26°

DECLINATION SAME NAME AS LATITUDE
-

26°

fat.

o

45

o

46

L+

47

480

(]

49

LT,

H.A.

Alt,

Az

Alt.

Az,

Al

Alt.

Alt.

HLA.

105

o ’ d
18 06+ 40
17 26 40
16 46 41
16 07 40
15 27 41

14 48+41
14 09 41
I3 30 41
12 51 42
12 13 42

II 35142

10 57 42
10 Ig+42

71
70
70
69
68

a r d
18 25+41
17 46 41
1707 41
16 28 41
I5 49 42

I5 TO+42
14 32 42
I3 54 42
13 X6 42
Iz 38 42
IZ 00+43
11 23 43
X0 46 43
10 09+43

71
71
70
69
69

68

o . @
18 44+42
18 06 41
1727 42
16 49 42
16 11 42

15 33+42
1455 42
14 17 43
1340 43
1303 43

12 2643

K1 49 43
IL 12 44
10 36 44
10 00+44

o s d
19 03+42
18 25 42
17 47 43
17 10 42
16 32 43

I5 55+43
1518 43
14 41 43
1404 43
1327 44

12 5I+44,

X2 I5 44
II 39 44
II 03 45
10 28444

s + 4
19 22+42
1844 43
1807 43
17 30 43
16 53 44

16 16+44

540 44

15 04 44
14 27 45
13 52 44

13 16+44
IZ 40 45
12 05 45
XI 30 45
I0 55 45

10 20+46

B RBERS RYBEY,

4348

255

In North {For argument H.A. on the left, True Azimuth = 360° — Tabulated Azimuth.
For argument H.A. on the nght True Azimuth = Tabulated Azimuth.

Latitudes

Z00

}See
p. oo



fhecLINATION CONTRARY NAME TO LATITUDE

26°

ar.

Q

45

460

(+]

47

Q

48

o

49

lLAT.

H.A

Ale.

Alt.

Alt.

Az.

Alt.

Ale.

. [H.A.

O WI O hW N HNO,

PUBRE cmIan EEERE

o + d
19 02—6o
19 02 6o
1g o1 6o
18 59 6o
18 57 6o

18 5460
18 50 6o
18 45 59
i8 40 6o
18 34 59

18 27-59
18 20 s9
18 12 59
1803 39
I7 54 59

I7 44—59
1733 58
17 22 58
17 10 58
16 58 59

16 44—58
16 30 57
16 16 58
6 or s8

15 45 57

15 29-57
15 12 57
14 54 56
14 36 56
14 17 56
i3 §8-56
1338 55
1318 55
12 57 55
12 35 54

12 I13—54
1I 51 54
1X 28 s4
IT 04 53
10 40 53

10 1653

180
179
178
177
176

175
174
173
172
171
171
170
169
168
167

166
163
164
163
162

161
160
159
159
158

157
156
155
154
153

152
152
151
150
149
148
147
147
146
145

144

o , d
18 02—-59
18 02 6o
18 o1 6o
1759 59
17 57 6o

17 54—6o
17 50 59
17 46 6o
17 41 6o
1735 6o

17 28-59
17 21 59
17 13 59
17058 59
16 56 59

16 46—59
16 36 59
16 25 59
16 13 58
16 01 %9

15 4858
1534 58
1520 s8
I5 05 57
1450 58

14 34-57
14 17 57
14 00 57
13 42 56
1324 56

13 05-56
12 46 56
12 26 56
I2 05 5§
II 44 55

II 23-55
II OI 55
10 38 54
10 1554

180
179
178
77
176

175
174
173
172
172

171
170
169
168
167

166
165

163
162

161
160
160
159
158

157
156
155
154
153

153
152
151
150
149
148
147

147
146

@ I d
17 03—60
17 02 6o
17 OL 59
7 00 6o
16 57 59

16 5459
16 51 6o
16 46 59
16 41 59
16 36 6o

16 29—59
1622 59
16 15 59
16 06 59
15 58 59

15 48-59
15 38 59
15 27 58
I5 16 59
I5 04 59

14 5I—-58
14 38 58
14 24 58
14 09 57
13 54 57

I3 3957
13 22 56
13 06 57
12 48 56
12 30 56

12 12—56
II 53 56
II 33 55
II I3 55
I0 53 55
10 32-55
10 1054

180
179
178
77
176

175
174
173
173
172

171
170
169
168
167

166
165
164
163
162

161
161
160

159
158

157
156
155
154
153

153
152
151
150
149

148
148

o * d
16 03-60
16 03 6o
16 02 6o
16 00 6o
15 58 60

15 5560
15 51 6o
15 47 6o
15 42 6o
1536 59

I5 30—59
15 24 Go
15 16 59
15 o8 59
I4 59 59

14 50—59
14 40 59
1430 59
14 18 5B
I4 07 59

13 54-58
13 41 58
13 28 58
1314 58
12 59 57

12 44-57
12 28 57
12 11 56
II 854 56
I1 37 56

1Y 19-56
I1 00 55
10 41 55
1022 §6
10 0255

180
179
178
77
176

175
174
173
173
172

171
170
169
168
167

166
165
164
163
162

162
161
160
159
158

157
156
155
154
154

153
152
151
150
149

15 03—
1503
15 02
15 oo
14 58

14 55
14 52
14 47
14 43
14 37

14 3I-59
14 25 6o
1417 59
14 10 6o
14 01 59

13 52—59
13 42 58
1332 59
13 21 58
13 10 59

12 58-59
12 45 58
12 32 58
12 18 58
12 04 58

II 4958
II 33 57
1I 17 57
11 O1 57

10 44 57

10 26—56
10 08—-56

ge g 8EEEN

w
L~

180
179
178
77
176

175
174
173
173
172

171
170
169
168
167

166
165
164
163
163

162
161
160

159
158

157
156
155
155
154

153
152

360
359
358
357
356

355
354
353
352
351

350

327

In South [ For argument H.A. on the left, True Azimuth = 180° + Tabulated Azimuth.
Latitudes | For argument H.A. on the right, True Azimuth = 180° — Tabulated Azimuth. J p. 91.
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27°

DECLINATION SAME NAME AS LATITUDE

far.

<

45

460

Q

47

480

o]
b

Ale.

Ale.

Alt.

Az,

Alt.

Az,

Al

O RS An W N D,

P O%N%L PAERE ERIRS DABEE &

St R

4“4

__45)5

In North
Latitudes

L] r d
72 00460
71 59 6o
71 56 Go
7% 51 59
71 43 6o

7Y 34+59
71 23 58
7109 58
70 54 57
70 37 56

70 18+56
69 58 35
69 36 54
69 13 53
68 48 53
68 23+51
67 55 s1
67 27 s0
66 58 49
66 28 48

65 56+48
65 24 47
64 51 47
6418 45

_63 43 45

63 08+45
62 33 43
61 56 44
61 20 42
60 42 43

60 o5+42
5927 &1
58 48 41
58 09 41
5730 40

56 51+40
56 11 39
5531 39
54 51 39
54 10 39

53 29+39
52 49 38
5207 38
51 26 38
5045 37

50 03+37

180
177
174
171
169

166
163
160
158
155

153
150

146
143

141
139
137
135
133

132
130
128
127
12%

124
122
121
119
118

117
116
114
113
112

ITI
110
109
108
107
106
10§
104
103
102

101

o + 4
71 00+60
70 59 6o
70 56 6o
70 51 Go
70 44 6o

70 36+59
70 25 58
70 13 5B
69 58 5B
69 42 57

69 25+56
6906 55
68 45 55
68 23 54
68 00 53

67 35+53
6709 52
66 43 51
66 15 so
65 46 49

65 16449
64 45 48
6413 48
63 41 47
63 08 46

62 34+46
62 00 45
61 25 45
60 49 45
6o 14 43

59 37+43
5900 43
5823 42
5745 42
5707 42

56 29+41
55 50 41
55 IT 40
5432 40
5352 40

53 13+39
5233 19
5I 52 40
5I I2 39
5032 38

49 51439

180
177
175
172
169
166
164
161

159
156

154
152
149
147
145

143
141
139
137
135

133
132
130
128
127

125
124
122
121
120

118
117
116
s
113

112
111
110
109
108
107
106
105
104
103

102

e . d
20 00+60
69 59 6o
69 57 59

69 52 6o

69 46 59

69 37+59
69 27 59
69 16 58
69 0z 58
68 47 57

68 31+56
68 13 56
67 53 56
67 32 55
67 10 54

66 47+53
66 23 52
65 57 52
65 30 52
65 03 s0

64 34+50
64 05 40
6334 49
63 03 48
62 12 47

61 50+47
61 26 46
60 52 46
60 1B 45
5943 45

59 08+44
5832 44
57 56 44
57 19 44
5643 42

56 05+43
55 28 42
54 50 41
54 11 42
5333 41

52 54+41
52 15 4x
5T 36 41
50 57 4o
§50 17 40

49 38+39

18c
177
175
172
170

167
165
162
160

157

155
153
151

146

144
142
140
138
137

135
133
131
130
128

127
125
124
122
IZz1

120
118
117
116
115

114
113
I
110
109
108
107
106
105
104

103

o ’ d
69 00+60
68 59 6o
68 57 6o
68 53 59
68 46 6o

68 30+59
68 29 59
68 18 59
68 06 s8
67 52 57

67 36+57
67 19 57
&7 01 56
66 41 55
66 20 ss

65 58+54
65 35 53
65 10 53
64 45 52
64 19 51

63 51451
63 23 50
6z 54 50
62 24 49
61 54 48

61 23+48
60 51 47
60 18 47
5945 47
5912 46

58 38+45
5803 45
5728 45
5653 44
56 17 44

55 4044
5504 43
5427 43
53 50 43
5313 «

52 35+42
5157 42
5119 41
50 40 42
50 02 41

49 23441

°

180
178
175
173
170

168
165
163
161
158

156
154
152
150
148

146
144
142
140
138

136
135
133
131
130

128
127
125
124
123
121
120
119

117
16

115
114
113
112
111

110
109
108
107
106

105

d

68 00+60

6800 59
67 57 6o
67 53 6o
67 47 6o

67 40+59
67 31 59
67 21 59
6709 8
66 56 58

66 41+57
66 25 57
66 08 56
65 49 56
65 29 55

65 08+55
64 46 54
64 23 53
63 59 53
63 34 s2

63 o7+52
62 40 52
6z 13 so
61 44 s0
61 15 49

60 45+49
60 14 49
5043 48
59 IT 48
58 30 47

58 06+47
5732 47
56 59 45
56 24 46
55 50 45

55 L4+45
5439 44
5403 44
5327 44
52 51 43
52 14+43
5I 37 43
5100 43
50 23 42
49 45 42

49 07+42

BEEE 48

B HHAES RNUSY BUBZE SRLEE £088E sa8sg

359
318

ary
316

& .‘k

202

For argument H.A. on the left, TrueAmuﬂ:=-360°
Forn'glmmH.A.mthcnght True Azimuth = Tabulated Azimuth.

Tabulated Azm:ll.tﬂl

}P- oi



27°

@L{NATION SAME NAME AS LATITUDE

[+]

45

460

o

47

480

o

49

Alt. Az

Alt.

Az.

Alt.

Al

Ale.

8 FEFRS FIETL JRIIA FJUNI TBIRR AR

o L d [-]
50 03+37 10T
49 22 37 100
48 40 37 99
4758 17 99
4716 37 98
46 34+36 97
4552 36 96
45 10 36 0O5%
44 27 37 95
4345 36 94

43 03+36 93
4220 37 92
4138 36 92
4056 36 o1
4013 36 90

39 31+36 9o
3848 37 89
3806 36 8B
3724 36 &
3641 37 87

35 59+36 86
3517 36 83
3434 37 85
3352 37 84
3310 37 83

32 28+37 83
3146 37 82
3104 37 B2
joz2z 37 81
2940 38 8o

28 59+37 8o
2817 37 79
2735 38 78
2654 38 78
2613 37 77
25 31+38 76
2450 38 76
2400 39 75
2328 39 75
2248 38 74

22 07+39 73
2126 39 73
2046 39 72
2006 39 71
926 39 71

I8 46+40 770

o * d
49 51+39
4910 39
48 29 39
4748 38
4707 38
46 26+38
45 45 37
4503 38
44 22 37
43 40 38

42 59+137
42 17 28
41 36 37
40 54 37
4012 38

39 31+37
38 49 37
38 08 37
3726 37
3644 38

36 03+37
3521 38
34 40 37
3358 38
3317 37

32 35+38
3154 38
3113 37
30 31 38
29 50 38

29 09+38
28 28 39
27 47 39
2706 39
26 26 38

25 45+39
25 05 39
2424 39
23 44 39
23 04 39

22 24+40
2I 44 40
21 04 40
20 25 40
1945 4

19 0b+41

102
101
101
I

£ 888SH &8

79
78
78

77
76
76
75
74

74
73
72
T2
71

71

o . d
49 38+39
48 58 39
48 18 39
4738 39
46 57 40

46 17+39
45 37 38
44 56 39
44 16 38
4335 38

42 54139
42 13 39
4133 38
40 52 38
40 IT 38

39 30+38
38 49 38
3808 139
3727 39
3646 39

36 06+38
3525 38
3444 38
3403 39
3322 39

32 42+38
3201 39
3L 20 39
3040 29
3000 39

29 19+39
28 39 19
2759 39
27 18 40
26 38 40

25 59+39
25 19 40
24 39 40
23 59 49
23 20 40
22 4I+40
22 OI 41
21 22 41
2043 4
20 04 42

19 26+41

103
103
102
101
100

Fii

¢« - d
49 23+H41
48 44 41
48 05 41
47 26 40
40 47 a0

46 07+40
4528 39
44 48 40
44 08 40
4328 40

42 48+40
42 08 40
4129 39
40 48 40
40 08 40

39 28+40
38 48 40
3808 39
3728 39
3648 39

36 08+39
3528 39
3448 39
3408 39
3328 39

32 48+39
3208 39
3128 40
3048 40
Jo08 4o

29 29+40
28 49 40
28 0g 41
27 30 40
26 51 40
26 11+41
25 32 41
24 53 41
24 14 41
23 35 4=

22 §7t41
22 18 42
21 40 41
21 OI 42
20 23 42

X9 45+42

105
104
103
102
1

=]
-

I

PREE I%%88

b=
w

o
= N

oI

71

o ’ d
49 07+42
48 29 42
4751 42
4713 41
46 35 41

45 56+41
4517 41
44 39 41
44 00 41
43 21 41

42 42+40
4203 40
41 24 40
40 44 41
40 05 40

39 26+40
3B 46 4
3807 44
3728 4o
3643 &

36 0gt4z
35 30 40
34 51 40
34 II 41
3332 40

32 53140
3214 42
3134 41
3o 55 41
3016 @1

29 37+41
28 58 41
28 20 41
27 41 41
2702 42

26 24+41
2545 42
25 07 42
24 29 41
21 51 41

23 13+42
22 35 42
21 57 42
21 19 43
20 42 42

20 04+43

106
108
104
103
102

101

72

28s
284
283
282
281

280
279
278
277
276

275
274
273
272
271

270

In South { For argument H.A. on the left, True Azimuth = 180° 4+ Tabulated Azimuth.
Latitudea | For argument H.A. on the right, True Azimuth = 180° - Tabulated Azimuth.

