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The following two cases, illustrate the method of working problems with these

tables. Case I covers the majority of problems. Sometimes, however, it will
be necessary to use Case II.

Case I (L. H. A. between 0° and 90°, or 270° and 360°)
The U. S. S. West Virginia is making passage from the United States to Monte-

video. At about 1650, on March 26, 1928, she was in D. R. position, latitude
31° 04' .7 S., longitude 49° 35' .7 W. At this time the sun was observed as
follows: Watch 4 h 52m 27 B

; C-W 2 h 47m 17 8
; chronometer slow 12m 28 9

; corrected
observed altitude 18° 16.5'. Required the line of position.
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STATUTES OF AUTHORIZATION

There shall be a hydrographic office attached to the Bureau of

Navigation in the Navy Department for the improvement of the

means for navigating safely the vessels of the Navy and of the mer-

cantile marine by providing, under the authority of the Secretary of

the Navy, accurate and cheap nautical charts, sailing directions,

navigators, and manuals of instructions for the use of all vessels of

the United States, and for the benefit and use of navigators generally.

(R. S. 431.)

The Secretary of the Navy is authorized to cause to be prepared,

at the Hydrographic Office attached to the Bureau of Navigation in

the Navy Department, maps, charts, and nautical books relating to

and required in navigation, and to publish and furnish them to

navigators at the cost of printing and paper, and to purchase the

plates and copyrights of such existing maps, charts, navigators, sail-

ing directions, and instructions as he may consider necessary, and

when he may deem it expedient to do so, and under such regulations

and instructions as he may prescribe. (R. S. 432.)



PREFACE

These tables were conceived, and the method and formulas deduced,

by Lieut. Commander J. Y. Dreisonstok, United States Navy, while

a member of the Naval Examining Board, Navy Department, Wash-
ington, D. C. This officer was later attached to the Division of

Nautical Research of the Hydrographic Office, where he completed

the calculations and put them into the present form.

Commander F. H. Roberts, United States Navy, of the Hydro-

graphic Office, contributed valuable suggestions and criticisms in the

preparation and revision of the book.

Acknowledgment is made for the constructive criticisms submitted

by the fleet, the United States Naval Academy, and other sources.

The work of revising the fifth edition was performed by Mr. Elmer
B. Collins of the Hydrographic Office.

These tables are designed to facilitate the navigation of aircraft

and surface craft. Used with the Nautical Almanac, no other books

are required.

The method of solving navigational problems here given is applied

to all problems regardless of the position of the heavenly body, be it

sun, moon, planet, or star. It requires few figures and gives a quick

solution for determining (a) line of position, (b) compass error, (c)

meridian altitude, (d) Great Circle course and distance, (e) identifica-

tion of unknown stars. The accuracy of the azimuth data fully

justifies its use in obtaining compass error. The tables are simple to

use.

While a small and handy size is desirable, space is given at the end

of the book to a full explanation of the construction of these tables,

together with numerous problems, in order that an opportunity for

analysis may be afforded those who desire to investigate their sound-

ness and uses.

W. R. Gherardi,

Rear Admiral, U. S. Navy,

Hydrographer.
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CORRECTIONS TO BE APPLIED TO THE OBSERVED ALTITUDE OF
A STAR OR OK THE SUN'S LOWER LIMB, TO FIND THE TRUE
ALTITUDE

Table A Table B

Observed



CORRECTIONS FOR THE OBSERVED ALTITUDE OF THE MOON"

Table C

FOR REFRACTION, PARALLAX, AND 3EMIDIAMETER.

Lover Limb.

Obs.
Alt.
Lower
Limb.

Horizontal Parallax. Obs.
Alt.

Lower
Limb

Horizontal Parallax.

5.5
6.0
6.5
7.0
7.5

8.0
8.5
9.0
9.5
10.0

11
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
45

+59.6
60. 2
60.7
61. 1

61.5

-60. 9
61.4
61.9
62.4
62.7

+61. 81+63. 1

62. l| 63. 3
62. 3! 63. 6
62. 5 63. 8
62. 7 1

64.

+63.0
63.2
63.3
63.4
63.4

+64.2
64.4
64.6
64. 6
64.6

63. 4 +64. 6
63. 3 64. 5
63.2
63. 1

62.9

64.4
64. 3
64. 1

+62. 7 +63. 9
62.5
62.2
62.0
61.7

-61.3
61.0
60.7
60.3
59.9

+59.5
59.0
58 6
58. 1

57.7

+57.2
56.7
56. 1

55.6
55.0

+54. 4
53.9
53.3
52. 7
52.0

63.7
63.4
63. 1

62.9

-62. 5
62. 2
61. 8
61.4
61.0

+60.6
60.2
59.7
59.2
58.7

+58.2
57.7
57.2
66. 6
56. 1

55. 5
54.9
54.

53.

53.0

+62. 1

62.7
63.2
63. 6
64.0

+64.3
64. 6
64.8
65.0
65.2

+65.5
65.7
65.8
65.9
65.9

-65.8
65.8
65.6
65.5
65.3

65. 1

64.9
64.6
64.3
64.0

+63.

63.

G3.

62.

62.

+61.
61.

60.

60.

59.

+59.3
58.8
58.2
57.7
57. 1

+56.5
55. 9
55.3
54.6
54.0

+63.4
64.0
64.5
64.9
65.3

+65. 6
65.9
66. 1

66.3
66.5

+66.7
66.9
67.0
67. 1

67. 1

+67. 1

.67.0
66.9
66.7
66.5

+66.3
66. 1

65.9
65.5
65.2

+64.9
64.5
64. 1

63.7
63.3

+62.9
62.4
61.9
61.4
60.9

+60.4
59.8
59.3
58.7
58. 1

+57.5
56.9
56.3
55.6
55.0

+64.7
65.3
65.8
66.2
66.5

-66.9
67. 1

67.4
67.6
67.7

+68.0
68.2
68.3
68.4
68.4

+68.3
68.2
68. 1

67.9
67.8

-67.5
67.3
67.0
66.7
66.4

+66.0
65.7
65.3
64.9
64.4

+64.0
63.5
63. 1

62.5
62.0

+61. 5
60.9
60.4
59.8
59.2

+58.6
57.9
57.3
56. 6
56.0

+66.0
66.5
67.0
67.4
67.8

+68. 1

68.4
68.6
68.8
69.0

+69.3
69.5
69. 6
69.6
69.6

+69.6
69.

