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.

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 sun is E 10° N.
Amplitudes are found in Table 22 or Table 27 of Bowditch (depending on version used).

Horizon — There are several different versions of “horizon” in celestial navigation. The
simplest calculations are made when objects are on the “celestial” horizon as follows:
o Sun —ideally when the sun’s lower limb is 2/3 of a sun diameter (20 arc minutes)
above the visual horizon.
o Stars and Planets — ideally when the object is one sun diameter (30 arc minutes)
above the visual horizon.
o 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 Table 23
or Table 28 in Bowditch (depending on the version used). This correction has different
rules depending on the body, season, and location.



Amplitude Problems

Amplitude Problems of the Sun on the Celestial Horizon

AMP DI1. 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: SUN
a) E25°N M aA bee

o 00| 180 53.7 N19 54.8
b) 065° T 2003 150 237 ™ 223
C) 30 W 02] 210 53.6 558

03f 225 536 -- 56.3
04} 240 53.6 56.9
05| 255 53.5 57.4

06] 270 53.5 N19 57.9
07| 285 53.5 58.4

Step 1:  Determine the declination of the sun for the time of
observation using the Nautical Almanac.

w
.. . 08} 300 53.4 59.0
The declination at 1000 UTC is N 20° 00°. o 09| 315 53.4 19 595
N 10] 330 53.4 20 00.0
E 11] 345 53.3 00.5
Step 2:  Determine the ship’s latitude at the time of observation.
Latitude — 36° N (given)
Step 3:  Enter Table 22/27 Amplitudes
in Bowditch with Decination
Latitude Latitude
declination and 18°0 | 18°5 | 19%0 | 19°5 | 20°0 | 20°5 | 21°% | 21°5 | 22°0 | 22°5 | 23% | 23°5 | 24°0
latitude to 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
determine the s 1571193 17| 205| 207|213 | 2178|223 | 228 | 233 | 230|244 | 240 15
. 20 |19:2)19.7]20.3|20.8|21.3|21.9|22.4|23.0(23.5 | 24.0 | 24.6| 25.1| 25.6| 20
amphtude_ 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
s o . ANO 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
Declination: 20 32 21.4|22.0(22.6|23.2|23.8|24.4(25.0(25.6|26.2|26.827.4|28.0|28.7| 32
. 34 |2100|22:5(23.1|23.7|24.4|25.0| 25.6 | 26.2( 26.9 [ 27.5 | 28.1| 28.7| 29.4| 34
Latitude: 36° 36 |22.5|23.1]23.7|24.4|25.0|25.7]26.3(26.9|27.6|28.2|28.9|20.5|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
Step 4:  Answer required questions.

a) Amplitude = E 25° N

b) Standard sunrise is 090° T. In the northern hemisphere in spring and summer,
the sun rises north of east (e.g. the declination is North). Therefore, the
calculated sunrise is 090° - 25° = 065° T

¢) Ifthe 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 error is 3° W.
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AMP D2. 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:  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 07:53, the correct GMT is actually 19:53:55, on the 23" of August.

Step 2:  Determine the declination of the sun for the time of
observation using the Nautical Almanac. SUN
M A Dec.
The declination at 19:53:55 is not given in the 18| 89 22.5 N11 17.8
. . 19] 104 22.6 17.0
Nautical Almanac and must be interpolated. 20| 119 228 161
21} 134 23.0 -- 15.3
22| 149 23.1 14.4
The base value for 1900 is N 11° 17.0> and 23] 164 233 136
decreasing. $.0.158 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).

. m SUN v v v
Given a d value of 0.9, the 53 prangrs| ARIES |MOONjor Corrn or Corrn | or Corer
declination correction factor is . 1. - 1 1 -
0.8. 00|13150(13 17212 388 ([ 00 00| 60 54 |12:0 10-7

01 13153({13174(12 390]f 01 01| 61 54 121 108
02 | 1315513 17-7{12 393|[ 0.2 02| 62 55]12:2 109

Since the declination is 03|13 158(13 17:9(12 39-5{ 0.3 03| 63 56(12:3 11:0

. 04 |13 160{13 18212 397{ 0-a 04| v-4 57|12 111
decreasing from hour to hour,

. . 05(13163[13184({12400( 05 04| 65 58(12% 111
the corrected declination for 24 06113 16513 187[12 4021 06 05| 66 59 |12:6 112

August at 19:53:55i1s N 11° 07 [13168|13189|12405( 07 06| 67 &0]12.7 11:3
, , , 08 |13170[13192[12407] 08 07| 68 61|12 114
17.0’-0.8’=N11°16.2" 09 |13173|13194[12409( 09 08| e 62 |12:9 115

Step 3:  Determine the ship’s latitude at the time of observation.

