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RADIO-COXPASS BEARINGS. 5 

In using the charts no consideration needs to be given to the nega- 
tive sign on this last arguinent. 

and 80O.9, we get for the first term the vdue 5' 51'. bith the argu- 
ments 19O.12 and 5O.52 from the chart for the second term, we et 

second term must be subtracted from the first term of the correction. 
The value of the approximate correcti 
5' 42.' 

Since the vessel is east of Cape Hatteras this correction must be 
added to the observed true bearin . The approximate Mercator 
bearing therefore becomes 74' 30' + 8' 42') = 80' 12'. 
Bar Harbor Oat. 44' 19'), yi = 2972.30 minutes (see p. 11 

Vessel (lat. 39' 37')) y,-2592.75 minutes (see p. 10 

ya + y1 = 5565.05 minutes = 92.75 degrees. 
y -yl= -379.55 minutes= e6 .33  d e p  

From the semiconvergence chart N 2 with the ar  ume 

9' for its value. Since Cape Hatteras is south of the vessel, % t e 

table). 

table) 

Bar Harbor, tong. =i: 68' 11' 
Vessel, lbng. = 56' 25' 

As before no attention needs to be aid to the signs of the argument 

first term as 3 57' from the semiconvergence chart No. 2. b o r n  
the chart for the second we find the,yalue to be 6', usin as the 

erm must be added to the%& term. 
f ,the correction therefore becomes 3' 57'f 

Since the vessel is east of Bar Harbor, this correction must be added 
to the ohserved true bearing. The approximate Mercator bearing is 
given by the.addition 118' OO'+ (4' 03') = 122' 03'. 

If these approximate Mercator bearings are plotted on a Mercator 
chart, their intersection will deterdine a more accurate osition for 

rections can be scaled from the graphic charts. The change in the 
arguments would not in general be great enough to affect the aecond 
term, but the h t  term would in most cases need to be changed to 
conform to the more accurate position of the vessel. 

z,-z~== - (11' 46'),= 

With the arpments  11O.77 an f; "92O.75 we get the value of t 

Since Bar Harbor is in higher f: atitude 

the vessel, and with this position a more accurate value P or the cor- 

EXAMI'aE NO. 2. 

A ship is by dead reckonin in lat. 48' 25' N.,  OR 25' 30' W., 

yi = 4006.50 minutes (see p. 12 of table). 
y,-3359.28 minutes (see p. 11 of table). 

and obtains a radio-compass % earing from Sea View o 9 244' 45' and 
from Ushant of 277O-30'. 
Sea View (lat. 55' 229, 
Vessel (lat. 48' 457, 

Sea View, long. 7 19.5' w. 
Vessel,, long. 25' 30' W. 

From the semiconvergence chart No. 2 with the arguments 18O.18 
and 122O.76, we get for the first term the value 7' 12'. With the 

y2 + y, = 7365.78 minutes= 122.76 degrees. 
yz - % = - 647.22 minutes = - 10.79 degrees. 

Z2-z1=l8' 10.5'=18'.18 
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r bearing from Sea View is 

t to make thio r 
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Mmcator projmtim table for the sphere-Continued. 
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Mercator p r o j e c t h  table for the spherc4ontinued. 
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&for the sphere--continued. 
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Merator projection tulh for the sphe-Oontinued. 
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4448.16 
44w.12 
4452. 09 
4454.05 m. 01 
4457.08 
4459.94 
4481.91 
4463.88 
w8b 

4487.82 
4469.79 

4473.73 
4475.71 

4477.68 
4479.86 
4481.63 
4483.61 
4486.58 

4487.57 
44a9.55 
4491.53 
4408.51 
449s. 50 
4497.48 
449B. 47 
4601.46 
4503.44 
m. 43 
4507.42 
4509.41 
4511.40 
4513.89 
4515.89 

4617.38 
4619.38 
4631.37 
45% 37 
4626. 37 
4527.37 

m a  37 

a a m  

hn. 70 

- 

- 
F - 

I 

4527.37 
4629.37 
4531.37 
4633.37 
45%. 38 

4537.38 
W . 8 9  
4541.39 
4168.40 
4546.41 

4547.42 
4549.43 
4551.44 
4563.45 
4565.47 

4657.48 
4668. so 
4661.62 
4683.53 w. 65 
4667.57 
4689. I 
4m. 61 
4573.64 
4575.86 

4577.69 
4579.75 
4581.74 
4583.77 
4585.80 

4587.83 
4589.86 

4593.82 
4586.98 

w. 03 
,4802.07 
4m. 11 
4808.15 

19 
4810.23 

4616.36 

mi. 89 

459s. 00 

2% 
461s. 41 
Mm. 46 
462a.50 

4890.71 
4892.76 
4884.81 

4838.93 
4840.98 
4643.04 

m. m 

- - 
At. 
- 
0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

LO 
11 
12 
13 
14 

16 
16 
17 
18 
19 

u) 
El 
12 

3 
1 
26 a 
18 
29 

M 

$3 
14 
M 
36 
57 
58 
19 

lo 
41 
12 
La 
k4 

b6 
18 
47 
48 
49 

jo 
51 
52 a 

16 w 
57 
18 
$9 

30 

P 

n 

- 



RADIO-COMPASS BEARINGS. t 13 

Mercator projection table for the s p h e r d n t h e d .  