69.3
69.2
69.0

+68.7
68.5
68.2
67.9
67.6

+67.2
66.8
66.4
66.0
65.6

+65. 1

64.7
64.2
63.6
63. 1

+62.6
62.0
61.4
60.8
60.2

+59.6
59.0
58.3
57.6
56.9

+67.3
67.8
68.3
68.7
69. 1

+69.4
69.7
69.9
70. 1

70.3

+70. 5
70.7
70.8
70.9
70.9

+70.8
70.7
70.6
70.4
70.2

+70.0
69.7
69. 4
69. 1

+68.4
68.0
67.6
67.2
66.7

+66.3
65.8
65.3
64.8
64.2

+63.7
63. 1

62.5
61.9
61.3

+60.6
60.0
59.3
58.6
57.9

+68.5
69. 1

69.6
70.0
70.4

+70.7
70.9
71. 1

71.3
71.5

+71.8
72.0
72. 1

72. 1

72. 1

+72.0
71.9
71.8
71.6
71.4

+71.2
70.9
70.6
70.3
69.9

+69.6
69.2
68.8
68.4
67.9

+67.4
66.9
66.4
65.9
65.3

+64.7
64.2
63.6
62.9
62.3

+61.6
61.0
60.3
59.6
58.9

46
47
48
49
50

51
52
53
54
55

56
57
58
50
do

61
62
63
64
65

66
67
68
69
70

71
72

73
74
75

76
77
7S
79
80

81
82
S3
84
85

86
87

go

+51.4
50.7
50. 1

49.4
48.7

+48.0
47.3
46.6
45.8
45.1

+44.4
43.6
42. 8
42. 1

41.3

+40.5
39. 6
38.8
38.0
37.2

+36.4
35.5
34.7
33.8
32.9

+32. 1

31.2
30.3
29. 4

28.

+27.7
26.8
25.8
24.9
24.0

+23. 1

22. 2
21.3
20.4
19.4

+18.5
17.6
16.7
15.7

+14.7

+52.4
51.7
51.0
50.3
49.6

+48.9
48.2
47.

46.

46.0

+45.2
44.4
43.6
42. 9

42. 1

+41.2
40.4
39.6
38.7
37.9

+37.0
36.2
35.3
34.4
33. 6

+32.7
31.8
30.9
30.0
29. 1

28.2
27.3
26.3
25.4
24.5

23.6
22.6
21.7
20.8
19.8

+18.9
17.9
17.0
16.0

+15.0

+53.3
52.6
52.0
51.3
50.5

+49.8
49. 1

48.3
47.6
46.8

+46.0
45. 2
44.4
43.6
42.8

+42.0
41. 1

40.3
39.4
38.6

+37.7
36.8
36.0
35. 1

34.2

+33.3
32.3
31.4
30.5
29.6

+28.

27.7
26.

25.9
24.9

+24.0
23.0
22. 1

21. 1

20.2

+19. 2
18.2
17.3
18.3

+15.3

+54.3
53.6
52.9
52.2
51.5

+50.7
50.0
49.2
48.4
•47.6

+46.8
46.0
45.2
44.4
43.6

+42.7
41.9
41.0
40. 2
39.3

+38.4
37.5
36. 6
35.7
34.8

+33.9
32.9
32.0
31. 1

30. 1

-29.2
28.2
27.3
26.3
25.4

-24.4

23.4
22.5
21.5
20.5

+19. 6
18.6
17.6
16.6

+15. 6

+55.3
54.6
53.9
53. 1

52.4

+51.6
50.9
50. 1

49,

48.5

+47.7
46.9
46.0
45.2
44.4

+43.5
42.6
41.8
40.9
40.0

+39. 1

38.2
37.3
36.3
35.4

+34.5
33.5
32.6
31.6
30.7

+29.7
28.8
27.8
26.8
25.8

:-24. 8
23.9
22.9
21.9
20.9

+19.9
18.9
17.9
16.9

+15.8

+56.2
55.5
54.8
54. 1

53.3

+52. 5
51.8
51.0
50.2
49.3

+48. 5

47.7
46.9
46.0
45. 1

+44.3
43.4
42.5
41. 6
40.7

+39.8
38.8
37.9
37.0
36.0

+35. 1

34. 1

33.2
32.2
31.2

-30.2
29.3
28.3
27 3
26.3

+25.3
24.3
23.3
22.3
21.3

+20.

19.2
18. 2
17.2

+16. 1

+57.2
56.5
55.

55.0
54.2

-53.4

52.7
51.8
51.0
50.2

+49.4
48.5
47.7
46. 8
45.9

+45.0
44. 1

43.2
42. 3
41.4

+40.4
39.5
38.6
37.6
36.7

+35.7
34.7
33.7
32.7
31.8

+30.8
29.8
28.7
27.7
26.7

-25.7
24.7
23.7
22.6
21.6

20.6
19.6
18.5
17.5

+16.4

+58!
57.4
56.

55.

55. 1

+54.3
53.

52.7
51.9
51.

+50.
49.3
48.

47.

46.7

+45.8
44.9
43.9
43.0
42. 1

+41. 1

40. 2
39.

38.

37.3

+36.

35.3
34.

33.

32.

+31.3
30.2
29.

28.

27.

-26.

25.

24. 1

23.0
22.0

+20.9
19.9
18.

17.

16.

Height of Eye Correction.

H. E.
feet.



CORRECTIONS FOR THE OBSERVED ALTITUDE OF THE MOON
Table C

FOR REFRACTION, PARALLAX, AND SEMIDIAMETER

Obs.
Alt.
Upper
Limb.

Horizontal Parallax. Obs.
Alt.

Upper
Limb.

Horizontal Parallax.

