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POLARIS FOR THE MERIDIAN 
AT GREENWICH APPARENT NOON OF GREENWICH, CIVIL DATE 

AND MEAN TIME 

Time Equation 
THE SUN'S Semi- of Time, 

d i am- Subtract Uppe ,. Cul- Elon9~tion Dec I i-

Date Apparent Oi (( . Semi - eter fr m mination La t . 40 0 
nation 

Declination (0 , 1 d i am- Pa s s - Add to 

Hour e te r ing Apparent 

Me r. Time 

NOVEMBER 198 7 
+89 

, . . , . . m . h m h . , . 
Mon. 16 518 40 12.3 -37.70 16 11.94 69 15 18.69 10 38.2 P.M. W.E. 4 38.5 A.M. 12 47.52 

Tues . 17 18 55 07 .3 36.S7 16 12.14 69 15 07 .54 10 34.2 4 34.6 12 47.85 

r.d. lS 19 09 42 .2 36 .02 16 12.35 69 14 55.54 10 30 .3 4 30.6 12 4S.17 

Thu,. 19 19 23 56.4 35.16 16 12.55 69 14 42.70 10 26.4 4 26.7 12 4S.50 

Fri. 20 19 37 49.8 34.28 16 12.75 69 14 29.02 10 22 .4 4 22:8 12 48.84 

Sat. 21 19 51 21.7 33.38 16 12.95 69 14 14.52 10 18.5 4 18.8 12 49.20 

Sun. 22 20 04 32.0 32.47 16 13.15 69 13 59.21 10 14.6 4 14.9 12 49.58 

Mon. 23 20 17 20 .1 31.54 16 13.34 69 13 43.11 10 10.6 4 11.0 12 49.99 

Tues. 24 20 29 45.8 30 .59 16 13.54 69 13 26.24 10 06.7 4 07.0 12 5~.4.0 . 

W.d. 25 20 41 4S.7 29.64 16 13.73 70 13 08.61 10 02 .8 4 03 .1 12 50.80 

Tt.ur . 26 20 53 2S.4 2S.66 16 13.91 70 12 50.24 9 5S.S 3 59.1 12 51.19 

Fri. 27 21 04 44 .5 27 .6S

1 

16 14.10 1 70 

1 
12 31.15 1 9 54.9 3 55.2 

1 

12 51.56 

S ... t. 28 21 15 36.8 
26.

6S I 16 
142S1 

70 

I 
12 

11.3
6

1 
9 50.9 3 51 .3 

A.M. 1 

12 51.S9 

Sun. 29 21 26 05.0 25 .66 16 14.45 70 11 50.87 9 47.0 3 47 .3 12 52.21 

Mon. 30 521 36 08.7 -24.64 16 1462 70 11 29.72 9 43.0 P.M. W.E. 3 43.4 12 52.50 

DECEMBER,1987 

Tues . 1 521 45 47 .6 -23 .60 16 14.79 

;: I 

11 07 .90 9 39.1 P.M. W.E. 3 39.4 A.M. 12 52.79 

W.d. 2 21 55 01.6 22 .56 16 14.95 10 45.45 9 35.2 3 35 .5 12 53.0S 

Thur . 3 22 03 50.3 21.50 16 15.11 10 22 .3S 9 31 .2 3 31.5 12 53.39 

Fr i. 4 22 12 13.6 20.43 16 15.26 70 9 58.71 9 27.3 3 27.6 12 53 .71 

S ... t. 5 22 20 11.1 19.36 16 15.40 70 9 34.47 9 23.3 3 23 .7 12 54.04 

Sun , 6 22 27 42 .6 18.27 16 15.54 71 9 09.66 9 19.4 3 19.7 12 54.39 

Mon. 7 22 34 48.0 17.17 16 15.68 71 8 44.31 9 15.5 3 15.8 12 54.73 

Tuts, 

~I 
22 41 26.9 16.07

1 

16 15.80 

I 
71 8 18.45 9 11.5 3 11.8 12 55.08 

W.d. 22 47 39.2 14.95 16 15.93 71 7 52.09 9 07.6 3 07 .9 12 55.42 

Th..." 10 22 53 24.6 

I 
13.S3 16 16.05 71 7 25.2S 9 03 .6 3 04.0 12 55.75 

F, i. 11 22 58 43.0 12.70 16 16.16 71 6 58.02 8 59.7 3 00.0 12 56.06 

SIt. 12 23 03 34 .1 11.56 16 16.26 71 6 30.35 8 55.7 2 56.1 12 56.35 

Sun. 13 23 07 57.8 

I 
10.41 16 16.37 71 6 02.30 8 51.8 2 52.1 12 56.62 

Mon. 14 23 11 53 .9 9.26 16 16.46 71 5 33 .90 8 47.8 2 48.2 12 56.87 

Tue s. 15 23 15 22.3 

I 
8.10 1~ 16.56 I 71 5 05 .18 8 43 .9 2 44.2 12 57.12 

W. d. 16 23 18 22 .S 

1 

694

1 

16 16.65 1 71 

1 

4 36.17 8 39.9 2 40.3 

1 

12 57 .36 

Thur . 17 23 20 55.4 5 .77 16 16.73 71 4 06.90 8 36.0 2 36.3 12 57.61 

F ri. 18 23 22 59 .S 4.60 16 16.81 71 3 37.42 8 32.0 2 32.4 12 57.87 

SH. 19 23 24 36 .2 
3.43 1 16 16.891 71 3 07.76 8 28 .1 2 2S .4 12 58.15 

Sun. 2 0 23 25 44.2 2.25 16 16.96 71 2 37.96 8 24.1 2 24.5 12 5S.45 

Mon. 21 23 26 24.1 - 1.07 16 17.03 71 2 08.05 S 20.2 2 20 .5 12 5S.76 

Tuu . 22 23 26 35 .6 + 0.11 16 17.10 1 71 1 38.08 8 16.2 2 16.6 12 59.08 

W.d . 23 23 26 18.8 1.29 16 17.17 71 1 08.10 8 12.3 2 12.6 12 59.38 

Thu,. 24 23 25 33 .7 2.47 16 17.23 71 0 38.13 8 08.3 2 08.7 12 59.65 

Fri. 25 23 24 20.3 3 .65 16 17.28 71 o 08.23 8 04.4 2 04.7 12 59.89 

Slot. 26 23 22 38.7 4.82 16 17.33 71 o 21.59 8 00.4 2 00.8 13 00.10 

Sun. 27 23 20 28.8 6.00 16 17.38 71 o 51.28 7 56.5 1 56.8 13 00.29 

Mon , 28 23 17 50.7 7.17 16 17 .42 71 1 20 .80 7 52 .5 1 52 .9 13 00.47 

Tues. 29 23 14 44.6 8.34 16 17.46 71 1 50.13 7 48.6 1 4S.9 13 00.64 

r.d. 30 23 11 10.6 9.50 16 17.49 71 2 19.24 7 44.6 1 45 .0 13 00.S2 

Th"". 31 23 07 08.7 10.65 16 17.51 71 2 48.09 7 40.7 1 41.0 13 01.01 

Frio 32 523 02 39 .1 +11.81 16 17.53 71 3 16.66 7 36.7 P.M. W.E. 1 37.1 A.M. 13 01.22 

Th. sign + p.,. fl ud to tho houri,. chang. of decllutlon Indlc.h. that J north 
l sowth 

} declination, ar. {Incru. l n,. 
dec,u.ln, . 

Th. 
h {sowth } d.cllnltlons 

fnc,usln g. 

sign - pr,'lud t. tho hourly change 0' declination indlclt .. tit north decrelslng. 

000·000 0123 
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S.r lal 
Number 

th i s 
lis t 

, X 

3 

4 ' E 
-I 

5 

9 

10 • 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 , 

22 

23 

24 

25 

26 

27 , 

28 

The I 

I te I 

Fo, 
t ion , 

At • 

At a 

Th. 

Th. 



IDIAN 
DATE 

Dec I i· 
nation 

+89 , • 
12 17.75 
12 17.91 
12 18.09 

12 18.30 
12 18.51 
12 18.74 

12 18.97 
12 19.20 
12 19.42 

12 19.63 
12 19.83 
12 20.01 

12 20.20 
12 20.39 
12 20.58 
12 20.80 

12 21.04 
12 21.31 
12 21.60 

12 21.91 
12 22.23 
12 22.53 

12 22.82 
12 23.08 
12 23.32 

I 
.. 

