36 | 1.24| 073] 1.55] 0.91] 1.96| 1.15] 2.52| 1.48
bearmg. Retrieve the 38 | 1.11] 0.68) 1.36] 0.84] 1.68| 1.04] 2.11] 1.30] 2.70| 1.66
. 40 | 1.00] o.64] 1.21] 0.78] 1.48] 0.95| 1.81] 1.16] 2.26] 1.45
tabular data, with 42 | 091| o61] 110 0.73] 1.32| 0.88] 1.59| 1.06] 1.94| 1.30
Keti ’ 1 i 3161 8.83 822 (1).(9)0 8.69 1.19 8.82 1.42% 833 1.72 1.13
78| 0. 92| 0.66] 1.09] 0.78] 1. 92| 1.52] 1.0
brac eting values 1 48 | 073] 0.54] 0.85] 0.64] 1.00] 0.74] 1.17] 0.87] 1.37] 1.02

exact values are not
listed (Table 18 is reproduced in it’s entirety at the end of this Part).
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Step 3:

Step 4:

Step 5:

The bracketing values are: 26° 28°
44° 1.42/0.98 1.70/1.18
46° 1.28/0.92 1.52/1.09

Interpolate for the desired value to the nearest hundredth.

The interpolated 26° 26.5° 28°
values for 26.5° 44° 1.42/0.98 1.70/1.18
and 45° are 1.42 45° 1.35/0.95 1.61/1.14
and 1.00. 46° 1.28/0.92 1.52/1.09
26° 26.5° 28°
44° 1.42/0.98 1.70/1.18
Given the time 45° 1.35/0.95 142/100 161/1.14
between bearings 46° 128/0.92 152/1.09
and the ship

speed, determine the distance run.
Bearing times: 0404 and 0430. 0430-0404 = 26 minutes run.
26 minutes = 0.433 hours at 18 knots = 7.8 miles run.

Per the instructions in Bowditch for using Table 18, the distance run
between bearings multiplied by the first number is equal to the
distance at the second bearing, and the distance run multiplied by the
second number is equal to the distance abeam.

Distance off at second bearing = 7.8 miles run x 1.42 = 11.08 miles
Distance off abeam = 7.8 miles run x 1.00 = 7.8 miles

Determine the time abeam.

Since the second angle is 45° from the bow, and you already know the
distance off, you can apply the bow/beam rule in reverse to
determine time abeam.

The bow and beam rule states that when two bearings are taken (one
at 45° and one at 90°), the distance run equals the distance abeam.

The distance abeam was determined to be 7.8 miles in step 4.
With one bearing at 45° (the original, second bearing), and one
bearing at 90° (abeam), the distance run and distance abeam are

equal, so the distance run is 7.8 miles.

7.8 miles for 18 knots is 0.433 hours, or 26 minutes. The time of
second bearing was 0430. 0430 + 26m = 0456.
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Note that many of these distance off problems can be partially or completely solved
by the special cases of bearing rules. They are not necessary to determine answers,
but are listed here:

1. Doubling the Angle on the Bow Rule: when the measured angle of an object
doubles, the distance run between the bearings equals the distance from the
object at the second bearing.

2. Bow and Beam Rule: When the first bearing is 45° and the second is 90°, the
distance run between bearings and distance off are equal.

3. 7/10ts Rule: When the first bearing is 22.5° and the second is 45°, 0.7 times
the distance run equals the distance abeam.

4. 30/60/90 Rule: When the first bearing is 30° and the second is 60°, 0.875
times the distance run equals the distance abeam.
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Additional Problems and Answers

All of the following questions were taken directly from the 2013 USCG test bank and
illustrate the concepts in this Part. Note - not all problems have been worked and
are subject to occasional errors in the database. For more problems and answers,
see the USCG database of questions (database information located in the preface).
Questions in this part are taken from both the Navigation General and Navigation
Problems sections.

Problem CG-1023. The Light List indicates that a light has a nominal range of 10 miles
and is 11 feet high. If the visibility is 15 miles and your height of eye is 20 feet, at what
approximate distance will you sight the light?

a) 12.0 miles
b) 11.0 miles
c) 10.0 miles
d) 9.0 miles- correct

Problem CG-1029. The Light List indicates that a light has a nominal range of 14 miles
and is 42 feet high. If the visibility is 16 miles and your height of eye is 20 feet, at which
approximate distance will you sight the light?

a) 20.1 miles
b) 16.0 miles
c) 12.8 miles- correct
d) 7.6 miles

Problem CG-1030. The Light List indicates that a light has a nominal range of 14 miles
and is 42 feet high. If the visibility is 6 miles and your height of eye is 20 feet, at which
distance will you sight the light?

a) 20.1 miles

b) 10.0 miles- correct
c) 7.6 miles

d) 6.0 miles

Problem CG-1034. The Light List indicates that a light has a nominal range of 8 miles
and is 48 feet high. If the visibility is 6 miles and your height of eye is 35 feet, at what
approximate distance will you sight the light?

a) 15.0 nm

b) 124 nm

c) 8.0nm

d) 5.9 nm- correct
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Problem CG-96. A lighthouse is 120 feet high and the light has a nominal range of 18
miles. Your height of eye is 42 feet. If the visibility is 11 miles, approximately how far
off the light will you be when the light becomes visible?

a) 12.5 miles
b) 16.0 miles
c) 19.0 miles- correct
d) 23.5 miles

Problem CG-404. Determine the approximate geographic visibility of an object with a
height above the water of 85 feet, for an observer with a height of eye of 60 feet.

a) 184 nm
b) 19.9 nm- correct
c) 20.8nm
d) 21.5nm

Problem CG-1415. What is the approximate geographic range of Assateague Light, VA,
if your height of eye is 52 feet? The Light List gives the height of the light as 156 feet.

a) 14.1 nm
b) 21.8 nm
c) 23.0 nm- correct
d) 50.2 nm

Problem CG-1416. What is the approximate geographic range of Fenwick Island Light,
Delaware, if your height of eye is 37 feet? The Light List gives the height of the light as
83 feet.

a) 24.8 nm
b) 17.8 nm- correct
c) 15.9nm
d) 10.3 nm

Problem CG-1419. What is the approximate geographic range of Point Judith Light,
Rhode Island, if your height of eye is 62 feet? The Light List gives the height of the light
as 65 feet.

a) 9.6 nm

b) 16.5 nm

c) 18.6 nm- correct
d) 20.7 nm

Problem CG-683. You are steaming on a course of 084° T at a speed of 13 knots. At

1919 a lighthouse bears 106.5° T. At 1957 the same lighthouse bears 129° T. What will
be your distance off the lighthouse when abeam?
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a) 4.3 miles
b) 5.7 miles- correct
c) 7.1 miles
d) 8.2 miles

Problem CG-686. You are steaming on a course of 167° T at 19.5 knots. At 1837 you
observe a lighthouse bearing 224° T. At 1904, the lighthouse bears 268° T. What is
your distance off at the second bearing?

a) 8.8 miles

b) 9.5 miles

c) 10.4 miles- correct
d) 11.3 miles

Problem CG-687. You are steaming on course 198° T at 18.5 knots. At 0316 you
observe a lighthouse bearing 235° T. At 0348 the lighthouse bears 259° T. What is your
distance off at the second bearing?

a) 14.8 miles- correct
b) 15.3 miles
c) 158 miles
d) 16.3 miles

Problem CG-689. You are steaming on a course of 211° T at 17 knots. At 0417 a light
bears 184° T, and at 0428 the same light bears 168° T. What is the distance off the
light at 04287

a) 3.4 miles
b) 4.6 miles

c) 5.1 miles- correct
d) 5.6 miles

Problem CG-961. Your vessel is steering 049° T at 15 knots. At 1914 a light bears 078°
T and at 1951 the same light bears 116° T. What will be your distance off abeam?

a) 6.7 miles- correct
b) 7.1 miles
c) 7.5 miles
d) 8.3 miles

Problem CG-964. Your vessel is steering 143° T at 16 knots. At 2147 a light bears 106°
T and at 2206 the same light bears 078° T. What will be your distance off abeam?

a) 5.1 miles
b) 5.4 miles
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c) 5.9 miles- correct
d) 6.5 miles

Problem CG-966. Your vessel is steering 194° T at 13 knots. At 0116 a light bears 243°
T and at 0147 the same light bears 267° T. What will be your distance off abeam?

a) 11.2 miles
b) 11.6 miles
c) 12.0 miles- correct
d) 12.5 miles

Problem CG-696. You are steaming on course 168° T at a speed of 18 knots. At 1426
you sight a buoy bearing 144° T. At 1435 you sight the same buoy bearing 116°T.
What is your distance off at the second bearing and predicted distance when abeam?

a) 2.3 miles at second bearing, 1.8 miles abeam- correct
b) 2.5 miles at second bearing, 2.8 miles abeam
c) 2.8 miles at second bearing, 1.8 miles abeam
d) 3.3 miles at second bearing, 2.8 miles abeam

Problem CG-920. Your vessel is on a course of 052° T at 16 knots. At 0916 a light bears
078.5° T and at 0927 the light bears 097° T. At what time and at what distance off will
your vessel be when abeam of the light?

a) 0929, 2.0 miles
b) 0932, 2.3 miles
c) 0935, 2.6 miles
d) 0938, 2.9 miles- correct

Problem CG-921. Your vessel is on a course of 079° T at 11 knots. At 0152 a light bears
105.5° T, and at 0209, the same light bears 124° T. At what time and at what distance
off will your vessel be when abeam of the light?

a) 0219, 2.3 miles
b) 0226, 3.1 miles- correct
c) 0233, 3.9 miles
d) 0242, 4.7 miles

Problem CG-922. Your vessel is on a course of 082° T at 19 knots. At 0255 a light bears
059.5° T and at 0312 the light bears 037° T. At what time and at what distance off will
your vessel be when abeam of the light?

a) 0333, 5.1 miles
b) 0321, 4.7 miles
c) 0327, 4.3 miles
d) 0324, 3.8 miles- correct
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Problem CG-933. Your vessel is on course 237° T at 18 knots. At 0404 a light bears
263.5° T and at 0430 the light bears 282° T. At what time and at what distance off will
your vessel be when abeam of the light?

a) 0448, 6.8 miles
b) 0452, 7.2 miles
c) 0456, 7.8 miles- correct
d) 0500, 8.4 miles
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TABLE 13 TABLE 13
Geographic Range Geographic Range
Object Height Height of eye of observer in feet and meters Object Height Object Height Height of eye of observer in feet and meters Object Height
Feet B 16 220 23 2% 3 Feet Feet 9 4 46 49 2 56 59 6 66 6
Meters 4 5 6 7 8 9 Meters Meters 12 13 14 15 16 17 18 19 20 21 Meters
Miles | Miles | Miles | Miles | Miles | Miles Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles
0 ol 31 42| 47 56| 60| 64 ol o 0 ol 73| 77| 79
3 1| 51 62| 67 76| 80| 84 1 3 3 1| 93| 97| 100
7 2| 62 73| 78 8.7 . 20 7 7 2| 104]| 108 110
10 3| 68 79| 84 9.3 3010 10 3| 10| 114 116
13 4| 73 84| 89 9.8 4| 13 13 4| 115 11.9] 122
16 5| 78 89| 94 03 50 16 16 5| 120] 124 126
20 6| 83 95| 99 0.8 6| 20 20 6| 125 129] 132
23 7| 87 98| 103 12 7| 23 23 7| 129| 133 135
26 s| o1 102 | 10.6 1.6 8| 26 26 8| 133] 136 139
30 9| o5 106 | 11.1 2.0 9| 30 30 of| 137 141| 143
33 10| 98 109 11.4 23 10 33 3 10| 140] 144] 147
36 1| 101 12| 1.7 26 1| 36 36 1| 143] 147| 150
39 12| 104 115] 120 9 120 39 39 12| 146] 150| 152
43 13| 108 119 124 . 13 43 43 13| 150 153| 156
46 14| 110 122 126 14| 46 46 14| 152 156] 159
49 15| 113 124 129 15 49 49 15| 155] 159 16.1
52 16| 115 127 ] 13.1 16| 52 52 16| 157 16.1| 164
56 17| 119 130 134 17| 56 56 17| 16.1] 164| 167
59 18] 121 132 137 18| 59 59 18] 163 167 169
62 19] 123 134 139 19 62 62 19] 165] 169| 17.1
66 20| 1256 137] 142 20] 66 66 20| 168] 172] 174
72 22| 130 14.1] 146 2| 72 72 22| 17.2] 17.6| 179
79 24| 135 146 | 15.1 24| 79 79 24| 17.7] 181 183
85 26| 139 150 155 26| 85 85 26| 18.1| 18.5| 187
92 28| 143 154 | 159 28| 92 92 28| 18.5| 189 192
98 30] 14 158 163 30| 98 98 30| 189] 193] 195
115 35| 1s. 168 | 17.2 350 115 115 35| 199] 202 205
131 40| 16 17.6 | 18.1 20| 131 131 40| 20.7| 21.1| 213
148 45| 17. 185 | 189 45| 148 148 45| 21.5| 21.9| 222
164 50| 18. 192 19.7 50| 164 164 50| 22.3| 22.7| 229
180 55| 18 199 [ 204 55 180 180 55| 23.0] 234 236
197 60| 19. 206 | 21.1 60| 197 197 60| 23.7| 24.1| 244
213 65| 20. 213 218 65| 213 213 65| 24.4| 247 250
230 70| 20. 220 224 70| 230 230 70| 25.1| 254 257
246 75 22.6| 23.0 75| 246 246 75| 25.7| 26.0| 263
262 80 2321 236 80| 262 262 80| 26.2] 266 26.
279 85 238 242 85| 279 279 85| 268| 272| 275
205 90 243 248 90| 295 295 90| 27.4| 27.8| 28.0
312 95 249 253 95| 312 312 95| 28.0| 283 2856
328| 100 254 259 100| 328 328| 100| 28.5| 289 29.1
361 110 264 269 110 361 361 110] 295] 299( 302
394 120 274 279 120| 394 394 120| 305| 309 312
427 130 28.4| 289 130| 427 47| 130| 31.5| 31.8| 32.1
459 140 293 297 140 | 459 450 | 140| 32.4| 3277| 330
492 150 302| 306 150 | 492 492| 150| 333 33.6| 339
55 160 310 315 160 | 525 525 160| 34.1] 345 347
558 170 319 323 170 | 558 558 170 349| 353| 356
591 180 327 33.1 180 | 591 591| 180| 357 36.1| 364
623 190 3341 339 190 | 623 623 190 36.5| 36.9| 37.1
656| 200 342 346 200 | 656 656| 200| 37.3| 37.6| 37.9
722 220 357 36.1 220 722 722 220| 38.7] 39.1| 394
787| 240 370 375 240 | 787 787| 240| 40.1| 40.5| 408
853| 260 384 389 260 | 853 853 260| 41.5| 41.8| 42.1
919 280 39.7| 40.1 280| 919 919 | 280| 42.8| 43.1| 434
984 300 409 | 414 300| 984 984| 300| 44.0| 44.4| 446
TABLE 13
Geographic Range
Object Height I Height of eye of observer in feet and meters I Object Height
Feet 7 2 85 s 92 95 98  us Feet
Moters 22 3 26 2 ® 29 30 35 Meters
Miles Milos | Miles Miles | Miles | Miles | Miles

0 0 9.9 10.2 10.6 10.8 11.2 11.4 11.6 0 0

3 1 12.0 12.2 12.6 12.8 13.2 13.4 13.6 1 3

7 2 13.0 133 13.7 13.9 14.3 14.5 14.7 2 7

10 3 13.6 13.9 14.3 14.5 14.9 15.1 15.3 3 10

13 4 14.1 14.4 14.8 15.0 15.4 15.6 15.8 4 13

16 5 14.6 14.9 15.3 15.5 15.9 16.1 16.3 5 16

20 6 15.2 15.4 15.8 16.0 16.5 16.6 16.8 6 20

23 7 15.5 15.8 16.2 16.4 16.8 17.0 17.2 7 23

26 8 15.9 16.2 16.6 16.8 17.2 17.4 17.5 8 26

30 9 16.3 16.6 17.0 17.2 17.6 17.8 18.0 9 30

33 10 16.6 16.9 17.3 17.5 17.9 18.1 18.3 10 33

36 11 16.9 17.2 17.6 17.8 18.2 18.4 18.6 11 36

39 12 17.2 17.5 17.9 18.1 18.5 18.7 18.9 12 39

43 13 17.6 17.9 18.3 18.5 18.9 19.1 19.3 13 43

46 14 17.9 18.1 18.5 18.7 19.2 19.3 19.5 14 46

49 15 18.1 18.4 18.8 19.0 19.4 19.6 .8 15 49

52 16 18.4 18.6 19.0 19.2 N R 16 52

56 17 18.7 19.0 19.4 19.5 17 56

59 18 8 .. . 18 59

62 19 19 62

66 20 20 66

72 22 22 72

79 24 24 79

85 26 26 85

92 28 28 92

98 30 3 98

115 35 35 115

131 40 40 131

148 45 45 148

164 50 50 164

180 55 55 180

197 60 60 197

213 65 65 213

230 70 70 230

246 75 75 246

262 80 80 262

279 85 85 279

295 90 920 295

312 95 5 312

328 100 100 328

361 110 110 361

394 120 120 394

427 130 130 427

459 140 140 459

492 150 150 492

525 160 38.2 160 525

558 170 39.0 170 558

591 180 39.8 180 591

623 190 40.6 190 623

656 200 41.4 200 656

722 220 42.8 220 722

787 24 44.2 40 787

853 260 45.6 260 853

919 28 46.9 280 919

984 300 48.1 300 984

132




TABLE 18 TABLE 18

Distance of an Object by Two Bearings Distance of an Object by Two Bearings
“’I‘"“””;” Difference between the course and first bearing l”(‘”““’;‘ Difference between the course and first bearing
| 20" 2 2 26" 280 30° 32 o | e 36" 38 a0 P w a6
30 | 197] 098
32 | 14| 087| 216 114
34 1.41 1.80
36 | 124 1.55
38 | 11 1.36
40 1.00 1.2 1.85
42 0.91 1.61) 3.05 2.04
44 | o084 1.44] 2555| 1.77 a4
46 0.78 1.30) 2.19| 1.58 46 39| 243
48 0.73 1.20f 1.92] 1.43 48 83| 2.10 2.63
50 [ 0.68 LI2[ 1.71] 131 50 43| 1.86 227[ 370
52 0.65 1.05) 1.55| 1.22 52 13| 1.68 2.01f 3.09
54 | o6l 099 1.41| 114 54 90| 1.54 181] 2.66 324
56 | 058 095] 1.30| 1.08 56 72| 142 Les| 2.33 277| 4.4
58 0.56 090} 1.21] 1.03 58 57| 1.33 1.53) 2.08 2.44) 3.46
60 0.53 087 T.13] 0.98 60 451125 1.42] 1.88 2.18] 2.97
62 | 051 0.83] 1.06| 0.94 62 34| 118 134] 1.72 1.98] 2.61
64 0.49 0.80) 1.00{ 0.90 64 25| 113 1.26] 1.58 1.83] 2.33
66 0.48 0.78) 0.95| 0.87 66 18| 1.07 1.20) 1.47 1.69] 2.10
68 | 046 0.75] 0.90| 0.84 68 11] 1.03 L14] 1.37 158] 1.92
70 0.45 0.73] 0.86] 0.81 70 05[] 0.99 1.09] 1.29 1490 1.77
72 0.43 071} 0.82] 0.78 72 00| 0.95 1.05) 1.21 141) 1.64
74 | 042 0.69] 0.79| 0.76 74 95| 0.92 Lot 115 134 153
76 0.41 0.67] 0.76| 0.74 76 91| 0.89 097 1.09 1.27] 1.44
78 0.40 0.66) 0.74] 0.72 78 .88 | 0.86 0.94) 1 1.22) 1.36
80 [ 039 0.64] 0.71] 0.70 80 85| 0.83 091 1. T.I6[ 1.28
82 0.39 0.63] 0.69| 0.69 82 82| 0.81 0.88] 0. 12y 1.22
84 0.38 061} 0.67| 0.67 84 .79 0.79 0.85 107} 1.17
86 | 037 0.60] 0.66| 0.65 86 77| 0.77 0.83 ro4| 112
88 0.37 0.59] 0.64] 0.64 88 75| 0.75 0.80° 1.00§ 1.08
90 0.36 0.58] 0.62] 0.62 90 .73[ 0.73 0.78 0.97] 1.04
92 | 036 0.57] 0.61| 0.61 92 71| 0.71 0.76 0.93] 1.00
94 0.36 0.55 0.60| 0.60 94 69| 0.69 0.74] 0.79 0.90f 0.97
96 0.35 0.54] 0.59| 0.59 96 .68 0.72] 0.88] 0.94
98 | 035 98 .67 0.70 0.85] 091
100 0.35 100 65 0.69] 0.83] 0.89
102 0.35 102 .64 0.67 0.80) 0.87
104 | 034 104 .63 0.65 0.78] 0.85
106 0.34 106 63 0.64] 0.76] 0.83
108 0.34 108 0.62 0.62 0.74] 0.81
10 | 034 110 0.61 0.61 0.71[ 0.80
12 | 034 112 0.61 059/ 0.69] 0.79
114 0.34 114 0.60 0.58 0.68 0.78
16 | 034 116 0.60 0.57 0.66] 0.77
18 | 03s 118 0.59 0.55 0.64] 0.76
120 0.35 120 0.59 0.54] 0.62] 0.75
122 0.35 122 0.59 0.53 0.60 0.74
124 | 035 124 0.59 0.51 0.58] 0.74
126 0.36 126 0.59 0.50 0.57) 0.73
128 0.36 128 0.59 0.49 0.55) 0.73
130 | 036 130 0.59 0.47 0.53[ 0.7
132 0.37 132 0.59 0.46/ 0.52] 0.7
134 0.37 134 0.59 0.45 0.50) 0.7
136 | 038 136 0.60 0.43] 0.65 048] 0.7
138 0.39 138 0.60 0.42] 0. 0474 0.7
140 0.39 140 0.61 0.40' 5 0.45] 0.7
142 | 040 142 0.61 0.39 0.43] 07
144 0.41 144 0.62 0.38 0.41] 0.73
146 0.42 146 .63 0.36 0.40) 0.7
148 | 043 148 .63 0.35 0.38] 0.7
150 0.45 150 64 0.33 0.36] 0.7
152 0.46 152 .65 0.32 0.34] 0.7:
154 | 048 154 .67 0.30 0.32 0.7
156 0.49 156 68 0.28 030 0.77
158 0.51 5 158 0.69 0.27 0.28] 0.78
160 | 053 0.59 160 0.71 0.25 0.26] 0.79
TABLE 18 TABLE 18
Distance of an Object by Two Bearings istance of an Object by Two Bearings
Difference betsveen the course and first bearing Difference between the course and first bearing
R 48° 50° 52° 54° 56° 58° 60° et | 62° 64° 66° 68° 70° 72° 74° 76°
58
60 a1
62 68
64 17
66 78
68 a8
70 24
72 04
74 88
76 75
78 63
80
82
84
86
88
90
92
94
96
o8
100
102
104
106
108
10
112
114
116
118
120
122
124
126
128
130
132
134
136
138
130
142 ¥ 3| 033
144 5 . 3 5 : . ¥ : ¥ 0.52
146 .75 3| o : . 5 3| o : ¥ y 0.50
148 . X y X 3 . X .45 y 0.47
150 5 3 39]0: X X X :8510. 43 0.44
152 5 36| o 37| o: 82| 0.3 3| 039] o y ’ 0.41
154 34| o 35| 0 35 36| 0 3 37| 0. 880,30 039,
156 3 E 3: 3| 03 033 38 3¢ 5 0336 037 : 3103 38[0.96
158 | o s 32 3 58 033 034 035 0. 095
160 0. 0 0.300.90|031[0.91|0.31]0.93 |0.320.94 |0.32] 0.95
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TABLE 18 TABLE 18
Distance of an Object by Two Bearings Distance of an Object by Two Bearings

:’:"”‘“:: Difference between the course and first bearing b"l‘"““““; Difference between the course and first bearing

‘M‘ 78° 80° 82° 84° 86° 88° 90° 92° “d“' 110° 112° 114° 116° 118° 120° 122°
88 |5 63]5.
o i N R
92 |4.04|4. 04]4 <523 :
o1 |3.55(3 54]a; 5 124 [3.88]3.224. 5.264.36
96 [3.17|3.15]3. 4. 5. 126 [3.412.7603.83|3.1004.39|3.55]5.18 | 4. 19
98 2. 86(2. 3. 4. 4. 5. 7QI 128 3.04[2.4003.36[2.65]3.78[2.98]4.3 3.41]5. 4.01
ixg gg(l)% 3 g 514 333 2»;6; 5.76 | 5.63 130 2.75(2.10]3.00 | 2.30|3.31 | 2.54| 3. 2.8504.25]3.25[4.99|3.82
2 2402, 352 3. E L044. 5.76 | 5. 63 >
ol i e R B ESA ettt B B ) S e B
106 |2.08(2.00f2. 2 2. 31103063 4.13(3.97 SH : : - - - - S p
108 |7 os|1 86l 5 5 5 78324 363|345 136 |2.14(1.49|2.28 | 1.58|2.44 | 1.69|2.63 | 1.83|2.86 | 1.98 3. 14| 2. 18] 3.51 | 2.44
1o |iss|i 73|t > 2 251202 323|304 138 |2.00(1.34)2.12|1.42|2.25]1.50|2.40 | 1.61|2.58 | 1.73|2.80 | 1.88)3.08 | 2.06
112 1.75|1. 1. 2. 2. 2.28)2.67 2.92(2.71 140 L8[ 21| 1.97[1.27f2.08 [ 1.34] 2. 1.42]2.3 1.52]2.53[1.63]2.74 1.76
114 |iies|1.52f1 1. 2. 2.08]2:46 2.67|2.44 142 1.77)1.09f 1.85 | 1,14 1.95 | 1.20[2.05 | 1.26 [ 2. 17 | 1.34 | 2.31 | 1.42| 2.48 | 1.53
116 |1.59]1.43)1 L 2 1.91]2.28 2.462.21 144 1.6810.99]1.75]1.03]1.83 | 1.07] 1. L13)2.01 118213 | 1.25]2.26 | 1.33
18 N2 4 L L T FR 146 |1.60{0.89)1.66]0.93[1.72[0.96|1.80|1.01|1.88 | 1.05|1.98|1. 10 2.08| 1.17
2 |iar il 1 L e et 200|170 148 1.53/0.81)1.580.84f1.63|0.87)1.70|0.90f1.77|0.94f1.84|0.98)1.93 | 1.03
124 |ii36]1 13|10 1 I Laiii70 1.89 | 1.56 150 1.46[0.73[1.51[0. 75| 1.55[0. 78| T 0.801 0.83|1.73 [0.87[ .81 | 0.90
126 1.32(1. 1. 1 1. 1.3141.70 1.79 | 1.45 152 1.40(0.66|1.44[0.68]1.48[0.70]1.5 0.72)1.5 0.7441.63(0.77| 1.70 | 0.80
128 |ii28[1.o1f1. I L 1.23]1.62 1.70]1.34 154 |1.35/0.59)1.39 | 0.61|1.42|0.62|1.46|0.64[1.50|0.66|1.55|0.68] 1.60 | 0.70
i:g i%? 8 3 : : : H’g :Zg :2% Hg 156 1.3110.53]1.33]0.54)1.37[0.56| 1.40 | 0.57 | 1.43 | 0.58 | 1.47 |0.60| 1.52 | 0.62
L Pl ol R e e e ] e e o et e
136 |1-15(0.80f1. 1. 1. 0.93]1.39 1.44 [ 1.00 2310 - - - A2 BT - - a2l HEER 3 -
138 Ji.13]0.76)1. 1 1. 0.87]i.35 1.3910.93 124° 126° 128° © 5 134° 136°
140 [LI1jo.71[1. 1 . 0. 82[1. 31 1.3410.86
142 |1209(0.671. 1 1. 0.76]1:27 1.30 | 0.80
144 12070631 I. 1. 0.71]1:24 1.27[0.75
146 1.05(0. 591 1. 3|1 0.66(1.21 1.24 0.69
148 1.04]0.55}1 1. 1 0.6141.18 1.21 ]0.64
150 [1.03[0.51[1 I. I. 0.57[1. 15 1,18 [0.59
152 |1.02{0. 48| 1. 1 1. 0.521.13 1.15]0.54 134 14.773.43
154 1201 (0. 44f1. 1 1. 0.48]10 11 1.13[0.50 136 ]3.99 [2.77 |4,
156 |1-00(0.41f1. 1 1. 0.44)1.09 111045 138 |3.43(2.293. 4.54]3.04
158 0.99(0.37)1. 1 1. 0.40] 1208 1.09 | 041 120 [3.01[1.93]3.3 3792 44 |4 4T [2.84
160 10.99]0. 34]1. L L 0.36]1. 06 1.08]0.37 142 |2.68]1.65|2. 3.26 |2.01 |3.68 [2.27 [4.28 |2. 63

o4 104° 10 108° 144|242 (1422 2.86 | 1.68 3.17 [ 1.86 |3.57 [2. 10 |4. 14 |2.43

or |5.94ls 146 |2.21|1.24)2 2.55[1.43[2.78 [1.55[3.07 [1.72|3.46 [1.93 | 4.00 | 2.24
o6 |3 403 atls. 7 148 [2.04|1.08]2 2.30[1.222.48 [1.312.70 [1.43 |2.97 [1.58]3.34 | 1.77
108 |a 1203 924 s 150 [1.89[0.95[1. 2,10 [1.05 [2.24 | 1. 12 [2.40 | 1.20 |2.61 |1.30 | 2.87 | I.44
110 |3.62[3. 40[4. 4 5.33 152 1.77]0.83 |1 1.940.91 }2.04 [0.96 |2.17 |1.02|2.33 |1.09 | 2.52 | 1.18
112 [3.23(2:99)3. 3. 4.40|s. 154|166 (0.73|1. 1.80 [0.79 | 1.88 [0.83 | 1.98 [0.87 |2.10 [0.922.25 | 0.99
14 2.92)2.cel3. 3 Es -39l B 156 |1.56 |0.64 1. 1.68 [0.68 | 1.75 [0.71 | 1.83 [0.74 |1.92 [0.78 | 2.03 | 0.83
N ) 2w sl RS Hsihs a5 oo | fo|r Do s |US oS i fosa|ier osef it | 058
120 [2.28[1.97|2. 43 2. 2.49[3. 523 3. 3.9
122 2. 1. 2. 2. 3(2.23)2. 14 2. 313.33 9 9 o g o g o
124 2. 1. 65)2. 1 2.01)2. 84 2.5 2.86 138 140 142 144 146 14 150
126 |1.88[1.52f1. 1. 1822, 59 2.27]3.08 | 2.49
128 Jii7sliaifi 1. 1.65)2. 9 2.02]2.78 2. 19
130 [1.70[1.30[ 1. . L5120 21 1.81[2.54 [ 1.94
132 |i62(1.20f1. 1. 1.38]1 .07 1.63]2:34 | 1.74
134 |iis5(112f1 1. 1.27|1 L94 1.47]2:17 | 156
136 1. 1. 1.5 1. 1.16]1.75 .83 1.342.03 | 1.41
138 1. 0. 1 1. 03 1.0741 74 1.2141.90(1.27
140 [1.39[0.89[1 0 310.98[1. 5 65 LI0[T.79] 1. 15
142 |1234(0.83)1. 0. 0.91]1. .58 1o1f1.70 | 1.05
144 |1230(0.77)1. 0. 0.83]1. .51 0.92] 1262 | 0.95
I s e e e A R
150 [1-20[0. 60 1. 0. 0. 64[1. 35 0oo[ 142071 130 [3-2z] Lol [3. 70 185
152 f1018o.s5|1 0.5 0591 231 0.63[1:37 | 0. 64 152 12.7711.3013.09 | 1.45 3.5 ] 1. 66
1342 |io1slo 30 0.3 0331 27 037]1:32] 0,58 154 [2.43|1.06)2.66 |1.162.96 |1.30 |3.38 | 1.48
156 [1.13[0.46f1 0. 0.48]1. 23 500.51]1:28 | 0.52 156 |2.17 [0.88|2.33{0.95|2.54 | 1.04 |2.83 |1.15|3.22 [1.31
158 |io11fo.42f1. 0. 0.44]1. 120 0.46]1.24 | 0.47 158 1.96(0.73 |2.08 [0.78 |2.23 |0.84 |2.43 |0.91 |2.69 | 1.01 |3.05 |1.14
160 |1.09(0.37)1. 0. 0.39]1. 17 0.41]1.21]0.41 160 1.79 |0.61 |1.88 |0.64 [1.99 |0.68 [2.13 |0.73 [2.31 |0.79 [2.55 |0.87 | 2.88 | 0.98
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The Cutterman’s Guide to Navigation Problems

Section Two: Celestial Navigation Problems
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The Cutterman’s Guide to Navigation Problems

Part Nine: Time of Phenomenon Problems

Time of phenomenon calculations are critical to many navigation problems. Some
problems involve solving for time itself, while others use a time solution as
prerequisite for solving more complex problems.

Problems are divided into two major types: stationary and moving. Basic stationary
time of phenomenon problems are typically an acceptable estimate, but more
precision may be required for vessels in transit or for merchant mariner exams.

The 1981 Nautical Almanac is used for all applicable problems. Further information
on this almanac is available in the preface.

Basic Sunrise, Sunset, and Local Apparent Noon Problems

Problem 9-1. The following question illustrates the process of calculating sunrise or
sunset at a known location.

Your ship’s position is latitude 25° 00.0’ N and longitude 65° ot Twiight [

.. . iy . . . at. .. unrise
00.0’ W. The ship is holding position and is not moving. The Nout. _ Civil

. . . ° h m h m h m

date is 4 August and you are observing (+4) zone time. What N2l o | & | e
: ; : : : N 70 01 42
is the zone time of sunrise at your ship’s location? el m | m |52
66| 00 51| 02 52
64 i 01 50| 03 14
Answer- 0548 62 u 02 22| 03 31

60| 00 46 | 02 46 | 03 45

N58| 01 39| 03 04| 03 57
56| 02 09 | 03 19 | 04 07

Step 1:  Locate the tabular values in the Nautical 54| 02 31| 03 32 | 04 16
52] 02 49| 03 44 | 04 24
Almanac. 50| 03 03 | 03 53 | 04 32

45} 03 32 | 04 14 | 04 47
N 40| 03 53 | 04 30| 05 00

Find the latitudes which bracket the desired 35/ 04 09| 0443|0511
. . . 30] 04 23| 04 54| 05 20
latitude and note the time of sunrise at those 20| 04 45| 05 13 | 05 36
. N10] 05 02| 05 28 | 05 50
latitudes: 0] os 16 | 05 41 | 06 03
30° N: 0520
20° N: 0536

Note that the interval between the bracketing latitudes is 10°.

Step 2:  Identify the latitude difference between the bracketing latitudes and
the desired latitude, and the time difference between the tabular
latitudes.

30°N: 0520

25° N: this is the unknown value you seek.
20°N: 0536
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Step 3:

Differences:
Latitude difference: 20° N to 25° = 5°
Time difference: 20° N to 30° N = 0536 - 0520 = 16 minutes.

Complete the latitude correction. The two options for this step are to
use arithmetic to do a manual calculation (ratios), or to use Table 1 in
the Nautical Almanac. A portion of the table is re-created here, and the
entire table is re-created at the end of this Part. Remember to
mentally check the results to ensure addition/subtraction was
performed correctly, as required.

Option 1: manual calculation:

x _ 5
16 mi;lutes o100
—— = 0.500
16 minutes

x = (0.5000) (16)
x = 8 minutes (earlier than base latitude)

Calculated corrected time = 0536 - 8 minutes = 0528

Option 2: “Table 1” correction:

Tabular Interval Difference between the times for consecutive latitudes

10° 50 ) 2° §m lom_ls_mﬂl 20™ 26™ 30™ | 35™ 4om 45m _Som 55™ 6om 1h o§m b om
° ’ ° ’ ° ’ m n ™ | o m @ m L m m m m h m h m
030 015 006/ 0 O 1 I 1 X I 2 2 2 2 2!00902]| o002
100 03 o012(0 I I| 2 2 3, 3 3 4, 4 4 5 os o5
130 o045 0181 1 2|3 3 414 5 516 7 7 o7 o7
200 190 024|1 2 3| 4 5 5| 6 7 7 8 9 10 10 10
23 11§ o3 |1 2 4/ s 6 7| 8 9 9|10 II 12 12 13
300 13 0361 3 4| 6 7 8 | 9 IC II |12 13 14| 015 | OIS |
330 145 042 |2 3 5| 7, & 10,11 12 13|14 16 17 18 18
40 20 0482 4 6 ¥ 9 11 I 13 14 15116 18 19 20 ' 21
430 2315 0542 4 7| 9 11 13,15 16 18119 21 22 23 | 24
§00 230 Y00{2 5 7!10 12 14!16 18 2022 23 2 26 1 27

a. Note that the tabular interval is 10°.

b. Proceed down the “Tabular Interval” column until you reach the
difference between the tabular latitude and your desired latitude (5°
in this case).

c. The time difference determined in the previous step was 16
minutes. There is no “16 minutes” column in the “difference between
the times for consecutive latitudes” section, so note the values for the
nearest headings (15m and 20m). In this case, the necessary values
are 7 and 10 minutes.

d. Mentally interpolate the actual value (8 minutes in this case).

Table 1 corrected time = 0536 - 8 minutes = 0528.
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Step4:  Determine the difference in longitude from the standard meridian of
the time being observed.

Longitude = 065° W.

If you are observing (+4) zone time, the associated standard meridian
is 60° W.

65° W - 60° W = 5° difference (to the west) from standard meridian.
Step 5:  Convert the difference in longitude arc to time. Use the Conversion of

Arc to Time table in the Nautical Almanac. A portion of the table is re-
created here, and the entire table is re-created at the end of this Part.

CONVERSION OF ARC TO TIME
0°-59° | 60°-119° | 120°-179° | 180°-239° | 240°~299" | 300°-359° 000|025 | 050 | 0"-75
° h m o h m o h m o h m o ) -h - m_ o . h~;|_ —_4 ; _s— m_ . m__~ —m‘ "
0|/000| 60| 4 00| 120 800|180 | 12 00| 240 | 16 00 | 300 | 20 0O 0/ 000|001 002003
1004 | 61| 4 04 | 121 804 | 181 | 12 04 | 241 | 16 04 | 301 | 20 04 1 004 (005|006 007
2| 008 62 | 4 08 | 122 8 08 | 182 12 08 | 242 | 16 08 | 302 | 20 08 2/ 008|009 |0 10| 0 11
3/o12| 63| 412|123 | 812|183 | 1212|243 16 12| 303 | 20 12 3(012({013|014]|015§
4] 016 64 | 4 16 | 124 8 16| 184 | 12 16 | 244 | 16 16 | 304 | 20 16 4 /016 017|018 0 19
§|020| 65| 4 20| 12§ 820|185 | 1220|245 | 16 20305 |2020] §[020]|021]|022]|0 23

5° of arc to the west = 20 minutes (added, since difference is “to the
west”).

Step 6:  Apply the longitude correction to the latitude-corrected time to
determine time of sunset.

0528 + 0020 = 0548
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Problem 9-2. The following question is modified from a question in the USCG test
bank and illustrates how to calculate the time of a phenomenon at a known position.

Your ship’s position is latitude 16° 03.1° N and longitude 031° 03.8° W. The ship is
holding position and not moving. The date is 28 June. What is the zone time of sunset
at your ship’s location?

Answer: 18:39:45 zone time.

Step 1:

Step 2:

Step 3:

Step 4:

Locate the tabular values in the Nautical Almanac.

N40] 19 33

The nearest bracketing latitudes are: gg 19 oo
20° N:1843 ;g 18 43

o N- N10| 18 24

10° N: 1824 0f 18 24

Note the tabular interval is 10°.

Convert local latitude to decimal notation and identify the difference
from the nearest bracketing latitudes.

20°N: 1843
16°03.1’ N = 16.052°: unknown
10° N: 1824

Differences:
10° N to 16.052° = 6.052°
10° N to 20° N = 19 minutes

Complete the latitude correction (using mental interpolation or Table
1 in the Nautical Almanac, which is re-created in it’s entirety at the
end of this part).

x __ 6.052°
19 minutes  10°

X
——— = 0.6052
19 minutes

x = (0.6052) (19)
x = 11.499 minutes (later)

Latitude corrected time = 1824 (base) + 11.5 minutes = 18:35:30
Table 1 correction = 1824 (base) + approximately 12 min = 18:36

Determine the difference in longitude from the standard meridian of
the time being observed.

Longitude = 031° 03.8' W
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Step 5:

Step 6:

The problem does not mention a specific time zone being observed, so
assume that the vessel is observing (+2) = standard meridian of 30°.

031°03.8 W - 30° = 1° 03.8’ difference from standard meridian.
Convert the difference in longitude arc to time (use the Conversion of
Arc to Time in the Nautical Almanac, which is re-created in it’s
entirety at the end of this part).

1° 03.8’ of arc to the west = 4 minutes 15 seconds (added).

Apply the longitude correction to the latitude-corrected time to
determine time of sunset.

18:35:30 + 00:04:15 =18:39:45
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Problem 9-3. The following question is modified from a question in the USCG test
bank and illustrates how to calculate the time of a phenomenon at a known position.

Your ship’s position is latitude 25° 31.5” N and longitude 128° 06.4° W. The ship is
holding position and not moving. The date is 15 July and you are observing (+9) zone
time. What is the zone time of local apparent noon at your ship’s location?

Answer: 11:38:26 zone time.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Locate the tabular values in the Nautical Almanac.
The time of meridian passage for 15 July is 1206.

No latitude correction is required due to the N
nature of local apparent noon calculations. Eqn. of Time | Mer.
Day ) "
00 12 Pass.
m s m s h m
Tabular value = 1206 15/ 05 49 | 05 52 | 12 06
. 16} 05 55| 05 58 | 12 06
Latitude corrected value = 1206 17| 06 01 | 06 03 | 12 06

Determine the difference in longitude from the standard meridian of
the time being observed.

Longitude = 128° 06.4 W

The problem gives a specific time zone being observed. The vessel is
observing (+9) = standard meridian of 135°.

135°W -128°06.4’ W = 6° 53.6’ difference from standard meridian.
Convert the difference in longitude arc to time (use the Conversion of
Arc to Time in the Nautical Almanac, which is re-created in it’s
entirety at the end of this part).

6° 53.6" of arc to the east = 27 minutes 34 seconds (subtracted).

Apply the longitude correction to the latitude-corrected time to
determine time of local apparent noon.

12:06:00 - 00:27:34 = 11:38:26

142



Basic Moonrise and Moonset Problems

The key difference in moon calculations is that time calculations must be carried out
for the day in question, as well as the following day (preceding day in eastern
hemisphere) in order to use Table 2 in the Nautical Almanac. Moonrise and
moonset are calculated in the same way.

Problem 9-4. The following question illustrates the process of calculating moonset.
Your ship’s position is latitude 42° 30’ N and longitude 070° 00’ W. The ship is holding
position and not moving. The date is 2 August and you are observing (+4) zone time.

What is the zone time of moonset?

Answer: Approximately 2103

Twilight Moonset
Lot | Sunset| i Naut 2 3 4
Step 1:  Locate the tabular values in :

1 ° hm h m h m h m h m h m
the Nautical Almanac. e - " 2 25| 25 0 | 21 s
N Zg 2224 m m | 22 10| 22 02| 21 56
2144 m m | 21 58| 2157|2155
Locate the nearest tabular 662117 | 23 10| m |21 49| 2153|2155
. . 64| 20 56 | 22 18 nm 21 41| 21 49 | 21 55
latitudes which bracket the 62] 2039 | 21 47| m | 21 35| 21 45| 21 54
desired position and record 60] 20 26 | 21 24 | 23 16 | 21 29 | 21 42 | 21 54
. ) N58| 20 14| 21 06| 22 29| 21 24 | 21 40 | 21 54
the time of moonset at each: 552 2004 | 2051]2200] 21 19] 21 37| 21 54
] 1958 |20 38| 21 39] 21 15| 21 35 | 21 54
45°N: 2100 gg 1947|2027 212221 11| 21332153
o NI, 1940 20 18] 21 07| 21 08 | 21 31| 21 83
40° N: 2054 45| 19 24 | 19 58| 20 40 | 21 00 | 21 28 | 21 53
N40]1 1912|219 42]1 20191 20 541 21 241 21 53

Note the tabular interval is 5°.

Step 2:  Convert local latitude to decimal notation and identify the time
difference between consecutive latitudes as well as the angular
distance from the desired latitude to the base latitude.

45°N: 2100
42° 30’ N = 42.5° = unknown value
40° N: 2054

Differences:
40° N to 42.5°=2.5°
40° N to 45° N = 6 minutes

Step 3:  Complete the latitude correction. The two options for this step are to
use arithmetic to do a manual calculation (ratios), or to use Table 1 in
the Nautical Almanac. A portion of the table is re-created here, and the
entire table is re-created at the end of this Part. Remember to
mentally check the results to ensure addition/subtraction was
performed correctly, as required.
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Step 4:

Option 1: Manual Calculation

x __25°
6 minutes  5°
—— = 0.5
6 minutes
x = (0.5) (6)

x = 3 minutes (later)
Latitude corrected time = 2054 (base) + 3 minutes = 2057

Option 2: Table 1

Tabular Interval Difference between the times for consecutive latitudes

lO° so 2° Sm om Ism | 20m 25"\ 3°m 35m 40"‘ 45m Som Ssm 60"‘ 1h OS'“ b 10m
° ’ ° ’ ° ’ m m ™ | o m @ m m m m m m h m h m
030 015 006 0 O I I 1 1 2 2| 2 2 2092|002
100 030 o120 I 1| 2 2 3; 3 3 4| 4 4 5 os os
I3 o045 o8 1 1 213 3 4,4 5 5] 6 7 7/ 07! o7
200 xvoo o241 2 3| 4 5 5|6 7 7.8 9 10 10 | 10
23 11§ o3 |1 2 4, s 6 7| 8 9 9|10 II 12 12 | 13
300 13 036 1 3 4| 6 7 8] 9 ¢ II {12 13 14| O I§ l o 1§ j
330 I 45 042 (2 3 5 7, & 1011 12 13|14 16 17 18 18
40 20 048 |2 4 6| & 9 11 l 13 14 15|16 18 19 20 | 2r
430 215 0542 4 7 9 11 1315 6 18119 21 22 23 I 24
§00 230 Y002 5 7!10 12 14!16 18 2022 23 2 26 | 27

a. Note that the tabular interval is 5°.

b. Proceed down the “Tabular Interval” column until you reach the
difference between the tabular latitude and your desired latitude (2°
30’ in this case).

c. The time difference determined in the previous step was 6 minutes.
There is no “6 minutes” column in the “difference between the times
for consecutive latitudes” section, so note the values for the nearest
headings (5m and 10m). In this case, the necessary values are 2 and 5
minutes.

d. Mentally interpolate the actual value (3 minutes in this case).

Table 1 corrected time = 2054 + 3 minutes = 2057.

Due to the moons proximity to the earth, its motions in the sky are
complicated. In order to account for longitude, it is necessary to use
Table 2 in the Nautical Almanac, which involves completing the above
procedure a total of two times (once for the day in question, and once
for the following day (western hemisphere) or preceding day (eastern
hemisphere)).

The nearest bracketing latitudes for 3 August are:
45°N: 2128
42.5° = unknown value
40°N: 2124

Differences for 3 August:
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Step 5:

40° N to 42.5°=2.5°
40° N to 45° N = 4 minutes

x __2.5°
4 minutes 5°
X
—— =05
4 minutes

x = (0.5) (4)
x = 2 minutes (later)

Corrections for 3 August:
Latitude corrected time = 2124 (base) + 2 minutes = 2126
Option 2: Table 1 correction = 2124 (base) + approx. 2 min = 2126

Using the information for the two consecutive dates, use Table 2 in the
Nautical Almanac (re-created in it’s entirety here and at the end of this
Part) to determine longitude correction.

Longitude: 070° W.
Nearest tabular longitude: 070°
Difference in moonset times between consecutive dates:
(3 Aug) - (4 Aug) = Difference
2126 - 2057 = 29 minutes
Using Table 2 (longitude of 70° and time difference of 29m), the
correction is approximately 6 minutes.

TAdl E II —-F(‘R L()N(yl'l LIDI:

Long. lefercm.e between the times for given date and prcudmg date (for east longitude)
East or for given date .md mllumng date (for wcst ‘ongitude)
or | Ty T T _‘x'""r_ - T R
\VBS( 10m 20"\ 3°m 40m So;n 6o | 0™ 20M 30m ",0“‘ Sol!i Gom [ 20 jom | a0 2() 2n 3°m 2h 4°m 2h som 3n oom
o m m m m m m m m n m m W h m h m L m b m h m h m
o |lo o ol 0o o of 0O © 9] & © 0] DO {00000 | GO0 | OO0 |0 0O
10 |0 1 1 1 1 oz z 2 2|3 3 3 04 04 04 04 o5 0§
20 I 1 2 2 3 3 4 4 5 6 6 7 o7 o8 o8 09 09 10
30 |1 2 2|3 4 56 7 7|8 9 10 11 12 12 13 14 15
40 1 2 3| 4 6 7| 8 9 10|11 12 I3 14 16 17 18 19 20
50 [1 3 4| 6 7 8|10 11 1214 15 17| C18 | 01y 021 | 022|024 02§
60 |2 3 s| 7 8 1|1z 13 15|17 18 20 22 23 25 27 28 30
70 |2 4 6| 8 10 12|14 16 17|19 24 23 25 27 29 31 33 35
8 |2 4 7| 9 11 13|16 18 20|22 24 27 29 31 33 36 38 40
90 |2 5 7|10 I2 15|17 20 22|25 27 30 32 35 37 40 42 45
100 [3 6 8|11 14 17|19 22 25]28 31 33| 0356|039 | 042|044 | 047 |0S5O
1mo |3 6 g |12 15 X8 2r 24 27|31 34 37 40 43 46 49 | 052 |oss
120 3 7 10|13 17 20|23 27 30|33 37 40 43 47 sc 53 | 057|100
130 |4 7 11|14 18 22|25 29 32|35 40 43 47 51 s4 | 058 | ror|r1os
140 | 4 8 12|16 19 23|27 31 35|39 43 47 St 54 | os8 | 102|106 |1 10
150 |4 8 13|17 21 2529 33 38|42 46 0| 0S54 | 0S8 103|107 | XD |L1S
160 4 9 13|18 22 2 31 30 40 | 44 49 53| o 58 {02 107|111 116 | 1 20
170 |5 9 14|19 24 28133 38 42|47 52 S7 100 | 1C6 | T II | 116 | 120|125
180 5 10 15|20 25 3035 40 451 5¢ 55 601 105 | 110 T IS | 220, 125|130

Table 11 is for mterpolalma the L.M.T. of moonrise, rnoonsec :md the Moon’s meridian passage for
longitude. It is entered with longitude and with the difference betwecn the times for the given date and for
the preceding date (in east longitudes) or following date (in west longitudes). The correction is normally
added for west longitudes and subtracted for east longitudes, but if, as occasionally happens, the times become
earlier each day instead of later, .::2 signs of the correciions must be reversed.
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Step 6:

Apply the Table 2 correction to the latitude-corrected time for the
original date (2 August) to determine time of moonset. Corrections
are typically added in the western hemisphere and subtracted in the
eastern hemisphere, however there are occasional reversals, per the
directions at the bottom of Table 2.

2057 + 6 minutes = 2103

Problem 9-5. The following question illustrates the process of calculating moonrise.

Your ship’s position is latitude 43° 12.7’ N and longitude 069° 33.2° W. The ship is
holding position and not moving. The date is 22 May and you are observing (+4) zone
time. What is the zone time of moonrise?

Answer: Approximately 22:38:18 zone time.

Step 1:

Step 2:

Step 3:

Locate the tabular values in the Nautical Almanac.

The nearest bracketing latitudes o, | TSN e Mog
. Naut. Civil 22 23
are: ° h m h m h m h m h m
450 N' 2235 N 72 (s o o - -
’ NT0| O o o - -
40°N: 2219 68| m m | oo ss| o1 08| 01 59
66 m n 01 50| 00 17 | 01 08
64 n m 02 23 | 24 37 | 00 37
. . 62 mi 01 15] 02 46 ]| 24 13| 00 13
Note the tabular interval is 5°. 60| m | o154|0305] 23542435
N 58 n 02 20| 03 21| 23 39| 24 20
56] 01 08| 02 40| 03 34| 23 25| 24 08
i 1 54]1 01 44| 02 57| 03 45| 23 14| 23 57
Convelzrt local .latltu.de to decimal o3| 0 da ] 0257 | 0345) 23 19) 23 =7
notation and identify the 50| 02 27| 03 23| 04 04 | 22 54| 23 39
. 45]1 03 03| 03 48| 04 23| 22 35| 23 21
dlfference from the l’leareSt N 40 03 28 o‘ 07 04 38 22 19 23 06
bracketing latitudes.
45°N: 2235
43°12.7' N = 43.212° = unknown value
40°N: 2219
Differences:

40° N to 43.212°=3.212°
40° N to 45° N = 16 minutes

Complete the latitude correction (using mental interpolation or Table
1 in the Nautical Almanac, which is re-created in it’s entirety at the
end of this part).

x __ 3.212°
16 mi;lutes - 5°
—— = 0.6424
16 minutes

x = (0.6424) (16)
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Step 4:

Step 5:

Step 6:

x = 10.278 minutes (later)

Latitude corrected time = 2219 (base) + 10.3 minutes = 22:29:18
Table 1 correction = 2219 (base) + approximately 11 min = 22:30

Complete the same calculation for the following day (note - use
preceding day in eastern hemisphere problems).

The nearest bracketing latitudes for 23 May are:
45° N: 2321
43.212° = unknown value
40° N: 2306

Differences for 23 May:
40° N to 43.212° =3.212°
40° N to 45° N = 15 minutes

x _ 3.212°
15 mi}glutes - 5°
— = 0.6424
15 minutes

x = (0.6424) (15)
x = 9.636 minutes (later)

Corrections for 23 May:
Latitude corrected time = 2306 (base) + 9.6 minutes = 23:15:36
Table 1 correction = (base) + 10 min = 23:16

Use Table 2 in the Nautical Almanac (re-created in it’s entirety at the

end of this Part) to determine longitude correction.

Longitude: 069° 33.2

Nearest tabular longitude: 070°

Difference between consecutive dates: 23:15:36 - 22:29:18 =
00:46:18.

Tabular correction based on above information: approximately 9 min

(added per directions in Table 2).

Apply the Table 2 correction to the latitude-corrected time for the
original date (22 May) to determine time of moonrise.

22:29:18 + 00:09:00 = 22:38:18
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Advanced Time of Phenomenon Problems Involving Moving Vessels

Since most navigators desire to determine the time of phenomenon at a point
sometime in the future, the distance a moving vessel covers between time of
calculation and phenomenon must be accounted for.

The process for calculating a future position with mid-latitude, parallel, or plane
sailing is described in Part 5 (Great Circle and Sailings). The formulae are
reproduced here for convenience with a brief description, below:

l=D cosC
D =1 secC
p=D sinC
p
DLo =p secl —or— DLo =——
cosl
p
DLo =p secLm —or— DLo =
coslm

Variables:

p = Departure. The distance between two meridians at any given parallel of latitude.
D = Distance in miles

C = Course angle. Course angle. A course measured from 000° clockwise or anti-
clockwise through 180° labeled with prefix and suffix directions to clarify the
intended course. For example, a traditional course of 120° T would be expressed as
a course angle of E120°N, while a traditional course of 330° T would be expressed as
a course angle of W30°N. Further discussion can be found in Bowditch.

I = difference in latitude

DLo = Difference in Longitude
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Problem 9-6 (CG-312). The following question is taken directly from the USCG test

bank and illustrates the process of solving a time of phenomenon problem using a
first estimate of DR position.

On 2 April, your 0900 zone time DR position is latitude 28° R
04.0’ S and longitude 94° 14.0’ E. Your vessel is on course Day | Ean: of Time | Mer.
316°T at a speed of 18.5 knots. What is the zone time of local :)0 - mlz - ":’";
apparent noon (LAN)? 1002 ] 035312 04
3] 0326|0318 12 03

Answer: 11:50:02 zone time.

Step 1:

Step 2:

Step 3:

Locate the tabular values in the Nautical Almanac.
The time of meridian passage for 2 April is 1204.

Perform preliminary calculations.

0900 DR to 1204 = 3 hours, 4 minutes
3 hours, 4 minutes = 3.067 hours
3.067 hours at 18.5 knots = 56.740 nautical miles covered

Longitude 094° 14.0’ E = zone descriptor (-6) = 90° E standard
meridian being observed (no other information stated in problem, so
assume this time zone remains in effect regardless of travel).

Determine the ship’s DR position at 1204, based on steaming 316° T
for 56.740 miles by mid-latitude sailing or using a chart/plotting
sheet.

l=D cosC
[ = (56.740) cos316°
[ = (56.740) (0.7193)
[ =40.813

Latitude 1 = 28° 04.0’ S = 28.067° S

[=40.813" = 0.680° (to the north)

Latitude 2 = 28.067° S - 0.680° = 27.387° = 27° 23.22’ S
Lm = 28067°427.387° _ 50 500

p=D sinC

p = (56.740) sin316°
p = (56.740) (—0.6947)
p = —39.417

DLo =

cosLlm
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Step 4:

Step 5:

Step 6:

—39.417

DLo = ————
cos(27.727)
—39.417
DLo =
0.8852

DLo = —44.529

Longitude 1 =94° 14.0’ E = 94.233°E

DLo =-44.529" = 0.742° (to the west)

Latitude 2 =94.233° E - 0.742° = 93.491° =93° 29.46' E

Determine the time of LAN at the new DR position.

1204 DR position:

27°23.22’S

93°29.46’E

93°29.46’ E - 90° E = 3° 29.46’ difference from standard meridian.
Convert the difference in longitude arc to time (use the Conversion of
Arc to Time in the Nautical Almanac, which is re-created in it’s
entirety at the end of this part).

3°29.46’ of arc to the east = 13 minutes 58 seconds (subtracted).

Apply the longitude correction to the latitude-corrected time to
determine time of local apparent noon.

12:04:00 - 00:13:58 =11:50:02
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Problem 9-7 (CG-447). The following question is taken directly from the USCG test

bank and illustrates the process of solving a time of phenomenon problem using a
first estimate of DR position.

On 28 June, your 1820 ZT DR position is latitude 16° 00.0’ N, longitude 31° 00.0’ W. You
are on course 310° at a speed of 18 knots. What will be the zone time of sunset at your

vessel?

Answer: 18:39:18 zone time. The calculation involves two phases. First determine
the approximate time of sunset for your current position and determine how far you
will travel between the current time and the calculated time. Second, complete a
sunset calculation for the new DR location.

Step 1:

Step 2:

Locate the tabular values in the Nautical Almanac.
The nearest bracketing latitudes and their associated sunset times
are:

N 40| 19 33
10° N = 1824 H
16° N = unknown value 20| 18 43
20°N = 1843 N19| 18 24

Determine the approximate time of sunset for your current DR
position using either manual calculation or Table 1 in the Nautical
Almanac.

Differences:

10° N to 20° N =10°

10°Nto 16° N =6°

10° N time to 20° N time = 1843 - 1824 = 19 minutes

x _ 6
19 minutes  10°
—— = 0.6
19 minutes
x = (19)(0.6)

x = 11.4 minutes (later)

Latitude corrected time (calculation method) = 1824 (base) + 11.4 =
1835.4

Longitude 1 =31°W.
Observed standard meridian (assumed from problem text) = 30° W.
Difference between actual and standard meridian = 31° - 30° = 1° (to

the west).

Conversion of 1° arc to time = 4 minutes (to the west, or later).
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Latitude corrected time = 1835.4

Longitude correction = 4 minutes (later)

Sunset at original DR position (16° N and 31° W) =1835.4 + 4 =
1839.4

Step 3:  Perform other preliminary calculations.

1820 DR to 1839.4 = 19.4 minutes
19.4 minutes = 0.323 hours
0.323 hours at 18 knots = 5.82 nautical miles covered

Step 4:  Determine the ship’s DR position at 1839.4, based on steaming 310° T
for 5.82 miles by mid-latitude sailing or using a chart/plotting sheet.

l=D cosC

[ = (5.82) cos310°
[ = (5.82) (0.6428)
[ =3.741

Latitude 1 =16° 00.0’ N
[=3.741" = 0.0624° (to the north)
Latitude 2 = 16° N + 0.0624° (to the north) = 16.0624° N

Lm = 28+160624" _ 46 03120

p=D sinC
p = (5.82) sin310°
p = (5.82) (—0.7660)

p = —4.4584
DLo = -2
605—121-12584
DLo = co0s(16.0312)
DLo = —4.4584
0.9611
DLo = —4.639
N40] 19 33
35] 19 18
Longitude 1 =31°W 30| 19 o5
DLo = -4.639’ = 0.0773° (to the west) N 2ol 18 43
Latitude 2 = 31° W + 0.0773° = 31.0773° W 0l 18 o7

Step5:  Determine the latitude corrected time of sunset at the new DR
position.

1839.4 DR position:

16.0624° N =16° 03.7'N
31.0773°W =31° 04.6' W
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Step 6:

Step 7:

Tabular values for nearest bracketing latitudes:

10°N =1824
16.0624° N = unknown
20°N =1843

Differences:

10° N to 20° N =10°

10° N to 16.0624° N = 6.0624°

10° N time to 20° N time = 1843 - 1824 = 19 minutes

x __ 6.0624°
19 minutes 10°

X
—— = 0.6062
19 minutes

x = (19)(0.6062)
x = 11.5 minutes (later)

Latitude corrected time = 1824 (base) + 11.5 minutes = 1835.5

Determine the longitude corrected time of sunset at the new DR
position using the Conversion of Arc to Time in the Nautical Almanac.

31°04.6’ W -30°W = 1° 04.6’ difference from standard meridian.
1° 04.6’ of arc to the west = 4 minutes 18 seconds (added).

Apply the longitude correction to the latitude-corrected time to
determine time of local apparent noon.

18:35:30 - 00:04:18 = 18:39:18
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Problem 9-8 (CG 2012 database). The following example is taken directly from

the 2012 USCG test bank (which has been since superseded and this type of problem

removed) and illustrates the process of solving a time of phenomenon problem

using a second estimate of DR position.

It is 19 October and you are keeping (+4) zone time. You are on course 275° T, speed
16 knots. Your 0800 DR position is latitude 25° 34.0° N, longitude 74° 36.0° W. What is
the second estimate of the time of LAN by ship’s clocks?

Answer: 12:49:06 zone time. This problem is similar to any other moving ship
problem, however, two sets of calculations are required to refine the position to the
required accuracy of a second estimate.

Step 1:

Step 2:

Step 3:

Locate the tabular values in the Nautical Almanac.
The time of meridian passage for 19 October is 1145.

Perform preliminary calculations.

0800 DR to 1145 = 3 hours, 45 minutes

3 hours, 45 minutes = 3.75 hours

3.75 hours at 16 knots = 60 nautical miles
covered

Day

19
20
21

SUN

Eqn. of Time

Mer.

00" 12" Pass.
m s m s h m
14 56 | 15 01 | 11 45
15 07 ] 15 12| 11 45
15 17 | 15 22 | 11 45

The problem states that (+4) zone time is being observed, which has a

standard meridian of 60° W.

Determine the ship’s DR position at 1145, based on steaming 275° T

for 60 miles by mid-latitude sailing or using a chart/plotting sheet.

l=D cosC

[ = (60) cos275°
[ = (60) (0.0872)
[ =5.232'

Latitude 1 = 25° 34.0’ N = 25.566°
[=5.232" = 0.0872° (to the north)

Latitude 2 = 25.566° + 0.0872° = 25.653° N = 25°39.2’ N

_ 25.583° +25.653°

Lm =25.618°N

p=D sinC
p = (60) sin 275°
p = (60) (—0.9962)

p = —59.772'
DLo = —2
cosLlm
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Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

—59.772

DLo = ————
co0s(25.618)
—59.772
DLo =
0.9017

DLo = —66.288'

Longitude 1 = 74° 36.0' W = 74.6° W
DLo = -66.288'= 1.1048° (to the west)
Latitude 2 = 74.6° W + 1.1048° = 75.705° =75°42.3’ W

Determine the longitude difference for time of LAN.

1145 DR position:
25°39.2’N
75°42.3°' W

Standard meridian in use = 60° W (given in problem)
75°42.3° W - 60° = 15° 42.3’ difference from standard meridian

Convert the difference in longitude arc to time (use the Conversion of
Arc to Time in the Nautical Almanac, which is re-created in it’s
entirety at the end of this part).

15°42.3’ of arc to the west = 1 hour, 2 minutes 49 seconds (added).

Apply the longitude correction to the standard meridian transit time
to determine time of local apparent noon.

11:45:00 + 01:02:49 = 12:47:49 first estimate

Second Estimate Steps:

Perform preliminary calculations.

0800 DR to 12:47:49 = 4 hours, 47 minutes, 49 seconds
4 hours, 47 minutes, 49 seconds = 4.83 hours
4.83 hours at 16 knots = 77.3 nautical miles covered

The problem states that (+4) zone time is being observed, which has a
standard meridian of 60° W.

Determine the ship’s DR position at 1247, based on steaming 275° T
for 77.3 miles by mid-latitude sailing or using a chart/plotting sheet.

l=D cosC

l =(77.3) cos275°
[ =(77.3) (0.0872)

155



Step 9:

Step 10:

Step 11:

[ =6.741'

Latitude 1 = 25° 34.0’ N = 25.566°
[=6.741 = 0.112° (to the north)
Latitude 2 = 25.566° + 0.112° = 25.678° N = 25° 40.7 N

[ = 25:583°425678° _ 5o ai0 g

p=D sinC
p = (77.3) sin275°
p = (77.3) (—0.9962)

p =—77.006
DLo =
0% 1006
DLo = cos(25.631)
—-77.006
DLo = 0.9016

DLo = —85.410'

Longitude 1 = 74° 36.0' W = 74.6° W

DLo = -85.410'= 1.424° (to the west)

Latitude 2 = 74.6° W + 1.424° = 76.024° =75°01.4 W

Determine the longitude difference for time of LAN.

1247 DR position:
25°40.7N
75°01.4 W

Standard meridian in use = 60° W (given in problem)
76°01.4 W - 60° = 16° 01.4’ difference from standard meridian

Convert the difference in longitude arc to time (use the Conversion of
Arc to Time in the Nautical Almanac, which is re-created in it’s
entirety at the end of this part).

16° 01.4’ of arc to the west = 1 hour, 4 minutes 06 seconds (added).

Apply the longitude correction to the standard meridian transit time
to determine time of local apparent noon.

11:45:00 + 01:04:06 = 12:49:06 second estimate
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Additional Problems and Answers

All of the following questions labeled “CG” were taken directly from the 2013 USCG
test bank and illustrate the concepts in this Part. Note - not all problems have been
worked and are subject to occasional errors in the database. For more problems and
answers, see the USCG database of questions (database information located in the
preface).

Problem 9-X1. It is 3 March and you are keeping zone time (+6). You are stationary in
position latitude 26° 26.0°N, longitude 94° 06.0’ W. What is the zone time of sunrise at
your location?

a) 0638- correct
b) 0645
c) 0649

Problem 9-X2. It is 12 June and you are keeping zone time (+9). You are stationary in
position latitude 44° 13.0° N, longitude 138° 14.0’ W. What is the zone time of sunset at
your position?

a) 1950
b) 1957- correct
c) 2009

Problem 9-X3. It is 22 February and you are keeping zone time (+9). You are stationary
in position latitude 16°45.0° N, longitude 130° 00.0’ W. What is the zone time of local
apparent noon at your position?

a) 1154- correct
b) 1214
c) 1234

Problem 9-X4. It is 11 October and you are keeping zone time (+4). You are stationary
in position latitude 42° 30.0’ N, longitude 70° 00.0’ W. What is the zone time of
moonrise at your position?

a) 1606
b) 1614
c) 1621- correct

Problem 9-X5. It is 22 July and you are keeping zone time (+9). You are stationary in
position latitude 33° 12.5" N, longitude 139° 55.2" W. What is the zone time of moonset

at your position?

a) 1013
b) 1038- correct
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) 1117

Problem CG-36. At 0327 zone time on 29 May, your DR position is latitude 25° 00.0’ N,
longitude 064° 15.0° W. You are steering 270° T at a speed of 13.6 knots. What is the
zone time of sunrise?

a) 0521
b) 0529 - correct
c) 0536
d) 0548

Problem CG-39. At 0500 zone time on 21 August, your DR position is latitude 47° 00.0’
N, longitude 125° 15.0° W. You are steering 000° T at a speed of 9.8 knots. What is the
zone time of sunrise?

a) 0525 - correct
b) 0529
c) 0531
d) 0535

Problem CG-210. On 13 February at 0325 zone time, your DR position is latitude 23°
20.0 N, longitude 155° 15.0° W. You are steering 240° T at a speed of 13.6 knots. What
is the zone time of sunrise?

a) 0652
b) 0657 - correct
c) 0706
d) 0711

Problem CG-291. On 17 May, your 0300 zone time DR position is latitude 27° 21.0° N,
longitude 066° 48.0° E. You are on course 107° T at a speed of 18 knots. What will be
the zone time of sunrise at your vessel?

a) 0457
b) 0511
c) 0519
d) 0522- correct

Problem CG-441. On 27 September, your 0345 zone time DR position is latitude 26°
18.0’ S, longitude 004° 18.0° W. You are on course 271° at a speed of 15 knots. What
will be the zone time of sunrise at your vessel?

a) 0525
b) 0545
c) 0555
d) 0605 - correct
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Problem CG-256. On 16 February, your 0300 zone time DR position is latitude 28° 32.0’
S, longitude 176°49.0’ E. You are on course 082° T at a speed of 21 knots. What will be
the zone time of sunrise at your vessel?

a) 0534
b) 0552- correct
c) 0631
d) 0645

Problem CG-68. At 1544 zone time on 5 October, your DR position is latitude 25° 00.0’
N, longitude 60° 15.0° W. You are steering 270° T at a speed of 6.8 knots. What is the
zone time of sunset?

a) 1728
b) 1737
¢) 1741
d) 1745- correct

Problem CG-74. At 1800 zone time on 7 December, your DR position is latitude 22°
48.0’ S, longitude 91° 26.0° W. You are steering 320° T at a speed of 14 knots. What is
the zone time of sunset?

a) 1830
b) 1836
c) 1842 - correct
d) 1852

Problem CG-162. On 10 April, your 1630 zone time DR position is latitude 21° 03.0’ N,
longitude 63° 11.0° W. You are on course 324° T at a speed of 22 knots. What will be
the zone time of sunset at your vessel?

a) 1805
b) 1814
c) 1818
d) 1833- correct

Problem CG-300. On 18 October, your 1330 zone time DR position is latitude 27° 32.0’
N, longitude 154°47.0°’ W. You are on course 115° T at a speed of 20 knots. What will
be the zone time of sunset at your vessel?

a) 1715
b) 1729
c) 1742- correct
d) 1751
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Problem CG-191. On 12 February, your 0900 zone time DR position is latitude 16°43.0’
N, longitude 51°42.0° W. Your vessel is on course 093° T at a speed of 18.5 knots. What
is the zone time of local apparent noon?

a) 1237- correct
b) 1233
c) 1230
d) 1226

Problem CG-193. On 12 July your 0800 zone time DR position is latitude 24° 15.0’ N,
longitude 132° 30.0° W. Your vessel is on course 045° T at a speed of 15 knots. What is
the zone time of local apparent noon?

a) 1146
b) 1148
c) 1152- correct
d) 1159

Problem CG-234. On 14 October your 0800 zone time DR position is latitude 28° 22.0’
N, longitude 161° 17.0’ E. Your vessel is on course 116° T at a speed of 17.5 knots. What
is the zone time of local apparent noon?

a) 1142
b) 1148
¢) 1152
d) 1156- correct

Problem CG-260. On 16 January, your 0930 zone time DR position is latitude 26° 07.0’
S, longitude 54°43.0’ E. Your vessel is on course 238° T at a speed of 17 knots. What is
the zone time of local apparent noon?

a) 1145- correct
b) 1148
¢) 1152
d) 1156

Problem CG-472. On 3 October, your 0830 zone time DR position is latitude 26° 15.0’ S,
longitude 73° 16.0’ E. Your vessel is on course 280° T at a speed of 19 knots. What is
the zone time of local apparent noon?

a) 1151
b) 1154
c) 1158
d) 1201- correct
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Problem 9-6X. It is 22 October and you are keeping zone time (+4). You are on course
083°T at a speed of 24 knots. Your 0820 DR position is latitude 26° 10.0° N, longitude
52°20.0' W. What is the time of the second estimate of LAN by ship’s clocks?

a) 10h 04m 36s
b) 10h 04m 53s
c) 11h 04m 37s
d) 11h 08m 54s- correct

Problem 9-7X. It is 25 February and you are keeping zone time (+4). You are on course
283° T at a speed of 22 knots. Your 0900 DR position is latitude 29° 10.3’ N, longitude
72°04.9’ W. What is the time of the second estimate of LAN by ship’s clocks?

a) 13h 08m 56s
b) 13h 08m 02s- correct
c) 12h 41m 36s
d) 12h 08m 56s
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TABLES FOR INTERPOLATING SUNRISE, MOONRISE, ETC.
TABLE I-—FOR LATITUDE

Tabular Interval Difference between the times for consecutive latitudes

T0° §° 27 ™ 10M1Is™| 207 25 307 | 35T 40™ 45" | SO™ 557 60™ | 1" 0s™ | 1P 1om | 1b rsm | 1b 20m
) o ’ ° ’ ° ’ m m w | o m @ m hr':;“": '7’;"_"". m 7 m ]
030 015 006 |0 O 1 I S § 12 2 2 2 2 1;02 (;o; oho; cl;o;
100 030 o12|0 I I| 2 2 3; 3 3 4 4 4 5 os o5 os 0s
13 o045 o181 1 2| 3 3 41 4 5 5|16 7 7 o7 o7 o7 07
200 x00 024 |1 2 3| 4 5 5|6 7 7.8 9 I0 10 10 10 10
230 r1§ o3 |1 2 4! s 6 7| & 9 9|10 II 12 12 13 13 13
300 13 036|1 3 4| 6& 7 8| 9 1C I1{12 13 14015 {015 | 016 | 016
330 X 45 042 |2 3 5 7, & 1011 12 13|14 16 17 18 18 19 19
40 20 0482 4 6| & 9 11 13 14 15116 18 19 20 21 22 22
430 215 0542 4 7| 9 rxr 13,15 16 18|19 21 22 23 | 24 25 26
§00 230 X002 S§ 7!10 12 14|16 18 2022 23 2 26 27 28 29
§30 245 1063 5 8 11 13 1618 20 22|24 26 28| 029 | 030 | 031 032
600 300 XX2(3 6 9|12 14 17|20 22 24|26 29 3I 32 33 34 36
630 315 1183 6 10|13 16 19|22 24 2629 31 34 36 37 38 40
700 330 1243 7 10|14 I7 20|23 26 2931 34 37 39 41 42 44
730 345 13014 7 1rj1s 18 22725 28 31|34 37 40 43 44 46 48
800 400 136|4 8 12|16 20 23127 30 34 (37 41 44| 047 {048 | 0o s1 | 0 53
830 415§ 142 4 8 13!17 2r 25129 33 36|40 44 48 | 05s51 | 053 | 056 | 058
900 430 X484 9 13|18 22 27131 35 39,43 47 S2| 055 | 058 | 101 | 104
930 445 15415 9 14|19 24 28/)33 38 42147 SI 56| 100 | 104 | 108 | 1 12
000 500 200|5 10 I5)20 25 39,35 40 45150 S5 60| ros | 110 | ri1s | 120

|
|

Table I is for interpolating the L.M.T. of sunrise, twilight, moonrise, etc., for latitude. It is to be
entered, in the appropriate column on the left, with the difference between true latitude and the nearest
tabular latitude which is less than the true latitude; and with the argument at the top which is the nearest
value of the difference between the times for the tabular latitude and the next higher one; the correction so
obtained is applied to the time for the tabular latitude; the sign of the correction can be seen by inspection.
It i3 to be noted that the interpolaiion is not linear, so that when using this tabie it is essential to take out the
tabular phenomeneon for the lattude less than the true latitude.

TABLE II--FOR LONGITUDE

Long. Difference between the times for given date and preceding date (for east longitude)
East or for given date aad following date (for west longitude)
r |- - U S R
\Vocsl o - " .
10™ 20™ 30™ | 40 SO GO | 1O™ 20 0™ | O §O% GOW | 20 Lo | 20 20M | 20 30™ | 3h gom | 2k gom | 3h gom
° m m m m m m m m n m m ) h m h m L m b m h m h m
o lo o ol 0o o ol o o o] o o oloooioowloowv| coo|ooo |0 oo
10 o 1 I I 1 z z 2 2 3 3 3 04 04 04 04 05 oS
20 |1 1 2| 2 3 3! 4 4 5| 6 6 7 o7 o8 o8 09 09 10
30 |1 2 2| 3 4 56 7 7|8 9 10 I 12 12 13 14 15
4 |1 2 3| 4 6 7 8 9 10|11 12 I3 14 16 17 18 19 20
50 1 3 4 6 7 B|10 11 12,14 5 17| C18 | 013 1 02I | 022 | 024|025
6o |2 3 s| 7 8 1w |12 13 1517 18 20 22 23 25 27 28 30
70 |2 4 6| 8 10 12|14 16 17|19 24 23 25 27 29 31 33 35
8o 2 4 7 9 11 13|16 18 20|22 24 27 29 31 33 36 38 40
9 |2 § 7|10 12 15|17 20 22|25 27 30 32 35 37 40 2 45
100 3 6 8|11 14 17|19 22 25 28 31 33| 0356 | 039 | 042|044 | 047|050
1o |3 6 ¢ |12 15 1821 24 27|31 34 37 40 43 46 49 | 652 |0 55
120 3 7 10|13 17 20|23 27 30|33 37 40 43 47 5o 53 | 0§57 | 100
130 |4 7 11|14 18 22|25 29 32|35 40 43 47 51 s4 | 0os8 | ror |1o05
140 |4 8 12|16 19 23|27 31 35|39 43 47 St 54 | os8 | 102|106 |1 10
50 |4 8 13|17 21 25,29 33 38|42 46 S0| 054 | 0S8 | 103|107 | XD |LIS
160 |4 9 13|18 22 27|31 30 4044 49 53| 0S8 | f02 | 107 | xII | 116|120
170 S 9 14|19 24 2833 38 42|47 52 57| 1 0OI 1¢6 | 1 11 116 | 120|125
180 |5 10 15|20 25 30|35 40 4505 55 6ol ros 1o rxs |20, 125|130

Table 11 is for interpolating the L.M.T. of mwoonrise, moonsec and the Moon’s meridian passage for
longitude. It is entered with longitude and with the difference between the times for the given date and for
the preceding date (in east longitudes) or foilowing date (in west longitudes). The correction is normally
added for west longitudes and subtracted for east longitudes, but if, as occasionally happens, the timnes become
earlier each day instead of later, .l:2 signs of the corrections must be reversed.