203

See
P- 91



DECLINATION SAME NAME as LATITUDE

.

27°

FLAT- 45° 46° 47° 48° 49" fLaT]
H.A.| Alt. Az | Al Az | Al Az | Al Az, | Alt. Az [HA
L] o r d (] o ’ d a o ’ d o Qo ’ d L) o I d o L]
90|18 46+40 70(1g06+41 71|19 26+41 71|19 45+42 71|20 04+43 72|270
9r{1B o6 40 7jo|IB27 41 70|18 47 42 70|1007 43 71|19 27 43 771|269
9z|1727 40 69|1748 41 69|1B0g 42 70|18 30 42 70[IB 50 43 770|268
03|16 47 40 68[1700 41 60|1731 42 G9|1752 43 69|18 13 44 Gg|267
04|16 08 40 68j1631 41 68B(1653 42 68|1715 43 691737 43 6o[a66
95|15 29+41 67)15 52+42 67|16 15+42 6B|16 38+43 68|17 00+44 68]265
96|14 50 4166|1514 42 67|1537 43 671601 43 671624 44 67]|264
g7|14 11 42 66|1436 42 66(I500 43 66|1524 43 G7l1548 44 67|263
08|1333 41 65}/1358 42 65(1423 43 66|1447 44 66]1512 44 66|26
99|12 55 41 65)1320 43 65|1346 43 65|14 11 44 65|14 36 44 65]261
10012 17442 64 (12 43+42 64|13 00+43 64|13 35+44 64|14 00+es 65]260
01{1139 42 63|1200 43 63|I232 44 6064|1259 44 641325 45 64259
10zf1101 43 63|I129 43 63|11 56 44 63[1223 44 63|1250 45 63{258
103| 10 24+43 621052 43 62|11 20 44 62]1148 44 62|12 15 45 63257
104 10 16+43 61{I044 44 O62|XIX K2 45 62111 40 46 62256
105 10 08+45 61{1037+45 61|11 061456 61]2ss
100 10 02+46 60|10 32+46 61254
107 . 253
108 252
109 251
110 250
In North

Latitudes | For argument H.A. on the right, True Azimuth = Tabulated Aximuth.

204

Far argument H.A. on the left, True Azimuth = 360 — Tabulated A:Emu.l:h.} See
p- 90.
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27°

pfipnarioN CONTRARY NAME TO LATITUDE

27°

[+]

45

460

o

47

ﬂo

|

=}

49

ILAT.

H.A.

Alte.

Az,

Al

Al

Alt.

H.A.

W Ul W N R,

-
-]

II

o « 4
18 02—59
18 02 60
18 01 6o
I7 59 59
17 57 6o

17 5460
17 50 6o
17 46 6o
17 40 59
1735 6o

17 28—59
1721 59
1713 59
17 04 59
16 55 59

16 4558
16 35 59
16 24 59
16 12 58

1§ 59 58

15 4658
15 33 58
15 18 57
1503 57
14 48 57

14 32-57
14 15 57
13 58 57
13 40 56
13 21 56

£3 02—55
12 43 56
12 23 56
12 02 55
II 41 55

IT 19—54
10 57 54
1034 54
10 11-54

18c
179
178
77
176

175
174
173
173
172

171
170
169
168
167

166
165
164
163
162

16z
161
160
159
158

157
156
155
155
154

153
152
151
150
149
149
148
147
146

a r d
17 03-6o
1702 bo
17 01 bo
17 00 6O
16 57 59

16 54-59
16 51 6o
16 46 59
16 41 59
16 35 59

16 29-59
16 22 59
16 14 59
16 0b 59
I5 57 59
1§ 47-58
I5 37 59
15 26 58
15 15 59
15 02z 58

14 50-58
14 36 58
14 22 57
1408 s8B
13 52 57

I3 3757
13 20 56
13 03 56
12 46 56
1228 56

12 09—56
II 50 56
I1 30 55
11 IO 35

10 49 54

10 2854
10 06—54

180
79
178
177
176

175
174
173
173
172

171
170
169
168
167

166
165
164
163
163

162
161
160
159
158

157
156
155
155
154

153
152
151
150
150

149
148

16 0360
1602 59
16 02 6o
16 00 6o
15 58 6o

15 §5-60
15 51 6o
1§ 47 6o
15 42 6o
15 36 59

15 30-59
1523 59
15 16 6o
15 07 59
1459 59

14 49-59
14 39 58
1429 59
14 17 58
14 05 58

13 5358
13 40 58
13 26 57
13 12 58
12 §7 57

I2 4257
12 26 57
12 09 57
II 52 56
II 34 56

II 16—56

10 57 55
10 38 55
10 18-5%

1830
179
178
177
176

175
174
174
7y

172

171
170
169
168
167

166
165
164
164
163

162
161
160
159
158

157
156
156
155
154

153
152
151
150

L . d
15 03—60
15 03 6o
15 02 6o
15 00 Go
14 58 6o

14 5560
14 51 59
14 47 59
14 42 59
14 37 59

14 31-59
14 24 59
14 17 59
14 09 59
14 00 59

13 51—59
13 41 58
1331 59
13 20 58
1308 sB

12 56—58
12 43 57
12 30 58
12 16 57
12 02 58

II 47-58
Ix 31 57
11 1§ 57
10 58 56
10 41 57
10 2356
10 05-56

en

177

175
174
174
173
172

171
170
169
168
167

166
165
164
164
163

162
161
160
159
158

157
157
156
155
154

153
152

o + 4
14 03—59
14 03 6o
14 02 6o
14 00 59
13 58 59

13 55—59
13 52 6o
13 48 6o
1343 59
13 38 6o

13 3259
1325 59
13 18 59
I3 10 59
I3 02 59

12 5359
12 44 59
1z 33 58
12 23 59
12 11 58

II 5958
II 47 58
II 34 58
11 20 57
11 0b 57

IO 8157
10 36 57
10 20 56
10 o456

18;
179
178
77
176

175
175
174
173
172

171
170
169
168
167
166
165
165
164
163

162
161
160
159
158

157
157
156
I55

360
359
358
357
356

355
354
353
352
351

350
349
348
347
346

345
344
343
42
I

340
339
338
337
336

335
kX )
333
332
331

321

320

In South [ For argument H.A. on the left, Truc Azimuth =4 180° - Tabulated Azimuth.
Latitudes | For argument H.A. on the right, Truc Azimuth = 180° — Tabulated Azimuth,

205
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28° DECLINATION SAME NAME AS LATITUDE 28°
far] 457 46° 47 48° 4°
H.A.| Alt. Az | Al Az | Al Az | Al Az | Al Az [H.A.

d a [ ] r d a a ’, d o , o -] [ d L] L ]

7;;ot;+60 180|732 oo+60 180 |71 0Ot+6o 180

7259 6o 177{71 59 6o 177|770 59 6o 177

70 18069 00+60 180|360
69

7256 60 174{71 56 60 174|7086 60 175 2
69

d
6o

60 177{68 59 60 178]3%9
6o 175|68 57 6o 175)|358
7250 6o 171[71 51 60 171|7052 59 172 6o 172168 53 5o 173|357
7243 59 168|71I 44 59 1609|7045 59 169 59 170|68 47 59 170]3%6

72 33+58 165 |71 35+58 166|70 36+59 167|69 38+59 16768 39+60 168|ass
7221 58 162(7123 59 1637026 58 164|609 28 59 165|68 30 59 165|354
7207 57 1607111 57 161|70 14 58 161|69 17 sB 162|68 20 5B 163|353
7181 57 157(7056 57 158|000 57 1590|6904 5B 1600|6807 58 16i|352
7133 56 154|7039 57 155|609 44 57 15668 49 58 158|67 54 s7 158]381

10|71 14+55 152 |70 23+56 153|60 27+57 15468 33+57 155|67 38+s8 156|350
11|70 53 54 1490|7001 55 3150|6909 55 I52)|68 16 56 153|6722 56 154
12§70 30 54 147|69 40 s4 14868 40 55 149|167 §7 55 1151|6704 56 152
13]70 06 53 144|609 17 54 146168 27 54 147|6736 55 14966 45 55 150
14|69 41 52 142|6853 53 144[6804 54 145|67 15 s¢ 146[6624 55 148

15] 60 14+51 14068 28452 14267 40+51 143|66 52+54 144|066 03454 146
16|68 46 51 1338|6801 52 1309|6715 52 1401|6628 53 14265 40 54 144
¥7]68 177 50 136]67 34 5o 137]6649 51 1396603 52 141|65 16 53 142
18|67 47 49 134|6705 so 1136|6622 5o 1376537 52 1390|6452 52 140
67 16 48 13216635 49 134(68553 50 135)65 10 51 137(6426 52 138

30
8
347
346
345
34
343
342
3n
66 44+47 130|066 05+43 132|685 24+49 134 (64 42+51 135|63 59+51 137|340
66 1T 47 128|6533 43 130[6454 49 132(64 13 50 133]|6332 5o 135|339
6538 45 127|685 01 47 128|6423 48 130|63 44 49 132]|63 03 so 133|338
6503 45 125|6428 46 127{63 51 48 128(63 13 49 130|62 34 s0 132|337
6428 45 12463 54 46 125(63 10 47 127[62 42 48 128(6204 49 130|336
338
3
333
332
331
330
329
328
327
326
35
324
323
3223

V- - I -

63 53+43 122 |63 20445 12462 46+456 125|6a 11+47 127|61 34+48 128
6316 43 121162 45 44 122{62 12 46 124}61 38 47 125|61 03 48 127
6240 43 1190|6210 43 121{6XI 38 45 1222|6105 47 1124|6031 47 12§
6202 42 118[6134 43 120|6103 45 121|6032 46 123|590 50 47 124
6125 41 117/6057 43 1188|6028 44 120|5058 45 121|5026 46 123

60 47+40 115|060 20+42 117|590 52+44 118|590 23+45 12058 53+46 121
6008 40 114|59043 42 116(5016 43 117|58 48 45 I19|sB 19 45 120
5929 40 1135005 47 II4{58 40 42 11658 13 44 1175744 46 119
5850 40 1125827 41 113|5B03 43 115|5737 43 116(57 10 45 I8
5810 40 1MI|5740 40 IIZ[57 25 42 I1I4|570L 43 1185|8635 44 116

57 31+38 110|57 10+40 111356 4B+41 11256 24+43 114|55 59+44 118
56 50 39 1085631 40 IIO[56 10 41 III|55 47 43 I13|5523 44 II4
5610 38 10755 5I 40 I0Q|55 31 41 IIO|55 10 42 II2|54 47 44 113
5530 37 1006|5512 39 108]5453 40 1000|5433 41 110|554 XIXI 43 Iiz
5449 37 105|543 39 1075414 40 1108|5385 41 100[53 34 43 111|321

54 0B+37 104|583 52+39 106153 35+s0 107|53 r7+4x 108|852 57+43 r10f320
53 27 37 10453 12 38 105)52 56 40 106|5239 41 1107|5220 42 109|319
§2 45 37 103(5232 38 1045217 39 1005|5200 41 106|5I 43 43 108]318
5204 37 102 |S5ISI 38 103|5Y37 39 104|5I22 40 105|851 05 43 107|317
§r22 37 101|500 38 102{5057 39 103|5043 40 I104|5027 42 106|316

50 40+37_100|50 30+37 10150 I7+39 102)50 04+40 103 |49 49+42 105|318

In North | For argument H.A. on the left, True Azimuth == éo'-—TnbuhtedAzinmﬂ:. See
Latitudes | For argument H-A. on the right, True Azimuth = T Aximuth. S pgo.
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28°
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DECLINATION SAME NAME AS LATITUDE

28°

L. 45°

460

<

47

48°

LAT.