0 
1 
2 
3 
4 

6 
6 
7 
8 
9 

10 
11 
La 
13 
14 

16 
16 
17 
18 
19 

20 
21 
22 
23 
24 

ab 
ui 
27 
29 
30 
31 
32 
83 
34 

36 
36 
37 
38 
39 

41 
42 
4 
44 

4t 
49 
4I 
4< 

M 
61 
6; 
61 
5 

bl 
M 
6: 
M 
61 

ed 

m 

40 

' I t  

- 

- - 
61' - 
! 

1349.23 
U351.99 w. 811 

L851.49 

1669.66 
IsB1.62 
leea. 69 
1666. 76 
1867.83 

1889.91 
1671.98 
ffi74.06 
1676.13 
ffi78.21 

1680.29 
1682.37 
4684.46 
1888.63 
1888.61 

1900.70 
1692.78 
4694.87 
1696.98 
4699.05 

4701.14 
4703.28 

4707.41 
4709.61 

4711160 
4713.70 
4716.79 
4717.89 
4719.99 

4722. 09 
4724.19 
4733.30 

4730.61 

4732.61 
4784.72 
4736.83 

4741.05 

4743.1€ 
4746.26 
4747.36 
4749.61 
4761.82 

47%. 74 
4766.u 
4767.81 
4760.1( 

4764.31 
4766. & 
4788.H 

m. 4$ 

4706.38 

47%. 40 

473a 84 

4770.71 
4772.81 

, 
rm. 98 
,777.11 
1779.25 
178t 38 
1783.61 

1786. e6 
1787.79 
1769.92 
L79e. 06 
1794.20 

1796.34 
1798.49 
,800.63 
1802.77 
1804.82 

1907.07 
IW. 21 
L811.36 
S13.61 
L816.67 

1817.82 
1819.07 
1822.13 
4824.29 
4m. 44 

LIm.60 
4830.76 
4b2.93 
9835.09 
4837. 25 

4839.42 
4841. Ea 
W. 76 
4866.92 
4848.09 

4850,26 
4862 43 
4864.61 

4858.98 

4861.13 
4883.31 
4886.49 
4867.67 
4669.88 

4872.04 
4874.21 
4676.41 
m a  tu 
488o.n 
4882.92 
4885.19 
m . 3 t  
4888. M 
4691.7t 

4883.01 
4896.18 
4898.81 
49oo.B 
4802.71 

4904. a 

4858.78 

- 

e30 - 
I 

904.94 
907.14 
BOB. 36 
911.66 
813.76 

1916.97 

1920.39 
1m.60 im. 81 

1927.03 
1929.24 
L931.46 
l933.68 
L936.80 

L838.12 
I940.84 
L942.67 
M 4 .  79 
1947.01 

1949.24 
1961.4'1 
1968.7c 
1965. B4 
1958.17 

1m4( 
1962.64 
1964. a 
4967.11 
4889.3f 

4971. 6t 
4978. E 
4976. W 
4978.3: 
4880.6, 

4982.8: 
4986. o( 
4887.31 
4969.61 
4991.8 

4994.0' 
4696. 3: 
4998. M booo. & 
6003.11 

6006.3 
6007.6 m. 8 
bold. 1 
6014.4 

6016.6 
6018.9 m. 2 
m. 4 
6025.7 

m. 0 

60096 
6034.8 
6037.1 

6039.4 

i9ia 18 

6030. a 

- 

- - 
640 - 

I 

039.42 
Q41.70 
043.99 
M . 2 7  
1048.66 

1050.86 
1065.14 
m . 4 3  
k57.72 
m. 01 

io62.30 
1364. I% 
m.90 m. 19 
D71.49 

m. 80 
i076.10 
io78.40 
W . 7 1  
i08a.01 

$086.32 
i087.69 
5089.94 m. as 
W. 67 

5088. SE 
5099. x 
5101.61 
5103a84 
5106.1€ 

6108.41 
6110.N 
6113.12 
6116.4 
6117.76 

6120.11 
6122.4 
6124.7: 
6127.11 
6129.41 

6131.71 
6134.1. 
6136.41 

6141.1, 

6143.4 
6146.8 
614& 1' 
6160.5' 
6162.8' 

5166. a 
6167.6 
6169.9 
6162.2 
6104.6 

8167.0 
6169.3 
6171.7 
6174.0 
6176.4 

6178. a 

6138. n 

- 
66' - 

5178.81 
5181.18 
5183.64 
6186.91 
5188.39 

6180.60 
6193.03 
6196.41 
6197.79 
6200.17 

620% 66 
6204.93 

6209.70 
6212.08 

6214.47 
6216.86 
6219.25 
6221.64 
6234.04 

6226.43 
6228.83 
6231.23 
6238.63 
6236.03 

6238.43 
6240. ai 
6248.24 
6245.85 
6.W. Of 

6260.47 
6252.SE 
6%3C 
62b7.71 
6280. I2 
6262. M 
6264.95 

6269.81 
6272 Z 

6274. fu 
6217. o( 
6279.65 
6284.9l 
6284.31 

6286.8: 
6289.2 
6291. I 
6294.1: 
6296.8 
6288.0 
6301.4 
6303 
6300 
5308 

6311.2 
6313.6 
6316.1 

6321.0 

6323.6 

5207.81 

6867. 3t 

m a  6 

- 

- 
86" - 

I 

i323.61 
i325.97 
5328 43 
1330.80 
5333.36 

5596.83 
5338.30 
5340.77 
5343.24 
5346.71 

6348.18 
6360.66 
1569.14 
5365.61 
5868. OB 

5960.68 
6383.06 
6366.66 
6368. a3 
6370.62 

6373.01 
6376.60 
6378.00 
5380.49 
6383.99 

6386.49 
6387.99 

6392 99 
6396.60 

Mm. 49 

5406.64 
6408.01 

6410.67 
6413.06 
6416.a 
6418.15 
6420.64 

6423.11 
6426.6t 
5428.2: 
6430.71 
6439.21 

6436.81 

6440.81 
6149.41 
6446. w 
6 4 4 a M  
6451.01 
w5' 
6466.1s 
6468. I 
6461.2 
6463.7 
6466.3 
6488.8 
6471.4 