12 23.55 
12 23.78 
12 24.03 . 
12 24.29 
12 24.58 
12 24.89 

12 25.21 
12 25.54 
12 25.88 

12 26.21 
12 26.54 
12 26.86 

12 27.16 
12 27.46 
12 27.74 

12 28.02 
12 28.31 
12 28.61 

12 28.94 . 
12 29.29 
12· 29.66 

12 30.06 

{
I fler •• slng. 
decr ••• lng. 

000·000 0121 

7 

AT GREENWICH APPARENT NOON 

THE SUN'S 
Time 

Semi- Equation 

POLARIS FOR THE MERIDIAN 
OF GREENWICH, CIVIL DATE 
AND MEAN TIME 

~----------T------'--------~di.me of Time , Upper Cui . 

1987 

Date Apparent D i ff . 
Declination for 1 

Hour 

Semi- tter Subt rac t mination 
Elongation 

L.t. 40° 
Dec Ii· 
na t ion 

Th .. ,. 
F,1. 
Sat. 

Sun, 
Mon. 
Tuu. 

I.d. 
Thur. 
Fr !. 

Sat. 
Sun, 
Mon, 

Tuts . 
I.d. 
Thur. 

Frio 
Sat. 
S"n_ 

Mon, 

Tues . 
lad . 

Thu,. 
Fri . 
Sa t . 

5uft , 
MOlt. 
Tuu . 

I.d. 
Thur. 
Fr io 
S,t. 

Sun, 
Mo n. 
Tuts. 

I.d. 
Thur. 
Frio 

Sat. 
SUIl. 
Mon. 

Tues. 
I.d. 
Th",. 

F, 1. 
Sa t. 
S'*". 

Mon , 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 
31 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 

. , . 
S 3 05 00.8 

3 28 16.5 
3 51 29.6 

4 14 40.0 
4 37 47.3 
5 00 51 .0 

5 23 51.1 
5 46 47 .0 
6 09 38.6 

6 32 25.4 
6 55 07.1 
7 17 43.4 

7 40 13.9 
8 02 38.1 
8 24 55.8 

8 47 06.5 
9 09 09.9 
9 31 05.5 

9 52 52 .9 
10 14 31.7 
10 36 01.6 

10 57 22.1 
11 18 32.8 
11 39 33.2 

12 00 23.1 
12 21 01.8 
12 41 29.1 

13 01 44.5 
13 21 47.6 
13 41 37.9 

514 01 15.1 

514 20 38.8 
14 39 48.5 
14 58 44.0 

15 17 24.8 
15 35 50.6 
15 54 01 .0 

16 11 55.6 
16 29 34.1 
16 46 56.0 

17 04 01.0 
17 20 48.6 
17 37 18.5 

17 53 30.2 
18 09 23 .3 
18 24 57.5 

518 40. 12.3 

. 
- 58.20 

58.10 
57 .99 

57 .87 
57 .73 
57.58 

57 .42 
57.24 
57 .05 

56 .84 
56.63 
56.39 

56.14 
55.87 
55 .59 

55.29 
54.98 
54.65 

54.30 
53 .93 
53.55 

53.15 
52.73 
52.30 

51.85 
51.38 
50 .89 

50.38 
49.86 
49.32 

- 48.77 

- 48.20 
47 .61 
47 .01 

46.39 
45.75 
45.10 

44.44 
43 .76 
43 .06 

42 .35 
41.61 
40.87 

40.10 
39.32 
38 .52 

-37 .70 

dia~ Pass- from 
eter ing Appa r ent 

Me r . Time 

OCTOBER,1987 

, . 
16 00.05 
16 00.33 
16 00 .61 

16 00.89 
16 01.17 
16 01.45 

16 01 .73 
16 02.00 
16 02 .28 

16 02.55 
16 02 .82 
16 03 .09 

16 03 .36 
16 03 .63 
16 03 .90 

16 04.17 
16 04.44 
16 04 .71 

16 04.98 
16 05.2 5 
16 05 .51 

16 05.78 
16 06.05 
16 06.32 

16 06.59 1 
16 06 .86 
16 07 .13 

16 07.39 
16 07 .66 
16 07 .92 
16 08 .19 

. 
64 
64 
64 

64 
64 
65 

65 
65 
65 

65 
65 

65 I 
65 I 
~~ I 65 
65 
65 

65 
66 
66 

66 
66 
66 

66 1 66 

;; I' 67 
67 

. . 
10 10.88 
10 30.21 
10 49.2 5 

11 07 .98 
11 26.38 
11 44 .42 

12 02.09 
12 19.34 
12 36.17 

12 52 .55 
13 08 .46 
13 23 .88 

13 38.78 
13 53 .15 
14 06 .97 

14 20 .22 
14 32.88 
14 44.94 

14 56.38 
15 07 .19 
15 17.3 5 

15 26.84 
15 35.67 
15 43.81 

15 51.25 
15 57 .99 
16 04.02 

16 09.33 
16 13.90 
16 17.74 
16 20.81 

h • 
1 42.7 A.M. 
1 38.8 
1 34.8 

1 30.9 
1 27.0 
1 23.1 

1 19.2 
1 15.2 
1 11.3 

1 07 .4 
1 03.5 
o 59 .6 

o 55.7 
o 51.7 
o 47.8 

o 43 .9 
o 40.0 
o 36.1 

o 32.1 
o 28.2 
o 24.3 

o 20.4 
o 16.4 
o 12.5 

I 

h • 
E.E. 7 42 .4 P.M. 

7 38 .5 
7 34.6 

7 30 .6 
7 26 .7 
7 22.8 

7 18.9 
7 14.9 
7 11.0 

7 07 .1 
7 03 .2 
6 59 .3 

6 55.4 
6 51 .4 
6 47 .5 

6 43 .6 
6 39.7 
6 35.7 

6 31.8 
6 27.9 
6 24.0 

6 20.0 
6 16.1 
6 12.2 

6 08 .3 
6 04.4 

08.6 
04.7 
00 .7 
56.8 

11 52.9 
11 49.0 
11 45 .0 
11 41.1 

A.M.} , E.E. 
P.M. 

I 
W.E. 

6 00.4 P.M. 

5 53 .2 A.M. 
5 49.3 
5 45 .3 

P.M. W.E. 5 41.4 A.M. 

NOVEMBER ,1 987 

16 08.45 
16 08.70 
16 08.96 

16 09.2 1 
16 09.45 
16 09.70 

16 09.94 
16 10.17 
16 10.40 

16 10.63 
16 10.86 
16 11.08 

16 11.30 
16 11.51 
16 11.73 

16 11.94 

67 
67 
67 

67 
67 
67 

68 
68 
68 

68 
68 
68 

68 
68 
68 

69 

16 23 .12 
16 24.64 
16 25.38 

16 25.31 
16 24.4 2 
16 22.71 

16 20 .17 
16 16.78 
16 12.54 

16 07 .44 
16 01.48 
15 54.65 

15 46 .96 
15 38.40 
15 28.98 

15 18.69 

11 37.2 
11 33.2 
11 29.3 

11 25.4 
11 21.4 
11 17.5 

11 13.6 
11 09.7 
11 05.7 

11 01.8 
10 57.9 
10 53 .9 

10 50.0 
10 46.1 
10 42.1 

P.M. I W.E. 

r 
5 37.5 A.M. 
5 33 .5 
5 29.6 

5 25.7 
5 21.7 
5 17.8 

5 13.9 
5 10.0 
5 06.0 

5 02.1 
4 58.2 
4 54.2 

4 50.3 
4 46.4 
4 42.4 

10 38.2 P.M. W.E. 4 38.5 A.M. 

+89 , . 
12 30.06 
12 30.45 
12 30.85 

12 31.22 
12 31.57 
12 31.90 

12 32 .22 
12 32.52 
12 32.84 

12 33.17 
12 33.52 
12 33 .89 

12 34.28 
12 34.67 
12 35.08 

12 35.48 
12 35 .87 
12 36.25 

12 36.62 
12 36.97 
12 37.31 

12 37 .65 
12 37 .98 
12 38.33 

1 12 

I 
{H 

1

12 
12 
12 
12 

38.69 1 
39.08 
39.49 
39.92 

40.35 
40.78 
41.19 
41 .58 

12 41.95 
12 4 2.29 
12 42 .63 

12 42.96 
12 43.31 
12 43.67 

12 44.04 
12 4.4.44 
12 44 .84 

12 45 .25 
12 45.66 
12 46.06 

12 46.45 
12 46.83 
12 47.18 

12 47 .52 

T { SOUlh } . { l ncreasl n, . fI, slgft - pr.' h. d to t he hOllrly c hin,. o f decl l nlt l on indlClhl thlt decl lnl tlons It. 
nor t h d.c r. I. l n, . 