KXxii
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CONVERSION OF ARC TO TIME

0°-59° | 60°-119° | 120°-179° | 180°-239° | 240°-299" | 300°-359° 000|025 050 078

- h m o A m o h m © h m " h m . h m g m s m s m < m .
o | 0 00 60 | 4 0O | 120 800|180 | 12 00| 240 | 16 00 | 300 | 20 0O 0|/000 (001 |002|003

1|/004| 61| 4 04| 121 8 04 | 181 | 12 04 | 241 | 16 04 | 301 | 20 04 1 004 (005|006 007
2| 008 62 | 4 o8 | 122 8 08 | 182 | 12 08 | 242 | 16 08 | 302 | 20 08 2 o008 |009|010]|0 11

3/012| 63| 4 12} 123 8 12| 183 | 12 12 | 243 | 16 12 | 303 | 20 12 3/012({013|014]|015§
4| 016 64 | 4 16 | 124 8 16| 184 | 12 16 | 244 | 16 16 | 304 | 20 16 4 016 017|018 0 19

§|020| 65| 4 20| 12§ 820|185 1220|248 | 16 20 | 305 (2020 § /0200 21|022|0 23
6|024| 66| 424|126 824|186 | 12 24| 246 | 16 24 | 306 | 20 24] 6 | 024 ! 0 25| 0 26 | 0 27
71028 67| 4 28| 127 8 28 | 187 | 12 28 | 247 | 16 28 | 307 | 20 28 7/028 029030031
8|032| 68432128 832|188 1232)248|1632|308|2032| 8/032[{033,034/0 35
9|0 36 69 | 4 36 | 129 8 36 | 189 | 12 36 | 249 | 16 36 | 309 | 20 36 9036|037 038|039
10 040 | 70| 440|130 | 8 40| 190 | 12 40 | 250 | 16 40 | 310 | 20 40 | 10 [ 0 40 | 0 41 | 0 42 | 0 43
11 |0 44| 71| 4 44 | 131 8 44 | 191 | 12 44 | 257 | 16 44 | 311 |20 44 | 11 |0 44 |0 45| 0 46 | 0 47
12 | 0 48 72 | 4 48 | 132 8 48 | 192 | 12 48 | 252 | 16 48 | 312 [ 20 48 | 12 |0 48 [0 49 | 0 50 | O §I
13 /052 73 (452|133 | 852|193 | 1252|263 1652[313/2052]|13|/052/053/054/0Sss
14| 056 | 74| 456|134 8 56| 194 | 12 56 | 254 | 16 56 | 314 | 20 6 | 14 [0 56 | 0 57 | 0 58 | O 59
1§ 100 | 75| 500 [135| 900|195 | 13 00| 265 | 1700 (315§ |21 00) 1§ | 100|101 |102]|T1O03
16 | 1 04 76 | 5 04 | 136 904|196 | 1304|256 | 1704|316 |2104|16 104 |105| 106|107
17|108)| 77| 508|137 | 908|197 | 1308|287 | 1708|317 |2108 )17 {108 | 109 |1 10]|T1 II
18| 112 78 512|138 912|198 | 1312|268 | 1712|318 |2r 1218 112|113 |1 14 11§
19 (116 79| 516|139 | 916|199 | 13 16 | 289 | 17 16 | 319 |21 16 | 19 |1 16 |1 17| 1 18 |1 19
201 20 80 | 5 20 | 140 920|200 | 1320]|260 | 1720|320 (21 20]20 120|121 1227123
21 | 1 24| 815§ 24| 141 924|201 | 1324|261 | 1724|328 |2124 21 |124(125]|126]|127
22 |1 28 82 | 5 28 | 142 928|202 | 1328|262 |17 28 (322 |2r28)|22 128 129|13]71 31
23 | 132| 83 532|143 | 932|203 1332|263 1732323 [2132§23{132|133/134!1 35
24 | 136] 84| 536|144 | 936) 204 | 1336|264 | 1736|324 |21 36]|24|136|137|138]|1 39
25 (140 | 85| 540|145 | 940|205 | 13 40| 265 | 17 40 | 325 (21 40 | 25 |1 40 | I 41 |1 42 | 1 43
26 | 1 44| 86| 544|146 | 944 | 206 | 13 44 | 266 | 17 43 | 326 | 21 44 | 26 | 1 44 | 1 45 | 1 46 | 1 47
27 |1 48 87 | 5 48 | 147 948 | 207 | 13 48 | 267 | 17 48 | 327 (21 48 |27 | 148 | 149 |1 50| 1 §1I
28 |1 52| 88 | 552|148 | 952|208 | 1352|268 1752|328 |2152]28|152|153|154]|1 5§
29 | 156) 89| 556|149 | 9 56| 209 | 13 56| 269 | 17 56| 329 | 21 56 |29 | 1 56 | 157|158 |1 59
30| 200| 90| 600|150 | 1000|210 | 1400|270 | 1800|330 220030200 |201|202]203
31 | 204 91 [ 604 | 151 | 10 04 | 211 | 14 04 | 271 | 18 04 | 331 [ 22 04 |31 | 204 (205 | 2 06 | 2 o7
32 | 208| 92| 608 | 152 | 1008|212 | 1408|272 | 1808|332 (220832 (208|209 210|211
33212 93 |6 12| 153 | 1012|213 | 1412|273 |18 12333 |22 1233 (212 213 |214]2 15
34 (216 | 94| 6 16| 154 | 10 16 | 214 | 14 16 | 274 | 18 16 | 334 | 22 16 |34 (216 |2 17 |2 18 |2 19
35| 220 95 1 6 20| 155 | 10 20 | 215 | 14 20 | 275 | 18 20 [ 335 | 22 20 | 3§ |2 20 [ 2 21 | 2 22 | 2 23
36 | 2 24 96 | 6 24 | 156 | 10 24 | 216 | 14 24 | 276 | 18 24 | 336 | 22 24 | 36 | 2 24 | 2 25 1226|227
37| 2 28 97 | 628 | 157 | 10 28 | 217 | 14 28 | 277 | 18 28 [ 337 |22 28 {37 (228 [ 229|230 | 2 31
38 | 2 32 98 | 6 32| 168 | 10 32 | 218 | 14 32 | 278 | 18 32 | 338 | 22 32 |38 | 232|233 ]2 34 | 2 35
39236 99| 636|159 | 1036|219 1436|279 | 18 36 (339 |22 36|39 |236|237]|238|239
40 | 2 40 | 100 | 6 40 | 160 | 10 40 | 220 | 14 40 | 280 ||8 40 | 340 | 22 40 | 40 | 2 40 | 2 41 | 2 42 | 2 43
41 | 2 44 | 101 | 6 44 | 161 | 10 44 | 221 | 14 44 | 281 {18 44 | 341 |22 44 | 41 | 2 44 |2 45| 2 46 | 2 47
42 | 248 | 102 | 6 48 | 162 | 10 48 | 222 | 14 48 | 282 | 18 48 | 342 | 22 48 | 42 |2 48 |2 49 | 2 50 |2 s1
43 | 252|103 | 652|163 | 10 52 (223 | 14 52| 283 | 18 52 | 343 |22 52|43 |2 522532 54| 2 5§
44 | 2 56 | 104 | 6 56 | 164 | 10 56 | 224 | 14 56 | 284 | 18 56 | 344 [ 22 56 | 44 | 2 56 [ 2 57 | 2 s8 | 2 59
45 (300 | 108 | 700|165 | 11 00225 | 1500|285 | 1900|345 (2300|45 /300|301 |302]303
46 (304 | 106 | 7 04 | 166 | 11 04 | 226 | 15 04 | 286 | 19 04 | 346 | 23 04 | 46 (3 04 | 3 05 | 3 06 3 07
47 | 308 | 107 | 708|167 | 11 08 | 227 15 08 | 287 [ 19 08 | 347 |23 08 | 47 |3 08 {309 |3 10 311
48 312|108 | 712168 | 11 12[228| 1512|288 1912|348 |23 712|483 12|313|314]315§
49 |3 16 | 109 | 7 16 | 169 | 11 16 | 229 | 15 16 | 289 | 19 16 | 349 | 23 16 | 49 |3 16 (3 17 | 3 18 319
$0 | 320 | 110 | 7 20 | 170 | IT 20 | 230 | 15 20 | 290 | 19 20 | 350 | 23 20 | 50 | 3 20 | 3 21 | 3 22 | 3 23
S1 (324 | XXX | 724|070 | 11 24 | 230 | 15 24 | 298 19 24 | 351 | 23 24 | §1 {3 24 |3 25 |3 26 | 3 27
§2 | 328 | xx2| 728|172 | 11 28 | 232 | 15 28 | 292 119 28 | 352 (23 28 | §2 (328 |3 293 30 3 31
$3 | 332111317321 173 11 3212331 15 32 | 293 .19 321353 123 321531332/333|1334)33s
$4 330 L1141 7 36 | 174 | 11 30 | 234 18 36 | 294 1 19 36 | 354 | 23 36 | 54 (336|337 |338]3 39
55; VA0 | 11K | T JO | 178 | 11 4O | 238 ;'5 40 | 395 1 10 4O | 355 | 23 40 | 85| 3 40 | 3 41 [ 3 42 ' 3 43
6 ’ Vad [ 116 17 44 | 176 | 11 44 [ 336 | 15 43 | 296 | 10 44 [ 386 | 23 34 | S6 | 3 44 {3 45 |3 46 ' 3 47
§7 1348 {007 | 748 [ 477 | 10 48 | 237 | 15 48 | 297 | 19 48 [ 367 [ 2348 |57 (348 (349|350 3 51
$8 |3 52| 118, 7 52| 278 | 11 52238 15 52 | 208 l 19 52 | 358 | 23 52|58 |352|353(354,3Ss5S
59 13 56| 119 17 561379 | 11 56 | 239 | 15 56 | 299 | 19 56 | 359 | 23 s6 1 59 |3 56 135713583 59

The above table is for converting expressions in arc to their equivalent in time ; its main use in this Almanac
is for the conversion of longitude for application to L.M.T. (added if west, subtracted if east) to give G.M.T. or vice
versa, particularly in the case of sunrise, sunset, etc.

163



164



The Cutterman’s Guide to Navigation Problems

Part Ten: Amplitude Problems

Amplitude problems involve calculating the bearing at which an object should rise or
set, and then comparing the calculation to actual observation in order to determine
compass error. Amplitude is the easiest means of determining gyro error at sea, and
can involve the sun, moon, or planets and stars.

Abbreviated Concepts - For more detailed definitions, refer to the Bowditch glossary.
These definitions are provided as simplified concepts only, to enable successful
completion of required problems.

Declination - the angular distance north or south of the celestial equator, or the
latitude of the point on earth directly beneath a celestial object. For example, if the
sun’s declination is 10° N, the sun is directly overhead at 10° N.

Amplitude - the angular distance north or south of the equator of a celestial body
on the horizon. Amplitudes are named based on the direction of the object and the
difference from the equator. For example, if the sunset is observed at 280° T, the
amplitude of the sun is W 10° N. If the sunrise is observed at 080° T, the amplitude
of the sunis E 10°S.

Horizon - There are several different version of “horizon” in celestial navigation.
The simplest calculations are made when objects are on the “celestial” horizon as
follows:

Sun - ideally when the sun’s lower limb is 2/3 of a sun diameter (20 arc

minutes) above the visual horizon.

Stars and Planets - ideally when the object is one sun diameter (30 arc

minutes) above the visual horizon.

Moon - ideally when the upper limb of the moon is on the visual horizon.
When objects are not on the “celestial” horizon, corrections must be made using
additional tables.
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Basic Amplitude Problems

Problem 10-1. The following question illustrates how to solve basic amplitude
problems involving the sun on the celestial horizon.

It is 20 May. You have taken an observation of the rising sun when its lower limb is
approximately 2/3 of a sun’s diameter above the horizon (in other words the sun’s
center is on the celestial horizon). The time of observation is 1000 UTC. Your latitude is

36°N.

a) What is the amplitude of the sun?
b) What true bearing should the sunrise be observed?
c) Ifyou actually observe the sun rising at 068° T, what is the gyro error?

Answers:
a) E25°N
b) 065° T
c)3°W
Step 1:  Determine the declination of the sun for the time of observation using
the Nautical Almanac.
The declination at 1000 UTC is N 20° 00°. SUN
G.M.T.
G.HA. Dec.
2000] 180 53.7 N19 548
. ] in’ 3 ] 01} 195 53.7 55.3
Step2:  Determine the ship’s latitude at the time of 02l 210 536 258
observation. 03f 225 53.6 -- 56.3
; o . 04] 240 53.6 56.9
Latitude - 36° N (given) 05| 255 535 574
06| 270 53.5 N19 57.9
w 07} 285 53.5 58.4
E 08} 300 53.4 59.0
. . . D 09] 315 534 19 595
Step 3:  Enter Table 22 in Bowditch with n 10330 53.4 20 00.0
i : ] . ¢ 11] 345 533 00.5
declination and latitude to determine the -
amplitude.
Declination: 20°
Latitude: 36°
TABLE 22
Amplitudes
Declination
Latitude Latitude
18°0 | 18°5 | 19°0 | 19°5 | 20°0 | 20°5 | 21°0 | 21°5 | 22°0 | 22°5 | 23°0 | 23°5 | 24°0
0 18.0( 18.5{19.0{19.5{20.0{20.5{21.0{21.5{22.0{22.5{23.0(23.5|24.0 0
10 18.318.8(19.3(19.8[20.3[20.8[21.3|21.8[22.4(22.9|23.4|23.9|24.4 10
15 18.7119.2|19.7|20.2|20.7|21.3|21.8|22.3|22.8|23.3|23.9|24.4|24.9 15
20 19.2119.7120.3|120.8|21.3|21.9|122.4|23.0|123.5|24.0|24.6|25.1|25.6 20
25 19.9]20.5|21.1|21.6|22.2|22.7|23.3|23.9|24.4|25.0|25.5]|26.1]|26.7 25
30 20.9|21.5|22.1|22.7(23.3[23.9(24.4|25.0(25.6(26.2|26.8|27.4|28.0 30
32 21.4(22.0(22.6(23.2|23.8[24.4|25.0|25.6|26.2|26.8|27.4|28.0]|28.7 32
34 21.9(22.5(23.1(23.7[24.4125.0]25.6|26.2|26.9|27.5|28.1|28.7|29.4 34
36 22.5(23.1(23.7[24.4125.0(25.7|26.3]26.9|27.6|28.2]28.9]29.5]|30.2 36
38 23.1(23.7(24.4|25.1(25.7(26.4|27.1|27.7(28.4[29.1(29.7|30.4]|31.1 38
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Step 4:

Answer required questions.
a) Amplitude = E 25°N
b) Standard sunrise is 090° T. In the northern hemisphere in spring

c)

and summer, the sun rises north of east. Therefore the calculated
sunrise is 090° - 25°=065°T

If the sun is observed rising at 068° T, while the calculated sunrise
is 065° T, the gyro error is 068° - 065° = 3°. To determine the
direction of error, use the mnemonic “Gyro Best, Error West, Gyro
Least, Error East.” In this case, the gyro is higher (best) than the
observation, so the erroris 3° W.

Problem 10-2. The following question illustrates how to solve basic amplitude

problems involving the sun on the visible horizon (using the Table 23 correction).

It is 18 August. You have taken an observation of the rising sun when its center is on
the visible horizon. The time of observation is 1500 UTC. Your latitude is 52° N.

a) What is the amplitude of the sun?

b) What true bearing should the sunrise be observed?

c) Ifyou actually observe the sun rising at 065° T, what is the gyro error?

Answers:

a)E22.4°N
b) 112.4° T

¢) 2.6°E

Step 1:

Step 2:

Step 3:

Determine the declination of the sun for the time of observation using

the Nautical Almanac.

The declination at 1500 UTCis N 13° 00’. SUN
GMT. GHA. Dec.
Determine the ship’s latitude at the time of 12] 359 033 N13 025
observation. 13| 35036 oo
Latitude - 52° N (given) 12| 23937 13 0090
17 74 04.0 58.4

Enter Table 23 in Bowditch with

declination and latitude to determine a correction due to the object’s
location on the visible horizon.

The correction is 1.0° (interpolated between the tabular values for 12°
and 13° declination).
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Step 4:

TABLE 23

Correction of Amplitude as Observed on the Visible Horizon
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Enter Table 22 in Bowditch with declination and latitude to determine

the amplitude.

Declination: 13°
Latitude: 52°

TABLE 22
Amplitudes
Declination
Latitude Latitude
12°0 | 1295 | 13°0 | 13°5 | 14°0 | 14°5 | 15°0 | 1595 | 16°0 | 16°5 | 17°0 | 17°5 | 18°0
0 12.012.5(13.0|13.5|14.0| 14.5|15.0| 15.5|16.0| 16.5| 17.0| 17.5| 18.0 0
10 12.2112.7(13.2]13.7|14.214.7|15.2|15.7|16.3|16.8| 17.3 | 17.8 | 18.3 10
15 12.4]12.9(13.5]14.0|14.5]15.0|15.5|16.1|16.6|17.1|17.6| 18.1 | 18.7 15
20 12.813.3(13.9]14.4|14.9]15.5|16.0|16.5|17.1|17.6| 18.1|18.7|19.2 20
25 13.3]113.8(14.4]14.9|15.5]/16.0|16.6|17.1|17.7|18.3|18.8|19.4|19.9 25
30 13.9]14.5|15.1]15.6|16.2|16.8|17.4|18.0|18.6|19.1|19.7]20.3|20.9 30
32 14.2]14.8|15.4]16.0|16.6|17.2|17.8|18.4|19.0|19.6|20.2|20.8|21.4 32
34 14.5/15.1(15.7]16.4|17.0|17.6|18.2|18.8|19.4|20.0|20.7|21.3|21.9 34
36 14.9]15.5|16.1]16.8|17.4]18.0|18.7{19.3|19.9|20.6|21.2|21.8|22.5 36
38 15.3115.9(16.6|17.2|17.9]18.5|19.2{19.8|20.5|21.1|21.8|22.4|23.1 38
40 15.7116.4|17.117.7|18.4|19.1|19.7]20.4|21.1]21.8|22.4(23.1|23.8 40
41 16,0 16.7 | 17.3|18.0| 18.7|19.4|20.1]20.8|21.4]22.1|22.8(23.5|24.2 41
42 16.2]16.9|17.6|18.3|19.0|19.7|20.4|21.1|21.8]22.5|23.2(23.9|24.6 42
43 16.5]17.2|17.9(18.6|19.3|20.0|20.7|21.4{22.1]22.9|23.6(24.3|25.0 43
44 16.817.5|18.2(18.9|19.7|20.4|21.1]21.8(22.5[23.3/24.0(24.7|25.4 44
45 17.1]117.8|18.5[19.3|20.0|20.7|21.5]22.2(22.9(23.7|24.4|25.2|25.9 45
46 17.4]18.2]18.9(19.6(20.4|21.1|21.9|22.6|23.4(24.1|24.9|25.7|26.4 46
47 17.7]18.5]19.3{20.0(20.8|21.5|22.3|23.1|23.8(24.6|25.4|26.2|26.9 47
48 18.1]18.9]19.6(20.4(21.2]22.0|22.8|23.5|24.3|25.1|25.9|26.7|27.5 48
49 18.5(19.3]20.1{20.8(21.6]22.4|23.2(24.0|24.8|25.7|26.5|27.3|28.1 49
50 18.9119.7120.5{21.3(22.1]22.9|23.7|24.6|25.4|26.2|27.1|27.9|28.7 50
51 19.3120.1]20.9(21.8(22.6|23.4|24.3|25.1|26.0{26.8|27.7|28.5|29.4 51
52 19.7(20.6(21.4]22.3(23.1124.0/24.9(25.7|26.6|27.5|28.3]29.2|30.1 52
53 20.221.1]21.9(22.8(23.7[24.6|25.5|26.4|27.3{28.2|29.1|30.0|30.9 53
54 20.7121.6(22.5|23.4|24.3|25.2(26.1|27.0|28.0{28.9|29.8|30.8|31.7 54
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Step5:  Answer required questions.
a) Due to the object being on the visible horizon, the amplitude must

be corrected.

a. Amplitude from Table 22 = 21.4°

b. Correction from Table 23 =1.0°

c. The correction must be applied away from the elevated pole.
In other words, in the northern hemisphere, the correction
should be added to sunrise values and subtracted from
sunset values (in the southern hemisphere, the correction
should be subtracted from sunrise values and added to
sunset values).

d. In this case, the sun is rising in the northern hemisphere.
The correction is therefore 21.4° + 1.0°=E 22.4° N

b) Standard sunrise is 090° T. In the northern hemisphere in spring

c)

and summer, the sun rises north of east. Therefore the calculated
sunrise is 090° - 22.4°=67.6° T

If the sun is observed rising at 065° T, while the calculated sunrise
is 67.6° T, the gyro error is 67.6° - 65° = 2.6°. To determine the
direction of error, use the mnemonic “Gyro Best, Error West, Gyro
Least, Error East.” In this case, the gyro is lower (least) than the
observation, so the erroris 2.6° E.
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Problem 10-3. The following question illustrates how to solve basic amplitude
problems involving the sun.

It is 9 July. You have taken an observation of the setting sun when its lower limb is
approximately 2/3 of a sun’s diameter above the horizon (in other words the sun’s
center is on the celestial horizon). The time of observation is 2100 UTC. Your latitude is
33°N.

a) What is the amplitude of the sun?

b) What true bearing should the sunrise be observed?

c) Ifyou actually observe the sun setting at 300° T, what is the gyro error?

Answers:
a) W27°N
b) 297°T
c)3°W

Step 1:  Determine the declination of the sun for the time of observation using
the Nautical Almanac.

The declination at 2100 UTCis N 22° 17.5". SUN
Rl Py Dec.
Step 2:  Determine the ship’s latitude at the time of 16l o8 22.4 N22 154
observation. 19| 103 42.3 181
A ) 20] 118 42.2 17.8
Latitude - 33° N (given) 21} 133 422 -- 175
22] 148 42.1 17.2
23] 163 42.0 16.8

Step 3:  Enter Table 22 in Bowditch with
declination (in tenths notation) and latitude to determine the
amplitude.
Declination: 22° 17.5’ = 22.3°
Latitude: 33°

TABLE 22
Amplitudes
Declination
Latitude Latitude
18°0 | 1825 | 19°0 | 19°5 | 20°0 | 20°5 | 21°0 | 21°5 | 22°0 | 22°5 | 23°0 | 23°5 | 24°0

0 18.0(18.5]19.019.5(20.0]20.5|21.0|21.5|22.0|22.5|23.0(23.5|24.0 0
10 18.3(18.8]19.3|19.8(20.3]20.8|21.3|21.8|22.4|22.9|23.4(23.9|24.4 10
15 18.7(19.2]19.7|20.2(20.7|21.3|21.8(22.3|22.8|23.3|23.9|24.4|24.9 15
20 19.2119.7120.3|120.8(21.3]21.9|22.4|23.0|23.5|24.0|24.6|25.1|25.6 20
25 19.9120.5(21.1|21.6|22.2]22.7|23.3(23.9|24.4|25.0|25.5|26.1|26.7 25
30 20.9(21.5]22.1|22.7(23.3123.9|24.4|25.0]25.6|26.2|26.8|27.4|28.0 30
32 21.4122.0]22.6|23.2(23.8]24.4|25.0(25.6|26.2|26.8|27.4|28.0|28.7 32
34 21.9122.5(23.1|23.7(24.4]25.0/25.6(26.2|26.9|27.5|28.1|28.7|29.4 34
36 22.5(23.1(23.7|24.4]25.0|25.7|26.3[26.9|27.6|28.2|28.9|29.5|30.2 36
38 23.1(23.7(24.4(25.1]25.7|26.4(27.1]27.7|28.4|29.1{29.7|30.4|31.1 38
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Step 4:

a) Since the entering values are not whole numbers of declination or

latitude, interpolation is required. Locate the

bracketing values.

26.2
26.9

26. 8
27.5

Declination 22.0°

Declination 22.3°

Declination 22.5°

Latitude 32° 26.2° 26.8°
Latitude 33° Unknown value
Latitude 34° 26.9° 27.5°

b) Interpolate the bracketing values four ways to the nearest tenth.

Declination 22.0°

Declination 22.3°

Declination 22.5°

Latitude 32° 26.2° 26.6° 26.8°
Latitude 33° 26.6° Unknown value 27.2°
Latitude 34° 26.9° 27.3° 27.5°

c) Solve the interpolation for the desired value.

Declination 22.0°

Declination 22.3°

Declination 22.5°

Latitude 32° 26.2° 26.6° 26.8°
Latitude 33° 26.6° 27.0° 27.2°
Latitude 34° 26.9° 27.3° 27.5°

Answer required questions.
a) Amplitude =W 27°N

b)

c)

Standard sunset is 270° T. In the northern hemisphere in spring
and summer, the sun sets north of west. Therefore the calculated
sunrise is 270° + 27°=297°T

If the sun is observed setting at 300° T, while the calculated sunset
is 297° T, the gyro error is 300° - 297° = 3.0°. To determine the
direction of error, use the mnemonic “Gyro Best, Error West, Gyro
Least, Error East.” In this case, the gyro is higher (best) than the
observation, so the erroris 3° W.
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Problem 10-4. The following question illustrates how to solve basic amplitude
problems involving the sun.

It is 22 February. You have taken an observation of the setting sun while it is on the
celestial horizon. The time of observation is 2000 UTC. Your latitude is 30° N.

a) What is the amplitude of the sun?

b) What true bearing should the sunset be observed?

c) Ifyou actually observe the sun setting at 260° T, what is the gyro error?

Answers:

a) W11.6°S
b) 258.4°T
c) 1.6°W

Step 1:  Determine the declination of the sun for the time of observation using
the Nautical Almanac.

The declination at 2000 UTC is S 10° 00’. SUN
M A Dec.
Step 2:  Determine the ship’s latitude at the time of 18] 86 37.6 S10 018
observation. 20| 116 377 10 000
Latitude - 30° N (given) 3l 2Lare 9590
23] 161 38.0 57.2

Step 3:  Enter Table 22 in Bowditch with declination
(in tenths notation) and latitude to determine the amplitude.
Declination: 10°
Latitude: 33°

TABLE 22
Amplitudes
Declination
Latitude Latitude
6°0 6°5 7°0 7°5 8°0 85 9°0 9°5 10°0 | 10°5 | 11°0 | 11°5 | 12°0

0 6.0 6.5 7.0| 7.5 8.0/ 85| 9.0 9.5/10.0|10.5|11.0| 11.5| 12.0 0
10 6.1 6.6| 7.1 7.6| 8.1 8.6 9.1 9.6(10.2|10.7|11.2|11.7]12.2 10
15 6.2 6.7 7.2 7.8| 83| 88| 9.3 9.8|10.4|10.9|11.4|11.9|12.4 15
20 6.4 6.9 7.5 80| 85| 9.0 9.6[10.1|10.6|11.2|11.7|12.2|12.8 20
25 6.6 7.2| 7.7| 8.3 8.8 9.4 9.9|10.5|11.0|11.6|12.2]12.7|13.3 25
30 6.9 7.5 8.1 8.7 9.2 9.8|10.4|11.0|11.6|12.1|12.7|13.3|13.9 30
32 7.1 7.7 83| 89| 9.4(10.0[10.6|11.2|11.8]12.4|13.0| 13.6| 14.2 32
34 7.2 7.8 85| 9.1 9.7(10.3|10.9|11.5|12.1|12.7|13.3|13.9| 14.5 34
36 7.4 8.0 87| 9.3| 9.9/10.5|11.1|11.8|12.4|13.0|13.6|14.3| 14.9 36
38 7.6 8.3 8.9 9.5/10.2|10.8|11.5|12.1|12.7|13.4|14.0|14.7|15.3 38
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Step 4:

Answer required questions.
a) Amplitude =W 11.6°S
b) Standard sunset is 270° T. In the northern hemisphere in fall and

c)

winter, the sun sets south of west. Therefore the calculated sunrise
is270°-11.6°=258.4°T

If the sun is observed setting at 260° T, while the calculated sunset
is 258.4° T, the gyro error is 360° - 258.4° = 1.6°. To determine the
direction of error, use the mnemonic “Gyro Best, Error West, Gyro
Least, Error East.” In this case, the gyro is higher (best) than the
observation, so the erroris 1.6° W.

Problem 10-5. The following question illustrates how to solve basic amplitude

problems involving the sun.

It is 23 February. You have taken an observation of the setting sun when the sun is on
the celestial horizon. The time of observation is 1946 UTC. Your latitude is 33°13.2° N.
a) What is the amplitude of the sun?
b) What true bearing should the sunrise be observed?
c) Ifyou actually observe the sun setting at 300° T, what is the gyro error?

Answers:

a) W11.5°S
b) 258.5° T

c) 0.5°E

Step 1:

Determine the declination of the sun for the time of observation using

the Nautical Almanac.

SUN

The declination at 1946 is not given in the s T
Nautical Almanac and must be interpolated. 18] 86 396 S 9 398
19] 101 39.7 38.9
. , 20} 116 398 379
The base value for 1900 is S 9° 38.9’ and 211131 399 -- 370
) 22} 146 40.0 36.1
decreasing. 23] 161 40.1 35.2
The d value for 23 February is 0.9. $D.162 d 09

Enter the Increments and Corrections Page in the Nautical Almanac
with the daily d value and a time of 46 minutes (the difference
between the base declination and the observation time).
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Step 2:

Step 3:

™
46" INCREMENTS AND CORRECTIONS 47
46 | SYUN_ | ARIES [MOON|lor Corro| or Coree or Corr | 47 LOUN | ARIES [MOON or Corr|or Coren| or Coree

PLANETS d d d T
00|11 300]11319([10586( 00 00| 60 47 |12:0 93 00]11450|11 469 |11 129 |00 00| 60 48 |12:0 95
011130311 321/10588( 01 01| 62 4.7 [ 129 94 01 /11453(11472{11 131 /lo1 01| 61 48 j121 96
02 | 11 30-5|11 324 |10 590 || 0-2 02| 62 4.8 | 122 9:5 02 [11455|114744 |11 134 |02 02| 62 49 [12:2 37
03 ]11308|11326{10593 ({03 02| 63 49 |12.3 95 03 |11458{1147-7|11 136 |{0-3 02| 63 50 {12:3 97/
04 |11 31.0/11 329|110 595/ 0:a 03| 6-4a 50| 124 96 04 |11460(1147.9|11 138 04 03| 64 51 |12:a 98
05]1131:3{11331/10598| 05 04| 65 50| 125 9.7 05(11463|11482 (111410~ 04| 65 51 [125 99
06|11 31:5[11 334|11 000 0.6 05| 66 51 [ 126 98 06|11465[11484(11 143 |06 05| 66 52 | 12:6 100
07|11 31-8{11 33611 002 0:7 05| 6/ 52| 127 98 07 | 11 46811 487(11 1460/ 06| 6/ 53 [127 101
08|11 32:0|11 339{11 005{[ 0.8 06| 68 53 |128 99 08|1147.0{11489(11 14808 06| 68 54 | 128 101
09|11 32:3| 11 34.1|11 00-7) 0.9 07| 69 53 [12:9 10-0 09 {1147-3|11492(11150] 09 07| 69 55 |12:9 102

Given a d value of 0.9, the declination correction factor is 0.7.

Since the declination is decreasing from hour to hour, the corrected
declination for 23 February at 1946 is S 9° 38.9' - 0.7' =S 9° 38.2".

Determine the ship’s latitude at the time of observation.
Latitude - 33° 13.2’ N (given)

Enter Table 22 in Bowditch with declination (in tenths notation) and
latitude to determine the amplitude.
Declination: S 9° 38.2" =S 9.6°
Latitude: 33°13.2’=33.2° N

TABLE 22
Amplitudes
Declination
Latitude Latitude
6°0 6°5 7°0 7°5 8°0 8°5 9°0 9°5 10°0 | 10°5 | 11°0 | 11°5 | 12°0

0 6.0| 6.5 7.0| 7.5 8.0/ 85| 9.0 9.5/10.0|10.5|11.0| 11.5]| 12.0 0
10 6.1 6.6| 7.1 7.6 8.1 8.6/ 9.1| 9.6]10.2|10.7|11.2|11.7|12.2 10
15 6.2 6.7 7.2 7.8| 83| 88| 9.3 9.8/10.4|10.9|11.4|11.9]|12.4 15
20 6.4 6.9 7.5| 80| 85| 9.0 9.6[10.1|10.6|11.2|11.7|12.2|12.8 20
25 6.6 7.2| 7.7| 8.3 8.8 9.4 9.9|10.5|11.0|11.6|12.2|12.7|13.3 25
30 6.9 7.5 8.1 8.7 9.2 9.8|10.4|11.0|11.6|12.1|12.7|13.3|13.9 30
32 7.1 7.7 83| 89| 9.4(10.0[10.6|11.2|11.8]12.4|13.0| 13.6| 14.2 32
34 7.2 7.8 85| 9.1 9.7(10.3|10.9|11.5|12.1|12.7|13.3|13.9| 14.5 34
36 7.4 8.0| 87| 9.3 9.9(10.5|11.1|11.8[12.4]13.0|13.6|14.3|14.9 36
38 7.6 83| 89| 9.5/10.2]10.8|11.5]12.1|12.7|13.4|14.0|14.7|15.3 38
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Step 4:

a) Since the entering values are not whole numbers of declination or
latitude, interpolation is required. Locate the bracketing values.

11.2 | 11.8
11.5] 12. 1
Declination 9.5° Declination 9.6° Declination 10°
Latitude 32° 11.2° 11.8°
Latitude 33.2° Unknown value
Latitude 34° 11.5° 12.1°

b) Interpolate the bracketing values four ways to the nearest tenth.

Declination 9.5°

Declination 9.6°

Declination 10°

Latitude 32° 11.2° 11.3° 11.8°
Latitude 33.2° 11.4° Unknown value 12.0°
Latitude 34° 11.5° 11.6° 12.1°

c) Solve the interpolation for the desired value.

Declination 9.5° Declination 9.6° Declination 10°
Latitude 32° 11.2° 11.3° 11.8°
Latitude 33.2° 11.4° 11.5° 12.0°
Latitude 34° 11.5° 11.6° 12.1°

Answer required questions.

a) Amplitude =W 11.5°S

b) Standard sunset is 270° T. In the northern hemisphere in autumn
and winter, the sun sets south of west. Therefore the calculated

sunrise is 270°-11.5°=258.5°T

c) Ifthe sun is observed setting at 258° T, while the calculated sunset
is 258.5° T, the gyro error is 258.5° - 258° = 0.5°. To determine the
direction of error, use the mnemonic “Gyro Best, Error West, Gyro
Least, Error East.” In this case, the gyro is higher (best) than the
observation, so the erroris 0.5° E.
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Advanced Amplitude Problems

Problem 10-6 (CG-400). The following problem is taken directly from the USCG

test bank and illustrates how to solve advanced amplitude problems when the Sun is
on the celestial horizon.

On 24 August in DR position latitude 26° 49.4" N, longitude 146° 19.4" E, you observe
an amplitude of the Sun. The Sun's center is on the celestial horizon and bears 084°
psc. The chronometer reads 07h 55m 06s and is 01m 11s fast. Variation in the area is
15° W. What is the deviation of the magnetic compass?

Answer: 8.2° E deviation.

Step 1:

Step 2:

Determine the actual time of observation.

07:55:06 chronometer time of observation

00:01:11 fast on GMT

07:55:06 - 00:01:11 = 07:53:55 correct chronometer time

146° 19.4’ E corresponds to a zone time of (-10). Since the
approximate zone time is 05:53, the correct GMT is actually 19:53:55,
on the 23rd of August.

Determine the declination of the sun for the time of observation using

the Nautical Almanac.
SUN
The declination at 19:53:55 is not given in e T
the Nautical Almanac and must be 18] 89 22.5 N11 17.8
. 19} 104 22.6 17.0
interpolated. 20| 119 228 16.1
211 134 230 -- 15.3
22} 149 23.1 14.49
The base value for 1900 is N 11° 17.0’ and 23] 164 23.3 13.6
decreasing. s.D.158 d 09
The d value for 23-25 August is 0.9.

Enter the Increments and Corrections Page in the Nautical Almanac
with the daily d value and a time of 53 minutes, 55 seconds (the
difference between the base declination and the observation time).
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Step 3:

Step 4:

31, SUN | ARIES

PLANETS

5

MOON

v v
or Corrn
d

or Corrn

v
or Corrn

13172
13174
13177
13179
13 182

13 184
13187
13189
13192
13 194

S
00
01
02
03
04

05
06
07
08
09

150
153
155
158
160

163
15
168
13170
1317:3

12 388
12 390
12 39.3
12 395
12 397

12 400
12 402
12 40-5
12 407
12 409

0-0
01
0-2
03
0-4

04
05
06
07
0-8

0-0
0.1
0-2
03
04

60
61
62
63
04

0-5
06
0+/
0-8
0-9

6%
66
647
68
69

54
55

>6
57

58
&0

&l
&2

10-7
10-8
109
11-0
111

111
11:2
11.3
11-4
115

12-0
1241
12+2
123
1244

1245
1246
1247
128
129

Given a d value of 0.9, the declination correction factor is 0.8.

Since the declination is decreasing from hour to hour, the corrected
declination for 24 August at 19:53:55is N 11°17.0’-0.8'=N 11°16.2’

Determine the ship’s latitude at the time of observation.
Latitude - 26° 49.4’ N (given)

Enter Table 22 in Bowditch with declination (in tenths notation) and

latitude to determine the amplitude.

Declination: N 11°16.2’ =N 10.3°
Latitude: 26°49.4’ N = 26.8° N

TABLE 22
Amplitudes
Declination
Latitude Latitude
6°0 6°5 7°0 7°5 8°0 8°5 9°0 9°5 | 10°0 | 10°5 | 11°0 | 11°5 | 12°0
0 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5/10.0|10.5|11.0| 11.5] 12.0 0
10 6.1 6.6 7.1 7.6 8.1 8.6 9.1 9.610.2|10.7|11.2| 11.7|12.2 10
15 6.2| 6.7 7.2| 7.8| 8.3| 88| 9.3| 9.8[10.4]|10.9|11.4|11.9]12.4 15
20 6.4 6.9 7.5| 8.0| 85| 9.0 9.6|10.1|10.6|11.2|11.7|12.2]12.8 20
25 6.6 7.2 7.7| 8.3 8.8 9.4 9.9[10.5(11.0| 11.6|12.2|12.7|13.3 25
30 6.9| 7.5 8.1 8.7| 9.2 9.8|10.4(11.0|11.6|12.1|12.7|13.3|13.9 30
32 7.1 7.7 83| 89| 9.4/10.0[10.6| 11.2[11.8|12.4(13.0| 13.6| 14.2 32
34 7.2 7.8 8.5 9.1 9.7110.3]10.9| 11.5|12.1|12.7|13.3|13.9| 14.5 34
36 7.4 8.0 8.7 9.3 9.9/ 10.5| 11.1|11.8|12.4|13.0|13.6|14.3|14.9 36
38 7.6 8.3 8.9 9.5/10.2]10.8 | 11.5]12.1]12.7|13.4|14.0|14.7| 15.3 38
a) Since the entering values are not whole 122 1127
numbers of declination or latitude, 12.7 | 133

interpolation is required. Locate the

bracketing values.

Declination 11.0°

Declination 11.3°

Declination 11.5°

Latitude 25° 12.2° 12.7°
Latitude 26.8° Unknown value
Latitude 30° 12.7° 13.3°
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b) Interpolate the bracketing values four ways to the nearest tenth.

Declination 10.5°

Declination 10.9°

Declination 11°

Latitude 25° 12.2° 12.6° 12.7°
Latitude 26.8° 12.4° Unknown value 12.9°
Latitude 30° 12.7° 13.2° 13.3°

c) Solve the interpolation for the desired value.

Declination 10.5°

Declination 10.9°

Declination 11°

Latitude 25° 12.2° 12.6° 12.7°
Latitude 26.8° 12.4° 12.8° 12.9°
Latitude 30° 12.7° 13.2° 13.3°

*Note that the amplitude can also be solved directly using the
instructions in the Bowditch table 22 explanation.

sin(Amplitude) = sec(Latitude) X sin(Declination)
_Or_

sin(Declination)
cos(Latitude)

sin(Amplitude) = sin

Step5:  Answer required questions.

Since the calculated amplitude is 12.8°, the sun is rising, and the
season is summer in the northern hemisphere, the correct notation for
the amplitude is E 12.8° N, and the calculated compass bearing to sunrise
should be:

090°-12.8° =77.2°T

Therefore, using a compass correction formula, the deviation of the
compass is calculated as:

T: 77.2° T (Bearing to sunrise)
V: 15° W (Given)

M: 092.2° (Calculated)

D:

C: 084° psc (Given)

Deviation = 8.2° E
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Problem 10-7 (CG-183). The following problem is taken directly from the USCG

test bank and illustrates how to solve advanced amplitude problems when the Sun is
on the visible horizon (requiring a table 23 adjustment).

On 11 May, in DR position latitude 37° 06.0° N, longitude 45° 45.0’ W, you observe an
amplitude of the Sun. The Sun’s center is on the visible horizon and bears 089° psc. The
chronometer reads 07h 57m 06s and is 1m 48s slow. Variation is 20.0° W. What is the

deviation?

Answer: 2.3° W deviation.

Step 1:  Determine the actual time of observation.

07:57:06 chronometer time of observation
00:01:48 slow on GMT

07:57:06 + 00:01:48 = 07:58:54 correct chronometer time

45°45.0° W corresponds to a zone time of (+3), and the correct GMT is
07:58:54.

Step 2:  Determine the declination of the sun for the time of observation using
the Nautical Almanac.

The declination at 07:58:54 is not given in
the Nautical Almanac and must be
interpolated.

The base value for 0700 is N 17° 52.5" and
increasing.
The d value for 10-12 May is 0.6.

2| SUN | ARiES [MOON|lor Corr| or Corrn | or C

or orrt| or orrn or orr"
58 lpLANETS ¥ #

s o o o ’ ’ ’ ’ ’ ’ ’
00 | 14 300{ 14 32.4 |13 504 || 00 00| 6059|120 117
01|14 303|14 326/ 13 506 ][ 01 01| 6159|121 118
02 |14 305]14 329(13 508 02 02| 62 &0]12:2 119
03 | 14 308|214 33.1|13 511 | 03 03] 63 &1[12:3 12:0
04 |14 31:0/14 334 |13 513 || 04 04| 6 62]12.4 121
05|14 31:3|14 336 |13 516 | 05 05| 65 63]125 122
06 | 14 31:5| 14 33.9(13 518 06 06| 66 64|12 123
07 | 14 31.8{ 14 34.1 (13 52.0{ 0.7 07| 67 &5]|12.7 124
08 | 14 32.0| 14 344 |13 523 || 08 08| 68 66128 12:5
09 |14 323[14 34613 525 090 09| 69 &7]12:9 126

SUN

G.M.T.
G.HA. Dec.

06
07
08

270 55.2 N17 51.8
285 55.2 52.5
300 55.2 53.1

§.D.159 d o6

Enter the Increments
and Corrections Page in
the Nautical Almanac
with the daily d value
and a time of 58 minutes
(the difference between
the base declination and
the observation time).

Given a d value of 0.6, the declination correction factor is 0.6.

Since the declination is increasing from hour to hour, the corrected
declination for 11 May at 07:58:54 is N 17°52.5" + 0.6’'=N 17° 53.1’
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Step 3:

Step 4:

Step 5:

Determine the ship’s latitude at the time of observation.
Latitude - 37° 06’ N (given)

Since the body is observed on the visible horizon, enter Table 23 in
Bowditch to obtain the Visible Horizon Correction.

TABLE 23
Correction of Amplitude as Observed on the Visible Horizon
Declination
1 1 r 1 1 T T Latitude
0° 2° 4° 6° 8° 10° 12° 14° 16° 18° | 20° | 22° | 24°
0.0 0.0 000000 00 0000|0000 00} 0000 0
0.1 01010101 01010101 0101|0101 10
0.2 1 02/02/02|02 02020202 0202|0202 15
0.3 03,03/03|03 03 03/03/|03 0303|0303 20
0.3 0.3,03/03|03 04 03/03/|03 03 03|03 0.3 25
0.4 0.4 04 04|05 04 0404|044 04 04|05/ 0.5 30
0.4 0.4 0.4 04|05 04 040404 04 05|05/ 0.5 32
0.5 0.5,05/05|05 0.5 05/05/|05 0505|0505 34
0.5 0.5/05/05|]05 0.5 0505|0605 06| 06|06 36
0.6 0.6 | 0.6 0.6 | 0.6 06 060606 06 06| 0606 38

By visual inspection, the correction is 0.6°.

Per the instructions at the bottom of the table, for the Sun, the
correction is always applied away from the elevated pole. Since the
observer is in the northern hemisphere, the north pole is the elevated
pole. Since the Sun is rising, the correction should be added.

Observed: 089° psc
Table 23 Correction: + 0.6°
Total : 089° + 0.6° = 089.6° psc

Enter Table 22 in Bowditch with declination (in tenths notation) and
latitude to determine the amplitude.

Declination: N 17°53.1’'=N 17.9°

Latitude: 37° 06.0’ N =37.1° N

TABLE 22
Amplitudes
Declination
Latitude T T T T T T T T T T T T Latitude
12°0 | 12°5 | 13°0 | 13°5 | 14°0 | 14°5 | 15°0 | 15°5 | 16°0 | 16°5 | 17°0 | 17°5 | 18°0

0 1220 12.5/13.0 13.5/14.0  14.5/15.015.5|16.0 | 16.5| 17.0| 17.5| 18.0 0
10 1202 12.7/13.213.7 | 14.2 14,7 15.2/15.7|16.3 | 16.8| 17.3|17.8 | 18.3 10
15 12.4 1 12.9/13.5 14.0|14.5|15.0|15.5|16.1|16.6 | 17.1 17.6 | 18.1  18.7 15
20 12.813.3/13.9 14.4/14.9 15.5/16.016.5|17.1|17.6| 18.1|18.7|19.2] 20
25 133 13.8/14.4 14.9/15.5 16.0|16.6 | 17.1|17.7|18.3 18.8|19.419.9| 25
30 139/ 14.5|15.115.6|16.2|16.8 | 17.4 | 18.0| 18.6 | 19.1 | 19.7|20.3 | 20.9 30
32 142 14.8|15.4 16.0|16.6|17.2|17.8|18.4|/19.019.6 | 20.2|20.8  21.4 32
34 14.5 15.1|15.7 16.4|17.0|17.6|18.2|18.8|19.4/20.0/20.7 | 21.3 | 21.9 34
36 149/ 15.5/16.1 16.8|17.4  18.0|18.7/19.3|19.9/20.6|21.2|21.8|22.5] 36
38 15.3/15.9/16.6  17.217.9 | 18.5|19.2 | 19.8|20.5|21.1|21.8|22.4|23.1 38
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Step 6:

a) Since the entering values are not whole numbers of declination or
latitude, interpolation is required. Locate the bracketing values.

21.8] 22.5
22.4 23,1
Declination 17.5° | Declination 17.9° Declination 18.0°
Latitude 36° 21.8° 22.5°
Latitude 37.1° Unknown value
Latitude 38° 22.4° 23.1°

b) Interpolate the bracketing values four ways to the nearest tenth.

Declination 17.5° | Declination 17.9° | Declination 18.0°
Latitude 36° 21.8° 22.4° 22.5°
Latitude 37.1° 22.0° Unknown value 22.6°
Latitude 38° 22.4° 23.0° 23.1°

c) Solve the interpolation for the desired value.

Declination 17.5° | Declination 17.9° | Declination 18.0°
Latitude 36° 21.8° 22.4° 22.5°
Latitude 37.1° 22.0° 22.7° 22.6°
Latitude 38° 22.4° 23.0° 23.1°

*Note that the amplitude can also be solved directly using the
instructions in the Bowditch table 22 explanation.

sin(Amplitude) = sec(Latitude) X sin(Declination)

_Or p—

sin(Declination)
cos(Latitude)

sin(Amplitude) = sin

Answer required questions.

Since the calculated amplitude is 22.7°, the sun is rising, and the
season is spring in the northern hemisphere, the correct notation for
the amplitude is E 22.7° N, and the calculated compass bearing to
sunrise should be:

090°-22.7° =67.3°T

Therefore, using a compass correction formula, the deviation of the
compass is calculated as:

181



T: 67.3° T (Bearing to sunrise)

V:20° W (Given)

M: 087.3° (Calculated)

D:

C: 089.6° psc (Given and corrected for visible horizon using Table 23)

Deviation = 2.3°' W
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Problem 10-8 (CG-66). The following problem is taken directly from the USCG test

bank and illustrates how to solve advanced amplitude problems when the Moon is
on the visible horizon (requiring a table 23 adjustment).

At 1524 ZT on 14 June in DR position latitude 30° 51’ N, longitude 30° 02" W, you
observe an amplitude of the Moon. The center of the Moon is on the visible horizon and
bears 103.9 pgc. The variation is 10° W. What is the gyro error?

Answer: 2.0° E.

Step 1:

4 v

or Corr|or Corrn

d

00 00| 60 2.5
01 00| 61 25
02 01| 62 25
03 01| 63 2:6
04 02| 644 2:6
05 02| 65 27
06 02| 66 27
07 03| 67 2.7
08 03| 68 28
09 04| 69 28
1.0 04| 7.0 29
11 04| 79 29
12 05| 7.2 29
143 05| 73 30
1.4 06| 7.4 30
15 06| 75 31
16 07| 76 31
17 07| 77 31
18 07| 708 32
149 08| 1.9 32
220 08| 80 33
29 09| 82 33
22 09| 82 33
23 09| 83 34
24 10| 84 34
25 10| 85 35
226 11| 86 35
2.7 11| 87 36
28 11| 88 36
249 12| 89 36

Determine the actual time of observation.
1524 chronometer time of observation

30° 02’ W corresponds to a zone time of (+2), and the correct GMT is
1724.

Step 2:  Determine the declination of the Moon for the time of
observation using the Nautical
Almanac.

SUN MOON

GMT,

GHA. Dec. GHA. v Dec. d HP.

359 57.5 N23 16.3
14 57.4 16.5

214 555 144 S12 40.0 86 54.0
229 28.9 145 12 48.6 86 54.0
244 02.4 143 12 57.2 85 54.1
258 35.7 144 13 05.7 85 54.1
273 09.1 143 13 14.2 84 54.1
287 42.4 142 13 226 84 541

12
The declination at 1724 is not 1a

15|
given in the Nautical Almanac »

and must be interpolated.

29 57.2 16.6
44 57.1 -- 16.7
59 57.0 16.8
74 56.8 16.9

The base value for 1700 is S 13° 22.6’ and increasing.
The d value for the hour is 8.4.

Enter the Increments and Corrections Page in the Nautical Almanac
with the daily d value and a time of 24 minutes (the difference
between the base declination and the observation time).

Given a d value of 8.4 the declination correction is 3.4".

Since the declination is increasing from hour to hour, the corrected
declination for 14 June at 1724 is S 13° 22.6’ + 3.4’=S 13° 26.0’

Step 3:  Determine the ship’s latitude at the time of observation.
Latitude - 30° 51’ N (given)
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Step 4:

Step 5:

Since the body is observed on the visible horizon, enter Table 23 in
Bowditch to obtain the Visible Horizon Correction for the Moon.

TABLE 23

Correction of Amplitude as Observed on the Visible Horizon
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0
10

20
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38

By visual inspection, the correction is 0.4°.

Per the instructions at the bottom of the table, for the Moon, the
correction is always divided in 2 and applied toward the elevated
pole. Since the observer is in the northern hemisphere, the north pole
is the elevated pole. Since the Moon is rising, the correction should be

subtracted.

Observed: 103.9° pgc

Table 23 Correction: - 0.2°

Total : 103.9°- 0.2° = 103.7° pgc

Enter Table 22 in Bowditch

with declination (in tenths

notation) and latitude to

determine the amplitude.
Declination: S 13° 26.0'=N

13.4°
Latitude: 30° 51’ N = 30.9°

N

TABLE 22
Amplitudes
Declination
Latitude T T T Latitude
12°0 | 12°5 | 13°0 | 13°5 | 14°0 | 14°5 | 15°0 | 15°5 | 16°0 | 16°5 | 17°0 | 17°5 | 18°0

0 12,0 12.5[13.0 13.5[14.0| 14.5|15.0|15.5|16.0| 16.5 17.0| 17.5  18.0] 0
10 12.212.7|13.2|13.7|14.2|14.7|15.2|15.7|16.3 | 16.8| 17.3|17.8 | 18.3 10
15 12.4112.9|13.5|14.0/14.5|15.0/15.5/16.1|16.6 | 17.1|17.6| 18. 1| 18.7 15
20 128 13.3|13.9 14.4|14.9/15.5[16.0 | 16.5| 17.1|17.6 | 18.1|18.7 19.2] 20
25 13.3/13.8|14.4|14.9/15.5/16.0/16.617.1|17.7 | 18.3| 18.8|19.4|19.9] 25
30 139 14.5[15.1 15.6(16.2 | 16.8|17.4 | 18.0| 18.6 [ 19.1 | 19.7|20.3 20.9] 30
32 14,2 14.8|15.4 16.0(16.6 | 17.2|17.8 | 18.4| 19.0| 19.6 | 20.2|20.8 | 21.4] 32
34 14.515.1[15.7  16.4[17.0 | 17.6| 18.2 | 18.8| 19.4 [ 20.0| 20.7 | 21.3 | 21.9] 34
36 14.915.5|16.1  16.8|17.4 | 18.0| 18.7|19.3|19.9/20.6 | 21.2|21.8 | 22.5] 36
38 15.3/15.9/16.6|17.2|17.9|18.5/19.2/19.8|20.5|21.1|21.8|22.4|23.1 38
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a) Since the entering values are not whole

o . 15.1 | 15.6
numbers of declination or latitude,
i . ) 15.4 | 16.0
interpolation is required. Locate the
bracketing values.

Declination 13.0° Declination 13.4° Declination 13.5°
Latitude 30° 15.1° 15.6°

Latitude 30.9° Unknown value

Latitude 32° 15.4° 16.0°

b) Interpolate the bracketing values four ways to the nearest tenth.

Declination 13.0° | Declination 13.4° | Declination 13.5°
Latitude 30° 15.1° 15.5° 15.6°
Latitude 30.9° 15.2° Unknown value 15.8°
Latitude 32° 15.4° 15.9° 16.0°

c) Solve the interpolation for the desired value.

Declination 13.0° | Declination 13.4° | Declination 13.5°
Latitude 30° 15.1° 15.5° 15.6°
Latitude 30.9° 15.2° 15.7° 15.8°
Latitude 32° 15.4° 15.9° 16.0°

*Note that the amplitude can also be solved directly using the
instructions in the Bowditch table 22 explanation.

sin(Amplitude) = sec(Latitude) X sin(Declination)
_Or_
sin(Declination)
cos(Latitude)

sin(Amplitude) = sin

Step 6:  Answer required questions.

Since the calculated amplitude is 15.7°, the Moon is rising, and the
declination is south, the correct notation for the amplitude is E 15.7° S,
and the calculated compass bearing to moonrise should be:

090° + 15.7° =105.7°T

Therefore, using a gyro error calculation, the gyro error is:
G: 103.7° pgc (Given)

E:

T: 105.7° T (Calculated)

Gyro Error = 2.0°E
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Problem 10-9 (CG-79). The following problem is taken directly from the USCG test
bank and illustrates how to solve advanced amplitude problems when a planet is on

the celestial horizon.

At 2043 ZT on 13 October in DR position latitude 43° 57.3’ S, longitude 147° 16.0’E,
you observe an amplitude of Venus. The planet is about one sun’s diameter above the
horizon and bears 236.2° pgc. The variation is 15° E. What is the gyro error?

Answer: 0.0°.

Step 1:  Determine the actual time of observation.

2043 chronometer time of observation

147° 16.0’ E corresponds to a zone time of (-10), and the correct GMT
is 1043 on 13 October.

Step 2:  Determine the declination of the planet for the time of observation

using the Nautical Almanac.

The declination at 1043 is not
given in the Nautical Almanac
and must be interpolated.

The base value for 1000 is S

23°36.3" and increasing.

The d value for 13 October is

S MT.

06
07
08
09
10
11

ARIES VENUS - 3.8

G.H A G.H.A. Dec.
111 42.7 | 229 23.3 S23 33.7
126 45.2 | 244 22.8 34.3
141 47.7 | 259 22.3 35.0
156 50.1 | 274 21.8 -- 35.6
171 52.6}] 289 21.3 36.3
186

55.1} 304 20.8 36.9

Ver. Pass. 22 26.5[ v -05 d o6

h m

0.6.
2| SUN | ARIES [MOON]|or o o,
n n n
43 PLANETS (o] c:ir Corr <:ir Corrn| or Corr
s o ’ ° ’ o ’ ’ ’ ’ ’ ’
00 /1045010 468(10 156 0-0 00| 60 44 | 12.0 87
01(10453({1047-0{10159| 01 01| 61 44 [ 121 88
02 |10 455[10473 (1016102 01| 62 45| 122 88
03/10458[10475[10 163/ 03 02| 63 46| 123 89
04 | 10 460{10 478|10 166 || 0.4 03| 64 46| 12.a 90
05|10463{10480[10168( 05 04| 65 47| 125 91
06 | 10 465[10 483|10 17-0{[ 0-6 04| 66 4-8 | 126 91
07 | 10 46810 485[1017:3 || 0-7 05| 67 49 | 127 92
08 |10470]/10488{10175][ 08 06| 68 4.9 | 128 93
09 |1047:3{1049-0{10178/ 09 07| 69 50| 129 94
0.4,

Enter the Increments and
Corrections Page in the
Nautical Almanac with
the daily d value and a
time of 43 minutes (the
difference between the
base declination and the
observation time).

Given a d value of 0.6 the
declination correction is

Since the declination is increasing from hour to hour, the corrected
declination for 13 October at 1043 is S 23° 36.3’ + 0.4'=S 23° 36.7’
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Step 3:

Step 4:

Determine the ship’s latitude at the time of observation.
Latitude - 43°57.3’ S (given)

Enter Table 22 in Bowditch with declination (in tenths notation) and
latitude to determine the amplitude.
Declination: S 23° 36.7'= S 23.6°
Latitude: 43°57.3’ S =43.96° S

Declination

Latitude

18°0 | 1875 | 19%0
0 18.0| 18.5|19.0
10 18.3| 18.8|19.3
15 18.7|19.2|19.7
20 19.219.7|20.3
25 19.9120.5|21.1
30 20.9|21.5|22.1
32 21.4|22.0|22.6
34 21.9(22.5(23.1
36 22.5|23.1|23.7
38 23.1|23.7|24.4
40 23.8|24.5|25.2
41 24.2|124.9|25.6
42 24.6 | 25.3|26.0
43 25.0125.7|26.4
i 25.4126.2|26.9

19%5 | 20%0 | 20°5 | 21°0
19.5(20.0|20.5|21.0
19.8(20.3|20.8|21.3
20.220.7|21.3|21.8
20.8|21.3|21.9|22.4
21.6|22.2(22.7|23.3
22.7|23.3/23.9|24.4
23.223.8/24.4|25.0
23.7/24.4|25.0|25.6
24.4|25.0|25.7|26.3
25.1|25.7(26.4|27.1
25.8|26.5|27.2|27.9
26.3|26.9|27.6|28.3
26.7|27.4|28.1|28.8
27.2|27.9|28.6|29.3
27.628.4|29.1|29.9

21°

21.
21.
22.
23.
23.

25.
25.
26.
26.
27.

28.
29.
29.
30.
30.

D= N= NONOO COWRWn

22°0 | 22°5 | 23%0 | 23%5
22.0(22.5(23.0|23.5
22.4|22.9(23.4|23.9
22.8|23.3/23.9|24.4
23.5/24.0(24.6|25.1
24.4125.0(25.5|26.1
25.6|26.2|26.8|27.4
26.2|26.8|27.4|28.0
26.9|27.5|28.1|28.7
27.628.2|28.9|29.5
28.4[29.1(29.7|30.4
29.3/30.0(30.7| 31.4
29.8|30.5|31.2| 31.9
30.3|31.031.7|32.5
30.8|31.632.3|33.0
31.4|32.132.9|33.7

Latitude

24°0

24.0 0
24.4 10
24.9 15
25.6 20
26.7 25
28.0 30
28.7 32
29.4 34
30.2 36
31.1 38
32.1 40
32.6 41
33.2 42
33.8 43
34.4 44

a) Since the entering values are not whole numbers of declination or

latitude, interpolation is required. Locate the

. 33.0 33.8
bracketing values.
& 337 | 344
Declination 23.5° Declination 23.6° Declination 24°
Latitude 43° 33.0° 33.8°
Latitude 43.95° Unknown value
Latitude 44° 33.7° 34.4°

b) Interpolate the bracketing values four ways to the nearest tenth.

Declination 23.5° | Declination 23.6° Declination 24°
Latitude 43° 33.0° 33.2° 33.8°
Latitude 43.95° 33.7° Unknown value 34.4°
Latitude 44° 33.7° 33.8° 34.4°

c) Solve the interpolation for the desired value.

Declination 23.5° | Declination 23.6° Declination 24°
Latitude 43° 33.0° 33.2° 33.8°
Latitude 43.95° 33.7° 33.8° 34.4°
Latitude 44° 33.7° 33.8° 34.4°

*Note that the amplitude can also be solved directly using the
instructions in the Bowditch table 22 explanation.
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sin(Amplitude) = sec(Latitude) X sin(Declination)

_Or —_—
sin(Declination)

cos(Latitude)

sin(Amplitude) = sin

Step5:  Answer required questions.

Since the calculated amplitude is 33.8°, the planet is setting, and the
declination is south, the correct notation for the amplitude is W 33.8° S,
and the calculated compass bearing to planetset should be:

270°-33.8° =236.2°T

Therefore, using a gyro error calculation, the gyro error is:

G: 236.2° pgc (Given)

E:

T: 236.2° T (Calculated)

Gyro Error = 0.0°
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Additional Problems and Answers

All of the following questions labeled “CG” were taken directly from the 2013 USCG
test bank and illustrate the concepts in this Part. Note - not all problems have been
worked and are subject to occasional errors in the database. For more problems and
answers, see the USCG database of questions (database information located in the
prefix).

Problem 10-X1. Using Table 22 in Bowditch, you have determined that the calculated
amplitude of the sun is 10 degrees. It is August 15t and you are in the northern
hemisphere. What is the calculated bearing of sunrise and sunset?

Answer: Sunrise - 080T, Sunset — 280T.

Problem 10-X2. Using Table 22 in Bowditch, you have determined that the calculated
amplitude of the sun is 3 degrees. It is October 23" and you are in the northern

hemisphere. What is the calculated bearing of sunrise and sunset?
Answer: Sunrise - 093T, Sunset 267T.

Problem 10-X3. Using Table 22 in Bowditch, you have determined that the calculated
amplitude of the sun is 20 degrees. It is August 15t and you are in the southern
hemisphere. What is the calculated bearing of sunrise and sunset?

Answer: Sunrise - 070T, Sunset - 290T.

Problem 10-X4. Your latitude is 10N. The declination of the sun is 12 degrees. What is
the amplitude of the sun?
Answer: 12.2 degrees.

Problem CG-164. On 10 August you vessel’s 0426 zone time DR position is latitude 52°
07’ N, longitude 142° 16’ E, when an amplitude of the Sun is observed. The Sun’s lower
limb is about 20 minutes of arc above the visible horizon and bears 074.5° per
standards compass. Variation in the area is 12° W. The chronometer reads 07h 24m
19s and is 2m 34s fast. Which of the following is the deviation of the standard
compass?

a) 0.0°

b) 1.3°W

c¢) 1.3°E - correct
d) 23°W

Problem CG-166. On 10 February in DR position latitude 25° 32.0’ N, longitude 135°
15.0’ E, you observe an amplitude of the Sun. The Sun’s center is on the celestial
horizon and bears 109° psc. The chronometer reads 09h 43m 25s and is 3m 20s fast.
Variation in the area is 4.5° W. What is the deviation of the standard magnetic
compass?

a) 1.6°E - correct

189



b) 2.9°W
c) 10.5°E
d) 30.5°W

Problem CG-179. On 11 January, you vessel’s 0655 zone time DR position is latitude 24°
30’ N, longitude 122° 02’ W, when an amplitude of the Sun is observed. The Sun’s
center is on the celestial horizon and bears 101° per standard compass. Variation in
the area is 11.6° E. The chronometer reads 02h 52m 48s and is 2m 12s slow. What is
the deviation of the standard compass?

a) 1.4°E - correct
b) 1.4°W
c) 4.6°E
d) 46°W

Problem CG-278. On 17 April you vessel’s position is latitude 21° 00’ S, longitude 78°
30’ W, when an amplitude of the Sun is observed. The Sun’s center is on the celestial
horizon and bears 082.7° per standard magnetic compass. Variation in the area is 2.0°
W. The chronometer reads 10h 59m 24s and is 01m 24s fast. What is the deviation on
the compass?

a) 2.0°W- correct
b) 3.0°W
¢) 2.5°E
d) 3.0°E

Problem CG-171. On 10 June you vessel’s 0519 zone time DR position is latitude 27°
07.0’ N, longitude 92° 10.0’ W, when an amplitude of the Sun is observed. The Sun’s
center is on the visible horizon and bears 063.6° per standard magnetic compass. The
variation in the area is 4.8° E. The chronometer reads 11h 17m 32s and is 1m 18s slow.
What is the deviation of the compass?

a) 56°F
b) 4.8°E
c) 42°W
d) 4.8°W- correct

Problem CG-252. On 16 April in DR position latitude 28° 07.0° N, longitude 81°47.0’ W,
you observe an amplitude of the Sun. The Sun’s center is on the visible horizon and
bears 073.5° psc. The chronometer reads 10h 53m 41s and is 2m 23s slow. Variation in
the area is 11° E. What is the deviation of the magnetic compass?

a) 4.5°E
b) 4.9°W
¢) 61°E
d) 6.5°W- correct
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Problem CG-503. On 5 September in DR position latitude 23°17.0’ S, longitude 154°
35.0’E, you observe an amplitude of the Sun. The Sun’s center is on the visible horizon
and bears 275° per standard magnetic compass. The chronometer reads 7h 49m 26s
and is 1m 52s fast. Variation in the area is 3° W. What is the deviation of the standard
magnetic compass?

a) 2.1°E
b) 2.4°W
c) 5.1°E- correct
d) 54°W

Problem CG-329. On 20 June your vessel’s 1955 ZT DR position is latitude 52° 38.9’ N,
longitude 3°42.7’ E, when an amplitude of the Sun is observed. The Sun’s center is on
the visible horizon and bears 311° per gyrocompass. Variation in the area is 6° W. At
the time of the observation, the helmsman noted that she was heading 352° per
gyrocompass and 358° per steering compass. What is the gyro error and deviation for
that heading?

a) 1.3°W gyro error, 1.3°E deviation

b) 0.0°gyro error, 0.0° deviation

c) 1.3°W gyro error, 1.3° W deviation

d) 1.3°E gyro error, 1.3° E deviation - correct

Problem CG-64. At 1502 ZT on 4 August, in DR position latitude 11° 21.6 S, longitude
088° 14.3’ E, you observe an amplitude of the Moon. The upper limb of the Moon is on
the visible horizon and bears 289° psc. The variation is 15° W. What is the deviation?

a) 1.1°E
b) 1.1°W - correct
c) 1.9°E
d) 1.9°W

Problem CG-57. At 1318 ZT on 10 September, in DR position latitude 24° 05.8’ N,
longitude 058° 08.3" E, you observe an amplitude of the Moon. The upper limb of the
Moon is on the visible horizon and bears 254° psc. Variation is 2° W. What is the
deviation?

a) 80°wW
b) 80°E
c) 4.0°W - correct
d) 4.0°E

Problem CG-58. At 1337 ZT on July 17, in DR position latitude 30° 56.8’ S, longitude

039° 36.5’ W, you observe an amplitude of the Moon. The upper limb of the Moon is on
the visible horizon bearing 263° psc. The variation is 20° W. What is the deviation?
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a) 2.6°E
b) 2.6°W
c) 3.6°E - correct
d) 3.6°W

Problem CG-34. At 1542 ZT on 23 October, in DR position latitude 37° 28.5" N,
longitude 156° 17.3’ E, you observe an amplitude of the Moon. The center of the Moon
is on the visible horizon and bears 282.5° psc. The variation is 0.0°. What is the
deviation?

a) 2.2°E - correct
b) 2.2°W
c) 1.2°E
d 1.2°W

Problem CG-65. At 1523 ZT on 14 June, in DR position latitude 31° 58’S, longitude 48°
42’ W, you observe an amplitude of the Moon. The center of the Moon is on the visible
horizon and bears 118° psc. The variation is 10° W. What is the deviation?

a) 2.5°W
b) 2.1°W - correct
c) 1L.7°W
d) 1.7°E

Problem CG-67. At 1538 ZT on 15 October, in DR position latitude 18° 12.8’ S, longitude
160°48.4’ E, you observe an amplitude of the Moon. The center of the Moon is on the
visible horizon and bears 276.2° psc. Variation is 10° E. What is the deviation?

a) 2.6°E
b) 2.6°W
¢) 3.6°E
d) 3.6°W - correct

Problem CG-80. At 2048 ZT on 13 October, you are in DR position latitude 44° 02.8’ S,
longitude 146° 58.3" E when you observe an amplitude of Venus. The planet is about
one Sun'’s diameter above the visible horizon and bears 222.2° psc. The variation is 15°
E. What is the deviation?

a) 0.0°

b) 1.1°E

c) 1.0°W - correct
d) 1.5°W

Problem CG-83. At 2232 ZT on 14 July you are in DR position latitude 33° 52 S,
longitude 150° 03’ W when you observe an amplitude of Jupiter. The planet is about
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one Sun'’s diameter above the visible horizon and bears 268.5° pgc. The variation is 15°
E. What is the gyro error?

a) 1.0°E - correct
b) 0.5°E

c) 0.0°

d) 0.5°W

Problem CG-84. At 2234 ZT on 14 July you are in DR position latitude 34° 03’ N,
longitude 150° 16" W, when you observe an amplitude of Saturn. The planet is about
one Sun’s diameter above the visible horizon and bears 272.1° pgc. The variation is 14°
E. What is the gyro error?

a) 0.5°W
b) 0.5°E
c) 1.5°W - correct
d) 2.5°FE

Problem CG-85. At 2237 ZT on 14 July, you are in DR position latitude 33° 57’ N,
longitude 150° 32’ W when you observe an amplitude of Saturn. The planet is about
one Sun’s diameter above the visible horizon and bears 258.6° psc. The variation is 14°
E. What is the deviation?

a) 2.0°W - correct
b) 1.0°W

c) 0.0°

d) 1.0°E
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The Cutterman’s Guide to Navigation Problems

Part Eleven: Meridian Passage and Ex-Meridian Problems

Observations of bodies at meridian passage, or even ex-meridian sights, enable
rapid computation of a line of position for latitude. These LOPs can be advanced or
retarded to form fixes with other LOPs. All celestial bodies can be observed at
meridian passage, and in some circumstances, bodies can be observed at both upper
and lower transit.

Basic Meridian Passage Problems

The key to basic meridian passage (local apparent noon) problems is identifying the
relationship between the observer and the body. If the observer is in the opposite
hemisphere as the body, the formula is Latitude = Zenith Distance - Declination. If
the observer is in the same hemisphere but closer to the equator than the body, the
formula is Latitude = Declination - Zenith Distance. If the observer is in the same
hemisphere as the body, but further away from the equator, the formula is Latitude
= Zenith Distance + Declination.

Problem 11-1 (CG-346). The following question is taken directly from the USCG
test bank and illustrates how to solve basic meridian passage (local apparent noon)
problems without advancing DR positions.

On 22 February your 0612 zone time fix gives you a position of latitude 27° 16.2’ S,
longitude 37°41.6" W. Your vessel is on course 298° T at 14.2 knots. Local apparent
noon (LAN) occurs at 1147 zone time, at which time a meridian altitude of the Sun’s
lower limb is observed. The observed altitude (Ho) for this sight is 73° 33.3". What is
the calculated latitude at LAN?

2200[ 176 36.1 510 18.2

Answer: 26° 31.4’ S. 01191 362 173
02 206 36.2 164

ol

Step 1:  Determine the GMT of the sight. m s b
DR longitude (0612): 37° 41.6’ W, which corresponds s e

to (+3 ZD) s 09] 311 368 -+ 100

. u 10] 326 369 09.1

1 - N 11) 341 370 08.2

1147 zone time +3 hours = 1447 GMT. 5 12| 356 271 510 072

A l: 11371 064

Y 1 26 3712 054

. . . . 15 3 048]

Step 2:  Determine the declination of the sun for the GMT time 16| 6374 03|

. 17| 71 375 02.7

of sight. 18| 86 376 510 01.8

D CORRECTIONS 47" At 1547 GMT 1 100376 009
. 116 37.7 10 00.0

51 SUN | ARIES |MOON|lar Corre|or Cores | or Corre ) . 21/ 131 378 9 590
47 puawers i 7157 | Declination (hours): S 10° 05.4’ 216 315 81
06 1;45"0 l; 46-'9 li 12:9 | o-0 : :

01 |11453|1147:2 (11131 foa

| (decreasing)
Bl 2 0% Y d number: 0.9

04 |11460|1147:9(11138([0a 03| 62 51 |12:4 98
05 (11 463[11482 (11141 [0 04| 6» 51 125 99 ( ) _

s | aes| sz e o 04| e o1 e | Declination (increments): - 0.7
07 |11 468|11487(11 146 [ 0.1 06 53 |12 101

08 11470/ 11 489 11103 | s 06 0o 54 [ue 01| Declination (total): S 10° 05.4’ - 0.7 =S 10° 04.7’

09 111473/11492(11150]j09 07| 69 55129 102
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Step 3:

Step 4:

Step 5:

Determine the observed altitude of the body.
No corrections are required in this problem, since the (ho) is given as
73°33.3

Determine the zenith distance of the sight.
ZD =90° - observed altitude.
ZD =90°-73°33.3' =16° 26.7

Determine the latitude.

Since the observer is in the same hemisphere as the body, but further
away from the equator (as evidenced by the DR latitude), the formula
is:

Latitude = Zenith Distance + Declination

Latitude = 16° 26.7’ + 10° 04.7’ = 26° 31.4’ S
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Problem 11-2 (CG-273). The following question is taken directly from the USCG
test bank and illustrates how to solve basic meridian passage (local apparent noon)
problems without advancing DR positions.

On 16 September your 0600 ZT fix gives you a position of latitude 29°47.2° N,
longitude 65° 28.4’ W. Your vessel is on course 242° T and your speed is 13.5 knots.
Local apparent noon (LAN) occurs at 1227 ZT, at which time a meridian altitude of the
Sun’s lower limb is observed. The observed altitude (Ho) for this sight is 63° 25.3".
What is the calculated latitude at LAN?

Answer: 29° 04.6" N.

Step1:  Determine the GMT of the sight.
DR longitude (0600): 65° 28.4° W, which corresponds

to (+4 ZD). SUN

1227 zone time +4 hours = 1627 GMT. N O
]_éoo 181 150 N 2 45.9
01] 196 15.2 449
02 211 154 439

Step 2:  Determine the declination of the sun for the GMT time ] 226 187 .- 420
. 05| 256 16.1 41.0

of Slght. 06 271 163 N 2 401

w 07| 286 16.6 391

D CORRECTIONS 27 At1627 GMT: ; z ii’i i«;: y ;::
=] sun P S . . , . 10| 331 17.2 36.2
7 pisem e oo ez ezl Declination (hours): N 2° 30.4" (decreasing) | ¢ ifse s 3
S N N S B s 117.7N 2 343
W el e sl ool e 22e 22| d number: 1.0 o Nl Xisy e
13 6455 | 6466 | 6270 ||02 01| e2 28| 122 56 . . . ) Y 15 46 183 - 314
Blemalsmlemie ol n el Declination (increments): - 0.5 el e1ms 04
% [ eaos( camefeamn it 03l 35 it 5| Declination (total): N 2° 30.4" - 0.5" = 18 91 190N 2 285
07 | 6468 | 6479 | 6282 [0 03| 67 31| 120 Zg %g ig(; ::1; gz‘:
| eis| i |l BN B]| §2°020.09 2| 136 197 - aee
20 | 6475l 6486l 62891110 05l 10 32| 130 60 - 22| 151 19.9 246

23] 166 20.1 23.7

Step 3:  Determine the observed altitude of the body.
No corrections are required in this problem, since the (ho) is given as
63° 25.3’

Step4: Determine the zenith distance of the sight.
ZD =90° - observed altitude.
ZD =90°- 63° 25.3' = 26° 34.7

Step5:  Determine the latitude.

Since the observer is in the same hemisphere as the body, but further
away from the equator (as evidenced by the DR latitude), the formula
is:

Latitude = Zenith Distance + Declination

Latitude = 26° 34.7’ + 2° 29.9' = 26° 04.6’ N
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Problem 11-3 (CG-520). The following question is taken directly from the USCG

test bank and illustrates how to solve basic meridian passage (local apparent noon)
problems without advancing DR positions.

On 7 November your 0830 zone time fix gives you a position of latitude 27° 36.0" N,
longitude 163° 19.0° W. Your vessel is on course 289° T and your speed is 19.0 knots.

Local apparent noon (LAN) occurs at 1138 zone time, at which time a meridian

altitude of the Sun’s lower limb is observed. The observed altitude (Ho) for this sight is
45°35.0°. What is the calculated latitude at LAN?

Answer: 27°57.2’ N

<PODCHDPDwn

184 04.6 S16 11.2

199 04.6
214 04.6

229 046 --

244 045
259 045
274 045
289 044
304 04.4

S16

319 043 -

334 043
349 043

4 04.2 S16

19 04.2
34 042

49 041 -

64 04.1
79 04.1
94 04.0
109 04.0
124 03.9

139 039 --

154 03.9
169 03.8

12.0
12.7
135
14.2
149
15.7
164
171
179
18.6
194
20.1
208
21.6
223
230
238
245
25.2
26.0
26.7
274
28.2

Step1:  Determine the GMT of the sight.
DR longitude (0830): 163° 19.0° W, which corresponds to (+11 ZD).
1138 zone time +11 hours = 2238 GMT.
Step 2:  Determine the declination of the sun for the GMT time of sight.
38" incremenTs an| At 2238 GMT:
38 s awes poon]i ol 5 e & ]| - Declination (hours): S 16° 27.4°
s | 3200 [231e | ooso]os 50| o 30| ue | (IDCTEASING)
R ) d number: 0.7
| peliEl SR B Declination (increments): +0.4
w | osia |25 2ol w0 G an sl Declination (total): S 16° 27.4 + 0.4 =
09 | 9323|9338 |9062(09 06| 69 44 |129 83 S 160 27.8}
Step 3:  Determine the observed altitude of the body.
No corrections are required in this problem, since
the (ho) is given as 45° 35.0°
Step4:  Determine the zenith distance of the sight.
ZD =90° - observed altitude.
ZD =90° - 45° 35.0’ = 44° 25.0°
Step5:  Determine the latitude.