6474.0 

643s. ai 

- 

7 

67' - 
I 

i474.01 
L476.67 
i479.13 
i481.69 
*.a8 
5486.83 
5489.40 
5491.97 
5494.64 
5497.11 

5499.69 
5602.27 
k5M. 06 
$607.43 
5610.01 

5612 80 
5616.18 
5617.77 
5620.36 
6522.96 

6625.66 
6528.'14 
6630.74 
6633.34 
66%. 94 

6598. 65 
6641.16 
6643.76 
6646.37 
6648.08 

6661.69 
6664.20 
6666.82 
6669.44 
6582. OB 

5684.88 

6669.89 
6572.55 
6676.s 

6577.81 
6580.44 
6683. OF 
66%. 71 m. 3€ 

m. 8( 
6693.84 
6696. u 
m. 8: 
6004. z 
6W. 8; 
6BoB.U 
6612. II 
6614. & 

6617. M 
6820.11 
66%. 81 
66%. 41 m. 11 
6630.8 

6587.30 

m a  9: 

7 

- - 
680 - 
, 

WO. 82 
m. 49 
i636.16 

i641.61 

i844.19 

i649.66 
$362.24 
i664.93 

$457.01 
5660.30 m. 00 w. 88 
5668.38 

5671.08 m. 78 
5676.48 
5679.19 
5881.89 

6684. Bo 
6687.31 
6680.02 
6692.73 
Wb. 46 
6698.17 
6700. 89 
67O3.61 
6706.33 
6708. OB 

6711.78 
6714.61 
6717.25 
6719.98 
6722.71 

6725.46 
6728 19 
6730.93 
6738.68 
6736.42 

6739.17 
6741.92 
6744.67 
6747.43 
6760. It 
6762.94 
67Sb.7C 
m68. 4f 
6761.1 
6769. % 

6766.7f 
6789. E 
6772.31 
6776. W 
6777.B 

6790. & 
6783.9: 
6786.24 
6788.81 
6791.7: 

67%. M 

i63a 84 

m m  

- 

I 

17%. 66 
1797.36 
1900.14 
m. 94 
1805.74 

w. 64 
B1.l. 34 
614.16 
B16.96 
isle. 76 

E&?. 67 
w . 3 9  
iam.20 
831.02 
is93.84 

3:s 
w.9 
i846.13 
5847.88 

m. 78 
58s. 63 
1858.47 
5869:31 m. l t  

68%. % 
6867.84 
5870.65 
5878.64 

m.!& 
688a. 1( 

6881.8: m. 61 

6893. bl 
6898.41 
68%. 21 
6902.11 
6906.0: 

6907.91 
6910.71 
6918. B' 
6916.h 
6919.4 

6922.3 
69%. 2 
6928.1 
11891.0 
6933. B 

6936,s 
6939.7 
6942.6 
6946.6 
6848.4 

6961.3 

6967.1 
6960.0 
6963.0 

6966. B 

5876. ac 

m. m 

m. 2 

- 

, 
066.92 
,068.84 
rnl. 77 
8974.70 
1m.63 

1983.65 
,986.44 
1888.88 
1992. 33 

B96. 27 
1998.22 
001.17 
004.13 

mo. 67 

1016.98 
B18.93 
W1.W 

3024.87 
m.84 
WO. 81 
1033.79 
3036.77 

m9. 75 
30421.74 
8046.79 
8048.72 
8061.71 

6064.7( 
8057. 7( 
8060.7( 
8063.71 
0066.71 

BCR39.71 
8072.7: 
6076.7: 
6078.71 
6081.71 

6084.71 
6087.8' 
8oeo. 81 m. B1 
8088. s! 
m. W 
6102.91 
6106. B 
6109. 0: 
6+12 Q 

6116.1 
0118.1I 
6121.2 
81 
61 

6130.3 
6133.4 
6136.6 
6139.5 
6142.6 

6146.7 

- - 
at. - 
1 

0 
1 
2 
3 
4 

6 
0 
7 
8 
9 

10 
11 
12 
13 
14 

16 
16 
17 
18 
19 

20 
21 
22 
28 
24 

25 
26 
27 
a8 
29 

30 
31 
32 
33 
34 

36 
36 
37 
38 
39 

40 
41 

44 

46 
46 
47 
48 
49 

60 
61 
62 
63 
64 

65 
66 
67 
Ea 
69 

(io 
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Merator p j &  table for the sphem-continued. 

