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Example: At sea, January 15, 1916, about 8.30 a. ra., in Lat. by D. R. 30° 10^ N., Long, by D. R. 45° 15^ W.,

the sextant altitude of the sun's lower limb, bearing sout^liward and eastward, was 17° 40^ 50^'. Index correc-

tion+i" OO-"-' liright of eye, 29 feet. Watch time, 8^' 30"' W; C.-W. 3" 02"» 40». Chronometer slow of G. M. T.,

7"» 10^ Required: The altitude difference and the azimuth for laying down the line of position from the D. K.

position.

Formula: hav 2=hav (L'~(/)+cos L cos (/ haV f

=hav (L'^d)+hav 9
Times. Declination. H. D. Eq. of T. H. D.

gh 3om iQ3
" G. M. noon, 1c

3 02 40 Jan. 15. f______ (Jorr. S.

W. T.
C.-W.

is. 21' 18^ N. 0'

G. M. T. . ii>

Eq. of T.

(-)toM. T.
ym lis 4 ^ o»

Corr. — .3 —
9

C. T.
G. C.

G. M. T. \
14th Jan.;
or 15thJan.

11 32 50
7 10 S.21 ]9'.0 Corr. S. 0.1

23 40 00

- 20 00

G. M. T.
Long. W.

23 40 00
3 01 00

L. M. T. ' 20 39 00
Eq. ofT. - 9 ILl

L. A.T. 20,

= 3
29
30

48.9
n. 1

SOLUTION.

L—N. 30° lO'.O

rf-S. 21 19.0

ll.«l log hav=9. 29213
log cos=9. 93680
log cos=9. 96922

L'-N-'d*

Calculated /i=
Observed h-Q-

Alt. diff. =

51° 29'.0

©log hav=9. 19815a

e nat hav= . 15782
nathav= . 18863

17

17

06
53
49

55
05
59

nat hav= . 34645

3' 06''=3^ 1

9-lLl Corr. 0.3

Altitude.

By obs. 17° 40' 50'

Index corr.+ 1 OU
Tab. I + 8 09

/j-e-17 49 59

Azimuths. 51° E. from
TableV [as explained
in the preface to that
table].

a Since loparithraic haversines and natural haversines an: set down side by side in Table IV, the natural haversine may be found from
the logarithmic haversine without taking out the vahie of the corresponding angle.

Example: At sea, August 18, 1916, in the early morning, in Lat, by D. R. 34° 10' S., Long, by D. R. 172° 26' 30'

E., the sextant altitude of the star Sirius, bearing eastward, was 25° 48' 50'^. Index correction +3' 10". Height
of eye 40 feet. Watch time of observation, 4'» 30™ 15^ C.-W., 0>' 29"^ 45\ Chronometer fast of G. M. T., 13°» 40^
Required: The altitude difference and the azimuth for laying down the line of position from the D. R. position.















TABLE I

GORRECTIONS TO BE APPLIED TO
THE OBSERVED ALTITUDE OF THE

SUN'S LOWER LIMB, OR OF A
STAR OR PLANET
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Page 8] TABLE I.

Corrrectiona to be Applied to the Observed Altitude of a Star or of the Sun's Lower Limb, to Find
the True Altitude—Continued.

Ob8. Alt.

6 30
40
50

7 00
10
20

7 30
40
50

8 00
10
20

8 30
40
50

9 00
20
40

10 00
20
40

11 00
30

12 00
30

13 00
30

14 00
15 00
16 00
17 00
18 00
19 00
20 00
22 00
24 00
26 00
28 00
30 00
32 00
34 00
36 00
38 00
40 00
45 00
50 00
55 00
60 00
65 00
70 00
75 00
80 00
85 00
90 00

HEIGHT OF THE EYE.

31 Feet.

O
Sun's
Corr.

(+)

48
58
08
18

27

36
45
53
01
09
16

23

30
37
43
49
01
12
23
33
42
51
03
14

6 25
6 35
6 44
6 52

star's
Corr.
(-)

08
21
34
44
54

8 02
8 18
8 31
8 42
8 52
9 00
9 08
9 15

9 21
9 26
9 31
9 42
9 50
9 57
10 03
10 10
10 15
10 19
10 25
10 29
10 33

13 21
13 11
13 01
12 51
12 42
12 33
12 24
12 16
12 08
12 00
11 53
11 46
11 39
11 32
11 26
11 20
11 08
10 57
10 46
10 36
10 27
10 18
10 06
9 55
9 44
9 34
9 25

9 17

9 01
8 48
8 35
8 25
8 15
8 06

32 Feet.

Sun's
Corr.

(+)

6 53
6 47
6 42
6 36
6 25
6 16
6 08
6 01

54
48
43
37
32
27

star's
Corr.
(-)

6 08
6 19

6 29
6 38
6 46

8 12
8 25
8 36
8 46
8 54
9 02
9 09
9 15

9 20
9 25
9 36
9 44
9 51
9 57

10 04
10 09
10 13
10 19
10 23
10 27

13 27
13 17

13 07
12 57
12 48
12 39
12 30
12 22
12 14

12 06
11 59
11 52
11 45
11 38
11 32
11 26
11 14
11 03
10 52
10 42
10 33
10 24
10 12

10 01
9 50
9 40
9 31
9 23
9 07
8 54
8 41
8 31
8 21
8 12

33 Feet.

O
Sun's
Corr.

(+)

56
43
32
22
14
06

6 59
6 53
6 48
6 42
6 31
6 22
6 14

07
00
54
49
43
38
33

star's
Corr.