Fo r tim' of Eutern Elon,ltlon of Polatl . far u)' dah Ifh r Oc t ober 27th, IIIbtrac.t 5
h 

56.4'" from the t lmt 

of Upper C4IlIfIIlnaUon of tht IImt dlte . 

000·000 0122 
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TO FIND THE LATITUDE BY AN ALTITUDE OBSERVATION OF POLARIS AT 
ANY HOUR ANGLE, 1987 

Pr ima ry Adjustment to Elevation of Pole 

Mean Subtract Add Mean 

TI'me Poillris Above the Pole Polaris Be I ow the P~le Time 

Hour 
Hour 

Angle Dec I. +89· Dec I . +89' Angle 

12' 10" 12' 30" 12' SO" 13' 10" 12' 10" 12' 30" 12' so" 13' 10" 

• M . , 
" . , " . , " . , 

" . , " . , " , 
" . , " • M 

o 00.0 o 47 50 o 47 30 o 47 10 o 46 50 o 00 00 o 00 00 0 00 00 o 00 00 5 57.4 
o 00 20 o 00 20 0 00 19 o 00 19 5 59.0 

o 12.0 0 47 46 o 47 26 o 47 06 0 46 46 o 01 35 o 01 34 0 01 H 0 01 33 6 05.0 

23.9 47 34 47 14 46 54 46 34 02 50 02 49 02 47 02 46 11.0 

35.9 47 14 46 54 46 35 46 15 04 05 04 03 04 01 04 00 17.0 

47.9 4646 46 27 46 07 45 48 05 20 05 17 05 15 05 13 23.0 

59.8 46 11 45 52 45 32 45 13 06 34 06 31 06 28 06 26 28.9 

1 11.8 o 45 28 o 45 09 o 44 50 0 44 31 o 07 48 o 07 45 0 07 42 . 0 07 38 6 34.9 

23.8 44 37 44 18 44 00 43 41 09 02 08 58 08 55 08 51 40.9 

35.7 43 39 43 20 43 02 42 44 10 16 10 11 10 07 10 03 46.9 

47.7 42 33 42 15 41 58 41 40 11 29 11 24 11 19 11 14 52 .9 

59.7 41 21 41 03 40 46 40 29 12 41 12 36 12 31 12 25 58.9 

2 11.6 o 40 01 o 39 44 0 39 28 0 39 11 013 54 0 13 48 o 13 42 0 13 36 7 04.8 

23.6 38 35 38 19 38 03 37 47 15 05 14 59 14 52 14 46 10.8 

35.6 37 03 36 47 36 32 36 16 16 16 16 09 16 02 15 55 16.8 

47.5 35 24 35 09 34 54 34 40 17 26 17 19 17 11 17 04 22.8 

59.5 33 39 33 25 33 11 32 57 18 35 18 28 18 20 

I 
18 12 28.8 

3 05.5 0 32 45 032 32 o 32 18 o 32 04 0 19 44 0 19 36 0 19 27 0 19 19 7 34.8 

11.5 31 49 31 36 31 23 31 10 20 52 20 43 20 34 20 25 40.7 

17.5 30 52 30 40 30 27 30 14 21 59 21 50 21 40 

I 
21 31 46 .7 

23.4 29 54 29 42 29 29 29 17 23 05 22 55 22 45 22 36 52.7 

29.4 28 55 28 43 28 31 28 19 24 10 24 00 23 50 23 39 58 .7 

3 35 .4 o 27 54 0 27 42 o 27 31 o 27 19 I 0 25 14 I o 25 04 I o 24 53 I o 24 42 8 '04.7 

4l.4 26 52 26 41 26 30 26 19 26 17 

I 
26 06 

I 
25 55 

I 
25 44 10.7 

47.4 25 49 25 38 25 28 25 17 27 19 27 08 26 56 26 45 16.6 

53 .4 24 ·45 24 35 24 25 24 14 28 20 28 08 27 56 27 44 22.6 

59.3 23 40 23 30 23 21 23 11 29 20 29 07 28 55 28 43 28.6 

4 05.3 o 22 34 o 22 25 0 22 15 0 22 06 0 30 18 0 30 06 0 29 53 I 
0 29 40 I 8 34.6 

11.3 21 27 21 18 21 09 21 01 31 16 31 02 30 49 30 36 40 .6 

17.3 20 19 20 11 20 03 19 54 32 12 31 58 31 44 3131 46.6 

23.3 19 11 19 03 18 55 18 47 33 06 32 52 32 38 I 32 24 I 52.5 

29.3 18 01 17 54 17 46 . 17 39 H 59 33 45 H 31 H Ii 58.5 

4 35.2 0 16 51 0 16 44 0 16 37 0 16 30 o 35 42 o 35 27 o 35 12 0 34 57 9 10.5 

41.2 15 40 15 34 15 27 15 21 37 18 37 03 36 47 36 31 22.5 

47.2 14 29 14 23 14 17 14 11 38 49 38 33 38 16 38 00 34.4 

53.2 1317 1311 13 06 13 01 40 13 39 56 39 39 39 22 46.4 

59.2 12 04 11 59 11 54 11 49 41 31 41 13 40 56 40 38 58.4 

5 05 .2 0 10 51 0 10 47 0 10 42 0 10 38 o 42 41 o 42 23 0 42 06 0 41 48 10 10.3 

11.1 09 38 09 34 09 30 09 26 43 45 

I 
43 27 43 09 42 50 22.3 

17.1 08 24 08 20 08 17 08 14 44 42 44 23 44 05 43 46 34.3 

23.1 07 10 07 07 07 04 07 01 45 31 45 12 44 53 44 34 46.2 

29.1 05 55 05 53 05 50 05 48 46 14 45 54 45 35 45 16 58 .2 

5 35.1 0 04 40 0 04 38 0 04 37 0 04 35 o 46 48 o 46 29 o 46 09 0 45 49 11 10.2 

41.1 03 25 03 24 03 23 03 21 47 15 46 55 46 36 46 16 22.1 

47.0 02 10 02 10 02 09 02 08 47 34 47 15 46 55 46 35 34.1 

53.0 00 55 00 55 00 55 00 54 47 46 47 26 47 06 46 46 46.1 

57 .4 00 00 00 00 00 00 00 00 47 50 47 30 47 10 46 50 58 .0 

Mean Supplemental Correction to be Appl ie d to th 0 Vertical Angle Reading Me a n 

T i me 
Tim e 

Hou r AI ti tude Hou r 

Anglo 
10' IS' 20' 25· 30' 35' 40' 45' 50 ' 55 ' 60' 65' 70' 

Anglo 

• M " " " . . . " " . " . . . • m 

o 00 0 0 0 0 0 0 0 0 0 0 0 0 0 11 58 

1 00 - 1 - 1 - 1 - 1 - 1 - 0 - 0 0 + 0 + 1 + 1 + 1 + 2 10 58 

2 00 4 4 3 3 2 - 1 - 1 0 1 2 4 6 9 9 58 

3 00 8 7 6 5 4 3 2 0 2 4 7 11 17 8 58 

3 59 12 11 9 8 6 4 2 0 3 6 11 17 26 7 59 

4 59 15 13 12 10 8 5 3 0 3 8 13 21 32 6 59 

5 59 -16 -14 -12 - 10 - 8 - 6 - 3 0 + 4 + 8 + 14 +22 +34 5 59 

000-000 0138 
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Correction AZIMUTH OF POLARIS AT ELONGATION, 1987 
to the 

O.c I. +89· L. t. Time of 
Elongation 12' 10" 12' 20" 12' 30" 12' 40" 12' 50" 13' 00" 13' 10" 

, 
I.E. . E.E. 0 , . 0 , . , . 0 , . 0 , . 0 , . 0 , . 