=P- 

I -- I ----- I 

8970.34 72IO107 
697420 3214.20 
W78W 721886 
8981.95 Tda248 
s e a  
6969.71 7290.80 
8893.80 7234.98 

7001.38 7243.29 
7006.28 7247.47 

8997.49 7338.ia 

1008.18 
7012.10 
7017.01 
7020.83 
7024.s 

I 

7467.21 
7471.86 
7478.11 
748th 67 
748LL03 

7488. bo 
7483.98 
7488.46 
7602 9s 
7607.44 

76lLQ4 
7618.46 
7 w .  $6 
7b25.47 
75ao.00 

7667.28 
7681. 

76% M 

7680.19 
7684.72 
7 m  az 
7 m Q 3  
76% 

7 m .  a9 
7570. gs 

E% ;: 
7812 41 
7517.04 

I 7821.6 
7826 3 
76ach9 
7636.6 
764a8 
7 w . 8  
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INSTRUCTIONS FOR THE USE OF THE GNOMONIC AZIMUTH TABLES. 

The tables of gnomonic azimuths have been computed for 10 radio- 
compass stations, the computation being based upon the eat circle 

No. 1280. The azimuths or true bearings run in a clockwise direction, 
starting at true north and extending continuously from 0' to 360'. 
To use the tables it is only necessary to find from the table for the 
given station the gnomonic azimuth or bearin corres on 

from the meridian reckonin from porth in a clockwise direction. 

be drawn on the projection. This should also be done at  each of 
the other stations on the projection once all since the meridian 
will always be required as an aid in laying bearings accurately. 
The intersection of two plotted bearings will determine a position that 
ma then be scaled from the map. 8 the observations are can be reduced 
to the station in the foll m e r :  From &e graphic chart 
" Semiconvergence of men e semiconve ence can be scaled, 

arguments as described on page 3. If the vessel is east of the station 
and both are in the Northern Hemisphere, the observed bearin 

would have been if it had been observed at the sta 'on. If the vessel 

semiconvergence must be added instead of subtracted. If tLe position 
of the vessel is much changed when the bearings are lotted, the 

true position of the vessel. 

U. S. COAST AND UEODETIC SUBVEY, 

sailing chart of the North Atltanic Ocean, Hydrographic 8 ffice Chart 

observed true azimutbor bearing. This ange 5 sho lg  d Y40 be a d  the off 

To facilitate this operation, t % e meridian through the station should 

n the vessel the 

using the approximate position of the vessel 7 or deterrmning the 

minus twice the semiconvergence plus 180' will give what the azimu t% 

is west of the station and both are north of the- 9 quator twice the 

semiconvergence should be redetermined to make it co s orm to the 



- - 
True3 

azimut 
00 
1 
2 
3 
4 
6 
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 
32 

- 

3 
36 
36 
37 
38 
39 
40 
41 
4a 
43 
44 
45 
46 
47 
48 
49 
M) 
51 
52 
I 
64 
56 
66 
67 
68 
59 
Bo 

70 
71 
7a 

83 15 
84 16 
85 14 
88 14 
87 14 
85 14 
89 12 
80 11 
91 OB 
92 08 
93 08 
94 a4 
95 02 
96 00 
96 57 
97 55 
98 62 ' 
99 49 
100 46 
101 43 

RADIO-COMPASS BEARINGS. 

a?aomonic azimuth tublea. 

150 
151 
162 
153 
154 
155 
156 
157 
168 
169 
160 
161 
162 
163 
164 
1% 
180 
167 
168 
169 

10 27 
11 31 
12 34 
13 38 
14 43 
16 47 
16 61 
17 66 

57 13 126 
58 17 127 

83 
84 
86 
86 
81 
88 

- 69 
90 

160 04 
161 02 
162 00 
162 59 
163 57 
164 56 
165 65 
168 54 
167 53 
I@ 63 

II 

232 
233 
234 
235 
236 
237 
238 
236 
240 
241 

CAPE RACE RAD 

240 26 
241 80 
249 34 
a43 38 
244 41 
246 46 

' 80 13 
31 14 
82 14 

308 
309 
310 
a11 
312 
313 

24 26 
26 31 
28 37 
27 42 
28 48 
29 53 
30 59 
32 05 
33 11 
34 17 
36 23 
36 29 
37 35 
38 40 
39 46 
40 52 
41 68 
43 04 
44 10 
45 16 
46 21 
47 26 
48 32 
46 38 
M) 43 
51 48 
52 63 

172 

96 
97 
98 
99 

loo 
101 
102 
103 
104 
105 
108 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 

169 52 
170 52 
171 52 
172 52 
173 63 
174 54 
176 55 
170 66 
177 57 
178 58 
180 la 02 
182 04 
183 oa 
154 08 

242 
243 
244 

246 
247 

245 

248 
249 

252 
293 
254 
255 
258 

144 01 
144 

67 11 

107 21 
108 17 
I09 13 
110 08 
111 04 
111 69 
112 66 
113 M) 
114 45 
115 40 
116 35 
I17 SO 
118 25 
I19 20 
120 16 

-COMPASS STATION. 