Latitude — 26° 49.4° N (given)



Step 4:

Amplitude Problems

Enter Table 22/27 in Bowditch with declination (in tenths notation) and latitude to
determine the amplitude.

Declination: N 11°16.2°> =N 11.3°

Latitude: 26° 49.4° N =26.8° N

Amplitudes
Declination
Latitude Latitude
6°0 6°5 7°0 7°5 820 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]110.3|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

a) Since the entering values are not whole numbers of declination or latitude,
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°

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 22/27 explanation.

sin(Amplitude) = sec(Latitude) X sin(Declination)
_0’/‘_

sin(Declination)
cos (Latitude)

sin(Amplitude) =



Step 5:

Amplitude Problems

Answer required questions.

Since the calculated amplitude is 12.8°, the sun is rising, and the season is
summer in the northern hemisphere (e.g. the declination of the body is north), the
correct notation for the amplitude is E 12.8° N, and the calculated compass
bearing to sunrise should be:

090°-12.8°=772°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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Amplitude Problems of the Sun on the Visible Horizon

AMP D3. 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° pgc, what is the gyro error?

Answers:
a) Amplitude: E 21.4° N o
b) True bearing: 068.6° T GHA.  Dec.

12§ 359 03.3 N13 02.5
¢) Gyro error: 2.6° E 13| 14 034 01.7
14 29 03.6 00.8
15{ 44 03.7 13 o0o0.0

Step 1:  Determine the declination of the sun for the time of ~ |16] 59 02.8 12 59.2

17 74 04.0 58.4
observation using the Nautical Almanac.
The declination at 1500 UTC is N 13° 00°.

SUN

Correction of Amplitude as Observed on the Visible Horizon
. . .,
Step 2:  Determine the ship’s
. . Declination
latitude at the time Latitude
. 00 | 20| 4| 6 | 8 | 10° | 12° | 14° | 16° | 18° | 20° | 22° | 24°
of observation.

. o ° ° o o ° ° ° ° ° ° o o ° °
Latitude — 52° N 0.0]00|00]00[00]|00]00]|00]|00][00]|00]00]0.0 0
(given) 0.1 |01 |01]01[01|[01]01]|01|01]01|01][01]o0.1 10

0.202)0202]02|02|02]02]02]02]02]|02]|0.2 15
0.3/03/03]03[03/03[03|03[03[03/|03]03]0.3 20
0.3]03/03]03[03|04]03|03[03|03|03]0.3]0.3 25

. : 0.404|04[04|05|04]04]|04|04]|04|04]05]0.5 30
Step 3: Enter Table 23/28 in 0.404|04]04[05|04]04|04|04]|04|05]0.5]0.5 32
. . 0.5/05]05]05[05|05]05|05|05|05|05]05]0.5 34

Bowditch with 0.5]05|05]05|05|05]05|05|06]|05]|06]06]0.6 36

. . 0.6 | 0.6 |06|06|06|06|06|06|06|06|06]06]|0.6 38
declination and 0.6 | 0.6|06|06|06|06|06|06]|06]|06|07]07]0.7 40

. . 0.6 06|06[06|07|07]07]|07]|[07]|07|07]0.7]|0.7 2
latitude to determine 0.707]07]06|06|07]07|07]|08]|08|08]0.8]0.9 44