10 00 +2 .1- 0 48 34 0 48 24 0 48 14 0 48 04 o 47 54 o 47 44 0 47 33 

12 00 2.0 o 48 54 0 48 44 0 48 34 o 48 23 o 48 13 o 48 03 o 47 53 
14 00 1.9 o 49 18 0 49 08 0 48 57 o 48 47 o 48 37 o 48 26 o 48 16 
16 00 1.7 o 49 46 0 49 35 0 49 25 o 49 14 o 49 04 048 54 o 48 43 
18 00 1.6 o 50 18 0 50 07 0 49 57 o 49 46 o 49 36 o 49 25 o 49 15 
20 00 1.5 o 50 54 0 50 44 0 50 33 o 50 22 0 50 12 o 50 01 o 49 50 

21 00 1.4 0 51 14 0 51 03 0 50 53 0 50 42 0 50 Jl o 50 21 0 50 10 
22 00 1.4 0 51 35 0 51 25 0 51 14 0 51 03 0 50 52 o 50 41 o 50 31 
23 00 1.3 0 51 58 0 51 47 0 51 36 0 51 25 o 51 14 o 51 04 o 50 53 
24 00 1.2 0 52 22 o 52 11 o 52 00 0 51 49 o 51 38 o 51 27 o 51 16 
25 00 1.2 0 52 47 o 52 36 o 52 25 0 52 14 o 52 03 o 51 52 o 51 41 

26 00 1.1 0 53 13 0 53 02 0 52 51 0 52 40 o 52 29 o 52 18 o 52 06 
27 00 1.0 0 53 41 0 53 30 0 53 19 0 53 07 o 52 56 o 52 45 o 52 34 
28 00 1.0 0 54 11 0 53 59 0 53 48 0 53 37 o 53 25 053 14 o 53 03 
29 00 0 .9 0 54 41 0 54 30 0 54 19 0 54 07 o 53 56 o 53 44 o 53 33 
30 00 0.8 0 55 14 0 55 02 0 54 51 0 54 39 o 54 28 o 54 16 o 54 05 

31 00 0.8 0 55 48 0 55 37 0 55 25 0 55 13 0 55 02 0 54 50 0 54 38 
32 00 0 .7 0 56 24 0 56 12 0 56 01 0 55 49 0 55 37 o 55 25 0 55 14 
33 00 0 .6 0 57 02 0 56 50 0 56 38 0 56 26 o 56 14 o 56 03 0 55 51 
34 00 0.5 0 57 42 0 57 30 0 57 18 0 57 06 o 56 54 o 56 42 0 56 30 
35 00 0.4 0 58 24 I 0 58 11 0 57 59 0 57 47 o 57 , 35 o 57 23 0 57 10 

36 00 0.4 0 59 08 0 58 55 0 58 43 0 58 30 o 58 18 o 58 06 o 57 53 
37 00 0.3 0 59 54 0 59 41 0 59 29 0 59 16 o 59 04 o 58 51 o 58 39 
38 00 0 .2 1 00 42 1 00 29 1 00 17 1 00 04 o 59 51 o 59 39 o 59 26 
39 00 +0.1- 1 01 33 1 01 20 1 01 07 1 00 54 1 00 42 1 00 29 1 00 16 
40 00 0 .0 1 02 27 1 02 14 1 02 00 1 01 47 1 01 34 1 01 21 1 01 08 

41 00 -0.1+ 1 03 23 1 03 10 1 02 56 1 02 43 1 02 30 1 02 17 1 02 03 
42 00 0 .2 1 04 22 1 04 09 1 03 55 1 03 42 1 03 28 1 03 15 1 03 01 
H 00 0.3 1 05 24 1 05 11 1 04 57 1 04 43 1 04 30 1 04 16 1 04 02 
44 00 0 .4 1 06 30 1 06 16 1 06 02 1 05 48 1 05 34 1 05 20 1 05 06 
45 00 0.5 1 07 39 1 07 25 1 07 11 1 06 56 1 06 42 1 06' 28 1 06 14 

46 00 0 .6 1 08 52 

I 
1 08 37 1 08 23 1 08 08 1 07 54 1 07 40 1 07 25 

47 00 0 .7 1 10 08 1 09 54 1 09 39 1 09 24 1 09 10 1 08 55 1 08 40 
48 00 0 .9 1 11 29 1 11 14 1 10 59 1 10 44 1 10 30 1 10 15 1 10 00 
49 00 1.0 1 12 55 1 12 40 1 12 24 1 12 09 1 11 54 1 11 39 1 11 23 
50 00 I 1.1 1 14 25 I 1 14 10 1 13 54 1 13 38 1 13 23 1 13 07 1 12 52 

I 
51 00 

I 
1.3 

I 
1 16 01 

I 
1 15 45 

I 
1 15 29 1 15 13 1 14 57 1 14 41 1 14 25 

52 00 1.4 1 17 42 1 17 26 1 17 09 1 16 53 1 ' 16 37 1 16 21 1 16 04 
53 00 1.5 1 19 29 1 19 13 1 18 56 1 18 39 1 18 23 1 18 06 1 17 49 
54 00 1.7 1 21 23 1 21 06 1 20 49 1 20 32 1 20 15 1 19 58 1 19 41 
55 00 1.9 1 23 24 1 23 07 1 22 49 1 2232 1 22 14 1 21 57 1 21 )9 

55 30 1.9 1 24 27 1 24 10 1 23 52 1 23 34 1 23 17 1 22 59 1 22 41 
56 00 2.0 1 25 33 1 25 15 1 24 57 1 24 39 1 24 21 1 24 03 1 23 45 
56 30 2.1 1 26 40 1 26 22 1 26 04 1 25 46 1 25 28 1 25 10 1 24 52 
57 00 2.2 

I-
I 27 50 

I 
1 27 32 1 27 13 1 26 55 1 26 36 1 26 18 1 26 00 

57 30 2.3 1 29 02 1 28 43 1 28 25 1 28 06 1 27 47 1 27 29 1 27 10 

58 00 2 .4 1 30 16 1 29 57 1 29 39 1 29 20 1 29 01 1 28 42 1 28 23 
58 30 2 .5 1 31 33 1 31 14 1 30 55 1 30 36 1 30 17 1 29 58 1 29 38 
59 00 2 .6 1 32 53 1 32 33 1 32 14 1 31 55 1 31 35 1 31 16 1 30 56 
59 30 2 .7 1 34 15 1 33 56 1 33 36 1 33 16 1 32 56 1 32 37 1 32 17 
60 00 2.8 1 35 41 1 35 21 1 35 01 1 34 41 1 34 21 1 34 01 1 33 41 

60 30 2.9 1 37 09 1 36 49 1 36 28 1 36 08 1 35 48 1 35 27 1 35 07 
61 00 3 .1 1 38 40 1 38 20 1 37 59 1 37 39 1 37 18 1 36 57 1 36 37 
61 30 3 .2 1 40 15 1 39 54 1 39 33 1 39 13 1 38 52 1 38 31 1 38 10 
62 00 3 .3 1 41 54 1 41 33 1 41 11 1 40 50 1 40 29 1 40 07 1 39 46 
62 30 3.4 1 43 36 1 43 15 1 42 53 1 42 Jl 1 42 10 1 41 48 1 41 26 

63 00 3.6 1 45 23 1 45 00 1 44 38 1 44 16 1 43 54 1 43 32 1 43 10 
63 30 3 .7 1 47 13 1 46 51 1 46 28 1 46 06 1 45 43 1 45 21 1 44 58 
64 00 3 .8 1 49 08 1 48 45 1 48 22 1 47 59 1 47 37 1 47 14 1 46 51 
64 30 4 .0 1 51 07 1 50 44 1 50 21 1 49 58 1 49 34 1 49 11 1 48 48 
65 00 4 .1 1 53 12 1 . 52 48 1 52 25 1 52 01 1 51 37 1 51 14 1 50 50 

65 30 4.3 1 55 22 1 54 58 1 54 34 1 54 09 1 53 45 1 53 21 1 52 57 
66 00 4 .5 1 57 37 1 57 13 1 56 48 1 56 24 1 55 59 1 55 34 1 55 10 
66 30 4 .6 1 59 59 1 59 34 1 59 09 1 58 43 1 58 18 1 57 53 1 57 28 
67 00 4 .8 2 02 27 2 02 01 2 01 35 2 01 10 2 00 44 2 00 18 1 59 53 
67 30 5.0 2 05 01 2 04 35 2 04 09 2 03 43 2 03 16 2 02 50 2 02 24 

68 00 5 .2 2 07 43 2 07 16 2 06 49 2 06 23 2 05 56 2 05 29 2 05 03 
68 30 5 .4 2 10 32 2 10 05 2 09 38 2 09 11 2 08 43 2 08 16 2 07 49 
69 00 5 .6 2 13 30 2 13 02 2 12 34 2 12 07 2 11 )9 2 11 11 2 10 43 
69 30 5 .8 2 16 37 2 16 08 2 15 40 2 15 11 2 14 43 2 14 14 2 13 46 
70 00 - 6 .0 + 2 19 53 2 19 24 2 18 55 2 18 26 2 17 56 2 17 27 2 16 58 

000-000 0137 
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EXPLANATIONS FOR THE STELLAR OB SERVATIONS 

The data In this Ephemeris are arranged for the surveying practice of the Bureau of Land Management; 
the methods are useful In any survey where field observations are to be made for the ascertainment of the 
direction of a line In t erms of angular value referred to the true meridian at that place. 