5.5
6.0
6.5
7.0
7.5

8.0
8.5
9.0
9.5
10.0

11

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
45

+29.4
30. 1

30.7
31.2
31. 6

+32.0
32.3
32.6
32.8
33.0

+33.3
33.6
33.7
33.8
33.8

+33.8
33.8
33.7
33.5
33.4

+33.2
33.0
32.7
32.5
32.2

+31
31
31.2
30.8
30.4

30.0
29.6
29. 1

2.8.7

28.2

+27.7
27.2
26.7
26. 1

25.6

+25.0
24.4
23.8
23.2
22.6

+30.2
30.8
31.4
31.9
32.3

+32.7
33.0
33.3
33.5
33.7

+34.0
34.3
34.4
34.5
34.5

+34.5
34.5
34.3
34.2
34.0

+33.9
33. 6
33.4
33. 1

32.8

+32.5
32. 1

31.8
31.4
31.0

+30.6
30. 1

29.7
29.2
28.7

+28.2
27.7
27.2
26.6
26. 1

+25.5
24.9
24.3
23.6
23.0

+30.9
31.5
32. 1

32.6
33.0

+33.4
33.7
34.0
34.2
34.4

+34.7
35.0
35. 1

35.2
35.2

+35.2
35. 1

35.0
34.9
34.7

+34.5
34.3
34.0
33.7
33.4

+33. 1

32.8
32.4
32.0
31.6

+31.2
30.7
30.3
29.8
29.3

+28.8
28.2
27 7
27 1

26.6

+26.0
25.4
24.7
24. 1

23.4

+31.6
32.3
32.8
33.3
33.7

+34. 1

34.4
34.7
34.9
35. 1

+35.4
35.7
35.8
35.9
35.9

+ 35. 9
35.8
35.7
35. 6
35.4

+35.2
34.9
34.7
34.4
34.1

+33.7
33.4
33.0
32.6
32.2

+31. 8
31.3
30.8
30.3
29.8

+29.3
28.8
28.2
27.6
27. 1

+26.4
25.8
25.2
24.6
23.9

+32.3
33.0
33.5
34.0
34.5

+34.8
35. 1

35. 4
35.6
35.8

+36.2
36.4
36.5
36.6
36.6

+36. 6
36.5
36.4
36.2
36.0

+35.8
35.6
35.3
35.0
34.7

+34.4
34.0
33.6
33.2
32.8

+32. 3
31.9
31.4
30.9
30.4

+29. 8
29.3
28.7
28. 1

27.6

+26.9
26.3
25.6
25.0
24.3

+33.0
33.7
34.3
34.8
35.2

+35.5
35. 9
36. 1

36.3
36.5

+36.9
37. 1

37.2
37.3
37.3

+37.3
37.2
37. 1

36.9
36.7

-36.5
36.3
36.0
35.7
35.4

+35.

34.6
34.2
33.8
33.4

+32.9
32.5
32.0
31.5
30.9

30.4
29.8
29.2
28.6
28.0

+27.4
26.8
26. 1

25.4
24.7

+33.7
34.4
35.0
35
35.9

+36.3
36.6
36.8
37 1

37.3

-37.6
37.8
37.9
38.0
38.0

+38.0
37. 9
37.7
37.6
37.4

+37.2
36.9
36.6
36.3
36.0

+35.6
35.2
34.9
34.4
34.0

+33.5
33.0
32.5
32.0
31.5

+30.9
30.3
29.7
29. 1

28.5

+27.9
27 2
20.6
25.9
25.2

-34.4
35. 1

35.

36.2
36

37.0
37.

37.5
37.8
38.0

+38.

38.5
38.

38.7
38.7

+38.

38.6
38.4
38.2
38. 1

37.8
37.6
37.3
37.0
36.

+36.2
35.9
35. 5

35.0
34,

+34,

33.6
33. 1

32.

32.0

+31
30.9
30.3
29.6
29.0

+28.4
27.7
27.0
26.3
25. 6

-21.9
21.3
20.6
19.9
19.2

+18.5
17.8
17. 1

16.4
15.7

-14.9
14.2
13.4
12.6
11.8

-11.0
10.2
9.4
8.6
7.7

6.9
6. 1

5.2
4.3
3.5

- 2.6
1.7

- 0.9
0.0

-0.9

- 1.8
2.7
3.6
4.5
5.4

• 6.3
7.3
8.2
9. 1

10.0

-10.9
11.9
12. 8
13,7
-14.7

+22.4
21.7
21.0
20.3
19. 6

+18.9
18.2
17.5
16.7
16.0

+15.2
14.4
13.6
12.8
12.0

+11.2
10.4
9.6
8.7
7.9

7.0
6.2
5.3
4.4
3.5

- 2.7
1.8

• 9
0.0

• 0.9

- 1.9
2.8
3.7
4.6
5.5

• 6.5
7.4
8.3
9.3
10.2

11.2
12. 1

13.0
14.0
-15.0

+22.8
22. 1

21.4
20.7
20.0

+19.3
18.5
17.8
17.0
16.3

-15.5
14.7
13.9
13.1
12.3

+11.4
10.6
9.8
8.9
8.0

• 7.2
6.3
5.4
4.5
3.6

+2.7
1,

- 0.9
0.0

- 0.9

• 1.9
2.

3.

4.7
5.6

6.6
7.5
8.5
9.4
10.4

11. 4
12.3
13.3
14.3
-15.3

+23.2
22.5
21.8
21. 1

20.4

+19.6
18.9
18. 1

17.3
16.6

+15.8
15.0
14.2
13.3
12.5

+11.6
10.8
.9.9
9. 1

8.2

7.3
6.4
5.5
4.6
3.7

2.

1.9
0.9
0.0
1.0

1.9
2.9
3.8
4.8
5.7

-6.7
7.7
8.6
9.6
10.6

11.5
12. 5
13
14. 5
15.6

23. 6
22.9
22.2
21.5
20.7

+20.0
19.2
18.4
17.7
16.9

16. 1

15.2
14.4
13.6
12.7

+11.9
11.0
10. 1

9.2
8.3

- 7.5
6.5
'5.6

4.7
3.8

- 2.8
1.

- 0.9
0.0
1.0

• 1.9
2.

3. 9
4. 8
5.

6.

7.

8.

9. 8
10.8

11.7
12. 7
13.7
14.7
•15. S

+24.0
23.3
22.6
21.9
21. 1

+20.3
19.6
18.8
18.0
17.2

-16.3

15.5
14.7
13.8
13.0

-12. 1

11.2
10.3
9.4
8.5

• 7.6
6.7
5.7
4.

