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THE DEVELOPMENT
OF CELESTIAL NAVIGATION

Navigation can be traced to the Polynesians who realized that certain
stars at their zenith passed over certain islands. This enabled them to
navigate the Pacific latitudinally, aligning themselves with the appropri-
ate star and moving either east or west.

Medieval Norse navigators valued the Pole Star for measuring
latitudes since its altitude above the horizon was nearly constant. As
time went on they also recognized that latitude could be found by
measuring the altitude of the sun at its highest point, at noon. Still later,
European mariners used the planets and stars, and devised almanacs to
show the various positions of the celestial bodies at different times of
the year. This provided a reliable guide for finding latitude:

Longitude, however, could not be accurately determined unti! the
chronometer was déveloped in the mid eighteenth century, allowing
proper timekeeping at sea. Chronometers became standard equipment
for ships, and when the sextant replaced the astrolabe, the measure-
ment of altitude became more precise. Yet, even with these improve-
ments, celestial navigation still meant complicated, spherical trigono-
metric solutions.

Not until the development of the computer, just before World War Ii,
could the thousands of values be pre-calculated and published in Sight
Reduction Tables. Knowledge of simple arithmetic now suffices for the
celestial navigator; with valid Almanacs and Sight Reduction Tables,
the modern sailor can determine his position accurately and quickly
and yet still feel a common bond with ancient marine voyagers.
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SUNSIGHT PROCEDURE

I
Date:

Watch Time (W.T.):

Corrections:
Change to 24-hr. system:

Watch Error: (+/slow; — /fast):

Time Zone Correction: ) : 00 : 00
Correct GMT:
i
Sextant Altitude (Hs): ° !
Corrections:

Index Error (1E): (+/- !
*Refraction (Ref): (=) !
*Height of Eye (Dip): (-) !

**SemiDiameter (SD): (+) !
Height Observed (Ho): ° !

*see tables in back of Almanac
**see box, lower right corner of each page
(assuming you have shot the lower limb)

it
In the Almanac, turn to proper date and time (GMT) to get:

Declination (Dec.): ° ' (N/S)
and rough
Greenwich Hour Angle (GHA): ° ‘

Turn to “Interpolation of GHA Sun” in back of Almanac, and
ADD Increments (extra minutes and seconds of GMT
interpolated): !

To get the true GHA: ° '

This is the Geographical Position (GP) of the sun.

V.

Assumed Position (AP):

Latitude

{choose nearest whole number): °
Longitude (choose minutes

to give a minute free LHA) °

00’ (N/S)

'(EW)

Yo find LHA
In West Longitudes, subtract:
—If AP Long. is less than GHA,
subtract AP from GHA to get LHA.
—If AP Long. is greater than GHA, add 360° to GHA,
subtract AP from GHA.
In East Longitudes, add:
—The sum of GHA and AP = LHA.
If the sum is more than 360°, subtract 360°.
Local Hour Angle (LHA): °

V.
in the Sight Reduction Tables (H.O. 249), turn to section on
your AP Latitude.
—then to the subsection on your Dec. (whole degrees
only)
—then to the subsection on “Same” or “Contrary Name”.
-—Locate your LHA in the far right or left hand column.
—Look across that line to where it intersects with the
column under your Dec.
— Write Down 3-part figure that appears there:
Hce ° ! d{+/=) z

Take middle figure (d) to Table 5 at back of H.0.249,
“Correction to Tabulated Altitude for Minutes of Declination.”
—Locate that figure across top of table.
—Locate your minutes of Dec. down left hand column.
—Look across that line to the intersection under the “d”
figure column

—Add or Subtract those minutes, according to the sign
beside the “d” figure, to Hc (above) to get Hc (Computed
Altitude : or
True Calculated Altitude): ° !

VL.

Find your Azimuth (Zn), according to the following:

(This key is on top of every page of the Sight Reduction Tables.)

in North (fLHA is greaterthan 180°.. . Zn = Z

Latitudes { (ffLHA s lessthan 180°.. . Za = 360° - Z

inSouth [ (IfLHA is greaterthan 180°...Zn = 180° - Z

Latitudes { (fLHA islessthan 180°...Zn = 180° + Z
Azimuth (Zn) = °

Vil

On your plotting sheet,

1. Mark your AP. ,

2. Take Parallel Rules, and using compass rose to get the Zn
bearing, draw a light pencil line from your APin the
direction of the Zn bearing.

3. Find your Intercept (Int.):

(the difference between Ho and Hc)
Int. .. If Hc greater. .. Away
...if Ho greater. . . Toward

4. Using your dividers, measure off the Intercept Distance on
the Latitude Scale at the side of the plotting sheet. Plot this
distance along the Zn line. Mark that point.

5. Using a triangle, draw a line perpendicular (1) to the Zn
line.

This is your Line of Position (LOP).