Since the observer is in the opposite hemisphere as the body (as

evidenced by the DR latitude), the formula is:
Latitude = Zenith Distance - Declination
Latitude = 44° 25.0’ - 16° 27.8'=27°57.2’N
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Meridian Passage Problems Involving Advanced/Retarded Lines of Position

Problem 11-4 (CG-216). The following question is taken directly from the USCG
test bank and illustrates how to solve meridian passage problems involving an
advanced or retarded line of position.

On 13 October your 0515 zone time fix gives you a position of latitude 26° 53.0° N,
longitude 90° 05.0° W. Your vessel is on course 068° T and your speed is 7.8 knots.
Local apparent noon (LAN) occurs at 1145 zone time, at which time a meridian
altitude of the Sun’s lower limb is observed. The observed altitude (Ho) for this sight is
54°51.5". What is the latitude at 1200 ZT?

Answer: 27° 13.3’ N. Note this problem asks for latitude at 1200 ZT, not LAN,
requiring the LAN line of position to be advanced to 1200.

Step 1:  Determine the GMT of the sight.
DR longitude (0515): 90° 05.0’ W, which corresponds to (+6 ZD).
1145 zone time + 6 hours = 1745 GMT.

Step 2:  Determine the declination of the sun for the GMT time of sight.

D CORRECTIONS 45" At 1745 GMT:
i i . o 4 SUN
Toon Tomemooe —T: 1= Declination (hours): S 7° 55.2 ot

45 IPLANETS [e]e] ﬁd' Corr ‘:i Corr (:; Corr* . . CHA Dec
41 (increasing) ol - .
00| 11 ‘ 24831 o 00l oo a6 lize o . 1300 183 2455 7 39.3
o Mo el isaea) o ool ey 4e e »l d number: 0.9 0lf 198 246~ 402
11155]1 -, 8 0 . . o . . . . X o
03| 1115811 17| 10450 | or 02| o1 48 | s 92] Declination (increments): +0.7’ 03| 228 249 -- 421
04 11160{1117:9(10452 (| 0-4 03 | 64 49 [124 94 . . ° R 04 243 25.1 43.1
05| 1116311 161 10454 [ 05 04| o5 49| e 55| Declination (total): S 7°55.2" + 05| 258 252 440
06 (11165/11184(10457 106 05| 66 50 | 126 96 ) 06] 273 254 S 7 44.9
07 | 11168(11186(10459 (|0 05 6 51 [12 96 07 = 07| 288 255 459
0| 1117311 193 10 464 [ o0 07 on 3¢ |1ia 58] § 79 EE Q! T 00| 316 358 - 477
X J 46- 09 07| 69 52 | 129 98 ¥ ¢ .
2L s Y 10| 333 260 487
; 11 348 261 496
. ) o 12 326357505
Step 3:  Determine the observed altitude of the body. Al 335ee 324
No corrections are required in this problem, since T e A
. . 17| 78 27.0 55.2

the (ho) is given as 54° 51.5’

Step4:  Determine the zenith distance of the sight.
ZD =90° - observed altitude.
ZD =90°-54°51.5" = 35°08.5’

Step5:  Determine the latitude.
Since the observer is in the opposite hemisphere as the body (as
evidenced by the DR latitude), the formula is:

Latitude = Zenith Distance - Declination
Latitude = 35° 08.5’ - 7°55.9'=27°12.6'N
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Step 6:

Advance or retard the latitude line of position to the desired time.
Note this task can be accomplished by math (via mid-latitude sailing)
or by plotting sheet. This example shows both methods.

a. Method 1: Math. For more examples, see Part 5: Great Circle and
Sailings Problems.

i. Determine the transit time and distance (D) steamed over that
time.
1145 (LAN) to 1200 (desired fix) = 15 minutes = 0.25 hours
7.8 knots for 0.25 hours = 1.95 miles. (Course = 068° T)

ii. Determine the Difference in Latitude (/) using the plane sailing
formula.
l=D cosC
[ =1.95 cos(68°)
[ = (1.95) (0.3746)
l=0.73

iii. Determine latitude 2 given the initial position and the
Difference in Latitude (/).
Latl (LAN) =27°12.6’N
1 =+0.73
Lat2 (1200) =27°12.6’+0.73’=27°13.3'N

b. Method 2: Plotting Sheet. For more examples, see Part 16: Celestial Fix
and Running Fix Problems.
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Ex-Meridian Problems

Problem 11-5 (CG-236). The following question is taken directly from the USCG
test bank and illustrates how to solve solar ex-meridian problems.

On 15 August an ex-meridian altitude of the Sun’s lower limb at upper transit was
observed at 1130 ZT. Your DR position is latitude 26° 24.0’ S, longitude 155° 02.0’ E
and your sextant altitude (hs) is 48°45.9". The index error is 2.6’ on the arc and your
height of eye is 51.5 feet. The chronometer time of the observation is 01h 27m 38s, and
the chronometer error is 02m 14s slow. Find the latitude at meridian passage from the
ex-meridian observation.

Answer: 26°51.7’ S.

Step 1:  Determine the chronometer time of sight based on chronometer error.
Chronometer time: 01h 27m 38s
Chronometer error: 00h 02m 14s slow
Correct sight time: 01h 27m 38s + 00h 02m 14s = 01h 29m 52s

Step 2:  Determine the GMT of the sight.
DR longitude: 155° 02.0’ E (corresponds to -10 ZT)
Clock time of sight: 1130 ZT
1130 - 10 (ZT) = 0130. Therefore the chronometer time of 01:29:52
(15 August) is correct and used for the sight.

Step 3:  Determine the time difference from meridian passage to the time of

observation.
Time of sight: 01:29:52 GMT SUN
. o ’ G.MT.
GHA (hours): 193° 52.4 ’ > P
. o
. o ) o L o 4 01} 193 52.4 08.3
GHA (total): 193°52.4’ + 7° 28.0' = 201° 20.4 02| 208 226 078
. )

DR longitude: 155° 02.0’ E
LHA (sun): 201° 20.4’ + 155° 02.0’ E = 356° 22.4’ $0.158 d o8
LHA difference from meridian passage (LHA =
360°): 360 - 356° 22.4’=3°37.6'
LHA difference converted to time: 3° 37.6’ = 14m 30s
28" INCREMENTS AND CORRECTIONS 29"

28 [pSUR | ARIES MOON {r Corrn ir Corrn ‘:dl' corrn| | 23 [ SYUN | ARIES [MOON| 1:} Corrn o:r Corrn o:r Corrn

06 ; DD-’U ; 01-’1 ;40-’9 D:D 0-’0 a-’o 2"9 l2ill 5’7 06 ; 15-'0 ; 16-’2 ; 55’2 n-’o ():D 510 3:0 12' ‘;9

01 7 00-3 7 014 6411 o1 00 61 29 1221 57 01 7153 7 164 6 554 0.1 00 61 3.0 1221 59

02 7 00-5 7 01.7 6413 || 0.2 01 62 29 |12-2 58 02 7 155 7167 6 557 | 02 01 62 30 |1 &0

03 7 008 7 019 64164 0-3 01 63 30 12-3 58 03 7 158 7169 6 559 0y 01 6.3 31 12-3 60

04 7 01-0 7 02-2 6418 0-a 02 64 3.0 | 12:a 59 04 7 160 717-2 6 561 0.4 02 64 31 12:4 61

05 7 013 7 024 6 421 0-s 02 65 31 125 59 05 7 163 7174 6 564 0-s 02 65 3.2 12+5 61

06 7 015 7 02-7 6 423 06 03 66 31 12-6 &0 06 7 165 7177 6 566 06 03 oo 32 126 62

07 7 01-8 7 029 6 42:5§ 0-7 03| 67 32 | 12:7 &0 07 7168 7179 6 569 || 0.7 03| 67 33 | 1227 62

08 7 02-0 7 032 6 428 0-8 04 68 3.2 12-8 61 08 7170 7 182 6 57-1 08 04 68 33 128 &3

o° 7 023 7 034 6430 09 04 69 33 129 61 09 7173 7 184 6 573 09 04 69 3-4 129 63
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Step4:  Determine the observed altitude for the sight using the correction

tables in the Nautical Almanac (also provided at the SIP
end of this Part). — .-
Sextant altitude (hs): 48° 45.9’ ot Gorm HE O
Corrections: SRR S
Index error: 2.6’ on the arc (-2.6’ ig’; 69 ;33.
index correction) 160 1% 528
Height of eye: 51.5’ (-7.0" dip 165 11 543
correction)
Apparent altitude (ha) =48°45.9’' - 2.6’ - 7.0’ =48° 36.3’
Apparent altitude correction: +15.1
Observed altitude (ho) = 48° 36.3’ + 15.1’
=48°51.4’' OCT.—MAR. SUN AFR.—SEPT.

App. Lower Upper App. Lowc'r Upper
Alt. Limb Limb, Alt. Limb Limb

Step 5: Note the DR latitude: 26° 24.0’ S — —

Ry P
5o 46+15-4-- 169 | e +152—166

Step 6:  Determine the declination of the body for |2, T +15-5-168"' 27 %% —153- 165

the time of sight.

Declination (hours): N 14° 08.3

Declination (increments): d = -0.8, therefore increment = -0.4’
Declination (total): N 14° 08.3 - 0.4 =N 14° 07.9’

Step 7:  Enter table 24 in Bowditch to TABLE 24
determine the altitude factor (a) 4, the change of altitude in one minute from meridian transit.
o Declination contrary name o latitude, upper transit: add correction to observed altitude
wde [T T3 [ 4 [ 15 [ 16 | 77 ] 18 | 1o | 20° | 210 | 227 | 23

i . o] 9.2] 85| 79] 73] 68| 64| 6.0| 57| 54| 51| 49| 46| 44
BraCketlng Values. 1] 85| 7.9 7.4 6.9| 6.5| 6.1 57| 54| 5.1 4.9 47| 44| 4.2
B 5 ; S ol 79] 74| 69| 65| 61| 58] 55| 52| a9] 47| 45| 43| 4l
14°N 14°07.9 15°N 3| 74 69| 65| 61| 58| 55] 52| 40| a7] 45| 43| 41|30
4] 7.0 6.5| 6.2| 58| 55| 52| 5.0| 47| 45| 43| 4.1 4.0] 3.8
B ST 65 62 (58] 55 52 50 48[ 45 43 42 40] 38] 3.7
26°S 2.7 2.6 6| 62| 58| 55| 53] 50| 48| 46| 44| 42| 40| 39| 37|36
7| 59] 56| 53] 50| 48| 46| 44| 42| 40| 39| 37| 3635
oA 8] 56] 53| 50| 48| a6| 44| 42| 40| 39| 37| 36] 35|34
26°24'S a o] 53] 50| 48| 46| aa| 42| a1|30] 38| 36| 35| 34|33
0] 50] 48] 46 44| 42| 41] 39 3.8 3.6] 35 3.4 53] 32
o 1) 48| 46| 44| 42| 4.1 390 3.8] 3.6| 3.5| 3.4 33| 32| 3.1
27°S 2.6 2.5 | 46| aaf a3 41| 39| 38| 37| 35| 34| 33] 32| 31| 30
| 44| a3] 41| 30| 38| 37| 35| 34 33| 32] 31| 30| 29
1) a2l 4| 30| 3] 37| 35| 3] 33] 3] 31 30] 29| 28
B4 T[ 3938 37 35] 54 3332 51 30| 29] 28] 28
I lati 16| 30| 38| 37| 35| 34| 33| 32] 31| 30| 29| 28| 28] 27
. | 38| 37| 35| 34| 33| 32] 31| 30| 29] 28| 28] 27| 26
nterpo ation: 8| 37] 35| 34| 53] 32] 30| 30| 29| 29| 28] 27| 26| 25
o] 35 34l 53] 32] 31| 30| 29| 29| 28] 27| 26| 26| 2.5
14°N 14.13° 15°N B 3a[ 33 32 3130 29 29| 28] 27 261 26] 25| 2.4
o 33] 32| 31] 30| 29| 28] 28| 27| 26| 26| 25| 24| 24
2l 32] 31| 30| 29| 28| 28] 27| 26| 26| 25| 24| 24| 23
26°S 2.7 2.69 2.6 Bl 3] 30| 29| 28| 28| 27| 26| 26| 25| 24| 24| 23| 23
ul 30l 20| 28] 28| 27| 26| 25| 25| 24| 24| 23] 23] 22
26-4‘05 266 a 256 250 229 2.8 27| 27| 2.6 5[ 25| 2.4 24| 23| 23| 22| 2.2
%) 28| 27| 27] 26| 25| 25| 24| 24| 23] 23| 22| 21| 21
27°S 2.6 2.59 2.5 w| 27| 27| 26| 25| 25| 24| 24l 23] 22| 22| 20| 21| 21
28] 26| 26| 2.5| 2.5 2.4 2.3| 2.3 | 2.2 2.2 2.1 2.1 2.1 2.0
) 26| 25| 24| 24l 23| 23] 22| 22| 21| 21| 20| 20| 20

Interpolated value: a = 2.63

Step 8:  Enter table 25 in Bowditch to determine the altitude change

correction.
Bracketing values:
t=14m20s | t=14m30s | t=14m40s
a=2.0 6.8 7.2
a=2.63 Correction
a=3.0 10.3 10.8
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Interpo]atlorl . Change of Altitude in Given Time from Meridian Transit
T, meridian angle
[L:{\Ic 3735 | 3°40" [ 3°45" | 3°50" [ 3° 55" [ 4°00" [ 4°05" [ 4° 10" [ 4° 15" | 4° 20" | 4° 25" | 4° 30" | 4° 35" | 4° 40" (I:\A‘
24) 24)
t = 14m t = 14m 30 t = 14m 147 20° (14" 40¢| 15" 00¢| 15™ 20°[15™ 40¢(16™ 00¢| 16™ 20°[16™ 40°17™ 00°| 17™ 207 17" 40°| 18" 00°| 18™ 20°| 18™ 40/]
ZOS S 405 0.1 0.3] 0.4 0.4] 0.4] 0.4 0.4] 0.4 0.5] 0.5] 0.5 0.5] 0.5] 0.6] 0.6] O.1
— 0.2 | 0.7] 0.7 0.8 0.8 0.8 0.9 0.9| 0.9| 10| ro| ro| 1| 11| 2| 0.2
3—2-0 68 7'0 72 0.3 Lo| L1 11 1.2 1.2 L.3 1.3 1.4 1.4 L5 1.6/ L6l 1.7 1.7 0.3
0.4 1.4 1.4 1.5 1.6 1.6 1.7 1.8 1.9 1.9 2.0| 2.1| 2.2 2.2 2.3] 0.4
0.5 | 1.7] 1.8 1.9] 2.0 2.0] 2.1) 2.2| 2.3 2.4| 2.5| 2.6] 2.7| 2.8 2.9] 0.5
- i 0.6 2.1 2.2 2.2 2.4] 2.5] 2.6 2.7 2.8] 2.9] 3.0] 3.1 3.2] 3.4] 3.5] 0.6
a=2.63 9.01 Correction 9.47 0.7 | 24| 25| 2.6 2.7 2.9| 30| 31| 3.2| 3.4 3.5 3.6| 3.8 3.9 41| 0.7
0.8 | 27| 29| 30| 31| 33| 34| 36| 3.7| 3.9 40| 42| 43| 45| 46| 08
0.9 3.1 3.2| 3.4| 3.5 3.7| 3.8| 4.0 4.2 4.3| 4.5 47| 4.9| 50| 52| 0.9
— 1.0 | 3.4| 3.6 3.8 3.9 41| 43| 44| 46| 48| 50| 52| 54| 56| 58| 1.0
a= 3'0 103 10'55 108 2.0 6.8 7.2| 7.5| 7.8| 8.2| 85| 89| 9.3| 9.6/10.0[10.4| 10.8| 11.2| 11.6] 2.0
3.0 10.3[ 10.8] 11.3[ 11.8[ 12.3] 12.8[ 13.3[ 13.9[ 14. 4| 15.0[ 15. 6] 16.2] 16.8[ 17.4] 3.0
4.0 [13.7) 14.3] 15.0] 15.7| 16.4| 17. 1| 17.8| 18.5| 19.3| 20.0| 20. 8| 21.6| 22.4| 23.2| 4.0
5.0 17.1 17.9( 18.8| 19.6| 20.5[ 21.3|22.2|23.1|24.1(25.0|26.0(27.0| 28.0( 29.0] 5.0
6.0 |20.5[21.5(22.5|23.5(24.5(25.6|26.7|27.8 6.0
7.0 |24.0] 25.1] 26.3| 27.4 7.0
8.0 |27.4] 28.7( 30,0 8.0

Interpolated value =9.0

Step9:  Apply the table 25 correction to the observed altitude (ho) to
determine the corrected altitude.
Observed altitude (ho): 48° 51.4’

Correction: +9.0’
Corrected altitude (ho (corr)): 48°51.4" + 9.0’ = 49° 00.4’

Step 10: Complete the meridian transit (LAN) calculation.
Altitude: 49° 00.4’ (to the north)
Zenith Distance (90-Alt) = 40° 59.6’
Declination: 14° 07.9’ N
Latitude (ZD - Dec in this case): 40° 59.6’ - 14° 07.9’ = 26° 51.7’ S

Problem 11-6 (CG-264). The following question is taken directly from the USCG
test bank and illustrates how to solve solar ex-meridian problems.

On 16 June in DR position latitude 50° 57.0’ S, longitude 53° 03.9’ W (ZD +4), you take
an ex-meridian observation of Acrux at lower transit. The chronometer time of the
sight is 10h 08m 18s, and the chronometer error is 02m 12s fast. The sextant altitude
(hs) is 23°49.0". The index error is 1.1’ off the arc and your height of eye is 26 feet.
What is the latitude at meridian transit?

Answer: 50° 41.1’ S. In certain cases depending on the observer’s latitude, stars and
planets can be circumpolar - they never set. In these cases, meridian transits can be
observed twice per day. When the object is at its lowest point in the sky, it is called
a lower transit. The calculations are the same as a typical meridian passage, with
the exception of the LHA correction, the table 25 correction, and the latitude
determination, each of which require a lower transit correction.

Step 1:  Determine the chronometer time of sight based on chronometer error.
Chronometer time: 10h 08m 18s
Chronometer error: 00h 02m 12s fast
Correct sight time: 10h 08m 18s - 00h 02m 12s = 10h 06m 06s
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Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Determine the GMT of the sight. ARIES
The correct zone descriptor is given in the problem, GMT——

and the chronometer time of 10h 06m 06s is the o vz

09] 39 326

correct GMT. U jo0| 54351

g 11] 69 376

Determine the time difference from meridian
passage to the time of observation.
Time of sight: 10:06:06 GMT P I PR P Bs S S
00 [ 1300 1302|1259 00 00| 60 07 | 120 13
GHA (Aries - hours): 54° 35.1’ @ (130330 | w6 b
GHA (Aries - increment): 1° 31.8’ 6 | 1000|1003 | 1200 o0 03] us o7 [ 30
. 06 | 1315|1318 |1273) 06 01| e 07|12 14
GHA (Aries - total): 54° 35.1" + 1° 31.8’ = 56° AR R R bR
06 9, 09 | 1323 |1325|1280)09 01| &9 07| 129 14

INCREMENTS AN

% | sun MOONJor or ot Cor
& [pcirs| ARIES [MOONar Corsor Corr | or Corr®

STARS

SHA (Acrux): 173° 36.5 Nome  SHA  ow
GHA (Aries): 560 06.9‘ :c‘:::;' ;;g :;; 2;:7) 3";
GHA (Acrux): 173°36.5" + 56° 06.9" = 229° 43.4’  |Acwx = 173 365 563 000
Lower transit correction: -180°

Aldebaron 291 17.8 N16 28.2
GHA (Acrux - lower transit) = 229° 38.4 - 180° = 49° 38.4’

DR longitude: 53° 03.9° W

LHA (Acrux): 49° 38.4’ - 53°03.9' W = 356° 39.5’

LHA difference from meridian passage (LHA = 360°): 360 - 356° 39.5’
=3°20.5

LHA difference converted to time: 3° 20.5’ = 13m 22s

Determine the observed altitude for the sight using the correction
tables in the Nautical Almanac (provided at the end of this Part).
Sextant altitude (hs): 23° 49.0°
Corrections:
Index error: 1.1’ off the arc (+1.1" index correction)
Height of eye: 26’ (-5.0’ dip correction)
Apparent altitude (ha) =23°49.0’ + 1.1’ - 5.0’ = 23°45.1’
Apparent altitude correction: -2.2’
Observed altitude (ho) = 23° 45.1" -2.2" = 23°42.9’

Note the DR latitude: 50° 57.0° S

Determine the declination of the body for the time of sight.
Declination (total): S 63° 00.0’

Enter table 24 in Bowditch to determine the altitude factor (a).
Because it is a lower transit problem, be sure to use the correct table
(lower portion of the “contrary” table). Refer to the tabular

instructions in Bowditch if in doubt.

No interpolation is necessary in this case.a = 0.6
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TABLE 24

Altitude Factor

a, the change of altitude in one minute from meridian transit.

Declination contrary name to latitude, upper transit: add correction to observed altitude

Lati- . . Lati-
“":‘c 51° 52¢ 53° 54° 55° 56° 57° 58° 59° 60° 61° 62° 63° “‘":"'
30
31
TABLE 25 —{ 2
Change of Altitude in Given Time from Meridian Transit - 07l 34
0.8 0.8 0.7] 35
t, meridian angle 0.8 0.8 0.8 0.7 36
. . . . . . - . . . . a 0.8 0.8 0.7 0.7} 37
2°35 | 2°40° | 2°45 | 2°50° | 2°55' | 3°00' | 3705 3°10° | 3°15° | 3°20° | 3°25" | 3°30' | (tuble 0.8 0.8 0.7 0.7 38
! | i ! ! ! { | ! ! 1 24) 0.8 0.8 0.7 0.7 39
10200 10" 40 117007 [ 11™ 200 [ 1 1™ 40°| 12" 007 | 12" 200 12" 40°  13™ 007 | 13™ 200 | 13™ 40¢| 14™ OO 0.8 [ 0.8 | 0.7 | 0.7 40
T T T T T T T T T T T 0.8 0.7 0.7 0.7] 41
0.8 0.7 0.7 0.7 42
0.2/ 0.2 0.2 0.2] 0.2 0.2] 0.3 0.3 0.3 0.3 0.3 0.3] 0.1 8 ; g; 8 ; 8 ; ii
0.4 0.4 0.4/ 0.4/ 0.5/ 0.5 0.5 0.5 0.6/ 0.6/ 0.6/ 0.7} 0.2 R L. ! -
0.5 0.6 0.6/ 0.6 0.7/ 0.7| 0.8 0.8 0.8 0.9 0.9 o] 0.3 8 ; 8; x ; 8 ; 32
0.7, 0.8 0.8 0.9/ 0.9| L.0| LO L1 L1| L2 12| L3] 0.4 07! 07! 07! 06l a7
0.9/ 0.9/ 10| 1.1 11| 1.2| 1.3 1.3 14| 1.5| 1.6/ L.6] 0.5 071 07 07! o6l a8
1.1 1.1 1.2 1.3 1.4/ 1.4] 1.5 1.6 1.7 1.8 1.9 2.01 0.6 0.7 0.7 0.6 0.6 | 49
0.7 0.7 0.6 0.6 ] 50
0.7 0.7 0.6 0.6 | 51
. . . 0.7 0.6 0.6 0.6 52
Step 8:  Enter table 25 in Bowditch to determine the
altitude change correction.
Bracketlng values: t=13m20s | t=13m22s | t=13m 40s
a=.6 1.8 Correction 1.9
Interpolated value = 1.8’
Step9:  Apply the table 25 correction to the observed altitude (ho) to
determine the corrected altitude.
Observed altitude (ho): 23° 42.9’
Correction: -1.8’ (lower transit corrections are subtracted)
Corrected altitude (ho (corr)): 23°42.9' - 1.8’ = 23°41.1
Step 10: Complete the meridian transit calculation.

Altitude: 23° 41.1’ (to the north)
Zenith Distance (90-Alt) = 66° 18.9’
Declination: 63° 00.0’ S

Latitude (ZD + Dec in this case): 66° 18.9’ + 63° 00.0’ = 129° 18.9’ S

Lower Transit correction: -180°
Latitude = 129° 18.9’ - 180°=50°41.1"'S
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Additional Problems and Answers

All of the following questions labeled “CG” were taken directly from the 2013 USCG
test bank and illustrate the concepts in this Part. Note - not all problems have been
worked and are subject to occasional errors in the database. For more problems and
answers, see the USCG database of questions (database information located in the
preface).

Problem CG-520. On 7 November your 0830 zone time fix gives you a position of
latitude 27° 36.0° N, longitude 163° 19.0’ W. Your vessel is on course 289° T and your
speed is 19.0 knots. Local apparent noon (LAN) occurs at 1138 zone time, at which
time a meridian altitude of the Sun’s lower limb is observed. The observed altitude
(Ho) for this sight is 45° 35.0". What is the calculated latitude at LAN?

a) 27°52.3'N
b) 27°53.4’'N
c) 27°551’'N
d) 27°57.2° N- correct

Problem CG-445. On 28 July your 0800 zone time fix gives you a position of latitude 25°
16.0’ N, longitude 71° 19.0° W. Your vessel is on course 026° T and your speed is 17.5
knots. Local apparent noon (LAN) occurs at 1149 zone time, at which time a meridian
altitude of the Sun’s lower limb is observed. The observed altitude (Ho) for this sight is
82°28.7". What is the calculated latitude at LAN?

a) 26°21.9'N
b) 26°23.4’'N
c) 26°25.0° N- correct
d) 26°27.7’N

Problem CG-346. On 22 February your 0612 zone time fix gives you a position of
latitude 27° 16.2° S, longitude 37°41.6" W. Your vessel is on course 298° T at 14.2
knots. Local apparent noon (LAN) occurs at 1147 zone time, at which time a meridian
altitude of the Sun’s lower limb is observed. The observed altitude (Ho) for this sight is
73°33.3". What is the calculated latitude at LAN?

a) 26°31.4°S- correct
b) 26°29.5’S
¢) 26°27.1’S
d) 26°24.8'S

Problem CG-273. On 16 September your 0600 ZT fix gives you a position of latitude 29°
47.2° N, longitude 65° 28.4° W. Your vessel is on course 242° T and your speed is 13.5
knots. Local apparent noon (LAN) occurs at 1227 ZT, at which time a meridian
altitude of the Sun’s lower limb is observed. The observed altitude (Ho) for this sight is
63°25.3". What is the calculated latitude at LAN?
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a) 29°07.9 N
b) 29°06.1°'N
c) 29°04.7’ N- correct
d) 29°01.6’N

Problem CG-190. On 12 February your 0542 zone time (ZT) fix gives you a position of
latitude 26°42.0° N, longitude 60° 18.0° W. Your vessel is on course 300° T and your
speed is 9.8 knots. Local apparent noon (LAN) occurs at 1220 ZT, at which time a
meridian altitude of the Sun’s lower limb is observed. The observed altitude (Ho) for
this sight is 49° 10.0". What is the calculated latitude at LAN?

a) 27°13.5'N
b) 27°16.3’ N- correct
¢) 27°17.6'N
d) 27°19.2'N

Problem CG-216. On 13 October your 0515 zone time fix gives you a position of latitude
26°53.0’ N, longitude 90° 05.0° W. Your vessel is on course 068° T and your speed is 7.8
knots. Local apparent noon (LAN) occurs at 1145 zone time, at which time a meridian
altitude of the Sun’s lower limb is observed. The observed altitude (Ho) for this sight is
54°51.5°. What is the latitude at 1200 ZT?

a) 27°13.3’N- correct
b) 27°14.6’'N
¢) 27°15.7'N
d) 27°16.8'N

Problem CG-444. On 28 July your 0800 zone time (ZT) fix gives you a position of
latitude 25° 16.0’ N, longitude 71° 19.0’ W. Your vessel is on course 026° T at 17.5
knots. Local apparent noon (LAN) occurs at 1150 ZT, at which time a meridian
altitude of the Sun’s lower limb is observed. The observed altitude (Ho) for this sight is
82°28.7". What is the latitude at 1200 ZT?

a) 26°25.0'N
b) 26°27.6’ N- correct
¢) 26°29.8'N
d) 26°32.0'N

Problem CG-519. On 7 November your 0830 zone time fix gives you a position of
latitude 27° 36.0° N, longitude 162° 19.0’ W. Your vessel is on course 289° T and your
speed is 19.0 knots. Local apparent noon (LAN) occurs at 1138 zone time, at which
time a meridian altitude of the Sun’s lower limb is observed. The observed altitude
(Ho) for this sight is 45° 35.0°. What is the latitude at 1200 ZT?

a) 27°551’N
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b) 27°57.2'N
c) 27°59.5" N- correct
d) 28°01.9'N

Problem CG-172. On 10 March in DR position latitude 21°42.0’ S, longitude 57° 28.0’ E,
you take an ex-meridian observation of the Sun’s lower limb. The chronometer time of
the sight is 08h 28m 17s, and the chronometer error is 00m 00s. The sextant altitude
(hs) is 72° 08.0". The index error is 3.4’ on the arc, and your height of eye is 52.7 feet.
What is the latitude at meridian transit?

a) 21°32.5’S
b) 21°40.6’S
c) 21°45.5’S- correct
d) 21°502’S

Problem CG-236. On 15 August an ex-meridian altitude of the Sun’s lower limb at
upper transit was observed at 1130 ZT. Your DR position is latitude 26° 24.0’ S,
longitude 155° 02.0’ E and your sextant altitude (hs) is 48°45.9". The index error is
2.6’ on the arc and your height of eye is 51.5 feet. The chronometer time of the
observation is 01h 27m 38s, and the chronometer error is 02m 14s slow. Find the
latitude at meridian passage from the ex-meridian observation.

a) 26°32.6’S
b) 26°51.6’S- correct
c) 26°57.0’S
d) 27°09.9'S

Problem CG-239. On 15 December in DR position latitude 23° 24.0’ N, longitude 55°
36.0’ W, you take an ex-meridian observation of the Sun’s lower limb. The chronometer
time of the sight is 03h 45m 19s, and there is no chronometer error. The sextant
altitude (hs) is 43° 02.3". The index error is 2.6’ on the arc and your height of eye is 65.0
feet. What is the latitude at meridian transit?

a) 23°33.5" N- correct
b) 23°358 N
¢) 23°381'N
d) 23°40.6’'N

Problem CG-439. On 27 March in DR position latitude 32° 31.0° N, longitude 76° 25.0’
W, you take an ex-meridian observation of the Sun’s lower limb. The chronometer time
of the sight is 05h 23m 32s and the chronometer error is 01m 30s fast. The sextant
altitude (hs) is 59° 59.0". The index error is 1.8 off the arc, and your height of eye is 52
feet. What is the latitude at meridian transit?

a) 32°21.6'N
b) 32°29.5" N- correct
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¢) 32°37.6’'N
d) 32°46.2’N

Problem CG-295. On 17 November in DR position latitude 01° 14.4’ S, longitude 148°
45.5" E, you take an ex-meridian observation of the planet Venus at upper transit. The
chronometer time of the sight is 05h 31m 42s and the chronometer error is 01m 50s
fast. The sextant altitude (hs) is 64°41.1". The index error is 1.8’ off the arc and your
height of eye is 50 feet. What is the latitude at meridian transit?

a) 01°14.4’S
b) 01°16.3’S
c) 01°18.0’S- correct
d) 01°20.2’S

Problem CG-264. On 16 June in DR position latitude 50° 57.0’ S, longitude 53° 03.9’ W
(ZD +4), you take an ex-meridian observation of Acrux at lower transit. The
chronometer time of the sight is 10h 08m 18s, and the chronometer error is 02m 12s
fast. The sextant altitude (hs) is 23°49.0’. The index error is 1.1’ off the arc and your
height of eye is 26 feet. What is the latitude at meridian transit?

a) 50°41.2’S- correct
b) 51°02.2°S
c) 51°33.0’S
d) 51°41.2°S

Problem CG-343. On 22 August in DR position latitude 29° 41.8" N, longitude 33° 15.5’
W, you take an ex-meridian observation of the Moon’s upper limb at upper transit. The
chronometer time of the sight is 08h 00m 02s and the chronometer error is 2m 20s
slow. The sextant altitude (hs) is 74° 32.4". The index error is 1.5’ off the arc and your
height of eye is 48 feet. What is the latitude at meridian transit?

a) 29°39.3'N
b) 29°41.3’'N
c) 29°47.8 N- correct
d) 29°49.7’N

Problem CG-461. On 29 October in DR position latitude 41° 12.0° N, longitude 50° 18.9’
W, you take an ex-meridian observation of the Sun’s lower limb, near upper transit.
The chronometer time of the sight is 03h 21m 12s, and the chronometer error is 01m
50s slow. The sextant altitude (hs) is 34° 54.2". The index error is 2.0’ on the arc and
your height of eye is 45 feet. What is the latitude at meridian transit?

a) 41°12.0'N
b) 41°16.0° N- correct
c) 41°20.2°’N
d) 41°23.6’N
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Problem CG-473. On 30 August in DR position latitude 26° 34.0° N, longitude 141° 36.0’
W, you take an ex-meridian observation of the Sun’s lower limb. The chronometer time
of the sight is 09h 15m 26s and the chronometer error is 00m 00s. The sextant altitude
(hs) is 71°41.7". The index error is 3.2’ off the arc and your height of eye is 49.6 feet.
What is the latitude at meridian transit?

a) 26°41.9°N- correct
b) 26°44.6’'N
c) 26°482'N
d) 26°52.3'N
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CONVERSION OF ARC TO TIME
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The above table is for converting expressions in arc to their equivalent in time ; its
1s for the conversion of longitude for application to L.M.T. (added if west, subtracted if east) to give G.M.T. or vice
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The Cutterman’s Guide to Navigation Problems

Part Twelve: Polaris Problems

The star Polaris can be used to solve directly for latitude, or can be used to
determine a true azimuth for compass error problems.

Latitude by Polaris Problems

Problem 12-1 (CG-231). The following question is taken directly from the USCG
test bank and illustrates how to solve latitude by Polaris problems.

On 14 March at 1845 ZT, you take a sextant observation of Polaris. Your DR position is
latitude 29° 10’ N, longitude 154° 30’ W. Your sextant reads 29° 53.5". Your
chronometer reads 04h 42m 36s, and the chronometer error is 02m 24s slow. Your
height of eye is 24 feet and the index error is 1.3’ off the arc. Determine the latitude by
Polaris.

Answer: 29°21.3'N

Step 1:  Determine the correct chronometer time of sight.
Chronometer time of observation: 04h 42m 36s
Chronometer error: 02m 24s slow
Correct chronometer time of observation: 04h 42m 36s + 2m 24s =
04:45:00.

Step 2:  Determine the correct GMT of the sight
DR Longitude: 154° 30’ W - corresponds to ZD (+10).
Local time of observation: 1845 ZT
GMT time of observation = 1845 ZT + 10 hours = 0445 GMT (15 Mar).

Step 3:  Determine the observed altitude of the body using the correction
tables in the Nautical Almanac (reproduced at the end of this Part).
Sextant altitude (hs): 29° 53.5’
Index error (1.3’ off the arc): IC = + 1.3’
Height of eye (24 feet): dip =- 4.8’
Apparent altitude (ha) = 29° 53.5’ + 1.3’ - 4.8’ = 29° 50.0’

Apparent altitude (stars/planets) correction: -1.7’ 158‘1’ i;ﬁ ;g:g

Observed altitude (ho) = 29° 50’ - 1.7’ = 29° 48.3’ g§ 202 355

04] 232 404

Step 4:  Determine the GHA of Aries for the time of sight. Bl 27 52
GHA (Aries), whole hours: 232° 40.4’ 45 o Sers| ARIES [MOON

GHA (Aries), increment: 11° 16.8’ ol

GHA (Aries), total: 232°40.4’ + 11°16.8’ = 01111153 11172 |10 445
243°57.2' 0|2 s
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Step 5:

Step 6:

Step 7:

Determine the LHA of Aries.

GHA (Aries): 243°57.2

DR Longitude: 154° 30 W

LHA (Aries) = 243°57.2’ - 154° 30’ W =
89°27.2

Enter the Polaris Tables with LHA (Aries), DR Latitude, and Month to
determine the A0, A1, and A2 correction factors (The complete Polaris
Tables are located at the end of this Part).

AO (LHA correction): 0° 31.7

A1l (Latitude correction): 0.5’

A2 (Month correction): 0.8’

Calculate latitude using the Polaris Formula, provided at the bottom of
the Polaris Tables.

Latitude = Observed altitude - 1° + A0 + A1 + A2
Lat=29°48.3"-1°+31.77+ 0.5+ 0.8 =29°21.3’'N

L.H.A. | go°—
ARIES | 3° 89°
Qo
° ° 253
x 259
2 26-6
3 272
“ 279 |
5 o 28-6 ]
6 293
7 29-9
8 306
2 31°4
X0 |o 321’
Lat. a,
o , I
o o3 |
x0 -4
20 -4
30 -5
40 o-s
4s -6
so -6
55 -7
60 -7
62 o-7
64 -8
66 -8
68 o9
Month as |
Jan. o-7
Feb. -8
Mar. -8
Apr. o-8 i
May 7
June -5
July o4
Aug. 3
Sept. -3
Oct. o-3
Novwv. -4
!.)_ec. o-6
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Compass Problems Involving Polaris

Problem 12-2 (CG-496). The following question is taken directly from the USCG
test bank and illustrates how to solve compass problems involving Polaris.

LHA, | 120’ ' 130°-
1

On 5 February your 2320 ZT position is latitude 52° 28’ N, ARIES | 139°| 139°
longitude 23° 48’ W. You observe Polaris bearing 000.2° pgc. At

Lat.
the time of observation, the helmsman noted that she was Dt . .
heading 224° pgc and 244° psc. The variation is 20° W. What is o | 13592 ! 359-2
the deviation for that heading? 20 | 3591 | 3591

40 3589 | 3590

. . . 50 3587 i 3588
Answer: 1.5° W. For instructions on solving standard compass ss | 3586 | 3586

problems, refer to Part 6: Compass Problems.

Step 1:  Determine the GMT of the sight.
DR Longitude: 23° 48’ W - corresponds to ZD (+2).
Local time of observation: 2320 ZT
GMT time of observation = 2320 ZT + 2 hours = 0120 GMT (6 Feb).

Step 2:  Determine the GHA of Aries for the time of sight.
GHA (Aries), whole hours: 151° 04.9’
GHA (Aries), increment: 5° 00.8’
GHA (Aries), total: 151° 04.9’ + 5° 00.8’ =

156° 05.7’
34 om
Step 3:  Determine the LHA of Aries. LY pey ey e
GHA (Aries): 156° 05.7’ PO ] o i
DR Longitude: 23° 48’ W o) st ais 29 |50 500
LHA (Aries) = 156° 05.7’ - 23° 48’ W = Sl 1 235 | Stos | 5ovs
132°17.7 Pl s

Step4:  Enter the Polaris Tables with LHA (Aries), DR Latitude, and Month to
determine the azimuth to Polaris (the full Polaris Tables are located at
the end of this Part).

Azimuth (interpolated) = 358.7°

Step 5:  Determine the gyro compass error (using the acronym G-E-T).
G (Gyro): 000.2° pgc
E (Error): TBD
T (True): 358.7° per azimuth tables
Gyro error = 1.5° W
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Step 6:  Determine the deviation (using a standard compass problem format).
G: 224° pgc (Given)
E: 1.5° W (Determine in step 5)
T: 222.5° (Calculated)
V: 20° W (Given)
M: 242.5° (Calculated)
D: 1.5° W (Calculated)
C: 244° per steering compass (Given)
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Additional Problems and Answers

All of the following questions labeled “CG” were taken directly from the 2013 USCG
test bank and illustrate the concepts in this Part. Note - not all problems have been
worked and are subject to occasional errors in the database. For more problems and
answers, see the USCG database of questions (database information located in the
preface).

Problem CG-170. On 10 June your 2010 zone time DR position is latitude 41° 10.0’ N,
longitude 61° 15.0° W. At that time you observe Polaris with a sextant altitude (hs) of
40° 35.8°. The chronometer time of observation is 00h 08m 18s, and the chronometer
error is 01m 45s slow. The index error is 2.0’ on the arc, and the height of eye is 40 feet.
What is your latitude by Polaris?

a) 41°10.6’N
b) 41°15.0° N- correct
c) 41°183'N
d) 41°21.2’N

Problem CG-177. On 11 February your 1832 zone time DR position is longitude 110°
52.6" W. At that time you observe Polaris with a sextant altitude (hs) of 26° 19.8". The
chronometer time of sight is 01h 34m 56s and the chronometer error is 02m 16s fast.
The index erroris 2.7’ off the arc, and the height of eye is 60.2 feet. What is your
latitude by Polaris?

a) 25°27.2° N- correct
b) 25°34.2'N
¢) 26°27.2'N
d) 26°34.2'N

Problem CG-214. On 13 October at 1847 ZT, your vessel’s DR position is latitude 42°
17.4° N, longitude 138° 46.2° W. AT approximately this time you obtain a sextant
altitude (hs) of Polaris reading 42° 16.8’, with an index error of 3.2’ on the arc. Your
chronometer reads 03h 45m 20s and is 01m 32s slow. What is your latitude by Polaris,
given a height of eye of 44 feet?

a) 42°09.1° N- correct
b) 42°12.5'N
c) 42°16.0°’N
d) 42°19.5'N

Problem CG-231. On 14 March at 1845 ZT, you take a sextant observation of Polaris.

Your DR position is latitude 29° 10’ N, longitude 154° 30" W. Your sextant reads 29°
53.5". Your chronometer reads 04h 42m 36s, and the chronometer error is 02m 24s
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slow. Your height of eye is 24 feet and the index error is 1.3’ off the arc. Determine the
latitude by Polaris.

a) 29°11.7’N
b) 29°155 N
¢) 29°18.0'N
d) 29°21.3’N- correct

Problem CG-240. On 15 February at 0610 ZT in DR position latitude 56° 53.0° N,
longitude 157° 02.9’ E, you observe Polaris at a sextant altitude (hs) of 56° 10.4’. The
index error is 2.5’ on the arc and the height of eye is 18 meters. What is the latitude?

a) 56°41.8° N- correct
b) 56°47.9'N
¢) 56°481°N
d) 57°10.6’N

Problem CG-241. On 15 July at 0447 ZT, your vessel’s DR position is latitude 22° 42’ N,
longitude 126° 36’ E. At approximately that time, you obtain a sextant altitude (hs) of
Polaris reading 23° 46.2’ with an index error of 1.6’ off the arc. Your chronometer
reads 08h 48m 28s and is 1m 16s fast. What is your latitude by Polaris, given a height
of eye of 33 feet?

a) 22°44.1’N
b) 22°46.2’N
c) 22°502'N
d) 22°54.1° N- correct

Problem CG-344. On 22 August your 1852 zone time DR position is longitude 155° 54’
E. At that time you observe Polaris with a sextant altitude (hs) of 27° 36.9". The
chronometer time of observation is 08h 54m 06s and the chronometer error is 02m
20s fast. The index error is 3.6’ off the arc and the height of eye is 61.5 feet. What is
your latitude by Polaris?

a) 27°05.5'N
b) 27°31.0°'N
c) 28°05.9’ N- correct
d) 28°09.5°'N

Problem CG-517. On 7 March at 1838 ZT in DR position latitude 34° 26.9’ N, longitude
58°16.2" W, you observe Polaris for latitude. The sextant altitude (hs) is 35° 08.4’. The
index error is 2.5’ off the arc. The height of eye is 54 feet. What is the latitude at the
time of sight?

a) 34°29.8'N
b) 34°33.4°N- correct
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c) 34°34.8'N
d) 34°36.8'N

Problem CG-451. On 28 October at 1754 ZT, your vessel’s DR position is latitude 28° 30’
N, longitude 63° 24’ W. At this time you obtain a sextant altitude (hs) of Polaris
reading 28° 42.6’ with an index error of 2.4’ on the arc. Your chronometer reads 09h
50m 00s and is 4m 41s slow. What is your latitude by Polaris given a height of eye of
28 feet (8.5 meters)?

a) 28°252°N
b) 28°30.6’N
c) 28°34.9’ N- correct
d) 28°41.3'N

Problem CG-178. On 11 January your 0450 ZT position is latitude 38° 42’ N, longitude
14° 16’ W. You observe Polaris bearing 358.5° pgc. At the time of observation the
helmsman noted he was heading 160° pgc and 173° psc. The variation is 9° W. What is
the deviation for that heading?

a) 1°E

b) 1°W

c) 3°W-correct
d 13°W

Problem CG-306. On 19 November, your 0146 ZT position is latitude 33° 48’ N,
longitude 25° 22’ E. You observe Polaris bearing 359.8° pgc. At the time of observation,
the helmsman noted that he was heading 224° pgc and 222.5° psc. The variation is 2°
E. What is the deviation for that heading?

a) 2.0°E
b) 0.5°E
c) 1.0° W- correct
d) 1.5°W

Problem CG-387. On 23 July, your 2100 ZT position is latitude 36° 43.0’ N, longitude
16°09.8° W, when you observe an azimuth of Polaris to determine compass error.
Polaris bears 359.0° per gyrocompass. At the time of the observation, the helmsman

noted that he was heading 319° per gyrocompass and 331° per standard compass.
Variation is 12.0° W. Which of the following statements is TRUE?

a) Thegyroerroris0.7°E

b) Thegyroerroris1.7°W

c) The deviation is 1.7° E- correct
d) The compass erroris13.7°W
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Problem CG-469. On 3 October your 2122 ZT position is latitude 26° 32’ N, longitude
84° 26’ W. You observe Polaris bearing 359.8° pgc. At the time of observation, the
helmsman noted that he was heading 106° pgc and 107° psc. The variation is 0°. What
is the deviation for that heading?

a) 1°E
b) 0°- correct
c) 1°W
d 2°wW

Problem CG-470. On 3 October your 0330 zone time (ZD +5) DR position is latitude 47°
41’ N, longitude 86° 49’ W. At that time you observe Polaris bearing 357.5° pgc. The
chronometer time of observation is 08h 32m 04s and the chronometer is Om 27s slow.
The variation is 5.5° W. What is the gyro error?

a) 7.5°E
b) 50°E
c) 3.5°E
d) 2.0°E- correct
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274 POLARIS (POLE STAR) TABLES,
FOR PETBRMININ,G LATITUDE FROM SEXTANT ALTITUDE AND FOR AZIMUTH
LHA |0~ [10- |20~ |30~ (4= |50~ |60= |70 |80~ I~ |100- |1ro'-
o 0! o [ 2 o ! ! ,o - 100 110~
R M S S P L ™ P e e
| | i o - ! T R
' a, ' a | a f a, a | a a, a, a, a, . a I ao
o ‘0 ’ I o ’ o ’ i° ’ :0 ’ ;D ‘o ’ o ’ . o ’ ?c ’ o ’ 30 ’
o 0178'0137 0109 0097 0099 O 11 . . 3 . o |
| | i 10099 7 0 1490 19'§ 0 253 O 32°1 O 39'7 0 47
I 1730 133 i xo-7|' 096/ 101, 1200 153 200 259 328 405 :;;
2 169 - 130 106, 096, 102 122 ‘ 157 206, 266! 335 413 496
3 164 ! 1247 104 ‘ 096 1031 12§ 162 211 272 343 421 504
4 16-0 124 103 ! o9-6{ 10§ 128 166 217 279 350 429 ‘ 513
5 0156, 0121 0101 0 096/ 0 106 0 13'1 0 171 0223 0286 0358 0437 0 521
6 152 119 10-0 097 10-8 13°§'  17°5 228 293 366 446 530
7 148/ 116 o099 o097 1ro 138 180 234 299 373 454 538
8 144/ 114 098 098 112 142 18§ 240 306 381 462 547
9 | M0 12z 097 098 II'S 14'S: 1900 247 3144 389 470 555
10 /0137 0109 0097 0099 O II'7 O 149 0 19'5 0253 0 32:1'0 397 0 47'9 O 564
Lat. a; a, a, a, a, a | a a, a, a, d, a,
« ! ' ’ ' ' ' ' ' ’ ' ! ’ ’ ’
o | o5 | 06 06 06 | 06 0§ 0§ 04 ' 03 03 | o2 02
10 5 1 6 6 | 6 i 6 i 6 | ‘5 | 4 ] 4 ‘3 3 2
20 5 | 6 6 ] 6| 6| 6| 5, 5 4 4 | 3| 3
30 | 6 | 6 6 | 6 i 6 | 6 ! 5 5 1 5 4 l 4 4
o | o6 | 06 | o6 | 06 06 | 06 ' 06 \ o5 | 05§ 0§ I 0§ 05
45 ! 6 6 | 6 6 ; 6 I 6 | 6 6 | 6 5 | 5 ’ 5
50 6 6 6 6 | 6| 6 } 6 6| 6 6 6 | 6
55 6 | 6 6 6 | 6 | 6 6 6 ‘ 7 7 ’ 71 =
60 ‘ 6 | 6 | 6 6 | 6 : 6 ’ 7 ' 7 | 7 7 : 8 ‘ 8
62 | o7 | o6 | 06 06 1 06 | 06 l 07 | 07 w 07 o8 { o8 | o8
64 7 6 ‘ 6 6 6 | 6 a0 7 8 8 ! 9 09
66 l 7 6 | 6 ‘ 6 ‘, 6 | 7 ‘ 7 8 | 8 09 | 09 10
68 | 07 o6 | o6 | o6 | o6 | o7 | o7 | o8 | 09 | 10 | IO | IO
Month ' o | @  a a, ’ a | a ‘ a, | a L ! a, a, : ay
N A P R P T
Jan. | o7 | o7 | 07 o7 | o7 | 07 | 07 | 07 | 07 06 | 06 ’ 06
Feb. = 6 6 7 707 7 8 8 \ 8 8 8 8
Mar. |, s | - | 6 6 | 7 { 7 ‘ ‘8 ‘8 . 8 l 9 1 9 9
Apr. | o3 | 04 ' 04 os | os | 06 | o7 o7 | o8 | o8 | o9 o9
May 2 1 2 | 3 3 | 4 | 5 5 6 i b 7 | 8 9
June r 2 ; 2 ! 2 2 3 3 4 | 5 | 5 | 6 | 7 ‘ 7
| | ‘ i i
July 02 ! 02 | o2 | 02 | 02 02 " o3 | 03 i 04 \ 04 ' os 06
A“‘. .3 | .3 3 I’ 2 ‘ 2 2 2 ‘ -3 .3 | .3 ; 4 | ‘4
Oct. 07 | 06 | 06 | o5 | os | o4 ’ o4 | 03 ' 03 | 03 i 03 | 03
Nov. o9 | o8 | 8 76 | 6 s | sl o 3 3 \ 3
Dec. | 10 | 10 | 09 | 09 | o8 | o8 | 07 | 06 | 06 | o5 | o4 | o4
Lat. AZIMUTH
° ° ‘ o i ° i o | o | o | o | ° ° ° ° | o
o4 ' 03 o1 | 00/ 358 { 3597 | 3596 ! 3595 | 3594 ! 3593 ' 3592 | 3592
| | {
20 | o4 | 03 1 o1 | 00| 3598 | 3597 | 359°5 | 3594 | 35973 | 3592 | 3592 | 3591
4 | os | 03 | 02 ; 00 I 3598 | 3596 i 359'4 | 359'3 | 3592 | 3591 - 3590 3589
so | 06 | o4 | 02 | 003597 359'5| 3593 3591 3590 3589 3588 3587
55 07 0§ 02 00 ' 3597 . 3595 | 3592 | 3590 ' 358:9 | 358:7 | 3586 | 3586
60 o8 o5 02 00 | 3597 3594 3591 | 3589 3587  358's 3584 3584
65 . 09 06 03 359913596 3593 3590 3587 3584 3583 3581 1 3581

Latitude == Apparent altitude (corrected for refraction) — 1° + a, + a, + @,

The table is entered witt T..H.A. Aries to determine the column to be used; each column refers to a
range of 10°. @, is taken, with mental interpolation, from the upper table with the units of L.H.A. Aries in
degrees as argument; a,, a, are taken, without interpolation, from the second and third tables with arguments
latitude and month respectively. a,, ai, @, are always positive. The final table gives the azimuth of Polaris.
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POLARIS (POLE STAR) TABLES, 1981 275
FOR DBTERMINING LATITLDB FROM SEXTANT ALTITUDB AND FOR AZIMUTH
L.H.A. | 120°~ x;o - uo - 150 - | 160°= [ 170°= 180°- | 190 - | 200°= zxo - | 220°- | z;o’-m
ARIES | gt ww, uy xsy s vl de| o' ey ag| syl an
a% | a | a a, a a @G | @ aQ | a | a - a

° ° ’ | ° ’ ' ’ ° ’ ° P ’ ’ 7 ° r ‘o ’ o v ’
o 0564ix05011133 1 212/ 1285,134% x4oo I 44°1 x467'x47-9lx477 146'0

r ! s§72' o058 x4xi ~zo 291, 354 4osl 444 469, 48-0 476 457
2 [ s8:1' 067 150! 227 298 359 410 447 471 480 474 454

3 | 590 o7s' 158 235, 305 365 41:4] 450 472, 480 4731 452

4 (o598 083 166 242 311! 370 418 453 474 480 472 449

§ 1007 10921174 1250 138 I376 ¥ 4221 456 .1 475 1 48°0.X 470 I 446

6 ors 100 181' 257 524 3T 426, 458 476 479 468 443

7 02:4, 108 189 264 330 386 430 461  477] 479 466 439

8 032; II7 197 271 336] 391: 434 463 478 478 464 436
9 041 ! 12’5 205 278 342 396 437! 465 479 478, 4620 432
10 1050 11331202 128¢ X348 1400 1447|1467 1479 1 477 1 460 1 428
Lat. a, ' a, a, ‘ a, a, a, a, a, a | a a, | a,

i ’ ’ i ’ ’ ’ | ’ ' ’ ’ ’ ’ i ’ ’

° 02 02 02 03 | 04 ' 04 | OF 06 06 o6 | 06 0§
10 2 3 3 3 4 s s 6 6 | 6 6 | 6
20 3 | ‘3 l 3 4 ‘4 5 ! -5 6 6 ! 6 6 i 6
30 4 | 4 4 4 | S 5 6 6 6 | 6 6 6
40 o5 | 05  o§ | o5 o5 | 06 | 06 | o6 | 06 i 06 | 06 | 06
45 I B S 6 6 ‘6 i 6 6 6 | 6 6 | 6
50 6| 6| 6. 61 6| 6 6 6 6 | 6 6 | 6
55 7 7 v - 6 6 6 i 6 6 | 6 6 | 6
60 8! 8 8 9 7 7, 6| 6 6 | 6 6 | 6
62 o8 o8 [ o8 ! o8 o7 l o7 ' 07 i 06 06 | 06 o6 | 06
66 10 10 | o9 9 | 8 | | 7 1 6 6 | 6 6 7

6 | 13 | 1o | 1o o9 i 09 |08 | 07 | 06 | 06 | 06 | 06 | o7
Month | a, ay ay a, | ay a, | a [ @ @ | a a, ay
Jan. 06 06 06 | 06 | o5 | o o5 | o i o5 05 ! o5 | 05
Feb. 8 7 7 i 2 Vi ‘5 6 6 . 5 | 5 5 | ‘5
Mar. 9 09 09 : o8 | 8 -8 7 7 6 ; 6 5 ‘ 5
Apr. 09 10 10 10 ’ 09 09 09 o8 | o8 | 07 07 ‘ 06
May 9 ‘ 10 10 10 10 10 10 ] 10 09 | 09 8 ! 7
June 8 | o9 o9 | 10 10 10 10 | 10 10 10 09 | 09
July 07 ] 07 o8 | o9 09 09 | 10 : 1o | 10 10 10 | 10
Aug. 5 6 6 7 7 8 | o9 | o9 | 09 | 10 10 | 10
Mt. ‘4 4 5 -5 6 6 7 I 7 8 ; o8 09 | 09
Oct. o3 03 03 03 04 I 04 ’ o5 | 06 06 | 07 07 | o8
Nov. 2 2 2 2 '3 3 '3 | 4 4 : -5 6 | 6
Dec. 03 | 03 | 02 | 02 | 02 | 02 o2 o2 | 03 | 03 | 04 | 04
Lat. AZIMUTH

o o l ° i ! ° ° I ° ° : ° i o °

o 3592 | 3592 | 359 2 ’ 3593 I 3594 359 5 3596 | 359 7 3599 | oo 1 02 03
20 3591 | 3591 l 359'2 | 3593 | 359'4 | 359 s ' 359 6 3597 , 3599 | o0 | o2 03
40 3589 | 3590 | 3590 | 359' | 3592 | 3593 | 1 359'5 | 3597 | 359 8. oo i 02 | 04
so | 3587 | 3588 ; 3588 [ 358-9 | 3591 | 3592 | 3594 | 359'6 | 359°8 | o0 | 03 | o5
85 | 3586 | 3586 | 358-7 | 3588 | 3589 | 359’1 | 359'3 | 3596 | 3598 l oo | 03 | o
6o 358:4 | 3584 | 358'5 | 358'6 | 3588 | 3590 | 3592 | 3595 | 3598 | o0 | 03 | 06
65 | 3581 | 3581 | 358-2 | 358-4 | 358-6 | 3588 | 359'1 | 3594 | 3597 | 01 | 04 | 07

ILLUSTRATION From the daily pages: o - Ho 49 316
On 1981 April 21 at G.M.T. G.H.A. Aries (23b) 194 554 a, (argument 162°26”) I 30°I
23" 18m 56¢ in longitude Increment (18m 568) 4 448 a, (lat. 50° approx.) 06
W. 37° 14’ the apparent altitude Longitude (west) —37 14 a, (April) 09
(corrected for refraction), Ho, of EE—
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276 POLARIS (POLE STAR) TABLES,
FOR DETERMINING LATITUDE FROM SEXTANT ALTITUDE AND FOR AZIMUTH
ILIL.A. 240"~ 250°- '260°- |270°- 280~ 290~ 300"~ ' 310°- 320"~ 330°- |340°-  350°-
ARIES 249" 259" 269" 279" 289" 299 ' 309° 319 329" 339° 349" 359°
a, a, a, dy a, a, a, a, a, Qa, d, a,
o I 42-81! 38'4T I 328 1261 1 186 I 10°5 I 02'T O §3'5 O 45~of o 37-0' 29710 232
1 | 425 379 321 254 178 097 o1z 526 442 363 290 226
2 ; 421, 374 30's| 247, 170| 08811003 sr8 4340 355 283] 220
3 416/ 368 309 239 162 o080 0595 509 426 347 276 215
4 | 412 | 363, 302 232 154 072, 586 ‘ 50°1 418 340! 270 209
§ |r 4o~81 1357 1296 122§ E 1 146 1 063 ‘o 5780 492 0 410 0 33°3'0 263 0 204
6 | 403, 352 289 217/ 138, o055 569 484 402 3205 257 198
7 39'9! 346 282 209/ 130 o046 560 475 394 318 250/ 193
8 ‘ 394 340 27'5| 202, 122, 038 552 467 386 311 244 188
9 389 334 268 194 113 029 543 | 459 378 304 238 183
10 1384 1328 1261 1186 110§ Al’ozv-l_fp $3'5 © 450 0370 02970 2320 178
Lat. a, a, a, a, a, a, a | a a, a, a, a,
0 ! 0§ “ 04 03 | 03 02 | 02 ‘ 02 02 | 02 | 03 | 04 | 04
o | -5 4 4 3 3 2 | 2 3 3 l 3 4 |5
20 50 s ‘4 | 4 13 ‘ 30 3 3 30 4 4 | ‘5
3 s o5 | s | B N
40 06 | o ! os | o5 | os  os | os | os | os | o5 | os ‘ 06
4 | 6 6 6 1 5 s s | s | s 5 6 ' 6 I 6
0 | 6! 6 6 | 6 6 | 6 ) 6! 6| 6 6, 6! 6
ss 6 6| 7 7 A e A A s A A T
60 l| N ] - 7 1 7 | 8 ‘ 8 | 8 8| 8| ‘ g 1 9
62 07 ! o7 | 07 o8 | o8 | o8 o8 | o8 | o8 | o8 | 07 07
64 7 7| 8 8 | 9 | 09 ‘ o9 | 09 | 9 8 | 8 7
66 7 ‘8 ’ 8 0'9 ‘ oy | 10 | IO ’ 1o | 09 9 | 8 7
68 07 ! o8 | o9 | 10 ‘ 10 | 10 ’ I 1o | 10 | 09 ‘ o9 | o8
Month a, } a, | a :’ a, a, | a, a, | ay | a a, | a, | a,
P P T A P A P
Jan. os | o5 | o 06 | 06 | 06 | 06 06 | 06 06 | o7 | 07
Feb. 4 4 4 4 | 4 4 4 5 s s | s 6
Mar. 1’ 4 4 ; 4 ‘3 ; 3 3 3 & 3 | ‘3 4 ‘v ‘4 1 4
Apr. | o5 , 0§ : 0'4 o4 | 03 03 03 02 | o2 | o2 | o3 03
M.y i 7 ; 6 | 5 ‘5 , 4 ! ‘3 | 3 ' 2| 2 2 | 2 \ 2
June \ -8 ! 7 | 7 6 | 5 ‘ 5 | 4 ‘ ‘3 3 i 2 ! 2 | 2
| \ | i | '
July | o9 x 09 | o8 o8 | 07 | 06 | os | o5 1 04 { 03 ‘ 03 ] 03
A“‘. ! 10 | 9 9 9 “ 8 | ‘8 | 7 | -6 ‘ -6 ‘ 5 ‘ ‘5 ’ .4
Sepl. { 09 | ) | 9 9 ‘ ‘9 x 9 | -8 R , 7 | 7 -6 ' -6
Oct. o8 09 | 09 o9 | 09 | 09 | o9 | 09 09 = oy | o8B | o8
Nov. i 7 7 R’ 9 9 | ‘9 ‘ 10 10 | 10 | 10 | 09 l 09
Dec. | 0§ | 06 | 06 | 07 o8 | o8 - 09 l o9 | 10 | 10 | 10 1.0
Lat. | AZIMUTH
° ! o o ° ° o i o H o o [ o i o ‘ ° ’ o
o | 04 os | o6 I o7 | o8 | o8 | o8 | o8 | o8 | o7 06 | o5
20 | o5 | 06 i 07 o8 | o8 | o9 | o9 o9 | 08 : 07 , 07 | 0§
49 | o6 i o7 | o8 09 | 10 ‘ 11 ’ 11 ‘1’1 | 10 | 09 | O8 ! 07
s0 07 | o8 1o | |12 | 13 : 13 13 1z | 11 ‘ 1o | o8
§5 - 07 09 1 or2 0 13 0 14 | 14 0 14 | 13 | 12 rro 09
60 08 X 13 14 | 15 | 16 ‘I 16 | 16 | 15 | 14 12 | 10
6s 1o | 13 vs vr7 ( 18 | 19 | 19 | r9 . x8 [ 17 | 15 | 12
Latitude = Apparent altitude (corrected for refraction) — 1° - a, + a1 + @

The table is entered with L.H.A. Aries to determine the column to be used; each column refcrg t0 8
range of 10°. @, is taken, with mental interpolation, from the upper table with the units of L._H.A. Aries in
degrees as argument; a@,, @, are taken, without interpolation, from the second and third tablcg with arguments
latitude and month respectively. a,, a,, a, are ‘always positive. The final table gives the azimuth of Polaris.
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A2 ALTITUDE CORRECTION TABLES 10°-90°—~SUN, STARS,PLANETS

OCT.—MAR. SUN APR.—SEPT. | STARS AND PLANETS
App. Lower Upper| App. Lower Upper [} App. Core®
Alt. Limb Limb; Alt. Limb Limb || Al

9 34*10:8—21’5 9 3? | IO"6—21-’2 ! lg gg 53
g 42—(0'9—21 4 Ig 33-{-10-7- 271 . 20—--5~2
10 38+u'°_'"'3 10 157 O 2ol o 5y TSE
o 21+11-I-— 33| 2§—r-10-9—zo-9 - ig—s-o
. 4112 2121 . 0-'r~11-o—zo-3 .- 00_4.9 :
to 344—!1’-3—21-0 . 4 +I1'1—207 o —4-8
1 g“’"“‘” 11 gg+ll'2_=°'6 T 23_4'7
e [5+u-5—208 - 23+u-3—zo»5 11 45 46
T AR T M aad B X I
p1 46 TINT 206 | gy L TIDS 20, g 4s
o= 024,-11-8—205 o IO+u-6—zo-:x 12 35—4-3
12 19 TEU9 T304 |, pg TIIT 20w ||, SL T4
. 9+12‘o—zo-3 - 6-411-8—200 : 14—4-1

37—|—12-I—zo-25 4 +11°9—159 3 3—4-0
12 55 - I3 05 13 33

+12°2—-201, -12:0— 168 —39
I3 14 I3 24 13 54
+123—z0-0 | 121 19-7 —3-8
i3 35 I3 45 14 16
13 56+12'4—:9-9 14 07 | 12:2—19-6 14 40—3-7
14 [8—!—12-5—19-8 14 30+12-3—19-5 15 04 ‘36
14 42+!2't‘3—x9-1 14 54+12‘4—19-4 15 30—3-5
15 06-{»12-7 196 : 55 19»+~12v5 19:3 15 57—3'4
- 2+:2~8 195 46:—12-6—19-2 16 26”3'3
lg §9+12-9 S 194 Ig 14-.—12'7 UL | Y 56 ©32
+13°0—19°3 =~ 12-8—190 —3I
16 28 16 44 17 28
16 +I13I—192 e —12:9—189 18 02--3-0
1 52+13-2—:9-1 17 g-;~r3-o—m-s 18 28 29
18 g3 :4 Fr3r—ud g g ?7 28
8 42+!3-4 —18'9 19 01+I3'2 - 186 19 58—2-7
19 21+I3-5— 18-8 19 42+I313—18'5 20 42 -2'6
20 03 7136 g g TIBAT IRl ;g TS
20 48 TI37 RS arrpvISea | 5, g 24
s 4-13-8— 185 oo 001‘—13-6 - 182 23 1 —2-3
22 §g+13-9- 18-4 | - —I37 181 5 I':’—z-z
5 22+x4'o—18-3!2 5?4—13-8—:3-0 24 . 21
- +14'1-182 35 +13'9—179 314 50
24 21 | 24 53 26 22
25 26""!4‘2—181 ' 26 op 140178 27 36 19
26 6+I4'3—18-o R I¢1—7 (| g 6 --1-8
2 32+14-4 179 - 2; 3 I4:2- 176 303 —17
73 +14'5 178 33143 178 4_ ;.
2905 1 46—sr1 30 Curgy—ira]| 329015
30 4g+14-7- 176 3L 35+x4-5 17-3 " 33 45—1-4
3226, 8 1,33 20 . ) 35 40 _
4 175 - +146 172 1-3
5 Y 68 Bldionc oo 37 48 -
36 20 49 174 35 26 147—171 40 o8 12
8 6+15-o—17-3 +148—170 42 =[30f¢
2 +151—172 39 5 l-14'9— 165 4 1
4108_“,__ 4231 " | 4536 .
§'2—171 IS'O— 168 8 9 .
43 fg+_15'3—x7-0 ‘ 42 3 +I15 1 —167 42 g 08 .
A;Z 46+15-4-- 169 | ‘;’2 334—15-2—16»6 26 “—0-7 ;
:54 49+I5‘5—16-8 p oz 7153165 || o0 28—0-6
59 23+15-6—:s-7 b1 51-1—XS-4—164 65 08 03
64 30 TISTTISS g T PISSTIOR g 04
70 Iz+15-8 165 . 73 I6+15'6 162 75 34—0'3
-6 26+IS~9—16-4: 79 43—15~7—16-1 81 13 02
&3 o F16:0— 163 36 24—15‘8—16-0 g7 03 o1
3 5'|'16'I—!6 2 32 159 59 79 50
90 00 90 o0 I 90 00

" App. Additional

i Alt. Corr?

1981
VYENUS
Jan. 1-Sept. 27

s Id
4 + o1

Sept. 28-Nov. 13

<
o ’
47 + o2
Nov. 14-De¢. 10

46 T 03

. Dec. 11-Dec. 26

l}
el

s ’
! - 04
i 1r

41795
Dec. 27-Dec. 31

z

MARS
Jan. 1-Dec. 31
o

o ’
60 + o1

DIP
L. - | —
}g&: . Corr Pg)‘,:r Hé'ygf Corru
m ft. | m ,
24 80| 1ro— 18
‘2°8
G0 o e
30 20 3‘8 25— z-g
32 3" 105| 30— 30
_3!2
3'4_° ., II'2| Seetable
3633 119 .
38__2; 126 [T
53 m me
4537 w4g| 2703
47738 ygq| 2T ES
—3-9 26— 90
50 16°5 28— g
s2_ 49 174 i
—41
. 8.
2.3—4-2 ig‘f 30— 96
By 43 soq. 327100
63 44 210, 247103
3_, i 36--10'6
66 *3 220
6-9_4'6 229 38—108
24T oa
7'2«-4-8 zig 40 - 1I°1
it 21 44—117
g 51 L. 46—11°9
3 52 I 48122
88 2 29
9_2—5'3 304 ft. ,
9s 2% 315 27 T4
9.9—5'5 327 4 - 19
103 3 339| ST %4
106 7 351 8- 27
1o 38 363 | 10— 31
. - » -+
11-8” o 32'? f
126 4rs | 7
20N 428 | 75— 84
13-4_6_S 442 | 80— 87
13'8'-6'6 45°5 85_ 8'9
142_.. 469 | 90— 92
147 _ g 48-3_ 95— 9'5
15-1 .
1?-5" 59 ;?'37 100 — 97
160 % %28 105— 99
165 ' 543 110—102
169 /2 558 115—104
i7-§ 73 54 120—106
179 14 58 —10-8
79_g 389 1350
184 05
18-8_;‘: 62'1] 130—11'I
D3T3 ool 1re—ris
204 7% 671 | 145—117
g %0 688 150—11:
209 o 5 o
214 70'5  155—I2°T

App. Alt. — Apparent altitude — Sextant altitude corrected for index error and dip.
For daylight cbservations of Venus, see page 260,
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The Cutterman’s Guide to Navigation Problems

Part Thirteen: Starfinder Problems

The Starfinder (2102-D) is an instrument used for identifying stars and planets
based on their azimuth (bearing) and altitude (height). Additionally, it can be used
as a planning tool to identify the best stars and planets for fixes at a later time.

Star Identification Problems

Problem 13-1 (CG-289). The following question is taken directly from the USCG

test bank and illustrates how to solve star identification problems using the

Starfinder.

On 17 March your 1845 DR position is latitude 25° 10.0° N, longitude 66°
48.0°’ W. You observe an unidentified star bearing 320° T at an observed
altitude (ho) of 50° 02.9". The chronometer reads 10h 47m 49s and is 1m
54s fast. What star did you observe?

Answer: Mirfak.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Determine the correct chronometer time of the sight.
Chronometer: 10h 47m 49s
Chronometer error: 1m 54s fast

Correct chronometer time: 10:47:49 - 00:01:54 = 10:45:55

Determine the GMT of the sight.
Chronometer: 10h 45m 55s
1845 ZT DR Longitude: 66° 48.0° W corresponds to

<>0vmC =

ARIES

GHA

174 28.8
11189 313

204 338
219 36.2
234 387
249 41.2
264 436
279 46.1
294 48.6
309 51.0
324 535
339 559
354 584
10 00.9
25 033
40 05.8
55 083
70 107
85 13.2
100 15.7
115 18.1
130 20.6
145 23.1
160 25.5

(+4 ZD)
GMT of sight: 22:45:55

SUN
PLANETS

ARIES

Determine the GHA of Aries for the time of the sight.
GHA Aries (hours): 145° 23.1’
GHA Aries (increment): 11° 30.6’

55
56
57
58
59

11 288
11 290
11 293
11 295
11 298

11 306
11 309
11 311
11 314
11 316

GHA Aries (Total): 145°23.1" + 11° 30.6’ = 156° 53.7’

Determine the LHA of Aries for the time of the sight.
GHA Aries: 156° 53.7°

DR Longitude: 66° 48.0°’ W (W longitude subtract, E longitude add)

LHA Aries: 156° 53.7" - 66° 48.0' W = 90° 05.7’

Set up the Starfinder.
LHA Aries: 90° 05.7
Observer’s Latitude (nearest incremental degree): 25° N
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Step 6:  Search the Starfinder field based on the given altitude and azimuth.
Observed altitude (ho): 50° 02.9’
Observed azimuth: 320° T

Step 7:  Identify the observed body.
Mirfak is the closest body to the observed altitude and azimuth.
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Problem 13-2 (CG-396). The following question is taken directly from the USCG

test bank and illustrates how to solve star identification problems using a Starfinder.

On 23 September, while taking stars for an evening fix, an unidentified star is observed

bearing 261° T at an observed altitude (ho) of 61° 35". Your 1836 zone time DR

position is latitude 25° 18’ S, longitude 162° 36’ E. The chronometer reads 07h 34m
12s, and the chronometer error is 1m 54s slow. Your vessel is steaming on a course of
230° T at a speed of 18 knots. What star did you observe?

Answer: Antares.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Determine the correct chronometer time of the sight.
Chronometer: 7h 34m 12s

Chronometer error: 1m 54s slow

Correct chronometer time: 07:34:12 + 00:01:54 = 07:36:06

Determine the GMT of the sight.

Chronometer: 07h 36m 06s

1836 ZT DR Longitude: 162° 36.0’ E corresponds to (-11 ZD)
GMT of sight: 07:36:06

Determine the GHA of Aries for the time of the sight.
GHA Aries (hours): 107° 02.4’

GHA Aries (increment): 9° 03.0’

GHA Aries (Total): 107°02.4’ + 9° 03.0’ = 116° 05.4°

Determine the LHA of Aries for the time of the sight.
GHA Aries: 116° 05.4°

2300 1452
01} 16 476

02| 31 50.1
03| 46 526
04] 61 55.0
05| 76 575
06| 92 00.0
07| 107 024
08| 122 049
09] 137 07.4
10| 152 09.8
11| 167 12.3
12| 182 14.7
13 197 17.2
14| 212 19.7
15| 227 221
16| 242 24.6
17| 257 271
18] 272 29.5
19| 287 32.0
20| 302 345
21| 317 369
22| 332 39.4
23| 347 419

<»0vmzZzOmS

DR Longitude: 162° 36.0’ E (E longitude add, W longitude subtract)

LHA Aries: 116° 05.4’ + 162° 36.0' W =278° 41.4’
36 paners| ARIES
Set up the Starfinder. ,
LHA Aries: 278° 41.4’ 00 | 9000 9015
Observer’s Latitude (nearest incremental degree): 25° S 01 | 9003 9017
02 | 9005|9020
03 | 9008 | 9022
Search the Starfinder field based on the given altitude 04 | 9010} 9025
i 05 [ 9013 | 9 02
and ammuth._ o | 9 oi-s . 05;
Observed altitude (ho): 61° 35.0’ 07 | 9 01:8 | 9 032
: . o 08 | 9020 | 9035
Observed azimuth: 261° T 09 | 9023 | 9037

Identify the observed body.

Antares is the closest body to the observed altitude and azimuth.
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Fix Preparation Problems Involving Stars

Problem 13-3 (CG-443). The following question is taken directly from the USCG
test bank and illustrates how to solve star fix preparation problems using the
Starfinder.

On 28 February, your 1850 zone time DR position is latitude 27° 49.0° N, longitude
159°24.0° W. Considering their magnitude, azimuth, and altitude, which group
includes the three stars best suited for a fix at star time?

a) Rigel, Schedar, Regulus- correct
b) Sirius, Mirfak, Elnath

c¢) Hamal, Alkaid, Canopus

d) Bellatrix, Vega, Regulus

Step 1:  Determine the approximate time of star time.
In this problem, no course or speed is given, so you may assume that
star time is approximately 1850 ZT.

Step 2:  Determine the GMT of the sight. ARIES
Chronometer: 1850 ZT Y

GHA

DR Longitude: 159° 24.0° W corresponds to (+11 ZD)

; . 00 .
GMT of sight: 0550 GMT, 1 March 1001158 a2¢

02| 188 47.5

Step 3:  Determine the GHA of Aries for the time of the sight. 82 5‘,’3 §3j2

GHA Aries (hours): 233° 54.9’ 05| 233 54.9

GHA Aries (increment): 12° 32.1’ 07| 765 299

GHA Aries (Total): 233°54.9" + 12° 32.1' = 246° 27.0¢ 08) 279 02.3

09| 294 04.8
10| 309 07.3
11 324 09.7
339 122
13| 354 14.7

Step4:  Determine the LHA of Aries for the time of the sight.
GHA Aries: 246° 27.0°
. _ o , : 14 :
DR Longitude: 159° 24.0’ W (W longitude subtract, E 15l 24 198
longitude add) 1(; 39 22.0
LHA Aries: 246° 27.0’ - 159° 24.0' W = 87° 03.0’ Y e
19| 84 29.4
20[ 99 31.9
21f 114 344

22| 129 36.8
23] 144 39.3

<»0ZCw
—
~N

| SUN
50 jpeaners| ARIES

00 | 12 30012 32.1
01 | 12 30:3|12 32:3
02 | 12 30512 326
03 |12 308| 12 328
04 |12 31.0{ 12 33.1
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Step5:  Setup the Starfinder.
LHA Aries: 87° 03.0°

Observer’s Latitude (nearest incremental degree): 25° N
Step 6:  Examine the given stars on the Starfinder and make the best selection.

a. Rigel, Schedar, Regulus: distributed at appropriate azimuths and
altitudes.

b. Sirius, Mirfak, Elnath: Elnath is too high in the sky, and Sirius/Mirfak
are nearly exactly opposite in the sky.

c. Hamal, Alkaid, Canopus: Canopus is too low in the sky and Alkaid is on
the horizon.

d. Bellatrix, Vega, Regulus: Bellatrix is too high in the sky and Vega is

below the horizon.
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Problem 13-4 (CG-392). The following question is taken directly from the USCG

test bank and illustrates how to solve star fix preparation problems from a moving
vessel using the Starfinder.