3,

• 2.9
1.9

- 1.0
0.0

-1.0

2.0
2.9
3.9
4.9
5.9

- 6,

7.9
8.

9.9
10.9

12.0
13.0
14.0
15.0
16. 1

+24.5
23. 8
23.0
22. 3
21. 5

+20.7
19.9
19. 1

18.3
17.5

16. 6
15.8
14.9
14. 1

13.2

+12.3
11.4
10.5
9.6
8.7

+ 7.7
6.8
5.8
4.8
3.9

+ 2.9
2.0

+ 1.0
0.0

-1.0

-2.0
3.0
4.0
5.0
6.0

-7.0
8. 1

9. 1

10. 1

11. 1

-12.2
13.2
14.2
15.3

-16.4

+24.9
24.2
23 4
22.6
21.9

+21. 1

20.3
19.4
18.6
17.8

-16.9
16. 1

15.2
14.3
13.4

-12.5
11.6
10.7
9.7
8.8

- 7.9
6.9
5.9
4.9
4.0

- 3.0
2.0

- 1.0
0.0

- 1.0

- 2.0
3.0
4.1
5. 1

6. 1

- 7.2
8.2
9.2
10.3
11.3

•12.3
13.4
14 4

15.5
16.7

Height of Eye Correction.

H. E.
feet.
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EXPLANATION OF THE CONSTRUCTION AND USE OF
THE TABLES

DEVELOPMENT OF THE FORMULAS

Let us consider the astronomical triangle MPZ (fig. 1)

projected upon the plane of the celestial horizon.

Where P is the elevated pole,

Z is the observer's zenith, and
M is any celestial body.

Then the side PZ is equal to the colatitude;

the side PM is equal to the codeclination;

the side ZM is equal to the coaltitude;

the angle at P is equal to the local hour angle, and

the angle at Z is equal to the azimuth of the

heavenly body.

Now, let fall a perpendicular ZD from the observer's

zenith upon the circle of declination. Call this perpendic-

ular a. This will divide the astronomical triangle into two right spherical tri-

angles and the side PM into two parts which we shall call 6 and B respectively.

It will also divide the azimuth into two angles Z' and Z".

In the upper or "time triangle" (Napier's rules)

Sin a=cos L sin t (1)

Tan 6=cot L cos t (2)

Cot Z'= sin L tan t (3)

In the lower or "altitude triangle"

—

Sin /i=cos a cos B (4)

Cot Z"= sin a cot B (5)

Now, since B is equal to (90°— d) minus 6=90— (d-\-b), equations (4) and (5)

become
sin h=cos a sin (d-\-b) (6)

cot Z"= sin a tan (d+b) (7)

Inverting equations (6) and (7) they become

—

cosec h— sec a cosec (d-\-b) (8)

tan Z"= cosec a cot (d-{-b) (9)

It is apparent that Z' plus Z" is equal to Z, the body's azimuth. This azimuth

is always reckoned from the elevated pole east or west from 0° to 180° and

marked in the conventional manner depending on the sign of the latitude and

whether the body is rising or setting; i. e., east or west of the meridian.

CONSTRUCTION OF THE TABLES

Table I.—For every degree of latitude from 0° to 65°, and for every degree of

local hour angle from 1° to 90° there is tabluated four columns headed b, A, C,

and Z'.

Column b is the value of the side b (fig. 1) in degrees, minutes, and tenths.

It is found from equation (2)

.

Column A is the log secant of side a (fig. 1) multiplied by 105 power. The

value of a is found from equation (1).

Column C is the log cosecant of side a, to three places and multiplied by 10s

power. It, too, is found from equation (1).

Column Z' is the value of the angle Z' (fig. 1) to degrees and tenths. It is

found from equation (3)

.
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Table II.—Observe, now, equations (8) and (9). Table I gives us secant a
(column A) and cosecant a (column C) . All that is necessary to obtain the values

of hc and Z" is to get the cosecant and cotangent of (d+b). This value of (d+b)
is the basis of Table II. It is obtained by finding the algebraic sum of d (the

declination) and b (the value found in the first column of Table I)

.

Table II, then, is merely a log cosecant and cotangent table of angles from
0° to 90° and given for every minute. It contains two columns, B and D.
Column B is the log cosecant of these angles multiplied by 105 power.

Column D is the log cotangent of these same angles to three places and multi-

plied by 10s power.

Adding the value of B, taken from Table II, to the value of A, taken from
Table I, gives us the log cosecant h . (See equation 8). Now, since the first

column (B) of Table II is already a log cosecant column, the value of hB
° (the

computed altitude) may be found at the top of this column corresponding to its

log. The minutes are found to the left of the table.

Similarly, adding the value of D, Table II, to the value of C, taken from
Table I, gives us the log tangent of Z". (See equation 9.) Now, since the second

column (D) of Table II is a log cotangent column, and we are dealing with the

log tangent Z", it is but necessary to find this value of the log tangent in column
D and the complement is the value of Z". This value of Z" may be found at the

top of the column containing its corresponding log. The tenths of a degree are

found to the right of the table.

For simplicity and space, Table I is carried only to 90°. For values over 90°,

subtract angle from 180° and enter tables with supplement.

GRAPHIC ILLUSTRATION OF SOLUTION
In equation

(8) Cosec h= sec a cosec (d+b).

(9) Tan Z"= cosec a cot (d+b).

Let A=log sec a.

C=log cosec a.

B=log cosec (d+b).

D= log cot (d+b).

6= natural value of side b in degrees and minutes.

d= declination of body.

Then use the following arrangement for quick solutions:

^JEnterTablel. Equations Equation 9
d (from Nautical Almanac)

b (from Table I) A (Table I) C (Table I)

d+b (algebraic sum) B (Table II) D (Table II)

he (Table II) A+B C+D

Z' (Table I)

Z" Table II)

Z-= Algebraic
sum

EXPLANATION IN DETAIL

1. G. A. T. is found from midnight in the usual manner. From this the G. H. A.

is computed as follows: for the sun,

G. H. A.= G. C. T.-12*±Eq. of T.

For star, planet, or moon,
G. H. A.= G. S. T.-R. A.*

(Add 24h to the G. S. T. if necessary to perform this subtraction).