6. Erasethe Znline, and label your LOP accordingto the local

time of the sight.

The viewer 1s advised to have on hand parallel rules, dividers and plotting paper, all of which can be purchased at your local chandlery or ant supply store.
If multiple uses of this sunfight procedure are anticipated, it iy suggested the viewer reproduce this sheet before writing on it.

/
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340 (DAY 170) GREENWICH P. M. 1975 JUNE 19 (THURSDAY)
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GHA Dec. GHA T GHA Dec. GHA Oec. GHA Dec. GHA Dec.
.. - . ’ . ’ . . . . . o ¢ o s . s . . s e 'y
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sofl 12125 252 99374323 36 80 44 348 53 24701 ¢ 3258123 30/ +08
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So|| 42123 253|129 425{353 36 110 48 18 57 21556 49

15 00f| 44 423 N23 253|132 12.9/356 07 N18 41 {113 19 N 6 40} 21 28 N22 00278 21 515 51 2l 4 g
10/ 47122 253|134 434|358 37 115 49 2358 28045 52|10191 48 23
20/ 49422 253|137 138| 107 118 20 26 29 28310 53] 000 %8 27
30| 52122 - 253(139442| 337- - |12050- - | 2859 - - |28535 - &5 20[02 19| 30
40 saa22 253142148 6 O7 123 20 3129 20759 56
sof| 57122 253|144 4s0| 837 125 51 34 00 23024 s8{30{0232] 32

1600}t 59 42.1 N23 25.3(147 15.4| 11 07 N18 40228 21 N 6 40| 35 30 K22 00[292 48 515 59 B
10/ 62121 253|149 45| 13 37 130 51 3900 2513 1601123107381 38
2]l 64422 253|152 162 16 07 133 22 431 29738 02| S3102 981 38
off 67121 - 253(154466)| 1837 - - [13552. . las0l- - {30002 - o3
2l 69420  253)157170| 21 07 138 22 431 30227 05|s2|0315] 39
S0/l 72120 254|159 47.3{ 23 37 140 53 4902 30451  06[54{0321 40

17 00| 74 420823 254162 17.9/ 26 07 H18 391143 23 W 6 40| 51 32 N22 00307 16 S16 08 e a

ool 771 25.4]164 483 28 37 145 53 54 02 30941 0928|103 38] 42
20| 79 ou 25.4[167 187} 31 07 148 24 56 33 31205 11
30(( 82119 - 254]26949.1) 3337 - - 15054 - |s903- . [31430 - 12 s
40|l sa 419  25.4{172195) 36 07 153 24 61 34 31654 13
S|l 87119 254174 49.9| 38 37 155 58 6404 31919 15

18 00/| 69 41.0 N23 25.4(177 20.3| 41 07 N18 38 |158 25 N 6 40| &5 34 N22 00[321 44 26 16| MoonsP.in A
101 92118 254]179 507/ 43 37 160 55 69 05 32408 17 - :
20/l 98418 2541182 212] 46 07 163 26 7135 32633 19| 5 8| 3 §
30fl 97118 - 254|184515| 4837 - - [16556- - [7405- . |32857 - 20
40/l 99418 254|187 220( 51 07 168 27 76 36 3122 2] = *| -+
50/102 117 25.4/189 52.4| 53 37 170 57 79 06 333 46 231 0 ”‘ S5 ,;

19 00/204 417 N23 2541192 228/ 56 07 N18 37173 27 N 6 41| 81 35 N21 59 {336 11 S16 24 10 57158 33
10[]107 117 25.4|194 53.2| 58 37 175 58 84 07 33836 26|18 o 157 3
20/j109 417 255|197 238 61 07 178 28 86 37 3100 27/18 ;2|58 ¢
30Jj112116 - 2551199540 6337 - . |18058- - | 8907 - (34325 - 29|21 59
40(l114 416 255|202 24.4] 66 07 183 29 91 38 34549 3023 54|49 29
50[117 116 253)204 549( 68 37 185 59 94 08 34814 31| 53| 28

20 00/1119 416 K23 25.5(207 25.3| 71 07 N18 37 (188 29 N 6 41| 96 39 N21 59350 39 S16 33| 28 ajed
10122 138 2535|209 557 73 37 191 00 99 69 35303 3430 64
20(124 415 253(212 261 76 07 193 30 101 39 35528 35032 50| ¢g 25
3001127 115 - 255214865 7837 - - |19600 - - |10416 - - {35752 . 37 33 49 g 24
40l129 415 255217 269| 81 07 198 31 106 40 017  38|3548{ 523
50[1132 115 253|219 573] 83 37 201 01 109 10 241 39|37 47|00 22