On 23 March, your 1600 zone time DR position is latitude 27° 16.3’ N, longitude 156°

48.2° W. You are on course 063° T at a speed of 18 knots. Considering their magnitude,
azimuth, and altitude, which group includes the three best stars suited for a fix at star

time?
Twilight Moonset
tot [Sumel| it Now | 23 28 25 26
a) Arcturus, Regulus, Sirius W7| 1657 [ <3 a7 | 21 25 | o6 28 | 06 15 | 08 57 | 05 28
. . NT70| 18 34|19 36| 21 00 | 06 39 | 06 33 | 06 26 | 06 18
b) Procyon, Sirius, Capella HEE R R FFEFA R R
. 18 27 | 19 15| 20 15| 07 01 | 07 09 | 07 19 | 07 34
¢) Hamal, Rigel, Alphard- correct HEH B R BB EREE:
d) Betelgeuse, Dubhe, Regulus "36| 16 22 | 10 50 | 19 44 | o7 18 | o7 37 | o7 58 | 00 25
54| 18 21|18 56| 19 39| 07 22 | 07 42 | 08 05 | 08 32
52] 18 20 | 18 54 | 19 34 | 07 25 | 07 47 | 08 11 | 08 40
50| 18 19| 18 51 | 19 30| 07 27 | 07 51 | 08 17 | 08 47
45) 18 17 | 18 47 | 19 21 | 07 33 | 08 00 | 08 29 | 09 02
N40| 18 16 | 18 43| 19 15| 07 38 | 08 08 | 08 39 | 09 14
. . . 30[ 1 14 | 15 33| 19 06 | &7 47 | oa 20 | 08 5 | og 24
Step 1:  Determine the approximate time of star 20| 18 12 { 18 34 | 19 00 | 07 55 | 08 30 | 09 09 | 05 50
N10) 18 11|18 32| 18 56| 07 59| 08 39 | 09 21 | 10 04
time. s lg i: ;: ;: :: lg 541 08 05 08 48 | 09 32| 10 17
. . 20( 15 07 | 18 25 | 18 35 | 05 16 | 09 a5 | 09 54 | 10 24
Based on the DR position, star time is R R R R B R
closer to 1900 than 1600 for 23 March. 45| 18 0s | 16 34 | 29 08 | o8 36 | 09 36 | 10 38 | 11 3»
SS0) 18 04| 18 36| 19 14| 08 42| 09 45 | 10 48 | 11 49
52| 18 03| 18 37 | 19 16 | 08 45| 09 50 | 10 93 | 11 %6
36[ 1503 | 18 40 | 19 25 [ 0 32 | 10 a0 | 11 o7 | 13 13
Step 2:  Advance the ship’s DR position from 1600 | 5[ e e afmasjosse|omfinis]iza
to 1900 (for detailed explanation, see Part
5, Great Circles and Sailings Problems, or Part 9, Time of
Phenomenon Problems). 243‘1’ 181 228
1600 DR position: 27° 16.3’ N, 156° 48.2’ W 02 211 27.7
e 6 »
1900 DR position: 27° 40.8' N, 155° 54.0' W 04| 241 32.7
05] 256 35.1
06] 271 37.6
Step 3:  Determine the GMT of the sight. -4 et
1
Chronometer: 1900 ZT v ‘1’: e 00
DR Longitude: 155° 54.0° W corresponds to (+10 ZD) ¢ 11 346 499
. 12 1524
GMT of Slght: 0500 GMT, 24 March [A) 13] 16 548
Y 14) 31 573
15| a6 598
Step4:  Determine the GHA of Aries for the time of the sight. 6] 2022
GHA Aries (hours/total): 256° 35.1’ 18| 92 07.2
19} 107 09.6
20f 122 121
. . . . 21| 137 146
Step 5:  Determine the LHA of Aries for the time of the sight. 22| 152 17.0
. 167 19.5
GHA Aries: 256° 35.1°
DR Longitude: 155° 54.0°’ W (W longitude subtract, E longitude add)
LHA Aries: 256° 35.1’ - 155°54.0°' W =100° 41.1°
Step 6:  Setup the Starfinder.

LHA Aries: 100° 41.1°
Observer’s Latitude (nearest incremental degree): 25° N
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Step 7:

o »

Examine the given stars on the Starfinder and make the best selection.

Arcturus, Regulus, Sirius: Arcturus is below the horizon.

Procyon, Sirius, Capella: Capella and Procyon are nearly opposite.
Hamal, Rigel, Alphard: distributed at appropriate azimuths and
altitudes.

Betelgeuse, Dubhe, Regulus: Betelgeuse is too high in the sky and

nearly opposite Dubhe.
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Fix Preparation Problems Involving Stars and Planets

Problem 13-5 (CG-263). The following question is taken directly from the USCG

test bank and illustrates how to solve star and planet fix preparation problems using
the Starfinder.

On 16 July, your 1920 zone time DR position is latitude 25° 36.0° N, longitude 172°
18.9’ W. Considering their magnitude, azimuth, and altitude, which group includes the
three bodies best suited for a fix at star time?

a) Rassalhague, Spica, Arcturus
b) Venus, Antares, Vega- correct

c) Vega, Mars, Antares
d) Saturn, Acrux, Spica

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Determine the approximate time of star time.
In this problem, no course or speed is given, so you may assume that
star time is approximately 1920 ZT.

Determine the GMT of the sight.
Chronometer: 1920 ZT
DR Longitude: 172° 18.9° W corresponds to (+11 ZD)
GMT of sight: 0620 GMT, 17 July -

26 St ANs |
Determine the GHA of Aries for the time of the sight. s

GHA Aries (hours): 24° 58.5’ (see next page for table) 8‘1’ etd e

GHA Aries (increment): 5° 00.8’ 02 | 5005|5013
GHA Aries (Total): 24° 58,5 + 5° 00.8’ = 29° 59.3' el el

Determine the LHA of Aries for the time of the sight.

GHA Aries: 29° 59.3’

DR Longitude: 172° 18.9° W (W longitude subtract, E longitude add)
LHA Aries: 29° 59.3’ (+360°) - 172°18.9° W = 217° 40.4’

Determine the SHA, Right Ascension and Declination of each planet
listed.

Venus:

SHA =217° 26.2°

RA =360°-217°26.2’ =142° 33.8’

Declination =N 15° 58.9’

Mars:

SHA = 271°45.4’

RA =360-271°45.4 =88° 14.6’
Declination = N 23° 54.4’
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Saturn:

SHA = 175° 03.9’
RA =360°-175°03.9=184°56.1
Declination = N 0° 23.2’

ARIES | VENUS —3.3| MARS +1.7( JUPITER —1.5|SATURN +1.2
G.M.T.
GHA. G.HA. Dec. G.HA. Dec. G.HA. Dec. G.HA. Dec.
d h o ’ o ’ a ’ o ’ o ’ ° ’ ° ’ ° ’ o 1
17 00] 294 43.8 ] 150 58.3 N16 05.2 | 205 44.6 N23 54.2| 110 36.8 S 0 25.8 | 109 44.1 N 0 23.7 | Mirfak 309 15.5 N49 475
01| 309 46.2 | 165 57.8 04.2| 220 45.3 54.3| 125 39.0 259 124 464 23.6 | Nunki 76 28.1 S26 19.2
02] 324 48.7 | 180 57.3 03.2| 235 459 54.3 | 140 41.2 26.0] 139 488 23.5 | Peacock 53 56.9 S56 47.6
03' 339 51.1| 195 56.8 -- 023|250 465 -- 543|155 433 -- 26.2| 154 51.1 -- 23.4 |Pollux 243 57.9 N28 043
04| 354 53.6 | 210 56.2 01.3| 265 47.1 544|170 455 26.3| 169 534 23.4 | Procyon 245 255 N 5 164
05| 9 56.1|225 55.7 16 00.3| 280 47.7 544185 47.7 265|184 55.7 233
06| 24 58.5| 240 55.2 N15 59.3 | 295 48.3 N23 54.4| 200 49.8 S 0 26.6| 199 58.0 N 0 23.2 |Rasalhague 96 28.8 N12 345
07| 40 01.0| 255 54.7 58.3 | 310 48.9 54.5| 215 52.0 26.7 | 215 00.3 23.1 |Regulus 208 09.7 N12 03.6
08| 55 03.5| 270 54.2 57.3]| 325 495 545|230 54.2 26.9| 230 02.7 23.1 |Rigel 281 35.7 S 8 134
F 09| 70 05.9]| 285 53.7 -- 56.3| 340 50.2 -- 54.6| 245 56.3 -+ 27.0| 245 05.0 -- 23.0 |Rigil Kent. 140 24.8 S60 45.6
R 10| 85 08.4| 300 53.2 55.3 | 355 50.8 54.6 | 260 58.5 27.1| 260 07.3 22.9 | Sabik 102 40.2 S15 421
+ 11} 100 10.9 | 315 52.7 543| 10 514 54.6| 276 00.7 27.3| 275 09.6 228
0 12| 115 13.3| 330 52.2 N15 53.4| 25 52.0 N23 54.7| 291 02.8 S 0 27.4| 290 11.9 N 0 22.8 | Schedar 350 08.2 N56 25.8
A 13] 130 15.8 | 345 51.7 524 40 526 54.7 | 306 05.0 27.6] 305 14.2 22.7 | Shoulo 96 54.6 S37 05.4
Y 14} 145 18.2 0512 514] 55 532 54.7| 321 07.2 27.7| 320 165 22.6 | Sirius 258 55.5 S16 414
15] 160 20.7| 15 506 - 504| 70 538 -- 548|336 09.3 -- 27.8)335 189 -+ 22.6 |Spica 158 56.9 S11 03.8
16f 175 23.2| 30 50.1 494| B85 545 548|351 115 28.0| 350 21.2 22.5 | Suhail 223 10.8 S43 215
17} 190 25.6| 45 49.6 48.4| 100 55.1 548 6 136 28.1 5 235 224
18] 205 28.1| 60 49.1 N15 47.4| 115 55.7 N23 549| 21 158S 0 28.3| 20 258N 0 22.3 |Vega 80 55.0 N38 46.1
19} 220 30.6| 75 48.6 46.4| 130 56.3 549| 36 18.0 284 35 281 223 | Zuben'ubi 137 32.3 S15 579
20] 235 33.0| 90 48.1 454|145 569 549| 51 201 285| S0 304 222 SHA Mer. Pass.
21| 250 355|105 47.6 -- 4441160 575 -- 549| 66 223 -- 287 65 327 -- 221 - " om
22] 265 38.0 | 120 47.1 434175 58.1 55.0| 81 245 28.8| 80 35.1 22.0 |Venus 217 262 13 56
23| 280 40.4 | 135 46.6 42.4) 190 58.8 55.0| 96 26.6 289) 95 374 22.0 | Mors 271 454 10 18
- Jupiter 176 00.1 16 39
Mer.Poss. 4243| v -05 d 10| v 06 d ool v 22 d o1 v 23 d 01|Sotun 175 03.9 16 42

Step 6:

Plot the planets on the Starfinder using the planet disk.
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Step 7:

Step 8:

Set up the Starfinder.
LHA Aries: 217° 40.4’
Observer’s latitude (nearest incremental degree): 25° N

Use the Starfinder to make the best selection.
Rassalhague, Spica, Arcturus: Arcturus is too high in the sky.

. Venus, Antares, Vega: distributed at appropriate altitudes and

azimuths.
Vega, Mars, Antares: Mars is below the horizon.
Saturn, Acrux, Spica: Acrux is below the horizon.
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Additional Problems and Answers

All of the following questions labeled “CG” were taken directly from the 2013 USCG
test bank and illustrate the concepts in this Part. Note - not all problems have been
worked and are subject to occasional errors in the database. For more problems and
answers, see the USCG database of questions (database information located in the
preface).

Problem CG-40. At 0520 zone time, on 17 March while taking stars for a morning fix,
you observe an unidentified star bearing 050° T at an observed altitude (ho) of 45°
00.0". Your DR position at the time of the sight is latitude 27° 23.0’ N, longitude 39°
42.0’ W. The chronometer time of the sight is 08h 22m 15s and the chronometer error
is 1m 45s fast. Your vessel is steaming on a course of 300° T at a speed of 18 knots.
What star did you observe?

a) Altair

b) Alkaid

c) Arcturus

d) Deneb- correct

Problem CG-77. At 1845 zone time on 17 March, while taking stars for an evening fix,
you observe an unidentified star bearing 200° T at an observed altitude of 53° 45.0".
Your DR position at the time of the sight is latitude 25° 10.0’ N, longitude 66°48.0° W.
The chronometer time of the sight is 10h 47m 49s and the chronometer error is 1m 54s
fast. Your vessel is steaming on a course of 290° at a speed of 18 knots. What star did
you observe?

a) Altair
b) Mirfak
c) Pollux
d) Rigel- correct

Problem CG-203. On 12 June, your 1945 DR position is latitude 21°47.0° N, longitude
46° 52.0°' W when you observe a faint unidentifiable star through a break in the clouds.
The star bears 130° T at a sextant altitude (hs) of 45° 21.2° The index error is 0.5’ on
the arc and the height of eye is 45 feet. The chronometer reads 10h 43m 27s and the
chronometer error is 1m 46s slow. What star did you observe?

Note- for this problem, it is necessary to use the SHA tables in the back of the nautical
almanac.

a) Theta Carinae

b) Epsilon Leonis

c) Beta Librae- correct
d) Zeta Puppis
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Problem CG-226. On 14 January your 0550 zone time DR position is latitude 25° 26.0°
N, longitude 38° 16.0° W. You observe an unidentifiable star bearing 004.5° T, at an
observed altitude (ho) of 40° 10.0". The chronometer reads 08h 48m 51s and is 01m
22s slow. What star did you observe?

a) Gienah
b) Kochab- correct
c) Gacrux
d) Eltanin

Problem CG-289. On 17 March your 1845 DR position is latitude 25° 10.0’ N, longitude
66°48.0° W. You observe an unidentified star bearing 320° T at an observed altitude
(ho) of 50° 02.9’. The chronometer reads 10h 47m 49s and is 1m 54s fast. What star
did you observe?

a) Capella

b) Mirfak- correct
c) Pollux

d) Rigel

Problem CG-341. On 22 April, your 1852 zone time DR position is latitude 23° 54.5’ N,
longitude 117° 36.8” W. You observe an unidentifiable star bearing 259° T at an
observed altitude (ho)of 41° 15.2". The chronometer reads 02h 54m 53s and is 02m 51s
fast. What star did you observe?

a) Diphda

b) Betelgeuse- correct
c) Gienah

d) Arcturus

Problem CG-396. On 23 September, while taking stars for an evening fix, an
unidentified star is observed bearing 261° T at an observed altitude (ho) of 61° 35’
Your 1836 zone time DR position is latitude 25° 18’ S, longitude 162° 36’ E. The
chronometer reads 07h 34m 12s, and the chronometer error is 1m 54s slow. Your
vessel is steaming on a course of 230° T at a speed of 18 knots. What star did you
observe?

a) Antares- correct
b) Canopus

c) Achernar

d) Sirius

Problem CG-185. On 11 November, your 0200 zone time DR position is latitude 26° 32’
S, longitude 154° 16’ E. You are on course 058° T at a speed of 21 knots. Considering
their magnitude, azimuth, and altitude, which group includes the three bodies best
suited for a fix at star time?
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a) Polaris, Regulus, Rigel
b) Jupiter, Spica, Canopus
c) Saturn, Peacock, Rigel
d) Mars, Betelgeuse, Miaplacidus- correct

Problem CG-263. On 16 July, your 1920 zone time DR position is latitude 25° 36.0’ N,
longitude 172° 18.9’ W. Considering their magnitude, azimuth, and altitude, which
group includes the three bodies best suited for a fix at star time?

a) Rassalhague, Spica, Arcturus
b) Venus, Antares, Vega- correct
c) Vega, Mars, Antares
d) Saturn, Acrux, Spica

Problem CG-282. On 17 July your 1951 zone time DR position is latitude 24° 26.0’ N,
longitude 51° 16.0° W. Considering their magnitude, azimuth, and altitude, which
group includes the three bodies best suited for a fix at star time?

a) Hadar, Deneb, Alphard

b) Regulus, Venus, Antares

c) Mars, Vega, Dubhe

d) Kochab, Jupiter, Rasalhague- correct

Problem CG-313. On 2 February your 0400 zone time DR position is latitude 24° 14.0’
N, longitude 163° 28.0° W. You are on course 322° T at a speed of 22 knots. Considering
their magnitude, azimuth, and altitude, which group includes the three bodies best
suited for a fix at star time?

a) Saturn, Antares, Rasalhague- correct
b) Jupiter, Saturn, Polaris

c) Saturn, Polaris, Zubenelgenubi

d) Jupiter, Spica, Denebola

Problem CG-328. On 20 June, your 1742 zone time DR position is latitude 24° 55.0’ S,
longitude 8° 19.6’ E. Considering their magnitude, azimuth, and altitude, which three
stars are best suited for a fix at star time?

a) Regulus, Canopus, Antares- correct
b) Spica, Arcturus, Alioth

c) Arcturus, Achernar, Pollux

d) Avoir, Sabik, Formalhaut

Problem CG-392. On 23 March, your 1600 zone time DR position is latitude 27° 16.3’ N,
longitude 156° 48.2° W. You are on course 063° T at a speed of 18 knots. Considering
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their magnitude, azimuth, and altitude, which group includes the three best stars
suited for a fix at star time?

a) Arcturus, Regulus, Sirius

b) Procyon, Sirius, Capella

c) Hamal, Rigel, Alphard- correct
d) Betelgeuse, Dubhe, Regulus

Problem CG-403. On 24 July your 1912 zone time DR position is latitude 24° 28.0’ N,
longitude 73°46.5” W. Considering their magnitude, azimuth, and altitude, which
group includes the three stars best suited for a fix at star time?

a) Fomalhaut, Rigel, Pollux

b) Arcturus, Acrux, Hadar

c) Spica, Altair, Alioth- correct
d) Vega, Deneb, Regulus

Problem CG-443. On 28 February, your 1850 zone time DR position is latitude 27° 49.0’
N, longitude 159° 24.0° W. Considering their magnitude, azimuth, and altitude, which
group includes the three stars best suited for a fix at star time?

a) Rigel, Schedar, Regulus- correct
b) Sirius, Mirfak, Elnath

c¢) Hamal, Alkaid, Canopus

d) Bellatrix, Vega, Regulus

Problem CG-455. ON 29 April your 0300 zone time DR position is latitude 28° 39’ N,
longitude 168° 03’ E. You are on course 108° T at a speed of 22 knots. Considering
their magnitude, azimuth, and altitude, which group includes the three bodies best
suited for a fix at star time?

a) Moon, Alpheratz, Polaris- correct
b) Deneb, Dubhe, Zubenelgenubi

c) Venus, Polaris, Arcturus

d) Moon, Altair, Sabik
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The Cutterman’s Guide to Navigation Problems

Part Fourteen: Azimuth Problems

By comparing a measured azimuth (bearing) to a celestial body with a computed
azimuth, gyro compass error or deviation can be determined.

Azimuth Problems Involving the Sun

Problem 14-1 (CG-283). The following question is taken directly from the USCG test
bank and illustrates how to solve azimuth problems involving the Sun.

On 17 June, your 0815 zone time DR position is latitude 25° 27.0’ N, longitude 47° 16.0’
W. At that time, you observe the Sun bearing 079.5° per standard magnetic compass.
The chronometer reads 11h 15m 03s, and the chronometer error is 01m 15s fast. The
variation is 3° E. What is the deviation of the standard magnetic compass?

SUN
Answer: 3.6°W GMT.
G.HA. Dec.

179 49.6 N23 22.3
. . . 194 494 223
Step 1: Determine the correct chronometer time of the sight. lm 493 224

o
—

Chronometer: 11h 15m 03s e oo 3

&RER

Chronometer error: 01m 15s fast 448y 226

06| 269 48.8 N23 22.7

Correct chronometer time: 11h 15m 03s - 1m 15s = w s ns. s

11h 13m 48s 0 10329 482 230

£ 11] 344 48.1 231

Step2:  Determine the GMT of the sight. : Bl e
Ship time: 0815 A § s 3
Chronometer time: 11h 13m 48s 17| 4413 235

DR Longitude: 47° 16’ W - corresponds to (+3 ZD) - By

GMT of sight: 11:13:48, 17 June 1 R

22| 149 46.6 238
23| 164 465 23.8

Step 3:  Determine the declination of the Sun. S0 158 'd a1
Declination (hours): N 23° 23.1’ (d number 0.1")
Declination (increment): 0

Declination (total): N 23° 23.1° 13 [pSUN. | ARIES MOONJor Corre| o Corro| of Corrn
d d d

. Oa ;15'o ;1;5 ;%'1 0'0 ' 1-'4 2-‘7

Step 4:  Determine the GHA of the Sun. 01 | 3153|3158 (306 Jox 00| 4r 14 | 27

° , g§ 3155 (3160 | 3066 02 00| 62 14 |22:2 2.7

. 3158 (3163 (3068 |03 01| 63 14 |12:3 2:8

GHA (hours) 344 481 |04 3160 3165|3071 04 01 :4 14 124 28

1 . Q0 ’ 35 | 3263 | 3268 | 3169 |45 L0105 24 [165 >7

GHA (lncrement)' 3 270 46 | 3265 (3271 | 3171 | 46 10 [106 2:4 | 166 37

. o ’ 47 {3268 [ 3273|3173 |4 11|07 24 |167 38

GHA (tOtal) M 48 | 3270 (3276|3176 |48 11|08 24 168 3-8

49 | 3273 [3278 | 3178 |49 11|09 25 |169 38

Step5: Determine the LHA of the Sun.
GHA (Sun): 348° 15.1°
DR Longitude: 47° 16.0° W (subtract west, add east)
LHA (Sun): 348° 15.1’ - 47°16.0’ W = 300° 59.1°
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Step 6:

Enter HO229 with whole values of latitude, declination (same in this
case), and LHA. By increasing the value of each argument by 1 whole
increment, triple interpolate for the exact values of each for the

desired time/location.

Base Value | BaseZ Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) / 60
Latitude - N 25° 27.00
Declination - N 23° 23.1
o ’
LHA 300 59.1
Base Value BaseZ | Nextincremental Z Difference in Z Increment | Correction
(Diff Z x Increment) / 60
Latitude 25° 78.7° 27.0°
Declination 23° 78.7° 23.1’
o o ’
LHA 300 78.7 59.1
o [e] o o
60°, 300° L.H.A. LATITUDE SAME N4 |59°,301° L.H.A. LATITUDE SAME NA
23° 24° 25° 26° 23° 24° 25° 26°
Dec. He d 2z He d z He d He d z Dec He d z He d Zz He d Zz He d Zz
0 |27 242 +262 1027 | 27 10.7 +273 103.2 | 26 56.8 +282 103.7 | 26 42.3 +29.2 104.2 0 |28 18.0 +264 103.2 | 28 04.0 +27.5 103.7 | 27 49.5 +285 104.2 | 27 34.5 +20.5 104.8
1 27 50.4 +257 101.7 | 27 38.0 +26.7 102.2 | 27 25.0 +27.8 102.7 | 27 11.5 +28.9 103.2 1 28 44.4 +260 102.2 | 28 31.5 +27.0 102.7 | 28 18.0 +28.0 103.3 | 28 04.0 +29.0 103.8
2 |28 16.1 +253 100.7 | 28 04.7 +264 101.2 | 27 52.8 +27.4 101.7 | 27 40.4 +28.4 102.2 2 |29 104 +254 101.2 | 28 585 +26.5 101.7 | 28 46.0 +276 102.2 | 28 33.0 +286 102.8
3 |28 41.4 +248 99.6 | 28 31.1 +258 100.2 | 28 20.2 +269 100.7 | 28 08.8 +27.9 101.2 3 |29 358 +250 100.1 | 29 25.0 +26.0 100.7 | 29 13.6 +27.1 101.2 | 29 01.6 +28.2 101.8
4 |29 062 +243 986 | 28 56.9 +254 99.1 | 28 47.1 +265 99.7 | 28 36.7 +27.6 100.2 4 |30 00.8 +244 99.1 | 29 51.0 +256 99.6 | 29 40.7 +266 100.2 | 29 29.8 +27.7 100.8
5 |29 305 +238 97.6 |29 22.3 +250 98.1 | 29 13.6 +260 98.7 | 29 04.3 +27.0 99.2 5 |30 252 4240 98.0 |30 16.6 +250 98.6 | 30 07.3 +261 99.2 | 29 57.5 +27.2 99.7
6 |29 543 +234 965 |29 47.3 +244 97.1 | 29 39.6 +255 97.6 | 29 31.3 +266 98.2 6 |30 49.2 +234 97.0 |30 41.6 +246 97.5| 30 33.4 +257 98.1 | 30 24.7 +267 98.7
7 380 17.7 +227 95.4 | 30 11.7 +239 96.0 [ 30 05.1 +250 96.6 | 29 57.9 +26.1 97.2 7 31 12.6 +229 959 | 31 06.2 +240 96.5 | 30 59.1 +251 97.1 | 30 51.4 +262 97.7
8 |30 404 +223 94.4 | 30 35.6 +234 94.9 | 30 30.1 +245 95.5 | 30 24.0 +256 96.1 8 | 31355 4223 94.8 |31 302 +234 954 | 31 24.2 +246 96.0 | 31 17.6 +257 96.6
9 |31 027 +217 93330 59.0 +228 93.9 | 30 54.6 +240 94.5 | 30 49.6 +25.1 95.1 9 | 31578 +218 937 | 31 53.6 +220 94.3 | 31 48.8 +240 94.9 | 31 433 +252 95.6
10 |31 244 +212 922 |31 21.8 +223 92.8 | 31 18.6 +234 93.4 | 31 147 +245 94.0 10 |32 196 +21.2 926 | 32 165 +224 93.2 | 32 12.8 +235 93.9 | 32 085 +246 945
11 |31 456 +205 91.1 [ 31 441 +217 91.7 | 31 42.0 +220 92.3 | 31 39.2 +240 92.9 11 |32 408 +206 91.5 | 32 38.9 +217 921 | 32 36.3 +229 92.8 | 32 33.1 +240 934
12 |32 06.1 +200 90.0 [ 32 05.8 +21.2 90.6 | 32 04.9 +223 91.2 | 32 03.2 +235 91.9 12 |33 01.4 +200 90.4 | 33 00.6 +212 91.0 | 32 50.2 4224 91.7 | 32 57.1 +235 92.3
13 |32 261 +19.4 889 [ 32 27.0 +206 89.5 | 32 27.2 4217 90.1 | 32 26.7 +229 90.8 13 |33 214 +193 89.2 | 33 21.8 +206 89.9 | 33 21.6 +21.7 90.6 | 33 20.6 +229 91.2
14 |32 45.5 4188 87.7 | 32 47.6 +200 88.4 | 32 48.9 +212 89.0 | 32 49.6 +223 89.7 14 |33 407 +188 88.1 | 33 424 +19.9 88.8 | 33 43.3 +211 89.4 [ 33 435 +223
15 |33 043 +182 86.6 [ 33 07.6 +193 87.3 | 33 10.1 +205 87.9 | 33 11.9 +217 88.6 15 | 33 59.5 +181 87.0 [ 34 023 +19.3 87.6 | 34 04.4 +205 883 [ 34 058 +217
16 |33 225 +176 855 | 33 26.9 +188 86.1 | 33 30.6 +200 86.8 | 33 33.6 +212 875 16 | 34 17.6 +175 85.8 | 34 21.6 +187 86.5 | 34 24.9 +199 87.2| 34 27.5 +21.1
17 |33 40.1 +169 84.3 | 33 45.7 +181 85.0 | 33 50.6 +193 85.7 | 33 54.8 +205 86.3 17 |34 351 +168 84.7 | 34 40.3 +180 853 | 34 44.8 +192 86.0 [ 34 48.6 +204
18 |33 57.0 +163 83.2 | 34 03.8 +17.5 83.8 | 34 09.9 +186 84.5| 34 153 +198 85.2 18 |34 519 +161 835 |34 583 +17.3 84.2 | 35 040 +186 84.9 [ 35 09.0 +19:8
19 |34 133 +156 820 [ 34 21.3 +168 827 | 34 28.5 +181 83.4 | 34 351 +19.2 84.0 19 | 35080 +154 823 |35 156 +167 83.0 | 35 226 +17.9 83.7 | 35 28.8 +191
20 |34 289 +149 80.8 | 34 38.1 +161 81.5| 34 46.6 +173 82.2 | 34 543 +186 82.9 20 | 35234 +147 81.1 (35323 +160 81.8 |35 405 +172 825 | 35 47.9 +184
21 |34 438 +142 79.7 | 34 54.2 +155 80.3 | 35 03.9 +167 81.0| 35 12.9 +179 81.7 21 | 35381 +141 79.9 |35 483 +152 80.6 | 35 57.7 +164 81.4 | 36 06.3 +17.7
22 |34 580 +136 785 |35 09.7 +147 79.2 | 35 20.6 +160 79.9 | 35 30.8 +17.2 80.6 22 35522 +133 787 |36 035 +146 79.5|36 141 +158 80.2 | 36 24.0 +17.0
23 |35 11.6 +128 77.3 | 35 24.4 +141 78.0 | 35 36.6 +153 787 | 35 48.0 +165 79.4 23 | 36 055 +126 77.5|36 181 +138 78.2 | 36 29.9 +151 79.0 | 36 41.0 +163
24 | 35244 +122 76.1 | 35 38.5 +134 76.8 | 35 51.9 +146 77.5| 36 04.5 +158 78.2 24 | 36 181 +11.8 76.3 | 36 31.9 +13.1 77.0 | 36 450 +143 77.8 | 36 57.3 +156
Base Value Base Z Next incremental Z | DifferenceinZ | Increment | Correction
(Diff Z x Increment) / 60
Latitude 25° 78.7° 79.4° 0.7° 27.0
Declination 23° 78.7° 77.5° -1.2° 23.1
o o o o ’
LHA 300 78.7 79.0 0.3 59.1
Base Value Base Z Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) /
60
i o o o o ’ o
Latitude 25 78.7 79.4 0.7 27.0 +0.32
Declination 23° 78.7° 77.5° -1.2° 23.1 -0.46°
o o o o ’ o
LHA 300 78.7 79.0 0.3 59.1 +0.30

Total correction = 0.32° -0.46° + 0.30° = +0.2°
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Step 7:  Apply the correction to the base values to determine true azimuth.
Base azimuth: 078.7°
Correction: +0.2°
Corrected azimuth: 078.7° + 0.2° = 078.9°
Note - Check azimuth rules: if LHA greater than 180°, then zn = z.

Step 8:  Answer the required questions.
T: 078.9° (Determine in Step 7)
V: 3.0° E (Given)
M: 075.9° (Calculated)
D: 3.6°W
C: 079.5° (Given)

Problem 14-2 (CG-208). The following question is taken directly from the USCG
test bank and illustrates how to solve azimuth problems involving the Sun.

On 12 September, your 0736 zone time DR position is latitude 28° 34’
S, longitude 174° 49’ E. At that time you observe the Sun bearing 084° | | SUN
per standard magnetic compass (psc). The chronometer reads 07h oo} rorr e T
38m 11s, and the chronometer error is 01m 46s fast. The variation is 011195 486 39.8

02] 210 48.8 388

11° W. What is the deviation of the standard magnetic compass? BY 225 494 - 919
05| 255 495 360
06] 270 49.7 N 4 35.0
Answer: 3.4° E 07] 285 499 3a1

08] 300 50.1 331

F WI 315 504 -- 322

. . . 10} 330 50.6 312

Step1:  Determine the correct chronometer time of the sight. V11| 3es 08 305
. D 12| 0510N4293

Chronometer: 07h 38m 11s Al ootz
Chronometer error: 01m 46s fast Y ns a4

Correct chronometer time: 07h 38m 11s - 1m 46s = B

07h 36m 25s 18] 90 523N 4 236

19] 105 52.6 226
20] 120 52.8 217
21{ 135 53.0 -- 20.7

Step 2:  Determine the GMT of the sight. 22150 532 198
. . 23] 165 53.4 18.8
Ship time: 0736
Chronometer time: 07h 36m 25s
DR Longitude: 174° 49’ E - corresponds to (-12 ZD)

$D.159 d 10

GMT of sight: 19:36:25, 11 September 36 |paers| ARIES |MOONor corr
AR B
. . . 9 005 | 9 02- 02
Step 3:  Determine the declination of the Sun. AR et
Declination (hours): N 4° 22.6’ 95 | 9013|9027 8366 | 0s 03
) 07 9018 | 9032 | 837107 04
d number: -1.0 AR H I B
Declination (increment): -0.6’ 11 | 902 | 902 | 8380 1 o3
. . o , 12 | 9030 | 9045 (8383 12 07
Declination (total): N 4° 22.0 TR B Hre]

15 9038 | 9052 | 83%0 (15
16 904:0 [ 9055 | 8392 | 1+
17 9043 | 9057 | 8395 || 1+/

)

Step4:  Determine the GHA of the Sun. 15 | Sons | S0c2 |83as0n 12
20 9050 | 9065 | 8402 | 2.0 12

. o 4 SR
GHA (hours): 105° 52.6 32 | 3055 [ 5070 | Baoe (22 1
23 | 9058 | 9072 | 8409 | 23 14

GHA (increment): 9°06.3’ 24 | 9060 | 9075 8411 [l 2 15

° , g: 9063|9077 | atafzs 15
N 6 080 [ 84L6 | 26 16
GHA (total) 1114 589 27 | 9068 | 9082 | 8418 27 16
28 | 9070 | 9085 | 8421 [ 28 17
29 | 9073 | 9087 842329 18




Step 5:

Step 6:

GHA (Sun): 114° 58.9’
DR Longitude: 174° 49.0’ E (subtract west, add east)
LHA (Sun): 114° 58.9’ + 174° 49.0’ E = 289° 47.9’

Determine the LHA of the Sun.

Enter HO229 with whole values of latitude, declination (contrary in

this case), and LHA. By increasing the value of each argument by 1
whole increment, triple interpolate for the exact values of each for the
desired time/location.

Base Value | BaseZ Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) / 60
Latitude - S 28° 34.0’
Declination - N 4° 22.0’
o ’
LHA 289 47.9
Base Value Base Z Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) /
60
Latitude 28° 102.8° 34.0°
Declination 40 102.8° 22.0°
o o l
LHA 289 102.8 47.9
[e] o
TITUDE CONTRARY NAME TO DECLINATION L.H.A. 71°, 289
25° 26° 27° 28° 29° 30°
He d Z He d Z He d Z Hc d Z Hc d Z Hc d Z Dec.
17 09.7 -267 98.3 | 17 00.9 -276 98.6 | 16 51.8 -286 98.9 | 16 42.4 -296 99.2 | 16 32.6 -304 99.5 | 16 22.6 -31.4 99.8 0
16 43.0 -269 99.2 | 16 33.3 -279 99.5 | 16 23.2 -288 99.8 | 16 12.8 -29.7 100.1 | 16 02.2 -30.7 100.4 | 15 51.2 -31.6 100.7 1
16 16.1 -27.2 100.1 | 16 05.4 -28.1 100.4 | 15 54.4 -29.1 100.7 | 15 43.1 -30.0 101.0 [ 15 31.5 -309 101.3 | 15 19.6 -31.8 101.5 2
15 48.9 -27.4 101.1 | 15 37.3 -284 101.4 | 15 25.3 -29.3 101.6 | 15 13.1 -30.2 101.9 [ 15 00.6 -31.1 102.2 | 14 47.8 -32.0 102.4 3
15 21.6 -27.6 102.0 | 15 08.9 -28.5 102.3 | 14 56.0 -29.4 102.5 | 14 42,9 -304 102.8 | 14 29.5 -31.3 103.0 | 14 15.8 -32.2 103.3 4
14 53.9 -27.8 102.9 | 14 40.4 -288 103.2 | 14 26.6 -29.7 103.4 | 14 12.5 -306 103.7 | 13 58.2 -31.5 103.9 | 13 43.6 -32.3 104.2 5
14 26.1 -28.1 103.8 | 14 11.6 —-29.0 104.1 | 13 56.9 -29.9 104.3 | 13 41.9 -308 104.6 | 13 26.7 -31.7 104.8 | 13 11.3 -326 105.0 6
13 58.0 -282 104.7 | 13 42,6 -29.2 105.0 | 13 27.0 -30.1 105.2 | 13 11.1 -309 105.4 | 12 55.0 -31.8 105.7 | 12 38.7 -32.7 105.9 7
13 29.8 -285 105.7 | 13 13.4 -29.3 105.9 | 12 56.9 -30.2 106.1 | 12 40.2 -31.2 106.3 | 12 23.2 -32.0 106.5 | 12 06.0 -32.9 106.7 8
13 01.3 -286 106.6 | 12 44.1 -29.5 106.8 | 12 26.7 -305 107.0 | 12 09.0 -31.3 107.2 | 11 51.2 -322 107.4 | 11 33.1 -33.0 107.6 9
o o
TITUDE CONTRARY NAME TO DECLINATION L.H.A. 70 ,290
25° 26° 27° 28° 29° 30°
He d Z He d Z He d Z He d Z He d He d Z Dec.
18 03.5 -268 98.7 | 17 54.2 -278 99.1 | 17 44.6 -288 99.4 | 17 34.6 -29.7 99.7 [ 17 24.3 -306 100.0 | 17 13.8 -31.6 100.3 L]
17 36.7 -27.1 99.7 | 17 26.4 -28.0 100.0 | 17 15.8 -28.9 100.3 | 17 04.9 -29.9 100.6 | 16 53.7 -30.8 100.9 | 16 42.2 -31.7 101.2 1
17 09.6 -27.3 100.6 | 16 58.4 —28.3 100.9 | 16 46.9 -29.3 101.2 | 16 35.0 —30.1 101.5 | 16 22.9 —-31.1 101.8 | 16 10.5 -32.0 102.1 2
16 42.3 -276 101.6 | 16 30.1 —285 101.8 | 16 17.6 -29.4 102.1 | 16 04.9 -30.4 102.4 [ 15 51.8 -31.2 102.7 | 15 38.5 -322 103.0 3
16 14.7 -27.8 102.5 | 16 01.6 -28.8 102.8 | 15 48.2 -29.7 103.0 | 15 34.5 -306 103.3 [ 15 20.6 -31.5 103.6 | 15 06.3 -32.3 103.8 4
15 46.9 -28.1 103.4 | 15 32.8 -29.0 103.7 | 15 18.5 -29.9 103.9 | 15 03.9 -30.8 104.2 [ 14 49.1 -31.7 104.5 | 14 34.0 -326 104.7 5
15 18.8 -283 104.3 | 15 03.8 -29.1 104.6 | 14 48.6 -30.1 104.8 | 14 33.1 -31.0 105.1 [ 14 17.4 -31.9 105.3 | 14 01.4 -328 105.6 6
14 50.5 -284 105.2 | 14 34.7 -29.4 1055 | 14 18.5 -30.3 105.7 | 14 02.1 -312 106.0 | 13 45.5 -32.1 106.2 | 13 28.6 -329 106.4 7
14 22.1 -287 106.1 | 14 05.3 -29.6 106.4 | 13 48.2 -30.5 106.6 | 13 30.9 -31.3 106.9 | 13 13.4 -322 107.1 | 12 55.7 -33.1 107.3 8
13 53.4 -289 107.0 | 13 35.7 -29.8 107.3 | 13 17.7 -30.7 107.5 | 12 59.6 -31.6 107.7 | 12 41.2 -324 107.9 | 12 22.6 -33.3 108.2 9
Base Value Base Z Next incremental Z | DifferenceinZ | Increment | Correction
(Diff Z x Increment) /
60
i o o o o 4
Latitude 28 102.8 103.0 0.2 34.0
Declination 4° 102.8° 103.7° 0.9° 22.0°
o o o o 4
LHA 289 102.8 103.3 0.5 47.9
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Base Value Base Z Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) /
60
Latitude 28° 102.8° 103.0° 0.2° 34.0’ +0.11°
Declination 4° 102.8° 103.7° 0.9° 22.0’ +0.33°
LHA 289° 102.8° 103.3° 0.5° 47.9’ +0.40°
Total correction = 0.11° + 0.33° + 0.40° = +0.8°
Step 7:  Apply the correction to the base values to determine true azimuth.
Base azimuth: 102.8°
Correction: +0.8°
Corrected azimuth: 102.8° + 0.8° = 103.6°
Azimuth rules correction: 180° - 103.6° = 76.4°
Note - Check azimuth rules: if LHA greater than 180°, then zn =180° - z.
Step 8:  Answer the required questions.

T: 076.4° (Determine in Step 7)

V:11.0° W (Given)
M: 087.4° (Calculated)

D:3.4°E
C: 084.0° (Given)
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Azimuth Problems Involving Planets and Stars

Problem 14-3 (CG-86). The following question is taken directly from the USCG test
bank and illustrates how to solve azimuth problems involving planets.

At 2326 ZT on 22 June your vessel’s position is latitude 28° 30’ N, longitude 150° 04’ W.
An azimuth of the planet Jupiter is observed, and the standard compass bearing is
250.4°. The chronometer reads 09h 24m 36s and is 01m 12s slow. The variation of this
area is 13.5° E. What is the deviation of the standard compass?

Answer: 2.3°E

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Determine the correct chronometer time of the sight.

Chronometer: 09h 24m 36s

Chronometer error: 01m 12s slow

Correct chronometer time: 09h 24m 36s + 1m 12s = 09h 25m 48s

Determine the GMT of the sight.
Ship time: 2326

Chronometer time: 09h 25m 48s
DR Longitude: 150° 04’ W -
corresponds to (+10 ZD)

GMT of sight: 09:25:48, 23 June

Determine the declination of
Jupiter.

Declination (hours): N 0° 37.7
(d number 0.1°)

Declination (increment): 0
Declination (total): N 0° 37.7

Determine the GHA of Jupiter.
GHA (hours): 224° 33.4’

GHA (increment): 6° 27.0’ (v number 2.3)

GHA (v correction): +1.0’
GHA (total): 231°01.4’

Determine the LHA of Jupiter.
GHA (Jupiter): 231°01.4’

ARIES | VENUS —3.3| MARS +1.7| JUPITER —-1.6

GMT. GHA. GHA. Dec. GHA. Dec. GHA. Dec.
271 04.4 | 157 25.8 N23 04.4[ 200 00.3 N22 30.5] 89 12.7 N 0 38.4
01] 286 06.9 | 172 25.0 03.9| 215 00.9 30.8| 104 15.0 384
02] 301 09.4 | 187 24.2 03.5| 230 015 31.0/119 17.3 383
03| 316 11.8( 202 23.3 -- 03.1)245 021 -- 313|134 19.6 -- 382
04] 331 14.3 | 217 225 02.6 | 260 02.6 315|149 219 381
05| 346 16.7 | 232 21.7 02.2] 275 03.2 31.8| 164 24.2 38.0
06] 1 19.2| 247 20.9 N23 01.8| 290 03.8 N22 32.0| 179 26.5 N 0 37.9
07] 16 21.7] 262 20.1 01.3| 305 04.4 323|194 288 379
¢ 08 312411277193 00.9 | 320 05.0 325|209 31.1 378
v 09| 46 26.6|292 185 -- 00.4| 335 05.6 -- 32.8|224 334 -- 377
p 10} 61 29.1]1307 17.7 23 00.0| 350 06.2 33.0| 239 35.7 37.6
S 11 76 315|322 16.8 22 59.6| 5 06.8 33.3| 254 37.9 375
o 12| 91 34.0| 337 16.0 N22 59.1| 20 07.4 N22 33.5| 269 40.2 N 0 37.4
A 13| 106 365|352 15.2 58.7| 35 08.0 33.8| 284 42.5 374
y 14]121 389 7144 58.2| 50 08.6 340 299 44.8 373
15/ 136 41.4| 22 136 -- 57.8| 65 09.2 -- 343|314 47.1 -- 372
16f 151 43.9| 37 128 57.3| 80 09.8 345|329 49.4 371
17| 166 46.3| 52 12.0 56.9| 95 103 34.8| 344 51.7 37.0
18| 181 48.8| 67 11.2 N22 56.4 | 110 10.9 N22 35.0 | 359 54.0 N 0 36.9
19] 196 51.2| 82 10.4 56.0| 125 11.5 353| 14 56.3 36.8
20] 211 53.7| 97 09.6 55.5 | 140 12.1 355| 29 58.6 36.8
21] 226 56.2|112 08.8 -- 551|155 127 -- 357| 45 009 -- 367
22] 241 58.6 | 127 08.0 54.6| 170 13.3 36.0| 60 03.2 36.6
23| 257 01.1| 142 07.2 54.1| 185 13.9 36.2| 75 05.5 36.5

L) m
Mer Pass. 5 58.7 v-08 d o4/ v 06 d 03] v 23 d 01
g | SUN | ARIES [MOON]or Corr
25 |pLaNETS 7

00 | 6150 {6160 | 5579 |00 00
01l | 6153 | 6163 | 5582 |01 00
02 [ 6155 [6165 [ 5584 |02 O1
03 [ 6158 | 6168 | 5586 03 01
04 | 6160 | 6170 | 5589 | 0.4 02
45 | 6263 | 6273 | 6 087 || 45 19
46 | 6265 | 6276 | 6089 || 46 2:0
47 | 6268 | 6278 | 6 091 || 47 2.0
48 | 6270 | 6281 | 6 094 || a8 2:0
49 | 6273 | 6283 | 609649 21

DR Longitude: 150° 04’ W (subtract west, add east)
LHA (Jupiter): 231° 01.4’ - 150° 04.0' W = 80° 57.4’

Enter HO229 with whole values of latitude, declination (same in this
case), and LHA. By increasing the value of each argument by 1 whole
increment, triple interpolate for the exact values of each for the

desired time/location.

246




Base Value | BaseZ | Nextincremental Z Difference in Z Increment | Correction
(Diff Z x Increment) / 60
Latitude - N 28° 30.0°
Declination - N 0° 37.7
LHA 80° 574
Base Value | BaseZ | Nextincremental Z Difference in Z Increment | Correction
(Diff Z x Increment) / 60
Latitude 28° 94.7° 30.0°
Declination 0° 94.7° 37.7
o o ’
LHA 80 94.7 57.4
800 2800 L H A L.H.A. greaterthan 180° ....Zn=Z
5 M.A. LATITUDE SAME NAME AS DECLINATION N.Lat XA jessthan 180.........
23° 24° 25° 26° 27° 28° 29° 30°
Dec. He d Z Hc d Z He d z Hc d Z Hc d Z He d z He d zZ He d Z Dec.
0 9 11.9 +236 93.9 | 9 07.7 +246 94.1 9 03.3 +256 94.3 | 8 587 +266 944 | 8 54.0 +275 94.6 | 8 49.2 +284 947 | 8 44.1 +294 949 | 8 39.0 +302 95.0 0
1 9355 +236 930 | 9323 +245 932 | 9 289 +255 933 | 9 253 +264 93.5| 9 215 +274 937 | 9 17.6 +283 938 | 9 135 +202 94.0| 9 09.2 +302 942 | 1
2 9 59.1 +233 921 | 9 56.8 +244 923 | 9 54.4 +253 924 | 9 51.7 +263 92.6 | 9 489 +272 928 | 9 459 +282 929 | 9 42.7 +204 931 | 9 39.4 +300 933 | 2
3 10 22.4 +233 91.1 [ 10 21.2 +241 91.3 | 10 19.7 +251 915 10 18.0 +26.1 91.7 [ 10 16.1 +27.1 91.9 | 10 14.1 +280 92.0 | 10 11.8 +290 922 | 10 09.4 +299 92.4 3
4 10 45.7 +230 90.2 [ 10 45.3 +241 90.4 | 10 44.8 +250 90.6 [ 10 44.1 +260 90.8 [ 10 43.2 +269 91.0 | 10 42.1 +279 91.2 | 10 40.8 +288 91.3 | 10 39.3 +297 915 4
5 |11 087 +220 89.3 [ 11 09.4 +238 895 | 11 09.8 +248 89.7 | 11 10.1 +258 89.9 | 11 10.1 +268 90.1 | 11 10.0 +27.7 90.2 [ 11 09.6 +287 90.4 | 11 09.0 +296 906 | 5
6 11 31.6 +226 88.3 | 11 33.2 +237 885 | 11 34.6 +247 88.7 | 11 359 +256 88.9 [ 11 36.9 +266 89.1 | 11 37.7 +275 89.3 | 11 38.3 +284 895 11 38.6 +29.4 89.8 6
7 |11 542 4225 87.4 |11 56.9 +235 87.6 | 11 59.3 +244 87.8 | 12 01.5 +254 88.0 | 12 035 +26.4 88.2 | 12 05.2 +27.4 88.4 | 12 06.7 +283 88.7 | 12 08.0 +29.3 889 | 7
8 12 16.7 +223 86.4 [ 12 204 +232 86.6 | 12 23.7 +243 86.9 [ 12 269 +253 87.1 [ 12 29.9 +262 87.3 | 12 326 +271 87.5| 12 35.0 +282 87.7 | 12 37.3 +290 88.0 8
9 12 39.0 +22.1 85.5 | 12 43.6 +231 85.7 | 12 48.0 +241 859 [ 12 52.2 +250 86.2 [ 12 56.1 +260 86.4 | 12 59.7 +270 86.6 | 13 03.2 +279 86.8 | 13 06.3 +289 87.1 9
o o L.H.A. greaterthan 180°
81°,279° L.H.A. LATITUDE SAME NAME AS DECLINATION N.Lat \[ia iess than 180°
23° 24° 25° 26° 27° 28° 29° 30°
Dec. Hc d Z Hc d z He d z He d Z He d Z Hc d z He d z He d Z Dec.
0 8 16.8 +236 935 8 13.0 +246 93.7 | 8 09.0 +256 93.8| 8 05.0 +265 94.0| 8 00.7 +275 94.1 7 564 +283 943 | 7 51.8 +203 944 | 7 472 +302 945 0
1 8 404 +235 926 | 8 37.6 +244 928 | 8 346 +254 929 | 8 31.5 +263 93.1 8282 +273 932 8247 +283 934 | 8 211 +202 935 8 174 +301 93.7 1
2 9 039 +233 917 [ 9 02.0 +244 918 | 9 000 +253 920 8 57.8 +263 922 | 8 555 +272 923 | 8 53.0 +281 925| 8 50.3 +29.1 926 | 8 47.5 +300 92.8 2
3 9272 +232 907 | 9 264 +241 90.9 | 9 2563 +252 91.1 9241 +261 91.2| 9227 +271 914 | 9 211 +280 91.6| 9 194 +289 91.7 | 9 175 +299 919 3
4 9 50.4 +231 89.8 | 9 50.5 +241 90.0 | 9 50.5 +249 90.2 9 50.2 +260 90.3 | 9 49.8 +269 90.5| 9 49.1 +279 90.7 | 9 48.3 +288 90.9 9 47.4 +207 91.0 4
5 10 13.5 +229 889 | 10 14.6 +238 89.1 | 10 154 +249 89.2 | 10 16.2 +258 89.4 | 10 16.7 +267 89.6 | 10 17.0 +277 89.8 | 10 17.1 +287 90.0 [ 10 17.1 +296 90.1 5
6 10 36.4 +227 87.9 | 10 38.4 +237 88.1 [ 10 40.3 +247 88.3 | 10 420 +256 88.5| 10 43.4 +266 88.7 | 10 447 +276 88.9 | 10 458 +285 89.1 [ 10 46.7 +29.4 89.3 6
7 10 59.1 +225 87.0 | 11 02.1 +235 87.2 | 11 05.0 +245 87.4 | 11 07.6 +255 87.6 | 11 10.0 +265 87.8 | 11 12.3 +273 88.0 | 11 14.3 +283 88.2 | 11 16.1 +2903 88.4 7
8 |11 21.6 +224 86.0 [ 11 256 +234 86.2 | 11 29.5 +243 86.5 | 11 33.1 +253 86.7 [ 11 36.5 +262 86.9 [ 11 39.6 +27.3 87.1 | 11 42.6 +282 87.3 [ 11 454 +201 875 | 8
9 11 44.0 +221 851 | 11 49.0 +232 85.3 [ 11 53.8 +241 855 | 11 584 +251 85.7 | 12 02.7 +26.1 85.9 | 12 06.9 +270 86.2 [ 12 10.8 +280 86.4 [ 12 145 +289 86.6 9
Base Value BaseZ | Nextincremental Z | DifferenceinZ | Increment | Correction
(Diff Z x Increment) / 60
Latitude 28° 94.7° 94.9° 0.2° 30.0°
Declination 0° 94.7° 93.8° -0.9° 37.7
o o o o ’
LHA 80 94.7 94.3 -04 57.4
Base Value BaseZ | Nextincremental Z Difference in Z Increment | Correction
(Diff Z x Increment) /
60
i o o o o ’ )
Latitude 28 94.7 94.9 0.2 30.0 +0.10
Declination 0° 94.7° 93.8° -0.9° 37.7 -0.57°
o o o o ’ o
LHA 80 94.7 94.3 -0.4 57.4 -0.38

Total correction = 0.10° -0.57° - 0.38° = -0.9°

Step 7:  Apply the correction to the base values to determine true azimuth.
Base azimuth: 094.7°
Correction: -0.9°
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Step 8:

Corrected azimuth: 094.7° - 0.9° = 093.8°
Azimuth rules correction: 360° - 93.8° = 266.2°

Note - Check azimuth rules: if LHA less than 180°, then zn =360° - z.

Answer the required questions.
T: 266.2° (Determine in Step 7)
V: 13.5° E (Given)

M: 252.7° (Calculated)

D: 2.3°E

C: 250.4° (Given)

Problem 14-4 (CG-492). The following question is taken directly from the USCG

test bank and illustrates how to solve azimuth problems involving stars.

On 4 October your 1907 zone time DR position is latitude 25° 15.0’ S, longitude 105°
44.0’ E. At that time you observe Deneb bearing 011.5° psc. The chronometer reads
00h 07m 42s and the chronometer error is 00m 36s fast. The variation is 7.5° W. What
is the deviation of the standard compass?

Answer: 3.2°E

Step 1:

Step 2:

Determine the correct chronometer time of the sight.
Chronometer: 00h 07m 42s

Chronometer error: 00m 36s fast

Correct chronometer time: 00h 07m 42s - 36s = 00h 07m 06s

Determine the GMT of the sight.

Ship time: 1907

Chronometer time: 00h 07m 06s

DR Longitude: 105° 44’ E - corresponds to (-7 ZD)
GMT of sight: 12:07:06, 4 October

ARIES | VENUS —3.7| MARS +1.7| JUPITER —1.2| SATURN +1.0 STARS
GMT
G.H.A. Dec. G.HA. Dec. G.HA Dec. G.HA. Dec. Nome SHA Dec
d n o v o 4 P P o s o s o o v o 4 PR P
400 12 357 141 09.3 S20 45.7 | 229 55.9 N16 05.3| 175 04.4 S 6 15.6| 180 10.5S 2 55.6 | Acamar 315 36.3 S40 22.6
01| 27 38.2| 156 08.9 46.5| 244 56.8 04.8| 190 06.4 15.8| 195 12.6 55.7 | Achernar 335 44.1 S57 19.7
02| 42 40.6| 171 08.5 47.4| 259 57.8 04.4| 205 08.4 16.0| 210 14.8 55.8 | Acrux 173 37.2 S62 59.7
03| 57 43.1| 186 08.0 -- 48.3| 274 58.7 -- 03.9| 220 10.3 -- 16.2| 225 17.0 -- 56.0 | Adhora 255 31.6 S28 56.6
04} 72 45.6| 201 07.6 49.1) 289 59.7 03.5) 235 12.3 16.4| 240 19.2 56.1 | Aldebaran 291 17.0 N16 28.4
05 87 48.0{ 216 07.1 50.0{ 305 00.7 03.0| 250 14.2 16.6| 255 21.4 56.2
06] 102 50.5| 231 06.7 S20 50.8| 320 01.6 N16 02.6 | 265 16.2 S 6 16.8| 270 23.5 S 2 56.3 | Alioth 166 42.4 N56 03.7
07] 117 53.0| 246 06.2 51.7 | 335 02.6 02.1| 280 18.2 17.0| 285 25.7 56.4 | Alkaid 153 18.4 N49 245
08} 132 55.4| 261 05.8 52.5| 350 03.6 01.6 ] 295 20.1 17.2| 300 27.9 56.6 | Al Na'ir 28 13.7 S47 03.1
s 09] 147 57.9] 276 053 -- 534 5045 -- 01.2] 310 22.1 -+ 17.4| 315 30.1 -- 56.7 | Alnilam 276 108 S 1127
U 10} 163 00.3| 291 04.9 54.2] 20 055 00.7 | 325 24.1 17.6| 330 32.3 56.8 | Alphard 218 20.1 S 8 345
N 11} 178 02.8| 306 04.4 55.1| 35 06.5 16 00.3| 340 26.0 17.8| 345 344 56.9
O 12} 193 05.3| 321 04.0 S20 55.9| 50 07.4 N15 59.8| 355 28.0 S 6 18.0 0 36.6 S 2 57.0 | Alphecca 126 31.8 N26 46.9
A 131 208 07.7 | 336 03.5 56.7| 65 084 59.4| 10 29.9 18.2| 15 38.8 57.1 | Alpheratz 358 08.2 N28 59.4
Y 14| 223 10.2| 351 03.1 57.6| 80 09.3 58.91 25 319 18.5| 30 41.0 57.3 | Altair 62 31.8 N 8 49.3
15} 238 12.7 6 026 -- 584 95103 -- 585| 40 339 -- 18.7| 45 43.2 -- 57.4|Ankaa 353 39.1 S42 243
16| 253 15.1| 21 02.2 20 59.3| 110 11.3 58.0] 55 35.8 18.9| 60 454 57.5 | Antares 112 56.2 S26 23.4
17| 268 17.6| 36 01.7 21 00.1| 125 12.2 57.6| 70 37.8 19.1}| 75 475 57.6
18] 283 20.1 51 01.3 S21 01.0| 140 13.2 N15 57.1| 85 39.7S 6 19.3| 90 49.7 S 2 57.7 | Arcturus 146 18.1 N19 16.9
19| 298 22.5| 66 00.8 01.8] 155 14.2 56.6| 100 41.7 19.5| 105 51.9 57.9 | Atria 108 20.1 S68 59.9
20§ 313 25.0| 81 00.4 02,6} 170 15.1 56.2 | 115 43.7 19.7 | 120 54.1 58.0 | Avior 234 28.2 S59 26.7
21} 328 27.5| 95599 -- 035|185 16.1 -- 557|130 456 -- 19.9]| 135 56.3 -- 58.1|Bellotrix 278 579 N 6 20.1
22| 343 29.9| 110 59.5 04.3} 200 17.1 55.3| 145 47.6 20.1| 150 58.4 58.2 | Betelgeuse 271 27.4 N 7 243
23] 358 32.4 125 59.0 05.1) 215 18.0 54.8 | 160 49.6 20.3 ]| 166 00.6 58.3
500 13 34.8| 140 58.6 S21 06.0| 230 19.0 N15 54.4| 175 51.5 S 6 20.5| 181 02.8 S 2 58.5 | Canopus 264 06.8 S52 40.8
01} 28 37.3| 155 58.1 06.8 | 245 20.0 53.9| 190 53.5 20.7 | 196 05.0 58.6 | Capella 281 10.1 N45 58.7
02| 43 39.8| 170 57.7 07.7 | 260 20.9 53.4| 205 55.4 20.9| 211 07.2 58.7 | Deneb 49 47.8 N4A5 13.2
03] 58 42.2) 185 57.2 -- 085|275 219 -- 53.0| 220 57.4 -- 21.1| 226 09.3 -- 58.8 | Denebola 182 58.6 N14 40.7
04| 73 44.7| 200 56.8 09.3| 290 22.9 52.5| 235 59.4 21.3| 241 115 58.9 | Diphda 349 19.8 S18 05.2
ac 2 P eaxlacy Ay o axclacs 12> can
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Step 3:  Determine the declination of Deneb. "
o o ) 7 1o, SUN | ARIES
Declination (total): N 45° 13.2 PLANETS
s o ’ ) .
. . 00 | 1450 | 1453
Step4:  Determine the GHA of Deneb. 01 | 1453 | 1455
GHA (Aries - hours): 193° 05.3’ gg 1455 | 1458
. . 1458 | 1460
GHA (Aries - increment): 1° 46.8’ 04 | 1460|1463
GHA (Aries - total): 194°52.1’ 05 | 1463 | 1465
SHA (Deneb): 49° 47.8’ g‘; Laes | Laes
GHA (Deneb): 244° 39.9’ 08 | 147:0 | 1473
09 | 1473|1475
Step5:  Determine the LHA of Deneb.
GHA (Deneb): 244° 39.9’
DR Longitude: 105° 44.0’ E (subtract west, add east)
LHA (Deneb): 244° 39.9’ + 105° 44.0’ E = 350° 23.9’
Step 6:  Enter HO229 with whole values of latitude, declination (contrary in
this case), and LHA. By increasing the value of each argument by 1
whole increment, triple interpolate for the exact values of each for the
desired time/location.
Base Base Z Next incremental Z Difference in Z Increment | Correction
Value (Diff Z x Increment) / 60
Latitude - S 25° 15.0’
Declination - N 4.5° 13.2°
LHA 350° 23.9’
Base Value Base Z Next incremental Z Difference in Increment | Correction
7 (Diff Z x Increment) / 60
Latitude 25° 172.5° 15.0°
Declination 45° 172.5° 13.2°
LHA 350° 172.5° 23.9’
LATITUDE CONTRARY NAME TO DECLINATION L.H.A. 10°, 350°
24° 25° 26° 27° 28° 29° 30°
Hc d z Hc d Z He d 2z Hc d 2z Hc d z Hc d Z Hc d 2z Dec.
T 201 —502 1723 1 20 230 —502 1723 1 10 201 =501 1728 1 18 28.7 -0 1728 17 252 02 1725 10 5.7 203 17251 15 202 583 1720 23
20 23.9 -59.1 1725 | 19 244 -591 1725 | 18 25.0 —-59.2 1726 | 17 25,5 -59.3 172.6 | 16 26.0 -59.3 172.6 | 15 26.4 -59.2 172.7 | 14 26.9 -502 172.7 45
19 24.8 -59.2 172.7 | 18 25.3 -59.2 172.7 | 17 25.8 —-59.2 172.7 | 16 26.2 -59.2 172.8 | 15 26.7 -59.2 172.8 | 14 27.2 -59.3 172.8 | 13 27.7 -59.3 172.9 46
18 25.6 -59.1 172.8 | 17 26.1 -592 172.9 | 16 26.6 —-59.2 172.9 | 15 27.0 -59.2 1729 | 14 27.5 -593 173.0 | 13 27.9 -59.2 173.0 | 12 28.4 -593 173.0 a7
17 26.5 -59.2 173.0 | 16 26.9 -592 173.0 | 15 27.4 —-59.2 173.1 | 14 27.8 -59.2 173.1 | 13 28.2 -59.2 173.1 | 12 28.7 -59.3 173.2 | 11 29.1 -593 173.2 48
16 27.3 -59.2 173.2 | 15 27.7 -592 173.2 | 14 28.2 -59.3 173.2 | 13 28.6 -59.3 173.3 | 12 29.0 -59.3 173.3 | 11 29.4 -59.3 173.3 | 10 29.8 -59.3 173.3 49
15 28.1 —59.1 173.3 | 14 28.5 -59.2 173.4 | 13 28.9 —59.2 173.4 | 12 29.3 -59.2 173.4 | 11 29.7 —59.2 173.5 | 10 30.1 -59.3 173.5 9 30.5 -59.3 173.5 50
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LATITUDE CONTRARY

NAME TO DECLINATION

L.H.A. 9°, 351°

24° 25° 26° 27° 28° 29° 30°
Hc d r4 Hc d z Hc d z Hc d z Hc d r4 Hc d z Hc d z Dec.
21 30.1 -59.3 173.1 200 30.5 -59.3 17;.1 109 36.9 —5€;.3 17;.1 108 3’1.4 —55;.4 17;.2 107 3:1.8 —55;.4 17;.2 106 Sé.Z —5&;.4 17;.3 105 3’2.6 —59’.4 17;.3 ;4
20 30.8 -59.3 173.2 | 19 31.2 -59.3 173.3 | 18 31.6 —-59.3 173.3 | 17 32.0 -59.4 173.3 | 16 32.4 -59.4 173.4 | 15 32.8 -59.4 173.4 | 14 33.2 -594 173.4 45
19 31.5 -59.4 1734 | 18 31.9 -59.4 173.4 | 17 32.3 -594 173.5 | 16 32.6 -59.3 173.5 | 15 33.0 -59.4 173.5 | 14 33.4 -594 173.6 | 13 33.8 -59.4 173.6 46
18 32.1 -59.3 1735 | 17 325 -59.3 173.6 | 16 32.9 -594 173.6 | 15 33.3 -59.4 173.6 | 14 33.6 -59.3 173.7 | 13 34.0 -59.4 173.7 | 12 34.4 -59.5 173.7 47
17 32.8 -59.3 173.7 | 16 33.2 -59.4 173.7 | 15 33.5 -59.3 173.8 | 14 33.9 -59.4 173.8 | 13 34.3 -59.4 173.8 | 12 34.6 -59.4 173.8 | 11 34.9 -504 173.9 48
16 33.5 -59.3 173.9 | 15 33.8 -59.3 173.9 | 14 34.2 —59.4 173.9 | 13 34.5 -59.4 173.9 | 12 349 -594 174.0 | 11 35.2 -59.4 174.0 | 10 35.5 -59.4 174.0 49
15 342 _ =04 1740 14 345 _=sa4 1740 13 348 _=sa3 1741 12 354 _sa3 1741 11 355 _ =04 1741 10 358 _=a4 1741 9 381 _sa4 1741 50 |
Base Value Base Z Nextincremental Z | DifferenceinZ | Increment | Correction
(Diff Z x Increment) /
60
Latitude 25° 172.5° 172.6° 0.1° 15.0°
Declination 45° 172.5° 172.7° 0.2° 13.2°
LHA 350° 172.5° 173.3° 0.8° 239’
Base Value Base Z Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) /
60
Latitude 25° 172.5° 172.6° 0.1° 15.0° +0.00°
Declination 45° 172.5° 172.7° 0.2° 13.2° +0.00°
LHA 350° 172.5° 173.3° 0.8° 239’ +0.32°
Total correction = 0.0° + 0.0° + 0.32° = +0.3°
Step 7:  Apply the correction to the base values to determine true azimuth.
Base azimuth: 172.5°
Correction: +0.3°
Corrected azimuth: 172.5° + 0.3°=172.8°
Azimuth rules correction: 180° - 172.8° = 007.2°
Note - Check azimuth rules: if LHA greater than 180°, then zn =180° - z.
Step 8:  Answer the required questions.

T: 007.2° (Determine in Step 7)

V:7.5° W (Given)
M: 14.7° (Calculated)

D: 3.2°

E

C: 011.5° (Given)
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Additional Problems and Answers

All of the following questions labeled “CG” were taken directly from the 2013 USCG
test bank and illustrate the concepts in this Part. Note - not all problems have been
worked and are subject to occasional errors in the database. For more problems and
answers, see the USCG database of questions (database information located in the
preface).

Problem CG-276. On 17 April your 1610 zone time DR position is latitude 22° 07.0° N,
longitude 158° 16.0° W. At that time you observe the Sun bearing 271° psc. The
chronometer reads 03h 08m 52s and the chronometer error is 01m 16s slow. The
variation is 4° E. What is the deviation of the standard magnetic compass?

a) 1.1°W
b) 1.7°E
c) 2.3°W- correct
d) 2.9°E

Problem CG-333. On 21 April, your 1542 zone time DR position is latitude 28° 54.0’ S.
Longitude 19° 07.0° W. At that time you observe the Sun bearing 299° psc. The
chronometer reads 04h 44m 11s and the chronometer error is 01m 54s fast. The
variation is 3° E. What is the deviation of the standard compass?

a) 0.3°W- correct
b) 0.4°E
c) 2.7°W
d) 2.7°E

Problem CG-406. On 24 May, your vessel’s 1000 ZT position is latitude 25° 36.0’ N,
longitude 118° 39.5" W, when you observe an azimuth of the Sun. Determine the gyro
error using the azimuth information:

Chronometer time: 06h 21m 48s

Chronometer error: Fast 01m 36s

Gyro bearing: 099.4°

Variation: 11.1° E

a) 03°W
b) 1.3°W- correct
¢) 1.8°E
d) 2.4°E

Problem CG-161. On 1 September your 1115 zone time DR position is latitude 25° 20’
N, longitude 28° 24’ W. At that time you observe the Sun bearing 160.5° psc. The
chronometer reads 01h 14m 58s and the chronometer error is 01m 17s fast. The
variation is 13.5° W. What is the deviation of the standard compass?
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a) 2.1°E- correct
b) 4.1°E

c) 11.0°wW

d) 11.0°E

Problem CG-426. On 26 May, your 0723 zone time DR position is latitude 24° 50.0° N,
longitude 38° 11.0° W. At that time you observe the Sun bearing 076.5° psc. The
chronometer reads 10h 25m 43s, and the chronometer error is 02m 57s fast. The
variation is 7° W. What is the deviation of the standard magnetic compass?

a) 3.3°E
b) 3.7°W
c) 83°W
d) 10.7°E- correct

Problem CG-208. On 12 September, your 0736 zone time DR position is latitude 28° 34’
S, longitude 174° 49’ E. At that time you observe the Sun bearing 084° per standard
magnetic compass (psc). The chronometer reads 07h 38m 11s, and the chronometer
error is 01m 46s fast. The variation is 11° W. What is the deviation of the standard
magnetic compass?

a) 2.9°wW
b) 3.2°E- correct
c) 3.9°E
d) 4.7°W

Problem CG-483. On 31 May, your vessel’s 1420 zone time DR position is latitude 29°
06’ N, longitude 120° 06’ W, when an azimuth of the sun is observed. The bearing of
the Sun per standard magnetic compass was 255.3°. The chronometer time of the
observation is 10h 17m 24s. The chronometer error is 02m 32s slow. The variation for
this area is 12.9° E. What is the deviation of the standard magnetic compass?

a) 2.5°W- correct
b) 2.9°W
¢) 2.9°E
d) 3.2°E

Problem CG-497. On 5 June your 0420 zone time DR position is latitude 26°47.0° N,
longitude 133°19.5" W. At that time you observer Vega bearing 298.1° psc. The
chronometer reads 01h 21m 17s, and the chronometer error is 02m 25s fast. The
variation is 3.5° E. What is the deviation of the standard compass?

a) 1.8°E
b) 5.2°E
c) 1.8°W- correct
d) 52°W
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Problem CG-512. On 6 October your 0416 zone time DR position is latitude 25° 16.0’ N,
longitude 130° 25.0’ E. At that time you observe Mars bearing 083° psc. The
chronometer reads 07h 16m 22s and the chronometer error is 10s fast. The variation
is 1.5° E. What is the deviation of the standard compass?

a) 04°E
b) 1.2° W- correct
c) 3.5°E
d) 19.0°E

Problem CG-86. At 2326 ZT on 22 June your vessel’s position is latitude 28° 30’ N,
longitude 150° 04’ W. An azimuth of the planet Jupiter is observed, and the standard
compass bearing is 250.4°. The chronometer reads 09h 24m 36s and is 01m 12s slow.
The variation of this area is 13.5° E. What is the deviation of the standard compass?

a) 3.0°W
b) 3.5°W
c) 1.5°E
d) 2.3°E- correct

Problem CG-446. On 28 July your 1937 zone time DR position is latitude 26° 13.0’ N,
longitude 78° 27.0’ E. At that time you observe Deneb bearing 048.7° pgc. The
chronometer reads 02h 37m 42s and the chronometer error is 00m 15s fast. The
variation is 4° W. What is the gyro error?

a) 24°wW
b) 2.8°E- correct
c) 3.6°W
d) 3.6°FE
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The Cutterman’s Guide to Navigation Problems

Part Fifteen: Celestial Sight Reduction Problems

Certain celestial sight reduction problems can be solved mathematically and do not
require a plotted solution. Additionally, some problems require uncommon
corrections to the altitude tables due to non-standard observation conditions.

Basic Celestial Sight Reduction Problems

Problem 15-1 (CG-488). The following question is taken directly from the USCG
test bank and illustrates how to solve basic celestial sight reduction problems

involving the Sun.

On 4 July you observe the lower limb of the Sun at a sextant altitude (hs) of 25°29.8".
The index error is 3.1’ off the arc. The height of eye is 48 feet. What is the observed

altitude (ho)?

Answer: 25° 40.2’. The altitude correction tables are available at the end of this Part.

Step 1:  Determine the sextant altitude (hs).
hs = 25° 29.8’ (Given)

Step 2:  Determine the index correction (IC).
Index error: 3.1’ off the arc.
Index correction: +3.1’

Step 3:  Determine the dip correction.
Height of eye: 48 feet.
Dip correction: -6.7’

Step4:  Determine the apparent altitude (ha).
Apparent altitude (ha) = hs + IC + dip
ha =25°29.8 +3.1' - 6.7’ = 25° 26.2’

Step5:  Determine the main correction.
ha =25°26.2’
MC = +14.0°

Step 6:  Determine the observed altitude (ho).
Observed altitude = ha + MC

DIP
[— - \ —
Ht. of Ht. of i Ht. of
Eye Corm Eye | Eye Corrn

138 _ 2 455[ 85— B9
142, 469 | 90— 92
147 oo 434! 95— 95
151 .. 498

OCT.—MAR. SUN APR.—SEPT.

App. Lower Upper App. LOWI.;r Upper
Alt. Limb Limb; Alt. Limb Limb

LY L& AJ Dl

'L — 18- - Q — 5
R E E S
25 264—:4-3—:8.0 © 26 00 41— 177
2030 1aa s 21 Borgz ars

Observed altitude = 25° 26.2' + 14.0’ = 25° 40.2’

255




Problem 15-2 (CG-121). The following question is taken directly from the USCG

test bank and illustrates how to solve basic celestial sight reduction problems
involving planets and stars.

During evening twilight on 28 December, a sextant altitude (hs) of the planet Venus
was 29°43.2". The height of eye was 40 feet and the index error was 2.0’ on the arc.
What was the observed altitude?

Answer: 29° 34.1'. The altitude correction tables are available at the end of this Part.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Determine the sextant altitude (hs).
hs = 29° 43.2’ (Given)

Determine the index correction (IC).
Index error: 2.0’ on the arc.
Index correction: -2.0’

Determine the dip correction.
Height of eye: 40 feet.
Dip correction: -6.1’

Determine the apparent altitude (ha).
Apparent altitude (ha) = hs = IC + dip
ha=29°43.2"-2.0'- 6.1’ =29° 35.1’

Determine the main correction.
ha =29°35.1

MC (stars and planets): -1.7’
Additional Venus correction: +0.7’
MC=-1.7"+0.7' =-1.0’

Determine the observed altitude (ho).
Observed altitude = ha + MC
Observed altitude = 29° 35.1’ - 1.0’ = 29° 34.1°

DIP
[— - |_ R
}g)}: s Corr Pg]}:f Hé'ygf Corru
=S gg < -
118 6-? 389 =
12-2 40°1 ft. ;

—62

1226 41'§ | 70— B
1305 428 75— 84

STARS AND PLANETS

App. App. Additional
Al Corr® | Al Corr?
5 56‘ 1981

10 08 5:3 VENFJS

10 20 > 7| Jan. 1-Sept. 27
10 33 5

<
—< 0 e
10 46_2_8 l 2T ot
11 00
e 14:::3 Sept. 28-Nov. 13
1T 29 5 ’
-6 o .
11 45_:_5 a7 T2
i Nov. 14-Dec. 10
I2 18_:_; - 14-Liec.
12 5,
12 gi ~42  g+o3
1313 4!
313_,5  Dec 11-Dec. 26
I3 33
1 —39 00 ’
354 3] S0y
I4 16 7 ~ 03
e 31
15 04 . Dec. 27-Dec. 31
—35
1539 _34
1357 33
16 26 2
32
16 56 3
1728 31
1802 3° MARS
—2
18 33_2; Jan. 1-Dec. 31
1917 5. g
1958 6| e toO1
2042
21 28_2.5
22 19_2_;

+ 0’5
+ o6
+ o7

- O ODo
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Celestial Sight Reduction Problems in Non-Standard Conditions

Problem 15-3 (CG-699-NG). The following question is taken directly from the

USCG test bank and illustrates how to solve basic celestial sight reduction problems

in non-standard atmospheric conditions.

On 25 December you observe the Sun’s lower limb. The sextant altitude (hs) is 4° 06.9’.
The height of eye is 47 feet and the index error is 1.6" on the arc. The temperature is

19° F and the barometer reads 1030.8 millibars. What is the observed altitude?

Answer: 4° 01.9’. The complete altitude correction tables are
available at the end of this Part.

Step 1:  Determine the sextant altitude (hs).
hs =4°06.9’ (Given)

Ht. of

DIP

Eye

45°5
46°9
484
49°8

OCT.-MAR. SUN A= -SEPT.

Step 2:  Determine the index correction (IC). - Lower Upver

Li Lim

Index error: 1.6’ on the arc. oL ELEE R

Index correction: -1.6’ A Tt e

40 38 35 2843 |

45 40 37 281 ;

. . . 50 a2 39 279

Step 3:  Determine the dip correction. yss as P
Height of eye: 47 feet. ‘it Pasems

Dip correction: -6.7’ A p il

20 52 50 268

25 54 51 267

Step4:  Determine the apparent altitude (ha).

Apparent altitude (ha) = hs = IC + dip A4 ALTITUDE CORRECTION TA

ADDITIONAL REFRACTION CORREC]

ha=4°06.9"-1.6"-6.7 = 3°58.6’

20°F. -
T T

30°C.

Step 5:  Determine the main correction, using the 1050
altitude correction tables for altitudes less
than 10°. §'°3°~
ha: 3°58.6’ g
MC (Sun): + 4.5’ ;

¢

Step 6:  Determine the additional correction for non- 990
standard conditions.
Temperature: 19° F e

22
=3
>

Barometer: 1030.8mb
Additional correction category: C
Apparent altitude : 3° 58.6’
Additional correction: -1.2’

LB WWN NSO,
wow
288%8.

=mween wwawo |

Q@O NWLN OVvwNo |

8888%

—2-‘3 11

- N NWE WL
PR TR

LG ome woUsa |
—
Qo mmb M nw

®©0 O

17| o9
4| o7
12| 06
10| of
o8| -04
07| o4
o7/ 03
06| o3
os| o3

Step 7:  Determine the observed altitude (ho).
Observed altitude = ha + MC * Additional Correction
Observed altitude = 3°58.6" + 4.5’ - 1.2’ =4° 01.9’
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Problem 15-4 (CG-558-NG). The following question is taken directly from the

USCG test bank and illustrates how to solve basic celestial sight reduction problems
in non-standard atmospheric conditions.

In the Bay of Fundy, during twilight, you take a sight of Mars. The sextant altitude (hs)
is 3°35.5". Your height of eye is 32 feet and there is no index error. The air temperature
is -10° C and the barometer reads 1010 millibars. What is the observed altitude (ho)?

Answer: 03° 15.7". The complete altitude correction tables are

available at the end of this Part.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Determine the sextant altitude (hs).
hs = 3°35.5’ (Given)

Determine the index correction (IC).