2. Convert the G. H. A. to degrees (see short method p. IV).

3. Apply an assumed longitude [minus (— ) if west, and plus (+ ) if east] such

that the resultant local hour angle will be an integral degree. If west longitude,

subtract the smaller from the larger.
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4. With the hour angle (I) and an assumed latitude (use D. R. latitude to

nearest degree), enter Table I and pick out quantities b, A, C, Z'

.

5. Add algebraically to b the declination obtained from the Nautical Almanac;
that is, add if the signs are alike, subtract the smaller from the larger if unlike.

6. With the quantity of d-jrb thus obtained, enter Table II and pick out

quantities B and D. Add B to A and D to C.

7. With A+B enter column B of this same table (Table II) and find the

corresponding number. The heading at the top of the column will give the value

of h in degrees; the minutes will be found in the extreme left column.

8. With C+D enter column D of the same table (Table II) and find the corre-

sponding number. The number at the top of this column will give the value of

Z" in degrees; the tenths of a degree will be found in the extreme right column.
9. Add the Z" to Z' previously obtained from Table I to get the azimuth.

This azimuth is always reckoned from the elevated pole and is marked in the

conventional manner, i. e., north when in north latitude, south when in south

latitude, east when east of the observer's meridian, west when west of the ob-

server's meridian.

10. The local hour angle (L. H. A.) is reckoned from the upper branch of the

meridian westward through 360°.

11. When the local hour angle or its exp'ement (360°— L. H. A.) is less than
90°, give 6 the same name as that of the latitude (+ ) if north, (— ) if south.

This is called Case I.

12. When the local hour angle is between 90° and 270°, giye b the opposite

name to the latitude. This is the Case II exemplified in the problems that follow.

In it the azimuth is always obtained by subtraction.

When in latitude 0° give b the same name as the declination and the azimuth
takes the name of the declination.

NOTES ON SOLUTIONS

13. It will be noted that in Table I, t is used only to 90° (six hours). The
manner in which the local hour angle is handled to accomplish this is simple and
uniform in all cases.

(a) If the L. H. A. exceeds 90° W., use the supplement as t.

(b) If it exceeds 180° W., reject 180° and use the remainder as t.

(c) If it exceeds 270° W., use the explement as t.

(d) If it exceeds 360°, reject 360°, then treat as in (a).

14. In finding the quantity d+b with which Table II is entered, should this

amount exceed 90°, take quantity in degrees from bottom of page and take
minutes from right-hand column, reading up. Give the resultant Z" a negative

sign because cot (180° — 9) = (— ) cot 6.

15. In finding the azimuth when the value of C+D exceeds 10000, as, for

example 13536, the 10000 is dropped and only the number 3536 is sought in

Table II.

16. In the following examples the letter a is used to indicate the altitude

difference (also called intercept) from the assumed position of the observer

towards the heavenly body, if the true altitude (h) is greater than the computed
altitude; away if the true altitude is less than the computed altitude. The
true altitude (/i)=the observed (or sextant) altitude± all corrections applied.

17. In lieu of a better position the intersection of the perpendicular from the
dead-reckoning position at the time of the sight to the line of position obtained

with these tables must be taken as the most probable positjoar^f^fch^observer on
the line. /Sy
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18. The difference in the azimuth of the heavenly body due to the adoption

of an assumed position differing from the D. R. position may be neglected for

nearly all practical cases. However, when high altitudes are observed within

an hour of the meridian the correct azimuth can be obtained only by using the

data for a point at or near the observer's position. Therefore, under these

conditions the assuming of a position to fit the tables may produce an appreciable

error in the azimuth, with consequent deflection of the line of position. This

source of error may be avoided by interpolating to minutes of latitude within

Table I.

19. A study of azimuth tables shows that rapid changes of azimuth occur

within an hour of the meridian, and this, coupled with difficulties of observation,

makes such azimuths of little value in the accurate determination of compass
error. The most favorable time for the determination of compass error is when
the heavenly body is low and near the prime vertical (when the body bears to

the eastward or westward.)

USE OF THE TABLES

Altitude and Azimuth

jCase I (L. H. A. less than 90°; d-\-b less than 90°).—For the sake of brevity,

the corrected observed altitude will be given in each case instead of the sextant

altitude, index correction, and height of eye.

Problem 1.—The U. S. S. Richmond is making passage from the United States

to Montevideo. At about 1650, on March 26, 1928, she was in D. R. position

latitude 31° 04:7 S., longitude 49° 35J7 W. At this time the sun was observed

as follows: Watch 4h 52m 27 s
; C-W. 2 h 47m 17 8

; chronometer slow 12m 28 8
;

corrected observed altitude 18° 16! 5. Required the line of position.

h m s

W 4 52 27

C-W 2 47 17

C. C.

G. C. T. 26 Mar.
Eq. T

G. A. T._
Subtract

G. H. A..

Arc
Ass. long.

19



dec... d 2°

fr. Table I__ 6 33°
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Case I—Problem 8.—The U. S. S. Idaho is making passage from Rio de Janeiro
to Cape Town. During evening twilight on September 29, 1928, the navigator
observes the star "Rasalhague" as follows: W. 6h 38m 15 s

; O-W. ll h 58m 45 s
;

chronometer slow lm 04 s
; corrected altitude 40° 33' 1. Position by D. R. at time of

sight was latitude 30° 57' S., longitude 0° 08' 6 E. Required the line of position.
h m s

W 6 38 15

C-W 11 58 45

C. F.

C. C. (+)

6 37 00

1 04

G. C. T. 29 Sept 18 38 04

R. A. M. O 30 1.3

T. Ill 3 3. 7

or, G. C. T. 29 Sept.

h

18 38 04

G. S. T 19 11 09.0
R. A. ^ 17 31 36. 3

G. H. A 1 39 32.7 W.
To Arc 24° 53!2 W.
Assumed long____(+ ) 0° 6!8 E.

G. H. A. 29 Sept.

Corr. 18 h 38m

Corr. 4 s

G. H. A.

Assumed long.