21 00134 41.4 N23 25.5|222 27.7| @6 07 N18 36 (203 31 N 6 41 [111 41 N21 59 5 os S1641f3g 96 | g9 21
101137 116 2551224 58.1 | g8 37 206 02 11411 42| g9 45 [ 79 20
20139 41s 2550227 285( 91 07 208 32 116 41 7 55 a3lay % iq) 19
0/142114 - 255|229 590| 9337 . . [21102- - |11912- - | 1220 - 48 43918
40ll144 418 2551232 29.4] 96 07 213 33 121 42 1448 46|32 42|12 ),
50[147 115 2533|234 598 98 37 216 03 124 12 1709 a7 x a ;z 16

22 00149 413 N23 25.6(237 30.2(101 07 N38 35|218 34 N 6 41126 43 N21 59 19 33 526 49 471 99 (75 15
10352113 25.)240 00.6]103 37 221 04 12913 2158 50| 48 39 (72 19
20/(254 413 25.6[242 3100|106 07 223 34 131 43 2423 51 |76 5;
W[iia 2 - Be|s0Le|10837 - - 22605 . 113812 - | 2647 - 53[50 3 (77 13
401159412 256247 320{111 07 228 35 136 44 29 12 54151 5 178 ¢
soff162 112 25.6(250 022|113 37 231 05 139 15 3136 55(52 50|79 o

23 00/{164 41.2 23 25.6/252 32.7(116 07 N18 34233 36 N 6 41 |141 45 N21 59 34 01 516 57| 33 34 | 80
10/(267 111 256|255 0321118 37 236 06 14415 3625 58)55 35
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Reprinted from the Air Almanac, published by the U.S. Naval Observatory; Nautical Almanac Office




A82 INTERPOLATION OF G.H.A. SUN
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49 | o123 0273 042) © §57-3 r 12,3 1273 t 42-3 1573 2 12:3 2 27-3 49
S0 (o325 0275 ©0425 OS575 112§ 1275 1425 575 21I125 2275 SO
st |0128 ©0278 o0 428 o078 1 12.8 1278 1428 1578 2128 2278 .14
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TABLE 6.—Refraction

To be subtracted from sextant altitude

.
Height above sea leve! in thousands of feet
Ry 0 5 10 15 20 25 30 35 40 45 50 55
Sextant Altitude

A o , L] ’ o ’ L ] ’ L] [l L] ’ L] ’ o ’ o ’ ° ’ o ’ . ’
Py 20 90 90 90 90 90 90 90 90 90 90 90

' 63 59 55 51 456 41 6 3 26 20 17 13

2 33 29 26 22 19 16 14 n 9 7 [ 4

3 21 19 16 14 12 10 8 7 s 4 240 140
" 16 14 12 10 8 7 6 5 310 220 130 04
s 12 n 9 8 7 ] 400 310 210 130 0139 4003
6 10 9 7 55 45 350 310 220 130 049 4011 =0 19
7 810 650 550 45 400 300 220 15 110 024 =011 =0 38
8 65 55 500 400 310 230 150 120 038|+004 ~028 -0 54
9 600 510 410 320 240 200 130 100 019 =013 -042 -1 08
10 520 430 340 25 210 140 110 0135 4003) ~0 27 -0 53 -1 18
12| 430 340 250] 220 140 110] 037 +011 ~016{ =043 ~1 08 =1 3
14| 330 250 210[ 140 110 034{4009 ~014 ~037| =100 =123 =1 44

Reprinted from the Air Almanac, published by the US. Naval Observatory; Nautical Almanac Office.

CORRECTIONS TO BE APPLIED TO MARINE SEXTANT ALTITUDES

|
MARINE SEXTANT CORRECTIONS CORRECTION FOR DIP OF THE HORIZON
ERROR To be subtracted from sextant altitude
Fexmm Number In addition to sexwnt | Ht. Dip { He. Dip | He. Dip | Ht. Diwp |} He Dip
: error and dip, corrections -
are to he applied fo1. Fe. | Fe , | F. | Ft . | Fe ’
ndex Error Refraction o N 114 n 437 21 968 N 3 707 .
Semi-diameter (for the 2 137 48x 3033 3 1793 +
Sun and Moun) 6 21162 | g7 %] 1099 2| 1880 4
Parallax (forthe Moond | 52 3 | 189 '3 [ g7 23| 1268 33 | & 970 43
) 1 2
Dome refracuon (0] a7 4 f 218 4| 62 ** | 1 239 M0 Lo06r
applicable) H 15 25 38 45
:; 6 ::" 16 :;Z 26 ::;; 36 :"f )
P alg 7 289 7| 163 3| 2 el
s 8 3s6 8 845 M1y 38 zw 4
9 19 29 s 39 “o 49
93 o1 398 0| 906 30 3 624 w |28
114 a7 968 1707 atss *

Reprinted from the Air Almanac. published by the U.S. Naval Observatory; Nautical Almanac Office.
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TABLE 5.—Correction to Tabulated Altitude for Minutes of Declination
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