. 0.707]07]07[07|08]08|08|08][08|08]09]0.9 46

a correction due to 0.8 0808|088 |08|08|08|08|09|09|1.0]|1Lo|1lo]| 48

: s . 0.8 08 |08|08|09/09[09|09|09]|1L0|10]|1L1]|TLo0 50

the object’s location |os |os|os|os |09 0o 0o|ooloo|to|it|ii|i1] 5

. . 0.9]09]09]09[09|09|10|10|1L0|1L1|11]|1L1]|13 52

on the visible 090909090909 1.0|10|10[1L1|1L2]12]|13 53

. Lo|Lo|Lo|Lo|Lo| Lo |1l |11 |1L1|L2|12]|1.3]|1.3 54

horizon.
Amplitudes
1 1 o Declination
The correction is 1.0
M 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

(interpolated between the B el Ml il il il It Il Rl
o 0 1201 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
tabUIar Values for 12 and 10 1222 12.713.2|13.7 | 14.2 | 14.7| 15.2|15.7|16.3| 16.8 | 17.3| 17.8 | 18.3 10
140 d 1. t. 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 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
ec lna lon)' 25 13.313.8(14.4|14.9(15.5(16.0|16.6 | 17.1|17.7| 18.3|18.8|19.4(19.9 25
30 139 14.5|15.1|15.616.2|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 1450151 15.7[16.4|17.0[ 17.6| 18.2|18.8(19.4|20.0|20.7|21.3|21.9 34
Step 4: Enter Table 22/27 m 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 15.315.9(16.6|17.2|17.9] 18.5]19.2|19.8[20.5|21.1|21.8[22.4|23.1 38
BOWdltCh W]th dechnatlon 40 15.7(16.4 | 17.1|17.7 | 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
o 1 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
and latltUde to detGMIne 43 16.5|17.2(17.9(18.6(19.3[20.0{20.7|21.4(22.122.9(23.6[24.3|25.0 43
. 44 16.8|17.5(18.2[18.9(19.7[20.4|21.1|21.8(22.5|23.3(24.0[24.7|25.4 44
the amplltude. 45 17.1]17.8|18.5[19.3[20.0(20.7|21.5(22.2(22.9(23.7(24.4|25.2(25.9 45
D 1, . 130 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
eC lnatlon' 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

. . o 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

Latltude . 52 50 18.9(19.720.5(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 19.720.6(21.4(22.3(23.1(24.0{24.9(25.7(26.6|27.5(28.3(29.230.1 52
53 20.2|21.1(21.9(22.8(23.7[24.6|25.5|26.4(27.3/28.2(29.1[30.0]30.9 53
1 M 54 20.7|21.6(22.5(23.4(24.3[25.2|26.1|27.0(28.0/28.9(29.8|30.8]|31.7 54
a) This yields an

amplitude of 21.4° or (E 21.4° N).
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Step 5:  Answer required questions.

a) Due to the object being on the visible horizon, the observation must be
corrected.

e Correction from Table 23/28 = 1.0°

e The correction must be applied to the observation (not the amplitude)
away from the elevated (nearest) pole.

e In this case, the ship is in the northern hemisphere, so the elevated pole
is north. The initial observation is 065° pgc.

e The corrected observation is 065° pgc + 1.0° = 066° pgc.

b) Standard sunrise is 090° T. In the northern hemisphere in spring and summer,
the sun rises north of east. Therefore, using the amplitude (E 21.4° N) the
calculated sunrise is 090° - 21.4° = 68.6° T

c) Ifthe sun (corrected) is observed rising at 066° pgc, while the calculated
sunrise is 68.6° T, the gyro error is 68.6° - 66° = 2.6°.

d) 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 error is 2.6° E.



Amplitude Problems

AMP D4. 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 1s 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.

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).

SUN
G.MT.
G.HA. Dec.
06| 270 55.2 N17 51.8
07| 285 55.2 52.5
08] 300 55.2 53.1
S.D.159 d o0
2| SUN | ARIES [MOON|lor Corr| or Corr | or C
or orr"| or orrn or orr"
58 |pLANETS 7]

s o o o ’ ’ ’ ’ ’ ’
00 | 14 30-0{ 14 324 (13 504 || 0-0 00| 60 59]12.0 11.7
01|14 303|14 32613506}/ 01 01] 621 59121 118
02 |14 305/ 14 329|13 508 || 02 02| 62 &0f12:2 119
03 )14 308{14 331[13 51-1(f 0.3 03| 63 &1]12:3 12:0
04 | 14 31:0| 14 33.4|13 513 |/ 0-4 04| 64 &2]12:4 12:1
05|14 31:3|14 33613 516 05 05| 65 &3]|12:5 12:2
06| 14 31.5(14 33.9|13 518/ 0.6 06| 66 64126 123
07 | 14 31.8{ 14 34.1 (13 520 07 07| 67 &5]|12.7 12:4
08 | 14 32.0( 14 34413 52.3|[ 0-8 08| 68 &6]12:8 12:5
09 | 14 32:3|14 346(13 52:5([ 0.9 09| 69 &7]12:9 12:6