In most cases, data are available as to the approximate latitude and longitude of the observing station, 
and preliminary determination s are made for the meridian and watch correction In terms of local mean time. 
The observations of the stars then follow on an observing program arranged for what Is needed, and to 
suit the time of year, the latitude of the station, and other conditions that are factors. 

A complete and well balanced stellar observing program will Include; (1) the meridian passage of one 
star for time and latitude; (2) Polaris for azimuth and latitude; and (3) two well placed stars, one easterly 
and one westerly, both for azimuth, ~nd one or both for time. The necessary verifications are thus accom. 
pllshed . Instrumental uncertainties In the vertical angle readings are made apparent by this plan, and 
\ire compensated by taking the means of offsetting values. An observation may be made to ,verify only 
one or two values when the remainder are aiready well determined. 

There are six stellar observing periods: (1) late afternoon, daylight; (2) early evenin&" twllil/ht; (3) ' 
iater p. m., after dark, lIiumination required ; (4) after midnight, ditto; (5) early mornln&" twllll/ht; and (6) 
after sunrise, daylight. The stars to be observed are chosen after decldln&' upon the observln&' period, 
and making the selectlon"a,ccording to the desired position in hour angle and declination, 

The time of a star's transit is to be reduced from the tabuiated vaiue for the Greenwich meridian to 
the longitude of the station; this is 10 seconds of time for each 15° (or one hour) of lonl/ltude, subtracted 
for west longitude (see table of Sidereal Conversions, page 27); this will give the correct local mean time 
at the moment of the star's meridian passage. The next step is to anticipate the probable local mean time 
of each observation, and the star's hour angle at that moment, to the east or to the west of the meridian. 

The setting positions for the instrument in vertical angie (v) and in horizontal angle (A) are computed 
on the basis of the assumed hour angle (t) , the star's deClination (6), and the known or approximate latitude 
('1'). This Is done to secure a setting that is sufficlentiy accurate to bring the star withfri-the field of the 
telescope, especially If the observation is to be by daylight, or twilight ; less accuracy is needed Just for the 
star's identification if t~,e observation is to be made during starlight. The preliminary computations may 
be made with 4.place tables. The true values are obtained by reductlC'n of the observations. The reduc. 
tions for stellar observations are similar to the methods applicable to observations of the sun, and employ 
the same equations. ' 

I n all stellar observations, the true vertical angle (h) Is equal to the observed vertical anI/Ie (v) minus the 
refraction (r) in zenith distance; there Is no correction for parallax . I n observations of the sun, the true 
vertical angie (h) is equai to (v) minus (r) plus parallax ; see tabie, page 25. 

In observations of the su n, the meridian passage and the hour angle (t) are In apparent soiar time. 
The equation of time is applied to give the watch correction in terms of local mean time. 

In observations of a star, the hour angle (t) is in terms of a sidereal rate; a subtraction of 10 seconds 
per hour will give the equivalent mean time hour angle. (Sidereal Conversions, page 27) . 

The following equations are regarded as the most useful for the methods stated above: 

On the meridian, the vertical angle: h = 90° - 'I' ± 6 ; (or) 'I' = goo - h ± 6 

At any hour angie: srn h = cos t cos 'I' cos 6 + sin 'I' sin 6 

sin h 
cos t = cos 'I' cos 6 - tan 'I' tan 6 

: cos A - sin & - tan 'I' tan h 
cos 'I' cos h 

sin 6 
The product "sin 'I' sin 6" and the fraction "cos 'I' cos h" are negative for south declinations. 

The product "cos t cos 'I' cos 6" is negative for hour angles exceeding six hours or goo. 
The product "tan 'I' tan 6" is subtracted for north declinations; added for south deClinations. 

(
positive I jnorth . 

If the resuit for "cos A" is negative the horizontal angie counts from the south. 

jPOsitlve I liess I 
If the result for "cos tOO is negatlve[the hour angle is more[than six hours or 90°. 

By a stellar equal.altltude observation, the meridian is determined as the mean of two d irection. 
polntings; the latitude is not requ i red ; there are no corrections as ·to deClination. A mean of the watch 
readings at the moment of each observation is equivalent to a reading at the time of the star's meridian 
passage. The iatitude may be reduced from the maximum vertical angie at meridian passage. 

The equations as written and expiained above are applicable for the northern latitudes; suitable trans. 
positions are required for observations in the southern latitudes. 

Apparent 
Altit.ude Ref 

, 
, 

130 
11,0 
1 50 

6 0 
6 10 
620 

~~ 
650 

9 0 
910 
920 

930 
91,0 
950 

10 0 
10 20 
10 1,0 

11 0 
1120 
111,0 

12 0 

Apparent altitu( 
Sun's true: .. lt1, 
Start. true .. It: 

CoSFF 

Ele .. 
Barome- t10n 
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8et. Ie 
(Ina. ) (Foet 

30.5 -451 
30.2 -161 
30·0 00 

29.9 +, 91 
29.6 366 
29.~ 64~ 
29.0 921. 
28.1 1,201 
28.4 .1.493 
26.1 1,163 
21.6 2.015 
21.5 2.311 
21.2 2.610 
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MEAIi REFRACTI ONS IN ZENITIl DISTANCE AND SUN · S PARALUJl IN ALTITUDE 

ea.r. t 29 .6 In.,, Te~. : 50 · F. 

Appa.rent Sun I , Appar ent Sun's Apparent Sun's 

Altitude Refraotion Par . Alt i tude Refraction Par. Altitude Retraotion Par. 

, " " 
, , , " " 

, 
" 

7 30 653 B. B 12 0 425 B.7 25 2 3 B. l 

740 645 B. B 1230 4 15 B.7 26 1 5B B.O 

750 637 B. B 13 0 4 5 B.7 27 1 53 7.9 

B 0 630 B. B ~~ 
3 56 B.7 2B 148 7.9 

8 10 622 8.8 3 47 8.6 29 144 7.8 

820 6 ~5 8.8 14 30 3 39 8. 6 30 140 7.7 

830 6 8 8.8 15 0 3 32 8. 6 32 +* 7. 6 

8!,o 6 2 8.8 15 30 3 25 8.6 34 7 .4 

850 5 55 8.8 16 0 3 19 8.6 36 1 19 7. 2 

9 0 549 8.8 1630 3 13 8.5 38 1 14 7.0 

9 10 543 8. 8 17 0 3 7 8. 5 40 1 9 6.8 

920 5 38 8.8 17 30 3 1 8. 5 42 I 4 6.6 

930 5 32 8.8 18 0 256 8. 5 44 1 0 6.4 

940 526 8.8 18 30 2 51 8.4 46 o 56 6. 2 

950 5 21 8.8 19 0 246 8.4 48 o 52 6.0 

10 0 5 16 8.8 1930 242 8.4 50 048 5.7 

10 20 5 6 8. 8. 20 0 2 37 8.4 55 040 5.1 

1040 457 8.7 21 0 229 8. 3 60 o 33 4.4 

11 0 448 8.7 22 0 222 8. 2 65 027 3·8 

1120 440 8·7 23 0 2 15 8. 2 .70 o 21 3·0 

1140 432 8.7 24 0 2 9 8.1 80 o 10 1. 5 

12 0 425 8.7 25 0 2 3 8. 1 90 0 0 0.0 

Appe.rent altitude (observed vertio .. l angle ) ; v True refra.etion : mea.n refraction x coerrioient for 

Sun', true altitude : h • v - ref raotion + par&llax barometric pressure x coefficient 

StilT' 8 true .1 tl tude t h • v - refraotion for temperature. 