DIP
Ht. of Ht. of
Eye Corrm Eve
v <£___ . ov4e
9-5_2,‘5‘ 315
99 56 327
Io- »
1035 339

Index error: none

Index correction: 0.0’ App.

Determine the dip correction. 3 30

Height of eye: 32 feet. e

Dip correction: - 5.5’ A
355

OCT.-MAR. SUN AP=.-SEPT.

Determine the apparent altitude (ha).
Apparent altitude (ha) = hs + IC + dip
ha=3°35.5"-0.0"-5.5"=3°30.0’

Determine the main correction, using the
altitude correction tables for planet altitudes
less than 10°.

ha: 3°30.0’

MC (Planets): - 13.0’

Determine the additional correction for non-
standard conditions.

Temperature: 10° C

Barometer: 1010mb

Additional correction category: C

Apparent altitude: 3° 30.0°

Additional correction: -1.3’

Determine the observed altitude (ho).
Observed altitude = ha + MC + Additional
Correction

. STARS
_ower Upper LOWer Upper PLANETS
Limb Limbd Limb Limb
= 33 290 + 31 —-287 130
26 289 33 285 12°7
38 285 35 283 12§
40 283 37 81| 123
42 281 39 279 | 12°1
45 279 41 277 119
|
A4 ALTITUDE CORRECIION
ADDITIONAL REFRACTION C(
—20°F. —10° 0’ 410" 2
T T T T
30°C. -20 —10°
1050 T Y
‘E 1030
g C
.8 1010 -+
é
B
990 -+
979) an
App.
“ |A|B|C|D|E
000 69| -57|-46|-34|-23
o 30 52 44 35 2:6 7
1 00 43 35 28 21 14
1 30 35| 29| 24| 18 12
20| 30 25| 20 15/ 10
2 30 25 21 1-6 12| o8
3 00 22 18 15 11 07
3 30 20 16 13 10|l 07
4 00 18 15 12 09| 06
4 30 16 14 1 o8 o5

Observed altitude = 3° 30.0’ - 13.0’ - 1.3’ =3°15.7’
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Celestial Sight Reduction of the Sun Problems

Problem 15-5. The following question is modified from a question in the USCG test
bank and illustrates how to solve celestial sight reduction problems involving the
Sun.

On 10 January at 0550 zone time, morning stars were observed and the vessels
position was determined to be latitude 25° 16’ N, longitude 123° 18’ W. Your vessel is
steaming at 22 knots on a course of 295° T. A sextant observation of the Sun’s lower
limb is made at 0915 zone time. The chronometer reads 05h 14m 02s and the sextant
altitude is 24° 00.7'. The index error is 2.6’ off the arc, and the chronometer error is
01m 34s slow. Your height of eye on the bridge is 55 feet. What is the azimuth (zn) and
computed altitude (hc) of this sight?

Answer: zn = 131.4° T, hc = 23° 14.4".

Step 1:  Determine the DR position of the ship for the time of the sight by mid-
latitude sailing (for detailed instructions, see Part 5 or Part 9).

a. Perform preliminary calculations.
0550 fix position: 25° 16’ N, 123° 18’ W
Course/Speed: 295° T, 22 knots
Morning Sun sight: 0915
0550 to 0915 = 3 hours 25 minutes = 3.42 hours
3.42 hours at 22 knots = D = 75.24 miles covered.

b. Determine the difference in latitude (/).
l=D cosC
l = (75.24) cos (295°)
| = (75.24) (0.4226)
[ =31.796 =0.5299°

c. Determine the mid-latitude (Lm) and the 0915 DR latitude position.
Latitude 1 = 25° 16’ N = 25.266° N
1=31.796’ = 0.5299° (to the north)
Latitude 2 = 25.266° N + 0.5299° = 25.796° N = 25° 47.8' N
Lm = 25266425796° _ 5c catog

d. Determine the departure (p).
p=D sinC
p = (75.24) sin 295°
p = (75.24) (—0.9063)
p = —68.190
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Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

€.

Determine the difference in longitude (DLo) and the 0915 DR

longitude position.

DLo = —Z
coseLET;nwo
DLo = —————
cos(25.531)
-68.190
DLo =
0.9024

DLo = —75.57' =1.260° (to the west)
Longitude 1 =123° 18" W =123.300° W

Longitude 2 = 123.300° W + 1.260° = 124.560° W = 124° 33.6' W

0915 DR position: 25°47.8’' N, 124° 33.6' W

SUN
G.M.T.
Determine the GMT of the sight. o S
. 10 00] 178 08.8 S21 59.9
Chronometer time: 05h 14m 02s 0l 193 085 596
Chronometer error: 01m 34s slow 03122 080 - 88
. 5| . .
Correct chronometer time: 05h 15m 36s §¢7, 28 073 S21 377
. . . . B 7.4
Ship time of sight: 0915 zone time s 08 g?é §§Z ) 52'2
DR Longitude: 124° 33.6° W corresponds to (+8 ZD). 1102800z 562
GMT of sight: 17:15:36, 10 January R 12| 358 057 521 55.5
e
Given the sextant altitude (hs), index error and height | 7 0as 556
. . 1 : .
of eye, determine the apparent altitude (ha). 5(3) §§ 52:27, ! §§§
hs: 24° 00.7’ (Given) 21133 035 - 521
Index error/(Index correction): 2.6’ off the arc (+2.6’ ST
. $D. 163 d o4
correction)
Height of eye/(dip correction): 55 feet (-7.2’ correction)
Apparent altitude (ha): 24° 00.7’ + 2.6’ - 7.2’ = 23° 56.2’
Determine the observed altitude.
Apparent altitude (ha): 23° 56.2’
Main correction: +14.1’
Observed altitude (ho): 23°56.2" + 14.1' = 24° 10.3" |15 |, 54| Awies MooNfar corr
Determine the declination of the Sun for the time of | al |3453 | 5453 | 3350 |on oo
02 | 3455 | 3461 | 335202 01
sight. by isulale o,
Declination (hours): S 21° 53.6’ (d number = 0.4’) AR EE oA Epir] Bt
Decl¥nat}on (increments): -0.1’ ’ ‘ 35 | 3528 | 354 | 2431 |30 09
Declination (total): S 21°53.6’- 0.1" =S 21° 53.5 A El ESced Bl
39 | 3548 | 3554 | 344139 1.0

Determine the GHA of the Sun for the time of sight.
GHA (hours): 73° 04.5’

GHA (increment): 3° 54.0°

GHA (total): 73° 04.5" + 3° 54.0’ = 76° 58.5’

260




Step 7:

Step 8:

Step 9:

Determine the assumed position (AP) of the ship.
DR latitude based on nearest whole latitude: 26° N

DR long chosen such that GHA - long. is a whole value: 124° 58.5' W

Determine the LHA of the Sun for the time of sight and AP.

GHA (Sun): 76° 11.5’

DR Longitude: 124°11.5° W

LHA =76° 58.5’ (+360°) — 124° 58.5’ = 312° (subtract west, add east).

Entering publication HO229 with assumed latitude, declination, and
LHA, retrieve the computed altitude (hc), altitude difference (d), and
azimuth (z) for the assumed position.

Assumed latitude: 26° N

Declination: S 21° (increments solved in step 10 and 12)

LHA: 312° (Contrary Pages)

HO 229 values:
Computed altitude (hc): 23° 51.1°
Altitude difference (d): -41.1’
Azimuth (z): 130.7°

o o
LATITUDE CONTRARY NAME TO DECLINATION L.H.A. 48°,312
23° 24° 25° 26° 27° 28° 29° 30°

Dec. He d zZ He d Z He d Z He d zZ He d Z He d Z He d zZ He d Z Dec.
0 38 01.2 -30.1 109.4 | 37 40.9 -31.1 110.1 [ 37 19.9 -321 110.8 | 36 58.3 -33.2 111.5 | 36 35.9 -342 112.2 | 36 12.9 -352 112.9 | 35 49.2 -36.1 113.6 | 35 24.9 -37.1 114.2 0
1 37 31.1 -306 110.5 | 37 09.8 -31.7 111.2 | 36 47.8 -328 111.9 | 36 25.1 -338 1126 | 36 01.7 -347 113.3 | 35 37.7 -357 113.9 | 35 13.1 -366 114.6 | 34 47.8 -375 115.2 1
2 |37 005 -31.3 111.6 | 36 38.1 —32.3 112.3 | 36 15.0 -332 112.9 | 35 51.3 —342 113.6 | 35 27.0 —35.2 114.3 | 35 02.0 —36.1 114.9 | 34 365 —a71 1155 | 34 10.3 —a79 1161 | 2
3 36 29.2 -31.8 112.6 | 36 05.8 -328 113.3 [ 35 41.8 -338 114.0 [ 35 17.1 -347 114.6 | 34 51.8 -357 1152 | 34 259 -366 115.9 | 33 59.4 -374 116.5 | 33 324 -383 1171 3
4 35 57.4 -323 113.7 | 35 33.0 -333 114.3 [ 35 08.0 -34.3 115.0 | 34 42.4 -353 1156 | 34 16.1 -36.1 116.2 | 33 49.3 -37.0 116.8 | 33 22.0 379 117.4 | 32 54.1 -387 118.0 4
5 35 25,1 -329 114.7 | 34 59.7 -338 1154 | 34 33.7 -347 116.0 | 34 07.1 -356 116.6 | 33 40.0 -366 117.2 | 33 123 -37.4 117.8 | 32 44.1 -383 1183 | 32 154 392 118.9 5
6 34 522 -334 1157 | 34 25.9 -343 116.4 | 33 59.0 -353 117.0 | 33 31.5 -86.2 117.6 | 33 03.4 -37.0 118.1 | 32 34.9 -379 118.7 | 32 05.8 -387 119.3 | 31 36.2 -394 119.8 6
7 |34 188 -338 116.7 | 33 51.6 348 117.3 | 33 23.7 -357 117.9 | 32 553 ~365 118.5 | 32 26.4 -37.4 119.1 | 31 57.0 -382 119.6 | 31 27.1 -390 120.2 | 30 56.8 -399 1207 | 7
8 | 33450 -344 117.7 | 33 16.8 ~35.3 118.3 | 32 48.0 -36.1 118.9 | 32 18.8 ~37.0 119.5 | 31 49.0 ~37.6 120.0 | 31 18.8 ~386 120.5 [ 30 48.1 —30.4 121.0 | 30 16.9 —401 121.5 | 8
9 33 10.6 -34.8 118.7 | 32 41.5 -356 119.3 [ 32 11.9 -365 119.8 | 31 41.8 -37.3 120.4 | 31 11.2 -38.1 120.9 | 30 40.2 -39.0 121.4 | 30 08.7 -39.8 121.9 | 29 36.8 -405 122.4 9
10 |32 358 -352 119.7 | 32 05.9 -36.1 120.2 | 31 35.4 -369 120.8 | 31 04.5 -37.8 121.3 | 30 33.1 3856 121.8 | 30 01.2 -39.3 122.3 | 29 28.9 -40.0 122.8 | 28 56.3 ~409 1233 | 10
" 32 00.6 -357 120.7 | 31 29.8 -36.5 121.2 [ 30 58.5 -37.3 121.7 | 30 26.7 -88.1 122.2 | 29 54.5 -389 122.7 | 29 21.9 -396 123.2 | 28 48.9 -404 123.6 | 28 154 -41.1 1241 "
12 |31 249 -360 121.6 | 30 53.3 369 122.1 | 30 21.2 -37.7 122.6 | 29 48.6 -385 123.1 | 29 15,6 -392 123.6 | 28 42.3 -40.0 124.0 | 28 08,5 -407 1245 | 27 34.3 -41.4 124.9 | 12
13 |30 48.9 -365 122.5 | 30 16.4 -37.3 123.0 | 29 43.5 -38.1 123.5 | 29 10.1 388 124.0 | 28 36.4 306 124.4 | 28 02.3 -40.3 124.9 | 27 27.8 —410 1253 | 26 52.9 -417 1257 | 13
14 | 30 124 -369 123.5 | 29 39.1 -37.6 123.9 | 29 05.4 -384 124.4 | 28 31.3 -30.1 124.8 | 27 56.8 -39.8 125.3 | 27 22.0 -406 125.7 | 26 46.8 -413 126.1 | 26 11.2 419 1265 | 14
15 | 29 355 372 124.4 | 29 01,5 380 124.8 | 28 27.0 387 1253 | 27 52.2 ~39.5 125.7 | 27 17.0 ~40.2 126.1 | 26 41.4 -408 1265 | 26 05.5 —415 126.9 | 25 29.3 —422 127.3 | 15
16 | 28 58.3 -376 125.3 | 28 235 -38.4 125.7 | 27 48.3 -39.1 126.1 | 27 12.7 -39.8 126.6 | 26 36.8 -405 127.0 | 26 00.6 ~412 127.4 | 25 24.0 -418 127.7 | 24 47.1 -a24 1281 | 16
17 | 28 20.7 -379 126.1 | 27 45.1 386 126.6 | 27 09.2 -393 127.0 | 26 32.9 -40.0 127.4 | 25 56.3 -407 127.8 | 25 19.4 —41.4 128.2 | 24 42.2 —420 1285 | 24 04.7 -427 128.9 | 17
18 |27 42.8 382 127.0 | 27 06.5 -39.0 127.4 | 26 29.9 307 127.8 | 25 52.9 403 128.2 | 25 15.6 ~41.0 128.6 | 24 38.0 -41.6 129.0 | 24 00.2 —423 1293 | 23 22.0 —420 1207 | 18
19 27 04.6 -386 127.9 | 26 27.5 -39.2 128.3 | 25 50.2 -39.9 128.7 | 25 12.6 -406 129.0 | 24 34.6 -41.2 129.4 | 23 56.4 -41.9 129.8 | 23 17.9 -425 130.1 | 22 39.1 -431 1304 | 19
20 26 26.0 -38.9 128.8 | 25 48.3 -39.6 129.1 | 25 10.3 -403 129.5 | 24 32.0 -409 129.9 | 23 53.4 -415 130.2 | 23 14.5 -42.1 130.5 | 22 35.4 -427 130.9 | 21 56.0 -433 131.2 | 20
21 25 47.1 -39.1 129.6 | 25 08.7 -39.8 130.0 | 24 30.0 -404 130.3 | 23 51.1 -41.1 130.7 | 23 11.9 -41.8 131.0 | 22 324 -424 131.3 | 21 527 -430 131.6 | 21 127 -435 131.9 | 21
22 | 25080 -395 130.4 | 24 28.9 -40.1 130.8 | 23 49.6 -40.8 131.1 | 23 10.0 -41.4 1315 | 22 30.1 -41.9 131.8 | 21 50.0 -425 132.1 | 21 09.7 -43.1 132.4 | 20 29.2 -437 1326 | 22
23 |24 285 —307 131.3 | 23 48.8 —40.3 131.6 | 23 08.8 -409 131.9 | 22 28.6 —415 132.2 | 21 482 —a22 1325 | 21 07.5 —427 132.8 | 20 26.6 —433 133.1 | 19 455 439 1334 | 23
24 23 48.8 -400 132.1 | 23 08.5 -406 1324 | 22 27.9 -412 132.7 | 21 47.1 -418 133.0 | 21 06.0 -42.4 133.3 | 20 24.8 -430 133.6 | 19 43.3 -435 133.8 | 19 01.6 -440 134.1 24

Step 10:

Determine the azimuth correction for the sight (to account for
increments of declination ignored in step 9).

By increasing the value of each argument by 1 whole increment, triple
interpolate for the exact values of azimuth (for detailed instructions
see Part 14).

Base Value Base Z Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) / 60

Latitude - N

26° 130.7° - - 00.0° 0

Declination - S

21° 130.7° 131.5° 0.8’ 53.5 0.71°

LHA

312° 130.7° - - 00.0° 0

Total correction = 0.7°
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Step 11:

Step 12:

Apply the correction to the base values to determine true azimuth.
Base azimuth: 130.7°

Correction: +0.7°

Corrected azimuth: 130.7° + 0.7° = 131.4°

Note - Check azimuth rules: if LHA greater than 180°, then zn = z.

Determine the computed altitude.
Tabular computed altitude (hc): 23°51.1°
Altitude difference (d): -41.1

) Altitude Difference (d)
. . . °
Declination: S 21° 53.5 e
. . . ) Inc. Tens Decimals Units
Declination increments: 53.5 0 0w aw s b0 v 2y a5 e 78
520 86 17.3 26.0 34.6 433||.0 (0.0 0.9 1.7 2.6 3.5 4.4 52 6.1 7.0 7.9
52.1| 87 17.3 26.0 347 43.4||.1 (0.1 1.0 18 27 3.6 4.5 53 62 7.1 8.0
. . . 522| 87 17.4 261 348 435|.2 (0.2 1.0 1.9 2.8 3.7 45 5.4 6.3 7.2 8.0
Altitude difference correction: 523| 87 17.4 261 34.9 436||.3 03 11 2.0 2.0 3.8 46 55 6.4 73 8.1
524|87 175 262 349 437||.4 (0.3 1.2 211 3.0 3.8 4.7 56 65 7.3 8.2
)
Tens: 357 525| 88 17.5 26.3 350 43.8|| 5 |04 1.3 22 31 3.9 48 57 6.6 7.4 83
. . , 526| 88 175 263 35.1 438||.6 (0.5 1.4 23 3.1 4.0 4.9 58 6.6 7.5 8.4
. 52.7| 88 17.6 264 352 439||.7 (0.6 1.5 2.4 32 4.1 50 59 6.7 7.6 85
Un1ts/dec1mals. 1.0 52.8| 88 17.6 264 352 440||.8 (07 1.6 2.4 3.3 42 51 59 6.8 7.7 8.6
. , , , 52.9| 89 17.7 265 353 44.1||.9 (0.8 1.7 255 3.4 43 52 6.0 6.9 7.8 8.7
Total correction: 35.7°'+1.0’ = 36.7
53.0| 8.8 17.6 265 353 44.1[(.0 0.0 0.9 1.8 2.7 3.6 4.5 53 6.2 7.1 8.0
53.1| 88 17.7 265 354 442||.1 (0.1 1.0 19 2.8 3.7 45 5.4 6.3 7.2 8.1
53.2| 88 17.7 266 35.4 443||.2 (0.2 11 200 2.9 3.7 46 55 6.4 7.3 8.2
53.3| 8.9 17.8 26.6 355 44.4||.3 (0.3 1.2 211 2.9 3.8 4.7 56 6.5 7.4 8.3
Tabular hc: 23°51.1° 53489 17.8 267 356 44.5(|.4 (0.4 12 21 3.0 39 4.8 57 6.6 7.5 8.4
Alt correction: -36.7’ 535| 89 17.8 26.8 357 44.6||.5 0.4 1.3 2.2 3.1 4.0 4.9 58 6.7 7.6 85
T - 53.6| 89 179 268 357 447||.6 (0.5 1.4 23 32 4.1 50 59 6.8 7.7 8.6
) ) 53.7| 9.0 17.9 269 358 44.8||.7 (0.6 1.5 2.4 3.3 42 5.1 6.0 6.9 7.8 86
. o ’ ) _ o » 53.8| 9.0 180 26.9 359 44.9||.8 (0.7 1.6 255 3.4 43 52 61 7.0 7.8 8.7
hc: 23°51.1' - 36.7 =23°14.4 53.9| 9.0 18.0 27.0 36.0 450||.9 (0.8 1.7 256 3.5 4.4 53 62 7.0 7.9 8.8
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Problem 15-6 (CG-527). The following question is taken directly from the USCG
test bank and illustrates how to solve celestial sight reduction problems involving
the Sun.

On 8 August at 0545 zone time morning stars were observed and the vessel’s position
was determined to be latitude 26° 16’ S, longitude 94° 16’ E. Your vessel is steaming at
20 knots on a course of 346° T. A sextant observation of the Sun’s lower limb is made at
0905 zone time. The chronometer reads 03h 02m 52s, and the sextant altitude (hs) is
38°07.5". The index error is 5.2’ off the arc, and the chronometer error is 2Zm 17s slow.
Your height of eye on the bridge is 72 feet. What is the observed altitude (ho) and
azimuth of the sight using the assumed position?

Answer: 38°19.4’,048.4° T

Step 1:  Determine the DR position of the ship for the time of the sight by mid-
latitude sailing (for detailed instructions, see Part 5 or Part 9).

a. Perform preliminary calculations.
0545 fix position: 26° 16’ S,94° 16’ E
Course/Speed: 346° T, 20 knots
Morning Sun sight: 0905
0545 to 0905 = 3 hours 20 minutes = 3.33 hours
3.33 hours at 20 knots = D = 66.66 miles covered.

b. Determine the difference in latitude (/).
l=D cosC
[ = (66.66) cos(346°)
[ = (66.66) (0.9703)
[l =64.68=1.078°

c. Determine the mid-latitude (Lm) and the 0905 DR latitude position.
Latitude 1 = 26° 16’ S = 26.266° S
[=64.68"=1.078° (to the north)
Latitude 2 = 26.266° S - 1.078° = 25.188° S =25°11.2’ S

[ = 26:266°425.188° _ o om0 g

d. Determine the departure (p).
p=D sinC
p = (66.66) sin 346°
p = (66.66) (—0.2419)
p =—16.125

e. Determine the difference in longitude (DLo) and the 0905 DR
longitude position.
DLo = —2

cosLlm
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Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

—-16.125

c0s(25.188)

—16.125
DLo =
0.9049

DLo = —17.82’ = 0.298° (to the west)
Longitude 1 =94° 16’ E = 94.266° E
Longitude 2 = 94.266° E - 0.298° = 93.968° E =93° 58.1’'E

DLo =

0915 DR position: 25°11.2’S,93°58.1' E SUN
G.M.T,
. . adoa 171; 35’.4 Nl(: 13’.9
Determine the GMT of the sight. 02| 2on 328 1ra
. 03] 223 356 -- 117
Chronometer time: 03h 02m 52s U238 357 110
Chronometer error: 02m 17s slow o7 26 360 " 055

08| 298 36.0 08.2
09] 313 36.1 -- 075
10 328 36.2 06.8
11| 343 363 06.1
12| 358 36.4 N16 05.3
13| 13 365 04.6
14| 28 36.5 03.9

Correct chronometer time: 03h 05m 09s
Ship time of sight: 0905 zone time

DR Longitude: 94° 16’ E corresponds to (-6 ZD). 15l 36 - 032
GMT of sight: 03:05:09 GMT, 8 August 18] &2 269 10 022

19| 103 37.0 16 00.4
20§ 118 37.0 15 59.6
21| 133 37.1 -- 589
22| 148 37.2 58.2

Given the sextant altitude (hs), index error and height of
eye, determine the apparent altitude (ha).
hs: 38° 07.5’ (Given)

Index error/(Index correction): 5.2’ off the arc (+5.2’ correction)

Height of eye/(dip correction): 72 feet (-8.1’ correction)

Apparent altitude (ha): 38°07.5" + 5.2’ - 8.1’ = 38° 04.6’

<PORVCAD>PO

Determine the observed altitude.

Apparent altitude (ha): 38° 04.6’

Main correction: +14.8’

Observed altitude (ho): 38° 04.6’ + 14.8’ = 38° 19.4’

Determine the declination of the Sun for the time of sight.
Declination (hours): N 16° 11.7’ (d number = 0.7")

Declination (increments): -0.1’

T | SUN v
5 |pr| ARIES MOON or Core

Declination (total): N 16° 11.7' = 0.1 = N 16° 11.6’ s A
06 1150 | 1152 111-’6 n:n do
01 | 1153 | 1155111801 00
Determine the GHA of the Sun for the time of sight. 03 | 1158 | 1120 | 1123 os o0

04 | 1160 | 1162 | 112:5(( 04 00

GHA (hOUFS): 223° 358‘ 82 Hb: 1165|1128 0s 00
GHA (increment): 1°17.3’ AR I B
GHA (total): 223° 35.8’ + 1° 17.3’ = 224° 53.1" o 3173 1105 [1 3] er o

Determine the assumed position (AP) of the ship.
DR latitude based on nearest whole latitude: 25° S
DR long chosen such that GHA + long. is a whole value: 94° 06.9’ E

Determine the LHA of the Sun for the time of sight and AP.

GHA (Sun): 224° 53.1’
DR Longitude: 94° 06.9° W
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Step 9:

LHA =224°53.1" + 94° 06.9’ E = 319° (subtract west, add east).

Entering publication HO229 with assumed latitude, declination, and
LHA, retrieve the computed altitude (hc), altitude difference (d), and
azimuth (z) for the assumed position.

Assumed latitude: 25° S

Declination: N 16° (increments solved in step 10 and 12)

LHA: 319° (Contrary Pages)

HO 229 values:
Computed altitude (hc): 32° 45.2’
Altitude difference (d): -42.6’
Azimuth (z): 131.4°

LATITUDE CONTRARY NAME TO DECLINATION L.H.A. 41°,319°

CONOM RWN=O o

24° 25° 26° 27° 28° 29° 30°

o
@
]
T
o
a
N

44 00.3 -330 114.2
43 27.3 -336 115.4
42 537 -343 1165
42 19.4 -349 117.6
41 445 -356 118.7
41 089 -36.1 119.8
40 32.8 -367 120.8
39 56.1 -372 121.9
39 18.9 -37.8 1229
38 41.1 -383 123.9

10 |38 02.8 -387 124.9

37 24.1 -392 125.8

12 36 44.9 -397 126.8

36 05.2 -40.1 127.7
35 25.1 -404 128.6
34 447 -409 129.5
34 03.8 -41.3 130.4
33 225 -416 131.3
32 40.9 -420 1322
31 58.9 -423 133.0

He d Z He d 2z He d 2z He d Z He d Z He d Z He d Z Dec.

43 35.2 -340 115.1 | 43 09.4 -35.1 115.9 | 42 42.8 -36.1 116.8 | 42 154 -37.1 117.6 | 41 47.2 -380 118.4 | 41 18.4 -390 119.1 | 40 48.8 -39.9 119.9 0
43 01.2 -347 116.2 | 42 34.3 -357 117.0 | 42 06.7 -36.7 117.8 | 41 38.3 -37.7 118.6 | 41 09.2 -386 119.4 | 40 39.4 -395 120.2 | 40 08.9 -40.4 120.9 1
42 26.5 -353 117.3 | 41 58.6 -363 118.1 | 41 30.0 -37.3 118.9 | 41 00.6 -382 119.7 | 40 30.6 -39.1 120.4 | 39 59.9 -400 121.1 | 39 28.5 -408 121.9 2
41 51.2 -359 118.4 | 41 22.3 -369 119.2 | 40 52.7 -37.8 119.9 | 40 22.4 -387 120.7 [ 39 51.5 -396 121.4 | 39 19.9 -405 122.1 | 38 47.7 -41.3 122.8 3
41 153 -365 119.5 | 40 45.4 -37.4 120.2 | 40 14.9 -384 121.0 | 39 43.7 -39.3 121.7 | 39 11.9 -40.1 1224 | 38 39.4 -409 123.1 | 38 06.4 -417 123.7 4
40 38.8 -37.1 120.5 | 40 08.0 -38.0 121.3 | 39 36.5 -388 122.0 | 39 04.4 -39.7 122.7 | 38 31.8 406 123.3 | 37 58.5 -414 124.0 | 37 24.7 -422 124.6 5
40 01.7 -376 121.6 | 39 30.0 -385 122.3 | 38 57.7 -394 123.0 | 38 24.7 -402 123.6 | 37 51.2 -41.0 124.3 | 37 17.1 -41.7 124.9 | 36 42.5 -425 125.5 6
39 24.1 -381 122.6 | 38 51.5 -39.0 123.3 | 38 18.3 -39.8 123.9 | 37 44.5 -406 124.6 [ 37 10.2 -41.4 125.2 | 36 35.4 -422 125.8 | 36 00.0 -429 126.4 7
38 46.0 -386 123.6 | 38 12.5 -394 124.2 | 37 38.5 -403 124.9 | 37 03.9 -41.0 1255 | 36 28.8 —41.8 126.1 [ 35 53.2 —425 126.7 | 35 17.1 -432 127.3 8
38 07.4 -39.1 124.5 | 37 33.1 -400 125.2 | 36 58.2 -40.7 125.8 | 36 22.9 -41.5 126.4 | 35 47.0 422 127.0 | 35 10.7 -429 127.6 | 34 33.9 -436 128.1 9
37 28.3 -396 125.5 | 36 53.1 -403 126.1 | 36 17.5 -41.1 126.7 | 35 41.4 -41.8 127.3 | 35 04.8 -426 127.9 | 34 27.8 -433 1284 | 33 50.3 -44.0 128.9 10
36 48.7 -400 126.4 | 36 12.8 -408 127.0 | 35 36.4 -415 127.6 | 34 59.6 -423 128.2 | 34 22.2 -429 128.7 | 33 44.5 -436 129.2 | 33 06.3 -442 129.8 1"
36 08.7 -404 127.4 | 35 32.0 -41.1 127.9 | 34 54.9 -41.9 128.5 | 34 17.3 -425 129.0 | 33 39.3 -43.2 129.6 | 33 00.9 -439 130.1 | 32 22.1 -445 130.6 12
35 28.3 408 128.3 | 34 50.9 -416 128.8 | 34 13.0 -422 129.4 | 33 34.8 -43.0 129.9 | 32 56.1 -436 130.4 [ 32 17.0 —442 130.9 | 31 37.6 -449 131.3 13
34 475 -413 129.2 | 34 09.3 -41.9 129.7 | 33 30.8 -426 130.2 | 32 51.8 -43.2 130.7 [ 32 12.5 -439 131.2 | 31 32.8 -445 131.7 | 30 52.7 -45.1 132.1 14
34 06.2 -415 130.1 | 33 27.4 -422 130.6 | 32 48.2 -429 131.1 | 32 08.6 -436 131.5 [ 31 28.6 -44.2 132.0 | 30 48.3 -44.8 132.5 | 30 07.6 -454 132.9 15
33 24.7 -420 130.9 | 32 45.2 -426 131.4 | 32 05.3 -433 131.9 | 31 25.0 -438 132.4 | 30 44.4 -44.4 132.8 | 30 03.5 -450 133.2 | 29 22.2 -456 133.6 16
32 427 -423 131.8 | 32 02.6 -43.0 132.3 | 31 22.0 -435 132.7 | 30 41.2 -44.2 133.2 [ 30 00.0 -44.8 133.6 | 29 18.5 -454 134.0 | 28 36.6 458 134.4 17
32 00.4 -426 132.6 | 31 19.6 -432 133.1 | 30 38.5 -438 133.5 | 29 57.0 -44.4 133.9 | 29 15.2 -450 134.3 | 28 33.1 -455 134.7 [ 27 50.8 -46.1 135.1 18
31 17.8 -429 133.5 | 30 36.4 -435 133.9 | 29 54.7 -44.2 134.3 | 29 12.6 -44.7 134.7 | 28 30.2 -45.2 135.1 | 27 47.6 -458 135.5 | 27 04.7 463 135.8 19

Step 10:

{L.HvA greaterthan 180°...Zn=180°-Z
S.Lat L H.A. less than 180°.........Zn=180°4Z

Determine the azimuth correction for the
sight (to account for increments of declination ignored in step 9).

By increasing the value of each argument by 1 whole increment, triple
interpolate for the exact values of azimuth (for detailed instructions
see Part 14).

Base Value Base Z Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) / 60

Latitude - S

25° 131.4° - - 00.0° 0

Declination - N

16° 131.4° 132.3° 0.9’ 11.6° 0.17°

LHA

319° 131.4° - - 00.0’ 0

Step 11:

Total correction = 0.2°

Apply the correction to the base values to determine true azimuth.
Base azimuth: 131.4°

Correction: +0.2°

Corrected azimuth: 131.4° + 0.2° = 131.6°

Note - Check azimuth rules: if LHA greater than 180°, then zn = 180° - z.
Corrected azimuth: 180° - 131.6°= 048.4°
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Celestial Sight Reduction of the Moon and Planets Problems

Problem 15-7 (CG-415). The following question is taken directly from the USCG
test bank and illustrates how to solve celestial sight reduction problems involving
the Moon.

On 25 February at 0622 zone time, you observe the upper limb of the Moon with a
sextant altitude of 59° 58.6". Your DR position is latitude 30° 28.3’ S, longitude 102°
39.3’E. The chronometer reading at the time of the sight is 11h 21m 18s and the
chronometer is 48s slow. The height of eye is 59 feet and the index error is 2.5’ on the
arc. What are the azimuth (zn) and intercept (a) of this sight using the assumed
position?

Answer: zn = 304.1° T, a = 4.2’ towards.

Step 1:  Determine the GMT of the sight.
Chronometer time: 11h 21m 18s
Chronometer error: 48s slow
Correct chronometer time: 11h 21m 18s + 48s = 11:22:06
Ship time: 0622 zone time.
DR longitude: 102° 39.3’ E corresponds to (-7 ZD)
GMT of sight: 23:22:06 GMT, 24 February

Step 2:  Determine the sextant altitude (hs).

hs = 59° 58.6’ (Given)

SUN MOON
GMT.

G.HA Dec GHA v Dec. d HP
Step 3:  Determine the index correction (IC). 2400|176 402 5 3 343|303 078 155 5 7 193 97 542
, 01 191 40.3 333|316 421 152 7 29.0 9.6 54.2
Index error: 2.5’ on the arc. 02| 206 40.4 324|331 163 152 7 386 9.6 54.2
03] 221 405 -- 315|345 505 152 7 48.2 9.6 54.2
Index correction: -2.5’ 04| 236 406  306| 0247 151 7 57.8 9.6 54.2

05{ 251 40.6 296| 14 588 152 8 07.4

06] 266 40.7 S 9 28.7| 29 33.0 151 S 8 16.9
07] 281 40.8 278| 44 07.1 151 8 26.4

Step4:  Determine the dip correction. ol ave . el BN saes
Height of eye: 59 feet.

10§ 326 41.1 25.0| 87 49.4 151 8 54.6

11| 341 41.2 241|102 235 150 9 039
- . )
Dip correction: -7.5

12| 356 41.3 S 9 23.2| 116 57.5 150 S 9 13.2
13| 11 414 223|131 315 150 9 225
14| 26 415 21.3| 146 055 150 9 31.7
15| 41 416 -- 204|160 39.5 149 9 40.8
16| 56 41.7 19.5| 175 134 149 9 50.0

<P >OuvmC—H

Step5:  Determine the apparent altitude (ha). 7] 71418 186189 473 149 9591
] i 18| 86 419 S 9 17.6| 204 21.2 149 S10 08.1

Apparent altitude (ha) = hs = IC £ dip %Ii 116 421 158|233 20 148 10 261
ha=59°58.6"-2.5"-7.5" = 59° 48.6’ 22| 106 423 139|262 366 147 10 439

23] 161 42.4 13.0} 277 10.3 148 10 52.2

9.5 54.2
9.5 54.2
9.4 54.2
9.4 54.2
9.4 542
9.3 54.2
9.3 54.2
9.3 54.2
9.2 54.2
9.1 54.2
9.2 54.2
9.1 54.2
9.0 54.2
9.1 54.2
8.9 54.2
9.0 54.2
8.8 54.2
8.9 54.2
8.8 54.2

Step 6:  Determine the horizontal parallax (HP) of the Moon.
For 24 February at 2322, the HP is 54.2’

Step 7:  Determine main correction.
Apparent altitude: 59° 48.6’
Apparent altitude correction 1: +39.1°
Horizontal parallax: 54.2’
Limb observed (correction): Upper (-30’)
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Step 8:

Step 9:

Step 10:

Step 11:

Step 12:

Step 13:

Apparent altitude correction 2: +2.7’
Total altitude correction: 39.1" + 2.7’ - 30.0’ =
+11.8

Determine the observed altitude (ho).
Observed altitude = ha + MC

Observed altitude = 59° 48.6’ + 11.8’ = 60° 00.4’
Determine the declination of the Moon.
Declination (hours): S 10° 52.8’ (d number: 8.8)
Declination (increment): 3.3’

Declination (total): 10° 52.8" + 3.3’ =S 10° 56.1°

Determine the GHA of the Moon.

GHA (hours): 277° 10.3’ (v number: 14.8)
GHA (increment): 5° 16.4’

GHA (v correction): 5.6’

GHA (total): 277°10.3 + 5° 16.4’ + 5.6’ = 282° 32.3’

Determine the assumed position of the ship.
DR latitude: 30° 28.3’ S
Assumed latitude: 30° S

ALTITUDE CORRECTI|

10 |

30 ¢

App. 135"39°
| cor

35 56:5;

564
563
56:2|
562]
561 ]

3656-0:

5591

558

5571

556

555
3 550
5531
SS.ZJ
551/
550
550
549
548
547
546
54'S
544
543
542
sS4
540!
539
538

38

39

Corr*

539
536
535
534
533
532

531
530
528
527
52 ﬁi
525
# 524}

523

522

521

520

519,
Bgg
517
s1:6
5L
SL4.
s12
sit
s1:0:
509
508%
5071

506‘K

41

4“4

#5051
5041
502
50T
50-0]
49'9|
498
497
495
494,
493

92|

46

7,0,
490

487!

486

485
® sy
482
481
480;
479!
478
476
47°5
474
473
a7z’

49

549
552 |

1117
1418
1720
2022,
2323

|40°~44”|45°~49° 50°54° {55'~59"
Corrr' Corre|  Corre

‘.so

469
468"
467}
4651
464
46'3i
6.2}
460!
459!
458}
457
45°S

LTy

453 |

4881 45»z| 412

450

449!

448
3 146
445
a4
44-2
441
440
439
437
436
435
433}

5

54

470] 432
jLu:LUviL UL U}
o ot

131901520, 1724}
1620 182212025
1922:212412326,
2223123252527
25:4i1616i2»828

i .

.58

55 4
429
428
4271
425
42:4!

6
423
421
420,
418
4171
416

5!

ST
413

41
409
408
406
405
403
402
401 |
399
7398
396
395
394
392
39
L U

3

2026
2327
2:52-8
2729
3029

DR longitude: 102° 39.3' E pr]

N | ARIES

SU
PLANETS)

MOON|
d

v
or Corr®
d

v
or Corr®
d

Assumed longitude (to ensure whole number o
of LHA): 102° 27.7'E o

Determine the LHA for the Moon for the time %
of sight. ®
GHA (Moon): 282° 32.3’ B
Assumed longitude: 102° 27.7’ E it
LHA (Moon): 282° 32.3’ + 102° 27.7’ E (-360°) 15
= 25° (-west, +east) 1

Entering publication HO229 with assumed 2
latitude, declination, and LHA, retrieve the 2
computed altitude (hc), altitude difference (d), |2
and azimuth (z) for the assumed position. 28

5300
5303
5305
5308
5310

5313
5315
5318
5320
5323

5325
5328
5330
5333
5335

5338
5 34.0
5343
534:5
5348

5350
5353
5355
5358
5360

5363
5365
5368
5370
5373

5309
5312
5314
5317
5319

5 32:2
5324
5327
5329
5332

5334
5337
5339
5342
5344

5 347
5 34.9
5352
5354
5357

5359
5362
5364
5367
5369

5372
5374
5377
5379
5382

5150
5152
5154
5157
5159

5162
5164
5166
5169
5171

5174
5176
5178
5181
5183

5185
5188
5190
5193
5195

5197
5200
5202
5205
5207

5209
5212
5214
5216
5219

60 23
6l 23
62 23
63 24
64 244
65 24
66 25
67 25
68 26
69 26

70 26

74 28

Assumed latitude: 30° S
Declination: S 10° (increments solved in step 14)
LHA: 25° (Same Pages)

HO 229 values:
Computed altitude (hc): 59° 17.6’
Altitude difference (d): + 41.3’
Azimuth (z): 125.4°
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25°, 335° L.H.A.

LATITUDE SAME NAME AS DECLINATION

{L.H.A. greaterthan 180° ...Zn=180°-Z
S Lat \LH.A. lessthan 180°........... Zn=180°+Z

23°

25°

26°

27°

28°

29°

30°

He d Z

0 56 32.3 +42.2 130.0
1 57 14.5 +41.2 128.7
2 57 55.7 +404 127.3
3 58 36.1 +39.4 125.9
4 59 15.5 +384 124.4
5 59 53.9 +37.3 122.9
6 60 31.2 +36.2 121.3
7 61 07.4 +349 119.7
8 61 42.3 +336 118.0
9 62 15.9 +322 116.2
62 48.1 +308 114.4
1" 63 18.9 +29.2 1125

12 | 63 48.1 +275 110.6
13 | 64 15.6 +258 108.5
14 64 41.4 +239 106.4

55 53.3 +432 131.1
56 36.5 +423 129.8
57 18.8 +41.6 128.5
58 00.4 +406 127.2
58 41.0 +39.7 125.8
59 20.7 +387 124.3
59 59.4 +37.6 122.8
60 37.0 +364 121.3
61 134 +352 119.6
61 48.6 +339 117.9
62 22,5 +325 116.2
62 55.0 +31.1 114.3
63 26.1 +295 112.4
63 55.6 +27.8 110.5
64 23.4 +26.1 108.4

He d Z

55 13.5 +44.1 132.2
55 57.6 +434 131.0
56 41.0 +426 129.7
57 23.6 +41.8 128.4
58 05.4 +409 127.1
58 46.3 +39.9 125.7
59 26.2 +39.0 124.3
60 05.2 +37.8 122.7
60 43.0 +368 121.2
61 19.8 +355 119.5
61 55.3 +342 117.8
62 29.5 +328 116.1
63 02.3 +31.4 114.3
63 33.7 +208 112.4
64 03.5 +281 1104

He d Z

54 32.8 +450 133.2
55 17.8 +443 132.1
56 02.1 +437 130.9
56 45.8 +428 129.6
57 28.6 +42.1 128.4
58 10.7 +412 127.0
58 51.9 +402 125.6
59 32.1 +39.2 124.2
60 11.3 +382 122.7
60 49.5 +37.0 121.1
61 26.5 +358 119.5
62 02.3 +345 117.8
62 36.8 +332 116.0
63 10.0 +31.6 114.2
63 41.6 +30.1 112.3

He d Z

53 51.3 +459 134.2
54 37.2 +45.2 133.1
55 22.4 +446 132.0
56 07.0 +439 130.8
56 50.9 +43.1 129.6
57 34.0 +423 128.3
58 16.3 +41.5 126.9
58 57.8 +405 125.6
59 38.3 +39.5 124.1
60 17.8 +385 122.6
60 56.3 +37.3 121.0
61 33.6 +36.1 119.4
62 09.7 +348 117.7
62 44.5 +335 116.0
63 18.0 +320 114.1

He d Z

53 09.1 +46.7 135.2
53 55.8 +46.1 134.1
54 41.9 +455 133.0
55 27.4 +448 131.9
56 12.2 +442 130.7
56 56.4 +433 129.5
57 39.7 +426 128.2
58 22.3 +41.7 126.9
59 04.0 +408 125.5
59 44.8 +39.8 124.1
60 24.6 +388 122.6
61 03.4 +37.6 121.0
61 41.0 +365 119.4
62 17.5 +351 117.7
62 52.6 +338 115.9

He d z

52 26.2 +47.4 136.1
53 13.6 +47.0 135.1
54 00.6 +46.3 134.1
54 46.9 +457 133.0
55 32.6 +45.1 131.8
56 17.7 +44.4 130.6
57 02.1 +437 129.4
57 45.8 +428 128.2
58 28.6 +420 126.8
59 10.6 +41.1 125.4
59 51.7 +40.1 124.0
60 31.8 +39.1 122.5
61 10.9 +37.9 121.0
61 48.8 +368 119.3
62 25.6 +354 117.6

He d Z

51 42,6 +482 137.0 0
52 30.8 +47.7 136.0 1
53 18.5 +47.1 135.0 2
54 05.6 +46.6 134.0 3
54 52.2 +460 132.9 4
55 38.2 +454 131.8 5
56 23.6 +44.6 130.6 6
57 08.2 +439 129.4 7
57 52.1 +432 128.1
58 35.3 +423 126.8 9
59 17.6 +413 1254 | 10
59 58.9 +404 124.0 | 11
60 39.3 +39.4 1225 | 12
61 18.7 +383 120.9 | 13
61 57.0 +37.0 119.3

Step 14:

Determine the azimuth correction for the sight (to account for
increments of declination ignored in step 13).

By increasing the value of each argument by 1 whole increment, triple
interpolate for the exact values of azimuth (for detailed instructions
see Part 14).

Base Value Base Z Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) / 60
Latitude - S 30° 125.4° - - 00.0’ 0
Declination - S 10° 125.4° 124.0° -1.4° 56.1’ -1.3°
LHA 25° 125.4° - 00.0’ 0

Step 15:

Step 16:

Total correction = -1.3°

Apply the correction to the base values to determine true azimuth.
Base azimuth: 125.4°
Correction: -1.3°

Corrected azimuth: 125.4° - 1.3°

124.1°

Note - Check azimuth rules: if LHA less than 180°, then zn = 180° + z.
Corrected azimuth: 180° + 124.1°=304.1° T

Determine the computed altitude (hc).

Tabular computed altitude: 59° 17.6’
Altitude difference (d): +41.3’

Declination: S 10° 56.1’
Declination increments: 56.1’

Altitude difference correction:
Tens: 37.4’
Units/decimals: 1.2’
Total correction: 37.4’+1.2’ = 38.6’

Tabular hc: 59°17.6’
Altitude difference correction: +38.6’
hc: 59°17.6’ + 38.6’ =59° 56.2’

Altitude Difference (d) Double
Second
Dec : . Diff.
Inc. Tens Decimals Units and
1020 30" 40 50 o 2 3 4 5 6 7 8 9| Cor
56.0 9.3 18.6 28.0 37.3 46.6|| .0 (0.0 0.9 1.9 2.8 3.8 4.7 56 6.6 7.5 85
56.1| 9.3 18.7 28.0 37.4 46.7|| .1 |0.1 1.0 20 29 3.9 48 57 6.7 7.6 8.6
56.2| 9.3 18.7 28.1 37.4 46.8|[ .2 |02 1.1 21 3.0 4.0 49 58 68 7.7 8755
56.3| 9.4 188 28.1 37.5 469|.3 |03 1.2 2.2 3.1 4.0 50 5.9 6.9 7.8 8815 01
56.4| 9.4 18.8 28.2 37.6 47.0|| 4 |0.4 1.3 23 32 4.1 5.1 6.0 7.0 7.9 89|15 02
- 03
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Step 17: Determine the intercept (a).
Computed altitude (hc): 59° 56.2’
Observed altitude (ho): 60° 00.4’
Intercept (a): ho - hc =60°00.4’ - 59° 56.2' = 4.2’
If ho is greater, intercept is towards.
If hc is greater, intercept is away.

Problem 15-8 (CG-419). The following question is taken directly from the USCG
test bank and illustrates how to solve celestial sight reduction problems involving
planets.

On 25 May your vessel’s 1858 zone time DR position is latitude 21° 05’ N, longitude
143° 27 E. At that time a sextant observation of the planet Venus was made. The
sextant altitude is 12° 53.4’ and the chronometer reads 08h 59m 15s. The index error
is 4.5’ off the arc and the chronometer error is 1m 25s fast. Your height of eye is
determined to be 55 feet. What is the azimuth (zn) of the sight using the assumed
position?

Answer: 290.3° T. Note that several steps (involving the sextant measurement) are
not technically required to answer the specific question posed, but are shown here
for training purposes.

Step 1:  Determine the GMT of the sight.
Chronometer time: 08h 59m 15s
Chronometer error: 1m 25s fast
Correct chronometer time: 08h 59m 15s - 1m 25s = 08:57:50
Ship time: 1858 zone time.
DR longitude: 143° 27’ E corresponds to (-10 ZD)
GMT of sight: 08:57:50 GMT, 25 May

Step 2:  Determine the apparent altitude (ha).
hs = 12°53.4’ (Given)
Index error: 4.5’ off the arc (index correction = +4.5")
Height of eye: 55 ft (dip correction = -7.2")
ha=12°53.4+4.5"-7.2"=12°50.7

Step 3:  Determine observed altitude.
Apparent altitude: 12° 50.7’
Apparent altitude correction: - 4.2’
Additional Venus correction: +0.1’
Total main correction: -4.2’ + 0.1’ = -4.1’
Observed altitude (ho): 12° 50.7’ - 4.1’ = 12° 46.6’
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Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Determine the declination of Venus.
Declination (hours): N 23° 12.8’ (d number:

Declination (increment): +0.4’
Declination (total): N 23°12.8" + 0.4’ =N 23° 13.2’

Determine the GHA of Venus.
GHA (hours): 287° 25.7’ (v number: -0.9)

GHA (increment): 14° 27.5’
GHA (v correction): -0.9’

GHA (total): 287° 25.7 + 14° 27.5’ - 0.9’ = 301° 52.3’

DR latitude: 21° 05’ N
Assumed latitude: 21° N

DR longitude: 143° 27’ E
Assumed longitude (to ensure whole number of
LHA): 143°07.7'E

sight.

GHA (Venus): 301° 52.3’
Assumed longitude: 143° 07.7’ E
LHA (Moon): 301° 52.3’ + 143° 07.7’ E (-360°) =
85° (-west, +east)

azimuth (z) for the assumed position.
Assumed latitude: 21° N

Declination: N 23° (increments solved in step 9)
LHA: 85° (Same Pages)

HO 229 values:

Computed altitude (hc): 12° 24.7’
Altitude difference (d): + 18.2’
Azimuth (z): 69.9°

+0.4)

Determine the assumed position of the ship.

Determine the LHA for Venus for the time of

ARIES | VENUS ~-3.4
M1

GHA GHA Dec

I o+ e 4
25 00 242 29.4| 167 32.4 N23 09.5
01f 257 31.9 | 182 316 09.9
02] 272 34.3 | 197 307 10.3
03[ 287 36.8 {212 29.9 -- 108
04] 302 39.3 | 227 29.0 112
05{ 317 41.7 | 242 28.2 116
06| 332 44.2 | 257 27.4 N23 12.0
07| 347 46.7 | 272 26.5 124
08| 2 49.1287 25.7 128
M 09| 17 516302 248 -- 132
0 10| 32 54.0( 317 24.0 136
N 11| 47 565|332 231 14.0
D 12| 62 59.0| 347 22.3 N23 144
A 13| 78 014 2214 14.8
Y 14| 93 03.9| 17 206 15.2
15[ 108 06.4| 32 197 -- 156
16[ 123 08.8| 47 189 16.0
17/ 138 11.3| 62 18.0 16.4
18| 153 13.8| 77 17.2 N23 168
19| 168 16.2| 92 16.4 17.2
20] 183 18.7 | 107 15.5 17.6
21§ 198 21.2| 122 147 -- 180
22| 213 236137 138 184
23 11152 13.0 188
Mer Pass 74:8 v -09 d 04
57|, SUN_ | ARIES|MOONor Corr| or Corre

PLANETS| A o

00|14 150(1417-3{13 361 f 00 00| &0 58
01(14153/14 17613363 f 00 01| 61 58
02]14155(1417.8{13 365 02 02| 62 59
03(14158/14181(13 368 03 03[ 63 60
0414 160(14183|13370() 04 04| 64 &1
0514 163|14 18613 372 05 05| 65 62
06|14 165/ 14 188|13 375 06 06| 66 &3
07|14 168[14191(13 377 07 07| 67 &4
08(1417-0{14193(13380( 08 08| 68 &5
09]14173|14 19613382 09 09| &9 66
50 | 14 27:5(14 29913 480 || 50 48|10 105
51|14 278(14 30113 482 (| 51 4911 106
52 |14 28014 30413 485 || 52 50|n2 107
53 | 14 28:3(14 306(13 487 || 53 51|11 108
54 |14 285(14 30913 489 [ 54 52|14 109

o o L.H.A. greaterthan 180° Zn=7
B5°, 275° L.H.A. LATITUDE SAME NAME AS DECLINATION n.tat {1 A i a0 > 2020z
15° 16° 17° 18° 19° 20° 21° 22°
Dec. Hc d z Hc d z Hc d z Hc d ¥4 Hc d ¥4 Hc d z Hc d z Hc d z Dec.
0 4 498 +155 91.3 4 484 +165 91.4 4 469 +175 915 4 453 +185 915 4 436 +196 91.6 4 419 +205 917 4 400 +2186 918 4 381 +225 919 0
1 5 053 +155 90.3 5 049 +165 90.4 5044 +175 905 5 03.8 +185 90.6 5 03.2 +195 90.7 5024 +205 90.8 5 01.6 +21.4 90.9 5 006 +225 90.9 1
2 5 20.8 +153 89.4 5 21.4 +164 895 5219 +174 895 5223 +184 896 5227 +193 897 5229 +204 898 5 23.0 +214 899 5 231 +223 90.0 2
3 5 36.1 +153 88.4 5 37.8 +162 885 5393 +173 886 5 40.7 +183 887 5 420 +193 888 5 433 +203 889 5 444 +213 89.0 5 454 +223 89.1 3
4 5 51.4 +152 87.4 5 54.0 +162 87.5 5 56.6 +17.2 87.6 5 59.0 +182 87.7 6 01.3 +192 87.8 6 03.6 +202 87.9 6 05.7 +21.1 88.0 6 07.7 +221 88.1 4
5 6 06.6 +150 86.4 6 10.2 +161 86.5 6 13.8 +17.1 86.7 6 17.2 +181 86.8 6 205 +19.1 86.9 6 23.8 +200 87.0 6 26.8 +21.1 87.1 6 29.8 +221 87.2 5
6 6 216 +150 855 6 26.3 +160 85.6 6 309 +169 857 6 353 +180 85.8 6 39.6 +19.0 859 6 43.8 +200 86.0 6 47.9 +210 86.2 6 51.9 +219 86.3 6
7 6 36.6 +148 845 6 423 +158 84.6 6 47.8 +169 847 6 533 +179 8438 6 58.6 +189 85.0 7 03.8 +199 85.1 7 089 +208 852 7 138 +219 853 7
8 6 51.4 +147 835 6 58.1 +158 83.6 7 047 +167 838 7 11.2 +17.7 839 7 175 +187 84.0 7 23.7 +197 841 7 29.7 +208 843 7 357 +217 84.4 8
9 7 06.1 +146 825 7 139 +156 827 7 214 +167 828 7 289 +176 829 7 36.2 +187 831 7 434 +196 832 7 505 +206 83.3 7 574 +216 835 9
10 7 20.7 +145 81.6 7 295 +154 817 7 38.1 +165 81.8 7 465 +175 82.0 7 54.9 +184 821 8 03.0 +195 822 8 11.1 +204 824 8 19.0 +214 825 10
1 7 352 +143 80.6 7 449 +154 807 7 546 +163 80.9 8 04.0 +174 81.0 8 133 +184 81.1 8 225 +194 813 8 315 +204 814 8 404 +213 816 1
12 7 495 +142 796 8 00.3 +152 79.7 8 109 +162 79.9 8 21.4 +172 80.0 8 31.7 +182 80.2 8 419 +192 80.3 8 51.9 +202 80.5 9 01.7 +212 80.6 12
13 8 03.7 +141 786 8 155 +151 78.8 8 27.1 +161 789 8 386 +17.1 79.1 8 499 +181 792 9 01.1 +190 794 9 121 +200 795 9 229 +210 797 13
14 8 17.8 +139 77.6 8 30.6 +149 77.8 8 432 +159 779 8 55.7 +169 78.1 9 08.0 +17.9 782 9 20.1 +189 784 9 321 +199 786 9 439 +209 787 14
15 8 31.7 +138 76.7 8 455 +148 76.8 8 59.1 +158 77.0 9 126 +167 77.1 9 259 +17.7 773 9 39.0 +187 77.4 9 52.0 +197 77.6 | 10 04.8 +207 77.8 15
16 8 455 +136 75.7 9 00.3 +146 75.8 9 149 +156 76.0 9 29.3 +166 76.1 9 436 +176 76.3 9 57.7 +186 76.! 10 11.7 +195 76.6 | 10 25.5 +205 76.8 16
17 8 59.1 +135 747 9 149 +144 748 9 305 +154 75.0 9 459 +165 752 |10 01.2 +174 753 [ 10 16.3 +184 755 | 10 31.2 +194 757 | 10 46.0 +203 75.9 17
18 9 126 +133 73.7 9 29.3 +143 739 9 459 +153 74.0| 10 024 +162 74.2 [ 10 18.6 +17.3 74.4 | 10 347 +182 745 | 10 50.6 +19.2 747 | 11 06.3 +202 74.9 18
19 9 259 +131 727 9 436 +141 729 |10 01.2 +151 73.0 | 10 18.6 +161 73.2 | 10 359 +170 73.4 | 10 529 +181 736 | 11 09.8 +190 73.8 | 11 26,5 +200 73.9 19
20 9 39.0 +130 71.7 9 57.7 +140 719 | 10 16.3 +149 721 | 10 34.7 +159 722 | 10 529 +169 724 | 11 11.0 +178 726 | 11 288 +188 728 | 11 465 +197 73.0 20
21 9 52.0 +128 70.7 | 10 11.7 +138 70.9 | 10 31.2 +148 71.1 | 10 50.6 +157 71.3 | 11 09.8 +167 714 | 11 288 +177 716 | 11 476 +186 71.8 [ 12 06.2 +196 72.0 21
22 10 04.8 +126 69.7 | 10 255 +135 69.9 | 10 46.0 +145 70.1 [ 11 06.3 +155 70.3 | 11 26.5 +165 70.5 [ 11 46.5 +17.4 70.6 [ 12 06.2 +185 70.8 | 12 25.8 +19.4 71.1 22
23 10 17.4 +124 68.7 | 10 39.0 +134 689 [ 11 00.5 +144 69.1 [ 11 21.8 +154 69.3 | 11 43.0 +163 69.5 [ 12 03.9 +173 69.7 [ 12 247 +182 69.9 | 12 45.2 +192 70.1 23
24 10 29.8 +122 67.8 | 10 52.4 +132 67.9 | 11 149 +142 68.1 [ 11 37.2 +151 68.3 | 11 59.3 +16.1 685 [ 12 21.2 +17.0 687 | 12 429 +180 68.9 | 13 04.4 +189 69.1 24

Entering publication HO229 with assumed latitude, declination, and
LHA, retrieve the computed altitude (hc), altitude difference (d), and
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Step 9:

Determine the azimuth correction for the sight (to account for
increments of declination ignored in step 8).

By increasing the value of each argument by 1 whole increment, triple
interpolate for the exact values of azimuth (for detailed instructions
see Part 14).

Base Value Base Z Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) / 60
Latitude - N 21° 69.9° - - 00.0’ 0
Declination - N 23° 69.9° 68.9° 1.0’ 13.2’ -0.2°
LHA 85° 69.9° - - 00.0’ 0
Total correction = -0.2°
Step 10: Apply the correction to the base values to determine true azimuth.
Base azimuth: 69.9°
Correction: -0.2°
Corrected azimuth: 69.9° - 0.2° = 69.7°
Note - Check azimuth rules: if LHA less than 180°, then zn = 360° - z.
Corrected azimuth: 360° - 69.7°=290.3°T
Step 11: Determine the computed altitude (hc).
Tabular computed altitude: 12° 24.7
Altitude difference (d): 18.2°
Declination: N 23°13.2’
Declination increments: 13.2’
Altitude difference correction:
Tens: 2.2’
Units/decima]s: 19' "Altitude Difference (d)
Total correction: 2.2’+1.8" = +4.0’ L D T S D
Tabular he: 12° 24.7’
Altitude difference correction: +4.0’
hc: 12°24.7' + 4.0 =12° 28.7’
Step 12: Determine the intercept (a).

Computed altitude (hc): 12° 28.7°
Observed altitude (ho): 12° 46.6’
Intercept (a): 12° 46.6' - 12° 28.77=17.9
If ho is greater, intercept is towards.
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Additional Problems and Answers

All of the following questions labeled “CG” were taken directly from the 2013 USCG
test bank and illustrate the concepts in this Part. Note - not all problems have been
worked and are subject to occasional errors in the database. For more problems and
answers, see the USCG database of questions (database information located in the
preface). The problems labeled (NG) come from the Navigation General test bank.

Problem CG-315. On 2 January you observe the lower limb of the Sun at a sextant
altitude (hs) or 35° 50.4". The index error is 0.8" on the arc. The height of eye is 24 feet.
What is the observed altitude?

a) 35°50.3
b) 35°54.7
c) 35°59.7- correct
d) 36°05.6’

Problem CG-488. On 4 July you observer the lower limb of the Sun at a sextant altitude
(hs) of 25° 29.8’. The index error is 3.1’ off the arc. The height of eye is 48 feet. What is
the observed altitude (ho)?

a) 25°37.1’
b) 25°40.2’- correct
¢) 25°42.8°
d) 25°44.3’

Problem CG-845. You observe the lower limb of the Sun at a sextant altitude (hs) of 28°
24.7’on 17 May. The index error is 1.5’ off the arc. The height of eye is 86 feet. What is
the observed altitude (ho)?

a) 28°29.7
b) 28°30.6’
c) 28°31.5"- correct
d) 28°32.9’

Problem CG-459. On 29 June you observe the star Achernar at a sextant altitude (hs) of
54°18.9’. The index error is 4.7’ off the arc. The height of eye is 58 feet. What is the
observed altitude?

a) 54°06.1°
b) 54°15.5- correct
c) 54°31.5’
d) 54°43.7
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Problem CG-121. During evening twilight on 28 December, a sextant altitude (hs) of
the planet Venus was 29° 43.2". The height of eye was 40 feet and the index error was
2.0’ on the arc. What was the observed altitude?

a) 29°34.1- correct
b) 29°36.0’
c) 29°36.3
d) 29°38.2°

Problem CG-696 (NG). On 16 January you take a sight of a star. The sextant altitude
(hs) is 4° 33.0". The temperature is 10° C and the barometer reads 992 millibars. The
height of eye is 42 feet. The index error is 1.9’ off the arc. What is the observed altitude

(ho)?

a) 4°10.2’
b) 4°14.3’
c) 4°17.0- correct
d) 4°24.1

Problem CG-322 (NG). At about 1436 GMT on 3 December, the lower limb of the Moon
is observed. The sextant has an index error of 2.5’ on the arc. The height of eye is 32
feet. The sextant altitude (hs) is 3° 38.8". What is the observed altitude?

a) 4°18.6’
b) 4°29.1- correct
c) 4°36.3
d) 4°42.2’

Problem CG-558 (NG). In the Bay of Fundy, during twilight, you take a sight of Mars.
The sextant altitude (hs) is 3° 35.5". Your height of eye is 32 feet and there is no index
error. The air temperature is -10° C and the barometer reads 1010 millibars. What is
the observed altitude (ho)?

a) 03°14.5
b) 03°15.8- correct
c) 03°16.2’
d) 03°28.8

Problem CG-699 (NG). On 25 December you observe the Sun’s lower limb. The sextant
altitude (hs) is 4° 06.9". The height of eye is 47 feet and the index error is 1.6" on the
arc. The temperature is 19° F and the barometer reads 1030.8 millibars. What is the
observed altitude?

a) 3°57.4°

b) 4°01.9- correct
c) 4°02.5
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d) 4°03.4’

Problem CG-122. During twilight on 28 December around 1800 GMT, in DR position
latitude 4° 00’ N, longitude 0° 06" W, the sextant altitude (hs) of Venus was 30° 46.8".
The height of eye was 36 feet, and the index error was 2.0’ on the arc. The temperature
was 68° F. The barometer read 1030mb. Calculate the observed altitude (ho).

a) 30°35.2°
b) 30°37.1
c) 30°38.1- correct
d) 30°40.3

Problem CG-44. At 0600 zone time on 24 July, your DR position is latitude 22° 37’ N,
longitude 32° 45" W. You are steering 185° T at 20 knots. Determine the computed
altitude (hc) and azimuth (zn) for an observation of the Sun’s lower limb taken at
1030 ZT. At this time the chronometer reads 00h 30m 16s and is 31s slow.

a) hc64°27.5,zn092.3°T
b) hc 64°30.8,zn 090.1°T
c) hc 64°41.7’, zn 087.8° T- correct
d) hc 64°44.2°,zn 094.7° T

Problem CG-45. At 0800 zone time on 29 June your DR position is latitude 26° 00.0’ N,
longitude 75° 29.5" W. Given a chronometer time of 01h 00m 00s, determine the
computed altitude (hc) of the Sun for the assumed position nearest to the above given
latitude and longitude.

a) hc 34°38.6°
b) hc 34°48.6’
c) hc 34°58.6’- correct
d) hc35°18.6’

Problem CG-53. At 1000 zone time on 21 October, your DR position is latitude 29° 00’
N, longitude 134° 40’ E. Determine the computed altitude (hc) of the Sun for the
assumed position (AP) nearest to the above given latitude and longitude, given a
chronometer time of 01h 00m 00s.

a) hc42°30.6’
b) hc42°32.1’
¢) hc42°34.2’
d) hc42°35.7- correct

Problem CG-167. On 10 January at 0550 zone time, morning stars were observed and
the vessels position was determined to be latitude 25° 16’ N, longitude 123° 18" W.

Your vessel is steaming at 22 knots on a course of 295° T. A sextant observation of the
Sun’s lower limb is made at 0915 zone time. The chronometer reads 05h 14m 02s and
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the sextant altitude is 24° 00.7’. The index error is 2.6’ off the arc, and the chronometer
error is 01m 34s slow. Your height of eye on the bridge is 55 feet. What is the azimuth
(zn) of this sight using the assumed position?

a) 127.8°T
b) 129.8°T
c) 131.9°T- correct
d) 133.6°T

Problem CG-188. On 12 April at 0515 zone time, morning stars were observed and the
vessel’s position was determined to be latitude 21° 05’ S, longitude 16° 30’ W. Your
vessel is steaming at 19 knots on course 278° T. A sextant observation of the Sun’s
lower limb is made at 0930 zone time. The chronometer reads 10h 28m 25s and the
sextant altitude (hs) is 40° 15.9°. The index error is 2.5’ off the arc and the chronometer
error is 2Zm 15s slow. Your height of eye on the bridge is 57 feet. What are the intercept
(a), and azimuth (zn) from the assumed position?

a) zn=057.7°T, a = 154’ towards

b) zn=057.0°T,a=17.7 away- correct
c) zn=1223°T,a=17.7 away

d) zn=123.0°T,a=22.7 away

Problem CG-265. On 16 June at 0612 zone time, morning stars were observed. The
vessel’s position was latitude 27° 23.0° S, longitude 56° 22.0° W. The vessel is steaming
at 16 knots on a course of 212° T. A sextant observation of the Sun’s lower limb is made
at 0850 zone time. The chronometer reads 00h 53m 19s and the sextant altitude (hs) is
22°58.6". The index error is 2.0’ off the arc and the chronometer error is 02m 43s fast.
Your height of eye is 61 feet. What is the azimuth (zn) of the sight using the assumed
position?

a) 044.3°T- correct
b) 052.6°T
c) 136.1°T
d) 1484°T

Problem CG-527. On 8 August at 0545 zone time morning stars were observed and the
vessel’s position was determined to be latitude 26° 16’ S, longitude 94° 16’ E. Your
vessel is steaming at 20 knots on a course of 346° T. A sextant observation of the Sun’s
lower limb is made at 0905 zone time. The chronometer reads 03h 02m 52s, and the
sextant altitude (hs) is 38° 07.5". The index error is 5.2’ off the arc, and the
chronometer error is 2Zm 17s slow. Your height of eye on the bridge is 72 feet. What is
the observed altitude (ho) and azimuth (zn) of the sight using the assumed position?

a) 38°19.4°,048.4° T- correct

b) 38°19.4’,131.6°T
¢) 38°54.9’048.4°T
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d) 38°54.9,131.6°T

Problem CG-336. On 21 November at 0430 zone time, morning stars were observed
and the vessel’s position was latitude 22° 14.0’ S, longitude 79° 23.0’ E. Your vessel is
steaming at 14.5 knots on a course of 246° T. A sextant observation of the Sun’s lower
limb is made at 0816 zone time. The chronometer reads 03h 14m 16s, and the sextant
altitude (hs) is 44° 29.2’ The index error is 1.0’ on the arc and the chronometer error is
01m 47s slow. Your height of eye is 61 feet. What is the azimuth (zn) and intercept (a)
of this sight using the assumed position?

a) zn=084.2°T, a = 6.6"away

b) zn=084.2°T, a = 6.6’ towards

c) zn=0956°T,a = 6.6"away

d) zn=095.6°T, a = 6.6’ towards- correct

Problem CG-415. On 25 February at 0622 zone time, you observe the upper limb of the
Moon with a sextant altitude of 59° 58.6". Your DR position is latitude 30° 28.3’ S,
longitude 102° 39.3’ E. The chronometer reading at the time of the sight is 11h 21m
18s and the chronometer is 48s slow. The height of eye is 59 feet and the index error is
2.5’ on the arc. What are the azimuth (zn) and intercept (a) of this sight using the
assumed position?

a) zn=3054°T, a = 4.2’ towards- correct
b) zn=234.6°T, a = 4.2’ away

c) zn=3054°T, a = 1.5"towards

d) zn=3054°T,a=29.2"away

Problem CG-419. On 25 May your vessel’s 1858 zone time position is latitude 21° 05’ N,
longitude 143° 27’ E. At that time a sextant observation of the planet Venus was made.
The sextant altitude is 12° 53.4’ and the chronometer reads 08h 59m 15s. The index
error is 4.5’ off the arc and the chronometer error is 1m 25s fast. Your height of eye is
determined to be 55 feet. What is the azimuth (zn) of the sight using the assumed
position?

a) 069.6°T
b) 110.4°T
c) 249.6°T
d) 290.4° T- correct

Problem CG-420. On 25 May your vessel’s 1917 zone time position is latitude 24° 16’ N,
longitude 17° 26" W. At that time a sextant observation of the planet Saturn was made.
The sextant altitude is 63° 05.1’ and the chronometer reads 08h 18m 24s. The index
error is 4.5’ off the arc and the chronometer error is 1m 05s fast. Your height of eye is
determined to be 62 feet. What is the azimuth (zn) of the sight using the assumed
position?
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a) 143.8°T
b) 147.3°T- correct
c) 148.7°T
d) 149.9°T

Problem CG-427. On 26 May your vessel’s 1906 zone time position is latitude 27° 16’ N,
longitude 24° 37’ W. At that time a sextant observation of the planet Jupiter was made.
The sextant altitude is 63° 27.6" and the chronometer reads 09h 05m 16s. The index
error is 5.2’ on the arc and the chronometer error is 1m 25s slow. Your height of eye is
determined to be 52.6 feet. What is the azimuth (zn) of the sight using the assumed
position?

a) 011.3°T
b) 168.7° T- correct
¢) 191.3°T
d) 348.7°T
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A2 ALTITUDE CORRECTION TABLES 10°-90°—SUN,STARS,PLANETS
OCT.—MAR. SUN APFR.—SEPT. | STARS AND PLANETS DIP
App. Lower Upper App. Lower Upper |} App. App. Additional || Hy. of B Ht. fl Ht. of
Al Limb Limb| Al Limb Limb || Ak, O {"Al’ ~ Corm || Eve €U Eye | Eye Com™
P P a . i xg8x m ft | m ,
934 o Ll 939 L anll 956 24 .5 Bof1o—rd
+10-8—21- | 106 — 21 : VEN 28
956 o a1 1003 e ol 10 20 Jan. 1-Sept. 27 2-8 3o 92| %0— 23
10 °8+u-r-— ara | ¥O xs%mlg_w_9 1033, 2 , 30_1, 98| 25— 28
IO 21 IO 27 | 10 46 + o1 32 10'5 | 3'0— 30
41102 ~211 +11-0—208 —49: 42 —32 A
10 34 10 40 11 0O 34 II'2 |  See table
1o 47+"'3—2!‘° 10 54 VI 14—4'8 Sept. 28-Nov.13 | 3.7 33 ;1.4
+11-4-209 +IE2—206 —a4'7 —13-4 L -
I1 O1 I1 o8 1T 29 o ’ 3-8 126 |~
+11-§—208 +11-3—20°% 46 91 o2 --3'5 m .
HLAS  r6—a07 | B2 23 prg a0 || T2 4545 47 40_36 33| 20— 79
3o, coirr38 0 Cflr2o1 K 43_7, 41| o, g
+11-7—206 4115203 44 Nov. 14-De¢, 10 37 3
I 464-11-8—20-5 I 54-{-11*6—20-2 2 I8—-4-3 a 45 3-8 149 24-- &6
12 02—4—119—20-4 Iz Io—}—ll-']—zo-' 1235 42 > + o’- 47_3. 157 26— 90
_ p; 3 039 15
2 I9‘?‘12‘0—203, 2 28-1-11'8—20-0 Iz 54—4-! g 5.0—4-0 95 28— 93
12 37 121202 12 4 +119—199 13 13_,0 Decour-Dec.26 || 32_,., 174
2 55+12-z—zo-x . I3 05 }-12:0—19-8 I3 33—3-9 ° 5‘5_4__2 18:3 30— 96
I3 14 vy e | I3 24 DO 13 54 7. ° .o $8_ . 191! S.0_ 100
1 Fi23—zo0 l12:t—ro7 (7 Te—38 ix 94 61 43 201 3
-335+12< —19 3 45 | 122 —19-6 4105 - —4 34—10°3
4—199 9 37 41 6 4'4 .
I3 56442_5_m s | T4 °7+12'3—x9-5 I4 40 36 3_4.5 210 36 106
I4 18+x2‘6—19 ’ 14 3°+12‘ - 1504 - _ Dec. 27-Dec. a1 66 6 220 S 108
4—194 35 60 ¢ . 3
14 42_+,,2.7 3o B 54‘.;{.12.5 193 15 30_3.4 Q . 9_4.7 229
15 06 C15 19 15 57 + o5 72 239
5 . - 126 —10. & —o /10 O - II'I
+12:8 195 —12°6 —19:2 33 + o6 48 4
15 32+12-9 S 1974 15 46-—12'7 —19°r 16 26 “32 a0 . 75 49 249 42—11°4
15 59 16 14 16 56 31 T 07 79 26-0 .
+130—193 ~12-8—190 =i —50 44 —117
6 28 16 44 17 28 82 271 .
! +131—192 —12'g—189 -- 30 - 51 46—11°9
16 59+1 w1715 U7 1802 7 MARS 85 - _ 281 8122
32— 7191 +I13'0—188 29 52 4
17 32+13'3 190 17 i F13°1—187 18 38 — 2.8 | Jan. 1-Dec. 31 8'8_5.3 292 '
18 oG_H e 18 24+I 2. 18-6| 19 17_2|7 R ) 9-2 P 304 2 L
18 42 34 19 01 3 19 58 Q4 o 95 31§ — T4
o — 18- 3 — 8. -2 L -5 .o
1 +13:5— 188 +13:3—1%5 26 60 DOt i . 4 - I'9
9 21+1 ‘6—87 19 42-{-13‘4—184 20 42—2<5 99 56 3277 6— 2
20 03 3 . 20 25 21 28 103 33'9 4
+13:7-186 113:5—183 —24 —57 8— 27
20 48 21 I1 22 19 10-6 351
+-13-8—18:5 +I136--:82 —2-3 —58 10— 31
21 35+13.9. (§-q ;22 00_13'7 e 231353 11-0_5‘9 363
2226 37 T an g4 0 U o T D 114 2. 37:6| Seetable
+140— 183 | +138—180 21 60 —
2322, 0o iea: 2350 Do ool 35 14 . 8 o 389
4'T—18-2 ~13'Q—17'9 20 I
2421 . . 2453 27 " “|2622_ " 122 401 | fu A
42— 1811 14'0—178 19 62
25 26+I . ..'2600., - 2736 126_ . 41'5| 70— B1
43— 180 P14 1177 18 3 - 3-
- 36+!4-4 179 - 27 13—,—1.1;2- 176 i 56—[-7 130 69 S 757 %4
2752 1ag aps 283300 || 3024 16 13:4_ 4. 442| 80— 87
29 15 | 6177 3990 1 . ]l3290 1 138 _ ¢ 455 | 85— 89
614 T3y 4'4-174 5 142 6" o0— 92
30 4 +147 176 3 35+x4-5 e l33 45_1,4 4 —67 469 9 9
3226 Lo ing 3320 g 13540 7 1477 484! 95— 95
34 I7+14.-9—1;-4 33 I74—14-7—:7-: 37 48 1-2 151 69 498
6 20 | 26 40 o8 155 51°3.° 100 — 97
- +15:0—173 = +148—170 -I'x - 70
38 36_4_151_”_2 39 50 149 — 169 42 44 Io 160 2op 528 105— 99
41 084_15.2_”_I 42 31 IS0— 168 45 36 _og | 16°5 -2 §4'3 110 —10'2
43 59 L sein im0 |45 3T g6 4847 o 169 . 558:115—109¢
47 IO+'15_4__ ;é.g 48 55-;-15-2—16-6 52 18_0‘7 ; 17-4_7'4 §7°4 1 120—10°6
50 46+15-5—16-8 i 52 44__15_3 165 56 I1_ 6! 179 o 589 | 125—108
5449 1 6 yeq ST %2 i veal 028 o] 184 ¢ 605
s 167 “15°4— 164 o5 7 g o
59 23 61 51 | 65 08 18-8 62'1 130—1I1'I
6 =t H15:5—163 —04 277 628 e
4 3o+15-8 165 7 r7+15-6 62 7° II—0~3 19 3—7'8 3 135 3
70 IZ+15-9—16-4: 73 16—15-7—16-1 7534 | 198 K 654 | 140 —11°§
6 26 . , 811 ) 20" 67°1 | 145—11'7
7 F16-0— 163 9 43+15‘8—16-o 3 o1 4. 80 o7
83 05 | 161162 | 56 32 159 %9 8703 _ 2009 o 688150119
90 00O o0 ' I g0 00 { 214 70'5  15§—1I2°'1
App. Alt. — Apparent altitude — Sextant altitude corrected for index error and dip.
For daylight cbservations of Venus, se¢e page 260,
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ALTITUDE CORRECTION TABLES (°-35°

—MOON
DIP
Hl of( orrn H(' :f f:_'y:’f(‘on" !‘{():f
m ft. m ft.
2-4 *:8 80 9§ ‘310§
2 5°S

26 86 99 56327
2-8 30 92 103 57 339
30 31 9-8 106 58 35°1
32 32 10°§ 110 59 363
3'443_311-2 114 0376
36 3.411~9 11-8 61389
38 35 12:6- 122 6.2 401
40 —3-6 133 126 63 41°§
43 37 14'1 130 4428
45 38 149 134 65 442
4'7__,3,9 157 138 66455
5'0_4.0 16°5 . 14°2 67 46°9
52 g1 74 4T o 484
55 42183 151 6.9 498
58 191155 513
61 43 201 160 70 528
6 - 44 i . AR ¢ .