175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
1I 
186 
187 
185 
189 

149 37 
150 33 
151 30 
162 x 
153 23 
154 20 
155 11 
166 14 
157 11 

186 11 
188 14 
187 17 
188 20 
169 23 
180 27 
191 31 
192 34 
193 38 
I94 43 

257 
258 
259 
2Ao 
281 
262 
283 
284 
285 
268 

125 43 
126 38 
121 33 
128 27 

130 16 
131 11 
I32 08 
133 00 
133 55 
134 60 
135 45 
136 40 
137 35 
138 30 

1% 23 

196 
196 
197 
198 

200 
201 
202 
2a3 
204 
205 
208 
207 
208 
209 

199 

196 47 
196 51 
197 56 
190 01 
200 05 
201 10 
202 16 
203 21 
204 26 
M5 31 
208 31 

208 48 
2 0 8 5 3  
210 59 
212 05 
213 11 
214 17 
215 23 
216 29 
217 35 
218 40 

207 0 

u-u'-+161'.1 sin 2u-3'3 sin 4 ~ + 0 ' . 1  sir 

267 
288 
259 no 
271 
2% 
273 
274 
215 
276 
277 

279 
280 
281 
28a 
283 
a&4 
285 
288 
2-87 
288 

278 

Onomonlo True 
azimuth. llszimui 

59 22 
60 26 
61 30 
62 34 
63 38 
64 41 
66 45 
80 48 
67 61 
68 54 
69 57 
70 59 

73 04 
74 OB 

7 a . w  

m04 
2u 10 

128 
129 
130 
131 
132 
133 
134 
136 
136 
137 
138 ' 
139 

141 
1 0  

140 

228 32 297 m 38 298 

250 59 

291 04 
281 59 /I E 

1.7 

Gnomonic 
azimuth. 

282' 56' 
'2% 50 

294 45 
295 40 
268 35 
297 30 
295 25 
29920 
300 15 
301 10 
302 05 
302 59 
303 54 
304 49 
305 43 
306 88 
307 33 
308 21 

310 16 
311 11 
312 08 
813 00 
313 55 
314 50 
315 45 
316 40 
317 35 
318 30 
319 25 
320 20 
321 16 
322 10 
323 OR 
324 01 
324 67 
325 53 
328 49 
327 44 
328 41 
329 31 
330 33 
331 30 
332 20 
333 23 
334 20 
335 17 
336 14 
337 11 
338 09 
339 08 
340 04 
341 02 
342 00 , 
342 59 
343 67 
344 50 
346 55 
346 54 
347 53 
348 63 
349 52 
3M) 52 
361 52 
352 52 
353 63 
354 54 
355 65 
356 56 
a67 57 

h!3 
00 

309 23 



onomani 
acimlith. 

34 21 

53 12 
54 15 
55 
56 
57 

‘ 5 8  
59 
60 
61 
62 27 
63 26 
6428 
65 25 

75 51 
76 A6 
77 41 
78 36 

cnomoni 
BAR HARB RADIO-COMP. 

200 I 203 48 

I 
sin 2u--13’.6 sin 

STATION. - 
jinomonlc 
StiYllUtb. 

2 W ) D  16’ 
a91 06 

295 18 
288 10 
297 01 

303 65 
a04 48 
306 41 ma4 

329 14 
330 15 



CAPE 001 LDEOOOMPASS ITION. 
1 _I 

'rue 
nut& 

B9* 
- 

804 
805 
806 
301 
308 
908 
910 
911 
912 
819 
814 
916 

917 
918 
819 
BaO 
921 
BM 
921 
8% 
8% 
928 
sal 

a16 
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2230 84’ 
224 38 
225 42 
228 45 
227 48 

U. S. COAST AND GEODETIC SURVEY. 

2890 
290 
291 
292 
293 

- - 
TNO 

aZiIllUtl 

00 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
111 
19 

21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 
32 
33 

* 34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
40 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

* 57 
5R 
59 
60 
01 
62 
63 
64 
05 
66 
07 
68 
09 
70 
71 
72 

- 

20 

-- 
00 00’ 
1 14 
2 27 
3 41 
4 54 

73” 
74 
75 
76 
77 

77’ 45, 
78 36 
79 27 
80 18 
81 08 
81 58 
82 49 
83 39 
84 28 
E5 18 
86 08 
88 57 
87 48 
88 36 
69 25 
90 11 
91 03 
91 65 
92 41 
93 30 

145‘ 
140 
147 
148 
149 
150 
151 
152 
163 
154 
155 
166 
157 
168 
159 
160 
161 
1w2 
lfi3 
184 

228 50 
229 52 
230 63 
231 54 
232 55 
233 55 
234 54 
236 63 
236 52 
237 50 
238 48 
239 46 
240 43 
241 40 
242 36 
243 32 
244 28 
245 23 
246 18 
247 13 
248 07 
249 01 
249 55 
250 48 
251 41 
252 34 
263 26 
254 18 
255 11 
258 02 
250 54 
257 46 
258 30 
259 27 
260 18 
201 08 
201 58 
202 49 
263 39 
264 28 

29p 
29.5 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
808 
807 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
824 
325 
326 
327 
328 
329 
330 
331 
332 
333 

&unnmC azimuth tablea--continued. 
MONTk.UK RADIO-COMPASS STATION. 