COEFFICIENTS TO APPLY TO MEAIi REFRACTIONS FOR VARIATIONS IN BAROMETER AND TEMPERATURE 

Eleva- Eleva- Eleva-

Darama- tion Coei'fi- Ba.r ome- ticn Coerri- Be.Tome- ticn Coefri- Temper- Coeffi -

ter abOTe oient ter above cient tor a.bove clent ature c i ent 

Ilea level sea level sea. level 

(In • . ) (Feet) (In •• ) (Feot) ( Ins. ) ( Feot) (Fahr . ) 

30 ·5 -451 1.03 27 . 2 2, 670 0.92 23 .6 6.538 0. 80 · 10' 1.13 

30.2 - 181 1.02 26 .9 2,972 .91 23 · 3 6,887 ·79 O· 1. 11 

30 .0 00 1.01 26. 6 3,277 .90 23 ·0 7,239 .78 +10 · 1.08 

29.9 ·91 1. 01 26.3 3,586 . 89 22.7 7,597 .77 20 ' 1.06 

11$. 6 366 1.00 26.0 3,899 .88 22.4 7,960 .76 30' 1.04 

29.3 643 .99 25 .7 4,215 .87 22. 1 8. 327 .75 40 ' 1.02 

29.0 924 .98 25.4 4,535 .86 21.8 8,700 .74 50' 1.00 

28.7 1,207 .97 25·1 4, 859 - .85 _ 21.5 9,077 .73 60' .98 

28. 4 . . 1,493 .96 24.8 5,186 .84 21 . 2 9.460 .72 70' .96 

28 .1 1,783 .95 24.5 5,518 .83 20 .9 9,848 .71 80 ' .94 

27 .8 2,075 .94 24. 2 5.854 . 82 20 .6 10, 242 .70 90 ' .93 

27.5 2, 371 .93 23 ·9 6, 194 . 81 20.3 10,642 .69 100' .91 

27 . 2 2,670 .92 23 .6 6, 538 .80 20 .0 11,047 .68 +110· .90 
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I 15 
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) 00 
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) 00 
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CONVERSION OF ARC TO TIME 

h m ° h m ° h m . h m . h m ° h m 

m s , m s 

o 00 30 2 00 60 4 00 90 6 00 120 8 00 150 10 00 

o 04 31 2 04 61 4 04 91 6 04 121 8 04 .151 10 04 
o 08 32 2 08 62 4 08 qz 6 08 122 8 08 152 10 08 
a 12 33 2 12 63 4 12 93 6 12 123 8 12 153 10 12 
a 16 34 2 16 64 4 16 94 6 16 124 8 16 154 10 16 
a 20 35 2 20 65 . 4 20 95 6 20 125 8 20 155 10 20 
o 24 36 2 24 66 4 24 96 6 24 126 8 24 156 10 24 
a 28 37 2 28 67 4 28 97 6 28 127 8 28 157 10 28 
a 32 38 2 32 68 4 32 98 632 128 8 32 158 10 32 
o 36 39 2 36 69 4 36 99 6 36 129 8 36 159 10 36 
o 40 40 2 40 70 4 40 100' 6 40 130 8 40 160 10 40 

o 44 41 2 44 71 4 44 101 6 44 131 8 44 161 10 44 
o 48 42 2 48 72 4 48 102 6 48 132 8 48 162 10 48 
a 52 43 2 52 73 4 52 103 6 52 133 8 52 163 10 52 
o 56 44 2 56 74 4 56 104 6 56 134 8 56 164 10 56 
1 00 45 3 00 75 5 00 105 7 00 135 9 00 165 11 00 
1 04 46 3 04 76 5 04 106 7 04 136 9 04 166 11 04 
1 08 47 3 08 77 5 08 107 7 08 137 9 08 • 167 11 08 
1 12 48 3 12 78 5 12 108 7 12 138 9 12 168 11 12 
1 16 49 3 16 79 5 16 109 7 16 139 9 16 169 11 16 
1 20 50 3 20 80 5 20 110 7 20 140 9 20 170 11 20 
1 24 51 3 24 81 5 24 III 7 24 141 9 24 171 11 24 
1 28 52 3 28 82 5 28 112 7 28 142 9 28 172 11 28 
1 32 53 3 32 83 5 32 113 7 32 143 9 32 173 11 32 
1 36 54 3 36 84 5 36 114 7 36 144 9 36 174 11 36 
1 40 55 3 40 85 5 40 115 7 40 145 9 40 175 11 40 
1 44 56 3 44 86 5 44 116 7 44 146 9 44 176 11 44 
1 48 57 3 48 87 5 48 117 7 48 147 9 48 177 11 48 
1 52 58 3 52 88 5 52 118 7 52 148 9 52 178 11 52 
1 56 59 3 56 89 5 56 119 7 56 149 9 56 179 11 56 
2 00 60 4 00 90 6 00 120 8 00 150 10 00 180 12 00 

Degrees of ere conve rt to hours and minutes of lime; minutes of arc convert to minutes and 
acconds of time. See right hMd column (or conversion of seconds of arc to scconds of time. 

SIDEREAL CONVERSIONS 

Longitude 

0° 00' 2° 30' 5° 00' 7° 30 ' 10' 00' 12° 30' 

Minu tes 

Houfs 0 10 20 30 40 50 

m s m s m s m S m s m s 

a a 00 a 02 a 03 a 05 a 07 a 08 
1 a 10 011 013 a 15 a 16 o 18 
2 o 20 o 21 o 23 o 25 o 26 o 28 
3 o 30 a 31 a 33 a 34 o 36 o 38 
4 o 39 o 41 o 43 o 44 o 46 o 48 
5 o 49 o 51 o 53 0 54 o 56 o 57 
6 o 59 1 01 1 02 1 04 1 06 1 07 
7 1 09 1 11 1 12 1 1.4 J 1 15 1 17 
8 1 19 1 20 1 22 1 24 1 25 1 27 
9 1 29 1 30 1 32 1 34 1 35 1 37 

10 1 38 1 40 1 42 1 43 1 45 1 47 
11 1 48 1 50 1 52 1 53 1 55 1 56 
12 1 58 2 00 2 01 2 03 2 05 2 06 

Sidereal into mean IIOIBJ' time: To be Bubtracted from 8 sidereal time in terval: 
Argument I hours and minutes of sidereal i ntorval • 

Mean solar into sidereal time: To be added to 8 moan time interval : 
Argument, hours and minutes of mean time interval. 

Por an y .talhlr obecrvntion : Amollnt In be IIublTnc lfld fmm the Greenwic h menn time 
of Iraneit or elongati on to obtai n lo cal mean time: 
Argument. longitude weel from Greenwich ; add for 
longitudee east from Gre e nwich. 

" s 

0 0,00 

2 0.13 
4 0.27 
6 0.40 
8 0.53 

10 0.67 
12 0.80 
14 0.93 
16 L07 
18 L20 
20 133 
22 1.47 
24 L60 
26 1.73 
28 1.87 
30 2.00 
32 2.13 
34 2.27 
36 2.40 
38 2.53 
40 2.67 
42 2.80 
44 2.93 
46 3.07 
48 3.20 
50 3.33 
52 3.47 
54 3.60 
56 3.13 
58 3.87 
60 4.00 

15°-00' 

60 

m s 

a 10 
o 20 
o 30 
o 39 
o 49 
o 59 
1 09 
1 19 
1 29 
1 38 
1 48 
1 58 
2 08 



1987 

Me.n 
Time 

Hour 
Anglo 

h m 

o 00.0 

o 10.0 
19.9 
29.9 

039.9 
49.9 
59 .8 

1 09.8 
19.8 
29.8 

1 39.7 
49 .7 
59.7 

2 09.6 
19.6 
29.6 

2 39 .6 
49.5 
59 .5 

3 09.5 
19.5 
29.4 

3 39.4 
49.4 
59.3 

4 09.3 
19.3 
29.3 

439.2 
49.2 
59.2 

5 09.2 
19.1 
29.1 

5 39.1 
49.0 
55 .3 

5 55.5 
55.8 
56 .0 

5 56.2 
56.4 
56.6 

5 56.7 
56.9 
57 .1 

5 57 .2 

18 

AZIMUTH OF POLARIS AT ALL HOUR ANGLES. 1987 

Meon Deellnot l on + 89° 12' 40" 