(-)

4 32



TABLE I. [Page 9

Corrections* to be Applied to the Observed Altitude of a Star or of the Sun's Lower Limb, to Find
the True Altitude—Contiuued.

Obii. Alt.

6 30
40
50

7 00
10
20

7 30
40
50

8 00
10
20

8 30
40
50

9 00
20
40

10 00
20
40

11 00
30

12 00
30

13 00
30

14 00
15 00
16 00
17 00
18 00
19 GO
20 00
22 00
24 00
26 00
28 00
30 00
32 00
34 00
36 00
38 00
40 00
45 00
50 00
55 00
60 00
65 00
70 00
75 00
80 00
85 00
90 00

HEIGHT OF THE EYE.

36 Feet.

O
Sun's
Corr.

(+)

2 22
2 32
2 42
2 52

01
10
19
27
35
43
50
57
04
11
17
23
35
46
57
07
16
25
37

star's
Corr.
(-)

8 05
8 16
8 26
8 34
8 42
8 49
8 55
9 00
9 05
9 16
9 24

31
37
44
49
53
59

10 03
10 07

13 47
13 37
13 27
13 17

13 08
12 59
12 50
12 42
12 34
12 26
12 19
12 12
12 05
11 58
11 52
11 46
11 34
11 23
11 12
11 02
10 53
10 44
10 32
10 21
10 10
10 00
9 51
9 43
9 27
9 14

9 01
8 51
8 41
8 32
8 16
8 03

37 Feet.

O
Sun's
Corr.

(+)

2 17
2 27
2 37
2 47
2 56

05
14

22
30
38
45
52
59
06
12
18
30
41
52
02
11
20
32
43
54
04
13
21
37
50
03
13
23
31
47

8 00
8 11

8 21
8 29
8 37
8 44
8 50
8 55
9 00
9 11

9 19
9 26
9 32
9 39
9 44
9 48
9 54
9 58

10 02

Star's
Corr.
(-)

13 52
13 42
13 32
13 22
13 13
13 04
12 55
12 47
12 39
12 31
12 24
12 17

12 10
12 03
11 57
11 51
11 39
11 28
11 17
11 07
10 58
10 49
10 37
10 26
10 15

10 05
9 56
9 48
9 32
9 19

9 06
8 56
8 46
8 37
8 21
8 08
7 57
47
39
31

24
18

13

07

38 Feet.

7

7

7

7

7

7

7

6 56
6 47
6 39
6 32
6 25
6 19
6 14

6 08
6 03
5 58

O
Sun's
Corr.

(+)

2

2

2

2

2

3

3 10
3 18

26
34
41
48
55
02
08
14
26
37
48
58
07
16
28
39
50
00
09

6 17

6 33
46
59
09
19

27
43
56
07

8 17
8 25
8 33
8 40
8 46
8 51
8 56
9 07
9 15
9 22
9 28
9 35
9 40
9 44
9 50
9 54
9 58

star's
Corr.
(-)

13 56
13 46
13 36
13 26
13 17

13 08
12 59
12 51
12 43
12 35
12 28
12 21
12 14
12 07
12 01
11 55
11 43
11 32
11 21
11 11

39 Feet.

11 02
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TABLE II

CORRECTIONS TO BE APPLIED TO
THE OBSERVED ALTITUDE OF THE
MOON'S UPPER LIMB, AND ALSO OF

THE LOWER UMB
The height of the eye is assumed to be 35 feet, and the cor-

rection for other elevations is given at the bottom of the table,

and is ta be added or subtracted according as the height of the

eye is less or greater than 35 feet

21
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Corrections for the Observed Altitude of the Moon's Upper Limb.

Obs. Alt.
Upper
Limb.

HORIZONTAL PARALLAX.

65' 56' 68' 59' 60' 61'

5 30
6 00
6 30

7 00
7 30
8 00

8 30
9 00
9 30

10 00
n
12

13
14

15

16
17
18

19

20
21

22
23
24

25
26
27

28
29
30

31
32
33

34
35
36

37
38
39

40
41
42

43
44
46

46
47
48

49
60
51

62
53
64

55
66
57

58
59
60

61
62
63

23 38
24 18
24 52

25 21
25 47
26 09

26 28
26 45
27 00

27 10

27 31
27 45

27 54
27 59
28 01

28 01
27 58
27 51

27 44
27 34
27 23

27 10
26 55
26 39

26 22
26 03
25 43

25 21
24 59
24 36

24 12
23 45
23 19

22 51
22 22
21 53

21 23
20 51
20 19

19 46
19 11

18 37

18 00
17 24
16 46

16 07
15 28
14 48

14 07
13 26
12 44

12 02
11 19

10 36

9 51
9 06
8 21

7 35'