6 08 
7 22 
8 35 
9 49 

11 02 
12 16 
13 29 
14 42 
15 55 
17 OX 

78 
79 
80 
81 
82 
83 
54 
85 
86 
87 

1.50 43 
151 49 
152 55 
154 02 
155 09 
156 17 
157 25 
158 33 
159 42 
160 51 

227 
228 
229 
230 
231 
232 
233 
234 
235 
230 

24 20 
25 31 
26 42 
27 52 
29 02 
30 11 
31 21 
32 30 
33 38 
34 46 
35 63 
37 01 
38 07 
39 14 
40 20 
41 25 
42 30 
43 34 
44 38 
45 42 
46 45 
47 48 
48 50 
49 62 
50 53 

93 
94 
95 
96 
97 
9X 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

. 114 
115 
116 
117 

138 ‘09 215 
139 09 11 210 

94 19 
95 OR 
95 56 
96 45 
97 34 

99 12 
100 01 
100 60 
101 39 

98 z1 

-11- 

165 
160 
167 
188 
169 

171 
172 
173 
174 

i70 

102 01 
103 11 
104 21 
165 32 
166 42 
167 54 
169 05 
170 17 
171 29 
172 42 
173 54 
175 07 
176 20 
177 33 
178 46 
180 00 
181 14 
182 27 
183 41 
154 54 
186 08 

lea 35 
189 49 
191 02 
192 10 
193 29 
194 42 
195 66i 
197 08 

im 22 

237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
251 
255 
256 
257 

258 
260 
261 
202 
283 
284 
265 
268 

25E 

102 28 
103 17 
104 07 
104 5!l 
105 40 
106 36 
107 25 
108 15 
109 05 
109 58 

175 
170 
177 
178 
179 
180 
181 
182 
183 
184 

221‘ 26 287 
2% 30 I/ 288 

110 46 
111 37 

113 19 
114 10 
115 02 
115 63 
116 46 
117 87 
118 30 

112 2s 

185 
180 

189 
189 
190 
191 
192 
193 
194 

im 

51 54 
$52 65 
53 55 
54 64 
55 63 
60 52 
57 50 
58 48 
59 46 
6 0 4 3  

118 
119 
120 
121 
122 
123 
124 
126 
1% 
127 

281 39 364 
282 28 
283 17 1 
284 07 367 
284 66 368- 

119 23 
120 10 
121 09 
122 os 
122 57 
123 51 
124 45 
125 40 
126 36 
127 31 
125 27 
129 24 
130 20 
131 17 
132 15 
133 13 
134 11 
135 10 
136 09 
137 09 

nomonic 
? h U t h .  

287’ 25’ 
288 15 
289 05 
289 56 
m4el 
291 37 
282 28 
293 19 
294 10 
295 02 
295 63 
288 45 
297 37 
298 30 
290 23 
300 10 
301 09 
302 03 
302 57 
303 61 
304 45 
305 40 
306 36 
307 31 
308 27 
309 24 
310 20 
311 17 
312 15 
313 13 
314 11 
315 10 
310 09 
317 09 
318 09 
319 09 
320 10 
321 11 
322 13 

324 18 
325 21 
326 24 
327 28 
328 33 

323 15 

33833 
339 42 
340 51 
342 01 
843 11 
344 21 
346 32 
346 42 

351 29 
352 42 
359 54 
365 07 
366 20 
357 33 
358 46 
360 00 

196 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
208 
207 
208 
209 
210 
211 
212 
213 
214 

u-uf-+352’.4 sin 2u-l8’.1 sln 4u+1‘.2 sin 6u. I 

198 21 
199 33 
200 45 
201 57 
203 09 
204 20 
205 91 
206 42 
207 52 
209 02 

287 
268 
269 no 
271 
272 
273 
274 
275 
276 

209 25 
270 14 
271 03 
271 52 
272 41 
273 30 
274 19 
276 08 
275 60 
276 45 
277 34 
278 23 
279 12 
280 01 
280 60 

338 
340 
841 
342 
343 
844 
346 
346 
a47 
348 
349 
360 
851 
852 
363 

61 40 
02 36 
63 32 
64 25 
05 23 
66 18 
67 13 
68 07 
69 01 
69 66 
70 48 
71 41 
72 34 
73 28 
74 18 

128 
129 
130 
131 
132 
133 
184 
135 
136 
137 
13R 
139 
140 
141 
112 

210 11 
211 21 
212 30 
213 38 
214 46 
215 53 
217 01 
218 07 
219 14 
220 20 

277 
278 
279 
280 
281 
282 
283 
284 
285 
288 



- - 
ltue 

atimuti 
0' 
1 

3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
28 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
48 

49 
M) 
61 
62 
63 
54 

- 
a 

/ g  

E 218 

1 219 
220 

I 221 
m 
223 
224 
226' ne 
227 

230 
231 
232 
233 
284 
236 
238 
237 
238 
239 
240 
241 
242 
243 
244 
246 
246 
!?47 
24s 
249 
250 
251 
262 
263 
264 
256 
266 
267 
268 
269 
260 
281 
262 
263 
264 
266 
206 
261 
288 
269 
270 
271 
272 
273 
'L74 

27G 
277 
a 8  
279 
280 
281 
282 
283 
284 
286 
286 
287 
288 

zi 

275 I 

0 
1 

3 4  
4 f  
6 1  

a 

2 a o  
23 2 
24 3 
25 4 
26 5 
28 0 
29 1 
3 0 %  
31 3 
32 4 
3 3 8  
3 4 6 '  
36 0 
37 1 
33 1) 
39 2 
40 2' 
41 B 
42 31 
43 4: 
4 4 M  
45 4( 
48 a 
47 I+ 
48 61 
49 I t  
60 62 
61 6i 
62 6i 
6 3 5 6  
64 65 
55 6a 
66 61 
57 49 
58 46 
69 43 
60 39 

60 86 09 
61 67 03 
62 87 66 
68 08 60 
M 89 42 
66 70 36 
BB 71 27 
67 72 l b  
68 73 11 
69 74 02 