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 07:58:54is N 17° 52.5> + 0.6’=N 17° 53.1°

Step 3:  Determine the ship’s latitude at the time of observation.

Latitude — 37° 06’ N (given)

Step 4: Since the body is observed on the visible horizon, enter Table 23/28 in Bowditch
to obtain the Visible Horizon Correction.



Step 5:

Amplitude Problems

Correction of Amplitude as Observed on the Visible Horizon

Declination
T T 1 T Latitude
0° 2° 4° 6° 8¢ 10° 12° 14° 16° 18° 20° 22° 24°
0.0 0.0} 000000 00000000 0000|0000 0
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 10
0.2 1 0.2/02/02/02/02/02]02/0202)]02)02}]0.2 15
0.3 0.3/03/03/03,0303]]03/0303)0303)]0.3 20
0.3 0.3/03/03/03,0403]03/0303)]03/03)]0.3 25
0.4 0.4 04040504 04|04 /|04 04 04)05]0.5 30
0.4 0.4 04040504 04]04),04 04 05)05)]0.5 32
0.5 0.5/05/05/05 0505|0505 05)05)05]0.5 34
0.5 0.5/ 05/05/05 0505|0506 0.5 06|06 0.6 36
0.6 0.6 | 0.6 | 0.6 0.6 06 06| 06|06 06 06|06 0.6 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 and it is applied to the observed bearing and
not to the Amplitude. 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 23/28 Correction: + 0.6°

Total: 089° + 0.6° = 089.6° psc

Enter Table 22/27 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

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 13.5/14.0/14.5/15.0|15.5|/16.0/16.5  17.0|17.5 18.0 0
10 12.2 1 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|17.117.6|18.1 | 18.7 15
20 12,8 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 14.9/15.5/16.0/16.6|17.1|17.718.3 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|19.119.7|20.3 20.9 30
32 14.2 14.8|15.4 16.0/16.617.2|17.8|18.4|19.0/19.6  20.2|20.8 21.4 32
34 14.5 15.115.7 16.4|17.0|17.6|18.2  18.8/19.4|20.0/20.721.3 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
38 153 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




Step 6:

Amplitude Problems

a) Since the entering values are not whole numbers of

declination or latitude, interpolation is required. Locate
the bracketing values.

o0
NN
W N

—

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 final 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 22/27 explanation.
sin(Amplitude) = sec(Latitude) X sin(Declination)
_Or J—
sin(Declination)

sin(Amplitude) = ( cos(Latitude)

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:

T: 67.3° T (Bearing to sunrise)

V:20° W (Given)

M: 087.3° (Calculated)

D:

C: 089.6° psc (Given and then corrected for visible horizon using Table 23/28)

Deviation =2.3° W



Amplitude Problems

Amplitude Problems of the Moon

e C(Celestial Horizon: Moon amplitude problems are calculated exactly like Sun problems
when the moon is on the celestial horizon (e.g. when the upper limb is on the visible
horizon).

e Visible Horizon: When the Moon’s center is on the visible horizon, a correction is
required. Moon amplitude problems are calculated differently than Sun problems when a
Table 23/28 correction is required. Instead of the correction being applied away from the
elevated pole (like the sun), the correction is applied such that half of the value is applied
toward the elevated pole.

AMP D5. 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. SUN MOON
GMT GHA. D GHA ¥ D d WP
Step 1: Determine the actual time of observation. 12] 59 372 w23 103 510 333 200 512 00 80 34
1524 chronometer time of observation 18| 25 572  leo|sad 024 1es 12572 o5 541
15} 44 57.1 -- 16.7] 258 35.7 144 13 05.7 85 54.1
16} 59 57.0 168 273 09.1 143 13 14.2 84 54.]1
17} 74 se8 16.9 ] 287 42.4 142 13 226 84 541
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.