6 48
6 00

5 12
4 23
3 35

24 21
25 01
25 35

26 04
26 30
26 52

27 U
27 27
27 42

27 53
28 13
28 27

28 36
28 40
28 42

28 42
28 39
28 32

28 24
28 13
28 03

27 49
27 33
27 17

27 00
26 40
26 20

25 68
25 35
25 11

24 47
24 20
23 53

23 24
22 56
22 25

21 54
21 22
20 49

20 15
19 40
19 05

18 27
17 50
17 12

16 33
15 53
15 12

14 31
13 49
13 06

12 23
11 39
10 54

10 09
9 23
8 37

7 50
7 02
6 13

5 24
4 35
3 46

25 05
25 44
26 18

26 48
27 13
27 35

27 64
28 10
28 24

28 36
28 55
29 10

29 18
29 22
29 24

29 23
29 20
29 13

29 05
28 54
28 43

28 29
28 12
27 66

27 38
27 18
26 68

26 35
26 12

25 47

25 22
24 55
24 27

23 68
23 28
22 68

22 26
21 53
21 20

20 45
20 09
19 33

18 55
18 17
17 38

16 58
16 18
15 36

14 65
14 11

13 27

12 44
11 59
11 13

10 27
9 40
8 53

8 05
7 17
6 27

5 37
4 48
3 57

25 48
26 27
27 02

27 31
27 56
28 18

28 37
28 63
29 06

29 19
29 38
29 62

30 00
30 05
30 06

30 04
30 01
29 54

29 45
29 34
29 23

29 08
28 52
28 35

28 17
27 56
27 36

27 12
26 48
26 24

25 57
25 30
25 01

24 32
24 01
23 30

22 58
22 24
21 50

21 15
20 38
20 01

19 23
18 45
18 04

17 24
16 43
16 00

15 17
14 34
13 49

13 05
12 19

11 32

10 45
9 58
9 10

8 21
7 32
6 41

5 50
5 00
4 08

26 31
27 10
27 44

28 13
28 39
29 01

29 20
29 36
29 49

30 01
30 21
30 34

30 42
30 47
30 48

30 45
30 42
30 34

30 26
.30 14
30 02

29 47
29 30
29 13

28 65
28 34
28 12

27 48
27 24
26 59

26 32
26 04
25 35

25 05
24 34
24 02

23 29
22 54
22 20

21 45
21 06
20 29

19 60
19 11
18 30

17 49
17 07
16 24

15 40
14 66
14 10

13 25
12 38
11 61

11 03
10 15
9 26

8 36
7 46
6 55

6 04
5 12
4 19

27 13
27 54
28 28

28 57
29 22
29 44

30 03
30 19
30 32

30 44
31 03
31 16

31 24
31 29
31 30

31 27
31 23
31 15

31 06
30 54
30 41

30 27
30 09
29 52

29 33
29 12
28 49

28 25
28 01
27 35

27 07
26 39
26 09

25 39
25 07/
24 34

24 00
23 25
22 50

22 14

21 35
20 57

20 18
19 37
18 56

18 14

17 32
16 48

16 04
15 19

14 32

13 46
12 59
12 11

11 23
10 32
9 43

8 62
8 01
7 09

6 17
5 23
4 30

27 56
28 37
29 11

29 40
30 05
30 27

30 46
31 02
31 15

31 27
31 46
31 58

32 07
32 11

32 11

32 09
32 04
31 55

31 46
31 34
31 21

31 06
30 49
30 31

30 11

29 49
29 26

29 03
28 37
28 10

27 43
27 14
26 43

26 12
25 40
25 07

24 31
23 56
23 20

22 43
22 04
21 25

20 45
20 04
19 22

18 40
17 57
17 12

16 27
15 41
14 54

14 07
13 19

12 30

11 41
10 49
9 59

9 07
8 16
7 23

6 29
5 35
4 40

28 38
29 19
29 54

30 24
30 48
31 09

31 28
31 44
31 57

32 09
32 28
32 40

32 49
32 52
32 52

32 50
32 45
32 35

32 26
32 15
32 01

31 45
31 27
31 10

30 48
30 26
30 03

29 39
29 12
28 46

28 18
27 48
27 17

26 45
26 12
25 39

25 03
24 28
23 50

23 12
22 33
21 54

21 13

20 32
19 48

19 05
18 21
17 36

16 50
16 03
15 15

14 27
13 38
12 49

11 69
11 06
10 15

9 22
8 30
7 36

6 42
5 46
4 61







TABLE III

LOGARITHMIC SINES
AND

LOGARITHMIC COSINES

27
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Page 32] TABLE III.

Log. Sines.
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Log. Sines.
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Log. Sines.
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Log. Sines.
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Log Sines.
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Log Sines.
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Log. Sines.
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Log. Sines.
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Log. Sines.
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Log. Sines.
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Log. Sines.
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Log. Siuea.
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Log. Sines.
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Log. Sin68.
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Log. Sines.
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Log. Sines.



TABLE IV

NATURAL HAVERSINES
AND

LOGARITHMIC HAVERSINES

55901°—IS 4 49
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Page 54] TABLE IV.

Haversinea.





Page 56] TABLE IV.

Haversines.
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Haversines.
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Haversines.
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Haversines.
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Haversines.
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Haversines.
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^Haversines.
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Haversines.
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Haversines.
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Haversinea.
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Haversjnes.
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Havereines.
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Haversines.
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Havereines.





Page 76] TABLE IV.

Haversinea.
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Haversines.



Page 84]





Page 86]



TABLE IV. [Page 87

Havereines.
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Haversines.
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Haversixiea.
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Havereinea.
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Haversines.
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Haversineg.
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Haversinea.
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Page 98] TABLE IV.

Haversines.
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Haversines.
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Haversinee.
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Haversinea.
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HaversincB.
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naversines.
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Haversines.
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Haversines.



TABLE IV. [Page 109

Haversinea.
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Haversines.
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Haversines.
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Haversinea.
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Haversines.
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Haversines.
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Haversinea.
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Havereines.
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Haversinea.
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Haversines.
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Haversines.
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Haversines.
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Haversinee.
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Haversines.
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Havereines.