H.A.| Alt

Az,

Ale Az,

Alt.

Al

Alc

JH.A.

L] ’ d
50 401437
49 59 16
49 17 36
48 35 36
4753 36

47 10+36
46 28 36
45 46 36
4504 35
44 21 36

43 39+36
42 57 35
42 14 36
41 32 35
40 49 36

40 07+36
39 25 35
38 42 36
38 00 36
3718 33

36 35+36
3553 36
35 11 36
34 29 36
33 47 36

33 o5+216
32 23 36
31 41 37
3059 37
3o 18 36

45
46
47
48
49

50
51

65

i PRSE

3

29 36+37
28 54 37
28 13 37
27 32 37
26 50 38

26 og+38
25 28 38
24 48 38
2407 38
2326 39

22 46438
22 0§ 39
21 25 39
20 45 39
20 05 40

19 26139

PEFXE - IuIdA

o0
wn

8 PBEXR

. a
99
o8
97
97

95

726
75
74
74
73

72
T2
71
71
70

69

127 45 38

o r d (-3
50 30437 101
49 49 37 100
4908 37 99
4826 38 o9
4745 37 98

47 04+37 97
4622 37 ob
4541 37 95
4459 37 95
44 18 37 04

43 36+37 93
4255 36 o2
4213 37 92
41 31 37 91
40 50 37

40 08+37
39 26 37
3845 37
38 03 37
37 22 37

36 40+37
35 59 37
35 17 37
34 36 37
33 54 37

33 13+37
32 32 37
31 50 38
3rog 38
30 28 38

29 47+38
2907 37
28 26 38

27 04 39

26 24+39
25 44 38
25 03 39
2423 39
2343 40

23 04+39
2224 39
21 44 40
2I 05 40
20 26 40

10 47+40 70

e « 4
50 I'7+39
49 37 39
48 57 139
48 17 38
4737 38

46 56+38
46 15 39
45 35 38
4454 38
4413 38

43 33+38
42 52 38
42 11 38
41 30 38
40 49 38
40 08+38
3927 38
38 47 37
38 06 38
3725 38

35 44+38
3603 38
3522 38
3442 38
34 01 38

33 20+39
3z 40 38
3159 39
3119 38
3039 38

29 sB+39
29 18 139
28 38 39
27 58 39
2718 39

26 38+40
25 59 39
25 19 40
2439 40
2400 40
23 21440
22 42 40
2203 40
21 24 41
20 46 40

20 07+41

79
79
78
77

77
76
75
75
74

73
73

- 72

71
71

70

L3 ’ d
50 04440
4925 40
48 46 39
48 06 40
47 27 39

46 47+40
4607 a0
45 28 39
44 48 39
4408 39

43 28+39
42 48 39
42 08 39
4128 39
40 48 39

40 08+39
3928 38
38 47 39
3807 39
3727 39

36 47+39
3607 39
3527 39
34 47 39
3407 39

33 27+39
32 47 40
3208 39
3128 39
3048 40

30 09+39
29 29 40
28 50 40
28 10 40
27 31 40
26 52+40
26 13 40
25 34 41
24 55 41

24 17 40

23 38+41
23 00 41
22 21 42
21 43 42
21 05 42

20 27442

103
103
10z
101
100

70

a L4 d
49 49+42
49 II 41
4833 41
47 54 4%
47 16 41

46 37+41
45 58 41
45 20 40
44 41 40
4402 40

43 22+41
4243 4
4204 40
4125 40
40 45 40

40 06+40
3927 4
3848 39
3808 40
3729 40

36 50+39
36 10 40
3531 40
3452 40
34 12 4

33 33140
32 54 40
3215 40
31 36 40
3057 41

30 18+41
2939 42
29 01 40
2822 41
2744 41

27 05+41
2627 4
25 49 41
25 10 42
2432 42

23 55+41
23 17 42
22 39 42
22 02 42
21 24 43

20 47+43

79
78

78
71
76
75
75

74
73
73
72
v

71

315
314
313
312
3I1

310

35E88

ByebE EEERS

BhhpS

3§

278
237
276

275
274
273
272
271

z70

In South [ For argument H.A. on the left, True Azimuth = 180° + Tabulated Azimuth.

Latitudes
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DECLINATION SAME NAME As LATITUDE

28°

o

45

3

460

o

47

480

=]

49

=3

[+
&

Alt.

Az,

Al

Az,

Alt.

Az.

Ale,

Az.

Alt.

=
B

r-J » d
19 26+39
I8 46 40
1807 40
17 27 41
16 48 41

16 10+40
I§ 31 4t
14 53 41
14 14 42
13 36 42

12 50+41
12 21 42
11 44 42
1107 42
10 30442

BE8 8BE88S RBRRE,

I

o + d
19 47+40
19 08 40
18 29 41

{17 50 41

17 12 41

16 34+41
15 56 41
I5 18 41
14 40 42
1403 42

13 25+43
12 49 42
12 12 43
II 35 43
10 59 43

10 23+44

70
69
68

L] r d
20 07+ 41

1929 41

18 51 41
813 41
17 35 42

16 57+42
16 20 42
15 43 42
15 06 42
1429 43

I3 52+43
13 16 43
12 40 43
12 04 43
II 28 44

10 53+44

10 17+45

o Fl d
20 27+42
19 50 42
19 12 42
18 35 42
1758 42

17 21+42
16 44 43
16 07 43
15 31 43
14 55 43

14 19+43
I3 43 44
I3 07 45
1232 44
IX 57 45

II 22+45

10 48 45
10 I3+45

%
70
69
68
68

-] r d
20 47+43
20 10 43
1933 43
18 57 43
18 20 43

17 44143
1708 43
16 32 44
15 56 44
15 20 45

14 45+44
14 10 44
I3 35 45
13 00 45
12 26 45

IXI §2+45
II 18 45
10 44 46
I0 I0+46

¢ EEIRS BREYY.

In North [ For argument H.A. on
I‘!_:'mda{Fotlrglth.A.m

the True
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28°

HrcLmvation CONTRARY NAME TO LATITUDE

28°

o

45

460

v ]

47

ﬁo

"

o

49

L)

E[E

Alt.

Ale,

Az,

Ale.

Az

Alt.

Alt.

Az

H.A.

O W N Qe

e e NN
8 H35h REERS

BEyBR RERRE

RPRES

R

$

-] ’ d
17 03—-60
7 02 6o
17 01 60O
17 00 6o
16 57 6o

16 5460
16 50 59
16 46 60
16 41 6o
6 35 59
16 29-60
16 22 6o
16 14 59
16 08 59
15 56 s8

15 4759
15 36 58
15 25 5B
15 14 59
Is o1 58

14 48-57
14 35 s8
I4 21 58
14 06 57
I3 5L 57

I3 35-57
13 18 56
I3 01 56
12 44 56
12 25 5§

X2 0756
11 47 55
I1 27 55
II 07 S5
I0 46 54

10 2555
10 03-54

180
179
178
177
146

1758
174
174
173
172

171
170
169
168
167

166
165
164
164
163
162
161
160

159
158

157
157
156
I55
154

153
152
152
151
150

149
148

L] r d
16 03-60
16 02 %9
16 01 59
16 00 6o
15 58 6o

15 5560
15 51 6o
K5 47 6o
15 42 bo
15 36 59
15 30-60
15 23 59
15 15 59
1507 59
14 58 59

14 49-59
14 38 58
1428 59
14 16 58
14 04 5B

13 5258
13 38 s7
13 25 5B
I3 10 57
12 §5 57

12 40-57
12 24 57
1207 57
11 50 57
11 32 56

XI I3-55
10 54 55
1035 55
10 1555

180
179
178
177
176

175
175
174
173
172

171
170
169
168
167

166
165
165
164
163

162
161
160

159
158

158
157
156
155
154

153
152
152
151

L] , d
15 03—60
15 03 6o
15 02 6o
15 00 6o
14 58 6o

14 5560
14 5I 59
14 47 59
14 42 59
14 37 6o
14 31-60
14 24 59
14 16 59
14 08 59
14 00 59

13 50—58
I3 41 59
13 30 58
1319 8
13 07 5B

12 55-58
12 42 58
12 29 58
12 14 57
12 00 57

II 4557
II 29 57
II 12 56
10 56 57
10 38 56

10 20-56
10 0256

o

180
179
178
177
176

175
175
174
173
172

171
170
169
168
167

166
166
165
164
163

162
161
160
159
158
158
157
156
155
154

153
153

o » d
14 03-59
14 03 6o
14 02 6o
14 00 59
13 58 s9

I3 5559
13 52 6o
13 48 6o
I3 43 59
13 38 6o

13 32-60
I3 25 59
1318 59
13} 10 59
1301 58

12 52—-58
12 43} 59
1232 58
12 2Z 59
12 10 58

11 58—-58
11 46 s8
11 32 57
11 19 sB
II 04 57

10 49-57
10 34 57
10 I8 57
10 02—57

180
170
178
77
176

175
178
174
173
172

171
170
169
168
167

166
166
165
164
163

162
161
16o
159
159
158
157
156
155

-] r d
13 04-60
13 03 59
13 02 59
13 01 60
12 59 6o

12 56-60
12 §2 59
12 48 39
12 44 6o
12 38 50

12 3360
1z 26 s9
12 19 59
12 11 58
12 03 59

II 54—58
IT 45 59
I1 35
11 24
II 13

II oI—<B
10 49

10 36 57
1023 58

10 09—57

a

180
179
178
77
176

175
175
174
173
172

171
170

168
167

167
166
165
164
163

162
161
160
159
159

360
359
358
357
356

355
354
353
352
351

3so
349
348
347
346

345
34
3
M2
M1

340
339
338
337
336

335
334
333
332
331

330
329
328
327
326

3zs
324
323
322
321

320

In South f For argument H.A. on the left, True Azimuth =
Latitudes
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180° 4+ Tabulated Azimuth. | See
For argument H.A. on the right, True Azimuth = 180° — Tabulated Azimuth. J p. 9.




EXPLANATION

By agreement with the Admiralty, the Astromomical Navigation Tables are
produced by H.M. Nautical Almanac Office to the general requirements of the

These tables are designed to give, in a simple and direct manner, the solution
of the astronomical spherical triangle that occurs in navigational practice. They
have been planned for use with the Air Almanac (Air Publication 1602) and are
consequently designed primarily to meet the requirements of modern air navigation :
their use can however be extended to surface navigation, as in the case of the Air
Almanac, within the limitations of the precision of the tabulated altitude and
azimuth,

The general object of the Astromomical Navigation Tabies is to facilitate the
calculation of the Altitude and Azimuth of an observed heavenly body, as seen from
some position close to that of the observer. This information, together with the
observed altitude, allows to be plotted on the chart a position line upon which the
observer must lie; two such position lines serve in general to determine the position
of the observer. The tables have been arranged with special relation to the
determination of the altitude and azimuth when an assumed position is adopted
such that the latitude and hour angle are both integral degrees; interpolation in
this case is consequently restricted to interpolation to the declination of the body
observed, and provision has been made for this to be done in a simple manner,
The precision of the tabulated data is consistent with that adopted for the Asr
Almanac, namely’ that the altitudes are given to the nearest minute of arc, and so
are correct to within o’-5; this standard of precision is sufficient for all purposes of air
navigation and, in fact, is at present (1938) considerably greater than the precision
obtainable in an altitude observed with a bubble sextant. Although these tables
have been prepared in conjunction with the A4 Almanac, they are equally applicable
for use with any other almanac from which the Greenwich Hour Angle and
Declination of the body observed can be found for the time of observation; it is
intended, however, that the two publications should provide, in the most convenient
form, ali the material for a rapid solution of the navigator's problem, for all practical
observations.

The Astronomscal Navigation Tables consist of main tables and auxiliary tables.
The main tables give the Tabulated Altitude, to the nearest minute of arc, and the
Tabulated Azimuth, to the nearest degree, with the three arguments:—

Latitude —each integral degree from S.69° to N.6g°.

Declination—for 22 selected stars for the epoch 1940 and each integral degree

from S.28° to N.28°, '

Hour Angle—each integral degree for which the altitude is greater than 1o®*
and less than 80°,

Thus for every combination of an integral degree of latitude, declination and hour
angle m the above ranges, the tables give immediately the quantities required.

* The limit is decreased for declinations appropriate to the San (0°-23°) in latitudes above 55°,
where the Sun may be at low altitudes for long periods of each day, and in latitndes below 30°,
where the Sun rises rapidly, and the azimuth at low altitodes is required for checking compasses.
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In the case of the separate tabulations for the 22 stars, the values of the declinations
used in the tables are those of the stars themselves at the middle of 1940; the
declinations of the stars change slowly owing to precession and to other causes, but
the effect of these changes can be allowed for by means of a simple correcting term,
which although smaller, is catered for in a similar way to the interpolation for the
declination of other bodies. The stars have been selected for their brightness and
their distribution in the sky, and are the same in both mame and number as
stars Nos. 1-z2 in the Asr Almanac, The tables for integral degrees of declination
are applicable to observations of the Sun, Moon and planets, as well as for all stars
with declinations between S.2g” and N.2¢°; a list of 13 such stars is given in the
Aér Almanac (Nos. 23-35). It is only for stars outside these limits of declination,
in particular stars Nos. 36-50 in the As#r Almanac, that these tables are not applicable;
some other method of obtaining the altitude and azimuth must then be employed.
The 22 stars catered for separately may however be regarded as generally sofficient
for all practical purposes of air navigation; with the 13 additional stars to be used
in exceptional circumstances, reference to other methods should be unnecessary.