L. H. A.

104° 3613

280 15.9

1.0

24 53.2 W.
6.8 E.

25 00.0 W.

L. H. A 25° 0:0 W.
f 25°\dec. 12° 36!8 N.
Ass. lat._ 31° J b 56° 27! 4 S. A 3054

d+b 43° 50!6 B 15946

h 40° 13!

h 40° 33!1
A+B 19000

C 441

D 17

C+D 458

Z' 76?5

Z" 70.8

(Z) S 147?3 W
a 20:i (towards)

Case I—Problem 4-—A seaplane is making passage from New York to Ponta del

Gada, Azores. During evening twilight on June 24, 1928, while in position by
D. R. latitude 38° 14! 8 N., longitude 31° 48f5 W., the navigator observed the

moon's lower limb as follows: W. 7h 51m 00 8
; C-W. 2 h 08m 29 s

; chronometer fast

8m 31 s
; corrected altitude 48° 39! 1. Required the line of position.

h m s

W 7 51 00

C-W 2 08 29

9 59 29

C. C (-) 8 31

G. C. T. 24 June__ 21 i 50 58

R. A. M. © 18 07 35.5

T. Ill 3 35.4

G. S. T 16 02 08.9
R. A. d 12 17 23.0

G. H. A 3 44 45. 9 W.
To Arc 56° W. 5 W.
Assumed long (-)31° IV. 5 W.

L. H. A 25° 0:0 W.
f 25°\dec. 3° 22!6 N.
Ass. lat__ 38°/ 6 49° 14!2 N. A 2553

d+b 52° 36!8

hc 48° 3i:2
h 48° 39! 1

B 9988

A+B 12541

7(9 (towards)

C 478

D 9883
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Case I—Problem 5.—The U. S. S. Texas is making passage from San Diego to

Valparaiso. During the forenoon of June 25, 1928, while in D. R. position

latitude 30° 05(8 S., longitude 74° 34^5 W., the navigator observed the sun's

lower limb as follows: W. 8 h 15"

corrected observed altitude 14°

W__.
c-w

c. c.

15

07

26 s
;

' 07:5

8

26

12

C-W. 5 h 07m 12 s
; chronometer fast 7D

Required the line of position.

42"

13

(-)

22

7

38

42

G. C. T. 25 June__

Eq. of T (-)
13 14

2

56

25.5

G. A. T 13

Subtract 12

12 30. 5

G. H. A 1 12 30. 5 W.
Arc 18° 07.6' W.
Assumed long_(— ) 74 07.6' W.

L. H. A 56

t 56°\dec. 23° 23! 8 N.
Ass. lat_ 30°/ b 44° 05^1 S.

E.

d+b 20° 4i:3

A 15734

B 45188

14° 14:0
14° 07J5

A+B 60922

C 144

D 423

C+D 567 Z'

53?5

74.8

(Z) S 128?3 E
a 6' 5 (away)

Case I—Problem 6.—The U. S. S. Stewart is making passage from Hainan,

China, to Manila. During the afternoon of May 18, 1928, while in position by
D. R. latitude 17° 01! 3 N., longitude 116° 34' E., the sun's lower limb was
observed as follows: W. 4h 00m 10 s

; G-W. 3 h 45m 32 s
; chronometer slow 14m 18 s

;

corrected observed altitude, 35° 38! 9; sun bore 281° per gyro compass. Required

the line of position and the error of the gyro compass.
. h m s

W 4 00 10

C-W 3 45 32

c. c. .(+)

45

14

42

18

G. C T. 18 May.
Eq. of T

00

+ 3

00

43. 1

G. A. T 8

Subtract 12

03 43. 1 (add 24 hrs.)

G. H. A 20 03 43. 1 W.
Arc 300° 55. 8' W.
Assumed long. (+) 116 04.2' E.

L. H. A 417°

(Reject) 360°

57

W.

W. (illustrates Note 13(d))
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t 57°\dec. 19° 3l!4 N.
Ass. lat_ 17°/ b 60° 41^6 N. A 22381

d+ b 80 13.0 B 636

h c 36° 03!5
h 35° 38:9

A+B 23017

2416 (away)

C 96

D 9237

C+D 9333

Z' 65!8

Z" 12. 2

Z (N.) 78. (W.)
Z 282°
Z 281 (pgc.)

Error pgc. 1° (E.)

Case II (L. H. A. between 90° and 270°)—Problem 7.—On May 15, 1928,

about 8 p. m., the U. S. S. Mississippi making passage from Hampton Roads to

Liverpool, while in D. R. position, latitude 40° 43' N., longitude 68° 30' W.,

observed the star Vega as follows: W. 7h 36m 12 B
, C-W. 4h 59m 12 s

, chronometer

lm I s slow. True altitude 14° 50.5'.

W___
C-W.

C. F_
C. C.

36

59

12

12

G. C. T. 16 May.
R. A. M. S. ©__
Corr. G. C. T.,

Tab. Ill

12 35 24

(+) 1 01

36 25

15 33 49. 7

or, G. C. T. 16 May 36 25

6.0

G. S. T_
R. A. *.

16

18

10 20. 7

34 31. 3

21 35 49. 4 W.G. H. A
Arc- 323° 57. 4' W.
Assumed long, (-) 68° 57.4 W.

G. H. A. 16 May
Corr. h 36m

Corr. 25"
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Case II (L. H. A. between 90° and 270°)—-Problem 8.—On June 22, 1928, about
6 p. m., the U. S. S. West Virginia in D. R. position lat. 50° 55' N., long. 30° W..

observed the sun's lower limb as follows: Watch 6 h 5m 30 8
, C-W. 2 h lm 20 e

,

chron. fast m 20 s
. True alt. 17° 14.5'. Required line of position.

h m a

W 6 5 30

C-W 2 1 20

Chro. F_

c. c___. .(-)

6 50

20

G. C. T. 22 June 20 6 30

Eq. t (-) 1 50.6

G. A. T 20 4 39.4

Subtract 12

G. H. A 8 4 39. 4 W.
Arc 121° 9. 8' W.
Assum. long (- ) 30° 9. 8' W.

L. H. A. 91°

180°

00' W. (illustrates Note 13 (a).)