3 .. 2100165 543
6-6;4 3 22-0 169 7:2 558
69 229|174 73 574
72 _, ¢ 23'9@ 179 7,: 589
7's —49 24'9! 18:4 6905
79 ° 260|188 762-1
82 27 1! 193 638
85 oSt 281)198 654
8~8: ) 292]204 7:9 671
92 5_3 304 | 20-9: L 68-8
9°S 315214 705

591 68 46168 46

I . |
AXF ro -4 | 59" | 10°-14° ’ 15"-19" 120"-24° ,2_5:_29" :30°-3¢° ! ?&p
v { Corr* Corr,  Corr® : Corr®!  Corr® | Corr®;  Corr® l
00 033:8‘ 558-’2 062-151562-81 622'25608’30589’ 00
10 359 585 622  62:8. 6217 60-8] 58 8' 10
20 | 37-8 587! 62:2: 62:8. 621 607! 588 20
30 | 396 s89; 62:3' 628! 621 60- 7i 587 30
40 | 412 59-1; 623 62-8 62:0| 606 586 40
50 ‘ 42-6 59:3; 624 62:7] 620 606 585 ‘ 50
0o | Y440 659-5:" 62-4i'6 627 2 62:0 26 60-5|3" 585 00
10 45-2| 597! 6274, 627! 619/ 604l 584 10
20 463 599, 625 ‘ 627, 619 60'4f 58-:3 20
30 473 60-0! 62:5 62-7 61-9 60-3, 582 30
40 48-3| 602! 62:5| 62:7| 618 603, 582 4o
50 492 603| 62:6/ 627/ 61-8] 6021 581 50
o0 |2 50-0 7 605 1 266" 627 22 61-7 27 60-1 |32 58-0{ o0
10 0-8 606 626 626 61-7 601 579 10
20 51-4 607, 626 62-6 61-6 60-0 57-8| 20
30 52-1 6o-9‘l 627 626 616/ 599 57-8| 30
40 s2-7| 6100/ 627 626 615, 599/ 577| 40
50 533 61-1; 627 62-6 61-5| 598 57:6| so
o0 | 3 53-8 8 612 "3 62-7 18 625 23 61-5 ,28 597 33 575 | oo
10 s4-3| 61-3,  62:7| 625 614 597 S7°4| 10
20 548 614 62-7 625 61- 4‘ 59-6 57-4| 20
30 55-2 615 6z~8§ 62§ 61-3 59-6 57-3| 30
40 556 61-6 62~8E 62-4 61- 3| 595 57-2| 40
50 56-0 61-6 62-8 62-4 612 594 57-1| so
oo | 4 56-4 9 617 146,819 624 2461229 593 34 57:0| o0
10 567 61-8 62-8 623 61-1 59-3 56:9| 10
20 571 61-9 62-8 62-3 61- 1’ 59-2 56-9| 20
30 57:4 61-9 62-8 623 61- ol 591 56-8| 30
40 577 62-0 62-8 622 609l 59-1 5671 40
50 579 62-1 62-8 622 60-9| 5§90 56-6 50 |
HP. /L U L U|L U LUELUlLU L U [H.P.
R
540/0309/0309 0410/0511;06 1-2&0-7 1309 15§40
543,071'1|071-2;0712/0813 0-9 14/ 11151217543
546 1T 141 TI4 I'T114]| 12:5 1.31:6/1:417 15 1-8|646
549 I-41:6| 151615 x~631617 1-61-8, 18191920549
55~z| 1-81-8/181-8,1-91-9,1:91:920 2-0:2-1 21 (2222|652
56-52220 2-22~0:2-32-1§2321 2:422 24232524555
55'8'2-62-2 2:622'2623 2723.2724;2824 2:92:5(658
§6:1/3024 30253025 30253126;3126|3227 561
56434273427 3427 3427(3428/3528{3529|564
56:7,3729(3729 3829 | 3829(3830|3830/3930/|567
§7°0/ 4131 4-x3~1;4x3-:;4131 4231/42324232|5§70
§7'3{4533/4533 ; 4533(4533/4533(4534(4634/573
576/4935/4935493S l 4935,4935(4935(4936(576
§79;5338/5338|5238,5-23 7 5237!5237(5237|579
58:2| 564056405640 5 640(5639|5639|5639|582
585/ 604260426042 6042 6041[5941 5941585
5886444 64446444 6344‘6343 6343|6242 588

6746 67466745, 6645 66 441591

594l7248l7148.7148 714870477047 69461594
5971755x'7550 7550 7550'7449 73487247 597
600(7-95317953 7952]7852.7ﬁsl|7750 7:6 49 | 60-0
60-3/8355(8355!82548254({8153/8052|7951 603
60:6/8757|8757 8657|8656!8555|845<4I8'25-3,6o-6
6099159905990 8958|8857,8756 8654 609
612/ 9562|9461 946119360 9259)9158 8956 612
615 9864/9863/0763 9762.956119459|/9258. 615
XXXiv

MOON CORRECTION
TABLE

The correction is in two parts;
the first correction is taken from
the upper part of the table with
argument apparent altitude, and
the second from the lower part,
with argument H.P., in the same
column as that from which the
first correction was taken. Sep-
arate corrections are given in the
lower part for lower (L) and
upper (U) limbs.  All corrections
are to be added to apparent alti-
tude, bur 30’ is to be subtracted
from the altitude of the upper limb.

For corrections for pressure
and temperature see page A4.

For bubble sextant observa-

tions ignore dip, take the mean
of upper and lower limb correc-

tions and subtract 1§’ from
the altitude.
App. Alt. — Apparent altitude

~ Sextant altitude corrected for
index error and dip.
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ALTITUDE CORRECTION TABLES 35°-90°—MOON

App. |35°39° | 40°~44” |45°~49° | 50°~54° | 55°~59" |60 -64° 165 -69"!7_1) ~74°|75"-79°| 80°-84° | 85°-By" IApp-

Alr. Oorr" Corr~ Cm'r"E Corra|  Corr® Corre'  Corri!  Corr Corrdi Corre:  Cor }>

3 G [ < u o ioe
00 35565;‘053'? sors |50 46'9;5543-1-6"38'9{65 346 7° 30-r,7‘zn'8°20-5i85 156 00
10 564 536| 504 46-8. 429 388, 3447 299| 252; 204! 155 10

20 563! 535 50-2 4671 428 387: 343 29°7 25- °| 202 15:3| 20
30 $62 534 sori 465| 4271 38§5] 341, 2961 249 z00| 151| 36
40 562] 533| soof 4641 a25i 384 340] 294 247} 199 150| 40
50 56-1i 532 499 463; a4z4! 3821 338 293 2450 197 148| 50

i
00 3656-0 41 531 4649-8 51 46-2 5642-3:‘SI 38-1'6633-7 b 29!‘.’6244“;l 196 146 o0

10 559 530 497 46-0 4217 379 335 290, 242, 194 14:5| ¥¢
20 s58) 528 495| 459: 420, 37-8| 3347 28R 2511 192| 143 20
30 5571 527! 494, 458 418 377| 332| 287 239! 191 I4:1| 3¢
40 556 52~6; 49-3 457 4171 375 331 28-5- 238, 189 14:0| 40
50 55'5| 52'5. 492, 455 46, 3740 329 283 236, 18-7; 13-81 50
00 |37 550 5219 4o 152 450157 41 9 57215 308 72 082177 23,4 182 1561 BT 1377 00
K0 5531 523 490, 453 413° 371, 326! 280f 233, 184, 135 10
20 ss2i szz2; 4881 452 41-2:  36.9° 325 27791 2311 182, 133 20
30 551 5§21 4871 450 41- cj 36-8 323 277 ! 22 ()l 18k ‘ 13-2% 30
40 550 5200 486. 449 409 366 322 276 228 17°9; 130 40
50 550 519, 485 448, 408 | 36§ 320! 274 226 178 12-81 z0

00 38 549 43 51:8 +® 48-4 53 446 58 406 | 63 36-4 68 319 173 22-5| T 17-6 27| 00

0 §4-8 s17- 482 44§ 40-5 | 362 31-7:. 271 223 £7:4) 125! 10
20 547 s16° 481 44:4: 403 361 316, 269 221 17-3 12:3| 20
30 546 515° 48‘0: 442 402 359 314 268 2200 171 12:2| 30
40 545 SI-4. 479! 441 q0-1!  35R 313 266; 21-8; 16-9 12:0| 40
50 544 stz 478|440 39-9: 356 3.1 2657 21070 168 18| go
00 (3543l Mor 11947659430 59398 3559310 Ma63 Pars 166 119| 0o
10 s42i  S51-0i 475 437! 396 353 30~8’ 2611 213 168 115! 10
20 541 509, 474 436| 395 352 307 260! 2102 163, 11-4; 20
30 | s40r 508y 473 45| 394 350| 3051 258 210, I161; 112} 30
40 539 5070 472 4337 392 349| 304 257| 209 (6o 1L o! 40

50 53 8 506 : 47‘0?" 432 39:1. 347 302 255 20071 15:8] 10 9. _s0

LA L - .

' |
HP | L U: LUELU;LU:LU LU|L U LU|lLUILU LUHI’
R 3 B T - g

. - B B[S h—
54:0 1»'11-'7‘1‘3 1-9!1-52-1;1,24 2026 2-32»9'2-63‘2
543 1-41-8\1‘62-051'82-2!2025_0327 2~53~0|283‘2
5461720 1922 2124|2326 2528 27303033

3845 540
3944543
4043 546

[ RC-I IF- NV

2935323813541

3035:3338{3641

3235135383741
549i12022,2223;2325:2527{2729 2937113233,3435:3638|3940(4143 549
552 232325 2-4i2-6z'6 2828'3029 323113433 3635|3837/4040 4-24-2’55-2
5551272512826 2927 (3124(3230 1343236343735 (3937,4139(43471 555
558 3026.312" 3228(3330 3531'3633i3833!3936/4137/4239/44420 558
56133283420 3530 3631,3732;383-3!4-034 413614237'4438|4540: 561
564 3629(3730,38371{3932,3933 4634 4135(4336,4437,4538|4639:!564
567 . 1931|403154132 413314233:14334:4335!4436(4537(4638|4738 567

I A

570 4332\4333 4333|4434(443414535)45351463614736/4737)4838;570
57'3.4634,4634:4634(4635/4735'373514736(4836[3836(4837]4937]573
576 4936:49364936(49364936;3936 4936/4936|5036(/5036|5036]576
579 5237 5237[5237(5237,5237:5136:5136|5136,5136/5136|5136!579
582 5539.5538|553815438 5437 5437:5337(53 3<6;5'2 36|5235|5235|582
583.5940-5840(5839|573¢ 5-63-8:‘563'815-537 5536{5436/5335(5334/|58¢%
$88|6242:6141]604116040|593:9 5838157371563615535(5435/5334|588
591,6:543,6443/63426241|6140 6039|5038 5836 .5735(5634(5433|591
594 6845 6744|6643(6542[6441 6239 6-13‘8:6-93-7!5'8 35(5734(5532|594
$97 7146°7045(6944|6843:6641.6540,63 3-3i6-23-7i5-°3-5 58335632597
60-0575 48:7347|7245 70446942 6740|65396337:6135(5933(5731|600
[603i7850i76487547]7345{7143'6941 6739.6537:633-5 60325830603
606|815r|7950 7748176467324 7142(69391673-7{64346232|5929|606
60-9|8453,8251(8049|7847|7645.7342!7140: 6837 6634(6332[6029]6e9
6r-2 |8754i8552|8350/8148!7845. 7643'7340 7037 67346431, 6128682
61510156 '8854/86571,8349/8146° 7843‘_7540'7237.6934 6-531,6227:6I'3
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ALTITUDE CORRECTION TABLES 0°-10°—SUN, S""ARS,PLANETS A3

App.
Alt.

-]

' ocT.-MAR. SUN  APR.-SEPT. |
! : - 'STARS|
| Lower Upper ' Lower Upper PLANETS
| Limb Limb | Limb Limb |

! —182 —so's . —184 —s02  _34'§
'I7°5 498 178 496 338
16°9 4921 171 489| 332

| 163 486 165 83| 326
| 157 480 ¢ 159 477, 320
i 1S°T 474 | 153 471, 314
L —14°5 ——46-8‘3 —14'8 —466 | —30°8
| 140 463 142 460! 303
. 135S 458, 137 4ss 298
{1279 asz 132 450 29°2
| 1224 a7 127 4as| 287
119 442 | 122 440 282

]

—II'S —438 | —II'7 —43'5 —278
I1'0 433, 112 430 273

| 105 428 108 426| 268
| 10 424 103 421 . 264
| 96 4r9| 99 ar7! 259
92 415 9'5 413 ‘ 25°§

— 88 —4:-11 — 91 —40-9; —25°1
84 407! 87 405! 247

8:0 403, 8:3 401 r 243

! 77 400 79 3971 240
i 73 396 | 7'5 393 236
| 69 392 ‘ 72 390, 232
{ — 66 —389 — 68 -386 —229
! 62 385" 65 383 225
59 382 62 380 222
| 56 379 58 376 219
i S'3 376! 5'S 373: 216
49 372, S'2 370 21°2

~ 46 - 369 — 49 367 —2079

| 42 365 44 362 20§
j 3'7 360 40 358, 200
| 32 355 3'S 353 19§
: 28 351 3T 339 191
24 347 26 344 187

— 20 -—34~3E - 22 =340 | —18'3

i 16 339 1-8 1336 17°9
1 12 335 I's 333! I7'§
09 1332 I'r 329 i 17°2

0'5 328 | 08 326 16-8

- 02 325 04 322 16°5

]

4 02 321! — O1 319 —I6X
0§ 318 4 02 316 158

08 31¢ 05 313 15°5

Il 312 08 310, 152

14 309 I'I 307 149

16 307 i 144 304| 147

1'9 - 304 + I'7 —301| —I44

22 301 ! I'9 299 141

24 299 | 2'1 297 13'9

26 297 24 294 137

2'9 2944 26 292 13°4

31 292 | 2'9 289 132

| + 33 -29-o| + 31 —287| —I3°0

App.
Al

too

3

w
wn
W

9

10 00

OCT.-MAR. SUN AP™.-SEPT.
; ~STARS

ower pper

|

|

|

i

Limb Limb
4+ 33 - 290
26 287
3-8 285
40 283
4°2 281
44 279
45 —278
47 276
i 49 274
51 272!
\ 52 27°1
| 54 269
i‘ - 56 —267 |
; 57 266
\ 59 264
| 60 263
! 62 261
‘ 63 260
I+ 64 2509
i 6:6 257
i 67 256
! 68 255
69 254
71 252
=72 —25°1
7'3 2swo
T4 249
7°5 248
76 247
77 246
78 —245
30 243
82 241
| 8:4 239
[ 86 237
i 87 236
|
L+ 89 234
| 91 232
i 92 2371
. 93 230!
9§ 228
96 227
-~ 97 —22'6
99 224
I0°0  22-3
| I0°'T 222
I 102 221
I 103 2120
| +104 -a19
i 10°5  21-8
| 106 217
i 10°7 216
i 10°8 215 |
| 109 214
l 4110 —213

i

Lower Upper
Limb Limb
+ 31 —28-7
33 285
3'S 283
37 281
39 279
41 277
+ 43 -275
45 273
46 272
48 270
50 268
51 267
+75'3 —265
55 263
56 262
58 260
59 2579
60 258
+ 62 —256
63 255
64 254
66 252
67 251
6-8 250
- 69 -249
70 248
72 246
73 245
74 244
75 243
+ 76 —242
78 240
80 238
81 237
83 235
85 233
| 86 —232
88 230
90 228
91 227
9'2 226
94 224
+ 9'5 —2213
96 222
97 221
98 220
10°0 218
10°1 217
F10°2 216
103 21§
I0'4 214
10§ 2113
106 212
1006 212
+‘IO'7 —21°1

PLANETS

|13
L1207
| 1275
{123
] 12°1
11-9

| —11-8

116
| 114
I T12
| oIrx
! 10°9
1~-ro-7
106
10°4
103
10°1
10-0

|
©©
~N 0

INIFNEV RN

W BN OAIT®OO O~NWHER A JXROHNE AIV ~UWuU A 00 O ~

For bubble sextant observations ignore dip and usc the star corrections for Sun, planets, and stars.

Additional corrections for temperature and pressure are given on, the following page.
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A4 ALTITUDE CORRECTION TABLES—ADDITIONAL CORRECTIONS
ADDITIONAL REFRACTION CORRECTIONS FOR NON-STANDARD CONDITIONS

Temperature
—20°F. —10° 0° +410° 20° 30° 40° §0° 60° 70° 80° 90" 100°F.
T T T T T T T T T T T T T T
-30°C. —20° —10° 0° +10° 20° 30° 40°C.
1050 T 7 T T T T /ALY A B A 3ro
430°§
1030 4+ - + v
& g
£ £
o
-g A/B/C/D/E/F/G/H/]J/K/L/ lpob
.8 1010} + + -+ ?___;‘
5 2
M /125
>
9901~ + + + + +
4290
N
970 1 ! 1 | s 1 " " )|
App. App.
> |A|B|C|D/E|F|G|/H|J|K|L|M|N|
(; 06 ‘7-6'(9 —5:7 —4:6 —3:4 —2:3 —x-lx o:o 41-’x 52:3 03:4 +4-’6 45:7 +6-'9 (; ot;
o 30 52| 44| 35| 26 17 09| o0 09 171 26 35| 44| 52| o 30
1 00 43| 35 28| 21 14| 07| o0 07 14| 21 28| 35| 43| 1 00
1 30 35 29 24 1-8 1-2| 06| o0 06 1-2 1-8 24| 29 35| 1 30
2 o0 30| 25| 20 15 10| o-§| o0 05 10 15| 20| 2:5{ 30| 2 00
2 30| —2:§| 21| -16| —1-2| 08| ~04| 00 to:4| +0-8f +1-2| +1-6| +2:1| +2:§! 2 30
3 00 22 1-8 15 11 07| 04| 00 04| o7 11 15 1-8 2:2{ 3 00
3 30 20 1-6 1-3 10| o7| o3| oo 03| 07 10 1-3 16| 20| 3 30
4 00 1-8 15 1-2 0-9 0-6 o3| o0 0-3 0-6 09 12 15 1-8) 4 oo
4 30 16| 14| 11{ 08| 05| 03| 00 o3| o5| o8| 11 14| 16| 4 30
§ 00| -1-5f -1-3) ~1-0f —~0-8f -0:5| —0-2| 00 | +0-2| +0:5| +0-8| +1-0| +1-3| +1'5| § o0
6 1-3 11 09| 06| 04| 02| 00 0-2 04| 06| o9 I-1 13| §
7 11 09| 07 06| 04| o02| oo 02 o-4| 06| o7 o9 1| 7
8 10|l o8 07 o5 03 02| 00 0-2 0-3 o5 07 o-8 10, 8
9 o9/ o7 06| 04| o03 o1{ o0 o1 03 04| 06| 07 09| 9
10 00 | —0-8| 07| ~0'5| —0'4| --0:3| —0'1| 00 | 01| {0:3| +0-4| +0-5| +0-7| +0-8| 10 00O
12 o7 06| o5 0-3j 02| o1 00 o1 0-2 0-3 05 06| 07| 12
14 o6 os| o4 03 02| o1| 00 o1 02 03| 04| o5| 06|14
16 o'5| o4| o3| 03[ 02| o1| 00 o1 02| 03| o3| o4 05|16
18 04| o4| 03| o2 02| or1| 00 o1 02| 02| 03] 04| o4/ 18
20 00 | —04| —0°3| —0-3| —0-2| —0'I| —0'1| 00 | +0-I| +0-I| +0-2{ +0-3| +0-3| +0-4| 20 00
25 o3/ o3| 02| o2 o1{-01| 00 | 401 o1 02| o2| o3| 032§
30 03| o2 02| o1 01| 00| 00 00| o1 o1 o2 o2| o3| 30
35 02| o02| o1 oI o1l o0| 00 00| o1 o1 o1| o2 023§
40 02| o1 o1 ox|{ -o1| o0-0| 0o 00| +o0-'1 oI o1 o1 02| 40
50 00 o1| -o1| -o1{-01| 00| 00| 00 00| 00| +0'1| +0-1| 4+0I| +0'1{ §0 00

The graph is entered with arguments temperature and pressure to find a zone letter; using as arguments
this zone letter and apparent altitude (sextant altitude corrected for dip), a correction is taken from the table.
This correction is to be applied to the sextant altitude in addition to the corrections for standard conditions
for the Sun, stars and planets from page A2 and for the Moon from pages xxxiv and XXXV).
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INTERPOLATION TABLE

Altitude Difference (d)

Double

Altitude Difference (d) Double Altitude Difference (d) Double
Second Second
Dec Decimals A I e Tens Decimals Units and
b o v 24 8 9| Cor 1020 30 av 4 2 5 7 & 9| Com
X 00| 0 (0.0 000000 010101 80|13 26 40 53 66/[.0/0.0010304060708101113
01 o1l 1 |00 00 00 00 01010100 81[13 27 40 54 67|/.1/000203 0406070910 1113
02 01| 2 (0.0 0000 00 0101 01( 29 oof f82|13 27 41 54 68/ 2(00020305060709 1012 13|16
03 02| 3 (0000 00 00 0.1 0.1 0.1 83 (14 28 41 55 693000203 05060809 10121345 o
0. 03| 4 {00 0.0 0.0 00 010101 84|14 25 42 55 70||'3|010203 0506 0809 10 12 13|go 02
X 04| 5 0.0 00 00 00 010101 85|14 28 43 57 7.|5(01 0204 0506080911 1213(112 04
06 05(| 6 0.0 00 00 00 0101010, 86|14 29 43 57 72||6(01 020405070809 11 1214155 o5
07 06| 7 (0.0 0.0 00 00 0101018201 |87 |15 29 44 58 7317010204 05070809 1112 14/177 o5
08 07| 8 0.0 00 00 00 010101 88|15 30 44 59 74/.8(010304 050708101112 1.4[209 57
09 08| -9 [0.0 0.0 00 0101 01 89|15 30 45 60 75|[.9 (0.1 03 04 060708 1.0 1.1 131423; 08
10 8 0 |00000001 02 02 02 90 [15 30 45 60 75||.0(00 020305060809 1.1 1.3 1.4305 T5
11 9]l 1 |00 0001 01 02 02 02 91|15 30 45 60 76/.1(000203 05060810 1.1 13 1.4337 1
12 0|l 2 |00 00 0.1 01 020202 92|15 30 46 61 76|(2 /000203050708 1.0 1.1 13 15/369
13 1| 3 |00 00 01 01 02 02 02 93|15 31 46 62 77|/3000204 050708101213 15
14 2|| 4 |00 00 0.1 01 02020282 | |oa|16 31 47 63 78|[4[01 0204050709 10121315
246
15 13| 5 (00 00 01 0.1 020202310 °2| | 95|16 32 48 63 7.9|[5 /010204 060709101213 15
16 13| 6 (00 0001 0.1 020202 96|16 32 48 64 80|6 (010304 0607091012 1.4 15|44
17 14|l 7 |00 00 01 0.1 0202 02 97|16 33 49 65 81|(7 /010304060709 1.1 1214 15,75 0!
18 15| 8 00 00 01 01 02 02 02 98|17 33 49 66 82|58 (010304 060809111214 16|72 02
19 16/ 8 {00 0.0 01 01 0202 02 8917 33 50 65 83||:9 (010305060809 1113 14 16| g5 03
20 16| 0 [00 00 0.1 0.1 03 03 04 100|116 33 50 66 83||.0[000203 05070910 12 1416|127 05
21 17| 1 |00 00 01 0.1 03 0.3 0.4 10417 33 50 67 841 /000204050709 1112 14 16(153 06
22 18| 2 |00 0001 0.1 03 0.3 0.4 02|17 34 51 68 852 (000204060709 1113 14 16333 07
23 19l 3 |00 01 01 01 03 0.3 0.4 g 103017 34 51 69 86|.3(01 0204060809 1113 1516212 08
24 20| 4 |00 0.1 0.1 01 03 03 04l50 01] [104] 17 35 52 69 87||4 |01 0204 0608 09 1113 15 16|20 09
25 21| 5 |00 0.1 01 04 0304 04259 031 l105| 18 35 53 70 8850108040608 10111315 17/207 |9
28 22| 6 (00 0.1 0101 03 0.4 0.4(351 106(18 35 53 7.1 88|.6 (0103050608 101213 1517325 ,,
27 23(| 7 00 01 01 02 03 0.4 0.4 07|18 36 54 72 89/.7 (0103050608 101213 15 17(353
28 24| 8 (0001 01 02 03 0.4 04 108(18 36 54 72 90|[.8 (01030507 081012 1.4 15 17
29 25(| 9 (0001 01 02 03 0.4 0.4 109[19 37 55 73 9.1[.9 (0203050709 1012 1.4 16 17
3.0 25(| 0 000101 02 04 05 05 11.0[18 36 55 73 9.1/.0 (0.0 0204 0608 1.0 1.1 1.3 15 17
31 26(| 1 (0.0 01 01 02 04 05 05 11118 37 55 7.4 92|[.1 (000204 0608 1.0 12 1.4 16 17|13
32 26| 2 |00 0.1 0.1 0.2 0.4 05 05|36 12|18 37 56 74 93([.2 (000204 0608 1.0 14 16 18|35 0!
33 27(| 3 (00 01 01 02 04 0505|196 01| |113| 19 38 56 7.5 9.4|[3 0.1 02 0.4 06 08 1.0 1.2 1.4 16 18|55 02
34 28| 4 (0001 01 02 04 05 05/55 02| [114| 13 38 57 76 95||4 (0103050708 10 12 14 16 18| g9 03
35 29| 5 [00 01 01 02 0405 06(255 o4 115/ 19 38 58 77 96|[5(01 03050709 111214 16 18[112 05
36 30| 6 |00 01 0202 04 05 06[328 5| |116|19 39 58 77 97|[:6(01 03 0507 09 1.1 13 1.5 16 18[140 o
37 31| 7 [00 01 02 02 0.4 05 0.6(40.1 11720 39 59 7.8 98([.7 (0.1 030507 09 1.1 1517 19[165 o7
38 32(| 8 (00010202 05 05 06 118(20 40 59 79 9.9|[.8 (0203050709 1113 1517 19[190 g5
39 33| .9 |01 0.1 0.2 0.2 0.5 0.5 0.6 19|20 40 60 80 100([.9 (0.2 0.4 0.6 0.7 0.9 1.1 15\7\93/1»? 09
4.0 33(| .0 {00 010102 0.5 06 0.7 12020 40 60 80 100[[.0 [0.0 02 04 06 08 1.0 15‘7‘9257:?
41 34| 1 |00 01 02 02 05 06 07 121[20 40 60 80 101||-1 |00 02 0.4 0.6 09 11 13 155 17 1.9[202 |
42 35|l 2 [00 0102 02 0506 07/29 o | |122/20 40 61 81 101|[2]0002 050709 1.1 13 15 17 1.9)31.7 17
43 36(| 3 (00010202 0506 07|86 5| |123|20 41 61 82 102/[3 |01 03 0507 09 1.1 1.3 15 17 19(34.3
44 37|l 4 |00 0102 03 06 06 07144 g | |124| 21 41 62 83 103||4 0.1 03 05 07 09 11 13 15 17 20
45 38|l 5 [00 010203 0606 07259 94| |125/21 42 63 83 104|[5]01 030507091114 16182012
46 38(| 6 00010203 06 0607|317 95| |126|21 42 63 84 1056 |0.1 03 0507 1.0 1.2 1.4 16 18 20|35 O
a7 39| .7 |01 01 0203 06 07 0.7|375 %8| |127| 21 43 64 85 106|[.7 [0.1 0.4 06 08 1.0 1.2 16 1.8 20|58 02
48 40| 8 |01 010203 06 07 0. 128|22 43 64 86 107|[.8 (0.2 0.4 0608 10 1.2 1.4 1.6 1.8 20| g1 03
49 41|l .9 |01 010203 0.6 0.7 0.7 129|22 43 65 86 108[.9 (0.2 04 06 0.8 1.0 1.2 16 1.9 21)105 gg
50 41l 0 |00 010203 0607 08 130|21 43 65 86 108|.0[00 02 0.4 07 09 11 13 16 18 20|125 08
51 42| 1 |00 010203 0707 0894 31|22 43 65 87 109|[.1 (0.0 02 0507 09 1.1 1.4 1.6 1.8 20|17, 07
52 43| 2 [00 0102 03 0708 08|75 01 |132|22 44 66 88 110200030507 0.9 12 1.4 16 18 217 08
53 44(| 3 00010203 07 08 09|15 02| |133|22 44 66 89 11.1(3 01030507 1.0 1.2 14 16 19 2.1|507 09
54 45| 4 |00 0102 03 0708 0935 03| |13.4| 22 45 67 89 112(|.4 (01030508 1012 14 17 19 21 (52} 10
04 ¢
55 46(| 5 00010203 0708 09[216 g5| l1as|23 45 68 90 113|501 030608 1012 1517 19 21(267 |3
56 47|\ 6 |01 0102 03 0708 09(264 ool |136|23 45 68 91 113||56 |01 04 06 0.8 1.0 13 15 17 19 22291 |5
57 48| 7 |01 020203 0708 09(312 o7} 1137]23 46 69 92 114||.7 |02 04 06 0.8 1.1 1.3 15 1.7 20 22(31.4 |/
58 49| 8 [0.1 0203 03 07 0.8 0.9/36.0 138|23 46 69 92 115//.8 10204 0609 1.1 1.3 1.5 1.8 20 22/837 5
59 50(| 9 [0.1 02 03 04 07 08 0.9 13924 47 70 93 116(|.9 [02 0.4 07 09 11 1.3 1.6 1.8 20 22|360
60 50(| 0 0.0 010203 0809 1.0 140(23 46 7.0 93 116[[.0 (0.0 02 0507 10 1.2 1.4 1.7 1.9 22
61 51( 1 00010203 0809 10/21 o ) J141]|23 47 70 94 1171|0003 0507 1.0 1.2 15 17 20 22
62 51(| 2 00010203 08 09 10|62 5| J142|23 47 71 94 1182|0003 0508 1.0 13 15 17 20 22| |
63 52(| 3 00010204 0809 10[104 oo | 1143|2448 7.1 95 11913 |01 03 06 0.8 10 13 15 1.8 20 2213 01
64 53| 4 (0.0 02 03 04 0809 10[145 | |144| 24 48 72 6 120||.4 0.1 03 06 08 1.1 13 15 1.8 20 23|32 02
186
6.5 54( 5 (010203 04 08 09 1.0|22 95| |145|24 48 73 97 121||.5 |01 04 06 08 1.1 1.3 18 21 23|75 gf
6.6 55|/ 6 |0.1 0.2 0.3 0.4 08 0.9 1.0|269 96| |146| 24 49 73 97 122||.6 |0.1 04 06 09 1.1 1.4 18212396 o
6.7 56 .7 (010203 04 08 09 11314 07) J147|25 49 74 98 123||.7 (02 0.4 07 09 1.1 1.4 19 2123|117 oo
68 57(| 8 [0.1 0203 04 08 10 1.1[355 08| 148/ 25 50 7.4 9.9 124|802 0407 09 12 1.4 16 1.9 21 2.4[139 o7
69 58 9 |01 020304 09 1.0 1.1 149(25 50 75 100 125|.9 [02 05 0.7 0.9 12 14 17 19 22 24(160 07
18.1
7.0 58| .0 |00 010204 0910 11| 18 150|25 50 75 100 125||.0 [0.0 0.3 05 08 10 1.3 15 1.8 2.1 23|203 9
71 59| 1 |00 01 03 04 0910 11|55 0] |454|25 50 75 100 126|[.1 0.0 0.3 0.5 0.8 1.1 13 1.6 1.8 2.1 24|24 0
72 60(| 2 (0.0 01 03 04 0910 11| gy 02| |152| 25 50 76 10.1 1262 [0.1 03 06 08 1.1 1.3 1.6 1.9 2.1 24245 !
7.3 61( 3 00020304 0910 12|55 03] |153| 25 51 76 102 127|[3 [0.1 03 06 09 1.1 1.4 1.6 1.9 2.1 24567 12
74 62| 4 |00 0203 04 09 10 12[ieg 04| |15 26 81 77 103 124 |01 04 06 09 11 14 17 19 22 24 o5p 19
5
75 63| 5 [0.1 0203 04 09 1.1 12201 g¢ 155/ 26 52 78 103 129||5 |01 04 06 09 12 1.4 1.7 19 22 25/309 15
76 63|l 6 [0.1 0203 04 09 1.1 12(28 07N 1156 | 26 52 758 104 130|6 [0.2 0.4 07 09 12 1.4 1.7 20 22 25(331 1
77 64(| 7 01020305 10 1.1 12(274 o5 | |157| 26 53 7.9 105 13.1]|.7 (02 04 07 1.0 12 15 17 20 22 25352
7.8 65|/ -8 |01 020305 10 1.1 12(311 oo} 1158| 27 53 79 106 132|[.8 |02 0507 1.0 12 1.5 2023 25
7.9 66(| 9 [0.1 02 04 05 10 1.1 12(347 159|27 53 80 106 133||.9 [0.2 05 07 1.0 13 1.5 1.8 20 23 26
50 o123 7 8 9 10 20 30 40 50 01 2 8 45 78 9
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‘The Double-Second-Difference correction (Corr.) is always to be added to the tabulated altitude.

Decimals
50 o 1 3
13.3|[ 0 (0.0 0.3 05 08
13.4(| .1 |0.0 0.3 0.6 0.9
13.5(| .2 |0.1 0.3 0.6 0.9
136[| 3 0.1 0.4 0.6 0.9
137|| 4 |01 0.4 0.7 09
138(| 5 |0.1 0.4 0.7 1.0
13.8(| 6 |02 04 0.7 1.0
139|| 7 |02 05 07 1.0
14.0(| .8 |02 05 0.8 1.0
14.1(| .9 |02 0.5 0.8 1.1
14.1(| .0 |0.0 0.3 0.6 0.9
142|| 1 |00 0.3 06 0.9
143[| .2 (0.1 0.3 0.6 0.9
144 3 |01 0.4 07 10
145[ 4 |01 0.4 07 10
14.6(| 5 |0.1 0.4 0.7 1.0
14.7|| .6 |02 0.5 0.8 1.0
14.8([ .7 |0.2 0.5 0.8 1.1
149|| 8 |02 05 08 1.1
15.0(| .9 (0.3 0.6 0.8 1.1
150/ 0 (0.0 0.3 06 0.9
151 1 |00 0.3 06 1.0
151 .2 |0.1 0.4 0.7 1.0
15.2(| .3 |0.1 0.4 0.7 1.0
15.3(| 4 |0.1 0.4 0.7 1.0
15.4|| 5 |02 05 08 1.1
155 6 |02 05 0.8 1.1
156/ 7 |02 05 0.8 1.1
15.7|| .8 |0.2 06 0.9 1.2
15.8|[ 9 |03 06 0.9 1.2
15.8(| .0 |0.0 0.3 0.6 1.0
159(| .1 |0.0 0.4 0.7 1.0
16.0(| .2 |0.1 0.4 0.7 1.0
16.1([ .3 |0.1 0.4 0.7 1.1
16.2|| 4 |01 05 0.8 1.1
16.3|[ 5 |02 05 08 1.1
16.3|| 6 (02 05 08 1.2
16.4(| .7 |02 06 0.9 1.2
16.5(| .8 |0.3 0.6 0.9 1.2
16.6(| .9 |0.3 0.6 0.9 1.3
16.6/[ 0 (0.0 0.3 07 1.0
16.7[| .1 (0.0 0.4 0.7 1.1
168|[ 2 |01 0.4 08 1.1
16.9|[ 3 |01 0.4 08 1.1
17.0[| -4 |0.1 05 0.8 1.2
17.1(| 5 |02 05 0.9 1.2
17.2|| 6 |02 05 0.9 1.2
17.3(| .7 |02 06 0.9 1.3
17.4|| 8 |03 06 1.0 1.3
17.5(| .9 (0.3 06 1.0 1.3
17.5([ .0 |0.0 0.4 0.7 1.1
17.6([ .1 |0.0 0.4 0.8 1.1
17.6(| 2 |0.1 0.4 0.8 1.1
17.7|| 3 |0.1 05 0.8 1.2
17.8|| 4 |01 05 09 1.2
17.9(| .5 |02 05 09 1.3
18.0|| 6 (02 06 0.9 1.3
181 7 |03 06 1.0 13
18.2(| .8 |0.3 06 1.0 1.4
18.3(| 9 |03 0.7 1.0 1.4
18.3([ .0 |0.0 0.4 0.7 1.1
18.4(| .1 |00 0.4 0.8 1.2
18.5(| .2 |0.1 0.4 0.8 1.2
186 3 [0.1 05 09 1.2
18.7|| .4 |0.1 05 09 1.3
18| 5 (02 0609 1.3
18.8|[ 6 (02 06 1.0 13
189 .7 |03 06 1.0 1.4
19.0(| .8 |03 0.7 1.0 1.4
19.1(| .9 |03 07 1.1 1.5
19.1|[ 0 [0.0 0.4 08 1.2
192|| 1 |00 0.4 08 12
193|[ 2 |01 05 09 13
19.4|[ 3 |01 0509 13
195/ 4 |02 0509 13
19.6(| .5 |02 06 1.0 1.4
19.7|| .6 |02 06 1.0 1.4
198 7 (03 07 1.1 1.4
19.9(| .8 (03 07 1.1 1.5
200[| 9 [04 07 11 15
50 o v 2 3
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[ION TABLE INTERPOLATION TABLE
Altitude Difference (d) Double Altitude Difference (d) Double Altitude Difference (d) Double
R Second Second Second
ec. i Diff, Diff,
o Tens Decimals and 'ID:: Tens Decimals Units and ?:g Tens Decimals Units and
10200 30 40 50 o 1 2 8 9| Corr 1020 30 so | o 1 23 45 @ 8 9| Cor 10 20 30 40 s0 | o 1 2 3 4 5 & 7 8 9| Com
2401 40 80 120 16.0 20.0/( .0 |00 0.4 0.8 12 1.6 20 24 29 33 37| o g 28046 93 140 186 233|| .0 36.0| 60 120 180 24.0 30.0(|.0 (0.0 0.6 1.2 1.8 2.4 3.0 36 43 49 55
241140 80 120 160 20.1|[.1 |00 0.4 0.9 1.3 1.7 21 25 29 33 37| 55 01 28147 93 140 187 234|| .1 36.1| 6.0 120 180 24.0 30.1[|.1 |01 0.7 1.3 1.9 25 3.1 37 43 49 5508
242(40 80 121 161 2012 [0.1 0509 13 1.7 2.1 25 2.9 33 38| 47 02 282|47 94 141 188 235|| 2 36.2( 60 120 18.1 24.1 30.1||.2 0.1 07 1.3 1.9 26 3.2 3.8 4.4 50 56(25 ¢,
243|40 81 121 162 20.2(|.3 |0.1 05 0.9 1.3 1.8 22 26 3.0 34 38| 5'g 03 283| 47 94 141 189 236|| .3 363| 60 121 181 24.2 30.2||.3 0.2 08 1.4 20 26 32 38 4.4 50 57(42 (73
204|141 81 122 163 203(| 4 0.2 06 1.0 14 18 22 26 30 34 38| 74 04 284(47 95 142 189 237|| 4 364| 6.1 121 182 243 303|| 4 (02 09 1.5 21 27 33 39 45 51 57| 39 5
25|41 82 123 163 204/| 5 02 06 1.0 14 18 22 27 3.1 35 39| 21 06 285(48 95 143 19.0 238|| 5 365| 6.1 122 183 243 304! 5 (0.3 0.9 15 2.1 27 33 40 46 52 58/ 9.3 02
246| 41 82 123 164 205/ 60207 1.1 15 19 23 27 3.1 35 39| 107 07 286|48 95 143 191 238|| .6 366| 6.1 122 18.3 24.4 305! 6 (0.4 1.0 16 22 28 34 40 46 52 58/110 02
247| 41 83 124 165 206( 7 |03 07 1.1 15 1.9 23 27 3.1 36 40| 193 08 287 |48 96 144 192 239|| 7 36.7(61 123 184 245 306(|.7 [0.4 10 1.6 23 29 35 41 47 53 59/127 07
24842 83 124 166 207|803 07 1.1 1.6 20 2.4 28 3.2 36 40| 143 0.9 288 |48 96 144 192 240|| 8 36.8(62 123 18.4 246 30.7|| 8 (0.5 1.1 1.7 2.3 29 35 4.1 4.7 54 60144
249| 42 83 125 166 208(| 9 |04 0.8 1.2 1.6 20 2.4 28 3.2 36 40|1>7 10 28949 97 145 193 24.1|| .9 369|62 123 185 246 308||.9 [05 1.2 18 24 3.0 36 42 48 54 60161 T9
S 178
250| 4.1 83 125 166 208/| 0 (00 04 08 13 17 21 25 3.0 3.4 38133 12 290|48 96 145 193 24.1|| .0 37.0( 61 123 185 246 30.8/|.0 [0.0 06 12 1.9 25 81 37 4.4 50 56(195 |1
25.1| 42 83 125 167 209(| 1 0.0 05 0.9 13 1.7 22 26 3.0 34 39|202 13 291 |48 97 145 19.4 242|| 1 371 |62 123 185 247 30.9)|.1 (0.1 07 1.3 1.9 26 32 38 44 5.1 57(21.2 |2
252| 42 84 126 168 21.0[| 2 0.1 0509 1.4 1.8 22 26 3.1 35 39[22% 14 292(48 97 146 19.4 243|| 2 37.2( 62 124 186 248 31.0/|.2 [0.1 07 1.4 20 26 3.2 39 45 5.1 57(228 |3
253| 42 84 126 169 21.1( 3 0.1 06 1.0 1.4 1.8 23 27 3.1 35 40/532 15 293(49 98 146 195 24.4|| .3 373|62 124 186 249 3113 |02 0.8 1.4 2.1 27 33 39 46 52 58(245 |
254| 42 85 127 169 21.2(| 4 |02 06 1.0 14 19 23 27 3.1 36 40/50 15 204(49 98 147 196 245|| 4 37.4|62 125 187 249 31.2|| .4 [02 08 1.5 2.1 27 3.4 40 46 52 59(262 |3
o 1.7
255(43 85 128 170 21.3||.5 [0.2 06 1.1 15 1.9 23 28 3.2 36 4.0(288 13 295(49 98 148 197 246|| 5 375|638 125 188 250 313|| 5 03 09 16 22 28 34 4.1 47 53 5958 17
256| 43 85 128 17.1 21.3||.6 (0.3 0.7 1.1 1.5 2.0 24 2.8 3.2 3.7 4.1 30‘419 296 |49 99 148 19.7 247|| 6 37.6| 63 125 18.8 25.1 31.3|| .6 (0.4 1.0 1.6 22 29 35 4.1 4754503‘318
257(43 86 129 172 21.4||.7 [0.3 07 1.1 16 20 2.4 28 3.3 37 4.1(321 ;5 297(50 9.9 149 198 2458|| .7 37.7|63 126 189 252 31.4|.7 (0.4 1.1 1.7 2.3 2.9 3.6 4.2 4.8 54 6.1|330 19
258(43 86 129 172 21.5(.8 [0.3 0.8 1.2 1.6 20 25 2.9 3.3 37 4.2(337 4 298(50 100 149 199 249|| .8 37.8( 63 126 189 252 31.5|.8 0.5 1.1 1.7 2.4 3.0 36 42 49 55 6.1(357 20
25944 87 130 173 21.6([.9 [0.4 08 1.2 17 21 25 29 3.4 38 4.2|354 299(50 100 150 20.0 25.|| .9 37.9(6.4 127 190 253 31.6|.9 0.6 12 1.8 2.4 3.1 37 43 4.9 56 62
260(43 86 130 173 21.6([.0 [0.0 0.4 0.9 1.3 1.8 22 26 3.1 35 4.0| o g 30.0(50 100 150 200 25.0|| .0 38063 126 19.0 253 316(/.0 (0.0 0.6 1.3 19 26 32 38 4.5 51 58
26.1(43 87 130 17.4 21.7|[ 1 [0.0 05 0.9 1.4 1.8 23 27 3.1 36 4.0| 54 01 30.1(50 100 150 200 25.1|| 1 38163 127 19.0 254 317|(.1 (01 0.7 1.3 20 26 33 39 46 52 58| g g
262(43 87 131 17.4 21.8|[.2 [0.1 05 1.0 1.4 1.9 23 27 32 36 4.1| 5o 02 30.2(50 100 151 201 251|| .2 382(63 127 191 254 318[(.2 [01 08 1.4 21 27 33 40 46 53 59| yg 01
263( 44 88 131 175 21.9(|.3 [0.1 06 1.0 15 1.9 23 28 32 37 4.1| 57 03 303 |50 101 154 202 252|| .3 383(64 128 191 255 319((.3 (02 0.8 1.5 21 28 3.4 40 4.7 53 60| 44 02
64|44 88 132 176 220|| 4 02 06 1115 19 24 28 33 37 42| 73 04 304 |51 104 152 203 253|| 4 384|064 128 192 256 320/| 4 (03 09 1.5 22 28 35 4.1 47 54 60| g 03
25|44 88 133 177 221/ 502 07 1.1 15 20 24 29 33 38 42| 2% 06 305(51 102 153 203 254|| .5 38564 128 193 257 321|| 5 (03 1.0 16 22 29 35 42 48 55 6.1 79 05
266| 44 89 133 177 222(| 6|03 07 1.1 16 20 25 29 3.4 38 42|19% 07 306(51 102 153 204 255|| .6 386| 64 129 19.3 257 322|( 6 0.4 1.0 1.7 23 3.0 36 4.2 49 55 62| %7, 06
267|45 89 134 178 223(|.7 0.3 08 12 1.6 2.1 25 30 3.4 38 43|12 08 307 |51 103 154 205 256|| .7 387| 65 129 19.4 258 323|(.7 04 1.1 1.7 24 3.0 37 43 49 56 62|113 07
268| 45 00 134 179 224(|.8 |04 08 12 17 2.1 26 30 34 39 43|137 09 308 |52 10.3 154 206 25.7|| .8 38865 130 194 259 32.4/| .8 |05 12 1.8 24 3.1 37 4.4 50 56 63|17 08
269 45 90 135 180 225(| 9 |0.4 0.8 1.3 17 22 26 30 35 39 44|150 10 309|52 103 155 20.6 25.8|| .9 38.9| 65 130 195 26.0 325/| 9 (0.6 1.2 19 25 3.1 38 4.4 5.1 5764|129 09
11 10
270/ 45 90 135 180 225/|.0 (00 05 09 14 18 23 27 3237 41/188 1 31.0|51 103 155 206 25.8|| .0 39065 13.0 195 26.0 325(| 0 0.0 0.7 1.3 20 26 3.3 3.9 46 53 53[5 11
27.1| 45 90 135 180 226 1 0.0 05 1.0 14 1.9 23 28 3.3 37 42|22 13 31.1|52 103 155 20.7 259|| 1 39.1] 65 13.0 19.5 260 326|[ 1 0.1 0.7 1.4 20 2.7 34 40 47 53 60|52 12
27.2| 45 90 136 181 226( 2 |0.1 05 1.0 15 1.9 2.4 28 3.3 38 42|29 14 312|52 104 156 208 260|| -2 39265 130 19.6 261 326/ 2 [0.1 0.8 1.4 21 28 34 41 47 54 6.1/529 13
27.3| 45 91 136 182 227|301 06 1.1 15 20 2.4 29 3.3 38 43|237 15 313|52 104 156 209 26.1|| .3 39.3| 65 13.1 19.6 262 327|(3 (02 0.9 15 22 2.8 35 4.1 4.8 55 6.1|237 14
27.4| 46 01 137 183 228(| 4 |0.2 06 1.1 16 20 25 29 3.4 38 43|507 16 31.4|52 105 157 209 262|| 4 30466 131 107 263 32| 4 (0.3 09 1.6 22 29 36 42 49 5562|202 15
27546 92 138 183 229||.5 |02 07 1.1 16 21 25 30 3.4 39 4.4[283 |7 315(53 105 158 21.0 263|| .5 395| 66 132 19.8 263 329|| 5 [03 1.0 16 23 30 36 43 49 5.6 63290 15
27646 92 138 18.4 230 .6 [0.3 07 1.2 16 21 26 3.0 35 39 4.4299 ;g 316(53 105 158 21.1 263|| .6 30666 132 198 26.4 330[| 6 (0.4 1.1 1.7 2.4 30 37 43 50 57 63308 ;g
27.7| 46 93 139 185 231 .7 [0.3 08 1.2 17 22 256 3.1 35 40 4.4[315 5 317|53 106 159 21.2 26.4|| .7 397(66 133 19.9 265 331((.7 (05 1.1 1.8 24 31 38 44 51 57 64325 ;g
278(47 93 139 186 232(|.8 [0.4 08 1.3 1.7 22 27 31 36 40 4.5(331 53 31.8(53 106 159 21.2 265|| .8 39.8( 67 133 199 266 332|| 8 |05 12 1.8 25 32 38 45 51 58 65(343
27.9( 47 93 140 186 233|[.9 [0.4 09 1.3 18 22 27 3.2 36 4.1 45[347 31.9|54 107 160 21.3 266|| .9 39.9( 67 133 200 266 33.3||.9 (0.6 13 1.9 26 32 3.9 45 52 59 65
280(46 93 140 186 233([.0 [0.0 0509 1.4 1.9 2.4 28 33 38 43| g 320(53 106 160 21.3 2656|| .0 400| 66 13.3 200 266 333/ .0 (0.0 07 1.3 2.0 27 3.4 40 4.7 5.4 6.1
28.1(47 93 140 187 2341 [0.0 05 1.0 15 1.9 2.4 29 3.4 38 43|54 01 32.1|53 107 160 21.4 26.7|| 1 40.1| 67 133 200 267 33.4|| .1 |0.1 07 1.4 2.1 28 3.4 4.1 4.8 55 6.1
282(47 94 141 188 235|[.2 [0.1 06 1.0 15 20 25 29 3.4 39 4.4| 5o 02 322(53 107 161 21.4 268|| 2 402|67 134 201 268 335||.2 [0.1 0.8 1.5 2.2 28 35 4.2 49 55 62[09
283(47 94 141 189 236([.3 [0.1 06 1.1 16 20 25 3.0 35 39 44|55 03 323|54 108 161 21.5 269|| .3 403| 67 134 201 269 336||.3 0.2 09 1.6 2.2 29 36 43 49 56 63|28
24|47 95 142 189 237||4 |02 07 1.1 16 21 26 30 35 40 45|75 04 32454 108 162 216 27.0|| 4 40.4|67 135 202 269 337|| 4 (03 09 16 23 30 36 43 50 57 63| 46 o3
285/ 48 95 143 190 238|| 5 (02 07 12 17 21 26 3.1 36 40 4588 06 325|54 108 163 21.7 27.1|| 5 405| 68 135 203 27.0 338| 5 (03 1.0 17 24 30 37 44 5.1 57 64|83 J¢
286| 48 95 143 191 238(| 6 0.3 08 1.2 17 22 27 31 36 41 46(10¢ 07 32654 109 163 21.7 27.2|| 6 40668 135 203 27.1 33.8(| 6 [0.4 11 1.8 24 31 3.8 45 5.1 58 65(102 00
287| 48 96 144 192 239(| 7 |03 08 1.3 1.8 22 27 32 37 41 46(152 08 32755 109 164 218 273|| .7 40.7(68 136 204 27.2 33.9|| .7 [05 11 1.8 25 32 3.8 45 5.2 59 65(120 0°
288| 48 96 144 192 240(| 804 09 1.3 1.8 23 2.8 32 37 42 47133 09 328 |55 11.0 164 21.9 27.4|| .8 40868 136 204 27.2 340|| 8 |05 12 1.9 26 32 3.9 46 5.3 59 66(139 7
289 49 07 145 193 241 9 |0.4 09 1.4 19 23 28 33 3.8 42 47122 10 329|55 110 165 220 275|| .9 40969 137 205 27.3 34.1||.9 [0.6 13 20 26 33 40 47 5.3 60 67(157 (¢
11 17.6
200( 48 96 145 193 24.1([.0 |00 05 1.0 1.5 20 25 29 3.4 3.9 44|84 12 330|55 110 165 220 27| .0 41.0(68 136 205 27.3 34.1/|.0 [0.0 07 1.4 21 28 35 41 48 55 62[19.4 17
20.1| 48 97 145 194 242|[.1 |00 05 1.0 1.5 20 25 30 35 4.0 45200 13 33.1(55 110 165 220 27.6|| 1 41.1| 68 137 205 27.4 34.2|| .1 |0.1 08 1.5 2.1 28 35 4.2 4.9 56 6321.3
202| 48 97 146 194 243|[ .2 |01 0.6 1.1 1.6 21 266 30 35 4.0 4521 14 33255 11.0 166 221 27.6|| 2 412| 68 137 206 27.4 34.3| 2 (01 0.8 1.5 22 29 36 4.3 50 57 6.4[231 |2
203| 49 98 146 195 24.4|[.3 |01 0.6 1.1 1.6 21 26 3.1 36 4.1 46[232 15 33355 166 222 27.7|| .3 41369 138 206 27.5 34.4| 3 (02 0.9 1.6 23 3.0 37 4.4 50 57 6.4[250 13
204| 49 98 147 196 245|| 4 (02 07 12 17 22 27 3.1 36 4.1 46335 16 334|56 111 167 223 27.8|| 4 41.4|69 138 20.7 276 345|| 4 (0.3 10 17 24 30 37 44 5.1 58 65(268 |7
205| 49 98 148 197 248|| 5 02 07 12 17 22 27 82 37 42 47[280 14 335|56 11.2 168 223 27.9|| 5 415/ 69 138 208 277 346|| 5 (03 10 17 2.4 3.1 38 45 52 59 66|305 15
296| 49 99 148 197 247|| .6 [0.3 08 13 18 23 2.8 3.2 37 42 47296 g 33656 11.2 168 224 28.0|| 6 416(69 139 208 27.7 34.7|| 6 |0.4 1.1 1.8 25 32 3.9 4.6 53 59 66323 17
297(50 99 149 198 248|.7 [0.3 08 1.3 1.8 23 2.8 33 3.8 43 48312 5 337|56 113 169 225 28.1|| .7 41.7(70 139 209 27.8 34.8||.7 0.5 12 1.9 26 33 3.9 46 53 6.0 6.7(340 18
298(50 100 149 199 2498 (04 09 1.4 19 24 29 33 38 43 48328 ;4 338(57 113 169 226 282|| 8 41.8(70 140 209 27.9 34.9|| 8 (0.6 12 1.9 26 33 4.0 47 54 6.1 68
29.9(50 100 150 200 250 .9 [0.4 09 1.4 19 24 29 3.4 3.9 4.4 49344 339|57 113 17.0 226 283|| .9 41.9(70 140 210 280 350|| .9 (0.6 13 20 27 3.4 4.1 48 55 6.2 68
30.0( 5.0 10.0 15.0 20.0 25.0(|.0 |0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.6 4.1 46 08 34.0|56 113 17.0 226 28.3|| .0 420| 7.0 140 21.0 28.0 35.0/| .0 |0.0 0.7 1.4 21 28 3.5 42 50 57 6.4
30.1( 50 10.0 150 20.0 25.1((.1 {0.1 0.6 1.1 1.6 2.1 2.6 3.1 3.6 4.1 4.6/, 01 341 |57 11.3 17.0 227 28.4|| 1 42.1(70 140 210 280 35.1||.1 [0.1 08 1.5 2.2 29 36 43 50 57 6.4
302(50 100 151 201 251([.2 (0.1 0.6 1.1 1.6 21 26 32 37 42 4.7| 3 02 332|57 11.4 17.1 228 285|| .2 422(7.0 140 211 281 35.1|| .2 |0.1 08 1.6 2.3 30 37 4.4 51 58 65| 1
303(50 101 151 202 252(|.3 [0.2 07 1.2 17 22 27 32 37 42 47|56 03 343 |57 11.4 171 229 286|| 3 423(70 14.1 211 282 352||.3 0.2 09 1.6 2.3 3.0 38 45 52 59 66| g 01
30.4[51 101 152 203 253|| .4 [0.2 07 1.2 17 22 27 33 3.8 43 48|75 04 38.4|57 115 17.2 229 287|| 4 424|71 141 212 283 353)| 4 (03 1.0 1.7 24 31 38 45 52 59 67| 49 02
05
305|51 102 153 203 25.4/| 5 (03 08 1.3 18 23 28 3.3 38 43 4858 06 345(58 115 17.3 230 288|| .5 425|741 142 213 283 3545 |04 1.1 18 25 32 39 46 53 60 67| 55 o4
306(51 102 153 204 255| .6 [0.3 08 1.3 18 2.3 2.8 3.4 3.9 4.4 4.9 07 346|58 11.5 17.3 231 288|| .6 426|741 142 213 284 355|| 6 (0.4 1.1 1.8 25 33 4.0 4.7 54 6.1 68 05
307| 51 103 154 205 256|[.7 (0.4 0.9 1.4 1.9 2.4 28 3.4 3.9 4.4 49|20 038 347|58 116 174 232 289|| .7 427| 7.1 143 214 285 356|| 7 (05 12 1.9 26 33 4.0 47 55 62 6.9[198 06
308[52 103 154 206 257|[ .8 [0.4 09 1.4 19 24 29 35 4.0 45 50[138 o9 348(58 116 17.4 232 290|| .8 42.8|72 143 21.4 286 357|| 8 (06 1.3 20 2.7 3.4 4.1 48 55 62 6.9[128 07
309| 52 103 155 206 258(|.9 |05 10 1.5 20 25 30 35 40 45 50[132 10 349|59 117 175 233 20.1|| .9 429|72 143 215 286 3589 |06 13 21 28 35 42 49 56 63 70| 142 03
11 5 0.9
31.0( 5.1 103 155 206 258|[.0 |0.0 05 1.0 1.6 21 26 3.1 37 4.2 47|84 1> 350(58 116 175 233 29.1|| .0 430(71 143 215 286 3580 0.0 07 14 22 29 36 43 51 58 65[287 10
31| 52 103 155 207 2591 |01 0.6 1.1 1.6 22 27 32 37 4.3 48200 13 35.1(58 117 175 234 292|| 1 43.1(72 143 215 287 359/ .1 [0.1 08 1.5 22 30 37 44 5.1 59 66|07 11
312| 52 104 156 208 260|[ .2 (0.1 0.6 1.2 1.7 22 27 33 3.8 4.3 48215 14 352(58 117 17.6 234 293|| .2 432(72 144 216 288 36.0|| .2 [0.1 09 1.6 23 30 38 45 5.2 59 67(287 12
313| 52 104 156 209 26.1|[ .3 |02 0.7 1.2 1.7 23 28 33 3.8 4.4 49232 15 353(59 118 17.6 235 294|| .3 43372 144 216 289 36.1||.3 (02 0.9 1.7 2.4 3.1 3.8 4.6 53 6.0 6.7|50° 13
314| 52 105 157 209 262|| 4 |02 07 13 1.8 23 28 3.4 39 4.4 49[248 15 35.4(59 118 17.7 236 295|| 4 434|72 145 217 289 3624 03 10 17 25 32 39 46 54 6.1 68|55 14
15
31.5(53 105 158 21.0 26.3|| 5 |03 0.8 1.3 1.8 2.4 2.9 3.4 39 45 50[280 1; 355(59 11.8 17.8 237 296(| 5 435|7.3 145 21.8 29.0 36.3(| 5 (0.4 1.1 1.8 25 3.3 4.0 47 54 6.2 6.9(305 ;¢
316[53 105 158 21.1 26.3|| .6 [0.3 08 1.4 19 24 29 35 4.0 45 50[296 g 356(59 11.9 17.8 237 29.7|| .6 43673 145 21.8 29.1 36.3(| 6 |04 1.2 1.9 26 3.3 4.1 48 55 6.2 7.0[325 ;7
31.7| 53 106 159 21.2 26.4|| .7 |04 0.9 1.4 1.9 25 3.0 3.5 4.0 4.6 5.1[31:2 20 36.7| 6.0 119 17.9 23.8 29.8|| .7 437|7.3 146 21.9 29.2 36.4||.7 |05 1.2 20 27 3.4 4.1 49 56 6.3 7.0[345
318( 53 106 159 212 265|| .8 |0.4 0.9 1.5 2.0 25 3.0 36 4.1 4.6 51(328 53 358(60 120 17.9 239 299|| .8 438(73 146 219 29.2 365|| .8 |0.6 13 20 2.8 35 4.2 49 57 6.4 7.1
319|54 107 160 213 26.6||.9 [0.5 1.0 1.5 2.0 26 3.1 3.6 4.1 4.7 52[344 35960 12.0 180 24.0 30.0|| .9 439 7.4 147 220 29.3 36.6(| .9 |0.7 1.4 21 2.8 36 4.3 5.0 57 6.5 7.2
10 20 30 40 50 O 1 2 3 4 5 & 7 8 9 100 200 30 40' 50 100 200 30 40 50' 01 2 3 4 5 6 7 8 9
is always to be added to the tabulated altitude. The Double-Second-Difference correction (Corr.) is always to be added to the tabulated altitude.
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INTERPOLATION TABLE

Altitude Difference (d) Double Altitude Difference (d) Double
Second Second
Dec. piff. | Joec. Diff.
1o, Tens Decimals Units and no, Tens Decimals Units and
100 200 30 40 50 o 1 2 3 4 5 6 7 8 9| Cor 10020 300 40° 50 0 1t 2 3 &4 5 6 7 8 9| Com
440(73 146 220 293 366|| .0 (0.0 0.7 1.5 2.2 30 3.7 4.4 52 59 6.7 52086 173 260 346 433|.0 (0.0 0.9 1.7 26 35 44 52 61 7.0 7.9|; ¢
441 |73 147 220 294 36.7|| .1 |0.1 0.8 1.6 2.3 3.0 3.8 4.5 53 6.0 6.7 521 |87 17.3 26.0 34.7 43.4([.1 |0.1 1.0 1.8 2.7 36 45 53 6.2 7.1 8.0 5'5 0.1
442|73 147 221 29.4 36.8|| 2 (0.1 0.9 1.6 2.4 3.1 3.9 4.6 53 6.1 6.8 1.1 52.2| 87 17.4 26.1 348 435||.2 (0.2 1.0 1.9 28 3.7 45 54 6.3 7.2 8.0 9" 0.2
443 |74 148 221 295 369 .3 (0.2 1.0 1.7 2.4 32 39 4.7 54 6.2 6.9 3'2 0.1 523 |87 17.4 26.1 349 43.6(.3 |0.3 1.1 20 2.9 3.8 46 55 6.4 7.3 8.1 IéS 03
444 |74 148 222 296 37.0/[ 4 |03 1.0 1.8 25 3.3 40 47 55 62 7.0 5'3 02 52.4 | 87 175 26.2 349 43.7|| .4 |0.3 1.2 2.1 3.0 3.8 4.7 56 6.5 7.3 8.2 15'5 0.4
& 03 'y 05
445| 74 148 223 207 371|| 5 04 1.1 1.9 26 33 41 48 56 63 7.0/ o2 04| |525| 88 175 263 350 438(| 5 [04 1.3 22 3.1 39 48 57 66 7.4 83201 o5
446| 74 149 223 29.7 37.2|| 6 (04 1.2 1.9 2.7 34 42 49 56 6.4 7.1 1“7 0.5 526 |88 17.5 26.3 35.1 438/ .6 |05 1.4 23 3.1 40 49 58 6.6 7.5 8.4 23.8 0.7
44.7| 75 149 224 29.8 37.3| .7 |05 1.3 20 2.7 35 42 50 57 65 7.2 13.9 0.6 527 |88 17.6 26.4 352 43.9||.7 |06 1.5 2.4 3.2 41 50 59 6.7 7.6 85 27.4 08
448| 75 150 224 299 374|| 8 |06 1.3 21 28 36 43 50 58 65 7.3[137 07| [528| 88 17,6 264 35.2 44.0|| .8 |07 1.6 24 33 42 5.1 59 68 7.7 86211 09
449| 75 150 225 30.0 37.5/[ .9 |07 1.4 22 29 36 44 51 59 66 7.3 |8>| 0.8 529 |89 17.7 265 353 44.1|(.9 |0.8 1.7 25 3.4 43 52 6.0 6.9 7.8 8.7[347
‘n 0.9
45.0| 75 15.0 225 30.0 37.5/[ .0 [0.0 0.8 1.5 2.3 3.0 3.8 4.5 53 6.1 6.8 ggi 1.0 53.0 88 17.6 26.5 35.3 44.1([.0 |0.0 0.9 1.8 2.7 36 45 53 6.2 7.1 8.0
45.1|75 150 225 300 376 -1 |01 0.8 1.6 24 3.1 39 46 54 6.1 69[22% 1.1 |53.1|88 17.7 265 35.4 44.2||.1 0.1 1.0 19 2.8 37 45 54 63 7.2 81|21
45.2| 75 15.0 226 30.1 37.6([ .2 [0.2 09 1.7 24 32 39 47 55 62 7.0 26.7 1.2 53.2| 88 17.7 26.6 354 44.3|| .2 (0.2 1.1 20 2.9 3.7 46 55 6.4 7.3 8.2(6.2 02
453|75 151 226 30.2 37.7|| 3 |0.2 1.0 1.7 25 3.3 4.0 48 55 6.3 7.1 8.8 13 53.3|89 17.8 266 355 44.4||.3 |03 1.2 2.1 29 3.8 4.7 56 6.5 7.4 8.3(10.4 0'3
454 |76 151 227 303 37.8|| .4 (0.3 1.1 1.8 2.6 3.3 4.1 4.9 56 6.4 7130914 534 |89 17.8 26.7 356 44.5|| .4 |04 1.2 211 30 39 48 57 6.6 7.5 8.4(145 0'4
T 15 18.6 '
455|7.6 152 228 30.3 37.9|| 5 |0.4 1.1 1.9 2.7 3.4 4.2 49 57 6.4 7.2[33.1 16 53.5|89 17.8 26.8 35.7 44.6|.5 |0.4 1.3 22 3.1 40 49 58 6.7 7.6 85228 05
456(76 152 22.8 30.4 380|| .6 |05 1.2 20 2.7 35 4.2 50 5.8 65 7.3/35:2 53689 17.9 268 357 447||.6 05 1.4 23 32 4.1 50 59 68 7.7 86(269 05
457 |76 153 229 30.5 38.1| .7 |05 1.3 2.0 2.8 36 43 51 58 6.6 7.4 53.7| 9.0 179 26.9 35.8 44.8|.7 |0.6 1.5 24 3.3 42 5.1 6.0 6.9 7.8 8.6(31.1 08
458| 7.7 153 229 30.6 38.2|| 8 (0.6 1.4 21 29 3.6 44 52 59 6.7 7.4 53.8| 9.0 180 26.9 359 449|| .8 |0.7 1.6 25 3.4 43 52 6.1 7.0 7.8 8.7(352
459 7.7 153 230 306 383|| 9 |0.7 1.4 22 3.0 37 45 52 60 6.7 7.5 53990 180 27.0 360 45.0||.9 [0.8 1.7 26 3.5 4.4 53 62 7.0 7.9 88
46.0| 7.6 153 23.0 306 383|| .0 (0.0 08 1.5 23 3.1 39 46 54 62 7.0|; , 540 9.0 18.0 27.0 36.0 450||.0 (0.0 0.9 1.8 2.7 3.6 45 54 6.4 7.3 8.2
46.1| 7.7 153 23.0 30.7 38.4|| .1 [0.1 0.9 1.6 24 3.2 40 4.7 55 6.3 7.1 35 0.1 54.1| 9.0 18.0 27.0 36.0 45.1([.1 |0.1 1.0 1.9 2.8 3.7 46 55 6.4 7.4 83 24
462(7.7 154 231 308 385/ .2 |02 09 17 25 3.3 40 4.8 56 6.4 7.1/ 23 02| |582| 90 180 27.1 36.1 451||.2 |02 1.1 20 29 38 47 56 65 7.4 8.4(55 01
46.3| 7.7 154 23.1 309 386| .3 (0.2 1.0 1.8 2.6 3.3 4.1 49 57 64 7.2 E“ 0.3 543 9.0 18.1 27.1 36.2 45.2([.3 |0.3 1.2 2.1 3.0 39 48 57 6.6 7.5 8.4 ‘2'0 0.2
46.4| 77 155 23.2 309 38.7|| 4 (0.3 1.1 1.9 2.6 3.4 42 50 57 65 7.3 1d5 04 54.4| 91 181 27.2 36.3 453 .4 |04 1.3 22 3.1 40 49 58 6.7 7.6 85 15‘5 03
> 05 % 04
46578 155 233 31.0 388|| .5 |04 1.2 1.9 27 35 43 5.0 58 6.6 7.4|128 | |545( 0.1 182 27.3 36.3 45.4|| .5 |05 1.4 2.3 3.2 4.1 50 59 68 7.7 86216 o5
466|7.8 155 233 31.1 38.8|| .6 |05 1.2 2.0 2.8 3.6 4.3 5.1 59 6.7 7.4[151 0.7 54.6| 9.1 182 27.3 36.4 455|(.6 |05 1.5 2.4 3.3 4.2 5.1 6.0 6.9 7.8 8.7[264 0.6
46.7| 7.8 156 23.4 312 389|| .7 (05 1.3 2.1 2.9 36 4.4 52 6.0 6.7 7.5|174 g | |54.7 | 9.4 183 27.4 365 456.7 (06 1.5 25 3.4 43 52 6.1 7.0 7.9 88312 o7
46.8| 78 156 23.4 31.2 39.0|| .8 [0.6 1.4 22 29 3.7 45 53 6.0 68 7.6 198 0.9 54.8 |92 183 274 36.6 45.7|| .8 |0.7 1.6 25 3.5 44 53 6.2 7.1 8.0 89 36.0
46.9| 7.9 157 235 31.3 39.1|| 9 (0.7 1.6 2.2 3.0 3.8 46 53 6.1 6.9 7.7 gfl 1.0 54.9| 9.2 183 27.5 36.6 45.8|| .9 (0.8 1.7 2.6 3.5 45 54 6.3 7.2 8.1 9.0
S 11
47078 156 235 31.3 39.1|| .0 [0.0 0.8 1.6 2.4 3.2 4.0 47 55 6.3 7.1[267 1.2 55.0 9.1 18.3 27.5 36.6 45.8((.0 |0.0 0.9 1.8 2.8 3.7 46 55 6.5 7.4 83
47.1| 78 157 235 31.4 392|| 1 0.1 09 1.7 25 32 40 4.8 56 6.4 7.2[291 45] |55.1| 92 183 275 367 459(|.1 (0.1 1.0 1.9 2.9 3.8 4.7 56 6.6 7.5 8.4
47.2| 78 157 23.6 31.4 39.3|[ .2 |02 09 1.7 25 3.3 4.1 49 57 65 7.3 g;; 1.4 55.2| 9.2 184 27.6 36.8 46.0|| .2 (0.2 1.1 20 3.0 3.9 48 57 6.7 7.6 85[2.9 01
473179 158 236 31.5 394 .3 |02 1.0 1.8 26 34 42 50 58 6.6 7.4/37 15| 1553| 92 184 27.6 36.9 46.1(| .3 |03 1.2 2.1 3.1 40 49 58 68 7.7 86|86
47.4|79 158 23.7 31.6 39.5/[ .4 (0.3 1.1 1.9 2.7 35 4.3 5.1 59 6.6 7.4|°° 55.4| 9.2 185 27.7 36.9 46.2|| .4 |04 1.3 22 3.1 41 50 59 6.8 7.8 8.7(14.4 03
20.2 "
47.5|79 158 23.8 31.7 39.6([ .5 |04 1.2 20 2.8 36 44 51 59 67 7.5 55.5| 9.3 185 27.8 37.0 46.3||.5 |0.5 1.4 23 3.2 42 5.1 6.0 6.9 7.9 88259 04
47.6(79 159 238 317 39.7|| .6 |05 13 2.1 28 36 4.4 52 60 68 76| | 5 55693 185 278 37.1 463(| 6 |06 15 24 33 43 52 6.1 7.0 80 89[317 0%
47.7| 80 159 23.9 31.8 39.8|| .7 (0.6 1.3 2.1 29 3.7 45 53 6.1 6.9 7.7 38 0.1 55.7 | 9.3 18.6 27.9 37.2 46.4|(.7 |0.6 1.6 25 3.4 43 53 6.2 7.1 80 9.0375
47.8( 80 160 239 319 39.9| .8 |06 14 22 30 3.8 46 54 6.2 7.0 7.8/ 25 02] |558| 93 186 27.9 372 465[|.8 |07 1.7 26 35 44 54 63 7.2 81 9.1
47.9| 80 16.0 24.0 32.0 40.0([ .9 0.7 1.5 2.3 3.1 39 47 55 63 70 7.8 8‘9 0.3 55.9| 9.4 187 28.0 37.3 46.6([.9 |0.8 1.8 2.7 3.6 45 55 6.4 7.3 82 9.2
- 0.4
48.0(80 160 240 320 400 .0 [0.0 0.8 1.6 24 32 40 48 57 65 7.3/1,'0 05| |56.0| 93 186 280 37.3 466 .0 [0.0 0.9 1.9 28 38 4.7 56 656 7.5 85
42|50 150 241 321 41| 2 |02 70 1 56 34 42 50 35 a6 74[155 07| [s62| 33 167 51 374 éas|| 2 (02 19 29 50 30 40 55 65 77 87
1401 2 0.2 1.0 1.8 26 3.4 4.2 50 58 66 7.4|15°0 2021121304049 58 6877 8754
48.3| 80 16.1 24.1 322 40.2|[ .3 [0.2 1.1 1.9 27 35 43 51 59 67 7.5 216 0.8 56.3 | 9.4 18.8 28.1 37.5 46.9(.3 |0.3 1.2 22 3.1 40 50 59 6.9 7.8 8.8 10.9 0.1
48481 161 242 323 403|| .4 |03 1.1 19 27 3.6 4.4 52 6.0 6.8 7.6[5,; 09| |56.4| 94 188 282 37.6 47.0||.4 |04 13 23 32 4.1 51 60 7.0 7.9 89155 02
- 1.0 - 03
485| 8.1 162 24.3 323 404| .5 (04 1.2 20 2.8 36 4.4 53 6.1 6.9 7726’711 56.5| 9.4 18.8 28.3 37.7 47.1|[ .5 05|A2A3342526|7|808925‘5 0.4
48681 162 243 324 405|| 6 |05 1.3 21 29 37 45 53 6.1 7.0 7.8[292 15| |56.6 | 9.4 189 283 37.7 47.2|| .6 |06 1.5 2.4 34 43 53 6.2 7.2 8.1 90328 (5
48781 163 24.4 325 406 .7 |06 1.4 2.2 30 38 46 54 62 7.0 7837 15| |567| 95 189 284 37.8 47.3(|.7 |07 1.6 25 35 4.4 54 63 7.3 82 9.1 {101
48.8| 82 16.3 244 326 40.7|| .8 |06 1.5 2.3 3.1 39 47 5563 7.1 7.9 56.8 | 9.5 19.0 28.4 37.9 47.4(.8 |0.8 1.7 26 3.6 45 55 6.4 7.3 83 9.2
48982 163 24.5 326 408|| .9 (07 1.5 2.3 32 4.0 4.8 56 6.4 7.2 80 56.9| 95 19.0 285 38.0 47.5(|.9 (0.8 1.8 2.7 3.7 4.6 56 6.5 7.4 8.4 9.3
49.0| 8.1 16.3 245 32.6 40.8|| .0 (0.0 0.8 1.6 25 3.3 4.1 49 58 6.6 7.4 57.0| 9.5 19.0 28.5 38.0 47.5/|.0 [0.0 1.0 1.9 29 3.8 48 57 6.7 7.7 8.6
49.1| 82 16.3 245 327 409|| 1 [0.1 0.9 1.7 2.6 3.4 4.2 50 59 67 7.5 57.1|95 19.0 285 38.0 47.6|.1 [0.1 1.1 20 30 39 4.9 58 6.8 7.8 8.7
49.2| 82 164 246 328 41.0|| 2 0.2 1.0 1.8 26 35 43 5.1 59 6.8 7.6 1.4 01 57.2| 9.5 19.0 28.6 38.1 47.6((.2 |0.2 1.1 2.1 3.1 40 50 59 6.9 7.9 88
493|182 164 246 329 411l .3 |02 11 19 27 35 44 52 60 68 7.7(42 (| |573| 95 19.1 286 382 47.7(|.3 (03 1.2 22 32 41 51 60 7.0 80 89| ¢
49.4| 82 165 247 329 41.2|| 4 (0.3 1.2 20 28 3.6 45 53 6.1 6.9 7.8|7.1 03 57.4| 96 19.1 28.7 38.3 47.8|[.4 |0.4 1.3 23 3.3 42 52 6.1 7.1 8.0 9.0 15.0 0.1
9.9 o 0.2
495| 83 165 24.8 33.0 41.3|| 5 (0.4 1.2 21 29 3.7 45 54 6.2 7.0 7.8|12.7 04 57.5| 96 19.2 28.8 38.3 47.9|.5 |05 1.4 24 3.4 43 53 6.2 7.2 8.1 9.1 25.0 03
495683 165 24.8 331 413|| 6 |05 1.3 2.1 3.0 38 4.6 5.4 63 7.1 7.9(155 5| |57.6| 96 192 28:8 38.4 480||.6 [0.6 1.5 2.5 3.4 4.4 5.4 63 7.3 8.2 9235
49.7| 83 166 249 33.2 41.4|| .7 (0.6 1.4 22 3.1 39 47 55 6.4 7.2 8.0|184 06 57.7| 9.6 19.3 28.9 38.5 48.1|[.7 |0.7 1.6 26 3.5 45 55 6.4 7.4 83 9.3
49.8(83 166 24.9 332 415|| .8 (07 1.5 2.3 3.1 4.0 4.8 56 6.4 7.3 814|212 07 |57.8| 9.7 19.3 289 386 48.2(| .8 (0.8 1.7 2.7 3.6 4.6 56 6.5 7.5 8.4 9.4
49.9| 84 16.7 25.0 33.3 41.6|| .9 (0.7 1.6 2.4 3.2 40 49 57 6.5 7.3 8.2|240 gg 57.9| 9.7 19.3 29.0 38.6 48.3|(.9 |0.9 1.8 2.8 3.7 47 57 6.6 7.6 85 9.5
126.8
50.0| 8.3 166 250 333 41.6|| .0 |0.0 08 1.7 25 3.4 4.2 50 59 6.7 7.6/29.7 O] |58.0| 96 193 20.0 386 483|(.0 [0.0 1.0 1.9 29 39 4.9 58 6.8 7.8 88
50.1| 83 16.7 250 33.4 41.7|| .1 (0.1 09 1.8 2.6 3.5 43 5.1 6.0 6.8 7.7|32.5 15l 58.1| 9.7 19.3 29.0 38.7 48.4||.1 [0.1 1.1 20 3.0 40 50 59 6.9 7.9 89
50.2| 83 16.7 25.1 33.4 41.8|[ .2 (0.2 1.0 1.9 2.7 35 4.4 52 6.1 6.9 7735,3'2 58.2| 9.7 19.4 29.1 38.8 485|.2 |0.2 1.2 2.1 3.1 41 5.1 6.0 7.0 8.0 9.0
50.3| 84 16.8 251 33.5 41.9(( .3 |03 1.1 1.9 2.8 36 45 53 6.1 70 7.8 58.3| 9.7 19.4 29.1 38.9 48.6|.3 |0.3 1.3 22 3.2 42 52 6.1 7.1 8.1 9.1
50.4| 8.4 168 252 336 420|| .4 [03 1.2 20 29 37 45 5.4 62 7.1 7.9 58.4|97 195 29.2 38.9 487|| 4 (0.4 1.4 23 33 43 53 62 7.2 82 92(82
24.6
50.5| 84 16.8 253 33.7 42.1|| .5 |04 1.3 2.1 2.9 3.8 46 55 6.3 7.2 8.0 58.5| 9.8 19.5 29.3 39.0 48.8|.5 |0.5 1.5 24 3.4 44 54 6.3 7.3 83 93410 02
50.6| 8.4 169 253 33.7 42.2|| 6 (0.5 1.3 2.2 3.0 39 47 56 6.4 7.2 8.1 58.6| 9.8 19.5 29.3 39.1 48.8|| .6 (0.6 1.6 2.5 3.5 45 55 6.4 7.4 8.4 9.4
507|85 169 254 338 423 .7 |06 1.4 23 3.1 4.0 48 56 65 7.3 82|, ¢ 587|958 196 29.4 392 489||.7 [0.7 1.7 2.6 3.6 4.6 56 65 7.5 8.5 95
50.8| 85 17.0 254 33.9 42.4(( .8 |07 1.5 24 3.2 40 49 57 66 74 82 48 0.1 58.8 | 9.8 19.6 29.4 39.2 49.0((.8 |0.8 1.8 2.7 3.7 47 57 6.6 7.6 8.6 9.6
509|85 17.0 255 340 425/ .9 |08 16 24 33 4.1 50 58 66 7.5 83| gg 02| |589| 99 197 295 393 49.1(|.9 (0.9 1.9 28 38 48 58 67 7.7 87 97
03
510(85 170 255 340 425 .0 [0.0 0.9 1.7 26 34 43 51 6.0 69 7.7[112 04| |59.0| 98 19.6 205 39.3 49.1(| .0 [0.0 1.0 20 3.0 40 50 59 69 7.9 8.9
51.1| 85 17.0 255 34.0 42.6( .1 |0.1 0.9 1.8 2.7 35 44 52 6.1 70 7.8 17.7 0.5 59.1| 9.8 19.7 29.5 39.4 49.2([.1 |0.1 1.1 21 3.1 41 5.1 6.0 7.0 8.0 9.0 16.2
51.2| 85 17.0 256 34.1 42.6|| 2 (0.2 1.0 1.9 2.7 36 45 53 6.2 7.0 7.9 20.9 06 59.2| 9.8 19.7 29.6 39.4 49.3|| 2 |02 1.2 22 32 42 52 6.1 7.1 8.1 9.1 48,6 0.1
513|85 17.1 256 342 427 3 |03 1.1 20 28 37 45 5.4 63 7.1 80[5,7 07| |593| 9.9 19.8 2956 395 49.4(| .3 (03 13 23 33 43 53 62 72 82 92
51.4| 86 17.1 257 34.3 42.8|| 4 |03 1.2 21 29 3.8 46 55 6.4 7.2 8.1 27’3 0.8 59.4| 9.9 19.8 29.7 39.6 49.5([ .4 |0.4 1.4 24 34 44 54 63 7.3 83 93
0.9
51.5(86 17.2 258 343 429|| 5 (0.4 1.3 2.1 3.0 39 47 56 6.4 7.3 82[305 1o] |595| 9.9 19.8 29.8 397 49.6(| .5 (05 1.5 2.5 3.5 4.5 55 6.4 7.4 8.4 9.4
51.6| 86 17.2 258 344 43.0|| 6 (0.5 1.4 22 3.1 39 48 57 6.5 7.4 8.2 33.7 1.1 59.6 | 9.9 19.9 29.8 39.7 49.7|| .6 |0.6 1.6 2.6 3.6 46 56 6.5 7.5 85 9.5 00
51.7| 86 17.3 259 345 43.1|| .7 (0.6 1.5 2.3 3.2 40 49 58 66 7.5 8.3 36.9 59.7 |10.0 19.9 29.9 39.8 49.8|| .7 |0.7 1.7 2.7 3.7 4.7 5.7 6.6 7.6 8.6 9.6 4é2 0.0
51887 17.3 259 346 432|| .8 |0.7 1.5 2.4 3.3 4.1 5.0 58 67 7.6 8.4 508|100 20.0 29.9 39.9 49.9|| .8 [0.8 18 2.8 38 4.8 58 67 7.7 8.7 9.7
51.9(87 17.3 26.0 346 43.3|| .9 |0.8 1.6 25 3.3 42 51 59 68 76 85 59.9 [10.0 20.0 30.0 40.0 50.0{[.9 |0.9 1.9 2.9 3.9 49 59 6.8 7.8 88 9.8
100 200 300 40 50 0 1 2 3 4 5 6 7 8 9 100 200 30° 40° 50 o 1 2 3 4 5 6 7 8 9

The Double-Second-Difference correction (Corr.) is always to be added to the tabulated altitude.
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The Cutterman’s Guide to Navigation Problems

Part Sixteen: Celestial Running Fix Problems

Celestial Running Fix Problems Involving the Sun

Problem 16-1 (CG-237). The following question is taken directly from the USCG
test bank and illustrates how to solve celestial running fix problems.