The declination at 1724 is not given in the Nautical Almanac and must be
interpolated.

The base value for 1700 is S 13° 22.6” and increasing.
The d value for the hour is 14.7.

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 14.7 the declination correction is 6.0°.

Since the declination is increasing from hour to hour, the corrected declination for
14 June at 1724 is S 13°22.6° + 6.0’=S 13° 28.6’



Amplitude Problems

Step 3:  Determine the ship’s latitude at the time of observation.
Latitude — 30° 51° N (given)

Step 4: Since the body is observed on the visible horizon, enter Table 23/28 in Bowditch
to obtain the Visible Horizon Correction for the Moon.

Correction of Amplitude as Observed on the Visible Horizon
Declination
y . . . , . . . ' . Latitude
0° 2° 4° 6° 8¢ 10° 12° 14° 16° 18° | 20° | 22° | 24°
0.0 0.0 00]0000 0000|0000 0000|0000 0
0.1 01010101 0101010101 0101 0.1 10
0.2 0.2/02|02/02 0202020202 02/|02]0.2 15
0.3 0.3/03]03,03 0303|0303 )03 030303 20
0.3 0.3/03|03,03 0403|0303 03 03|03/ 0.3 25
0.4 0.4 04|04 05 0404|0404 04 04|05/ 05 30
0.4 0.4 0.4 |04 05 0404|0404 04 05|05)0.5 32
0.5 0.5/ 05|05,05 0505|0505 0505|0505 34
0.5 0.5/ 05]]05,05 0505|0506 0.5 06|06/ 0.6 36
0.6 0.6 0.6 0.6 0.6 0606|0606 )06 06|06/ 0.6 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.

Amplitudes
. o
Observed: 103.9° pgc ——
3 . o Latitude T T T T T T T T T Latitude
Table 23 Correction: - 0.2 12°0 | 1295 | 13°0 | 13°5 | 14°0 | 14°5 | 15°0 | 15°5 | 16°0 | 16°5 | 17°0 | 17°5 | 18°
. o o _— o I E e i A M S Ea Sl Snta B
Total: 103.9° - 0.2°=103.7 C A B I B B B I B R
0 120/ 12.5[13.0| 13.5 14.0| 14.5|15.0 15.5| 16.0 | 16.5 17.0|17.5| 18.0] ©
pgc 10 |12.2]12.7/13.2]13.7| 14.2 | 14.7]15.2 15.7| 16.3 | 16.8 | 17.3|17.8 | 18.3| 10
15 |12.4]12.9]13.5 14.0|14.515.0/ 15.5|16.1|16.6  17.1|17.6|18.1 18.7| 15
20 |12.8]13.3]13.9 14.414.915.516.0|16.517.1[17.6 18.118.7 19.2] 20
. 25 |13.3]13.8)14.4 14,9 15.5 16.0|16.6 17.1|17.7[18.3 18.8 19.4 19.9] 25
Step 5: Enter Table 22/27 in 30 13.914.5(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
BOWdltCh Wlth dechnat]on 34 145 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
K R 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
(1n tenths IlOtﬂthl’l) and 38 [15.3]15.9]16.6 17.2]17.918.519.2|19.8|20.5 21.1 2.8 22.4 23.1| 38

latitude to determine the amplitude.
Declination: S 13° 26.0’=N 13.4°
Latitude: 30° 51’ N=30.9°N



Amplitude Problems

a) Since the entering values are not whole numbers of 5.1 156
declination or latitude, interpolation is required. Locate - -
) 154 | 16.0
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) = (

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° pge (Given)

E:

T: 105.7° T (Calculated)

Gyro Error =2.0°E



Amplitude Problems

Amplitude Problems of Planets

e Amplitudes of Planets are completed in the same manner as those for the sun. Planets are
on the celestial horizon when they are approximately one sun diameter above the visible
horizon.

AMP D6. 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. o ARIES | VENUS  —3.8
s YN G.H.A. Dec.