89°

t-
L

__ 89°\d 23° 26. 7' N.
._ 51 jb 48. 6' S.

d+b 22 38. 1
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Problem 9.—The navigator of the U. S. S. Raleigh, on January 11, 1928, in

D. R. latitude 15° 08:6 N., longitude 157° W.l E., observes the sun at L. A. N.
as follows: h s © 52° 39'; I. C. (+ ) 1'; height of eye, 41 feet. Required the latitude

at L. A. N.

Subtract the D. R. latitude from 90° 90° 00;

15 08. 6

(This equals b, and takes the same name as the

latitude.) 74 51. 4 (N.)

Apply the declination 22 01.0 (S.)

The result (d+ b) equals h c 52 50.4
h 52 49.4

a equals 110 (away.)

Z— 180° since the observer's back is toward the elevated pole, .'.the resulting

latitude equals 15° 08! 6+ 1'.0= 15° 09:6 N.

Problem 10.—The U. S. S. Los Angeles while making passage from Midway
Islands to Shanghai was at L. A. N., on July 22, 1928, in D. R., position latitude

28° 40' N., 175° 14' E. The navigator observed the sun for latitude as follows:

h a O 82° 06'; I. C. (— ) 1'; height of eye, 1,050 feet. Required the latitude at

L. A. N.
90° 00'

D. R. lat___ 28° 40' N. h s 82° 06'

I. C. (-) 1'

b 61° 20' N.
dec 20° 2218 N. 82° 05'

Corr. Tab. A. and B. -16'
h e 81 42.8
h 81 49.0 True alt 81° 49'

a 6. 2 towards & 180?

Therefore latitude at L. A. N.= 28° 40' N. -6:2= 28° 33:8 N.

NOON CONSTANT

If, to the value d+b (or h c) we apply the index correction and the correction for

height of eye for this h c with reversed signs, we thereby obtain a noon constant K.

At L. A. N. simply observe the sun's altitude and apply to K thus obtained to get

the altitude difference. This method eliminates the necessity of finding an
approximate altitude with which to find the height of eye correction. It also

eliminates confusing signs.

Problem 11.—In problem 9:

he (d+ b) equals 52° 50:4

Reverse signs I. C (—

)

1C0

Height of eye correction (—

)

9C4

(#) Noon constant (K) 52° 40:0

Sextant altitude 52° 3910

a=i:0 (away) 180°
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REDUCTION TO THE MERIDIAN

(Near meridian)

The method of finding altitude and azimuth as set forth in these tables is

accurate to the time of meridian passage when the altitude of the observed body
is less than 75°.

When a sight is reduced to the meridian, the resultant latitude is not the

latitude at meridian passage, but is the latitude at the time of taking the sight.

(See Bowditch, 1933, art. 330.) With this method a line of position is quickly-

obtained; and, should the intercept be sufficiently small and the azimuth close

to 0° or 180°, we have practically a latitude line of position at the time the sight

is taken.

Problem IS.—On June 26, 1928, about noon, the U. S. S. S-Sl in lat. 21 S. long.

60° E., by D. R. observed altitude of sun's lower limb bearing northeastward, as

follows: Watch ll h 38m 35 s
, C-W. 7h 59m 10 s

, chron. slow m 10 s
. True altitude

45° 0' 0". Find position line.

W___
C-W.

C. F_
C. C.

11 38 35

7 59 10

7 37 45

10

G. C. T., 26 June__ 7 37 55

Eq. ofT (-) 2 35

G. A. T 7

Subtract 12

35 20 (add 24 hrs.)

G. H. A 19 35 20 W.
Arc 293° 50 W.
Long. E (+) 60° 10' E.

L. H. A___
or L. H. A.

354 00 W. (subtract L. H. A. from 360°) illustrates

6° E. Note 13(c).

f__ 6°\d 23° 22:5 N.
L_21°/& 68 53.7 S.

d+ b 45 31.2

Ac
=45° 14.5'

ft =45° 00.0'

A 208

B 14661

A+B 14869

C 1011

D 9992

C+D 11003

Z' 87.8°

Z' 84.3

(reject 10000) see Note 15. Z 172? 1 S. and E.

a — 14.5' away
The true latitude is on the position line at a point in the correct longitude.

IDENTIFICATION OF AN UNKNOWN STAR

Refer to Figure 1, page 67. In the problem of finding the altitude and azimuth
there is given two sides (d and L) and an included angle (t) of a spherical triangle

and it is required to find the third side (h) and one other angle (Z) . In the prob-

lem of identifying an unknown star, there is given two sides (L and h) and an
included angle (Z) and it is required to find the third side (d) and one other angle

(f) with which to find the body's right ascension. The problems are therefore

similar; and, if in the tables we interchange Z for t, and h for d, we may readily

identify the unknown body.



78 USE OF THE TABLES

Azimuths are reckoned from the north in north latitude, and from the south
in south latitude, from 0° to 180° to the east and west of the meridian, so that

for any azimuth over 90°, Table I is entered with the supplement, then the sign

of b, and V (used as Z'), become negative values, h is always positive. If h+ b

is algebraically negative, then d is named contrary to latitude, and t" (used as Z")
is minus, t is the hour angle named from the initial point north (0°) to the east

or west, to agree with the observed bearing of the star. When the algebraic

sum of t
r

, and t" (to give t), is negative, subtract it from 180°; the remainder is

the hour angle t, east, or west, of the meridian.

Problem IS.—The U. S. S. Lardner is making passage from Colon to the United
States. During evening twilight on October 7, 1928, while in D. R. position

latitude 15° 05' N., longitude 76° 40' W., a star is observed through a break
in the clouds and the following data recorded: W. 6h 06m 20 s

; C-W. 5h 10m 06 s
;

chronometer fast 10m 06 s
, h, 20° 55'; I. C. (+)!'; height of eye, 36 feet; bearing

of star by gyro, 285° (N. 75° W.). Identify the star.

With Z=75° (used as t) and L=15° enter Table I.

h=20° 47?6(+ )

&=44° 0:4(+) A 44389

h+b 64° 48:0(+) B 4343

dec. 19° N. A+B 48732

D 9673

C+D 9703 t" 26°8

<=72°8=4h 51m west of merid-

ian, since Z=285°.