L~tjtude 

30· 32° 34° 36° 38° 40° 42° 44° 46° 48° 50° 

0.0 

2.4 
4 .8 
7.2 

9.6 
11.9 
14.3 

16.6 
18.8 
21.1 

23.3 
25.4 
27.5 

29.6 
31.6 
33.5 

35.3 
37.1 
38.9 

40.5 
42 .1 
43.6 

45 .0 
46.3 
47.5 

48.7 
49 .7 
50.6 

51.5 
52 .3 
52.9 

53.5 
53.9 
54.2 

54.5 
54 .6 

54.7 

0.0 

2.5 
4.9 
7.3 

9.8 
12.2 
14.6 

16.9 
19.2 
21.5 

23.8 
26.0 
28.1 

30.2 
32.2 
34.2 

36.1 
37.9 
39.7 

41.4 
43.0 
44.5 

45.9 
47 .3 
48.5 

49.7 
50.8 
51 .7 

52.6 
53.4 
54.0 

54.6 
55.0 
55.4 

55.6 
55.8 

55.8 

, , 
0.0 0 .0 

2.5 2.6 
5.0 5 .2 
7.5 7 .7 

10.0 10.3 
12.5 12.8 
14.9 15.3 

17.3 17.8 
19.7 20 .2 
22.0 22 .6 

24 .3 25 .0 
26.6 27.3 
28 .8 29 .5 

30.9 31.7 
33 .0 33.8 
35.0 35 .9 

37 .0 37.9 
38 .8 39.8 
40 .6 41.7 

42 .4 43.4 
44.0 45 .1 
45 .6 46.7 

47 .0 48 .2 
48.4 49.6 
49.7 . 50 .9 

50.9 52.1 
51 .9 53 .2 
52 .9 54 .3 

53 .8 55.2 
54.6 56 .0 
55.3 56 .7 

55 .9 57 .2 

56 .31 57 .7 
56 .7 58 .1 

56 .9 58 .3 
57 .1 58.5 

. ,. . .. 
1 ...... 

... 58 .5 
57 .1 ... 

0.0 

2.6 
5.3 
7.9 

10.5 
13.1 
15.7 

18.3 
20.8 
23.2 

25.6 
28.0 
30.3 

32.6 
34.8 
36.9 

38.9 
40.9 
42 .8 

44.6 
46.3 
48.0 

49.5 
51.0 
52.3 

53.5 
54.7 
55.7 

56.7 
57.5 
58.2 

58.8 
59 .3 
59.6 

59.9 
60.0 

60.1 

0.0 

2.7 
5.4 
8.2 

10.9 
13.5 
16.2 

18.8 
21.4 
23.9 

26.4 
28.8 
31 .2 

33 .5 
35.8 
38.0 

40 .1 
42 .1 
44 .1 

45 .9 
47 .7 
49.4 

51.0 
52 .4 
53 .8 

55.1 
56.3 
57 .3 

58 .3 
59 .1 
59 .9 

60 .5 
61.0 
61 .4 

61.6 
61.8 

61.8 

0.0 

2.8 
5.6 
8.4 

11.2 
14.0 
16.7 

19.4 
22.0 
24.7 

27.2 
29.7 
32 .2 

34.6 
36.9 
39.2 

41.3 
43.4 
45.4 

47.4 
49.2 
50.9 

52.5 
54.1 
55.5 

56.8 
58.0 
59.1 

60.1 
61.0 
61.7 

62 .3 
62.9 
63.2 

63.5 
63.7 

.. . I ... 

I ~~ . ~ I 

0.0 

2.9 
5.8 
8.7 

11.6 
14.4 
17.3 

20.0 
22.8 
25.5 

28.1 
30.7 
33.3 

35.8 
38.2 
40.5 

42.7 
44.9 
47.0 

49.0 
50.8 
52.6 

54.3 
55.9 
57 .4 

58.7 
60.0 
61.1 

62 .1 
63 .0 
63 .8 

64.4 
64.9 
65 .3 

65.6 
65.8 

65 .8 

0.0 0.0 

3.0 3.1 
6.0 6.3 
9.0 9.4 

12.0 12.5 
15.0 15.5 
17.9 18.6 

20.8 21.6 
23.6 24.5 
26.4 27.5 

29.2 30.3 
31.9 33.1 
34.5 35.8 

37 .1 38.5 
39.5 41.1 
42.0 43.6 

44.3 46.0 
46.5 48.3 
48.7 50.6 

50.7 52.7 
52.7 54.7 
54.5 56.6 

56.3 58.5 
57.9 60.2 
59.4 61.7 

60.8 63.2 
62.1 64.5" 
63.3 65.7 

64.3 66.8 
65.3 67.8 
66.1 68.6 

66.7 1 69.3 
67.3 69.8 
67 .7 70.3 

68.0 70.6 
68.1 70.7 

. . . 70.7 
68.1 ... 

0 .0 

3 .3 
6.5 
9.8 

13.0 
16.2 
19.4 

22.5 
25.6 
28.6 

31 .6 
34.5 
37.4 

40.1 
42 .8 
45.4 

47 .9 
50.4 
52 .7 

54.9 
57 .0 
59.0 

60.9 
62.7 
64.3 

65.8 
67.2 
68.5 

69.6 
70.6 
71.4 

72.1 
72.7 
73 .2 

73 .5 
73 .6 
73 .6 

CORR. TO AI J M UTH 

12'30" 12'20"1 12'10 

Subtract for 

Dec I . + 89-

12'50" 13'00 13'10 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.2 

0.2 
0.2 
0.2 

0.2 
0.2 
0.2 

0.2 
0.2 
0.2 

0.2 
0.2 
0.2 

0.2 
0.2 
0.2 

0.2 
0.2 
0.3 

0.2 
0.2 
0.2 

0.2 
0.2 
0.2 

0.2 
0.2 
0.2 

0.2 

0.0 

0.0 
0.0 
0.1 

0.1 
0.1 
0.1 

'\ 0 .1 
0.2 
0.2 

0.2 
0.2 
0.2 

0.2 
0.3 
0.3 

0.3 
0.3 
0.3 

0.3 
0.3 
0.3 

0.4 
0.4 

. 0.4 

0.4 
0.4 
0.4 

0.4 
0.4 
0.4 

0.4 
0.4 
0.4 

0.4 
0.4 
0.5 

0.5 
0.5 
0.5 

0.4 
0.4 
0.4 

0.4 
0.4 
0.4 

0.4 

0.0 

0.0 
0.1 
0.1 

0.1 
0.1 
0.2 

0.2 
0.2 
0.3 

0.3 
0.3 
0.3 

0.4 
0.4 
0.4 

0.4 
0.4 
0.5 

0.5 
0.5 
0.5 

0.5 
0.6 
0.6 

0.6 
0.6 
0.6 

0.6 
0.6 
0.6 

0.6 
0.6 
0.6" 

0.7 
0.7 
0.8 

0.7 
0.7 
0.7 

0.7 
0.7 
0.6 

0.6 
0.6 
0.6 

0.6 

Note! Th •• quallo fl shown on the apPoII t. pag' ""Y b, •• plo,..d .h,n valu.s h secoRds .,. 
required • • Iso for Ihtlons b.,.ond th e li mits of the latitude tabltl.t l oal , wh.,.: 

000-000 0133 

Az I Myth an91 t 

t = S i deru l hour ugle 

~ lat lt ud ' of station 

D.cllnat l on of Polaris 

M •• n 

Tim. 
Hour 
Angle 

5 55.3 
55.5 
55.8 

5 56.0 
56.2 
56.4 

5 56.6 
56.7 
56.9 

5 57 .1 
57.2 
59.0 

6 09.0 
19.0 
28.S 

6 38.S 
485 
58.S 

7 08.! 
18.! 
28.! 

7 38.i 
48.i 
58.; 

8 08.; 
18./ 
28./ 

8 38 .• 
48 .• 
58.! 

908.! 
18.! 
28 ,1 

9 38.' 
48 .1 
58.' 

10 08.' 
18. ' 
28.: 

10 38.: 
48.: 
58.: 

11 08.: 
18.: 
28. : 

11 38.: 
48.: 
58.1 

ODD-DOC 



).0 

) .0 
) .1 
0.1 

0.1 
0.1 
0.2 

0.2 
0.2 
0.3 

0.3 
0.3 
0.3 

0.4 
0.4 
0.4 

0.4 
0.4 
0.5 

0.5 
0.5 
0.5 

0.5 
0.6 
0.6 

0.6 
0.6 
0.6 

0.6 
0.6 
0.6 

0.6 
0.6 
0.6 

0.7 
0.7 
0.8 

0.7 
0.7 
0.7 

0.7 
0.7 
0.6 

0.6 
0.6 
0.6 

0.6 

Mean 

Time 

Hour 

Angle 

30· 

h m , 
5 55.3 .. . 