TABLE ly. [Page 139

Haversines.
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Haversinea.
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Havereines.
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TO FIND THE HOUR ANGLE

CROSSING THE PRIME VERTICAL

Mark the latitude on the latitude

scale at the left-hand boundary and,

with a pair of compasses, take out the

horizontal distance from that point to

the curve whose number represents

the declination, 7\ppiy this distance to

the scale of hour angles, and the re-

sulting reading, taken in the same

manner as the divisions and propor-

tional parts are read from the ordinary

diagonal scale of equal parts, will be

the hour angle of crossing the prime

vertical.

ILLUSTRATION

From the second example at the be«

ginning of this book

—

L, the latitude=S.34°10'

d, the declination=S. 16° 36

The i'me of dashes (a b) indicates the

horizontal distance from (a), the point

on the latitude scale marking the lati-

tude 34° 10' to (b), the point between

the declination curve 16° -and the dec-

lination curve 17° marking the declina-

tion 16° 36'. The distance (a b), being

applied to the scale of hour angles,

gives the reading 4" 16"" as the value

of the hour angle of crossing the prime

vertical.

n \\ \\



TABLE V

FOR FINDING THE AZIMUTH

RULE.

Take out the tabulated number corresponding to the ^iven declination and hour-angle, then find

this number again in that declination column which has at its head a value equal to the altitude, and,
in the hour-angle column, opposite to the number thus found again in the declination column, will be
the required azimuth.

MARKING THE AZIMUTH.

The azimuth found from the table is always marked east (E.) or west (W.) according as the observed
body is to the eastward or westward of the meridian of the observer.

If the latitude and decUnation are of different name the azimuth is marked from the pole of opposite
name to the latitude.

If the latitude and declination are of the same name and the latitude is less than the declination,
the azimuth is marked from the pole of the same name as the latitude. If the latitude and declination
are of the same name and the latitude is greater than the declination, the azimuth is marked from the
pole of the same name as the latitude when the hour-angle is greater than the hour-angle of crossing the
prime vertical, and from the pole of opposite name when the hour-angle is less than the hour-angle of

crossing the prime vertical. The hour-angle of crossing the prime vertical may be found from the
diagram facing this page.

ILLUSTRATION.

From the first example worked at the beginning of this book

—

d, the decltnation=S. 21° 19'.

t, the hour-angle=3A 30"» 11*.

h, the calculated altitude=17° 53'.

Take out the tabulated number corresponding to the declination 21° 19' and the hour-angle 3^ 30'",

which is 9.86885. Then in that declination column which has at its head a value equal to the altitude,
17° 53' or, to the nearest degree, 18°, find the number 9.86885 again, and opposite to it in the hour-angle
column will be 51°, which is the azimuth reckoned from the south pole toward the eastward, S. 51° E.
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Page 158] TABLE V.

The Finding of the Azimuth.
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ALTITUDE AND. AZIMUTH TABLES.

The results which have been reached by the foregoing proceedings may also be
attained by the employment of the following tables, which are reprinted from the

Sublication by Lieut. Radler de Aquino, BraziUan Navy, entitled "The 'Newest'
Tavigation: Altitude and Azimuth Tables for Facilitating the Determination of

Lines of Position and Geographical Position at Sea."

These are spherical traverse tables which consist of the tabulation of the solu-

tions of the right-angled spherical triangle, just as the plane traverse tables consist

of the solutions of the right-angled plane triangle, and, by means of them, the

astronomical triangle is solved by suitablv combining the tabulated values in relation

to the two right-angled spherical triangles into which it may be decomposed by a

perpendicular conceived to be passed from the observed celestial body at right

angles to the celestial meridian of the observer. Presupposing a knowledge of the

astronomical triangle, such as is imparted in the American Practical Navigator, the

Erecepts for combining the various elements of the two right-angled triangles may
e stated as depending upon where the point in the foot of the perpendicular falls

on NS, the celestial meridian of the observer (see fig. 1). This is determined by the

relative algebraic signs of L and d, by the relative values of L and h, and by whether
t is greater or less than 6 hours or 90°. Accompanied by an outline of their deduc-
tion, these precepts, four in number, are set forth herewith, reference being made to

figures 1, 2, 3, and 4, respectively.

(1) The point m can only fall between P and Z by the concurrence of the three

conditions that d and L shall be of the same sign or name, that t shall be less than
90°, and that L shall be less than h. Hence (fig. 1) Z<90°; M = a+ i8; and, putting

Cfor90°-B, C= 90°-B = (90°-L)-(90°-6) = 6-L.
187
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(2) The point m will fall between Z and Q when d and L are of the same name,
if /<90° and L>&. Hence (fig. 2) Z>90°; M = a-/3; and C = 90°-B = (90°-6)-
(90°-L)=L-6.

(3) Tlie point m will fall between P and N when d and L are of the same name,
if 90° (and then the tables must be entered with 180° -<, instead of t). Henc€
(fig. 3)Z<90°; M = /3-a; and C = 90°-B = (90°-L) + (90°-&) = 180°- (L + 6).
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Fig. 4

(4) When d and L are of opposite sign or name, the point m will fall between
(^, the equator, and P', the depressed pole, and reckoning from the depressed pole
in order that the value of 90 — (^ shall remain within the range of the table, which is

90 ^^ in declination, by fig. 4 Z > 90° (from the elevated pole) ; M = a+ /3; and C = 90° -
B = (90 +L)-(90-6)=L + 6.