On 15 August, your 0512 zone time position was latitude 29° 18’ N, longitude 57° 24’
W. Your vessel was steaming on course 262° T at 20 knots. An observation of the Sun’s
lower limb was made at 0824 zone time. The chronometer read 00h 22m 24s and was
slow 01m 34s. The observed altitude (ho) was 38° 16.7". LAN occurred at 1204 zone
time and the observed altitude (ho) was 74° 58.0°’. What was the longitude of your
1204 zone time running fix?

Answer: 59°59° W

Step 1:  Determine the GMT of the morning Sun sight.
Chronometer time: 00h 22m 24s
Chronometer error: 01m 34s slow
Correct chronometer time: 00h 22m 24s + 01m 34s = 00h 23m 58s
Ship time of sight: 0824 ZT
DR longitude: 57° 24’ W corresponds to (+4 ZD)
GMT of sight: 12:23:58 GMT, 15 August

Step 2:  Advance the original fix location to the morning Sun sight. Note this
solution uses a plotting sheet, but the position may also be advanced
by mid-latitude sailing (see Part 5 or Part 9).

Original fix time: 0512 ZT or 0912 GMT
Original fix position: 29° 18’ N, 57° 24’ W.
Morning observation time: 0824 ZT or
1224 GMT

Course and speed: 262° T at 20 knots
Time underway: 0824 ZT - 0512 ZT = 3
hours, 12 minutes, or 3.2 hours

Distance travelled: 3.2 hours for 20 knots
= 64.0 miles covered

Morning DR position (original fix
advanced 64 miles in direction 262°):
29°09’N, 58°37' W
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Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Determine the observed altitude of the morning Sun sight.

ho: 38° 16.7’ (Given)

Determine the declination of the Sun for the morning Sun

sight.

Declination (hours): N 13° 59.7’ (d number 0.8)

Declination (increments): + 0.3’
Declination (total): N 14° 00.0’

Determine the GHA of the Sun for the morning Sun sight.

GHA (hours): 358° 53.8’
GHA (increments): 5° 59.5’
GHA (total): 364° 53.3’ (-360°) = 4° 53.3’

Determine the assumed position of the ship.
DR latitude: 29° 09’ N

Assumed latitude: 29° N

DR longitude: 58° 37" W

Assumed longitude (to ensure whole number

of LHA): 58° 53.3' W

Determine the LHA of the Sun for the
morning Sun sight.

GHA (Sun): 4°53.3’ W

Assumed longitude: 58° 53.3° W

SUN

G.HA Dec.

1500] 178 52.3 N14 09.1
011193 524 083
02| 208 526 075
03| 223 52.7 -- 06.8
04| 238 528 06.0
05| 253 529 05.2
06 268 53.0 N14 04.4
07| 283 532 036
08] 298 533 029
09[ 313 53.4 -- 021
10| 328 53.5 013
11/ 343 53.7 14 00.5
12| 358 53.8 N13 59.7
13| 13539 590
14| 28 540 582
15| 43542 .- 574
16| 58543 566
17| 73 544 558
18| 88 54.5 N13 55.0
19/ 103 547 543
20| 118 54.8 53.5
21{133 549 .- 527
22| 148 550 519
231163

<PODMCAHD>O®

$.0.158 d o8

23 [, SUN_ | ARIES [MOONor Corr| or Corrm | or C
or Corr®| or Corr" | or orr®
PLANETS| # 4 ¥
00 | 5450 | 5459 [ 5293 o0 00| 60 24 |12:0 47
01 [ 5453 | 5462 [52%5 (01 00| 61 244 |12 47
02 | 5455 [ 5464 | 5298 [[02 01| 62 24 |12:2 48
03 | 5458 5467 | 5300 03 01| 63 2.5 |12 48
04 | 5460 | 5469 [ 5302 foa 02 64 2.5 |12:0 4.9
05 | 5463 [5472 | 5305 |05 02 65 25 125 49
06 | 5465 | 5474 [ 5307 [o0-6 02| 66 26 126 49
07 | 5468 | 5477 | 5310 [[o7 03| 67 26 [12:7 50
08 | 5470 (5480 | 5312 [[o-8 03| 68 2.7 |12:8 50
09 [ 547:3 | 5482 | 5314 o9 04| 69 2.7 |12:9 51
- -
56 | 55%0 6000 | 5426 |56 2216 45|16 69
57 [ 5593 | 6002 | 5429 f5.7 22|07 46 | 1147 69
58 | 55%5 | 6005 [ 5431 f58 23|18 46 |17:8 70
59 | 5598 | 6007 | 5434 59 23 (19 47|19 7.0
60 | 6000 | 6010 | 5436 f 60 24 |120 47 |18:0 7-1

LHA 4° 53.3’ (+360°) - 58° 53.3° W = 306° (subtract west, add east)

Entering publication HO229 with assumed latitude, declination, and
LHA, retrieve the computed altitude (hc), altitude difference (d), and

azimuth (z) for the assumed position.
Assumed latitude: 29° N

Declination: N 14° (no increments in this problem)

LHA: 306° (Same Pages)

HO 229 values:
Computed altitude (hc): 38° 01.9’
Altitude difference (d): +26.1°
Azimuth (z): 94.7° T

o o L.H.A. greaterthan 180° ....Zn=Z
54 5 306° L.H.A. LATITUDE SAME NAME AS DECLINATION . Lat. {L_H_A,m;man 180°............Zn=360°-Z
23° 24° 25° 26° 27° 28° 29° 30°
Dec.[ Hc d Z He d Z He d z He d z He d z He d z He d z Hc d Z | Dec.
0 |32453 4277 1058 | 32 28.7 +266 106.5 | 32 11.3 +208 107.1 | 31 53.4 +308 107.7 | 31 34.9 +318 108.3 | 31 15.8 +328 108.8 | 30 56.2 +337 109.4 | 30 36.0 +346 1100 | 0
1 33 13.0 +27.0 104.8 | 32 57.3 +282 1054 | 32 41.1 +292 106.0 | 32 24.2 +302 106.7 | 32 06.7 +31.2 107.3 | 31 48.6 +322 107.9 | 31 29.9 +332 108.4 | 31 10.6 +342 109.0 1
2 {33400 +265 103.7 | 33 25.5 +276 104.4 | 33 10.3 +285 105.0 | 32 54.4 +207 105.6 | 32 37.9 +308 1062 | 32 20.8 +31.8 1069 | 32 03.1 +326 107.5 | 31 448 4306 1081 | 2
3 34 06.5 +260 1026 | 33 53.1 +27.0 103.3 | 33 389 +282 103.9 | 33 24.1 +29.3 104.6 | 33 08.7 +30.3 105.2 | 32 526 +31.3 105.8 | 32 35.9 +324 106.5 [ 32 18.6 +33.4 107.1 3
4 | 34325 4253 101.5 | 34 201 +265 102.2 | 34 07.1 +276 102.9 | 33 53.4 +285 1035 | 33 39.0 +207 104.2 | 33 23.9 +308 104.8 | 33 08.3 +318 1055 | 32 52.0 +328 106.1 | 4
5 |34 578 4248 100.4 | 34 466 +250 101.1 | 34 34.7 +270 101.8 | 34 22.0 +28.1 1025 | 34 08.7 +202 103.1 | 33 54.7 +303 1038 | 33 40.1 +313 104.4 | 33 24.8 4324 1051 | 5
6 |35226 4201 993|835 125 +252 100.0 | 35 01.7 +264 100.7 | 34 50.1 +2756 101.4 | 34 37.9 +287 102.1 | 34 250 +208 102.8 | 34 11.4 +309 103.4 | 33 57.2 +318 1041 | 6
7 35 46.7 +235 98.2 | 35 37.7 +247 989 | 35 28.1 +258 99.6 | 35 17.7 +26.9 100.3 | 35 06.6 +28.1 101.0 | 34 54.8 +29.2 101.7 | 34 42.3 +302 102.4 | 34 29.0 +31.4 103.1 7
8 |36 102 +228 97.1 |36 024 +240 97.8 |35 53.9 +252 985 |35 44.6 +26.4 992 35 34.7 +275 999 | 35 24.0 +286 1006 | 35 125 +297 101.3 | 35 004 +306 1020 | 8
9 | 36330 4222 959 |36 264 +234 96.7 | 36 19.1 +245 97.4 | 36 11.0 +257 98.1 | 36 02.2 +268 98.8 | 35 526 +280 995 | 35 42.2 +202 1003 | 35 312 +303 1010 | 9
10 36 55.2 +214 94.8 | 36 49.8 +227 955 | 36 436 +239 96.3 | 36 36.7 +251 97.0 | 36 29.0 +263 97.7 | 36 20.6 +274 985 | 36 11.4 +286 99.2 | 36 01.5 +296 99.9 10
11 |37 166 +208 936 | 37 125 +220 943 [ 37 075 +233 95.1 | 37 01.8 4245 959 | 36 553 +256 96.6 | 36 48.0 4266 97.3 | 36 40.0 4279 98.1 | 36 311 4201 988 | 11
12 37 374 +201 924 | 37 345 +21.3 932 | 37 30.8 +225 93.9 | 37 26.3 +237 94.7 | 37 20.9 +250 955 | 37 14.8 +262 96.2 | 37 07.9 +273 97.0 [ 37 00.2 +285 97.7 12
13 |37 57,5 +103 912 | 37 558 +206 920 | 37 533 +210 928 | 37 500 +23.1 935 |37 459 +245 943 | 37 410 +255 951 |37 352 +267 959 | 37 28.7 +270 966 | 13
14 38 16.8 +186 90.0 | 38 16.4 +199 90.8 | 38 152 +21.1 91.6 | 38 13.1 +224 924 | 38 10.2 +236 932 | 38 06.5 +248 93.9 | 38 01.9 +261 94.7 | 37 56.6 +272 955 14
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Step 9:

Determine the azimuth correction for the sight. In this problem there
are no corrections required, but the step is shown for training
purposes.

By increasing the value of each argument by 1 whole increment, triple
interpolate for the exact values of azimuth (for detailed instructions
see Part 14).

Base Value Base Z Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) / 60

Latitude - N

29° 94.7° - - 00.0° 0

Declination - N

14° 94.7° - - 00.0° 0

LHA

306° 94.7° - - 00.0° 0

Step 10:

Step 11:

Step 12:

Total correction = 0.0°

Apply the correction to the base values to determine true azimuth.
Base azimuth: 94.7°

Correction: 0.0°

Corrected azimuth: 94.7°

Note - Check azimuth rules: if LHA greater than 180°, then zn = z.
Corrected azimuth: 94.7°

Determine the computed altitude. In this problem the altitude
difference correction is not necessary, but is shown for training
purposes.

Tabular computed altitude (hc): 38° 01.9°

Altitude difference (d): +26.1°

Declination: N 14° 00.0’

Declination increments: 00.0’

Altitude difference correction:
Tens: 00.0’

Units/decimals: 0.0’

Total correction: 00.0

Tabular hc: 38°01.9°
Alt correction: 00.0’
hc: 38°01.9’

Determine the intercept (a).

Observed altitude: 38° 16.7’

Computed altitude: 38° 01.9’

Intercept (a): 38° 16.7' - 38°01.9’' = 14.8’

If observed altitude is greater, intercept is towards.
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Step 13: Plot the morning Sun sight.
Assumed position: 29° N, 58° 53.3° W
Azimuth: 094.7°
Intercept: 14.8’ towards

Step 14: Calculated the latitude at meridian passage
(see Part 11).
Time of meridian passage sight: 1204 zone
time or 1604 GMT
Observed altitude: 74° 58.0°
Zenith Distance: 90° 00.0 - 74° 58.0’ = 15° 02.0’
Declination (Sun - hours): 13° 56.6’ N (d number = 0.8)
Declination (Sun - increments): +0.1’
Declination (Sun - total): 13° 56.7’
Latitude at meridian passage = zenith
distance + declination = 4 [o s ARIES ”°°N“i? Corre %Co"" or Corr
15°02.0' N+ 13°56.7’ N =28°58.7 N

00 | 1000 (1002|0573 00 00 60 05 [ 1200 l>'9
g% 1003|1004 | 057501 00 61 05|12 09
T . 1005|1007 057702 00 62 05 [ 122 09
Step 15: Plot the meridian passage latitude. 03 | 1008 | 1009 056005 00| e 05 | 124 09

. 04 | 1010 [ 1012|0582 04 00 6-a 05 | 12:a 09
. o ’
Latltude' 28 58'7 N 05| 1013 1014 |0585(0s 00 65 05 [12:5 09

06 | 1015|1017 | 058706 00| 66 05 | 126 09
07 | 1018|1019 [0589f 07 OL| 67 05 127 1.0

Step 16: Advance the morning Sun sight (0824 08 | 1020|1022 | 059208 01| &5 05 128 10

09 | 1023|1024 | 0594 09 O1f 69 051259 1.0
zone time) to the meridian passage
latitude to determine the running fix.
0824 zone time to 1204 zone time = 3 hours 40 minutes = 3.67 hours
3.67 hours at 20 knots = 73.34 miles covered (course 262° T)

Step 17: Answer the required question.
Longitude = 59° 59’ W
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Problem 16-2 (CG-530). The following question is taken directly from the USCG
test bank and illustrates how to solve celestial running fix problems.

On 8 February, your 0800 zone time position was latitude 28° 55.0’ S, longitude 52° 27’
W. Your vessel was steaming on course 036° T at a speed of 19 knots. An observation of
the Sun’s lower limb was made at 0938 zone time. The chronometer read 12h 37m 23s
and was slow 01m 24s. The observed altitude (ho) was 45° 29.2". Local apparent noon
(LAN) occurred at 1240 zone time. The observed altitude (ho) was 77° 10.5". What
was the longitude of your 1200 zone time running fix?

Answer: 51°36.0' W

Step 1:

Step 2:

Step 3:

Step 4:

Determine the GMT of the morning Sun sight.

Chronometer time: 12h 37m 23s

Chronometer error: 01m 24s slow

Correct chronometer time: 12h 37m 23s + 01m 24s = 12h 38m 47s
Ship time of sight: 0938 ZT

DR longitude: 52° 27" W corresponds to (+3 ZD)

GMT of sight: 12:38:47 GMT, 8 February

Advance the original fix location to the morning Sun sight. Note this
solution uses a plotting sheet, but the position may also be advanced
by mid-latitude sailing (see Part 5 or Part 9).

Original fix time: 0800 ZT or 1100 GMT
Original fix position: 28° 55’ S, 52° 27" W.
Morning observation time: 0938 ZT or
1238 GMT

Course and speed: 036 T at 19 knots
Time underway: 0800 ZT - 0938 ZT = 1
hours, 38 minutes, or 1.6 hrs

Distance travelled: 1.6 hours for 19 knots
= 31.0 miles covered

Morning DR position (original fix
advanced 31 miles in direction 036°):
28°30°S,52° 06’ W

Determine the observed altitude of the morning Sun sight.
ho: 45° 29.2’ (Given)

Determine the declination of the Sun for the morning Sun sight.
Declination (hours): S 14° 55.5’ (d number -0.8)

Declination (increments): - 0.5’

Declination (total): S 14° 55.0°
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Step5:  Determine the GHA of the Sun for the morning Sun L s
Slght e g uG::b./ >1:e::.u
GHA (hours): 356° 26.4’ 02| 206 267 ona
GHA (increments): 9° 41.8’ §§ 236 266 019
25) 26.6 01.1
GHA (total): 366°08.2’ (-3600) =6°08.2 06| 266 26.6 515 00.2
07] 281 265 14 595
08§ 296 26.5 58.7
09} 311 265 -- 579

10§ 326 26.5 57.1

Step 6:  Determine the assumed position of the ship. 10526 265 571
356 26.4 S14 555

DR latitude: 28° 30’ S 13| 11 26.4 54.7

Assumed latitude: 28° S 15 4 %64 - o
) 16| 56 26.3 52.

DR longitude: 52° 06’ W ul 7263 sis
« 18| 86 26.3 S14 50.8

Assumed longitude (to ensure whole number of LHA): ml 100 265" 500

w g 131 26.2 -- 484

146 26.2 476
23] 161 26.2 46.8

<»02Zcw
-
N

$D.162 d o8

Step7:  Determine the LHA of the Sun for the morning Sun
sight.

GHA (Sun): 6° 08.2’ W
Assumed longitude: 52° 08.2’ W son Lomee oo ol e o o
d d d

38
LHA 6° 08.2’ (+360°) - 52° 08.2’ W = 314° P L e L4 e
(subtract west, add east) 0 | 530 338 sasfer or|r 23] 7a
02 9305|9321 904502 01| 62 40122 78
03 9308 (9323|9047 03 02| 63 40 [12:3 79
. . . . 04 | 9310|9326 |9050) 04 03| 64 41 124 80
Step 8:  Entering publication HO229 with assumed 05 | 9313|9328 [ 9052 0 03| o5 42 |125 80
06 | 9315|9331 |9055( 06 04| 66 42 |12°6 &1

latitude, declination, and LHA, retrieve the 07 [ 9318|9333 | 9057 07 04| 67 43 127 81

08 | 9320|9336 | 9059 08 05| 68 44 [ 128 82

computed altitude (hc), altitude difference 0 1932319538 [ 9062 o0 06| 00 44 1o 83

d d . h f h d 45 | 9413 [ 9428 | 9148 || a5 29105 &7 [ 165 106

46 | 9415 | 9431 | 9150 |46 30[10% &8 |166 107
( )’ an aZlmUt (Z) or t € assume 47 | 9418 [ 9433 | 9152 || 4.7 30|07 69 [ 167 107
48 | 9420 | 9436 | 9155 48 31[108 69 | 168 108

pOSlthﬂ. 49 | 9423 (9438|9157 |49 31|10 7.0 [ 169 108

Assumed latitude: 28° S
Declination: S 14° (increments solved in step 9)
LHA: 314° (Same Pages)

HO 229 values:
Computed altitude (hc): 45° 07.8’
Altitude difference (d): +25.7
Azimuth (z): 98.4° T

> ° TH.A. greater than 180° .Zn-Z
n6°, 314° L.H.A. LATITUDE SAME NAME AS DECLINATION n.tat {04 St fas 2 Zn=360°-2
23° 24° 25° 26° 27° 28° 29° 30°

Dec. He d 2Z | He d Z | He d Z | Ae d Z | Ae d Z | Ae d Z | He d Z | He d Z |Dbec
0 |39 450 +302 1107 | 39 234 +315 1114 | 39 011 +524 1122 | 38 381 +394 1129 | 38 143 +345 113.7 | 37 49.9 +354 114.4 | 37 24.8 +304 115.1 | 36 59.0 +374 1158 | 0
1|20 152 1205 1095 | 39 547 ~a06 1103 | 39 335 <317 1111 | 39 115 1526 111.9 | 38 488 <398 112.6 | 38 25.3 + 345 113.4 | 38 01.2 +358 114.1 | 37 36.4 +368 1148 | 1
2 |40 447 1205 1084 | 40 253 <300 1092 | 40 052 <311 1100 | 39 443 <321 110.8 | 39 226 <302 111.6 | 39 002 +343 1123 | 38 37.0 +363 113.1 | 38 13.2 1360 1138 | 2
3 41 135 +281 107.2 | 40 55.3 +292 108.1 | 40 36.3 +304 108.9 | 40 16.4 +31.6 109.7 | 39 55.8 +32.7 110.5 | 39 34.5 +336 111.3 [ 39 12.3 +348 112.0 | 38 495 +357 112.8 3
3 | 41416 1275 1061 | 41 245 1256 1069 | 41 067 +207 107.7 | 40 48.0 +305 108.6 | 40 28.5 <319 100.4 | 40 081 +301 110.2 | 39 47.1 +341 111.0 | 39 25.2 1352 111.7 | 4
5 |42 089 +266 1049 | 41 53.1 +275 105.7 | 41 364 +200 1066 | 41 18.8 +302 107.4 | 41 00.4 +314 1083 | 40 412 +s25 109.1 | 40 21.2 +336 109.9 | 40 004 +345 1107 | &
6 |42 355 L1250 103.6 | 42 20.9 S271 1045 | 42 054 1283 1054 | 41 49.0 1205 106.3 | 41 31.8 +a06 107.1 | 41 137 -s1s 1080 | 40 548 +329 1088 | 40 35.0 340 1096 | 6
7 43 01.4 +250 102.4 | 42 48.0 +263 103.3 | 42 33.7 +276 104.2 | 42 18.5 +288 105.1 | 42 02.4 +300 106.0 | 41 45.5 +31.1 106.8 | 41 27.7 +323 107.7 | 41 09.0 +334 108.5 7
8 | 432644 1202 1012 | 43 14.3 S255 102.1 | 43 013 +267 1030 | 42 47.3 1250 103.9 | 42 32.4 +202 104.8 | 42 166 +304 1057 | 42 00.0 <316 1066 | 41 424 +s25 1074 | 8
9 43 50.6 +234 99.9 | 43 39.8 +247 100.8 | 43 28.0 +260 101.8 | 43 15.3 +27.2 102.7 | 43 01.6 +28.5 103.6 | 42 47.0 +297 104.5 [ 42 31.6 +308 1054 | 42 15.2 +320 106.3 9

10 |44 14.0 4224 98.6 | 44 045 +238 99.6 | 43 54.0 +251 1005 | 43 42.5 1265 101.5 | 43 30.1 +27.7 102.4 | 43 167 +20.0 103.3 | 43 024 +302 104.2 | 42 47.2 4314 105.1 | 10
11 |44 364 4216 97.3 | 44 283 +220 98.3 | 44 191 1243 993 | 44 09.0 +256 100.2 | 43 57.8 4260 101.2 | 43 45.7 +262 102.1 | 43 32.6 +20.4 103.1 | 43 18.6 +306 104.0 [ 11
12 |44 580 +207 96.0 [ 44 512 +221 97.0 | 44 434 +23.4 980 | 44 34.6 +247 99.0 | 44 247 +261 99.9 | 44 139 +27.3 100.9 | 44 020 +287 101.8 | 43 49.2 +200 1028 | 12
13 |45 187 4107 94.7 [ 45 1333 4211 95.7 | 45 06.8 +225 967 | 44 59.3 1239 97.7 | 44 50.8 4252 9B.7 | 44 412 4266 99.6 | 44 30.7 +27.8 100.6 | 44 19.1 4201 101.6 | 13
14 | 45384 +185 933 | 45344 +202 94.4 | 45 29.3 1216 954 | 45 232 +230 96.4 | 45 16.0 +243 97.4 | 45 07.8 +257 98.4 | 44 585 +270 99.4 | 44 482 +283 1004 | 14
15 |45 572 +178 920 | 45 546 +192 93.0 | 45 50.9 +207 94.0 | 45 46.2 +220 95.1 | 45 40.3 +235 96.1 | 45 335 +248 97.1 | 45 255 +262 98.1 | 45 165 +275 991 | 15
16 |46 150 +165 90.6 [ 46 13.8 +183 91.6 | 46 11.6 +197 927 | 46 08.2 +211 937 | 46 03.8 +225 94.8 | 45 58.3 +230 958 | 45 51.7 +253 96.8 | 45 44.0 +267 97.8 | 16
17 |46 318 4158 89.2 [ 46 32.1 +172 90.3 | 46 31.3 +187 91.3 | 46 29.3 1202 92.4 | 46 26.3 +21.6 93.4 | 46 222 +230 94.5 | 46 17.0 +243 955 | 46 10.7 +257 965 | 17
18 |46 476 +147 87.8 | 46 493 +162 88.9 | 46 50.0 +176 899 | 46 49.5 +19.1 910 | 46 47.9 +206 921 | 46 452 +220 93.1 | 46 413 +235 94.2 | 46 364 +208 952 | 18
19 |47 023 4137 86.4 | 47 055 +152 87.5 | 47 07.6 +167 885 | 47 0B.6 +181 B89.6 | 47 085 +105 90.7 | 47 07.2 +210 91.8 | 47 04.8 +224 92.8 | 47 01.2 +209 939 | 19

292



Step9:  Determine the azimuth correction for the sight (to account for
increments of declination ignored in step 8).
By increasing the value of each argument by 1 whole increment, triple
interpolate for the exact values of azimuth (for detailed instructions
see Part 14).
Base Value Base Z Next incremental Z Difference in Z Increment | Correction
(Diff Z x Increment) / 60
Latitude - S 28° 98.4° - - 00.0’ 0
Declination - S 14° 98.4° 97.1° -1.3° 55.0’ -1.19°
LHA 314° 98.4° - - 00.0’ 0
Total correction = -1.2°
Step 10: Apply the correction to the base values to determine true azimuth.
Base azimuth: 98.4°
Correction: -1.2°
Corrected azimuth: 97.2°
Note - Check azimuth rules: if LHA greater than 180°, then zn = 180° z.
Corrected azimuth: 180°-97.2°=82.8°T
Step 11: Determine the computed altitude.
Tabular computed altitude (hc): 45° 07.8
Altitude difference (d): +25.7’
Declination: S 14° 55.0’
Declination increments: 55.0° Atttude Difference (4
?nes Tens Decimals Units
. . . ) 10° 20" a0’ 40" 80’ ‘“, n 1 2 3 Y. U 5 A Z §: U Q'
Altitude difference correction: 55.0 | 9.1 18.3 27.5 36.6 45.8|| .0 [0.0 0.9 1.8 2.8 3.7 4.6 55 6.5 7.4 83
) 55.1| 9.2 183 27.5 36.7 459|(.1 |0.1 1.0 1.9 29 3.8 4.7 56 6.6 7.5 8.4
Tens: +18.3 55.2| 9.2 18.4 27.6 36.8 46.0(|.2 [0.2 1.1 2.0 3.0 3.9 4.8 5.7 6.7 7.6 85
55.3| 9.2 184 27.6 36.9 46.1|[.3 |0.3 1.2 2.1 3.1 40 49 58 6.8 7.7 8.6
UnltS/deClmalS' +52' 55.4| 9.2 185 27.7 36.9 46.2|( .4 |04 1.3 22 3.1 41 50 59 6.8 7.8 8.7
. ) 55.5| 93 18,5 27.8 37.0 46.3|(.5 |0.5 1.4 23 3.2 42 51 6.0 69 79 8.8
Total correction: +23.5 556 9.3 185 27.8 37.1 46.3||.6 (0.6 15 2.4 3.3 4.3 52 6.1 7.0 8.0 8.9
55.7| 9.3 18.6 27.9 37.2 46.4|.7 |06 1.6 25 3.4 43 53 6.2 7.1 8.0 9.0
55.8| 9.3 18.6 27.9 37.2 46.5|| .8 |0.7 1.7 2.6 3.5 44 54 63 7.2 81 9.1
55.9| 9.4 18.7 28.0 37.3 46.6|| .9 |0.8 1.8 2.7 3.6 4.5 55 6.4 7.3 8.2 9.2
Tabular hc: 45°07.8’
Alt correction: +23.5’
hc: 45° 31.3’
5| SUN | ARiES [MOONIor Corrofor Corrn| or Coren
40 PLANETS °d (:ir orr c:ir orr!
Step 12. Determlne the lntercept (a) 05 1(; 00-’0 1(; 01-’6 ;32:7 0-’0 0-’0 b:O 4-’1 12-’0 8:1
: . 01 [10003[10 019 [ 9329 01 01| 61 41 |120 82
Observed altitude: 45° 29.2’ 02 {10 005{10 0241 | 9 331 02 01| 62 42 |12 82
1 . 03 |10 00810 024 | 9334 | 03 02| 63 43 3 83
Compl’Ited altltude 450 313’ 04 |10 01:0/10 026 | 9 336 Ooj 03 :-: 4.3 ::: 84
Intercept (a): 45° 31.3" - 45°29.2’ = 2.1’ 05{1001:3({10 029 | 9339 05 03| 65 44 [ 125 84
. . . - 06 |10 01.:5/10031 | 934106 04| 66 45| 126 85
If computed altitude is greater, intercept 07 |10 01:8{10 034 | 9343 Lo7 05| 67 &5 |12 86
. 08 |10 02:0|10 036 | 9 346 08 05| 68 46 |12-8 86
1S away. 09 |10 02310039 | 9348 09 06| 69 47129 87
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Step 13:

Step 14:

Step 15:

Step 16:

Step 17:

Plot the morning Sun sight.
Assumed position: 28° S, 52°08.2’ W
Azimuth: 082.8’

Intercept: 2.1’ away

Calculated the latitude at meridian
passage (see Part 11).

Time of meridian passage sight: 1240
zone time or 1540 GMT

Observed altitude: 77° 10.5’

Zenith Distance: 90° 00.0 - 77° 10.5’ = 12° 49.5’
Declination (Sun - hours): 14° 53.1’ S (d number =-0.8)
Declination (Sun - increments): -0.5’
Declination (Sun - total): 14° 52.6’
Latitude at meridian passage = zenith
distance + declination =

12°49.5° N+ 14°52.6°'N=27°42.1"S

Plot the meridian passage latitude.
Latitude: 27°42.1’S

Advance the morning Sun sight (0938
zone time), and retard the meridian
passage latitude (1240 zone time)
both to 1200 zone time to determine the running fix.

a. Morning Sun sight: 0938 zone time to 1200 zone time = 2

hours 22 minutes = 2.36 hours

2.36 hours at 19 knots = 44.8 miles covered (course 036° T)

b. Meridian passage latitude: 1240 zone time to 1200 = 40
minutes = 0.67 hours.

0.67 hours at 19 knots = 12.67 miles covered (course 036° T
reciprocal)

Answer the required
question.
Longitude = 51° 36.0’' W
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Problem 16-3 (CG-35). The following question is taken directly from the USCG test

bank and illustrates how to solve celestial running fix problems.

At 0100 zone time on 23 September, your DR position is latitude 24° 25’ N, longitude
83° 00’ W. You are steering course 315° T. The speed over ground is 10 knots. You
observe 3 morning sun lines. Determine the latitude and longitude of your 1100

running fix.

Body Zone Time GHA Observed Declination
Altitude

Sun 0700 17°20.1° 21°09.0° S00°09.7’

Sun 0900 47°03.0’ 46°05.0’ S00°11.6’°

Sun 1100 77°06.4° 63°16.1° S00°13.5’

Answer: 25° 35’ N, 84°17'W

Step 1:  Determine the DR position of the ship for each Sun sight. Note this
solution uses a plotting sheet, but the position may also be advanced
by mid-latitude sailing (see Part 5 or Part 9).
Sight Original Fix (0100) | Sun (0700) Sun (0900) Sun (1100)
Course/Speed | 315° 10 knots Same Same Same
Time - 06 hours 08 hours 10 hours
difference
Distance 60 miles 80 miles 100 miles
covered
DR latitude 24° 25.0’N 25°07'N 25°22’N 25°36’N
DR longitude 83°00.00 W 83°47'W 84°02' W 84°18' W
Step 2:  Given the GHA information presented in the question, determine the
assumed position of the ship and the LHA for each Sun sight.
Sight Sun (0700) Sun (0900) Sun (1100)
DR latitude 25°07'N 25°22'N 25°36'N
DR longitude 83°47'W 84°02'W 84°18'W
Assumed 25°N 25°N 26°N
latitude
GHA (total) Given 17°20.1° 47° 03.0° 77°06.4
Assumed To ensure whole 83°20.1'W 84°03.0' W 84° 064’ W
longitude value of LHA
LHA Subtract west, add 294° 323° 353°
east (+360°)
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Step 3:

Given the declination and altitude information presented in the

question, as well as the LHA information determined in step 2, enter
publication HO229 and construct a table with computed altitude (hc),
altitude difference (a), and azimuth (zn).

Sight Sun (0700) Sun (0900) Sun (1100)
Assumed 25°N 25°N 26°N

latitude

Declination S 0°09.7 S0°11.6’ S0°13.5

LHA 294° Contrary 323° Contrary 353° Contrary
Computed From HO229 21°37.9’ 46°22.2’ 63°08.3’
altitude (hc)

Altitude From HO229 -27.5’ -37.1° -58.3’
difference (d)

Azimuth (z) From HO229 100.7° 119.3° 164.4°

LATITUDE CONTRARY NAME TO DECLINATION

L.H.A. 66°, 294°

PWN=O o @

25°

26°

27°

28°

30°

4

21 59.2 -254 99.9
21 33.8 -258 100.8
21 08.0 -26.1 101.8
20 41.9 -265 102.8
20 15.4 -26.7 103.7

21 48.8 -265 100.3
21 22.3 -26.8 101.2
20 55.5 -27.1 102.2
20 28.4 -27.4 103.1
20 01.0 —27.7 104.1

Hc d Z

21 37.9 -27.5 100.7
21 104 -277 101.6
20 42.7 -28.1 102.6
20 14.6 -28.4 103.5
19 46.2 -286 104.4

Hce d Z

21 26.6 -284 101.0
20 58.2 -288 102.0
20 29.4 -29.0 102.9
20 00.4 -29.3 103.9
19 31.1 -296 104.8

Hc d Z

21 14.9 -29.4 101.4
20 45.5 -29.7 102.4
20 15.8 -300 103.3
19 45.8 -302 104.2
19 15.6 -305 105.1

Hc d Z

21 02.8 -30.3 101.8
20 32.5 -30.7 102.7
20 01.8 -30.9 103.6
19 30.9 -31.1 104.6
18 59.8 -31.5 105.5

20 50.3 -31.2 102.2
20 19.1 -31.6 103.1
19 47.5 -31.8 104.0
19 15.7 -32.1 104.9
18 43.6 -323 105.8

Hc d Z D

20 37.5 -322 102.6
20 05.3 -325 103.5
19 32.8 -327 104.3
19 00.1 -33.0 105.2
18 27.1 -332 106.1

@
o

AWN=O o

LATITUDE CONTRARY

NAME TO DECLINATION

L.H.A. 37°, 323°

Dec.

AWON=O o

25°

26°

27°

28°

29°

30°

47 19.2 -350 117.4
46 44.2 -357 118.6
46 08.5 -36.3 119.8
45 32.2 -37.1 120.9

44 551 -377 122.0

46 51.1 -36.0 118.4
46 151 -36.8 119.5
45 38.3 -37.3 120.7
45 01.0 -38.1 121.8
44 229 -386 122.9

He d Z

46 22.2 -37.1 119.3
45 451 -377 120.4
45 07.4 -38.4 121.5
44 29.0 -39.0 122.6
43 50.0 -395 123.7

He d Z

45 52.4 -38.1 120.2
45 14.3 -387 121.3
44 356 -39.3 122.4
43 56.3 -39.9 123.4
43 16.4 —404 1245

He d Z

45 21.9 -39.1 121.1
44 428 -397 122.1
44 03.1 -402 123.2
43 229 -408 124.2
42 421 -413 125.2

He d Z

44 50.5 -400 121.9
44 10.5 -406 123.0
43 29.9 -41.1 1240
42 48.8 -416 125.0
42 07.2 421 126.0

He d z

44 18.4 -409 122.8
43 37.5 -415 123.8
42 56.0 -41.9 124.8
42 141 -424 125.7
41 31.7 -429 126.7

He d z

43 45.6 -41.8 123.6
43 03.8 -423 124.6
42 21.5 -428 1255
41 38.7 -432 126.5
40 55.5 -436 1274

Dec.

AWON=O o

LATITUDE CONTRARY

NAME TO DECLINATION

L.H.A. 7°, 353°

AON=O o @

25°

26°

27°

28°

30°

o

66 00.8 -57.7 162.6
65 03.1 -57.9 163.2
64 05.2 -58.1 163.8
63 07.1 -58.2 164.4
62 08.9 -58.3 164.9

65 03.5 -580 163.2
64 05.5 -580 163.8
63 07.5 -58.3 164.4
62 09.2 -58.3 164.9
61 10.9 -584 165.4

He d Z

64 06.0 -58.2 163.8
63 07.8 -58.2 164.4
62 09.6 -58.4 164.9
61 11.2 —584 165.4
60 12.8 -58.5 165.8

He d Z

63 08.3 -583 164.4
62 10.0 -58.4 164.9
61 11.6 -585 165.4
60 13.1 -58.5 165.8
59 14.6 -58.7 166.2

Hc d 2z

62 10.4 -584 164.9
61 12.0 -585 165.3
60 13.5 -586 165.8
59 14.9 -58.7 166.2
58 16.2 -58.7 166.6

He d Z

61 12.4 -585 165.3
60 13.9 -586 165.8
59 15.3 -587 166.2
58 16.6 -58.8 166.6
57 17.8 -58.8 167.0

60 14.3 -586 165.8
59 15.7 -587 166.2
58 17.0 -588 166.6
57 18.2 -589 167.0
56 19.3 -589 167.3

Hc d Z D

59 16.1 -587 166.2
58 17.4 -589 166.6
57 18.5 -588 167.0
56 19.7 -59.0 167.3
55 20.7 -589 167.7

@
1

AON=O o
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Step 4:  Given the azimuth information in step 3 (which does not account for
increments of declination), construct a table to determine correct

azimuths.
Sight Sun (0700) Sun (0900) Sun (1100)
Base Azimuth | From HO229 100.7° 119.3° 164.4°
(2)
Next 101.6° 120.4° 164.9°
incremental Z
Difference 0.9° 1.1° 0.5°
Declination From given 09.7’ 11.6’ 13.5
Increment declination
Correction +0.15° +0.21° +0.11°
(Diff Z x
Increment) / 60
Corrected 100.9° 119.5° 164.5°
azimuth (Z)
Azimuth rules | IfLHA greater than | 100.9° 119.5° 164.5°
corrected 180° Zn=z
azimuth (Zn)

Step 5:  Given the tabular HO229 information in step 3 determine the correct
computed altitude (hc) for the three Sun sights.

Sight Sun (0700) Sun (0900) Sun (1100)
Tabular From step 3 21°37.9’ 46°22.2’ 63°08.3’
computed

altitude

Altitude From step 3 -27.5’ -37.1° -58.3’
difference (d)

Declination From given 09.7’ 11.6’ 13.5
increment declination

Altitude From HO229 -4.4 -7.2’ -13.17
difference interpolation table

Correct 21°33.5’ 46° 15.0° 62°55.2’
computed

altitude
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Step 6:

Compare the observed altitudes (given) with the computed altitudes

(determined in step 5), to compute intercepts (a) for the three Sun

sights.

Sight

Sun (0700)

Sun (0900)

Sun (1100)

Observed altitude (ho)

Given

21°09.00

46° 05.0°

63°16.1

Correct computed
altitude (hc)

From step 5

21°33.5°

46°15.0°

62°55.2

Intercept (a)

hc - ho

24.5’

10.0’

20.9

Towards/Away

If hc is greater,
intercept is
“away”

Away

Away

Towards

Azimuth

Repeated from
step 4

100.9°T

119.5°T

164.5°T

Step 7:

g

sy
o

?"’,N

24°p

Plot the assumed positions for each Sun sight.

Altitude Difference (d)

Inc. Tens Decimals Units

1020 30 4050 o 1 2 3 & 5 6 7 8§ 9
90 [15 30 45 60 7.5/[.0[000203 05060809 111314
91|15 30 45 60 7.6/[1/000203050608 10111314
92|15 30 46 61 7.6/[.2(000203050708 10111315
93|15 31 46 62 7.7|[.3(00020405070810121315
94|16 31 47 63 7.8|[.4[01020405070910121315
95|16 32 48 63 7.9|[.5(01020406070910121315
96|16 32 48 64 80[.6(010304 060709101214 15
97|16 33 49 65 81(.7(010304 060709111214 15
98|17 33 49 66 82(.8(010304 060809111214 16
99 17 33 50 66 83|[.9 (010305060809 11131416
10016 33 50 66 83|/.0[000203050709 10121416
10117 33 50 67 84|/.1]0002040507091.1121416
102(17 34 51 68 85|(.2(0002040607091.113 1416
10317 34 51 69 86|/.3(010204060809 11131516
104(17 35 52 69 87|/.4 (010204060809 11131516
10518 35 53 7.0 88|/5(0.1030406081011131517
106(18 35 53 7.1 88| .6(0.103050608 1012131517
107(18 36 54 72 89|/.7 (0103050608 1012131517
108(18 36 54 72 90|/.8(01030507 081012141517
10919 37 55 73 91|[.9 (020305070910 1214 1617
11018 36 55 73 91//.0 (0002040608 1.0 1.1 1.3 15 1.7
11118 37 55 74 92|/.1(00 02040608 1.0 1.2 1.4 16 1.7
112/18 37 56 74 93|/.2(0002040608 1012141618
11319 38 56 75 94|/.3 (0102040608 1012141618
11419 38 57 76 95|(4(0103050708 1012141618
115(19 38 58 77 96|/.5(0103050709 1.1 12141618
11619 39 58 77 97|/.6(0103050709 1.1 13151618
11720 39 59 78 98|[.7[0103050709 1.1 13151719
11.8/20 40 59 79 99//.8(0203050709 1.1 13151719
11920 40 60 80 100/[.9 (0204 060709 1.1 1.3 1517 1.9
120/20 40 60 80 100/[.0 (0.0 02 0.4 06 0.8 1.0 12 1.5 17 1.9
12120 40 60 80 10.1|[.1[0.0 02040609 1.1 13 1517 1.9
122(20 40 61 81 10.1/[.2 0002050709 1.1 13 1517 1.9
12320 41 61 82 102/(.3 (0103050709 1.1 1.3 1517 1.9
12421 41 62 83 10.3|[.4 (0.1 03 0507 09 1.1 1.3 15 1.7 20
12521 42 63 83 104|[.5 (0.1 03 050709 1.1 1.4 16 1.8 20
126(21 42 63 84 105//.6 (0.1 03 0507 1.0 1.2 1.4 16 1.8 20
127/21 43 64 85 106|[.7 (0.1 0.4 06 0.8 1.0 1.2 1.4 16 1.8 20
128(22 43 64 86 10.7|(.8 (02 04 06 0.8 1.0 1.2 1.4 16 1.8 20
129(22 43 65 86 10.8/(.9 (02 04 0608 1.0 1.2 1.4 16 19 21
130(21 43 65 86 108/[.0 (0.0 0204 07 09 1.1 1.3 16 1.8 20
13122 43 65 87 109|[.1[00 02050709 1.1 1.4 16 1.8 20
132(22 44 66 88 11.0/[.2 (00 03 050709 1.2 1.4 16 1.8 2.1
133(22 44 66 89 11.1/[.3 (01030507 1.0 1.2 1.4 16 19 21
134[22 45 67 89 11.2|[.4 (0.1 030508 1.0 1.2 1.4 17 19 21
135|23 45 68 90 11.3/[.5(0.1 03 0608 1012 1517 19 2.1
136|23 45 68 91 11.3|[.6 0.1 040608 1.0 1.3 1517 19 22
137/23 46 69 92 114|[.7 (0204 0608 1.1 1.3 15 17 20 2.2
138(23 46 69 92 115//.8 (02040609 1.1 1.3 15 1.8 20 2.2
139(24 47 70 93 116|[.9 (02 04 07 09 1.1 1.3 1.6 1.8 20 2.2
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Step 8:  Plot each Sun sight’s line of position.

Step9:  Advance the 0700 and 0900 Sun lines of position to 1100 to
determine the running fix.
Fix: 25°35’N, 84° 17’ W
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Celestial Running Fix Problems Involving Stars

Problem 16-4 (CG-505). The following question is taken directly from the USCG

test bank and illustrates how to solve celestial running fix problems.

On 6 April your 1830 zone time DR position is latitude 26° 33’ N, longitude 64° 31’ W.
You are on course 082° T at a speed of 16 knots. You observe 3 celestial bodies.
Determine the latitude and longitude of your 1900 running fix.

Body Zone Time GHA Observed Declination
Altitude

Sirius 1836 73°02.7’ 46°00.5’ $16°41.7

Regulus 1842 23°46.9’ 49°07.2° N 12°03.5”

Mirfak 1900 129°24.3 35°51.6’ N 49°47.7°

Answer: 26° 33’ N, 64° 27' W

Step 1:  Determine the DR position of the ship for each star sight. Note this

solution uses a plotting sheet, but the position may also be advanced
by mid-latitude sailing (see Part 5 or Part 9).

Sight Original DR (1830) | Sirius (1836) Regulus (1842) | Mirfak (1900)

Course/Speed | 082° 16 knots Same Same Same

Time - 6 minutes 12 minutes 30 minutes

difference

Distance 1.6 nm 3.2 nm 8 nm

covered

DR latitude 26°33.0’N 26°33’'N 26°33 N 26°34’'N

DR longitude 64°31.0' W 64°29°W 64° 28 W 64°22°W

Step 2:  Given the GHA information presented in the question, determine the

assumed position of the ship and the LHA for each star sight.

Sight Sirius (1836) Regulus (1842) | Mirfak (1900)

DR latitude 26°33'N 26°33 N 26°34'N

DR longitude 64° 29'W 64° 28'W 64°22'W

Assumed 27°N 27°N 27°N

latitude

GHA (total) Given 73°02.7 23°46.9 129°24.3’

Assumed To ensure whole 64°02.77 W 64°46.9' W 64°24.3'W

longitude value of LHA

LHA Subtract west, add 9° 319° 65°

east (+360°)
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Step 3:

Given the declination and altitude information presented in the

question, as well as the LHA information determined in step 2, enter
publication HO229 and construct a table with computed altitude (hc),
altitude difference (a), and azimuth (zn).

Sight Sirius (1836) Regulus (1842) | Mirfak (1900)
Assumed 27°N 27°N 27°N
latitude

Declination S16°41.7 N 12°03.5’ N 49° 47.7
LHA 9° Contrary 319° Same 65° Same
Computed From HO229 46°07.3’ 48°46.6’ 36°08.0°
altitude (hc)

Altitude From HO229 -58.8’ 27.2° 0.7’
difference (d)

Azimuth (z) From HO229 167.5° 103.1° 47.4°

O O]
LATITUDE CONTRARY NAME TO DECLINATION L.H.A. 9° 351
23° 24° 25° 26° 27° 28° 29° 30°
Dec. He d Z He d Z He d Z He d Z He d Z Hc d Z He d Z He d Z Dec.
o 65 23.5 -565 157.9 | 64 27.7 -56.7 158.7 | 63 31.7 -57.0 159.5 | 62 35.4 -57.3 160.1 | 61 38.8 -57.4 160.8 | 60 42.1 -57.7 161.4 [ 59 45.1 -57.8 161.9 | 58 48.0 -58.0 162.4 []
1 64 27.0 -566 158.7 | 63 31.0 -57.0 159.5 [ 62 34.7 -57.2 160.1 | 61 38.1 -57.4 160.8 | 60 41.4 -576 161.4 | 59 44.4 -57.7 161.9 | 58 47.3 -57.9 162.4 | 57 50.0 -58.1 162.9 1
2 63 30.4 -56.9 159.5 | 62 34.0 -57.1 160.2 | 61 37.5 -57.4 160.8 | 60 40.7 -57.5 161.4 [ 59 43.8 —-57.7 161.9 | 58 46.7 -57.9 162.4 | 57 49.4 581 162.9 | 56 51.9 -58.1 163.4 2
3 62 33.5 -57.1 160.2 | 61 36.9 -57.3 160.8 [ 60 40.1 -57.5 161.4 | 59 43.2 -57.7 162.0 | 58 46.1 -57.9 162.5 | 57 48.8 -58.0 162.9 | 56 51.3 -58.1 163.4 | 55 53.8 -58.3 163.8 3
4 61 36.4 -57.3 160.8 | 60 39.6 -57.5 161.4 [ 59 42.6 -57.6 162.0 | 58 45.5 -57.8 162.5 | 57 48.2 -58.0 163.0 | 56 50.8 -58.1 163.4 [ 55 53.2 -58.2 163.8 | 54 55.5 -58.3 164.2 4
5 60 39.1 -57.4 161.5 | 59 421 -57.6 162.0 | 58 45.0 -57.8 162.5 | 57 47.7 -57.9 163.0 | 56 50.2 -58.0 163.4 [ 55 52.7 -58.2 163.9 | 54 55.0 -584 164.3 | 53 57.2 -585 164.6 5
6 59 41.7 -576 162.0 | 58 44.5 -57.7 162.6 | 57 47.2 -57.9 163.0 | 56 49.8 -58.1 163.5 | 55 52.2 -58.2 163.9 | 54 54.5 -58.3 164.3 | 53 56.6 -58.3 164.7 | 52 58.7 -58.5 165.0 6
7 58 44.1 -57.7 162.6 | 57 46.8 -57.9 163.1 | 56 49.3 -58.0 163.5 | 55 51.7 -58.1 163.9 | 54 54.0 -58.3 164.3 [ 53 56.2 -58.4 164.7 | 52 58.3 -585 165.1 [ 52 00.2 -585 165.4 7
8 57 46.4 -57.8 163.1 | 56 48.9 -58.0 163.6 | 55 51.3 -58.1 164.0 | 54 53.6 -58.2 164.4 | 53 55.7 -58.3 164.7 | 52 57.8 -584 165.1 [ 51 59.8 -58.5 165.4 | 51 01.7 -58.6 165.7 8
9 56 48.6 -58.0 163.6 | 55 50.9 -58.0 164.0 [ 54 53.2 -58.2 164.4 | 53 55.4 -58.3 164.8 | 52 57.4 -58.4 165.1 | 51 59.4 -585 165.5 | 51 01.3 -586 165.8 | 50 03.1 -58.7 166.1 9
10 55 50.6 -58.0 164.1 | 54 52.9 -58.2 164.5 [ 53 55.0 -58.3 164.8 | 52 57.1 -58.4 165.2 | 51 59.0 -585 165.5 | 51 00.9 -586 165.8 [ 50 02.7 -58.7 166.1 | 49 04.4 -58.8 166.4 10
1" 54 52,6 -582 164.5 | 53 54.7 -58.2 164.9 | 52 56.7 -58.3 165.2 | 51 58.7 -585 165.6 | 51 00.5 -585 165.9 | 50 02.3 -586 166.2 [ 49 04.0 -58.7 166.4 | 48 05.6 -58.7 166.7 1"
12 53 54.4 -582 164.9 | 52 56.5 -58.4 165.3 | 51 58.4 -58.4 165.6 | 51 00.2 -585 165.9 | 50 02.0 -58.6 166.2 | 49 03.7 -58.7 166.5 | 48 05.3 -58.7 166.8 | 47 06.9 -58.8 167.0 12
13 | 52 56.2 -583 165.4 | 51 58.1 -584 165.7 | 51 00.0 -585 166.0 | 50 01.7 -586 166.3 | 49 03.4 -58.7 166.5 | 48 05.0 -58.7 166.8 | 47 06.6 -58.8 167.1 | 46 08.1 -589 167.3 | 13
14 51 57.9 -583 165.7 | 50 59.7 -58.4 166.0 [ 50 01.5 -58.6 166.3 | 49 03.1 -586 166.6 | 48 04.7 -58.7 166.9 | 47 06.3 -58.8 167.1 [ 46 07.8 -589 167.3 | 45 09.2 -58.9 167.6 14
15 50 59.6 -585 166.1 [ 50 01.3 -58.6 166.4 [ 49 02.9 -58.6 166.7 | 48 04.5 -58.7 166.9 | 47 06.0 -58.7 167.2 | 46 07.5 -58.8 167.4 | 45 08.9 589 167.6 | 44 10.3 -59.0 167.8 15
16 50 01.1 -585 166.5 | 49 02.7 -58.5 166.7 | 48 04.3 -58.6 167.0 | 47 05.8 -58.7 167.2 | 46 07.3 -58.8 167.5 | 45 08.7 -58.9 167.7 | 44 10.0 -589 167.9 | 43 11.3 -58.9 168.1 16
17 49 02.6 -586 166.8 | 48 04.2 -58.7 167.1 [ 47 05.7 -588 167.3 | 46 07.1 -58.8 167.5 | 45 08.5 -58.9 167.8 | 44 09.8 -58.9 168.0 [ 43 11.1 -589 168.2 | 42 12.4 -59.0 168.3 17
18 48 04.0 -586 167.1 | 47 05.5 -58.7 167.4 | 46 06.9 -58.7 167.6 | 45 08.3 -58.8 167.8 | 44 09.6 -58.8 168.0 | 43 10.9 -589 168.2 [ 42 12.2 -59.0 168.4 | 41 13.4 -59.1 168.6 18
19 47 05.4 -586 167.5 | 46 06.8 —58.7 167.7 | 45 08.2 -58.8 167.9 | 44 09.5 -58.9 168.1 | 43 10.8 -58.9 168.3 | 42 12.0 -59.0 168.5 | 41 13.2 —59.0 168.7 | 40 14.3 -590 168.8 | 19
o o L.H.A. greaterthan 180° n=Z
|41 ,319° L.H.A. LATITUDE SAME NAME AS DECLINATION n.Lat {0f A Tt 50 n=360°-Z
23° 24° 25° 26° 27° 28° 29° 30°
Dec. Hc d 2z He d Z He d z He d Z He d z He d 2z He d z He d 2z Dec.
[} 44 00.3 +322 114.2 | 43 35.2 +334 115.1 | 43 09.4 +344 115.9 | 42 42.8 +355 116.8 | 42 15.4 +365 117.6 | 41 47.2 +375 118.4 | 41 18.4 +38.4 119.1 | 40 48.8 +39.4 119.9 [}
1 44 325 +315 113.0 | 44 08.6 +326 113.9 | 43 43.8 +338 114.8 | 43 18.3 +348 115.7 | 42 51.9 +359 116.5 | 42 24.7 +369 117.3 | 41 56.8 +37.9 118.1 | 41 28.2 +38.8 118.9 1
2 45 04.0 +30.7 111.8 | 44 41.2 +31.9 112.7 | 44 17.6 +330 113.6 | 43 53.1 +34.2 114.5 | 43 27.8 +352 115.4 | 43 01.6 +36.3 116.2 | 42 34.7 +37.3 117.1 | 42 07.0 +383 117.9 2
3 45 34.7 +299 110.6 | 45 131 +31.2 111.6 | 44 50.6 +324 1125 | 44 27.3 +334 113.4 | 44 03.0 +346 114.3 | 43 37.9 +357 115.2 | 43 12.0 +36.7 116.0 | 42 453 +37.7 116.8 3
4 46 04.6 +29.1 109.4 | 45 44.3 +30.3 110.3 | 45 23.0 +31.5 111.3 | 45 00.7 +32.8 112.2 | 44 37.6 +339 113.1 | 44 13.6 +350 114.0 | 43 48.7 +36.1 114.9 | 43 23.0 +37.1 115.8 4
5 46 33.7 +283 108.1 | 46 14.6 +205 109.1 [ 45 54.5 +308 110.1 | 45 33.5 +31.9 111.0 [ 45 11.5 +33.1 112.0 | 44 48.6 +34.3 112.9 | 44 24.8 +354 113.8 | 44 00.1 +365 114.7 5
6 47 02,0 +27.4 106.8 | 46 44.1 +28.7 107.8 | 46 25.3 +29.9 108.8 | 46 05.4 +31.2 109.8 | 45 44.6 +32.4 110.8 | 45 22.9 +335 111.7 | 45 00.2 +347 112.7 | 44 36.6 +358 113.6 6
7 47 29.4 +264 105.5 | 47 12.8 +27.8 106.5 | 46 55.2 +29.1 107.6 | 46 36.6 +30.4 108.6 [ 46 17.0 +31.6 109.6 | 45 56.4 +32.8 110.5 | 45 34.9 +34.0 111.5 [ 45 12.4 +352 112.4 7
8 47 55.8 +255 104.2 | 47 40.6 +26.9 105.2 [ 47 24.3 +282 106.3 | 47 07.0 +295 107.3 | 46 48.6 +30.8 108.3 | 46 29.2 +32.1 109.3 | 46 08.9 +332 110.3 | 45 47.6 +344 111.3 8
9 48 21.3 +246 102.8 | 48 07.5 +25.9 103.9 | 47 52.5 +27.3 105.0 | 47 36.5 +28.6 106.0 [ 47 19.4 +30.0 107.1 | 47 01.3 +31.2 108.1 | 46 42.1 +325 109.1 [ 46 22.0 +337 110.1 9
10 | 48 459 +235 101.4 | 48 33.4 +250 1025 | 48 19.8 +26.4 103.6 | 48 05.1 +27.8 104.7 | 47 49.4 +290 105.8 | 47 32.5 +30.4 106.8 [ 47 14.6 +316 107.9 | 46 55.7 +329 108.9 [ 10
1" 49 09.4 +225 100.0 | 48 58.4 +24.0 101.2 | 48 46.2 +254 102.3 | 48 32.9 +26.8 103.4 | 48 18.4 +282 104.5 [ 48 02.9 +295 105.6 | 47 46.2 +30.9 106.6 | 47 28.6 +320 107.7 | 11
12 49 319 +215 98.6 | 49 22.4 +229 99.8 | 49 11.6 +244 100.9 | 48 59.7 +25.8 102.0 | 48 46.6 +27.2 103.1 | 48 32.4 +286 104.3 | 48 17.1 +29.9 105.3 | 48 00.6 +31.3 106.4 12
13 | 49 534 +203 97.2| 49 453 +21.9 983 | 49 36.0 +233 99.5| 49 255 +248 100.6 | 49 13.8 +26.3 101.8 | 49 01.0 +27.6 102.9 | 48 47.0 +29.0 104.0 | 48 31.9 +304 1051 [ 13
14 50 13.7 +193 95.7 | 50 07.2 +20.7 96.9 | 49 59.3 +223 98.1 | 49 50.3 +238 99.2 [ 49 40.1 +252 100.4 | 49 28.6 +26.7 101.6 | 49 16.0 +28.1 102.7 | 49 02.3 +29.4 103.8 14
o o L.H.A. greaterthan 180°
65°,295° L.H.A. LATITUDE SAME NAME AS DECLINATION N.Lat \UHA fess than 180°....
23° 24° 25° 26° 27° 28° 29° 30°
Dec. He d z He d zZ He d Z Hc d z He d zZ He d Z Hc d z He d zZ Dec.
[] 22 53.6 +253 100.3 | 22 42.7 +26.2 100.7 | 22 31.3 +27.2 101.1 | 22 19.5 +282 101.6 | 22 07.2 +29.3 102.0 | 21 54.6 +302 102.3 [ 21 41.6 +31.1 102.7 | 21 28.1 +32.1 103.1 0
1 | 23189 +249 99.3 |23 08.9 +250 99.8 | 22 58.5 +27.0 100.2 | 22 47.7 +27.9 100.6 | 22 36.5 +289 101.0 | 22 24.8 +299 101.4 | 22 127 +309 101.8 | 22 002 +31.8 1022 | 1
2 | 23438 +245 98.3 |23 34.8 +256 98.8 | 23 25.5 +265 99.2 [ 23 156 +27.6 99.6 | 23 05.4 +285 100.1 | 22 54.7 +205 100.5 | 22 43.6 +305 100.9 | 22 32.0 +31.5 101.3 [ 2
3 24 08.3 +241 97.3 [ 24 00.4 +251 97.8 | 23 52.0 +262 98.2 | 23 43.2 +272 98.7 | 23 33.9 +282 99.1 [ 23 24.2 +292 99.5 ( 23 14.1 +302 100.0 | 23 03.5 +31.1 100.4 3
4 24 324 +237 96.3 | 24 25,5 +248 96.8 | 24 18.2 +258 97.2 | 24 10.4 +268 97.7 | 24 02.1 +279 981 | 23 53.4 +289 98.6 | 23 44.3 +298 99.0 | 23 34.6 +308 99.4 4
45 |33 277 -03 502 |34 059 +07 50.7 | 34 436 +17 512 |35 21.0 +27 51.8 |35 579 +37 524 |36 343 +47 529 |37 102 +57 535 |37 456 +68 54.2 | 45
46 33 274 -10 490 (34 06.6 00 495 |34 453 +10 500 [ 35237 +19 50.6 [ 36 01.6 +29 51.1 | 36 39.0 +39 51.7 [ 37 159 +50 523 [ 37 524 +60 52.9 46
47 33 264 -16 47.8 [ 34 06.6 -08 48.3 | 34 46.3 +02 488 [ 35256 +12 49.3 [ 36 045 +21 49.9 | 36 429 +32 504 | 37 209 +41 51.0 [ 37 584 +51 51.6 47
48 33 248 -23 46.6 [ 34 058 -14 47.1 | 34 465 -05 476 | 35 26.8 +04 48.1 (36 06.6 +1.4 48.6 | 36 46.1 +23 49.2 | 37 25.0 +34 49.8 [ 38 03.5 +44 504 48
49 |33 225 -30 454 (34 044 -21 459 |34 460 -12 464 | 35272 -03 469 |36 08.0 +07 474 |36 484 +16 480 | 37 284 +25 485 |38 079 +35 49.1 49
50 33 19.5 -38 442 [ 34 02.3 -28 447 | 34 44.8 0 452 | 35 269 -10 457 | 36 08.7 -02 46.2 | 36 50.0 +08 46.7 | 37 309 +18 47.3 [ 38 11.4 +28 478 50
51 33 15.7 -43 430 [ 33 59.5 -36 435 | 34 42.8 6 439 [ 35 259 -18 444 (36 085 -09 449 |36 50.8 00 455 |37 327 +09 46.0 [ 38 142 +19 46.6 51
52 |33 114 -s51 41.8 (33 559 -42 423 |34 402 -34 427 | 35241 -26 43236 076 -16 437 | 36 50.8 -07 442 |37 336 +02 447 |38 16.1 +10 453 | 52
53 |33 063 -58 40.6 [ 33 51.7 -50 41.1 |34 368 -42 415|35 215 -32 420 (36 060 -25 425 |36 50.1 -16 43.0 | 37 338 -07 435 |38 171 +03 440 | 53
54 33 00.5 -64 39.4 (33 46.7 -56 399 | 34 326 -48 403 [ 35 183 -41 408 [ 36 03.5 -31 412 |36 485 -23 417 |37 331 -14 422 |38 17.4 -o06 427 54




Step 4:  Given the azimuth information in step 3 (which does not account for
increments of declination), construct a table to determine correct

azimuths.
Sight Sirius (1836) Regulus (1842) | Mirfak (1900)
Base Azimuth | From HO229 167.5° 103.1° 47.4°
(2)
Next 167.8° 101.8° 46.2°
incremental Z
Difference 0.3° -1.3° -1.2°
Declination From given 41.7’ 3.5 47.7
Increment declination
Correction +0.2° -0.1° -1.0°
(Diff Z x
Increment) / 60
Corrected 167.7° 103.0° 46.5°
azimuth (Z)
Azimuth rules | Check azimuth 192.3° 103.0° 313.6°
corrected rules for LHA on
azimuth (Zn) top/bottom of

HO229 pages

Altitude Difference (d)

?ﬁ: Tens Decimals Units

100 20° 30 40' 50' | o0 1 2 3 ¢4 5 ¢ 7 8 ¢
00 |00 00 00 00 00}/l .0 [0.00.00.0000.000000.10.10.1
01|00 00 00 00 O.1 .1 |0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1
02|00 00 01 01 0.1 .2 [0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 01
03|00 01 01 02 02| .3 [000.00.00.00000010.10.10.1
04|01 01 02 03 03} .4 [00 0.000 0.00.00.00.10.10.101
05|01 02 03 03 04|/ .5 (00 0.000000000010.10.10.1
06 |01 02 03 04 05| .6 [0.00.000 0.00.00.00.10.10.101
07|01 03 04 05 06| .7 [0.00.00.0 0.00.0 0.0 0.1 0.10.101
08|02 03 04 06 0.7|| -8 [0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1
09|02 03 05 06 08| .9 [0.00.000 0.00.00.00.10.10.101
27.0| 45 9.0 13.5 18.0 225((.0 [0.0 0.5 0.9 1.4 1.8 23 2.7 3.2 3.7 41
271|145 90 13.5 18.0 22.6(|.1 (0.0 0.5 1.0 1.4 1.9 23 2.8 3.3 3.7 4.2
272|145 90 13.6 18.1 226([.2 (0.1 0.5 1.0 1.5 1.9 24 2.8 3.3 3.8 4.2
273|145 91 13.6 18.2 22.7||.3 (0.1 0.6 1.1 1.5 2.0 24 29 3.3 3.8 43
274|146 91 13.7 18.3 228 .4 (0.2 06 1.1 1.6 2.0 25 2.9 3.4 3.8 43
275| 46 92 138 183 229||.5 (0.2 0.7 1.1 1.6 2.1 2.5 3.0 3.4 3.9 4.4
276| 46 92 138 184 23.0||.6 |03 0.7 1.2 1.6 2.1 2.6 3.0 3.5 3.9 4.4
27.7| 46 93 139 185 23.1||.7 (0.3 0.8 1.2 1.7 2.2 2.6 3.1 3.5 4.0 4.4
27.8| 47 93 139 186 23.2||.8 (0.4 0.8 1.3 1.7 2.2 2.7 3.1 3.6 4.0 45
o7ala7z o3 140 186 233/ 9 0400131822027 323841 45
58.0| 9.6 19.3 29.0 38.6 48.3[| .0 |[0.0 1.0 1.9 29 3.9 49 58 6.8 7.8 8.8
58.1| 9.7 19.3 29.0 38.7 48.4||.1 |0.1 1.1 2.0 3.0 4.0 5.0 59 6.9 7.9 89
58.2| 9.7 194 29.1 38.8 48.5||.2 |0.2 1.2 21 3.1 41 51 6.0 7.0 8.0 9.0
58.3| 9.7 19.4 29.1 38.9 48.6||.3 |03 1.3 22 3.2 42 52 6.1 7.1 8.1 9.1
58.4| 9.7 195 29.2 38.9 48.7|| .4 |04 14 23 3.3 43 53 6.2 7.2 8.2 9.2
58.5| 9.8 19.5 29.3 39.0 48.8|| .5 |0.5 1.5 24 34 44 54 6.3 7.3 8.3 9.3
58.6 | 9.8 19.5 29.3 39.1 48.8|| .6 |06 1.6 25 3.5 45 55 6.4 7.4 8.4 94
58.7| 9.8 19.6 29.4 39.2 489||.7 |0.7 1.7 2.6 3.6 46 56 6.5 7.5 8.5 9.5
58.8| 9.8 19.6 29.4 39.2 49.0|| .8 |0.8 1.8 2.7 3.7 47 5.7 6.6 7.6 8.6 9.6
58.9| 9.9 19.7 29.5 39.3 49.1||.9 |09 19 2.8 3.8 48 58 6.7 7.7 8.7 9.7
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Step5:  Given the tabular HO229 information in step 3, determine the correct
computed altitude (hc) for the three star sights.
Sight Sirius (1836) Regulus (1842) | Mirfak (1900)
Tabular From step 3 46°07.3’ 48°46.6’ 36° 08.0’
computed
altitude
Altitude From step 3 -58.8’ 27.2° 0.7’
difference (d)
Declination From given 41.7’ 3.5 47.7
increment declination
Altitude From HO229 -40.9’ +1.6’ +0.6’
difference interpolation table
Correct 45°26.4 48°48.2’ 36°08.6’
computed
altitude
Step 6:  Compare the observed altitudes (given) with the computed altitudes
(determined in step 5), to compute intercepts (a) for the three star
sights.
Sight Sirius (1836) Regulus (1842) | Mirfak (1900)
Observed Given 46°00.5’ 49°07.2 35°51.6
altitude (ho)
Correct From step 5 45°26.4° 48°48.2° 36° 08.6’
computed
altitude (hc)
Intercept (a) hc - ho 34.1 19.0’ 17.0’
Towards/Away | If hcis greater, Towards Towards Away
intercept is “away”
Azimuth Repeated from step | 192.3° 103.0° 313.6°
4

Step 7:

Plot the assumed positions for each star sight.

0.
Cr 7 s
e

e
—
5
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Step 8:  Plot each star sight’s line of position.

Step9:  Advance the 1836 and 1842 star lines of position to 1900 to
determine the running fix.
Fix: 26°33’N, 64°27'W
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Problem 16-5 (CG-418). The following question is taken directly from the USCG

test bank and illustrates how to solve celestial running fix problems.

On 25 March, your 0500 zone time DR position is latitude 28° 14.0’ S, longitude 93°
17.0’E. You are on course 291° T at a speed of 16 knots. You observe 3 celestial bodies.
Determine the latitude and longitude of your 0550 running fix.

Body Zone Time GHA Observed Declination
Altitude

Peacock 0520 226°18.5° 49°42.9’ 556°47.6°

Altair 0535 238°38.2’ 43°53.1 N 8°48.9’

Spica 0550 338°48.5’ 21°11.7 $11°03.8’

Answer: 28°16’S,92° 57’ E

Step 1:  Determine the DR position of the ship for each star sight. Note this
solution uses a plotting sheet, but the position may also be advanced
by mid-latitude sailing (see Part 5 or Part 9).
Sight Original DR (0500) | Peacock (0520) | Altair (0535) Spica (0550)
Course/Speed | 291°, 16 knots Same Same Same
Time - 20 minutes 35 minutes 50 minutes
difference
Distance 5.33 miles 9.33 miles 13.33 miles
covered
DR latitude 28°14.0°S 28°12’S 28°11’S 28°09’S
DR longitude 93°17.0'E 93°11'E 93°07’E 93°03’E
Step 2:  Given the GHA information presented in the question, determine the
assumed position of the ship and the LHA for each star sight.
Sight Original DR (0500) | Peacock (0520) | Altair (0535) Spica (0550)
DR latitude 28°12'S 28°11'S 28°09’'S
DR longitude 93°11'E 93°07'E 93°03'E
Assumed 28°S 28°S 28°S
latitude
GHA (total) Given 226°18.5’ 238°38.2 338°48.5’
Assumed To ensure whole 92°41.5’E 93°21.8’E 93°11.5’E
longitude value of LHA
LHA Subtract west, add 319° 332° 72°
east (+360°)
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Step 3:

Given the declination and altitude information presented in the

question, as well as the LHA information determined in step 2, enter
publication HO229 and construct a table with computed altitude (hc),
altitude difference (a), and azimuth (zn).

Sight

Peacock (0520)

Altair (0535)

Spica (0550)

Assumed 28°S 28°S 28°S
latitude
Declination S56°47.6' N 8°48.9’ $11°03.8

LHA

319° Same

332° Contrary

72° Same

difference (d)

Computed From HO229 49°37.6’ 44°57.9’ 20°56.5’
altitude (hc)
Altitude From HO229 -27.3’ -48.8’ 26.1’

Azimuth (z)

From HO229

34.5°

138.9°

88.4°

41°,319° L.H.A.

LATITUDE SAME

NAME AS DECLINATION n.tat.{

L.H.A. greaterthan 180°.....