55.5 .. . 
55.8 .. . 

5 56.0 .. . 
56.2 .. . 
56.4 .. . 

5 56.6 .. . 
56.7 .. . 
56.9 .. . 

5 57.1 .. . 
57.2 54.7 
59.0 54.7 

6 09.0 54 .6 
19.0 54.4 
28.9 54.1 

6 38.9 53 .8 
48.9 53 .3 
58.9 52.7 

7 08.8 52.0 
18.8 51.2 
28.8 50.3 

7 38.7 49.4 
48.7 48.3 
58.7 47.1 

8 08.7 45.9 
18.6 44.6 
28.6 43.2 

8 38.6 41.7 
48.6 40.1 
58.5 38.4 

9 08.5 36.7 
18.5 34.9 
28.4 33 .1 

938.4 31.1 
48.4 29.2 
58.4 27 .1 

10 08.3 25.1 
18.3 22.9 
28 .3 20.8 

10 38.3 18.6 
48.2 16.3 
58 .2 14 .0 

11 08.2 11.7 
18.1 9 .4 
28.1 7 .1 

11 38.1 4 .7 
48.1 2.4 
58.0 0.0 

000-000 0134 
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AZIMUTH OF POLARIS AT ALL HOUR ANGLES. 1987 

Mail" Decl ination + 89° 12' 40" 

L.tl tude 

32° 34· 36° 38· 40· 42° 44· 46· 48· 

, , , , , , , , , 
.. . .. . .. . .. . .. . .. . .. . .. . ... 
... .. . 

I -: : : 
.. . .. . .. . ... .. . 70.7 ... .. . .. . .. . ... .. . 68.1 .. . 

.. . .. . .. . .. . .. . .. . 65.8 .. . " . ... ... ... .. . .. . 63.7 .. . .. . .. . 

... .. . .. . ... 61.8 .. . .. . .. . .. . 

.. . .. . .. . 60.1 .. . .. . .. . .. . . . . 

.. . .. . 58.5 .. . .. . .. . .. . .. . . .. 

.. . 57 .1 .. . ... .. . .. . .. . .. . . .. 

55.8 .. . .. . .. . .. . . . . .. . .. . . .. 
.. . .. . .. . .. . .. . .. . . . . .. . . .. 
55.8 57 .1 58 .5 60.1 61 .8 63.7 65 .8 68.1 70.7 

55.7 57.0 58 .4 60.0 61 .7 63.6 65 .7 68.0 70.6 

55.6 56 .8 58 .2 59.8 61.5 63.4 65 .5 67.8 70.4 

55.3 56 .5 57 .9 59.5 6 1.2 63.0 65 .1 67 .4 70.0 

54.9 56 .1 57 .5 59.0 60 .7 62.6 64.6 66.9 69.5 

54.4 55.6 57 .0 58.5 60.2 62 .0 64 .1 66.3 68.8 

53.8 55.0 56 .4 57.9 59.5 61.3 63.3 65.61 68.1 

53.1 54.3 55 .6 57.1 58.7 60.5 62.5 64.7 67.2 

52 .3 53.5 54.8 56.2 57.8 59.6 61.6 63.7 6 6.1 

51.4 52 .6 53.8 55.3 56 .8 58.6 60.5 62.6 65.0 

50.4 51.5 52 .8 54.2 55.7 57.4 59.3 61.4 63.7 

49.3 50 .4 51.7 53.0 54 .5 56.2 58.0 60.0 62.3 

48.1 49 .2 50 .4 51.7 53.2 54.8 56.6 58.6 60.8 

46.9 47.9 49 .1 50.4 51 .8 53.4 55.1 57.0 59.2 

45.5 46.5 47 .7 48.9 50.3 51.8 53.5 55.4 57.4 

44.1 45.0 46 .1 47.3 48.7 50.2 51.8 53.6 55.6 

42.5 43.5 44.5 45.7 47.0 48.4 50.0 51.7 53 .7 

40.9 41.8 42 .8 44.0 45.2 46.6 48.1 49.8 51 .6 

39.2 40.1 41 .1 42.2 43.3 44.6 46.1 47.7 49.5 

37.5 38.3 39 .2 40.3 41.4 42.6 44.0 45.6 47.3 

35.6 36.4 37.3 38.3 39.4 40.6 41.9 1 43 .3 44.9 

33.7 34 .5 35 .3 36.3 37 .3 38.4

1 

39.6 41 .0 42.5 

31.8 32.5 33 .3 34.2 35 .1 36.2 37.3 38.6 40.1 

29.8 30.4 31 .2 32.0 32 .9 33 .9 3 5.0 36.2 37.5 

27.7 28 .3 29 .0 29.8 30.6 31.5 3 2.5 33.7 34 .9 

25.6 26 .1 26 .8 27.5 28 .2 29.1 30.0 31.1 32.2 

23 .4 23 .9 24 .5 25.1 25.8 26.6 27 .5 28.4 29.5 

21 .2 21 .7 22 .2 22.8 23.4 24.1 24.9 25.71 26.7 

18.9 19.4 19.8 20.3 20.9 
21.

5
1 

22.2 23.0 23.9 

16.6 17.0 17.4 17.9 18.4 18.9 19.5 20.2 21 .0 

14.3 14.6 15.0 15.4 15.8 16.3 16.8 17.4 18.0 

12.0 12.2 12.5 12.9 13.2 13.6 14.1 14.5 15.1 

9.6 9 .8 10.1 10.3 10.6 10.9 11.3 11.7 12.1 

7.2 7.4 7 .6 7.8 8 .0 8 .2 8 .5 8.8 9 .1 

4 .8 4 .9 5 .0 5.2 5.3 5.5 5 .7 5.9 6.1 

2.4 2.5 2.5 2.6 2.7 2.7 2.8 2.9 3.0 

0.0 0 .0 0.0 0.0 0.0 0 .0 0. 0 0.0 0 .0 

Ta . A = 
, I n t 

cos 4> tu 8 - si n t/> co s t 

The prochct, s in 4> co s t , I s s ubtr.c ted for hou r a ng l es 

O· to 90 · a nd added f o r hour angles from 90· to 180 °. 

1987 

CORR. TO AZIMUTH 

Add .. , 
Oecl. + 89 0 

12 ' 30' 12'20' 12'10' 

Subt '.Ie t .. , 
Dec!. + 89 Q 

50· 12 ' 50· 13'00· 13'10· 

, , , , 
73.6 0.3 0.5 0.8 
... 0.2 0.5 0.7 
... 0.2 0.5 0.7 

... 0.2 0.5 0.7 

.. . 0.2 0.4 0.7 .. . 0.2 0.4 0.7 

... 0.2 0.4 0.6 

.. . 0.2 0.4 0.6 

. . . 0.2 0.4 0.6 

... 0.2 0.4 0.6 

... 0.2 0.4 0.6 
73 .6 0.2 0.4 0.7 

73.5 0.2 0.4 0 .7 
73. 2 0.2 0.4 0.6 
72.8 0.2 0.4 0.6 

72.3 0.2 0.4 0.6 
71.6 0.2 0.4 0.6 
70 .8 0.2 0.41 0.6 

69.9 0.2 0.4 0.6 
68.8 0.2 0.4 0.6 
67.6 0.2 0.4 0.6 

66.3 0.2 0.4 0.6 
64.8 0.2 0.4 0.6 
63.2 0.2 0.4 0.6 

61.6 
1 

0.2 0.4 0.5 
59 .8 0.2 0.4 0.5 
57 .8 0.2 0.3 0.5 

55 .8 0.2 0.3 0.5 
53 .7 0.2 0.3 0.5 
51.5 0.2 0.3 0.5 

49.2 0.1 0.3 0.4 
46.7 

1 
0.1 1 0.3 0.4 

44.3 0.1 0.3 0.4 

41.7 0.1 0.2 0 .4 
3 9.0 0.1 0.2 0.3 
36 .3 0.1 0.2 0.3 

33.5 0.1 0.2 0 .3 
30 .7 0.1 0.2 0 .3 

27.81 0.1 1 0.2 0.2 

24.8 

I 
0.1 0.1 0.2 

21.8 0.1 0.1 0.2 
18.8 0.1 0.1 0.2 

15.7 0.0 0.1 0.1 
12.6 0.0 0.1 0 .1 

9 .5 0.0 0 .1 0.1 

6 .3 0.0 0 .0 0.1 
3.2 0.0 0.0 0.0 
0 .0 0.0 0 .0 0 .0 
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