SUMMARY.

(1) d and L same name, <<90°, L<6, then C = &-L, Z<90°, and M = a + /3.

(2) d and L same name, <<90°, L>6, then C =L-&, Z>90°, andM = a-/3.

(3) (^ and L same name, i> 90° then C=180° - (L + 6), Z<90°, andM = /3-a.

(4) d and L contrary names then C =L + &, Z > 90°, and M = a + /3.

In the first two precepts the smaller of the quantities L and 6 is subtracted from
the larger to get C, and in the last two they are added. In the third precept, when
t is greater than 90°, their smn is greater than 90° and it is subtracted from 180°.

When d and L are of contrary names their sum is always less than 90°. By a glance
at the figm-es it wiU be seen that when Z is less than 90° in the precepts its value
as given by the table is reckoned from the elevated pole to east or west according as
the body is east or west of the meridian; and when greater than 90°, in like manner
from the depressed pole.

The position angle M may vary in value from 0° to 180°. In the first and fourth
precepts a and /3 are added to find M ; and, in the second and third, the smaller is

subtracted from the larger.

The precepts will be referred to as occasion may arise. It is unnecessary to

commit them to memory, as they will, with a httle use, become familiar.

In order to avoid making the tables too voluminous, a, for the most part, is tab-

ulated for every 30' only, and h and C for every 1° only. The double interpolating
that this would seem to necessitate may be done away with by any one of the three
methods which will be explained and illustrated in detail.

In the descriptions of the methods about to be »iven and in the solution of the
examples, the following abbreviations, almost all of \mich are in common use among
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American navigators, are employed to supplement the designations already used in

the statement of the precepts and in the illustrative figures:

a. m Ante meridian. La Latitude assumed.

C. C Chronometer correction. Lp r Latitude by dead reckoning.

C. T Chronometer time. L. A. noon Local apparent noon.

C —W Chronometer minus watch. L. M. noon Local mean noon.

Corr Correction. L. A. T Local apparent time.

d Declination. L. M. T Local mean time.

Dev. . ; Deviation. L. S. T Local sidereal time.

Diff Difference. X Longitude.

D. R Dead reckoning. Xa Longitude assumed.

Eq. t Equation of time. . Xd. r Longitude by dead reckoning.
.Altitude. p. m Post meridian.

h^ Approximate altitude. p. s.c Per standard compass.

hg Calculated altitude from K.A Right ascension.

tables. R. A. M. S Right ascension of mean sun.

ho Observed altitude (corrected), t Local hour angle.

h^ Sextant altitude. ^a Assumed local hour angle.

H. D Hourly difference. 4 Greenwich hour angle.

I. C Index correction. <d. b Hour angle from dead reckon-

G. A. noon Greenwich apparent noon. ing meridian.

G. M. noon Greenwich mean noon. Var Variation.

G. A. T Greenwich apparent time. W. T Watch time.

G. M. T Greenwich mean time. Z True azimuth.

G. S. T Greenwich sidereal time. Z/ Approximate azimuth.

L Latitude. >|< Star or planet.

FiKST METHOD.—Using an assumed position and simple interpolations. The
usual procedure by the Saint Hilaire method of fixing a Une of position has been to

determine the distance from the D. R. position to the line. The Une may be just as

accurately fixed by determining its distance from any assumed position near the

D. R. position. In the first two methods advantage is taken of this choice in position

by assuming a position such as will give a value to a of an even half degree and to C
a whole degree. The solution of the triangle by means of the tables is thus simplified

by having tabulated values of a and C with which to work.
The method of determining the assumed position appears in the description of

the procedure which follows: Given d, Ld.e. and tj,,^^, to find h, Z, Xa, and La- Ent«r
the tables from below with the nearest value of 5 as tabulated, and i^,^,, take out a
to the nearest 30' . Reentering the tables from above with this a and with the given

d, by a simple interpolation the corresponding values of 6 and t are obtained. These
are exact values of a and h corresponding to the given d and an approximate t. Now,
takhig this t as tj^ and combining it with the Iq (Greenwich hour angle) gives X^

near the D. R. position. Assuming this new longitude from which to plot the fine,

proceed with the above values of a and 6. As previously explamed, b is combined
with L to get C. C is only tabulated to whole degrees, so, in order to again avoid
interpolating, assume as the latitude from which to plot the line the nearest value
to the D. R. latitude that will, when combined with h, give C in whole degrees.

Having for the assumed position exact tabulated values of a and C, take directly from
the tables the corresponding values of h and Z.

Comparing this he with the observed Ji, gives the altitude difference and the line

is plotted from the assumed position for which Jic was obtained.
Example 1.—A. M., December 30, 1916, sextant altitude of sun's lower limb is

23° 54', bearing south and east. W. T., 9^ 25'" 18«; C-W, 4*^ 58°^ 00^; C. C,
+ 3'"45«; height of eye, 37 feet; I. C, +2'.0; D. R. position, L. = 29° 11' N., X =
78° 29' W. Solve for fine of position.

Solution in detail: See page 192 (Form 1). Enter all the given data in the proper
glaces as indicated in the form. Start with the W. T. in line 1 and work down until

r. M. T. with date is found in hne 5.

From the Nautical Almanac enter, for December 30, G. M. T. 2**, the equation of

time and decUnation with their proper signs on lines 4 and 11, respectively, and their

respective hourly differences for the day with their signs on lines 1 and 8 (second col-

umn). Correct the equation of time and declination for the difference in G.M.T. (27™),

getting the corrected values in lines 5 and 12. Enter the equation of time in line 7.