W._.
C-W.

c. c.

G. C. T., 7 Oct

R. A. M. O
T. Ill

6 06 20

5 10 06

11 16 26

.(-) 10 06

23

1

06 20

01 33. 8

3 47.7

G. S. T.

Long
24 11 41. 5

.(-) 5 06 40

L. S. T 19 05 01.5
(Approx.) t 4 51 W.

(Approx.) R. A 14
(Approx.) dec (+) 19°

14/With these enter the Nautical Almanac.
I Star is identified as Arcturus.

Problem 14 (here Z is over 90° hence b and V are negative).—The U. S. S.

Argonne is making passage from Midway Islands to Shanghai. During evening
twilight on July 20, 1928, while on D. R. position latitude 28° 18' N., longitude
179° 47' W., an unknown star is observed and the following data recorded:

W. 7h 16m 24 s
; C-W. ll h 52™ 20 s

; chronometer slow 7m 28 s
; I. C. (-) 1';

height of eye, 41 feet; h s 22° 58'; bearing by gyro 91° (south and east). Identify

the star.
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Z= 9 1 ° ; since this value is greater than 90° use the supplement as Z. Therefore,

with Z= 89° (as t) and L=28° enter Table I.

f___89°U22° 48.4'(+)
L_.28°j*& 1 52.8 (-) A 32815

A+ & 20 55.6 (+) B 44712

(+) dec. 9° 39' A+B 77527

W 7 16 24

C-W 11 52 20

C 54
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GREAT CIRCLE COURSE AND DISTANCE

Like all other problems in navigation, this problem can be approached and
solved with the same astronomical triangle; i. e., having been given two sides and
an included angle, it is required to find the third side and one other angle.

Let Li and Xi be the latitude and longitude of the point of departure and L2 and
X2 be the latitude and longitude of the point of destination, respectively. Now,
if in the astronomical triangle we make the following substitutions, we may use

these tables with which to solve the problem:

For t substitute the difference of longitude between the two places.

For L substitute Li (the latitude of the point of departure)

.

For d substitute L2 (the latitude of the point of destination).

Then Z will equal the initial Great Circle course and co h e will equal the Great
Circle distance between the two points. The method of computing the course and
co h c , or 90° ± h c , is given by the following rules:

When t (diff . long.) is less than 90°, both b and Z' have + signs.

When t (diff. long.) is greater than 90°, both b and Z' have — signs.

When Li and L2 are in same latitude, L2 is always plus.

When Li and L2 are in different latitude, L2 is always minus; combine alge-

braically L2 and b, having regard for signs; should the result be less than 90°, give

Z" the same sign, but if L2+ & is greater than 90° give Z" the opposite sign to

L2+ 6.

Add algebraically Z' and Z", naming the initial course from the elevated pole,

if the resultant Z has the plus sign, but name course from the depressed pole if Z
has a minus sign.

When L2+ b has a plus sign, the distance is 90°— h c .

When L2 -f b has a minus sign, the distance is 90°

+

h c .

Problem 16.—Given two places, one in latitude 40° N.
(
longitude 70° W., the

other in latitude 30° S., longitude 10° W., find the Great Circle distance between
them; also the initial course. Diff. long.= 60° (H. A. between 0° and 90°)

.

z__60° \l2 30° oo:o(-)
Li 40° N.J6 30° 47!4(+) A 12595

L2+b 47.4(+) B 186053

A e 0°35:5 A+B 198648

C 178 Z' 41?9(+)

D 1860

C+D 2038 Z" 89?5(+)

Course=N. 131. 4 E.
(90°-0° 35:5=D=89° 24:5= 5,364.5 nautical miles.

Problem 17.—Find the Great Circle distance and initial course between 1° N.,

122° W., and 35° N., 139° E. Diff. long.= 99° (180°- 99°= 81°)

.

i__81°\=6 83° 3S.0(-)
Lt 1°/=L2 35° 00.0(+ ) A 80302

L2+ 6 48 38 (-) B 12465

h =Q° 47' A+B 92767

C 5 Z' 83?7(-)

D9945 Z"41.7(-)

C+D 9950 Z 125. 4 S. and W.
or N. 54. 6° W.

90°+ 6° 47'=D= 96° 47'= 5,807
nautical miles.

Problem 18.—Find Great Circle distance and initial course between Cape Town
34° S., 18° E., to New York 40° N., 73° W. Diff. long.= 91° (H.A. between 90°

and 180°) supplement=89°.
*-_89° \L2 40° o:0(-)
Lx 34 S./6 1 28.9 (-) A 25229

B 17889L2+&41 28.9 (-)

h e
21° 44.8' A+ B 43118

C 81 Z' 1.8°(-)

D 53

C+D 134 Z" 53.7(-)

Course N. 55.5 W.
90°+ 21° 44.8'= 111° 44.8'= 6,704.8 nautical miles.



PROBLEMS

LATITUDE BY POLARIS

81

Problem 19.—On January 26, 1928, p. m., the U. S. S. S-21 in D. R. lat. 27° N.,

long. 118° 36' W., observed Polaris as follows: W. 8h 10m 20°; C-W. 7h 23m 10";

chron. fast 7m 29 3
. True altitude 27° 5CK1. Find line of position.

w



82 VISIBILITY TABLE

The aviator can find from this tabl e the radius of his vision under good weather
conditions. It will also aid in estimating the distance of a place within or on
his horizon.



EXPLANATION OF THE TABLE

This table contains the distances, in nautical and statute miles, at which any
object is visible at sea. It is calculated by the formula:

d= 1.15-v^ and d'= 1.32V^7

in which d is the distance in nautical miles, d' the distance in statute miles,

and x the height of the eye or the object in feet.

To find the distance of visibility of an object, the distance given by the table

corresponding to its height should be added to the distance corresponding to
the height of the observer's eye.

Example: Required the distance of visibility of an object 420 feet high, the
observer being at an elevation of 15 feet.

Distance corresponding to 420 feet is 23.5 nautical miles.

Distance corresponding to 15 feet is 4.4 nautical miles.

Distance of visibility 27.9 nautical miles.

83
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Dist.
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Dist.