The interpolation of tables with three arguments is both laborious and difficult,
and should be avoided wherever possible; no provision has therefore been made for
interpolation other than for declination, and the navigator should not interpolate
for latitude and hour angle, but should use an assumed position so that this may be
avoided. The arrangement of the tables, however, allows for interpolation for
latitude and hour angle without, in general, the necessity for the comparison of figures
on different pages, and the tables may therefore be interpolated for these arguments
for the solution of special problems.

The tabulated altitude includes the efiect of atmospheric refraction, and 1s thus
directly comparable with the corrected sextant reading; it is in fact the altitude of
the body as woukl be measured by an observer. The refraction included is based
on the mean value of the refraction at a height of 5,000 feet in normal conditions,
and it is unlikely that at heights in that neighbourhood the refraction will differ
by more than o'-5 from that used.” Table VI on page 222 gives the adjustment
necessary at heights that differ materially from the basic height adopted; the values
in this table should only be applied in extreme cases, and where great accuracy is
TIeCEssary.

The tabulated azimuth is measured from the elevated pole either to the east or
to the west, This can be converted to true azimuth, measured always from the
north through east, either by the rules given at the foot of each page, or by the use
of Table III on pages go and g1.

For the greater convenience of the user, the tables are issued in fourteen volumes,
each of which caters for a belf of latitude, 5° in width, in both the northern and
southern hemispheres. In each volume tabulations are given for five mtegral
degrees of latitude ; working from an assumed position, whose latitude i< taken to be
the nearest integral degree to that of the D.R. (or estimated) position of the observer,
each tabular latitude suffices to cover observations from positions within 0° 30’
of the integral degree used. The Explanation and auxiliary tables are reprinted in
each volume.

Each volume consists of two main parts, pages 2-89g giving the tabulations for
the selected 22 stars and pages g4—209 those for declinations 0°-28°. [Each part is
arx
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EXPLANATION .
divided into sections of four pages, covering one star or one whole degree of
declination; separate indexes on the margin enable immediate reference to be made
to the first opening of each section. Throughout, the arrangement of the tabulations
in each section is generally the same; the five values of latitude (LAT.) are given
across the page and the values of the hour angle (H.A.) down the page. For the
stars, the tabulations for NORTH latitudes precede those for SQUTH latitudes,
and for the integral degrees of declination, those for the SAME name as the latitude
precede those for CONTRARY name. The amount of tabulation varies in each
case with different stars and declinations, and in some cases there are no tabulations
either in north or in south latitudes, as the star or a body of the given declination does
not reach an altitude which makes it suitable for observation in those latitudes;
occasionally it has been necessary to continue the tabulation from one Page ona to
the previous page, and for one or two stars, in south latitudes, on to two pages before.

For the stars, each column refers to a given latitude, and contains for all
applicable values of the hour angle, the altitude (Alt.), its variation with time (f)
and the azimuth (Az.). For the-degrees of declination, the variation # is replaced
by the difference (d) between the altitude given and that for the following degree.
The procedure of entering and interpolating the tables is not appreciably different in
the two cases. ‘

An assumed position is taken close to the D.R. position so that the latitude is
an integral degree, while the longitude is chosen so that the hour angle, formed by
the combination of longitude (added if east, swbiracied if west} with the G.H.A.
taken from the Aér Aimanac, is also an integral degree. The appropriate part (star
or degree of declination) is chosen, and the correct section obtained by the marginal
index, using the star number, or the integral degree numerically Zss than the
dectination of the observed body as found from the Aér Almanac. In this section,
the column is chosen corresponding to the assumed latitude, care being taken to
select the correct hemisphere. In this colump, the values of Alt., ¢, and Az. can
be read ofi for the stars, corresponding to the particular integral hour angle; for a
degree of declination, the values of Alt., d and Az are similarly found.

The tabulated altitude must now be corrected, in the case of the 22 stats, for the
effect of precession, and for other bodies, interpolated to the true declination.
Table I on the inside front cover gives the correction to be applied to the altitude
of the stars for all years to 2000 for values of ¢; this correction must be added or
subtracted according to the sign prefixed to . For each star a limiting year is
given before which this correction cannot exceed 1, and there is therefore no need
to apply it until after that date. Similarly, the inside back cover and its facing
page contain Table XV, with arguments 4 and the minutes of the declination of the
body, giving the correction to be applied to the tabulated altitude taken out for an
integral degree; this correction is to be applied to the tabulated altitude with the
same sign as that of 4.

It is unnecessary to correct the tabulated azimuth in any way, but it must of
course be converted to true azimuth before being used to plot a position line.

Having thus obtained the corrected tabulated altitude and the true azimuth,
the position line is drawn in the usual manner. The intercept is obtained from the
difference between the corrected sextant reading and the corrected tabulated

- altitude, and is set off from the assumed position either fowards the direction given
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by the true azimuth or in the opposite direction (away from), according to the
following rules:

Corr. Tab. Alt. less than Corr. Sext. Rdg., intercept lowards;

Corr. Tab. Alt. greater than Corr. Sext. Rdg., intercept away.

The position line is then drawn at right angles to the intercept through the point
so obtained. The expression corrected sextant reading is used conveniently for the
observed altitude to emphasize that this quantity is the altitude as measured by
the sextant, corrected only for sextant errors and for dome refraction if applicable.
As the atmospheric refraction is catered for in the tabulated altitude, no correction
for this should be applied to the sextant reading.

If the assumed position is close to the true position, a slight inaccuracy in
plotting the tabulated azimuth is unimportant; when the tabulated azimuth is
near o° or 180° advantage may be taken of this to draw the position line simply as
part of a parallel of latitude. A double border rule, given when the azimuth is
within a few degrees of the meridian, indicates the portions of the tables where this
can be done without great error; the limit of azimuth has been varied slightly in
different volumes, according to the latitude, so as to reduce the error due to this
simplified procedure. The accuracy of this method depends upon the error in the
assumed longitude; for an error of 20 miles in the D.R. longitude, the maximum
error introduced into the deduced latitude is about 2 miles, while the remaining error
{due to the use of an assumed position) may reach a maximum of 2 miles
in the worst case. This method should therefore only be adopted either when
errors up to about 4 miles can be tolerated, or when the D.R. longitude
is known to be fairly accurate; if the D.R. position is liable to much greater
error than 2o miles, this method should not be used. An assumed position is taken
and the tables entered in exactly the same way (whether for stars or other bodies)
as for an ordinary observation, but there is now no necessity to take out the azimuth
or to convert to true azimuth. The tabulated altitude is corrected by Table I or
Table XV as necessary, and the intercept formed by the usual rules. The intercept
is then set off from the assumed position fowards or away from the direction of the
object observed, this direction being taken as true north or true south; the position
line is thus drawn in as a parallel of latitude. Although the procedure of entering
the tables is exactly the same, this method saves a considerable amount of work in
the plotting of the position line.

A list of the auxiliary tables is given in the list of contents; in general the titles
of these tables are self-explanatory and their use either self-evident or explained on
the page concerned,

Tables VII, VIII, IX, X, XI and XIII are arranged as critical tables, so that
the result is obtained immediately without interpolation. The argument is divided
into intervals, successive intervals corresponding to successive values of the result;
for any values of the argument, inside one of these intervals, the corresponding
result is the quantity opposite that interval and has in general a maximum error of
less than half a unit in the last figure given; when successive values of the result
are not consecutive integers, this error can rise to half the difference between
successive values. The tabulated values of the argument correspond to half-way
values of the result, and these are always chosen so that when the argument is exactly
equal to one of the tabulated values, the nearest value of the result is the one
corresponding to the previous interval. Thus the rule to be followed is:

When the argument is an exact tabulated value, the upper of the two
possible values of the result should be taken.
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(427/2/15773) (ASTRONOMICAL NAVIGATION, VOL. K) o*



ILLUSTRATIONS .

Exampls 1.—On 1939 February 28, local date, about two hours after sunset, in
dead reckoning position latitude 48° 17°N., longitude 125°20°W., star number 3 {Aldebaran)
was observed to obtain a position line, Corrected sextant reading 52° 20’; G.M.T.
of observation o3b 58m 148,

From Table IV, page 92 : From Air Almanac, 1939 Mar. 1
Long. 120° W. (approx.) G.HA.r (o3bs50m) . 21_-; 34.
Approx. Hrs. Date Increment { §m 148) 2 +04
LMT. 2000 Feb, 28 S.H.A. (No. 3) . 29I %3

G.M.T. 0400 Mar. 1 G.HA. of star . - 509 31

Long. of ass. position . —125 31

384 oo
—360
From page 10: 3 7
Lat. of asa. position 48° NORTH Star No. 3 H.A. 24°
Tab. Alt, . . . 5; 46' No correction for Tab, Az. 140°
Correction. . . — date is necessary
in 1939.

. Tab. . . 6 )
Corz ST::‘:ht Ale. 5: :o Assumed position : From Table I,

’ A -3 Lat. 48°N. page 9o :
Intercept . . . 26" away Long. 125° 31° W. True Az. 220° T,

. Example 2.—On 1950 August 17, Greenwich date, in dead reckoning position latitude

45° 52’ 5., longitude 26° 29’ E., star number 13 (Fomalhaut) was observed to obtain a
position line. From the A/mamac of that date it was found that the G.H.A. of the star
corresponding to the G.M.T. of observation was 15° 14". Corrected sextant reading

53°54".

GHA.ofstar . . 15 14
Long. of ass, position . 26
R s ng. o posy + 46
Lat. of ass, position 46° SOUTH Star No. 13 HA g2°
Tab. Alt. . . . 5;; 4_;, f . . =12 Tab. Az. ror®
Correction (Table I} . - 2 Year . . 1950
Corr. Tab. Alt. . . 53 43

Assumed position : From Table I,
Corr. Sext. Rdg.. + 53 54 Lat. 46°S. page 91 :

Intercept . . . 11’ tomards Long. 26° 46 E.  True Az, 281°7T.
ar4
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- ILLUSTRATIONS

Example 3.—On 1939 March 1, local date, at approximate local noon, in dead
reckoning position latitude 48° 40 S., longitude 46% 47’ W., the Sun was observed to
obtain a position line. Corrected sextant reading 49° 03’ : GMT. of observation
ish 11m 278,

From Table IV, page 92 : From Aér Almanac, 1939 Mar. 1:
Long. 45° W. (approx.} GH.A. (15" 10™) . 4;. 21
Approx. Hrs, Date Increment ( 1™ 27} . 22
21:111‘_ ::: E : G.H.A. of Sun . 44 43
o ) Long. of ass. position . — 46 43
- 2 oo
From page 122: +360
Lat. of ass. pogition 49° S. Dec, 7° 46’ S. SAME name H.A. 358°
Tab. Alt. . . 4-}' 59 4 . . +66 Tab. Az. 177°
Correction (Table XV) + 46 Minutes of dec. 46
Corr. Tab. ‘;lfi'g - 48 ;5 Assumed position:  From Table III,
’ ) a - 4993 Lat. 49°S. page 91
Intercept . . . 18’ lowards Long. 46° 43’ W. True Az. o03°T.

Since there is a donble border rule opposite the entry on page 122, this observation
may be reduced by the method described on page 213. In this case the intercept is set off
from the assumed position fowards the Sun (i.e. northwards), and the position line drawn
as a parallel of latitude. There is then no necessity to take out the tabulated azimuth.