Applying it to the G. M. T. gives the G. H. A. in Line 12. This is immediately con-
verted into arc and entered in both columns, line 14. Combine the G. H. A. with

Xd.r. (lines 14 and 15, left-hand column) and obtain <d. e. Now enter Table ^^ from
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below with d = 2S° and <d. r.
=42° 23'; taking out a to the nearest half degree, enter

in line IS, o = 38° 30'. Reenter the tables from above with a = SS° 30' and d =
23° 10'.3, and by interpolatiiig * take out 6 = 30° 11 '.3 and <a. = 42° 37'.4 and enter
them in right-hand column, lines 21 and 15, respectively.

The dechnation and latitude being of different names, the problem comes under
the fourth precept, so C = 6+L. It is seen at once that the value nearest to Ld.k.
that will give C m whole degrees is 28° 48'. 7. This is entered as the L^ in line 18.*

C is now found to be 59° 00'. Turning again to Table VI where a = 38° 30' and
C = 59° 00', take out Tie = 23° 46' and Z = 42° 52' and enter them in line 25. From
Table I enter in Une 21 the combined altitude correction. With this and the I. C. the
total correction is obtained for line 22. Applying the same to ^9 gives ^o = 24° 04'. 3.

The altitude difference (ho— Tio) is 18'. 3, which, since the observed altitude is the
greater, must be reckoned toward the observed body from the assumed position in
order to find the point through which the line of position passes at right angles to
the bearing of the observed body.

The azimuth of the body being greater than 90° (see precept 4) and t being east,
Z as taken from the tables is S. 42° 52' E, or the body bears 137° from north.

Combining lines 14 and 15 (right-hand column) gives as the assumed longitude
78° 43'.2 W.

The assumed position, then, from which to plot the line is

:

L^. 28° 48'.7 N.
X^. 78° 43'.2 W.

The altitude difference is 18.3 miles toward the body bearing 137°, and the line of
position is at right angles to the bearing.

Example 2.—May 23, 1916, during p.m. twiUght, sextant altitude of star a Leonis
(Regulus) is 66° 18'.2, bearing S. and W.; W. T., 6^^ 45"° 18«; C-W, 4^ 18"° 02.0«;

C. C.-3°^ 45.5«; I. C, 0.0; height of eye, 39 feet; D. R. position, L. 34° 38' N,
X 65° 12' W. Solve for Une of position.

See page 192 (Form 1). Enter in the form all the given data and get out the
G. M. T. and date as before. From the Almanac enter the star's R. A. in line 1 1

;

d in hne 12 (right-hand column) ; R. A. M. S. for noon 23d in hne 8; and the correc-
tion to the R. A. M. S. for G. M. T. in line 9. The G. S. T. (adding hues 5, 8, and 9)
is found to be 15^^ 04"^ 26.5^ Subtracting from the G. S. T. the star's R. A. gives
G. H. A. = 5^ OO'^ 30.3^ Convert the G. H. A. mto arc and enter in both columns
hne 14. Combining the G. H. A. with X^ ^ gives t^ ^ (line 16) =9° 55'.6.

Enter Table VI from below with d^\2° 30' and"^.R. = 9° 55'.6 and take out
a= 9° 30' (nearest 30'). Now enter same table from above with a = 9° 30' and
d=\2° 22'.6 and bv interpolating take out 6 = 12° 33. '3 and t^ = ^° 44.'0. Enter
them in lines 21 and 15, respectively. The latitude and dechnation are of the same
name, t is less than 90°, and L is greater than 6, so this problem comes under the
second precept and C =L— 6. It is seen at once that the nearest value to Lp. r. that
will give C m whole degrees is 34° 33'.3. Enter this as L^ m line 18. C= 22°"ob'.

Turning again to Table VI where a= 9° 30', opposite C = 22° 00' take out /2,o
=

66° 08', and Z = 24° 04' and enter them m hne 25.

From Table I enter in line 21 the combined altitude correction and obtain

^0= 66° 11 '.6. The altitude difference (ho— Jic) is 3'.6, and as the observed altitude
is the greater the line of position is toward the body. The azimuth of the body
being greater than 90° and t being west, Z as taken from the tables is S. 24° 04' W.,
or the body bears 204°. Combining lines 14 and 15 (right-hand column) gives as
the assumed longitude 65° 23 '.6 W.

The assumed position, then, from which to plot the line is:

La = 34°33'.3 N.
Xa = 65° 23'.6W.

Tlie altitude difference is 3.6 miles toward the body bearing 204°, and the line of

position is at right angles to the bearing.

* To make the interpolation easy, the columns headed— and —^ are supplied. Thus, b is first interpolated from d using

column— ; and then, using this value of 6, column -=- is employed in interpolating the value of ^a.
A 60'

The procedure in the present example is as follows:
8/3 X 1.'36 + 30° gives 6 30° 11. '3

and 11. '3 X 0.'30 + 42° 34' gives U. 42° 37.'4
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Example 3.—October 15, 1916, during a. m. twilight, the sextant altitude of

Saturn, bearing S. and E., is 67° 29'; W. T., 5^ 50°> 22.5«; C-W, 2^ 15°» 10«; C. C,
+ !«• 15.5"; height of eye, 42 feet; I. C, -I'.S; D. R. position, L. 41° 45', X
32° 10' W. Solve for line of position.