L.H.A.lessthan 180°...
23° 24° 25° 26° 27° 28° 29° 30°
Dec.| Hc d z He d z He d z He d z He d z He d z Hc d z Hc d Z | Dec.
55 45 56.0 -30.1 32.8 | 46 46.3 -204 33.3 | 47 36.3 -287 33.9 | 48 259 -280 34.6 | 49 151 -272 352 | 50 03.9 -263 35.9 | 50 52.3 -255 36.6 | 51 40.3 -246 37.4 55
56 45 259 -310 31.5| 46 16.9 -303 32.1 | 47 07.6 -296 326 | 47 57.9 -288 33.2 | 48 47.9 -281 33.8 | 49 37.6 -273 34.5 | 50 26.8 -265 35.2 | 51 15.7 -257 359 56
57 |44 549 -317 30.3 | 45 46.6 -31.1 30.8 31.4 |47 291 208 31.9 | 48 19.8 -200 325 [ 49 10.3 -283 33.1 | 50 00.3 -27.5 33.8 | 50 50.0 -267 34.5 | 57
58 |44 232 -324 29.1 | 45 155 -318 29.6 30.1 [ 46 59.3 -30.6 30.6 | 47 50.8 -299 31.2 | 48 42.0 -293 31.8 | 49 32.8 -285 324 | 50 23.3 -278 33.0 | 58
59 43 508 -332 27.9 |44 437 326 284 28 46 28.7 -31 29.4 147 209 —308 299 |48 12.7 -300 305149 043 -294 31049 555 —286 31.7 59
o} o
LATITUDE CONTRARY NAME TO DECLINATION L.H.A. 28°, 332
23° 24° 25° 26° 27° 28° 29° 30°
Dec. He d Z He d Z He d Z He d Z He d Z He d Z He d Z He d Z Dec.
L] 54 22,0 -40.7 126.3 | 53 46.0 —41.7 127.4 | 53 09.1 -426 128.5 | 52 31.3 -435 129.5 [ 51 52.8 -445 130.5 | 51 13.4 -452 131.4 [ 50 33.3 -46.0 1324 | 49 52,6 -468 133.2 [
1 53 41.3 -41.4 127.6 | 53 04.3 -423 128.6 | 52 26.5 -433 129.6 | 51 47.8 442 130.6 | 51 08.3 -450 131.6 . .8 132.5 | 49 47.3 -465 133.4 | 49 05.8 -47.3 134.2 1
2 52 59.9 -421 128.8 | 52 22.0 -43.1 129.8 | 51 43.2 0 130.8 | 51 03.6 -447 131.7 | 50 23.3 -455 132.6 . 133.5 | 49 00.8 -47.1 134.3 | 48 18.5 -47.7 135.1 2
3 52 17.8 -428 130.0 | 51 38.9 -437 130.9 | 50 59.2 -445 131.9 | 50 18.9 -45.4 132.8 | 49 37.8 -46.1 133.6 . 134.5 | 48 13.7 -47.4 135.3 | 47 30.8 -48.1 136.0 3
4 51 35.0 -434 131.1 [ 50 55.2 -44.2 132.0 | 50 14.7 -450 132.9 | 49 33.5 -458 133.8 | 48 51.7 465 134.6 | 48 09.3 -47.3 135.4 | 47 26.3 -47.9 136.2 | 46 42.7 -485 136.9 4
5 50 51.6 -44.0 13822 | 50 11.0 -44.8 133.1 | 49 29.7 -456 133.9 | 48 47.7 -46.3 134.8 | 48 05.2 -47.0 135.6 | 47 22.0 -47.6 136.3 | 46 38.4 -48.3 137.1 | 45 54.2 -489 137.8 5
6 50 07.6 -446 133.3 | 49 26.2 -45.4 134.1 | 48 44.1 -46.1 134.9 | 48 01.4 468 1357 | 47 18.2 -475 136.5 | 46 34.4 —481 137.2 | 45 50.1 -487 137.9 | 45 05.3 -49.2 138.6 6
7 49 23.0 -45.1 134.3 | 48 40.8 -459 135.1 | 47 58.0 -466 135.9 | 47 14.6 -47.2 136.7 | 46 30.7 -47.8 137.4 | 45 46.3 484 138.1 | 45 01.4 —49.0 138.8 | 44 16.1 —495 139.4 7
8 48 37.9 -457 135.3 | 47 54.9 -463 136.1 | 47 11.4 470 136.8 | 46 27.4 -47.6 137.6 | 45 42.9 -482 138.3 | 44 57.9 -488 138.9 | 44 12.4 493 139.6 | 43 26.6 -49.9 140.2 8
9 47 522 —46.1 136.3 | 47 08.6 —46.8 137.0 | 46 24.4 —47.4 137.7 | 45 39.8 —480 138.4 | 44 54.7 —486 1391 | 44 091 —49.2 139.7 | 43 23.1 —49.7 140.4 | 42 36.7 502 140.9 9
o o L.H.A. greaterthan 180° ... Z
72°,288° L.H.A. LATITUDE SAME NAME AS DECLINATION n.tat {0 i St a0 360°-2
23° 24° 25° 26° 27° 28° 29° 30°
Dec. | Hc d z Hc d z He d z He d z He d z Hc d z He d z He d Z | Dec.
[ 16 31.6 +243 97.2 | 16 239 +253 97.5| 16 158 +263 97.8 | 16 07.5 +27.3 98.1 | 15 589 +282 98.4 | 15 50.0 +292 98.7 | 15 40.8 +30.1 99.0 [ 15 31.3 +31.1 99.2 L]
1 16 55.9 +240 96.3 | 16 49.2 +250 96.6 | 16 42.1 +261 96.9 | 16 34.8 +270 97.2 | 16 27.1 +280 97.5| 16 19.2 +289 97.8 | 16 10.9 +29.9 98.1 [ 16 02.4 +308 98.3 1
2 17 19.9 +238 953 | 17 142 +248 956 | 17 08.2 +257 95.9 | 17 01.8 +268 96.2 | 16 55.1 +27.7 96.5 | 16 48.1 +287 96.8 | 16 40.8 +296 97.1 [ 16 33.2 +306 97.4 2
3 17 437 +235 94.4 | 17 39.0 +245 94.7 | 17 33.9 +255 95.0 | 17 28.6 +264 953 | 17 22.8 +275 95.6 | 17 16.8 +284 959 | 17 10.4 +294 96.2 | 17 03.8 +303 96.5 3
4 18 07.2 +232 93.4 | 18 03.5 +242 93.7 | 17 59.4 +253 94.0 [ 17 55.0 +26.3 94.4 [ 17 50.3 +272 94.7 | 17 45.2 +282 95.0 [ 17 39.8 +29.2 953 | 17 34.1 +30.1 95.6 4
5 18 304 +229 924 | 18 27.7 +239 928 | 18 24.7 +249 93.1 | 18 21.3 +259 934 | 18 175 +269 93.8 | 18 13.4 +279 94.1 | 18 09.0 +288 94.4 | 18 04.2 +298 94.7 5
6 18 53.3 +226 914 | 18 51.6 +237 91.8 | 18 49.6 +246 92.1 | 18 47.2 +256 925 | 18 44.4 +267 92.8 | 18 41.3 +276 93.1 | 18 37.8 +286 93.5| 18 34.0 +296 93.8 6
7 19 159 +223 90.5 | 19 153 +233 90.8 | 19 14.2 +244 91.2 | 19 128 +254 91.5| 19 111 +263 91.9 | 19 08.9 +274 92.2 | 19 06.4 +284 926 | 19 03.6 +293 92.9 7
8 19 38.2 +220 89.5| 19 38.6 +230 89.8 | 19 38.6 +240 90.2 | 19 38.2 +250 90.6 | 19 37.4 +26.1 90.9 | 19 36.3 +270 91.3 | 19 34.8 +280 91.6 | 19 329 +290 92.0 8
9 20 00.2 +216 88.5 |20 01.6 +227 88.9 | 20 02.6 +237 89.2 | 20 03.2 +247 89.6 | 20 03.5 +257 89.9 | 20 03.3 +26.8 90.3 [ 20 02.8 +27.7 90.7 | 20 01.9 +287 91.0 9
10 20 21.8 +21.3 87.5| 20 24.3 +223 87.9 | 20 26.3 +234 882 |20 27.9 +244 88.6 | 20 29.2 +254 89.0 | 20 30.1 +264 89.4 | 20 30.5 +275 89.7 | 20 30.6 +284 90.1 10
1 20 431 +210 86.5 |20 46.6 +220 86.9 | 20 49.7 +230 87.3 | 20 52.3 +24.1 87.6 | 20 54.6 +25.1 88.0 | 20 56.5 +26.1 88.4 [ 20 58.0 +27.1 88.8 | 20 59.0 +28.1 89.2 1
12 21 041 +206 855 |21 08.6 +216 85.9 | 21 127 +227 86.3 | 21 16.4 +237 86.7 | 21 19.7 +247 87.0 | 21 22,6 +257 87.4 [ 21 261 +267 87.8 | 21 27.1 +278 88.2 12
13 21 247 +202 84.5|21 302 +213 84.9 | 21 354 +223 853 | 21 40.1 +234 85.7 | 21 44.4 +244 86.1 |21 48.3 +255 86.5 |21 51.8 +265 86.9 | 21 54.9 +275 87.3 13
14 21 449 +199 83.5 |21 51.5 +209 83.9 | 21 57.7 +220 84.3 |22 03.5 +230 84.7 | 22 08.8 +241 85.1 | 22 13.8 +250 855 | 22 18.3 +26.1 85.9 | 22 22.4 +271 86.3 14
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Step 4:  Given the azimuth information in step 3 (which does not account for
increments of declination), construct a table to determine correct

azimuths.
Sight Peacock (0520) | Altair (0535) Spica (0550)
Base Azimuth From HO229 34.5° 138.9° 88.4°
(2)
Next 33.1° 139.7° 87.4°
incremental Z
Difference -1.4° +0.8° -1.0°
Declination From given 47.6’ 48.9’ 03.8’
Increment declination
Correction -1.1° +0.7° -0.1°
(Diff Z x
Increment) / 60
Corrected 33.4° 139.6° 88.3°
azimuth (Z)
Azimuth rules | Check azimuth 146.6° 40.5° 268.3°
corrected rules for LHA on
azimuth (Zn) top/bottom of

HO229 pages

Altitude Difference (d)

Dec. . .
Inc. Tens Decimals Units

10 20° 30° 40° 50 U 0 1 2 3 4 5 6 7 8 9
30|05 10 15 20 25| .0 |000.10.102020303040505
31|05 10 15 20 26| .1 |000.10102020304040505
32|05 10 16 21 26| .2 |000.1 0.102020304040505
33|05 11 16 22 27| .3 |000.10102030304040505
34|06 11 17 23 28| .4 |000.1 0102030304040505
35|06 12 18 23 29| .5 |000.1 010203030404 050.6
36 |06 12 18 24 30| 6 |000.1020.2030.304040506
37|06 13 19 25 31 .7 |0.0 0.1 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.6
38|07 13 19 26 32| .8 |000.10202030304050506
39 |07 13 20 26 33| .9 |01 0.1 020.2030304050506
47.0( 7.8 15.6 23.5 31.3 39.1|| .0 |0.0 0.8 1.6 2.4 3.2 4.0 4.7 55 6.3 7.1
471 7.8 15.7 23.5 31.4 39.2([ .1 (0.1 0.9 1.7 25 3.2 4.0 48 56 6.4 7.2
47.2| 7.8 15.7 23.6 31.4 39.3|[ .2 (0.2 0.9 1.7 25 3.3 41 49 57 65 7.3
473 79 15.8 23.6 31.5 39.4| .3 (0.2 1.0 1.8 2.6 3.4 42 5.0 5.8 6.6 7.4
47479 158 23.7 31.6 39.5( 4 (0.3 1.1 1.9 2.7 35 43 5.1 59 6.6 7.4
47579 158 23.8 31.7 39.6(| .5 (0.4 1.2 2.0 2.8 3.6 44 51 59 6.7 7.5
476 79 159 23.8 31.7 39.7[| .6 (0.5 1.3 2.1 2.8 3.6 4.4 5.2 6.0 6.8 7.6
47.7| 8.0 159 23.9 31.8 39.8|| .7 (0.6 1.3 2.1 2.9 3.7 45 53 6.1 6.9 7.7
47.8| 8.0 16.0 23.9 31.9 39.9(| .8 (0.6 1.4 2.2 3.0 3.8 46 54 6.2 7.0 7.8
479 8.0 16.0 24.0 32.0 40.0[| .9 (0.7 1.5 2.3 3.1 3.9 47 55 6.3 7.0 7.8
48.0( 8.0 16.0 24.0 32.0 40.0(| .0 {0.0 0.8 1.6 2.4 3.2 4.0 48 5.7 6.5 7.3
48.1| 8.0 16.0 24.0 32.0 40.1|[ .1 [0.1 0.9 1.7 25 3.3 41 49 57 65 7.4
48.2| 8.0 16.0 24.1 32.1 40.1|| .2 [0.2 1.0 1.8 2.6 3.4 42 5.0 5.8 6.6 7.4
48.3| 8.0 16.1 241 322 40.2|[ .3 (0.2 1.1 1.9 2.7 35 43 5.1 59 6.7 7.5
48.4| 81 16.1 242 323 40.3|| 4 |03 1.1 1.9 2.7 3.6 44 52 6.0 6.8 7.6
48.5( 8.1 16.2 24.3 32.3 404|( .5 |04 1.2 20 2.8 3.6 44 53 6.1 69 7.7
48.6 | 8.1 16.2 24.3 32.4 40.5| 6 |05 1.3 21 29 3.7 45 53 6.1 70 7.8
48.7| 8.1 16.3 24.4 32,5 40.6|( .7 |06 1.4 22 3.0 3.8 46 54 6.2 70 7.8
48.8| 8.2 16.3 24.4 32.6 40.7|| .8 |06 1.5 2.3 3.1 39 47 5563 71 79
48.9( 8.2 16.3 245 32.6 40.8|[ 9 |0.7 1.5 2.3 3.2 4.0 48 56 6.4 7.2 80
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Step 5:

computed altitude (hc) for the three star sights.

Given the tabular HO229 information in step 3, determine the correct

Sight Peacock (0520) | Altair (0535) Spica (0550)
Tabular From step 3 49° 37.6’ 44°57.9’ 20°56.5’
computed
altitude
Altitude From step 3 -27.3 -48.8’ +26.1°
difference (d)
Declination From given 47.6’ 48.9’ 03.8’
increment declination
Altitude From HO229 -21.7’ -39.8’ +1.7’
difference interpolation table
Correct 49°15.9’ 44°18.1° 20°58.2’
computed
altitude
Step 6:  Compare the observed altitudes (given) with the computed altitudes
(determined in step 5), to compute intercepts (a) for the three star
sights.
Sight Peacock (0520) | Altair (0535) Spica (0550)
Observed Given 49°429’ 43°53.1 21°11.7
altitude (ho)
Correct From step 5 49°15.9’ 44°18.1’ 20°58.2’
computed
altitude (hc)
Intercept (a) hc - ho 27.00 25.00 13.5’
Towards/Away | If hc is greater, Towards Away Towards
intercept is “away”
Azimuth Repeated from step | 146.6° 40.5° 268.3°
4
Step 7:  Plot the assumed positions for each star sight.

28°
30"

308




Step 8:  Plot each star sight’s line of position.

Step9:  Advance the 0520 and 0535 Sun lines of position to 0550 to
determine the running fix at 23° 16’S, 092° 57’E.
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Additional Problems and Answers

All of the following questions labeled “CG” were taken directly from the 2013 USCG
test bank and illustrate the concepts in this Part. Note - not all problems have been
worked and are subject to occasional errors in the database. For more problems and
answers, see the USCG database of questions (database information located in the
preface).

Problem CG-280. On 17 January your 0730 zone time fix gives you a position of latitude
22°26.0’ S, longitude 152° 17.0’ E. Your vessel is steaming on a course of 116° T at a
speed of 17 knots. An observation of the Sun’s lower limb is made at 1015 zone time.
The chronometer reads 00h 13m 23s and the chronometer error is 1m 49s slow. The
observed altitude (ho) is 66° 02.1". LAN occurs at 1152 zone time and a meridian
altitude of the Sun’s lower limb is made. The observed altitude (ho) is 87° 54.2".
Determine the vessel’s 1200 zone time position.

a) 22°53.8’S,153°25.6" E- correct
b) 22°53.8’S,153°28.8’E
c) 22°56.3’S,153°25.6’E
d) 22°56.3’S,153°28.8’E

Problem CG-297. On 18 May your 1030 zone time DR position is latitude 18° 30’ N,
longitude 62° 31’ W. You are on course 286° T, speed 24 knots. Determine your 1200
position using the following observations of the Sun:

Zone time GHA Declination ho
1204 61°54.6’ N 19°37.6’ 88°39.7’
1210 63°24.6° N 19°37.7 88°59.2°

a) 18°33.6’N, 62°54.3' W
b) 18°352°N, 62°49.7 W
c) 18°38.7’N, 62°59.2°W
d) 18°41.1°N, 62°53.9’ W- correct

Problem CG-311. On 2 April your 0830 zone time fix gives you a position of latitude 20°
16.0’ S, longitude 004° 12’ E. Your vessel is steaming on a course of 143° T at a speed of
18 knots. An observation of the Sun’s upper limb is made at 0903 zone time, and the
observed altitude (ho) is 42° 39.6". The chronometer reads 09h 05m 40s and the
chronometer error is 2Zm 15s fast. Local apparent noon occurs at 1145 zone time and a
meridian altitude of the Sun’s lower limb is observed. The observed altitude (ho) for
this sight is 63°46.2". Determine the vessel’s 1200 position.

a) 21°10.1°S, 004°53.9’E
b) 21°14.0°S, 004° 55.0'E
c) 21°18.0’S, 005°00.5" E- correct
d) 22°42.0°S,004°57.0'E
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Problem CG-404. On 24 March your 0800 zone time fix gives you a position of latitude
22°16’N, longitude 31° 45’ W. Your vessel is steaming on a course of 285° T at a speed
of 16.5 knots. An observation of the Sun’s upper limb is made at 0938 zone time, and
the observed altitude (ho) is 46° 32.2". The chronometer reads 11h 41m 01s and the
chronometer error is 02m 50s fast. Local apparent noon occurs at 1214 zone time and
a meridian altitude of the Sun’s lower limb is made. The observed altitude (ho) for this
sight is 68° 55.8’. Determine the vessel’s 1200 zone time position.

a) 22°35.0’N, 30°29.0' W
b) 22°35.0°N, 32°51.0° W- correct
c) 22°36.0’N, 32°10.5°W
d) 22°36.0’N, 32°55.2’W

Problem CG-456. On 29 April your 0530 zone time position was latitude 23° 04.0’ S,
longitude 162° 12.0’ E. Your vessel was steaming on course 120° T at a speed of 9
knots. An observation of the Sun’s upper limb was made at 0830 zone time. The
chronometer read 09h 27m 32s and was slow 2m 24s. The observed altitude (ho) was
24°58.0". LAN occurred at 1205 zone time. The observed altitude (ho) was 52° 04.0".
What was the longitude of your 1200 zone time running fix?

a) 163°02.1'E
b) 163°06.0’ E- correct
c) 163°09.5’E
d) 163°11.3'E

Problem CG-347. On 22 February, your 0800 zone time position is latitude 24° 16’ S,
longitude 95° 37’ E. Your vessel is on course 126° T at a speed of 14 knots. An
observation of the Sun’s lower limb is made at 0945 zone time. The chronometer reads
03h 47m 22s and the chronometer error is 02m 37s fast. The observed altitude (ho) is
57°02.1°. LAN occurs at 1148 zone time, and a meridian altitude of the Sun’s lower
limb is made. The observed meridian altitude (ho) is 75° 22.3’. Determine the vessel’s
1200 zone time position.

a) 24°49.3’S,96°24.0’E
b) 24°49.3’S,96°27.2'E
c) 24°52.2’S, 96°24.0’ E- correct
d) 24°52.2°S,96°27.2'E

Problem CG-206. On 12 October, your vessel is on course 081° T, speed 20 knots. Your
1800 zone time DR position is latitude 26° 11.0’ S, longitude 77° 18.0’ E. You observe 3
celestial bodies. Determine the latitude and longitude of your 1835 zone time running

fix.

] Body ’ Zone Time ’ GHA ’ Observed ’ Declination ’
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Altitude
Vega 1810 299°26.6’° 23°08.7’ N 38°46.3’
Fomalhaut | 1823 237°37.0° 50°23.9’ 529°43.2’
Antares 1835 337°43.4° 40°53.1’ $26°23.4°

a) 26°05.5°S,77°14.5E
b) 26°07.5°S,77°34.0'E
c) 26°09.0’S,77°27.5E
d) 26°12.0°S,77°31.0’ E- correct

Problem CG-235. On 14 September your 1810 zone time DR position is latitude 27°
12.0’ S, longitude 71° 10.0’ E. You are on course 060° T at a speed of 15 knots. You
observe 3 celestial bodies. Determine the latitude and longitude of your 1822 running

fix.

Body Zone Time GHA Observed Declination
Altitude

Venus 1810 341°03.4’ 38°48.9’ §12°48.1’

Altair 1816 255°00.4° 41°20.3’ N 8°49.3

Peacock 1822 247°55.8’ 48°39.5° 556°47.8

a) 27°04.5°S,71°224’E
b) 27°07.5°S,71°18.6’E
c) 27°09.2°S,71°11.3’E
d) 27°11.0°S, 71°14.5" E- correct

Problem CG-238. On 15 August your vessel is en route from Bombay to San Francisco.
You are steering course 020° T and making a speed of 20 knots. Your 1830 zone time
DR is latitude 26° 13.0’ N, longitude 135° 18.0’ W. You observe 3 celestial bodies.
Determine the latitude and longitude of your 1935 running fix.

Body Zone Time GHA Observed Declination
Altitude

Spica 1848 180°24.3’ 32°21.4° §$11°03.8

Altair 1910 89°29.8’ 43°06.3’ N 8°49.3’

Kochab 1935 170°33.4° 39°12.0° N 74°14.3’

a) 26°15.9°N, 135°03.6’'W
b) 26°353°N, 135°24.8°' W
c) 26°40.5'N, 135°21.6'W
d) 26°48.1°N, 135°20.7° W- correct

Problem CG-253. On 16 April your 0200 zone time DR position is latitude 17° 18’ S,

longitude 168° 46’ E. You are on course 236° T at a speed of 16 knots. You observe 3
celestial bodies. Determine the latitude and longitude of your 0600 running fix.

312



Body Zone Time GHA Observed Declination
Altitude

Fomalhaut | 0523 133°27.1° 35°40.4° 529°43.4°

Peacock 0527 172°33.9’ 48°28.6° 556°47.6°

Antares 0531 232°32.3’ 51°43.9’ §526°23.4°

a) 17°54.9°S,167°48.7’E
b) 17°55.6’S,167°45.1'E
c) 17°56.8’S,167°52.4'E
d) 18°00.4’S,167°49.2" E- correct
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INTERPOLATION TABLE

Altitude Difference (d)

Double

Altitude Difference (d) Double Altitude Difference (d) Double
Second Second
Dec Decimals A I e Tens Decimals Units and
b o v 24 8 9| Cor 1020 30 av 4 2 5 7 & 9| Com
X 00| 0 (0.0 000000 010101 80|13 26 40 53 66/[.0/0.0010304060708101113
01 o1l 1 |00 00 00 00 01010100 81[13 27 40 54 67|/.1/000203 0406070910 1113
02 01| 2 (0.0 0000 00 0101 01( 29 oof f82|13 27 41 54 68/ 2(00020305060709 1012 13|16
03 02| 3 (0000 00 00 0.1 0.1 0.1 83 (14 28 41 55 693000203 05060809 10121345 o
0. 03| 4 {00 0.0 0.0 00 010101 84|14 25 42 55 70||'3|010203 0506 0809 10 12 13|go 02
X 04| 5 0.0 00 00 00 010101 85|14 28 43 57 7.|5(01 0204 0506080911 1213(112 04
06 05(| 6 0.0 00 00 00 0101010, 86|14 29 43 57 72||6(01 020405070809 11 1214155 o5
07 06| 7 (0.0 0.0 00 00 0101018201 |87 |15 29 44 58 7317010204 05070809 1112 14/177 o5
08 07| 8 0.0 00 00 00 010101 88|15 30 44 59 74/.8(010304 050708101112 1.4[209 57
09 08| -9 [0.0 0.0 00 0101 01 89|15 30 45 60 75|[.9 (0.1 03 04 060708 1.0 1.1 131423; 08
10 8 0 |00000001 02 02 02 90 [15 30 45 60 75||.0(00 020305060809 1.1 1.3 1.4305 T5
11 9]l 1 |00 0001 01 02 02 02 91|15 30 45 60 76/.1(000203 05060810 1.1 13 1.4337 1
12 0|l 2 |00 00 0.1 01 020202 92|15 30 46 61 76|(2 /000203050708 1.0 1.1 13 15/369
13 1| 3 |00 00 01 01 02 02 02 93|15 31 46 62 77|/3000204 050708101213 15
14 2|| 4 |00 00 0.1 01 02020282 | |oa|16 31 47 63 78|[4[01 0204050709 10121315
246
15 13| 5 (00 00 01 0.1 020202310 °2| | 95|16 32 48 63 7.9|[5 /010204 060709101213 15
16 13| 6 (00 0001 0.1 020202 96|16 32 48 64 80|6 (010304 0607091012 1.4 15|44
17 14|l 7 |00 00 01 0.1 0202 02 97|16 33 49 65 81|(7 /010304060709 1.1 1214 15,75 0!
18 15| 8 00 00 01 01 02 02 02 98|17 33 49 66 82|58 (010304 060809111214 16|72 02
19 16/ 8 {00 0.0 01 01 0202 02 8917 33 50 65 83||:9 (010305060809 1113 14 16| g5 03
20 16| 0 [00 00 0.1 0.1 03 03 04 100|116 33 50 66 83||.0[000203 05070910 12 1416|127 05
21 17| 1 |00 00 01 0.1 03 0.3 0.4 10417 33 50 67 841 /000204050709 1112 14 16(153 06
22 18| 2 |00 0001 0.1 03 0.3 0.4 02|17 34 51 68 852 (000204060709 1113 14 16333 07
23 19l 3 |00 01 01 01 03 0.3 0.4 g 103017 34 51 69 86|.3(01 0204060809 1113 1516212 08
24 20| 4 |00 0.1 0.1 01 03 03 04l50 01] [104] 17 35 52 69 87||4 |01 0204 0608 09 1113 15 16|20 09
25 21| 5 |00 0.1 01 04 0304 04259 031 l105| 18 35 53 70 8850108040608 10111315 17/207 |9
28 22| 6 (00 0.1 0101 03 0.4 0.4(351 106(18 35 53 7.1 88|.6 (0103050608 101213 1517325 ,,
27 23(| 7 00 01 01 02 03 0.4 0.4 07|18 36 54 72 89/.7 (0103050608 101213 15 17(353
28 24| 8 (0001 01 02 03 0.4 04 108(18 36 54 72 90|[.8 (01030507 081012 1.4 15 17
29 25(| 9 (0001 01 02 03 0.4 0.4 109[19 37 55 73 9.1[.9 (0203050709 1012 1.4 16 17
3.0 25(| 0 000101 02 04 05 05 11.0[18 36 55 73 9.1/.0 (0.0 0204 0608 1.0 1.1 1.3 15 17
31 26(| 1 (0.0 01 01 02 04 05 05 11118 37 55 7.4 92|[.1 (000204 0608 1.0 12 1.4 16 17|13
32 26| 2 |00 0.1 0.1 0.2 0.4 05 05|36 12|18 37 56 74 93([.2 (000204 0608 1.0 14 16 18|35 0!
33 27(| 3 (00 01 01 02 04 0505|196 01| |113| 19 38 56 7.5 9.4|[3 0.1 02 0.4 06 08 1.0 1.2 1.4 16 18|55 02
34 28| 4 (0001 01 02 04 05 05/55 02| [114| 13 38 57 76 95||4 (0103050708 10 12 14 16 18| g9 03
35 29| 5 [00 01 01 02 0405 06(255 o4 115/ 19 38 58 77 96|[5(01 03050709 111214 16 18[112 05
36 30| 6 |00 01 0202 04 05 06[328 5| |116|19 39 58 77 97|[:6(01 03 0507 09 1.1 13 1.5 16 18[140 o
37 31| 7 [00 01 02 02 0.4 05 0.6(40.1 11720 39 59 7.8 98([.7 (0.1 030507 09 1.1 1517 19[165 o7
38 32(| 8 (00010202 05 05 06 118(20 40 59 79 9.9|[.8 (0203050709 1113 1517 19[190 g5
39 33| .9 |01 0.1 0.2 0.2 0.5 0.5 0.6 19|20 40 60 80 100([.9 (0.2 0.4 0.6 0.7 0.9 1.1 15\7\93/1»? 09
4.0 33(| .0 {00 010102 0.5 06 0.7 12020 40 60 80 100[[.0 [0.0 02 04 06 08 1.0 15‘7‘9257:?
41 34| 1 |00 01 02 02 05 06 07 121[20 40 60 80 101||-1 |00 02 0.4 0.6 09 11 13 155 17 1.9[202 |
42 35|l 2 [00 0102 02 0506 07/29 o | |122/20 40 61 81 101|[2]0002 050709 1.1 13 15 17 1.9)31.7 17
43 36(| 3 (00010202 0506 07|86 5| |123|20 41 61 82 102/[3 |01 03 0507 09 1.1 1.3 15 17 19(34.3
44 37|l 4 |00 0102 03 06 06 07144 g | |124| 21 41 62 83 103||4 0.1 03 05 07 09 11 13 15 17 20
45 38|l 5 [00 010203 0606 07259 94| |125/21 42 63 83 104|[5]01 030507091114 16182012
46 38(| 6 00010203 06 0607|317 95| |126|21 42 63 84 1056 |0.1 03 0507 1.0 1.2 1.4 16 18 20|35 O
a7 39| .7 |01 01 0203 06 07 0.7|375 %8| |127| 21 43 64 85 106|[.7 [0.1 0.4 06 08 1.0 1.2 16 1.8 20|58 02
48 40| 8 |01 010203 06 07 0. 128|22 43 64 86 107|[.8 (0.2 0.4 0608 10 1.2 1.4 1.6 1.8 20| g1 03
49 41|l .9 |01 010203 0.6 0.7 0.7 129|22 43 65 86 108[.9 (0.2 04 06 0.8 1.0 1.2 16 1.9 21)105 gg
50 41l 0 |00 010203 0607 08 130|21 43 65 86 108|.0[00 02 0.4 07 09 11 13 16 18 20|125 08
51 42| 1 |00 010203 0707 0894 31|22 43 65 87 109|[.1 (0.0 02 0507 09 1.1 1.4 1.6 1.8 20|17, 07
52 43| 2 [00 0102 03 0708 08|75 01 |132|22 44 66 88 110200030507 0.9 12 1.4 16 18 217 08
53 44(| 3 00010203 07 08 09|15 02| |133|22 44 66 89 11.1(3 01030507 1.0 1.2 14 16 19 2.1|507 09
54 45| 4 |00 0102 03 0708 0935 03| |13.4| 22 45 67 89 112(|.4 (01030508 1012 14 17 19 21 (52} 10
04 ¢
55 46(| 5 00010203 0708 09[216 g5| l1as|23 45 68 90 113|501 030608 1012 1517 19 21(267 |3
56 47|\ 6 |01 0102 03 0708 09(264 ool |136|23 45 68 91 113||56 |01 04 06 0.8 1.0 13 15 17 19 22291 |5
57 48| 7 |01 020203 0708 09(312 o7} 1137]23 46 69 92 114||.7 |02 04 06 0.8 1.1 1.3 15 1.7 20 22(31.4 |/
58 49| 8 [0.1 0203 03 07 0.8 0.9/36.0 138|23 46 69 92 115//.8 10204 0609 1.1 1.3 1.5 1.8 20 22/837 5
59 50(| 9 [0.1 02 03 04 07 08 0.9 13924 47 70 93 116(|.9 [02 0.4 07 09 11 1.3 1.6 1.8 20 22|360
60 50(| 0 0.0 010203 0809 1.0 140(23 46 7.0 93 116[[.0 (0.0 02 0507 10 1.2 1.4 1.7 1.9 22
61 51( 1 00010203 0809 10/21 o ) J141]|23 47 70 94 1171|0003 0507 1.0 1.2 15 17 20 22
62 51(| 2 00010203 08 09 10|62 5| J142|23 47 71 94 1182|0003 0508 1.0 13 15 17 20 22| |
63 52(| 3 00010204 0809 10[104 oo | 1143|2448 7.1 95 11913 |01 03 06 0.8 10 13 15 1.8 20 2213 01
64 53| 4 (0.0 02 03 04 0809 10[145 | |144| 24 48 72 6 120||.4 0.1 03 06 08 1.1 13 15 1.8 20 23|32 02
186
6.5 54( 5 (010203 04 08 09 1.0|22 95| |145|24 48 73 97 121||.5 |01 04 06 08 1.1 1.3 18 21 23|75 gf
6.6 55|/ 6 |0.1 0.2 0.3 0.4 08 0.9 1.0|269 96| |146| 24 49 73 97 122||.6 |0.1 04 06 09 1.1 1.4 18212396 o
6.7 56 .7 (010203 04 08 09 11314 07) J147|25 49 74 98 123||.7 (02 0.4 07 09 1.1 1.4 19 2123|117 oo
68 57(| 8 [0.1 0203 04 08 10 1.1[355 08| 148/ 25 50 7.4 9.9 124|802 0407 09 12 1.4 16 1.9 21 2.4[139 o7
69 58 9 |01 020304 09 1.0 1.1 149(25 50 75 100 125|.9 [02 05 0.7 0.9 12 14 17 19 22 24(160 07
18.1
7.0 58| .0 |00 010204 0910 11| 18 150|25 50 75 100 125||.0 [0.0 0.3 05 08 10 1.3 15 1.8 2.1 23|203 9
71 59| 1 |00 01 03 04 0910 11|55 0] |454|25 50 75 100 126|[.1 0.0 0.3 0.5 0.8 1.1 13 1.6 1.8 2.1 24|24 0
72 60(| 2 (0.0 01 03 04 0910 11| gy 02| |152| 25 50 76 10.1 1262 [0.1 03 06 08 1.1 1.3 1.6 1.9 2.1 24245 !
7.3 61( 3 00020304 0910 12|55 03] |153| 25 51 76 102 127|[3 [0.1 03 06 09 1.1 1.4 1.6 1.9 2.1 24567 12
74 62| 4 |00 0203 04 09 10 12[ieg 04| |15 26 81 77 103 124 |01 04 06 09 11 14 17 19 22 24 o5p 19
5
75 63| 5 [0.1 0203 04 09 1.1 12201 g¢ 155/ 26 52 78 103 129||5 |01 04 06 09 12 1.4 1.7 19 22 25/309 15
76 63|l 6 [0.1 0203 04 09 1.1 12(28 07N 1156 | 26 52 758 104 130|6 [0.2 0.4 07 09 12 1.4 1.7 20 22 25(331 1
77 64(| 7 01020305 10 1.1 12(274 o5 | |157| 26 53 7.9 105 13.1]|.7 (02 04 07 1.0 12 15 17 20 22 25352
7.8 65|/ -8 |01 020305 10 1.1 12(311 oo} 1158| 27 53 79 106 132|[.8 |02 0507 1.0 12 1.5 2023 25
7.9 66(| 9 [0.1 02 04 05 10 1.1 12(347 159|27 53 80 106 133||.9 [0.2 05 07 1.0 13 1.5 1.8 20 23 26
50 o123 7 8 9 10 20 30 40 50 01 2 8 45 78 9
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‘The Double-Second-Difference correction (Corr.) is always to be added to the tabulated altitude.

Decimals
50 o 1 3
13.3|[ 0 (0.0 0.3 05 08
13.4(| .1 |0.0 0.3 0.6 0.9
13.5(| .2 |0.1 0.3 0.6 0.9
136[| 3 0.1 0.4 0.6 0.9
137|| 4 |01 0.4 0.7 09
138(| 5 |0.1 0.4 0.7 1.0
13.8(| 6 |02 04 0.7 1.0
139|| 7 |02 05 07 1.0
14.0(| .8 |02 05 0.8 1.0
14.1(| .9 |02 0.5 0.8 1.1
14.1(| .0 |0.0 0.3 0.6 0.9
142|| 1 |00 0.3 06 0.9
143[| .2 (0.1 0.3 0.6 0.9
144 3 |01 0.4 07 10
145[ 4 |01 0.4 07 10
14.6(| 5 |0.1 0.4 0.7 1.0
14.7|| .6 |02 0.5 0.8 1.0
14.8([ .7 |0.2 0.5 0.8 1.1
149|| 8 |02 05 08 1.1
15.0(| .9 (0.3 0.6 0.8 1.1
150/ 0 (0.0 0.3 06 0.9
151 1 |00 0.3 06 1.0
151 .2 |0.1 0.4 0.7 1.0
15.2(| .3 |0.1 0.4 0.7 1.0
15.3(| 4 |0.1 0.4 0.7 1.0
15.4|| 5 |02 05 08 1.1
155 6 |02 05 0.8 1.1
156/ 7 |02 05 0.8 1.1
15.7|| .8 |0.2 06 0.9 1.2
15.8|[ 9 |03 06 0.9 1.2
15.8(| .0 |0.0 0.3 0.6 1.0
159(| .1 |0.0 0.4 0.7 1.0
16.0(| .2 |0.1 0.4 0.7 1.0
16.1([ .3 |0.1 0.4 0.7 1.1
16.2|| 4 |01 05 0.8 1.1
16.3|[ 5 |02 05 08 1.1
16.3|| 6 (02 05 08 1.2
16.4(| .7 |02 06 0.9 1.2
16.5(| .8 |0.3 0.6 0.9 1.2
16.6(| .9 |0.3 0.6 0.9 1.3
16.6/[ 0 (0.0 0.3 07 1.0
16.7[| .1 (0.0 0.4 0.7 1.1
168|[ 2 |01 0.4 08 1.1
16.9|[ 3 |01 0.4 08 1.1
17.0[| -4 |0.1 05 0.8 1.2
17.1(| 5 |02 05 0.9 1.2
17.2|| 6 |02 05 0.9 1.2
17.3(| .7 |02 06 0.9 1.3
17.4|| 8 |03 06 1.0 1.3
17.5(| .9 (0.3 06 1.0 1.3
17.5([ .0 |0.0 0.4 0.7 1.1
17.6([ .1 |0.0 0.4 0.8 1.1
17.6(| 2 |0.1 0.4 0.8 1.1
17.7|| 3 |0.1 05 0.8 1.2
17.8|| 4 |01 05 09 1.2
17.9(| .5 |02 05 09 1.3
18.0|| 6 (02 06 0.9 1.3
181 7 |03 06 1.0 13
18.2(| .8 |0.3 06 1.0 1.4
18.3(| 9 |03 0.7 1.0 1.4
18.3([ .0 |0.0 0.4 0.7 1.1
18.4(| .1 |00 0.4 0.8 1.2
18.5(| .2 |0.1 0.4 0.8 1.2
186 3 [0.1 05 09 1.2
18.7|| .4 |0.1 05 09 1.3
18| 5 (02 0609 1.3
18.8|[ 6 (02 06 1.0 13
189 .7 |03 06 1.0 1.4
19.0(| .8 |03 0.7 1.0 1.4
19.1(| .9 |03 07 1.1 1.5
19.1|[ 0 [0.0 0.4 08 1.2
192|| 1 |00 0.4 08 12
193|[ 2 |01 05 09 13
19.4|[ 3 |01 0509 13
195/ 4 |02 0509 13
19.6(| .5 |02 06 1.0 1.4
19.7|| .6 |02 06 1.0 1.4
198 7 (03 07 1.1 1.4
19.9(| .8 (03 07 1.1 1.5
200[| 9 [04 07 11 15
50 o v 2 3
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[ION TABLE INTERPOLATION TABLE
Altitude Difference (d) Double Altitude Difference (d) Double Altitude Difference (d) Double
R Second Second Second
ec. i Diff, Diff,
o Tens Decimals and 'ID:: Tens Decimals Units and ?:g Tens Decimals Units and
10200 30 40 50 o 1 2 8 9| Corr 1020 30 so | o 1 23 45 @ 8 9| Cor 10 20 30 40 s0 | o 1 2 3 4 5 & 7 8 9| Com
2401 40 80 120 16.0 20.0/( .0 |00 0.4 0.8 12 1.6 20 24 29 33 37| o g 28046 93 140 186 233|| .0 36.0| 60 120 180 24.0 30.0(|.0 (0.0 0.6 1.2 1.8 2.4 3.0 36 43 49 55
241140 80 120 160 20.1|[.1 |00 0.4 0.9 1.3 1.7 21 25 29 33 37| 55 01 28147 93 140 187 234|| .1 36.1| 6.0 120 180 24.0 30.1[|.1 |01 0.7 1.3 1.9 25 3.1 37 43 49 5508
242(40 80 121 161 2012 [0.1 0509 13 1.7 2.1 25 2.9 33 38| 47 02 282|47 94 141 188 235|| 2 36.2( 60 120 18.1 24.1 30.1||.2 0.1 07 1.3 1.9 26 3.2 3.8 4.4 50 56(25 ¢,
243|40 81 121 162 20.2(|.3 |0.1 05 0.9 1.3 1.8 22 26 3.0 34 38| 5'g 03 283| 47 94 141 189 236|| .3 363| 60 121 181 24.2 30.2||.3 0.2 08 1.4 20 26 32 38 4.4 50 57(42 (73
204|141 81 122 163 203(| 4 0.2 06 1.0 14 18 22 26 30 34 38| 74 04 284(47 95 142 189 237|| 4 364| 6.1 121 182 243 303|| 4 (02 09 1.5 21 27 33 39 45 51 57| 39 5
25|41 82 123 163 204/| 5 02 06 1.0 14 18 22 27 3.1 35 39| 21 06 285(48 95 143 19.0 238|| 5 365| 6.1 122 183 243 304! 5 (0.3 0.9 15 2.1 27 33 40 46 52 58/ 9.3 02
246| 41 82 123 164 205/ 60207 1.1 15 19 23 27 3.1 35 39| 107 07 286|48 95 143 191 238|| .6 366| 6.1 122 18.3 24.4 305! 6 (0.4 1.0 16 22 28 34 40 46 52 58/110 02
247| 41 83 124 165 206( 7 |03 07 1.1 15 1.9 23 27 3.1 36 40| 193 08 287 |48 96 144 192 239|| 7 36.7(61 123 184 245 306(|.7 [0.4 10 1.6 23 29 35 41 47 53 59/127 07
24842 83 124 166 207|803 07 1.1 1.6 20 2.4 28 3.2 36 40| 143 0.9 288 |48 96 144 192 240|| 8 36.8(62 123 18.4 246 30.7|| 8 (0.5 1.1 1.7 2.3 29 35 4.1 4.7 54 60144
249| 42 83 125 166 208(| 9 |04 0.8 1.2 1.6 20 2.4 28 3.2 36 40|1>7 10 28949 97 145 193 24.1|| .9 369|62 123 185 246 308||.9 [05 1.2 18 24 3.0 36 42 48 54 60161 T9
S 178
250| 4.1 83 125 166 208/| 0 (00 04 08 13 17 21 25 3.0 3.4 38133 12 290|48 96 145 193 24.1|| .0 37.0( 61 123 185 246 30.8/|.0 [0.0 06 12 1.9 25 81 37 4.4 50 56(195 |1
25.1| 42 83 125 167 209(| 1 0.0 05 0.9 13 1.7 22 26 3.0 34 39|202 13 291 |48 97 145 19.4 242|| 1 371 |62 123 185 247 30.9)|.1 (0.1 07 1.3 1.9 26 32 38 44 5.1 57(21.2 |2
252| 42 84 126 168 21.0[| 2 0.1 0509 1.4 1.8 22 26 3.1 35 39[22% 14 292(48 97 146 19.4 243|| 2 37.2( 62 124 186 248 31.0/|.2 [0.1 07 1.4 20 26 3.2 39 45 5.1 57(228 |3
253| 42 84 126 169 21.1( 3 0.1 06 1.0 1.4 1.8 23 27 3.1 35 40/532 15 293(49 98 146 195 24.4|| .3 373|62 124 186 249 3113 |02 0.8 1.4 2.1 27 33 39 46 52 58(245 |
254| 42 85 127 169 21.2(| 4 |02 06 1.0 14 19 23 27 3.1 36 40/50 15 204(49 98 147 196 245|| 4 37.4|62 125 187 249 31.2|| .4 [02 08 1.5 2.1 27 3.4 40 46 52 59(262 |3
o 1.7
255(43 85 128 170 21.3||.5 [0.2 06 1.1 15 1.9 23 28 3.2 36 4.0(288 13 295(49 98 148 197 246|| 5 375|638 125 188 250 313|| 5 03 09 16 22 28 34 4.1 47 53 5958 17
256| 43 85 128 17.1 21.3||.6 (0.3 0.7 1.1 1.5 2.0 24 2.8 3.2 3.7 4.1 30‘419 296 |49 99 148 19.7 247|| 6 37.6| 63 125 18.8 25.1 31.3|| .6 (0.4 1.0 1.6 22 29 35 4.1 4754503‘318
257(43 86 129 172 21.4||.7 [0.3 07 1.1 16 20 2.4 28 3.3 37 4.1(321 ;5 297(50 9.9 149 198 2458|| .7 37.7|63 126 189 252 31.4|.7 (0.4 1.1 1.7 2.3 2.9 3.6 4.2 4.8 54 6.1|330 19
258(43 86 129 172 21.5(.8 [0.3 0.8 1.2 1.6 20 25 2.9 3.3 37 4.2(337 4 298(50 100 149 199 249|| .8 37.8( 63 126 189 252 31.5|.8 0.5 1.1 1.7 2.4 3.0 36 42 49 55 6.1(357 20
25944 87 130 173 21.6([.9 [0.4 08 1.2 17 21 25 29 3.4 38 4.2|354 299(50 100 150 20.0 25.|| .9 37.9(6.4 127 190 253 31.6|.9 0.6 12 1.8 2.4 3.1 37 43 4.9 56 62
260(43 86 130 173 21.6([.0 [0.0 0.4 0.9 1.3 1.8 22 26 3.1 35 4.0| o g 30.0(50 100 150 200 25.0|| .0 38063 126 19.0 253 316(/.0 (0.0 0.6 1.3 19 26 32 38 4.5 51 58
26.1(43 87 130 17.4 21.7|[ 1 [0.0 05 0.9 1.4 1.8 23 27 3.1 36 4.0| 54 01 30.1(50 100 150 200 25.1|| 1 38163 127 19.0 254 317|(.1 (01 0.7 1.3 20 26 33 39 46 52 58| g g
262(43 87 131 17.4 21.8|[.2 [0.1 05 1.0 1.4 1.9 23 27 32 36 4.1| 5o 02 30.2(50 100 151 201 251|| .2 382(63 127 191 254 318[(.2 [01 08 1.4 21 27 33 40 46 53 59| yg 01
263( 44 88 131 175 21.9(|.3 [0.1 06 1.0 15 1.9 23 28 32 37 4.1| 57 03 303 |50 101 154 202 252|| .3 383(64 128 191 255 319((.3 (02 0.8 1.5 21 28 3.4 40 4.7 53 60| 44 02
64|44 88 132 176 220|| 4 02 06 1115 19 24 28 33 37 42| 73 04 304 |51 104 152 203 253|| 4 384|064 128 192 256 320/| 4 (03 09 1.5 22 28 35 4.1 47 54 60| g 03
25|44 88 133 177 221/ 502 07 1.1 15 20 24 29 33 38 42| 2% 06 305(51 102 153 203 254|| .5 38564 128 193 257 321|| 5 (03 1.0 16 22 29 35 42 48 55 6.1 79 05
266| 44 89 133 177 222(| 6|03 07 1.1 16 20 25 29 3.4 38 42|19% 07 306(51 102 153 204 255|| .6 386| 64 129 19.3 257 322|( 6 0.4 1.0 1.7 23 3.0 36 4.2 49 55 62| %7, 06
267|45 89 134 178 223(|.7 0.3 08 12 1.6 2.1 25 30 3.4 38 43|12 08 307 |51 103 154 205 256|| .7 387| 65 129 19.4 258 323|(.7 04 1.1 1.7 24 3.0 37 43 49 56 62|113 07
268| 45 00 134 179 224(|.8 |04 08 12 17 2.1 26 30 34 39 43|137 09 308 |52 10.3 154 206 25.7|| .8 38865 130 194 259 32.4/| .8 |05 12 1.8 24 3.1 37 4.4 50 56 63|17 08
269 45 90 135 180 225(| 9 |0.4 0.8 1.3 17 22 26 30 35 39 44|150 10 309|52 103 155 20.6 25.8|| .9 38.9| 65 130 195 26.0 325/| 9 (0.6 1.2 19 25 3.1 38 4.4 5.1 5764|129 09
11 10
270/ 45 90 135 180 225/|.0 (00 05 09 14 18 23 27 3237 41/188 1 31.0|51 103 155 206 25.8|| .0 39065 13.0 195 26.0 325(| 0 0.0 0.7 1.3 20 26 3.3 3.9 46 53 53[5 11
27.1| 45 90 135 180 226 1 0.0 05 1.0 14 1.9 23 28 3.3 37 42|22 13 31.1|52 103 155 20.7 259|| 1 39.1] 65 13.0 19.5 260 326|[ 1 0.1 0.7 1.4 20 2.7 34 40 47 53 60|52 12
27.2| 45 90 136 181 226( 2 |0.1 05 1.0 15 1.9 2.4 28 3.3 38 42|29 14 312|52 104 156 208 260|| -2 39265 130 19.6 261 326/ 2 [0.1 0.8 1.4 21 28 34 41 47 54 6.1/529 13
27.3| 45 91 136 182 227|301 06 1.1 15 20 2.4 29 3.3 38 43|237 15 313|52 104 156 209 26.1|| .3 39.3| 65 13.1 19.6 262 327|(3 (02 0.9 15 22 2.8 35 4.1 4.8 55 6.1|237 14
27.4| 46 01 137 183 228(| 4 |0.2 06 1.1 16 20 25 29 3.4 38 43|507 16 31.4|52 105 157 209 262|| 4 30466 131 107 263 32| 4 (0.3 09 1.6 22 29 36 42 49 5562|202 15
27546 92 138 183 229||.5 |02 07 1.1 16 21 25 30 3.4 39 4.4[283 |7 315(53 105 158 21.0 263|| .5 395| 66 132 19.8 263 329|| 5 [03 1.0 16 23 30 36 43 49 5.6 63290 15
27646 92 138 18.4 230 .6 [0.3 07 1.2 16 21 26 3.0 35 39 4.4299 ;g 316(53 105 158 21.1 263|| .6 30666 132 198 26.4 330[| 6 (0.4 1.1 1.7 2.4 30 37 43 50 57 63308 ;g
27.7| 46 93 139 185 231 .7 [0.3 08 1.2 17 22 256 3.1 35 40 4.4[315 5 317|53 106 159 21.2 26.4|| .7 397(66 133 19.9 265 331((.7 (05 1.1 1.8 24 31 38 44 51 57 64325 ;g
278(47 93 139 186 232(|.8 [0.4 08 1.3 1.7 22 27 31 36 40 4.5(331 53 31.8(53 106 159 21.2 265|| .8 39.8( 67 133 199 266 332|| 8 |05 12 1.8 25 32 38 45 51 58 65(343
27.9( 47 93 140 186 233|[.9 [0.4 09 1.3 18 22 27 3.2 36 4.1 45[347 31.9|54 107 160 21.3 266|| .9 39.9( 67 133 200 266 33.3||.9 (0.6 13 1.9 26 32 3.9 45 52 59 65
280(46 93 140 186 233([.0 [0.0 0509 1.4 1.9 2.4 28 33 38 43| g 320(53 106 160 21.3 2656|| .0 400| 66 13.3 200 266 333/ .0 (0.0 07 1.3 2.0 27 3.4 40 4.7 5.4 6.1
28.1(47 93 140 187 2341 [0.0 05 1.0 15 1.9 2.4 29 3.4 38 43|54 01 32.1|53 107 160 21.4 26.7|| 1 40.1| 67 133 200 267 33.4|| .1 |0.1 07 1.4 2.1 28 3.4 4.1 4.8 55 6.1
282(47 94 141 188 235|[.2 [0.1 06 1.0 15 20 25 29 3.4 39 4.4| 5o 02 322(53 107 161 21.4 268|| 2 402|67 134 201 268 335||.2 [0.1 0.8 1.5 2.2 28 35 4.2 49 55 62[09
283(47 94 141 189 236([.3 [0.1 06 1.1 16 20 25 3.0 35 39 44|55 03 323|54 108 161 21.5 269|| .3 403| 67 134 201 269 336||.3 0.2 09 1.6 2.2 29 36 43 49 56 63|28
24|47 95 142 189 237||4 |02 07 1.1 16 21 26 30 35 40 45|75 04 32454 108 162 216 27.0|| 4 40.4|67 135 202 269 337|| 4 (03 09 16 23 30 36 43 50 57 63| 46 o3
285/ 48 95 143 190 238|| 5 (02 07 12 17 21 26 3.1 36 40 4588 06 325|54 108 163 21.7 27.1|| 5 405| 68 135 203 27.0 338| 5 (03 1.0 17 24 30 37 44 5.1 57 64|83 J¢
286| 48 95 143 191 238(| 6 0.3 08 1.2 17 22 27 31 36 41 46(10¢ 07 32654 109 163 21.7 27.2|| 6 40668 135 203 27.1 33.8(| 6 [0.4 11 1.8 24 31 3.8 45 5.1 58 65(102 00
287| 48 96 144 192 239(| 7 |03 08 1.3 1.8 22 27 32 37 41 46(152 08 32755 109 164 218 273|| .7 40.7(68 136 204 27.2 33.9|| .7 [05 11 1.8 25 32 3.8 45 5.2 59 65(120 0°
288| 48 96 144 192 240(| 804 09 1.3 1.8 23 2.8 32 37 42 47133 09 328 |55 11.0 164 21.9 27.4|| .8 40868 136 204 27.2 340|| 8 |05 12 1.9 26 32 3.9 46 5.3 59 66(139 7
289 49 07 145 193 241 9 |0.4 09 1.4 19 23 28 33 3.8 42 47122 10 329|55 110 165 220 275|| .9 40969 137 205 27.3 34.1||.9 [0.6 13 20 26 33 40 47 5.3 60 67(157 (¢
11 17.6
200( 48 96 145 193 24.1([.0 |00 05 1.0 1.5 20 25 29 3.4 3.9 44|84 12 330|55 110 165 220 27| .0 41.0(68 136 205 27.3 34.1/|.0 [0.0 07 1.4 21 28 35 41 48 55 62[19.4 17
20.1| 48 97 145 194 242|[.1 |00 05 1.0 1.5 20 25 30 35 4.0 45200 13 33.1(55 110 165 220 27.6|| 1 41.1| 68 137 205 27.4 34.2|| .1 |0.1 08 1.5 2.1 28 35 4.2 4.9 56 6321.3
202| 48 97 146 194 243|[ .2 |01 0.6 1.1 1.6 21 266 30 35 4.0 4521 14 33255 11.0 166 221 27.6|| 2 412| 68 137 206 27.4 34.3| 2 (01 0.8 1.5 22 29 36 4.3 50 57 6.4[231 |2
203| 49 98 146 195 24.4|[.3 |01 0.6 1.1 1.6 21 26 3.1 36 4.1 46[232 15 33355 166 222 27.7|| .3 41369 138 206 27.5 34.4| 3 (02 0.9 1.6 23 3.0 37 4.4 50 57 6.4[250 13
204| 49 98 147 196 245|| 4 (02 07 12 17 22 27 3.1 36 4.1 46335 16 334|56 111 167 223 27.8|| 4 41.4|69 138 20.7 276 345|| 4 (0.3 10 17 24 30 37 44 5.1 58 65(268 |7
205| 49 98 148 197 248|| 5 02 07 12 17 22 27 82 37 42 47[280 14 335|56 11.2 168 223 27.9|| 5 415/ 69 138 208 277 346|| 5 (03 10 17 2.4 3.1 38 45 52 59 66|305 15
296| 49 99 148 197 247|| .6 [0.3 08 13 18 23 2.8 3.2 37 42 47296 g 33656 11.2 168 224 28.0|| 6 416(69 139 208 27.7 34.7|| 6 |0.4 1.1 1.8 25 32 3.9 4.6 53 59 66323 17
297(50 99 149 198 248|.7 [0.3 08 1.3 1.8 23 2.8 33 3.8 43 48312 5 337|56 113 169 225 28.1|| .7 41.7(70 139 209 27.8 34.8||.7 0.5 12 1.9 26 33 3.9 46 53 6.0 6.7(340 18
298(50 100 149 199 2498 (04 09 1.4 19 24 29 33 38 43 48328 ;4 338(57 113 169 226 282|| 8 41.8(70 140 209 27.9 34.9|| 8 (0.6 12 1.9 26 33 4.0 47 54 6.1 68
29.9(50 100 150 200 250 .9 [0.4 09 1.4 19 24 29 3.4 3.9 4.4 49344 339|57 113 17.0 226 283|| .9 41.9(70 140 210 280 350|| .9 (0.6 13 20 27 3.4 4.1 48 55 6.2 68
30.0( 5.0 10.0 15.0 20.0 25.0(|.0 |0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.6 4.1 46 08 34.0|56 113 17.0 226 28.3|| .0 420| 7.0 140 21.0 28.0 35.0/| .0 |0.0 0.7 1.4 21 28 3.5 42 50 57 6.4
30.1( 50 10.0 150 20.0 25.1((.1 {0.1 0.6 1.1 1.6 2.1 2.6 3.1 3.6 4.1 4.6/, 01 341 |57 11.3 17.0 227 28.4|| 1 42.1(70 140 210 280 35.1||.1 [0.1 08 1.5 2.2 29 36 43 50 57 6.4
302(50 100 151 201 251([.2 (0.1 0.6 1.1 1.6 21 26 32 37 42 4.7| 3 02 332|57 11.4 17.1 228 285|| .2 422(7.0 140 211 281 35.1|| .2 |0.1 08 1.6 2.3 30 37 4.4 51 58 65| 1
303(50 101 151 202 252(|.3 [0.2 07 1.2 17 22 27 32 37 42 47|56 03 343 |57 11.4 171 229 286|| 3 423(70 14.1 211 282 352||.3 0.2 09 1.6 2.3 3.0 38 45 52 59 66| g 01
30.4[51 101 152 203 253|| .4 [0.2 07 1.2 17 22 27 33 3.8 43 48|75 04 38.4|57 115 17.2 229 287|| 4 424|71 141 212 283 353)| 4 (03 1.0 1.7 24 31 38 45 52 59 67| 49 02
05
305|51 102 153 203 25.4/| 5 (03 08 1.3 18 23 28 3.3 38 43 4858 06 345(58 115 17.3 230 288|| .5 425|741 142 213 283 3545 |04 1.1 18 25 32 39 46 53 60 67| 55 o4
306(51 102 153 204 255| .6 [0.3 08 1.3 18 2.3 2.8 3.4 3.9 4.4 4.9 07 346|58 11.5 17.3 231 288|| .6 426|741 142 213 284 355|| 6 (0.4 1.1 1.8 25 33 4.0 4.7 54 6.1 68 05
307| 51 103 154 205 256|[.7 (0.4 0.9 1.4 1.9 2.4 28 3.4 3.9 4.4 49|20 038 347|58 116 174 232 289|| .7 427| 7.1 143 214 285 356|| 7 (05 12 1.9 26 33 4.0 47 55 62 6.9[198 06
308[52 103 154 206 257|[ .8 [0.4 09 1.4 19 24 29 35 4.0 45 50[138 o9 348(58 116 17.4 232 290|| .8 42.8|72 143 21.4 286 357|| 8 (06 1.3 20 2.7 3.4 4.1 48 55 62 6.9[128 07
309| 52 103 155 206 258(|.9 |05 10 1.5 20 25 30 35 40 45 50[132 10 349|59 117 175 233 20.1|| .9 429|72 143 215 286 3589 |06 13 21 28 35 42 49 56 63 70| 142 03
11 5 0.9
31.0( 5.1 103 155 206 258|[.0 |0.0 05 1.0 1.6 21 26 3.1 37 4.2 47|84 1> 350(58 116 175 233 29.1|| .0 430(71 143 215 286 3580 0.0 07 14 22 29 36 43 51 58 65[287 10
31| 52 103 155 207 2591 |01 0.6 1.1 1.6 22 27 32 37 4.3 48200 13 35.1(58 117 175 234 292|| 1 43.1(72 143 215 287 359/ .1 [0.1 08 1.5 22 30 37 44 5.1 59 66|07 11
312| 52 104 156 208 260|[ .2 (0.1 0.6 1.2 1.7 22 27 33 3.8 4.3 48215 14 352(58 117 17.6 234 293|| .2 432(72 144 216 288 36.0|| .2 [0.1 09 1.6 23 30 38 45 5.2 59 67(287 12
313| 52 104 156 209 26.1|[ .3 |02 0.7 1.2 1.7 23 28 33 3.8 4.4 49232 15 353(59 118 17.6 235 294|| .3 43372 144 216 289 36.1||.3 (02 0.9 1.7 2.4 3.1 3.8 4.6 53 6.0 6.7|50° 13
314| 52 105 157 209 262|| 4 |02 07 13 1.8 23 28 3.4 39 4.4 49[248 15 35.4(59 118 17.7 236 295|| 4 434|72 145 217 289 3624 03 10 17 25 32 39 46 54 6.1 68|55 14
15
31.5(53 105 158 21.0 26.3|| 5 |03 0.8 1.3 1.8 2.4 2.9 3.4 39 45 50[280 1; 355(59 11.8 17.8 237 296(| 5 435|7.3 145 21.8 29.0 36.3(| 5 (0.4 1.1 1.8 25 3.3 4.0 47 54 6.2 6.9(305 ;¢
316[53 105 158 21.1 26.3|| .6 [0.3 08 1.4 19 24 29 35 4.0 45 50[296 g 356(59 11.9 17.8 237 29.7|| .6 43673 145 21.8 29.1 36.3(| 6 |04 1.2 1.9 26 3.3 4.1 48 55 6.2 7.0[325 ;7
31.7| 53 106 159 21.2 26.4|| .7 |04 0.9 1.4 1.9 25 3.0 3.5 4.0 4.6 5.1[31:2 20 36.7| 6.0 119 17.9 23.8 29.8|| .7 437|7.3 146 21.9 29.2 36.4||.7 |05 1.2 20 27 3.4 4.1 49 56 6.3 7.0[345
318( 53 106 159 212 265|| .8 |0.4 0.9 1.5 2.0 25 3.0 36 4.1 4.6 51(328 53 358(60 120 17.9 239 299|| .8 438(73 146 219 29.2 365|| .8 |0.6 13 20 2.8 35 4.2 49 57 6.4 7.1
319|54 107 160 213 26.6||.9 [0.5 1.0 1.5 2.0 26 3.1 3.6 4.1 4.7 52[344 35960 12.0 180 24.0 30.0|| .9 439 7.4 147 220 29.3 36.6(| .9 |0.7 1.4 21 2.8 36 4.3 5.0 57 6.5 7.2
10 20 30 40 50 O 1 2 3 4 5 & 7 8 9 100 200 30 40' 50 100 200 30 40 50' 01 2 3 4 5 6 7 8 9
is always to be added to the tabulated altitude. The Double-Second-Difference correction (Corr.) is always to be added to the tabulated altitude.
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INTERPOLATION TABLE

Altitude Difference (d) Double Altitude Difference (d) Double
Second Second
Dec. piff. | Joec. Diff,
Inc. Tens Decimals and ne. Tens Decimals and
10 20 3 a0 s | oo 1 2 3 Corr. 0 20 30 4 s | o Cor.
440|73 146 220 293 366|| 0 (00 0.7 15 22 52086 17.3 26.0 346 433(|.0 |0.0 18
44.1|73 147 220 29.4 367|| 1 [0.1 08 1.6 23 52.1|87 17.3 26.0 347 434[|.1 [0.1 &5 01
442|73 147 22.1 294 368|| 2 01 0.9 16 2.4 11 522|87 17.4 26.1 348 435|| 2 |02 53 o2
443| 7.4 148 221 295 369|| 3 [02 1.0 1.7 2.4 a2 01| 523 |87 17.4 26.1 349 4363 [03 15 03
44.4| 7.4 148 222 296 37.0|| .4 [03 1.0 1.8 25 53 02| |524|87 175 262 34.9 437|.4 |03 165 04
= 03 0.5
445|7.4 148 223 297 87.1|| 5 [04 1.1 1.9 26 5 o4] |s25|88 17.5 263 350 438|[ 5 |04 201 06
446| 7.4 149 223 297 37.2|| 6 [04 12 1.9 27 26 05| |526| 88 175 263 351 438l 6 |05 238 07
4a3| 73 150 224 209 374l 3 |06 15 21 2 109 07| [535| 56 176 204 a2 440\ 8 |07 o1 08
44975 150 225 30.0 37.5/| 9 |0.7 1.4 22 29 189 o8 |s29| 89 177 265 353 44.1||.9 |08 347
1o
450(75 150 225 30.0 375 .0 [00 0.8 1.5 23 3.0 38 45 53 6.1 68[203 10| |53.0| 88 176 265 353 441||.0 |00
45.1| 75 150 225 300 376| .1 |01 0.8 1.6 24 3.1 39 46 54 6.1 69(223 1.1 |53.1| 88 17.7 265 35.4 44.2/|.1 |01 21 o,
452| 75 150 226 301 376| 2 |02 0.9 17 24 3.2 39 47 55 6.2 7.0[535 12| |532| 88 17.7 266 35.4 443| 2 02 62 o)
45.3| 75 151 226 302 37.7| .3 |02 1.0 1.7 25 33 4.0 4.8 55 63 7.1(207 13| |533| 89 17.8 266 355 44.4/|.3 |03 104 2
45.4| 7.6 151 227 303 378|| 4 |03 1.1 1.8 26 3.3 4.1 49 56 6.4 7[00 14| 534 |89 17.8 26.7 356 445/ .4 04 145 0%
9 18 186 O
455(76 152 228 303 37.9|| 5 [04 1.1 1.9 27 34 4.2 49 57 64 7.2(331 ¢ ] |535(89 17.8 268 357 44.6([.5 |04 208 09
45676 152 22.8 30.4 380|| .6 |05 1.2 20 2.7 35 4.2 50 5.8 65 7.3/35:2 536 |89 17.9 26.8 357 44.7|| 6 |05 260 06
45.7|76 153 22.9 305 38.1|| .7 [05 1.3 2.0 2.8 3.6 4.3 5.1 58 66 7.4 537 |90 17.9 269 358 448|| .7 |06 311 07
45877 153 22.9 306 382|| .8 (06 1.4 2.1 2.9 36 4.4 52 59 67 7.4 53.8|90 180 269 359 449|| 8 |07 352 08
45977 153 23.0 306 383|| 9 (07 1.4 2.2 3.0 37 45 52 6.0 6.7 7.5 53990 18.0 27.0 36.0 450|| 9 |0.8
46.0(7.6 153 230 306 383/ .0 [0.0 0.8 1.5 23 3.1 3.9 46 54 62 7.0/, 540 9.0 18.0 27.0 36.0 450||.0 |0.0
461(7.7 153 230 307 384 .1 |01 09 16 24 32 40 47 55 63 7.1/ 35 01| |54.1 /90 180 27.0 360 45.1(|.1 |01 24
462(7.7 154 231 308 385 .2 |02 09 17 25 33 4.0 4.8 56 6.4 7.1|2g 02| |542| 90 180 27.1 361 45.1[| .2 |02 25 o1
463(7.7 154 231 309 386 .3 |02 10 1.8 26 33 4.1 49 57 6.4 7.2( o7 03] |543| 90 18.1 27.1 362 452(|.3 |03 50 02
464 7.7 155 232 309 387|| .4 |03 11 19 26 34 42 50 57 65 7.3|55 04| |54.4| 9.1 181 272 363 453|| 4 |04 158 03
> 05 = 0.4
46.5|7.8 155 233 31.0 388|| 5 04 12 1.9 27 35 43 50 58 6.6 7.4[128 5| |545| 9.1 182 27.3 363 454[| 5 |05 216 o5
466(7.8 155 233 31.1 388|| .6 (05 1.2 20 2.8 36 4.3 5.1 59 6.7 7.4151 7] |546| 91 182 273 364 455(.6 |05 264 o6
46.7| 7.8 156 234 31.2 38.9|| .7 0.5 1.3 2.1 2.9 3.6 4.4 52 6.0 6.7 75174 og| |54.7| 9.1 183 27.4 365 456|.7 |06 812 o2
46.8|7.8 156 23.4 312 390|| 8 06 1.4 2.2 29 37 45 53 6.0 68 7.6|198 g |54.8| 92 183 27.4 366 457|.8 |0 36.0
469| 7.9 157 235 313 30.1|| .9 (0.7 1.5 22 30 38 46 53 6.1 69 7.7[22.1 10| |549| 02 183 27.5 366 4538|.9 |o.
o 11
47.0| 7.8 156 235 313 39.1/| .0 (0.0 0.8 1.6 2.4 32 4.0 47 55 6.3 7.1[267 15| |55.0| 9.1 183 275 36.6 458||.0 [0
47.1| 78 157 235 31.4 392|| 1 [0.1 0.9 1.7 25 32 4.0 4.8 56 64 7.2[291 13| |55.1 | 9.2 183 275 36.7 45.9][ .1 |0
47.2| 78 157 236 31.4 393|| 2 (02 09 1.7 25 33 4.1 4.9 57 65 7.3[314 14| |55.2| 9.2 18.4 276 368 46.0|.2 |0: 29 o,
47.3| 7.9 158 236 315 39.4|| .3 (02 1.0 1.8 2.6 3.4 4.2 5.0 58 66 7.4[337 15| |553| 92 184 27.6 369 46.1(.3 |0 86 o)
47.4| 79 158 23.7 316 395|| .4 |03 1.1 1.9 27 35 43 5.1 59 66 7.4/360 55.4| 92 185 27.7 369 462|| 4 |0. 144 02
202
475|7.9 158 238 317 39.6(| 5 |0.4 1.2 2.0 2.8 36 4.4 51 59 67 7.5 555|93 185 27.8 37.0 463|| 5 |05 2519 04
47.6|79 159 238 317 397 .6 |05 13 2.1 2.8 36 4.4 52 6.0 68 7.6| ;5 55693 185 27.8 37.1 463|| 6 |06 317 02
47.7|80 159 239 318 398/ .7 |06 13 21 29 37 45 53 6.1 69 7.7( 35 01| |557 |93 186 27.9 372 464|| .7 |06 375 ¢
47.8(80 160 239 319 399| .8 |06 1.4 22 30 3.8 46 54 6.2 7.0 7.8| o5 02| |558|93 186 27.9 372 465/ .8 |07
47.9] 80 160 240 320 400| .9 |07 15 23 3.1 39 47 55 6.3 7.0 7.8/ gg 03| |559| 94 187 280 373 466(.9 |08
;4 0.4
48.0(80 160 240 320 400/ .0 [0.0 0.8 1.6 24 32 40 48 57 65 7.3[115 05| |s6.0| 93 1856 280 37.3 46.6{[ 0 [0.0 0.9 3. 6.
48.1/80 160 240 320 40.1|| 1 |01 09 1.7 25 33 4.1 49 57 65 7.4[1&2 06| |56.1| 93 187 280 37.4 46.7||.1 |01 1.0 3 6
482(80 160 241 321 401 .2 |02 1.0 1.8 26 3.4 4.2 50 58 66 7.4[100 07| |56:2| 93 187 28.1 37.4 4638(|.2 |02 1.1 4, 6. 26
483(80 161 241 322 402/ .3 |02 1.1 19 27 35 43 5.1 59 6.7 7.5/5,°0 08| |56.3| 94 188 28.1 375 469||.3 |03 12 4, X 0.0 O
484(81 161 242 323 403|| .4 |03 1.1 19 27 36 4.4 52 6.0 68 7.6[5,; 09| |56.4| 94 188 282 3756 47.0||.4 |04 13 4. 74 183 02
110 2 03
485( 8.1 162 24.3 323 404|| 5 04 1.2 20 2.8 36 4.4 53 6.1 69 7.7(207 11| |565| 94 188 283 37.7 47.1(|.5 |05 1.4 2.4 33 42 52 6.1 7.1 8.0 8925 gy
48681 162 24.3 32.4 405 6 |05 1.3 2.1 29 37 45 53 6.1 7.0 7.8(292 1| |566| 9.4 189 283 37.7 47.2(| 6 |06 1.5 2.4 3.4 43 53 62 7.2 8.1 9.0(%28 o5
487| 81 163 24.4 325 406|| 7 (06 1.4 2.2 3.0 38 4.6 5.4 62 7.0 7.8 13| |567| 9.5 189 28.4 37.8 47.3||.7 (07 1.6 25 35 4.4 54 6.3 7.3 8.2 9.1 [*0-
488(82 163 24.4 326 407|| .8 (06 1.5 2.3 3.1 39 4.7 55 63 7.1 7.9/343 56.8| 95 19.0 28.4 379 47.4|| 8 (0.8 1.7 26 36 45 55 6.4 7.3 83 9.2
48982 163 24.5 326 408|| 9 (07 1.5 2.3 32 40 4.8 56 6.4 7.2 8.0 56.9| 95 19.0 285 38.0 47.5/|.9 (0.8 1.8 2.7 3.7 4.6 5.6 6.5 7.4 8.4 9.3
49.0( 81 163 24.5 326 408|| .0 (0.0 0.8 1.6 25 33 4.1 4.9 58 66 7.4 57.0| 95 19.0 285 380 47.5(|.0 (0.0 1.0 1.9 2.9 3.8 48 57 6.7 7.7 86
49.1| 82 16.3 245 327 409|| 1 [0.1 0.9 1.7 2.6 3.4 4.2 50 59 67 7.5 57.1| 95 19.0 285 38.0 47.6(|.1 (0.1 1.1 20 3.0 39 4.9 58 6.8 7.8 8.7
492|82 164 246 328 410 2 |02 1.0 18 26 35 43 5.1 59 68 7.6(14 (| |572| 95 190 2856 381 476[|.2 (02 11 211 31 40 50 59 69 79 88
493|82 164 246 329 411/l 3 |02 11 19 27 35 4.4 52 60 68 7.7(42 | |573| 95 19.1 286 382 47.7(| 3 (03 1.2 22 32 41 51 60 7.0 80 89| ¢
494(82 165 247 329 412|| .4 |03 1220 28 36 45 53 6.1 69 7.8(7.1 () |57.4| 96 19.1 287 383 47.8|| .4 |04 13 23 33 42 52 6.1 7.1 80 9.0[;7 1 01
99 0 02
495(83 165 24.8 330 413|| 5 04 1.2 2.1 29 37 45 5.4 62 7.0 7.8|127 04| |575| 9.6 19.2 288 38.3 47.9|| .5 |05 1.4 2.4 3.4 43 53 62 7.2 8.1 9.1[250 o3
49.6| 83 165 24.8 33.1 413|| 6 (05 1.3 2.1 3.0 38 4.6 5.4 63 7.1 7.9(155 02| |57.6 | 9.6 19.2 28:8 38.4 48.0[|.6 (0.6 1.5 2.5 3.4 4.4 54 6.3 7.3 8.2 9.2[351
49783 166 24.9 332 41.4|| 7 |0.6 1.4 22 3.1 39 47 55 6.4 7.2 8.0(18.4 %6 | |57.7| 96 193 289 385 48.1||.7 [0.7 1.6 26 3.5 45 55 6.4 7.4 8.3 93
49.8| 83 166 24.9 332 415|| 8 (07 1.5 2.3 3.1 4.0 4.8 56 6.4 7.3 8.1|21.2 07| |57.8| 9.7 19.3 289 386 48.2(| 8 (0.8 1.7 2.7 3.6 4.6 5.6 6.5 7.5 8.4 9.4
499| 84 167 250 333 416 .9 |07 1.6 2.4 3.2 40 49 57 65 7.3 8.2[pa0 03| |57.9| 97 193 200 38.6 48.3(| .9 [09 1.8 28 37 47 57 66 7.6 85 95
26.8
50.0| 83 166 250 333 416|| .0 (0.0 0.8 1.7 25 3.4 4.2 50 59 67 7.6/207 10| |58.0| 9.6 19.3 20.0 386 48.3(|.0 (0.0 1.0 1.9 2.9 3.9 4.9 58 6.8 7.8 88
501/ 83 167 250 334 417 1 0.1 0.9 1.8 26 35 43 51 6.0 68 7.7/ap'5 || |58.1| 97 193 290 38.7 4841 |0.1 1.1 20 30 40 50 59 69 7.9 89
50.2| 83 16.7 25.1 33.4 418|| 2 (02 1.0 1.9 27 35 4.4 52 6.1 69 7.7/35.3 582| 9.7 19.4 20.1 388 485|| 2 (02 1.2 21 3.1 4.1 51 6.0 7.0 80 9.0
50.3| 8.4 168 251 335 419|| .3 (03 1.1 1.9 2.8 36 4.5 53 6.1 7.0 7.8 58.3| 97 19.4 29.1 389 486|| 3 |03 13 22 3.2 42 52 6.1 7.1 8.1 9.1
50.4| 8.4 16.8 252 336 420|| .4 [03 1.2 20 2.9 37 4.5 5.4 62 7.1 7.9 58.4|9.7 195 202 389 48.7|| 4 [0.4 1.4 23 3.3 43 53 62 7.2 82 92(82 .
246 .
505|8.4 168 253 337 42.|| 5 (0.4 1.3 2.1 2.9 38 4.6 55 6.3 7.2 80 585|98 195 29.3 300 48.8|| 5 (05 1.5 24 3.4 4.4 54 63 7.3 83 93410 *2
50.6| 8.4 16.9 253 337 422|| .6 |05 1.3 2.2 3.0 39 4.7 56 6.4 7.2 8.1 586|98 195 29.3 39.1 488|| 6 (0.6 1.6 25 3.5 45 55 6.4 7.4 8.4 9.4
507|85 169 254 338 423 .7 |06 1.4 23 3.1 4.0 4.8 56 6.5 7.3 82| ;¢ 58.7 |98 19.6 29.4 392 48.9||.7 (07 1.7 26 3.6 4.6 5.6 6.5 7.5 85 95
50885 170 254 339 424|| 8 |07 1.5 2.4 32 40 4.9 57 66 7.4 82| 5 01| |588| 958 196 20.4 392 49.0[|.8 |08 1.8 27 37 4.7 57 66 7.6 8.6 96
509|85 17.0 255 340 425/ .9 |08 16 24 33 4.1 50 58 66 7.5 83| gy 02| |58.9| 99 197 295 393 49.1(|.9 (0.9 1.9 28 38 48 58 67 7.7 87 97
0 03
510( 85 170 255 340 425 0 [0.0 0.9 1.7 26 34 43 51 6.0 69 7.7[112 04| |50.0| 98 19.6 205 30.3 49.1(| .0 [0.0 1.0 20 3.0 40 50 59 69 7.9 89
511185 170 255 340 426 -1 |01 0.9 18 27 35 44 5.2 61 7.0 7.8[377 05| |59.1| 98 197 20.5 30.4 49.2||.1 |01 1.1 21 3.1 41 5.1 60 7.0 8.0 90|
51.2| 85 170 256 341 426|| 2 |02 1.0 19 27 36 45 53 62 7.0 7.9|37¢ 06| |592| 98 19.7 296 39.4 493(|.2 |02 12 22 32 42 52 61 7.1 8.1 91|20 o4
513|85 171 256 342 427|| .3 |03 1.1 20 28 37 45 54 63 7.1 80[5,7 0.7] |593| 9.9 19.8 296 395 49.4/.3 |03 1.3 23 33 43 53 62 7.2 82 92(48
51.4|86 171 257 343 428|| 4 |03 12 2.1 29 38 46 55 64 7.2 8.1[571 08| |59.4| 99 1958 20.7 396 49.5| .4 |04 1.4 24 3.4 4.4 54 63 7.3 83 93
0.9
515| 86 17.2 258 34.3 429|| 5 0.4 1.3 2.1 3.0 39 4.7 56 6.4 7.3 8.2[305 o] |595| 0.9 19.8 20.8 307 49.6(| 5 (05 1.5 2.5 35 45 55 6.4 7.4 8.4 9.4
516( 86 172 258 344 430|| 6 |05 1.4 22 3.1 39 48 57 65 7.4 82(337 11| 1506|99 19.9 20.8 30.7 49.7|| .6 |06 1.6 26 3.6 46 56 65 7.5 8.5 95|
51.7| 86 17.3 259 345 43.1|| .7 |06 1.5 2.3 32 4.0 4.9 58 6.6 7.5 8.3/369 597|100 199 209 398 498|| .7 |0.7 1.7 27 37 47 57 66 7.6 86 96|50 00
51.8| 87 17.3 259 346 432|| .8 (07 1.5 2.4 3.3 4.1 50 58 6.7 7.6 8.4 59.8 10.0 20.0 29.9 39.9 49.9(|.8 (0.8 1.8 2.8 3.8 48 58 6.7 7.7 8.7 9.7*8"
51.9| 87 17.3 26.0 34.6 433|| .9 |08 1.6 2.5 3.3 42 51 5.9 6.8 7.6 85 59.9 10.0 20.0 30.0 40.0 50.0|| 9 [0.9 1.9 2.9 3.9 49 59 6.8 7.8 8.8 9.8
100 20 30 40 50 01 2 3 45 6 7 8 9 10 20 30 40 50 01 2 3 45 6 7 8 9

The Double-Second-Difference correction (Corr.) is always to be added to the tabulated altitude.
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Copyright 2014 (First Edition), 2016 (Second Edition)
Author Christopher D. Nolan of “Practical Navigator Training.”

Contact the author with questions or comments at chris.d.nolan@gmail.com or
navigation.training.videos@gmail.com

All material in this training manual is the author’s own work and is subject to
possible human error. Those who use this training manual agree to leave the author
blameless for any accidents or mishaps that result from use of this training material.

This training manual is designed to assist in preparation for merchant mariner
exams or in achieving proficiency in navigational mathematics and should not be the
sole reference conducted - the prudent mariner uses all available aids to navigation.

Dedicated to U.S. Coast Guard Cuttermen.
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