Exampls 4—0n 1939 March 2, local date, shortly before sunrise, in dead reckoning
position latitude 44° 38 N., longitude 147° 08’ E., Mars was observed to obtain a position
line. Corrected sextant reading 20° z2’; G.M.T. of observation 1g® 38% 17

From Table IV, page 93 : From Air Almanac, 1939 Mar. 1:
Long. 150° E. (approx.) GHA. (1% . . 185 s0
Approx. Hrs, Date Increment (38™ 17%) . 9 36

L.MT. oboo Mar. 2

H.A.of M . .
G.M.T. 2000 Mar, 1 G.HLA. of Mars 195 26

Long. of ass. position .+ 147 34

From page 185 :
Lat. of ass. position 45° N. Dec. 22° 39" S. CONTRARY name H.A. 343°
© Tab. Alt. . . . 21 16 d . . . —59 Tab. Az. 163°
Correction (Table XV) — 38 Minutes of dec. 319
Corr. :::t' ‘;i; - :z :: Assumed position:  From Table IIJ,
e Lat. 45°N. Ppage 90
Intercept . . . 16’ away Long. 147° 34’ E.  True Az, 163° T.
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IVa.—CHANGE OF SEXTANT READING WITH TIME
Due to motion of

body observed Due to motion of observer

Trie | Latimde | G it Ground speed in m.p.h, R erenee
muth muth True Az. True Az
of of of body of hody
body [45° 47° 49°| body Ta::k 100 130 160|190 220 250|280 310 340 Tmn‘:k
090 |+32 +31I +30( og0 000 +4 +6 +7| 48 +10 411|412 +13 415§ 360
095 3z 31 29| o8g cos 4 6 7 8 10 11| 12 13 1§ 355
100 31 30 29| oSo 010 4 6 7 8 o 11| 12 13 15 350
05 | 31 30 29| 075 015 4 5 7| 8 9 10| 12 13 14| 345
110 3o 20 28| oyo 020 4 5 7 8 ¢ 10| 11 13 14 340
11§ 29 28 27| obg o025 4 § 6 7 ¢ 10} 1I 12 13 335
Iz0 |+28 +27 +26| obo 030 +4 +5 +6f +7 48 49411 +12 +13 330
125 26 25 24| oss o3s 4 5 6 7 8 g| 10 11 12 335
130 | 24 24 23| os50 o040 3 4 5{ 6 7 8] 9 10 11| 380
135 22 22 21| 045 045 3 4 5§ 6 v 8 9 10 IO 315
140 ( 20 20 19| 040 o050 3 4 43 5 6 71 B 9 9] 310
45 | 18 18 17| 035 055 2 3 4/ s 5 6| 7 8 8 308
156 [+16 +15 +15| 030 060 +2 +3 +3| +4 +5 +5| +6 +7 +7| 300
155 | 13 13 12| 028 obs 2 2 31 3 4 s/ 5 6 6| 205
160 II 10 I0| 020 070 I 2 2 3 3 4 4 5 % 200
165 8 8 8| oig o075 I I 2 2 2 3 3 3 4 285
170 6 5 5| oro oSo +1 41 12 I 2 2| 2z 2z 3 280
1758 +3 +3 +3| oos 0dsg o o+r1| +1 +1 +1| +1 +1 +I1 275
180 o o of ooo 090 ©o o o] o o© o o o o 270
185 -3 -3 -3! 358 095 0 o0-rf -1 -1 —-1| -1 -1 -I 2065
190 6 5 5| 350 100 -1 -1 I I 2 =z 2 2z 3 260
195 8 8 B| 345 108 1 1 2 2 2 3 3 3 4 255
200 II 10 10| 340 110 I 2 2 3 3 4| 4 s s 250
20§ | 13 13 I1z| 335 115§ 2 2 3| 3 4 5[ 5 6 6 245
210 |~16 —15 —15| 330 120 -2 -3 -3| 4 -5 -5{ -6 -7 -7 240
215 1B 8 17| 325 125 2 3 4 5 s 6] 7 8 8 z35
220 | 20 20 19| 320 130 3 4 4] 5 6 71 8 9 9| 230
225 | 22 22 21| 3I§ 135 3 4 5 6 7 8 9 10 IO 225
230 | 24 24 23| 310 140 3 4 5/ 6 7 B8 9 10 11] 220
235 26 28 24| 308 145 4 5 6 7 8 9| 10 11 12 a1
240 |—28 —27 —26] 300 150 -4 -5 ~6| -7 -8 —9j-11-12-13 10
245 | 2z 28 27| 205 IS5 4 5 6] 7 9 19| 11 12 13| 208
250 3o 29 28| 290 160 4 5 7 8 ¢ 10| 11 13 14 200
2s5 | 31 30 29| 285 165 4 5 71 8 9 10} 12 13 14| 19s
260 31 30 29| 28Bo 70 4 6 7 8 o 1rj 12 13 13 190
265 32 31 29| 27§ 178 4 6 7 8 10 11| 12 13 15 185
270 |—32 —31 —-30| 270 180 —4 -6 —7] -8 —10 —11}~12 —13 —1§ 180

The theoretical change of sextant reading in any interval of time depends partly on the
motion of the body observed across the sky and partly on the motion of the observer over
the Earth's surface.

The two tables above give this change, in an interval of three minutes of time, due to each
of these causes; a -+ sign denotes that the sextant reading is increasing, and a — sign that
it is decreasing. The theoretical change of sextant reading in three minutes of time is
obtained hy combining the appropriate entries from each table,
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”
IVb>.~CHANGE OF SEXTANT READING WITH TIME

Ir‘n:der- Change in 3@ (from Table IVa) Invl;rlr-
of of
time | 0" 37 6" o'12'15"|18"21"24" |27 30" 33" [ 36" 39" 42" | 45" 48" 51" 54757760’ | time
» a ’ ’ ’ » ’ ’ ’ I3 * r ’ . r, » ¥ z ’ r I ’ ’ m 2
000 | 0 0 0l 0 © 0j 0 0 ol 0o 6 0/l ©o 0 ¢l o o0 0ol 0 o o] o 0o
95 | o o 0ol o o ol o I 1|1 1 1|1 1 1]1 1 1|2 2 2 o5
10 oo ojo 1 1{1 1 1{22 2|2 2 223 3/ 3 33 10
IS5 | o o of xr ¥ 1|2 2 2|2 2 3/3 3 4/ 4 4 4| 4 5 3 5
20 | oo 1] 1 1 22 2 3|3 3 4/4 4 5[5 5 6|66 7 20
25 |o o 1|1 2 2{2 3 314 4 5|5 5 6[(6 7 7/88 8 25
03010 o0 112 2 2|3 4 4|4 5 6/ 6 6 718 8 8| 91010]| 030
35 (o1 1|12 2 3|4 4 5|56 6(7 8 8 9 9101011z 35
40 | o ¥ 1} 2 3 3|4 5 5/6 7 7|8 9 gofr0r 11|12 13 13 40
45 o 1 2,2 3 4(4 5 6] 7 8 B] 91010|11 12 13|14 14 15 45
50 | o1 2|2 3 4|5 & 7! 8 8 9|ro 11 12{12 13 14|15 16 17 50
055 | 1 2|3 4 5/6 6 7 8 91011 12 13|14 15 16|16 17 18| o0 5§
To0 (o 1 2{3 4 5|6 7 8/ 9grouxr|1z1314|1516 17}18 19 20| 1 00
95 | o 1 2| 3 4 5/ 6 8 9|10 11 12{13 14 15|16 17 18|20 21 22 o5
0o 1 24 5 6/ 7 8 9|1o1213|[1415 16 18 19 20|21 22 23 10
IS5 | o 1 2 4 5 6| 8 910|121 12 14|15 16 18|19 20 21 22 24 2§ 1 {1
20 | o1 3;: 4 5 7| 8 91rf1z 13 15|16 17 19|20 21 23 24 25 27 20
25 | o 1 3( 4 6 7] 810 11|13 14 16{17 18 20(21 23 24|26 27 28 25
13 (o 2 3| 4 6 8| 9101214 15 16]18 20 21|22 24 26|27 28 30| 1 30
35 | o 2 3| 5 6 8|10 11 13|14 16 17|10 21 22|24 25 27 28 30 32 3s
4 | o 2 3 5 7 8l10 12 13]15 17 18|20 22 23(25 27 2830 32 33 40
45 | © 2 4{ 5 7 9|10 12 14|16 18 19|21 23 24|26 28 30|32 33 35 45
50 { o 2 4] 6 7 ofrx 13 15|16 18 20|22 24 26|28 290 31 33 35 37 50
155 | o 2 4| 6 8 10|12 13 15|17 19 21|23 25 27|20 31 33 34 36 38| 1 35
200 | o 2 4| 6 8 ro}l1z 14 16 18 20 22|24 26 2830 32 3436 38 40| 2 00
o5 | o 2 4| 6 8 10|12 15 17|19 21 23|25 27 29|31 33 35138 40 42 o5
10 1 o 2 46 o 1x|x3 15 17|20 22 24|26 28 30|32 35 37 39 41 43 10
I5 10 2 4 7 9 11|14 16 18 20 22 25|27 20 3234 36 38|40 43 45 15
30 | o 2z 5|7 91214 16 19|21 23 2628 30 33 (35 37 40|42 44 47 20
25 | © 2 5| 71052114 17 19|22 24 27 (29 3T 34|36 30 41|44 46 48 25
23010 2 5{ 8 1012 15 18 20|22 25 28|30 32 35|38 40 42|45 48 50 2 30
35 | © 3 5| 810131618 21|23 26 28|31 34 36{39 41 44|46 49 52 35
40 | o 3 51 811 13[16 19 21|24 27 29(32 35 37]40 43 45|48 51 53 40
45 | © 3 6] 8 1x 14|16 19 2225 28 30{33 36 38|41 44 47|50 52 55 45
50 | © 3 6| 811 14{17 20 23|26 28 31|34 37 40|42 45 48|51 54 57 50
255 | © 3 6] 91215718 20 23/26 29 32|35 38 41|44 47 50|52 55 58| 2 55
300 |0 3 6] 912 15|18 2r 2427 30 3336 39 42|45 48 51|54 57 6o 3 oo

This table gives the theoretical change of sextant reading in any interval of time up
to 3@, in terms of the change in 3™ obtained from the tables on the opposite page. If the
£ interval is greater than 3™, it may be split into multiples of 3™ and a residue, and the
;  corresponding entries from the table- added together.

A knowledge of this change enables sights on different objects taken at slightly different
times to be adjusted to a specified exact time, which may be either the exact time of one
of them or a moment when a fix is required for a particular reason.
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V.—DIFFERENCE BETWEEN RHUMB LINE

‘_‘ﬁ

N. 45°49° AND GREAT CIRCLE DISTANCES S. 45°-49°
= =S
4 2 Change of Longitude -g £
£%.8 E%8
3 3|5°10° 15%120°25%30% 35740%45%) 50755°60°) 65° 70° 757 80° 857 9o 4 8
0 o
[N.6ofjo 1 2|3 6110|1522 30 41 53 69| B7 100 134 | 162 195 232 | 5. 60
sslo o 1|3 5 9|13 2028 38 51 66| 84 105 130 | 159 192 229 55
solo o 1|2 5 8113102737 49 64 | 82 103 127 | 156 188 226 50
450 o 112 4 8! 1218 26|35 47 62 | 79 100 124 | 152 184 221 45
_4qo0]o o 1|2 4 811218 25| 35 46 60 | 77 97 121 | 148 179 215 40
[N.as|o o 1|3 5 8| 1218 25|34 45 59 |75 94 117 | 143 173 208 | S. 35
30]o 1 1|3 5 8|121724(334457(72 91 112 137 167 200 30
2810 1 2|3 5 8| 121724 324255]|69 87 107 ] 131 159 191 25
20lo 1 2|3 5 812172331 405266 82 101|124 150 180 20
15]o 1 2|3 5 8|121622]303049|62 77 95| 116 140 168 18
.10}o 1 2|3 5 8|11 16 21 | 28 36 46 [ 58 72 88 | 108 130 156 | S. 10
. 5lo 1 2|3 5 7|111520]263443|53 66 81| 909 110 142 |S. §
olo 1 2]3 5 7|101418]243139]|49 60 731 89 107 128 ]
S.5|o 1 1}3 4 6} o317 222835[43 54 65| 79 95 114 [N. §
wlo 1 1l2 4 6| 81115|192531[38 47 57| 60 B3 oy 10
S.i15|o 1 1{2 3 5] 790 13}172127]33 41 49| 59 71 85 [N. 15
20|lc o 1]2 3 4] 6 g11]1418 23|28 34 42| 50 60 71 20
25|o o 1]2 3 4} 5 71012161924 290 35| 42 49 s8 25
30|o o 1{1 2 3} 5 6 8|1013 16|20 24 29| 34 41 48 30
35|00 o {1 2 3| 4 6 7| 9Ir 14|17 21 241 20 34 40| 35
S.40f0 0o 1|1 2 3| 4 5 7| 8101376 19 22| 26 30 35 FN4.0
4 fo o 1|1 2 3] 4 5 7| 91r 13116 19 22 26 30 35 45
sofo o 1|2 2 3| 5 6 8|101316}19 22 26| 30 35 41 50
55fo o 12z 3 5| 6 8 1r|x31720|24 20 34| 40 46 53 55
S.60fo 1 2|3 4 6| 81115/ 18232833 40 47| 55 63 473 IN.6o

This table gives the difference, in nautical miles, between the distance from one
place to another by the Rhumb Line track and the distance by the Great Circle track.
It is based on a Latitude of Departure of 47°, but may be used for any place of departure
between latitudes 45° and 49°. Of the two argument columns headed Latetude of
Destination, the one on the left is to be used when the place of departure lies between
N. 45° and N. 49°, and the one on the right when the place of departure lies between
8. 45° and 5. 49°.

The table is intended to give only the approximate difference of distance between
the two tracks. For intermediate values of the arpuments Latitude of Destinalion and
Change of Longitude, the figures in the table should be interpolated by inspection. If
the Latitude of Departure differs by the maximum of 2}° from that on which the table is
based, the error in the result will not exceed 3 miles up to a Change of Longitude of go0°,
but may reach 7 miles for a change of 70°, and 13 miles for a change of go°.