1 1 1 1 1 06] 111 42.7 | 229 23.3 S23 33.7

The decl}natlon at 1043 is not given in o7l 111 42.7 1229 23.2 327

the Nautical Almanac and must be 08] 141 47.7 | 259 22.3 35.0

. 09] 156 50.1} 274 21.8 -- 35.6

interpolated. 10} 171 s52.6| 289 21.3 36.3
11} 186 55.1 | 304 20.8 36.9

. h m
The base value for 1000 is S 23° 36.3’ Vler. Pass. 22 265| wv -05 d 06
and increasing. -

The d value for 13 October is 0.6.

= sun ” o - Enter the Increments and
43 paners| ARIES |MOONJlor Corrmjor Corrm| or Corr | - Corrections Page in the Nautical
Almanac with the daily d value

s “ ’ ’
00 |10450(10468110 156 {00 00| e0 44 120 87| and a time of 43 minutes (the
01 10453/1047-0(10159 (01 01| 61 44 | 121 88 .
02 | 10 455(10473|10 161 || 02 01| 62 45| 122 sg| difference between the base

04 |10460(1047-8|10 166/ 0.4 03| 64 46| 12.4a 90 .
time).

05|10463|10480(101681| 05 04 65 47| 125 91
06| 10465/10483[1017:0| 06 04| 66 48| 126 91

07 | 10 46-8{10 485|1017:3 )/ 07 05| 67 49 | 12.7 92 :
08 | 1047.0|10 488 |10 175 || 08 06| 6 40 | 106 93| Civenad value of 0.6 the

09 |10473(10490[1017.8 09 07| 69 50| 120 94| declination correction is 0.4’.

° ’ ° ’ ’ ’ ’ ’

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°



Amplitude Problems

Step 3:  Determine the ship’s latitude at the time of observation.
Latitude —43° 57.3” S (given)
Step 4:  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 Latitude
a) Since the 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°%
entermg 0 18.0[ 18.5]19.0/19.5|20.020.5|21.0|21.5 | 22.0|22.5|23.0| 23.5|24.0] o
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
values are not 15 18.719.219.7|20.2(20.7 | 21.3 | 21.8 | 22.3 | 22.8 | 23.3 [ 23.9 | 24.4 | 24.9| 15
20 19.2(19.7]20.3|20.8|21.3|21.9|22.4(23.023.5|24.0|24.6 | 25.1|25.6| 20
whole 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(23.924.4[25.0]25.6 | 26.2| 26.8 | 27.4 | 28.0| 30
numbers of 32 21.4(22.022.6(23.223.8(24.425.0(25.6|26.2(26.827.4|28.028.7| 32
decli . 34 21.9(22.5(23.1/23.7(24.4|25.0/25.6(26.226.9|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
cclination or 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
latitude 40 23.8(24.525.2(25.826.5(27.2|27.9[28.6/29.3[30.0/30.7|31.4|32.1| 40
’ 41 24.2(24.9(25.6|26.3(26.9|27.6|28.3(29.1|29.8|30.5|31.2|31.9|32.6] 41
: : : 42 24.6(25.3(26.0|26.7(27.4|28.1|28.8(29.5|30.3|31.0(31.7|32.5|33.2| 42
lnterp()latlon 1S 43 25.0(25.7|26.4|27.2(27.9|28.6 | 29.3(30.1|30.8|31.6(32.3|33.0|33.8]| 43
. 44 25.4[26.2]26.9/27.6|28.4|29.1/29.9|30.6|31.4|32.1|32.9|33.7|34.4| aa
required.
b) Locate the bracketing values. 337 344
. . o . . : : o
Declination 23.5 Declination 23.6° Declination 24
M (o) o (o)
Latitude 43 33.0 33.8
Latitude 43.95° Unknown value
M o o o
Latitude 44 33.7 344

c) 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°

d) 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.

sin(Amplitude) = sec(Latitude) X sin(Declination)

sin(Amplitude) = (

_Or —

sin(Declination)

cos(Latitude)




Amplitude Problems

Step 5:  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 planet-set should be:

270°-33.8°=236.2°T

Therefore, using a gyro error calculation, the gyro error is:

G: 236.2° pge (Given)

E:

T: 236.2° T (Calculated)

Gyro Error = 0.0°