See page 193 (Form 1). Enter in the form all the given data and find the G.M.T.
and date as before. Take from the Almanac and enter Satm'n's R. A. and d for G. M.
noon 15th, the corrections for G. M. T. from Table IV of Almanac, the R. A. M. S.

for G. M. noon 14th, and its correction for the G. M. T.
Correct the R. A. and the d and enter the corrected R. A. in line 11. Nowwork

down the form as in example 2 and find in line 16, ^d r
=9° 01'. Enter Table VI

from below with d = 20° 00^ and f = 9° 00', take out a = 8° 30' (nearest half degree).

Reenter same table from above with a = 8° 30' and ^ = 20° 12'. 7 and by interpolating

take out 6 = 20° 26'.7 and t^ = 9° 03'. 9. Notice that this problem also comes under
the second precept, so C =L-&. Taking L^=41° 26'.7, C; = 21° 00'.

Turning agam to Table VI, where a = 8° 30' and C = 21° 00' take out Tic = 67° 25'

and Z = 22° 38'. The altitude difference obtained as before is 4'.3 from the body.
Z as obtained is S 22° 18' E (greater than 90° and t is east) or body bears 157^°.

The \j, is found as before and is 32° 12'.9 W.
The assumed position then from which to plot the line is:

La 41° 26'.7 N.
X^ 32° 12'.9 W.

The altitude difference is 4.3 miles away from the body bearing 157J° and the line

of position is at right angles to the bearing.

Second method.—Using an assumed position without interpolating. In this

method a is found to the nearest half degree as in the first method. Now instead
of entering with a and the given d and interpolating for h and t, enter with a and
take out h and t as found opposite that tabulated value of d which is nearest to the
given d. This tabulated value is taken out as the assumed d and marked d'. C is

obtained by combining b and L in the usual way. As 6 in this method will be in

whole degrees, L^ is taken as the nearest whole degree to L^.r. Now with a and C
take out h' and Z' (approximate values of h and Z). The values of h' and Z' are in

in error by an amount depending on the effect of Ad = d — d', the difference between
the assumed and the true declination.

The correction to Z', AZ, is always so small it may be neglected in practical

work.
The correction to h', Ah, is given by the formula:

Ah = Ad cos M
M, as previously shown, is a combination of a and /3. So when taking out b and

t from the tables also take out the corresponding a; and likewise /3 when taking out
h' and Z'. The manner in which a and /? must be combined to give M is shown in
the precepts.

To find the value of A^ per minute of declination, or its equivalent cos M, enter
the second column of Table VII with 90° —M instead of Z' in the first column. The
sign of A?^ is determined as follows

:

When M is less than 90°, Ah has the same sign as Ad; and for M greater than
90°, the opposite sign.

The three examples worked out by the first method will now be used to illus-

trate the second method.
Example 1.—See page 196 (Form 2). The procedure is the same as in the first

method, down to and including the determination of a. Now enter Table VI with
a= 38° 30' and find d' = 23° 02' (the tabulated value nearest to the given d). Enter
it in the form, line 12, and take out and enter the values of b, tj,, and a as found oppo-
site d\ Now take La = 29° 00' (the nearest whole degree to Lp. r.). C is now
obtained by combining b and L^ as before, and this gives = 59° 00'.

With a = 38° 30' and = 59° 00', take out h', Z', and /3. As this example comes
under the fourth precept, M = a + /3 = 140°.l, Ad= d-d' =8'.3.

Entering the first column of Table VII with 90°-M = 90°- 140°.l =50°.l, cos
M is found to be 0.77, and this multiplied by AcZ = 8'.3 gives 6'.3 as the value of A^.
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Referring to the i-ule given above for determining the sign of A/i, it is seen that
as M is greater than 90°, and Ad is plus, A^ is minus. Applying A^ to h' gives he
23° 39'. 7. The altitude difference is 24'. 6. Neglecting AZ, the bearing of the body-
is S 42° 52' E, or 137°. The londtude, X^, is found to be 78° 39'.8.

The assumed position, then, from which to plot the line is:

L, 29° 00' N
K 78° 39 '.8 W

The altitiide difference is 24.6 miles toward the body bearing 137°, and the line of

position is at right angles to the bearing.

Example 2.—See page 196 (Form 2). Entering Table VI from above with a =
9° 30', take out ^' = 12° 49'; also the corresponding t^, b, and a. L^ is taken as
35° 00'; then C=La-6 = 22° 00'. Now with a = 9° 30' and C = 22° 00', take out
7i', Z', and ^. By the precepts, M = a-/3 = 20° 00'. Ad = d-d' = -2Q'A. From
Table VII, cos M is 0'.94; and hence AcZxcos M = A?i = 26.4x0.94 = 24'. 8.

In this example, since M is less than 90°, Ah is minus like Ad. Applying Ah to h'

gives Ac = 65° 43'. 2; and the altitude difference is 28'. 4 toward the body bearing S
24° 04' W, or 204°. The X^ is found to be 65° 22'.6 W.

The assumed position, then, from which to plot the line is:

L, 35° 00' N
\j, 65° 22'.6 W

The altitude difference is 28.4 miles toward the body bearing 204° and the line of

position is at right angles to the bearing.