Example.—Required the difference in distance between the Rhumb Line track and
the Great Circle track from Quebec (Lat. 46° 48 N., Long. 71° 13" W.) to London
(Lat. 51° 32’ N., Long o° o5’ W.). ’

Entering the argument column on the left with the Latitude of Destiration of
- 51° 32" N,, and interpolating by inspection for the Change of Longitude of 71° o', it
will be seen that the difference in distance 1s about 110 nautical miles.
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V1.—ADJUSTMENT TO REFRACTION
IN SPECIAL CONDITIONS

Vil.—rRUR AZIMUTH OF

THE POLE STAR

Height Observed Altitude Height 194,0-;‘960 1960—1':80 1980-2000
in in LHA. [T ILHA. 1€y s True.
feet  110° 15° 20930° 45° 6o°| metres P n?lzllti:l o :ﬁ'ﬂ; - :::L

» r # 4 ’ ’ -] L) -]
ol-1 ¢ ol o o o o o _° o _° o _°
. oo1 o001 co1
§000| o 0o ol 0o o of 1500
10000 [4+1 0 ©| ©¢ o o 3000 oco 000 9 000
15000 | 1+1+1| o © o 4600 47 53 61

20000 2 1 1{+1 © o] 61loo 186 359 187 359 189 359

25000 2 1 1| I © of 7600 000 ooo 000

30000 | 3 2 1{ I o o groo 227 233 241

35000 | 3 2 1] 1+4+1 o] 10700 60 oot 60 oot 60 oot

40000 (3 +2 +2 41 +1 o 12200 3 3 3

This table gives the additional
correction for refraction to be applied to
the observed altitude beyond that already
included in the altitude tabulated in the
main tables, It is only intended for
use by an observer at great heights when
special accuracy is required,

These tables give the True Azimuth
of the Pole Star, over various periods of
time, for an observer between latitudes
N. 45° and N. 49°. The argument
L.H.A.«r is obtained from G.H.A.r by
subtracting west longitude or adding east
longitude,

VIll.—DIP OF THE SEA HORIZON

Height Height Hg'ght Height Height Height Hﬂ;h t Hq.,'ght Halgh‘l._‘ Height
ot B ometes | bt B omeme | o B mam | e £ mie | 1% £ mem
o o 437 _° 133 | 1700 ‘ 5203810 _c 1160] 6740 _’ 2050
2 ; 481 :; 146 | 1790 :; 546 | 3930 g; 1200 | 6g10 g; 2100
6 3 I 527 23 160 | 1880 P 573 | 4060 63 1230 | 7080 83 2160
12 + 3 575% 24 175 | 1970 4 6oo | 4190 64 1270 | %250 84 2210
21 p 6 625 25 190 | 2060 45 628 | 4330 65 1320 { 7430 85 2260
3t o 9 677 26 206 | 2150 46 657 | 4460 66 1360 | 7610 g6 2320
43 ” 13 731 27 222 | 2250 s 686 | 4600 67 1400 | 7790 87 2370
8 g 17| 787 5 2402340 48 716 473 68 ugo govo gg 2420
oo on|smmiel Nt e e e
g 734 | 068 30 205 | 650 :, 8og s:7ﬁ~';I 1570 | 8520 7 asgo
127 12 4 {1030 32 314 | 2760 o B41 | 5320 72 1:2: 8710 92 2650
ls; 3 B a3 338 "Bz 53 ;’,g e Sog 8goo 5 2710
1 57 | 1 356 | 29 5620 1710 | 9100 2770
218 4 66 | 1230 3% 377 | 3090 5 sy ;‘; 1760 | 9z2g0 g; 2830
LI R O I ied Fnodt IR ook vod [ ol B
318 :g 97 | 1460 :;; 446 | 3440 :g 1040 | 6250 ;Z 1900 | 9890 378 joro
356 19 108 | 1540 0 47 3560 ° 1080 | G410 79 1950 | 10100 O 3070
395 . 120 1620 495 | 3680 go 1120 | 6580 go 2000 | 10300 0 3140
437 133 | 1700 Lad 520 | 3810 1160 | 6740 2050 | 10500 3200

This table gives the dip of the sea horizon, in minutes of arc, with argument height
of eye of the observer in feet or in metres, It is only required when the altitude is
measured from the sea hotizon. The dip is to be subtracted from the observed altitude.
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% X.—DISTANCE TO THE SEA HORIZON IN NAUTICAL MILES

Heght  Height| Height  Height| Height  Height| Height _ Helght| Height  Heghit| Helght . Belght
m g i in 3 in in F in in E L in @ i n ¥
ot 7 metres| fort A oactres| foet B metres| feet metrea | oot A metres| et B metres

° ol afy 87) 1120 341 ] 2500 762 | 4420 1340 | 6890 2100
s ! 37 % 96| nro 3 3s0f 2580 5B 88| ase0 TTzbo| 7o4e % at40
4 2 1 349 21 06| 1240 40 3781 abyo g: 815 | 46s0 7 1420 7180 97 2190
o 3 2| 382 2 16| 1300 4X 396 az6o 7 83| ayro 2 1se] 7330 98 Sa30
15 4 4| 417 B 1ay]| 1360 42 416] a8s0 21 871 4000 71400 7480 99 a2bo
aa 3 6] 453 3} 138 1430 43 436] 2950 2 9oo| soz0 o 1530 7630 Tor 3320
3 9| 491 33 1o 1490 2 456 340 6: 929] 5140 - 1560| 7780 177 3370
42 g raj sy 165 | 1560 :‘g 477] 3140 Y os8| sajo 8:16‘” 102 2420
<4 6] 571 37 174] 1630 ¥ a08] 3240 6 9881 s300 otibo| 8100 07 2460
68 9 20| 614 1871 1700 47 sa0| 30 1010 $§520 s3168:: Baso "™ as510
83 10 as 658 %9 200| 1770 48 542 | 3440 2:050 5650 g, 172° 8410 l:g as6o
100 "' 30| 703 3° ate] iBse 40 64| 3540 o 1080] 5780 f1760] 8570 172610
18 @ 36| 750 3! 228| 1920 39 87| 3bs0 59 1110] 5920 5 1800| 8730 'gzﬁﬁo
137 13 4a| 798 3% a43f 2000 5% 61| 370 7°r1aeo| Boso 2 1840| 8900 1% ayio
158 ' 48| 848 33 358 20% 52 gac| 3860 7' r170| 6190 9° 1880 | gobo 99 2760
B g goo 34 94| 2160 53 059 ao70 7% ja10] 6330 9 toz0| gz30 119 2810
20s 1 6zl 953 35 290 az40 4 6B4| 4080 73 1240{ 6460 ¥ 1970| 9400 !T}
231 7 70} 1000 36 307 | 2320 sg 200| 4190 ™ 1270] 6610 93 a010| 9560 ' 2510
a8 8 28] 1060 37 3a4| agro 3% 735 430 7% 13i0| 6730 Maose] gm0 14 ag6o
a8y ™ 87| 1120 3 34| 2500 57 62| 4420 7% 1340 6890 95 2100] 9910 4 3020

1), —DISTANCE TO THE SEA HORIZON IN STATUTE MILES

Height H?J@:hlm.wtwdwwdﬂ?}ﬂw Height

Fleghe . Mol k] m § R in in in h 3w
feot En:hu fest [ meires fert [ Detres feot medres font ﬂm fect sm
o o] 288 87| 1120 344 | as20 768 4460 1360 | Gobo 2130
r ! ste 33 gs| 1180 45 359| ase0 97 791} 4560 1300 7080 F1¥ ar6o
3 2 1] a2 M rog] 13y 4 35| 260 g 815] 4670 9 1420] 7210 '12 2190]
6 3 al 3p 33 n3| 1o 47 502 ayso 7 839| 4770 9 uso| 7340 1132230
4 3 400 20 raaf 10 T 48| aBo ™ 853 4870 % 14Boi 7470 114 azp0f
7 g st 431 az 131 1390 ;‘: 25| 2910 ;a 838| 4980 giISIO ﬁm::g 2310
4 7 463 41| 1450 43| 2990 913| 5090 1s5¢| 773° 2350
32 7 ol 496 29 1s1| 1st0 57 460| 2080 73 g38] s200 %5 1580] 7870’7 2390
41 8 s30 3% 61| 1570 2 gp| 3160 74 g6y | s300 96 610! Booo 118
st 9 15| 3565 3" 17| 1630 53 497| 3250 ;g 990 | 5420 gglﬁso 8140 19 2480
62 ° 19| 6oz I 83| 1690 4 16| 3330 1010| ss30 1680 | 8280 '3 zc20
u 33 55 77 o 121 25
5, B 639 195 [ 1750 o 535| 3420 _g 140 5640 - 1730| 8410 ) 2560
89 27| 678 3* 206 1820 0 554 3510 7 1070| s750 2% 1750| 8550 127 2600

103 13 31| 218 33 aig| 1880 57 574 3600 70 1090| 5870 107 1700 8690 1232650
1o ™ 36| 750 3% a231f 1050 50 so4f 3690 Purao| sog0 %1820 8830 ‘M 2600

15 37 59 103 125

137 41 Bo1 244 | zo10 615] 3780 1150 | 6100 1860] 8980 2730

155 0 47| 84s 33 a57| 2080 %° 636] 3880 82 180| 6220 7 1890 | 9120 30 2580
17 6» 83 10 2

174 o 53 889 39 271} arse 62 657| 3970 24 1zie | 6340 10(55 1930 | 9ayo :zgzazo

195 so| o35 *° 85| 2220 92 678| 4070 f 1240 | Gape 1% 1970| 9410 12° 2820

216 2 66| o8z 4 299| z90 gi 200 4160 :glz']o 6580 ':782.000 9360 29 2910

330 %0 73| 1030 42 313| agro (b 23| 4abo goxseol 6710 0 a0s0| g710 TV age
263 Bo| 1070 43 328 2440 3 745| 4360 g} 1330| 6830 199 2080 | 9860 13! 3000
288 ¥ 87| nzo M 34| aswe 768 | 4460 1360 | 6gbo " 2110 | 10000 13 yo00

These tables give the distance to the sea horizon, in nsutical miles and in statute
miles, with argument height of eye of the observer in feet or in metres.

At the moment when an object of known height is just appearing or disappearing
over the sea horizon, its distance may be found by adding the distance corresponding to
its height to the distance corresponding to the height of eye of the observer.
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X.—TABLE OF RANGES IN NAUTICAL MILES -

The tables below and on the opposite page give the distance, to the nearest 5 nautical
miles, of an object, whose height is known and is greater than the height of the observer.
The arguments of the table are the observed angle of elevation to the object, and the
difference tn height between the object and the observer, expressed in fect or in metres.

Example—An observer, whose height is 1,500 feet, finds that the angle of elevation
to the summit of a mountain, whose height is known to be 7,000 feet, is 0° 48’. Required
the distance away of the mountain.

The difference in height between the mountain and the observer is 7,000 — 1,500 =
5,500 feet. Entering on the opposite page the column headed o° 50" (the nearest tabulated
value to 0® 48"), and choosing the left-hand of the two argument columns since the
height is measured in feet, it is seen that 5,500 lies in the interval between 5,130 and
5,910, so that the distance of the mountain, to the nearest § miles, is 45 nautical miles.

The tables on pages 226 to 228 give the distance of an object, whose height is
known, and is ess than the height of the observer. The arguments of the table are the
observed angle of depression to the object, and the difference in height between the
observer and the object, expressed in feet or in metres. The distance is given to the
nearest mile up to 1o nautical miles, and to the nearest 5 miles from 10 to 60 nautical miles,

Example —An observer, whose height is 1,500 metres, finds that the angle of
depression to a ship is 5° 37°. Required the distance away of the ship.

Entering on page 228 the column headed 5° 30’, and choosing the right-hand of the
two argument columns, it is seen that 1,500 is an exact tabulated value, so that the
distance away of the ship is 8 nautical miles.

On page 226, figures in ialics represent the difference in height, when the object
obseroed is beyond the sea horizon. 1If it is uncertain whether the object is beyond the
horizon or not, and the two parts of the table give widely different results, there should be
no doubt which is the correct one, while in doubtful cases the error will not be seriocus.

These tables are intended to give only the approximate range. ‘They should prove
a more reliable guide for large angles of elevation and depression than for small ones.

Height of object greater than height of observer

Angle of elevation

-] , o

4° oo 40 3° 20 3° oo 2" 40

Height £ Height | Height § Poieut| Helgnt g Heght| Helent & Height| Height §,Height Height £ Height
in 5 in in in in in in in in in in in
feet  of mwtres feet o metres feet metres feet metres feet o metres feet metreg

o o o [ ] o [+] o o =] o o o

1060 0 325| 978 T 298| 8o © zyr| Bt © 2] 71z © a1y| 62y © 100
3330 % o85| 2960 5 gog| 2600 5 8az| 2430 5 741| 2160 5 660| 1908 5 579
5430 1© 1650 | 4990 '@ 1520 4540 T° 1380 4100 I° 1250 3650 %1110 3210 '© 980

52330 7050 20| 6430 S1g60] 5810 'S1z70| s100 15 1s8o| gsv0 15 1390

9950 U 3030| 9150 722700 8350 ioase0| 7550 22 2300] 6750 2c 2050 | 5960 2° 1810

12200 25 30740 11200 25 3440 | 10300 23140 9340 25 2840 8360 23 2540 | 7300 25 2250

14600 3°4450 13400 3°4.loo 12300 3 3750 | 11100 3°34.oo 10000 3° 3050] 8850 3o 2690
17000 35 s5e80 | 15600 354780 14300 35 4370 | 13000 35 3060 | 11600 35 3560 | 10300 35 3150
19400 4° 5920 | 17900 4‘°54.6-o 16400 4’°501:m 14900 4° 4540 | 13400 40 o080 rigoo 4 3620
argoo 45 6680 | 20200 45 6160 | 18500 45 5650 [ 16800 45 5130 | 15100 45 4620 | 13400 45 4110
24400 020 22500 ° 6870 | 20600 5° 6300 | 18800 5° 5730 | 16900 5° st70 | 15100 5° 4600
26900 ggszro 24000 gg';sqo 22800 236970 20800 2‘5,6350 18800 25730 16700 gsxoo
20500 9oco | 27300 8320 | 25100 7650 | 22800 " 6970 | 20600 6300 | 18400 5620
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X.—TABLE OF RANGES IN NAUTICAL MILES