R I ;; G 
72 76 36 

RADIO-COMPASS BEARINGS. 

clhwmonic azimuth tablee--continued. 
F 

37 

91 
92 
93 
94 
96 ' QG 
97 
98 
99 

100 
101 
102 
103 
104 
106 
106 
107 
108 
108 
110 
111 
112 
113 
114 
116 
118 
117 
118 
119 
120 
121 
122 
123 '113 40 
124 119 33 
125 120 26 
128 121 20 
I27 122 14 
128 123 os 
12iJ 124 03 
130 124 58 
131 125 &I 
132 128 60 

77' 26 
78 16 
79 06 
79 66 
80 45 
81 35 
32 24 
83 14 
84 03 
84a 
86 40 
8 8 2 9  
87 18 
88 06 
8 8 6 6  
89 43 
90 32 
91 20 
92 08 
92 68 
93 45 
94 33 
96 21 
96 10 
96 58 
97 46 
98 36 
9 9 2 3  

100 12 
101 00 
101 49 
102 38 
103 27 
104 16 
105 06 
106 66 
1 w  44 
107 34 
108 24 
109 14 
110 04 
110 54 
111 46 
112 36 
113 27 
114 18 
'16 10 

16 64 
17 47 

116 02 

127 46 
128 43 
128 40 
130 37 
l 3 l  36 

'137 32 
144 138 33 

145* 
146 
147 
'148 
149 
150 
1 51 
162 
163 
164 
155 
166 
157 
168 
169 
160 
161 
102 
163 
164 
185 
166 
167 
168 
169 
170 
171 
172 
173 
174 
176 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
188 

188 
16B 

191 
192 
193 
194 
195 
1% 
197 
198 
199 
200 
201 
202 
203 
2M 
20.5 
208 
201 
208 m 
210 
211 
212 
213 
214 
216 
216 

im 

im 

- 
n 2u 

MOMPA88 STATION. - 
Onomor 
azimutl 

139' 3t 
140 3i 
141 36 
142 41 
143 a 
144 50 
146 54 
146 59 
148 04 
149 10 
160 16 
161 

163 
162 
155 
157 
168 14 
169 23 
160 34 
161 44 
I62 66 
164 07 
185.19 
166 31 
167 43 
168 66 
170 09 
171 22 
172 36 
173 49 
176 03 
176 17 
177 31 
178 46 

181 14 
1R2 29 
183 43 
184 58 
188 12 
187 21 
1% 42 
1Rs 66 
I91 10 
192 24 
193 38 
194 52 
1% 06 
197 
198 
199 
z o o 5 3  
202 09 
203 w 
HLI 32 
205 43 
Mo 54 
10804 
309 14 
110 24 
311 33 
312 41 
113 60 
!I4 57 
!16 04 
!17 11 
118 18 
!19 23 
w29 
91 34 
!22 38 

- 

163 

130 00 

- 
'.lSm4u 

mow 2BQ 
22446 280 
226 49 291 
226 62 292 
2 2 1 6 4  283 
22.855 M 
22966 296 
230 61 296 
231 57 297 
%a 57 298 

131 236 237 61 49 302 i!! 303 
238 46 304 
m43 806 

242 31 308 
248 26 308 
244 20 310 
245 16 311 
248 09 312 
'27 03 313 
247 66 814 
248 60 8 ' 5  
W9 42 318 
260 35 817 
261 2 l  318 

E:!  E 

254 02 321 
264 63 322 
256 44 ' 323 
256 36 324 
267 26 325 
268 18 328 
269 08 3 n  

m 46 329 
261 36 830 
282 24 331 
283 14 332 
284 03 333 

zb9 66 8% 

288 65 339 
269 43 840 
270 32 341 
271 20 342 
212 08 3$3 

354 

185 05 859 
55 300 - 

'.5 sin &c. 

21 

- 
Gnomonic 
azimuth. 

286' 44 
ZR? 34 
a5824 
288 14 
2 9 0 0 4  
m64 
291 45 
292 36 

27 
294 18 
295 10 
296 02 
2 8 8 5 4  
297 47 
288 40 
299 33 
300 26 
901 20 
302 14 
303 08 
3 0 4 0 3  
304 66 
305 64 
306 54 
307 46 
308 43 
308 40 
310 37 
311 35 
312 34 
313 32 
314 32 
316 31 
315 31 
317 32 
318 33 
319 36 
320 37 
321 39 
322 42 
323 46 
374 60 
326 64 
328 69 
32804 
328 10 
380 16 
331 23 
R32 30 
$33 3s 
134 46 
138 55 
13? 04 
)3& 14 
139 23 
140 a4 
I41 44 
142 55 
I44 07 
145 19 
148 31 
147 43 
148 66 
I60 09 
I61 22 
62 36 

67 31 
'68 46 
m8000 



U. S. COAST AND GEODETIC SURVEV. 

GmommiC azimuth t a b W n t i n u d .  

- 
nomonia 
iGfmutb' 

2230 49' 
224 62 
2 2 5 6 5  
226 67 
227 69 
2 2 9 0 0  
230 00 
231 01 
232 00 
2 3 3 0 0  
293 69 
234 57 
2 3 5 5 6  
278 62 
237 60 

- 

243 24 
244 18 
246 12 
24806 
24668 
247 62 
24844 
249 36 
2 6 0 %  
261 20 

2 5 8 2 5  
2.57 15 
2.5805 
258 5.5 
2.59 44 



OMPASS BEARINGS. 

bk&Cbnthed. 