Example S.—See page 197 (Form 2). Entering the tables from above with a =
8° 30', take out d' = 19° 46', also the corresponding tj,, h, and a. Take L^ = 42° 00',

and combining it with h, gives C = 22° 00'. Now enter with a = 8° 30' and C = 22° 00'

and take out /i',Z', and (8. By the precept, M = a- /3 = 16°.l. Ad = 26.7. FromTable
VII cos M is 0.96; and hence Ad X cos M = AA = 26.7 X 0.96 = 25'. 7. Since M is less

than 90°, Ah is plus like Ad. Applying Ah to h' gives i^c = 66° 54'. 7, and the altitude

difference is 26.0 toward the body bearing S 21° 45' E, or 158°. The X^ is found to be
32°11'W.

The assumed position, then, from which to plot the line is:

L^ 42° 00' N
Xa32° 11' W

The altitude difference is 26.0 miles toward the body bearing 158°, and the line of

position runs at right angles to the bearing.

Third method.—Usmg the D. R. position. This method is the least desirable for

the practical navigator in that it involves interpolating and also the correcting of the

h and Z obtained. It is given here because the line is plotted from the D. R. position,

and its use may be desirable when tD,^,—t is large, when the altitude difference is

large, or when two or more lines of position are to be plotted simultaneously.
The values of a and b are obtained by using tj^ instead of to. r. as in the first

method. Then b is combined with Ld. r. to get C. C will seldom come out in whole
degrees, so entering the tables with a and C it will be necessary to interpolate for A,'

and Z'. Since the h' and Z' obtained are for L^. r. and tj,, they must now be corrected

for the effect of ^d. r.
—

^a? or ^^•

The formulas are

:

. . ^h . , . . Ah T • rw,
Ah = At X-^, 111 which -TT= ± cos L sm Z .

AjZ = At X -Vt, in which -^ = — sin L.

A,Z =AhX^, in which ^= -tan h' cot Z'.

AZ = AiZ + A2Z.

In Tables \1I and VIII are given the values of the coefficients -^» -vr» and -^t

the arguments being the elements shown in the above formulas. Above the tables are



Page 196] ALTITUDE AND AZIMUTH TABLES.

2'C bio

S ^ 1=1

4^



ALTITUDE AND AZIMUTH TABLES. (Pageld?



Page 198] ALTITUDE AND AZIMUTH TABLES.

also given the precepts for determining their signs. The correction AZ is generally

negligible, unless A< is large. The same examples which were solved by the first and
second methods will now be worked out to illustrate the third method.

Example 1

.

—See page 200 (Form 3) . The value of a is determined as before, and is

79* so* 40' 30" zo' 10* 78*

38° 30'. Now entering the tables with thisa Sindd = 23° 10'.3, take out6 = 30° ll'.3and
<^ = 42°37'.4. 6 is combined with Ld R and gives C = 59° 22'. 3. Enter with a and C
and by interpolating take out h' = 23° 29'.6 and Z' 42° 45'. Now A< = ^.e. - <a = - 14.2.

Turn to Tables VII and VIII and take out -^ » -^» and -A- » and enter them with their

proper signs in lines 19, 24, and 26, respectively.

Ah
A/i =A<X^— -14'.2X-.59=+8'.4 A^Z^A^X^: -14'.2X+.49=-7'

A2Z =A?iX^=+8'.4X-.48=-4'.

Applyuig Ah to h' gives Ac= 23° 38'. 0, and applying A^Z and AjZ to Z' gives
Z = 42*' 34'

The altitude difference is 26.3 miles toward the body bearing S 42° 34' E, or
137^°, and the line is plotted from the D. R. position.

Example 2.—See page 200 (Form 3).—Entering the tables with a = 9° 30' and

66*
I ' 1 1 r 1

»)' «f 30' 2tf 10' 6!
^

{

..
|
..>.j....

|
.l.i .|

.... |, ,..
|

...,
|
,.,.[.. M| ..,,.

65*

JEraxniile-

2

??z -•35*

-SOf

-•40'

-•30'

d=l2° 22'.6, takeout&=12°33'.3 and<^ = 9° 44'. C = Li, « -& = 22° 04'.7. Enter
with a and C and by interpolation find h' = 66° 03'.7 and Z' = 23° 59'. A< = + 11'.6.
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From Tables VII and VIII take out a7 ' aT' ^ Ah
"^^*" their proper signs. The

corrections A^, AjZ, and AjZ are obtained as explained in example 1 ; applying them
to Ji' and Z' we find hc = e>5° 59'.9 and Z = 24° 25'.

The altitude difference is 11'.7 toward the body bearing S 24° 25' W, or 20^°,
and the line is plotted from the D. R. position.

Example 5.—See page 201 (Form 3). Entering Table VI with a = 8° 30' and

^= 20°12'.7,takeout6 = 20°26'.7and^A = 9°03'.9. C = Li, ^ -& = 21° 18'.3. Enter
with a and C and by interpolating take out ^'=67° 07'.9 and Z' =22° 22'. A^ =

— 2'. 9. From Tables VII and VIII take out ~^. > -~r, and -^ with their proper signs.

The corrections A^, AjZ, and AjZ are obtained as before. Applying them to h' and
Z' gives ^c = 67° 08'.7 and Z = 22° 15'.

The altitude difference is 12.0 miles toward the body bearing S 22° 15' E, or

157f °, and the line is plotted from the D. R. position.

The three lines of position, determined by the solutions of the three foregoing

examples, are charted in the accompanying diagrams. The line of position from
each example falls in the same place—as of course it should—whether laid down from

Pi, P2, or p^, the respective points indicating the geographical positions from which
the altitude differences are to be reckoned in the three solutions of each example by
the three different methods.
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60'

A
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70 Zi
71 28
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