- Height of object greater than height of observer
Angle of elevation
zD ml lo Sol ID 401 lD 3°’ [ﬂ zo’ Io l°‘
Height £ Height | Height %Heg‘“ Height & Height | Height & Height Helght & Height | Height £ Height
TR e e T PR R R R LA
° o =) Q o o ° ° ° o o o
535 © 163] 491 © tan| 447 © 136] 402 O xm2| 358 % 1o9| 314 T 95
1630 5 498| 1500 5 458| 1370 5 4xz{ saz0 5 37| roo 5 336 om 3 agb
a0 '© 45| 2550 ° 777| 2330 *° 710| 2100 2 B43) 1880 % s75| 1660 1° 508
3040 15 ya00 | 3630 I5 y100]| 3320 IS to10} 3020 IS g20| 2710 15 Ba26| 2400 15 o1
s160 2 1570 4760 2 1450 | 4360 2°1330| 3960 2° 1200 3570 221080 | 3170 37 966
6410 25 1950 | 5920 25 1Boo 5440 25 1650 | 4950 25 1510 | 4400 25 1360 | 3980 25 1210
F700 3o 2340 | 7130 30 2170 | 63350 30 1990 | 5970 39 ;820 5400 3% 1640| 4820 30 1470
9030 352750 | 8360 35 2550| 7700 352340 7040 35 2140| 6370 I rge0 i 5710 201740
10400 4° 3160 | 9640 4°2g40| 8890 42 a710| Brgo 40 2480| 7390 47 z2350| 6630
11800 45 3590 rogoo 45 3140 | 10100 5 3080 | gaBo 45 2820 | 8440 45 2570| 7500 45 3310
13200 590 4030 | 12300 50 3750 | 11300 50 3470 | 10400 5o 3180 | 9520 se 2go0| 8xgo 59 2620
14700 2‘5’44.80 13700 55 4170 | 12600 55 3860 | 11600 23550 16600 35 3240| 9630 55 2930
16200 4950 { 15100 4610 | 14000 4290 | 12900 1930 | 11800 6°3600 10700 6°326o
Angle of elevation
1° oo o 55 o° 5o o 45 o° 4o o 35
Height [ Helght| Helght § Height [ Helght $ Height Height g Height! Height § Height| Helght & Haight
in g i in g im in E in in a’ in in in in g in
feet [ metres feet o metres feet  metres feet ot metres feet metres fest o metres
) o o o ) o o o o o o o
270 ° g 247 ° 75 225 ° 68 203 ° 62 8 ° (1 159 ° 43
830 5 as5| 772 5 a3s| 706 5 ais| 6ee 5 xos| s73 S rm| so7 5 oise
1430 %° g0l 1330 10 406] 1220 ' 373| 1o 0 339| 1000 '2 05| 893 17 am
2000 15 637 1930 5 s00| 1780 15 52| 1620 15 4os5| 1470 33 4a8| 1310 13 40
a0 2 845 | 2570 2° 84| 2370 2° 7ag| ar70 2° 663| 1970 2° 6oz| 1770 37 542
3490 251060 3250 25 og91| 3000 25 016| 2760 25 ge2| 2520 25 768| 2270 25 604
4250 39 1290 3960 3° y300| 3670 3% 120 3390 30 1030 3I0C 3o 945 | 2810 30 858
sos0 35 1530| 4710 35 1430 4380 351330| sos0 35 1230| 3720 35 1130| 3390 33 1030
5880 1790} 5500 1670 5130 49 160! 4750 4’°14so 4380 4° 1330| 4000 4 1230
6750 45 2060| 6330 45 1930| soto 45 1Boo| 5490 451670| so70 45 1540| 4650 #1410
1670 50 2330 | ‘200 5% 2190| 6740 50 2050 | 6270 50 910 ] 5810 so 1770} 5340 59 1620
8610 33 2620 8100 ggzqo 7600 55 2310 7090 ggzwo 6580 55 2000 6o70 2‘5’:850
9600 C 2920| gose 2750 | Bsoo " 25001 7940 2420 | 7390 " 2250 | 6840 2080
Angle of elevation
o® 30 o” 2% o° zo o’ 15§ o° 10 o° o5’
Height © Height] Helght © Height| Height § Height| Height & Height| Height § Height| Height § Helght
m B in m 8 m i 5 in i & o in § i in in
foet & metres| feet o metres| feet metres | feet f metres| leet & metres| feet metres
[+] o [+] L] ] 0 0 (-] [+ ] [+ o [+]
137 ° 41 g 2 35 o3 ° 28 s °an 8 ° 26 © 8
o 5 134 74 5 a1a| 308 5 o3| 2 5 w3| 155 5 s3] 100 5
JB2 ™0 238] 671 '° 204 361 ' 171| 4s0 '© 137 330 1© 13| az T 69
160 5 354 1ooo 15 306| Bsz I3 259f 697 1S 12| 542 15 65| 387 15 w8
1570 2° 81| 138 2% 420 1180 2% 360| oBa 20 001 783 2° 238 84 2° 178
2030 25 620! 1790 25 546 1540 25 471 | 1300 25 197 | 1060 25 323 818 25 249
2520 3° 770| 2240 3° 683| 1050 3° s95| 1660 ¥ s07| 1370 3° 4a0| 1090 3T 332
jo60 35 g3z| 720 35 831 2300 35 730| 2060 35 629 r7a0 35 saB| 1400 3% 4a7
3620 4% 1100 3250 40 991 | z870 40 8771 2500 40 762 | 2120 40 648 | 1750 40 533
4230 43 y290] 3810 45 1160 3390 45 1030 2970 45 go7| 2550 45 191 2130 45 651
4880 5° 1480| 4410 %1340 3050 5% raco| 3480 59 1060] 3020 5° 9a2| asb0 3° 780
ss6o 25 1690| soso 351540 4540 55 1380 | 440 35 1230 3530 351070 | 3020 22 gan
6280 1ol s730 17401 5180 1570 | 4620 1410 | 4070 1240 | 3520 1070




X_—TABLE OF RANGES IN NAUTICAL MILES

-
Height of object Zets than height of observer
Angle of depression

o° o 0° 10 o® 1§ o 20 o° as 0 30
Hﬁ‘f‘ gﬂﬂﬁ.‘@‘ Height ?H@&h‘ Height [ Height| Helght § Height| Height £ Height| Height § Height
in in n in g in in in in n in in
feet o metres] feet o metres| feet ¥ metres| feet o metres| feet metres | fast 5 metres
o o o o °© °o , © o  © e o °o  -o©
4 | 73 9 2 3 4 17 [1 21 6 26 . 8
no 3 24 7 38 s U ST, 15 64 _ 19 7, 2
7 5 39 12 61 18 83 25 106 32 127 39
a1 2 6 s2 3 15| 8 i as| 14 3 o3| s 3 4| 16 3 5
u g 64 ¢ 19f 103 B 31| 143 4 43| 133 4 ss{ 223 4 68
25 2 74§ a2l 122 3 37| n g 52| 220 z 67| 268 g Bx
26 ; 8 82 . as| 140 , A W 60| 255 f7|l 312 95
24 g 89 g 7 156 g 47| =22 g 67| 288 ; 88| ass g 108
a7 95 o 29| 170 o 52| a5 74| 330 o 97 396 120
B 2 s 99 2 3| 183 7 ss5| 267 9 81| 351 ro7| 435 2 132
o o 103 [ 3| z3 o 640 323 O o8} 434 o133 544 (o 106
77 33 24| a5 g0l 386 15 117| sar 'S 14| 60s 15 ana
I3 4] 213 2 65] 421 2 1a5]| 6bog 2° 185| 808 3 45
o %5 b 155 25 481 308 25 raz| 640 35 195| 884 25 a6
59 ¥ 18| 346 3° ro6{ 634 3° 19¢4| o921 3° a8
0 35 ol 258 35 y9| sp0 35 180| o2r 35 ag
130 4° 40| 506 ° 155| 882 4° a6y
o 45 o] 385 45 18| Bos Y5 a4
226 3% 69| 690 5° anr
a8 35 9| 53 35 164
[} o 346 106

Angle of depression

o° 15 o® 40 o° 451 o° sor o° 55 ° oo
Helght gﬂeight Helght & Height | Height § Helght Height g Helght| Helght § Height| Height § Height
in n n E in W F W m £ M m 8 i m 8 m
fost metres fret metres feet o metrea feet of metres fect o metres feet o metres
o o o o ° L] [-] ° -] o o (-] o o (v} L+] ° o
I 9 35 | 10 39 | 12 # | 13 4 0 o 52 16
ot , a7{ voq _ 3rf a7 35| w0 o 39| e . 43| 157 47
150 45 172 52 104 50 216 63 238 72 zbo 79
ao7 3 63 218 3 & 269 3 82 jo0 3 o1 331 3 100 362 3 110
263 4 8o 02 * o2 42 4 104 382 4 116 422 4 raB| 462 4 o
317 g ob 366 g 11 414 g 126 403 g 141 512 g 156 sbo ‘55 170
370 ; 112} 4a7 , 130 48s% , 147 542 z 165 6oo , 182 657 7 200
421 o 1aB1 488 o 1481 554 g 168| 620 5 18g| 687 ¢ 200| 753 g 239
471 43 546 9 166} barx 0 189 | 696 o 22| T2 a3s 847 ¢ 258
st9 o 1s8| 6oz * 1Bz 687 ° o209 771 " oa3s) 855 0 260) 939 O 286
6ss o 199| 765 [ 233] 876 _ 267| o086 1g 30| 1090 o 334 1200 368
850 23 259 | 1000 ms: 306 1160 zg 353| 1310 2 400| 1470 2 448} 1620 20 495
1000 25 307 | 1200 as 167 | 1400 25 428 | 1600 25 4891 1800 25 549 | 2000 25 610
1o o 3431 1370 b 417 | 1610 30 491} 1850 10 566 23100 10 640 | z340 10 714
1200 3° 368 1490 3° 456] 1780 543! 2aoyo 631 | 2350 719 | 2640 8ob
1250 35 381 | 1580 s 482 | 1910 35 583 | 2240 -32 685] ags7o 35 86| 2910 35 88y
1260 4° 3841 1630 40 497 2000 49 613 2380 4 7271 2760 40 81| 3130 40 056
1230 42 374] I6s0 4'g 502 | 2060 42 629 | 2480 4’3 787] 2900 45, 88s| 3320 ;g 1010
6o 5° 352] 1620 5 494] 2080 5 634| 2540 5 776 | 3010 5 918 | 3470 p 1050
r050 35 3191 1560 35 g74) 2070 35 6ag| 2570 35 7B3| 3080 35 38| 3580 35 rogo
8og 274 | 1460 4431 2010 61r| 2560 7801 3110 o47 | 3660 1110

For explanation, see page 224.
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” X.—TABLE OF RANGES IN NAUTICAL MILES
A )
- Height of object less than height of observer
Angle of depression
1° 10 1° 20 1° 30 1°. 40 1° 50’ 2° oo’

- i [ 1 1 - 3 ql "o i
groge| T o e gl g g usen) s gt g g i
foet (¢ metres{ feet metres | fest 3 metren | fest 3 mostres | feet o metres | feet metres

o L+ ] o L] L+ ] 0 0 o [ ] [+] (4] (-]
61 ° 18 7 ° a1 79 % 24 88 % 26 97 ° 29 106 © 3
183 ' 56| 210 ' 64| 237 ' 73| 263 ' Bo| =200 ' 88| 316 ' o6
305 2 92| 340 2 106| 303 % irg| 437 % 133| 481 % 6| 526 2 160
424 3 azo| 486 3 148 48 2 167| 610 3 i85| 672 3 a2a4| 734 3 223
s41 4 165 621 * 189 wor 4 213 w8 4 z38 860 4 z62 o0 4 286
658 3 200| 755 F 20| Bsa 7 as9| gso 7 aBg| 10 2 319 140 7 349
772 23§ 887 270| 1000 305 | 1110 340| 1230 375 | 1340 410
886 g 270| 1010 g 3vo| 1150 g 351 | 1280 g 391 1410 g 433 | 1550 ; 4732
097 304 | 1140 350| 1290 395 | 1440 441] 1590 487 1750 513
1100 9 3371 1270 9 388 | 1440 9 440 | 1610 9. 491 1780 9 s42| 1940 9 504
1430 '° 435| 1650 T s03| 1870 % 570| 2090 1 638| 2310 !° 705| as30 % 72
1930 15 sBg| 2240 15 684| 2550 5 78| 2860 15 872 3170 15 967| 2480 15 1060
2400 :" 733| 2790 . 853 3190 " 974| 3500 __1090| 3990 U 1210| 4390 1330
2830 25 B6a| 3310 25 1010] 3800 23 1150| 4200 25 1300| 4770 35 1450] s260 25 1600
3220 3% 982 3700 3%1r1s50| 4370 3%1330| 4040 I%1s500| s520 3° 1680 Gogo 3% 1850
as7o 35 1oBa| 4230 I35 1200| 4900 35 1490| 5560 I35 1690| 6230 35 :Bgo| 6890 35 2100
3880 49 18 4640 1410| 5390 4° 1640 | 6140 *4° 1870 | 6890 2100{ 7650 2330
4160 45 1270 | 5000 45 1520 s840 45 780 | 668 45 2030 | 7530 45 2200] Ba70 45 235350
4400 % 1340| 5330 3% 1620 6260 1900 | 7190 3% 2190 Brze 3% 2470| goso 5% a7s0
4600 55 1400 | 5620 gg:'no 6640 gmo 7660 gzggo 8670 222640 o6go 35 2950
4760 6°14so 5870 1790] 6980 2120| Bo8o 2460 | 9190 2800 | 10300 6°3t4o

Angle of depression
2- 20! zo 405 30 w.f 3 -] 20' 3° 401 4H m’

Helgit gﬁﬂ'&‘“ Height 5“‘.‘8‘“ Height § Height| Helght 53@@‘ Height © Height | Height gw
in in in in in in n in m 2 in n n
foet metres | feet metres | feet metres | foet metres | feet  (f metrea] feet metres
[ -} ] o ] o o -] ] [} o o
123 ° 37| 1x % 43| 159 ° 48| 16 ° s3| 194 ° 9| 2 ° &
360 1 ara| 422 ! 128] 476 ! 5| s20 ¥ réx| sBa I 77| 636 T 193
614 2 187 703 2 214| 9792 2 241 88 2 268 060 2 95| 1050 2 323
858 3 261 082 3 209 I100 3 337| 1230 3 375| 1350 3 412 1470 3 450
togo 4 335] 1350 4 383 1410 4 43z| 1570 4 481 1730 4 520 1800 4 598
1340 2 408| 1530 2 467] 1730 ¢ sa7| 1920 3 586| 2120 I 46| 2310 F 6
1570 481| 1800 551 | 2040 6a1| 2a70 692 | 2500 763 | 2730 832
1810 g §531{ 2080 ‘; 634 2340 'g q15| 2610 z 796 | aB8o ; 877| 3140 ; 95
2050 625} 2350 717| 2650 8cg| apso go1| 3250 993 | as6o 1080
aa8o Ig 696 26a0 !g 790| 2950 1: 902] 2200 %1000 3630 21100 3970 21210
2970 7 9081 3420 Y1040} 3860 Cri7o| 4300 171310 4750 121440 5700 %1580
4100 zg 1250 4720 5 1430f s3940 Y5 1630 s960 !5 1810 6580 I5 2000 7200 15 2190
5190 2% 1580 5980 2° 1Bao| 6780 2% 2060 7580 2 as10| BiBo 2°agso| or8c 22 2790
6z30 25 1900| 7210 35 2190| BiBo zsaq.go 9160 25 2790 roroe 25 3090] 11100 25 3380
yas0 3% 2210| B400 3% 2560 gsse I% 2910 | 10700 32 3260 r1Boo 32 3610] 13000 32 3960
8220 35 2500| 9550 35 2010 10800 3310 | 12200 35 3720 | 13500 35 4120 | 14800 s 4530
Q150 2790 | 10600 ‘”3250 12100 3710 | 13600 "’°4x7o 15100 4620 | 16700 “osogo
10000 45 3060 | 11700 45 3570 13400 4'54090 15100 45 4600 | 16700 45 5120 1B4o0 45 sb3o
10900 5@ 3320 | 12700 5@ 3890 | 14600 5% (460 16400 ° 5020 | 1B300 5° 5590 | 20200 5° 6160
11700 £5 3570 | 13700 ¢5 4190 | 15800 35 4810 | 17800 35 sa40 | 10900 35 6060|2190 35 6680
12500 aB1eo | 14700 4490 | 16900 5160 | 19100 s840 | 21300 6510 | 23600 6°1xqo

For explanation, see page 224.
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X_—TABLE OF RANGES IN NAUTICAL MILES

Height of object less than height of observer .
Angle of depression
40 3°I 50 w! sD 307 6ﬂ °°1 60 30 70 mI

Height g Height| Height § Height| Height § Height | Height g Helgnt| Height § Height| Height g Height

in g in in g i in n in F] in in in in a‘ in
feet o metres feet o metres feet 2 metres feet o metres feet o metres feet  mwtres
) o o o o o o o ) [ o ©
238 7 72| 265 ° 81| 202 ° 89| 310 ° g7| 346 © 10s] 373 © 113
716 T 218] 796 ! 242 876 1 267| 956 ! 291] 1030 ' 316 rrro I 340
11go 2 363 1320 2 404] 1450 2 44| 1500 2 85| 1720 2 526 | 1860 2 567
1660 3 507| 1850 3 564 | 2040 3 621| 2220 3 679 z410 3 736 2600 3 793
2130 4 651 2370 * 725| 2610 4 798| 2860 4 872 3100 4 45| 3390 * 1010
2600 2 795 2900 3 885) 3190 5 g74( 3490 ¢ 1960| 3780 3 1150| 4080 & 1240
3jo70 038 [ 3420 1040 | 3770 1150 | 4120 1250 | 4470 1360 | 4820 1460
3540 ] 1080 | 3940 7 1200 4340 ] 1320| 4750 § o] s150 7 570 ssso 7 iégo
4010 1220 | 4460 1360 4920 1500 | 53%0 1630] 5830 o] 6290 1910
4470 9 1360 | 4980 9 1510 5490 9 1670 9 1830) 6510 9 1980 | 70z0 9 2140
5860 1% 1780 | 63530 ' 1990 7200 ' 2190| 7870 1° 2390 8540 '% 2600| g210 '° 2800
8140 1'% 2480 gogo 15 2760 { 10000 '3 3050 ] o900 5 3330 [ r1Bao 15 3620 | 12800 '3 3g10
10300 2° 3160 | 11500 20 3530 | 12700 20 3890 | 14000 2° 4260 | 15200 20 4630 | 16400 2° 5000
12500 25 3830 | 14000 25 4280 | 15500 25 4730 | 16900 25 5180 [ 1Bgo0 23 5630 | 19900 25 oS0
14’700 4490 | 16400 3% 5020 | 18200 3° 5550 | 19900 3° 6oBo ‘21700 3° 6620 23400 3% =150
16800 35 5140 | 18800 35 5750 | 20800 35 6360 | 22800 35 6980 | 24900 33 7590 | 26000 35 8210
18900 4° 5780 | 21200 4° 6470 | 23500 4° 7160 25800 7860 | 28000 4° 8550 | 30300 4 0250
21000 43 6400 | 23500 45 7180 | 26000 45 7950 | 28600 45 8730 | 31100 45 9510 | 33700 45 10200
23000 5% 7020 | 25800 5° 7870 | 28600 5° 8730 | 31400 5° gsgo 59 10400 | 37100 5° 11300
25000 gg 7620 | 28000 25 Bss50 [ 31100 3% 9490 | 34200 35 10400 | 37300 gg 11300 | 40400 35 12300
26900 8210 | 30200 *° 9230 | 33600 7 10200 | 36900 11200 | 40300 12200 | 43600 13300

Angle of depression

7° 30 8° oo’ B® 30 9° oo’ 9° 130’ 16° o0’
Height & Height| Height g Height| Meight & Height| Height § Height| Height S Height] Helght § Height

in g i in g i in 9 i in £ In in 5 in in in
feet  metres feet o metres feet E metres feet ¥ metres feet metres feet 52 metres
o o o o o o o o o o ) o
399 7 1ar| 427 O 130 454 © 138| 481 © 46| 508 © 14| s35 © 163
190 © 365 1270 1 390| 1360 ! 45| 1440 | 430| 1520 1 464 | 1600 ' 489
1990 2 608 2130 2 649 2260 2 691 | 2400 2 732 2540 2 774 | 2670 2 815
2790 3 851| 29080 3 gog 370 3 o866 3360 3 1020 3550 3 1080 1740 3 1140
3580 4 1090| 3830 4 1160| 1070 * 1240 4310 4 1310 4560 4 1300 4810 4 460
4380 3 1330 4670 ¥ 1420| 4g70 i 1s10| 5270 3 1t6oo| ss70 § 1600| 5870 3 1790
5170 1570 | 5520 1680 | 5870 1790 | 6230 1890 | 6580 2000 | 6930 2110
5960 g 1810 | 6360 g 1940 | 6770 g 2060 | 7180 g 2180| 7580 g 2310| 8ooo g 2430
6750 2050 | 7210 2190 | 7670 2330| Brjo z470| 8590 2610 | gobo 2760
7530 9 2290]| Boso ? 2450 | 8560 9 2610 gofo 9 2760 | 9boo ? 2020 | 10100 9 3080
9880 ' 3010 10500 '® 3220 [ 11200 1° 3420 | 11900 1° 3630 | 12600 '° 3840 13200 1° 4050
13700 75 4200 | 14700 15 4480 | 15600 15 4770 | 16600 T5 5060 | 17500 15 5350 | 18500 15 s6g0
17600 20 5370 | 18800 2° 5740 | 20000 %° 6110 | 21200 2° 6480 | 22500 20 6360 23700 2° 7230
21400 25 6530 | 22000 25 6980 | 24400 25 7440 [ 25000 25 7890 | 27400 25 8350 | 28900 25 8810
25200 3% 7680 | 26000 3° 8220 [ 28700 3° 8760 | 30500 3° gag0 | 32200 3° 9830 [ 34000 3 10300
28900 35 8820 | 30900 35 9440 | 33000 35 10000 | 35000 35 10600 | 37000 35 11300 | 39100 3% 11900
32600 4° 9950 | 34900 4 10600 | 37200 4° 11300 | 39500 4° 12000 41800 4° 12700 13400
36300 43 11000 | 38800 45 11800 | 41400 45 12600 | 14000 45 13400 | 46600 43 14200 | 49200 45 15000
39900 3% 12100 42700 3° 13000 45600 3° 13900 | 48400 5° 14700 | 51300 3° 15600 54200 7" 16500
43500 55 13200 | 46600 gg 14200 | 49700 35 15100 | 52800 55 16100 56000 gg 17000 | 59100 35 18000
47000 © 14300 ) 50400 " 15300 | 53800 16400 57200 7 17400 | 60600 7 18400 | 64000 19500

For explanation, see page 224.
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-~ X|.——TEMPERATURE CONVERSION
FAHRENHEIT AND CENTIGRADE
°F °C| °F °C| °F °C} °F *C| °F °C] °F °C| °F =C
~52 —46 —14 _z5 +23 — +6x +17 +99 +38 +137 +59 +17% +80
50 13 25 63 101 139 76
45 24 3 18 39 6o 81
49 11 27 bs 103 140 178
44 - 23 2 19 40 61 82
47 9 29 67 104 4z 180 8
43 22 1 20 41 2 3
45 7 31 68 106 144 182
42 21 o 21 42 63 84
43 e 5 o 2 7 o, 108 P 146 64 184 85
41 4 14 72 110 148 6 185 86
40 19 2z 23 4“4 5
40 -2 36 74 112 149 187
9 18 3 24 45 66 87
38 38 76 13 151 189
38 17 4 25 46 67 88
36 +2 40 7 115 153 co| YOI
a7 16 3 26 47 &9
34 4 41 79 117 155 103
36 15 6 3 27 48 69 90
32 5 43 1 119 157 194
s 14 7 28 49 70 91
3r 7 45 83 121 158 196
34 13 8 29 50| . 71 92
29 9 47 8s 122 1bo 198
33 12 9 30 51 72 93
27 II 49 86 124 162 200
32 11 10 31 52 73 94
25 13 50 88 126 164 202
31 10 11 32 53 74 95
23 14 52 90 128 166 203
30 9 12 33 54 75 o6
22 16 54 92 130 167 2085
29 8 13 34 55 76 97
20 18 56 04 131 169 207
28 7 4 35 56 77 98
18 20 58 95 113 71 209
6 26 2 o] 0 +ig| +3‘5 s 31 +7'3 2
—14 "l 423 75| 461 +990 3713y 5% hags T 420
XI1.—CONVERSION FACTORS
Conversion Ratio Factor Reciprocal
DISTANCE
Statute Miles to Nautical Miles 66 to 76 0-8684 1-1515
Statute Miles ,, Kilometres 66 ,, 41 1-6093 o0-6214
Nautical Miles ,, Kilometres 76 . 41 1-8531 0-5396
Feet , Metres 25 ,, 82 0-3048 3-2808
Yards » Metres 32 , 35 0-QL44 10936
Fathoms .. Feet . 6, 1 6-0 o-1667
SPEED
Mlles per hour to Knots . 65 to 76 0-8684 1-151§
Miles per hour ,, Metres per second 18 ,, 8g 0-4470 2-2369
Knots » Metres per second 35 , 68 o-5148 1-9426
Miles per hour ,, Feet per second 22 ,, 15§ 1-4667 06818 -
LIQUID MEASURE ;
Gallons to Litres . 50 to 11 45460 0-2200
WEIGHT
Pounds to Kilograms . 44 to 97 0-4536 2-2046
PRESSURE
Im:hn of Mercury to Millibars «- 2100 10 62 33-87 ©-02953
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XIIL.—CONVERSION OF TIME TO ARC

-
For Intervals of o= Interpolation Table

h = o r osh » o ’ a- o s m a2 = [] - »

00 00D o 00 00| 1200011600 |24000| 0000 ° ‘|03 17 ° ‘| 0b A
10 2 jo 10| 122 jO 10| 242 30 m:: n::: 43::4':
20| 500 20 | 125 00 20 | 245 00 o5 oz zsosz 4514
| 730 3olizzel zofauzsel 10 T 300571 5ol 43
40| 1000 40| 130 0O 40 | 250 oo I3° 330 53 14
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XV.—CORRECTION
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