23 



24 

78 
79 
80 
81 
82 
83 
84 
85 
88 
87 
88 
89 
80 
91 
92 
93 
94 
95 
98 
97 
98 
88 

100 
101 
io2 
io3 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
126 
128 
127 
128 
129 
130 
131 
132 
133 
134 
135 
I& 
137 
138 
139 
140 

U. S. COAST AND GEODETIC SURVEY. 

79 12 160 
80 00 151 
80 47 162 
81 34 153 
82 21 154 
8 3 0 9  155 
8 3 5 6  150 
84 43 157 
8 6 3 0  15s 
88 17 159 
87 04 180 
87 51 
88 38 :8 
89 25 183 
90 12 164 
91 00 105 
91 47 106 
92 34 167 
93 21 168 
94 OB 169 
94 57 170 
95 44 171 
96 32 172 
97 20 173 
98 08 174 
9s 57 175 
99 45 176 

100 34 177 
101 23 178 
102 12 179 
lo3 02 180 
103 51 181 
104 41 182 
105 31 183 
106 21 184 
107 12 1% 
102) 03 186 
108 54 187 
109 46 188 
110 37 189 
111 30 180 
112 22 191 
113 16 192 
114 08 193 
115 02 194 
115 56 195 
116 50 196 
117 45 197 
118 40 198 
119 36 199 
120 32 200 
121 28 201 
122 25 202 
123 23 203 
124 20 204 
126 19 205 
126 18 208 
127 17 207 
128 17 208 
129 17 209 
130 18 210 
131 20 211 
132 22 212 

- - 
Tnre 

&ut 

00 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
51 
52 
53 
54 
55 
56 
57 
68 
59. 
Bo 
61 
62 
63 
64 
65 
68 
67 
88 
69 
70 
71 
72 

- 

20 

40 

- 

Onomoni 
azimuth 

00 w 
1 16 
2 82 
3 48 
5 0 4  

7 36 
8 51 

10 08 
11 21 
12 36 
13 49 
15 03 
16 16 
17 29 
18 42 
19 54 
21 08 
22 17 
2 3 2 8  
Zi 38 
24 47 
I 57 
28 05 
29 14 
30 21 
31 28 
32 35 
33 41 
34 46 
35 51 
36 56 
37 59 
30 03 
40 06 
41 08 
42 09 
43 10 
44 11 
45 11 
46 11 
47 10 
48 08 
49 OB 
5 0 0 4  
51 01 
51 58 
52 54 
5 3 5 0  
54 46 
65 40 
56 35 
57 29 
58 23 
59 16 
Bo09 
61 02 
61 54 
62 46 
83 38 
64 29 

06 11 
67 01 
67 52 
68 42 
69 31 
70 21 
71 10 
71 69 
'12 48 
73 as 
74 25 

6 2 0  

65 m 

Qnomonic &mut 
HOG ISLAND RAD: 

bb-ntinued. 
CONPASS STATION. 

3nomoni 
Bdmuth 

137' 4V 
la8 46 
189 51 
140 57 
142 04 
143 11 
144 19 
145 28 
146 37 
147 46 
148 56 
160 07 
151 18 
152 29 
153 41 
154 54 
150 08 
157 19 
158 33 

161 01 
162 16 
103 31 
184 46 
106 01 
167 17 
168 33 
189 49 
171 05 
172 21 
173 38 
174 54 
176 11 
177 27 
178 44 
180 00 
181 16 
182 32 
183 48 
185 04 
186 20 
187 36 
188 61 
190 .06 
191 21 
192 35 
193 49 
195 03 
190 16 
197 29 
198 42 
199 54 
201 06 
202 17 
203 28 
204 -38 
205 47 
206 57 
208 05 
209 14 
210 21 
211 a8 
212 35 
213 41 
214 46 
215 51 
216 56 
217 59 
219 03 
220 06 
221 08 
222 w 

1 p  47 

u-u'-+416'.0 sin 2u-25'.2 sin 4 

- - 
TIll0 

EhlUtl 

217O 
218 
219 
230 
221 
223 
223 
224 
225 
2% 
m 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 w 
242 
243 
244 
245 
248 
247 
248 
249 
250 
251 
252 
253 
254 
255 

257 
258 
259 
260 
261 
202 
253 
284 
2% 
200 
267 
208 
209 
270 
271 
272 
273 
274 
276 
276 
277 
27s 
279 
280 
281 
282 
!a3 
284 
2ab 
a86 
287 
288 

- 

256 

- 
Z'.O sin 6u. 

3nomoni 
sdmuth 

223' 10 
224 11 
225 11 

227 10 
228 08 
229 06 
230 0 4  
231 01 
231 58 
232 54 
233 50 
234 46 
235 40 
236 35 
237 29 
238 23 
239 16 
240 09 
241 02 
241 54 
242 40 
243 38 
244 29 
24620 
240 11 
247 01 
247 52 
248 42 
249 31 
2-50 21 
261 10 
261 59 
252 48 
253 36 
254 25 
255 13 
266 01 
256 49 
257 37 
258 25 
259 12 
260 00 
260 47 
261 34 
262 21 
283 09 
263 56 
264 43 
286 30 
266 17 
267 04  
267 51 
268 38 
269 26 
270 12 
271 00 
271 47 
272 34 
273 21 
274 09 
274 57 
275 44 
276 32 
277 20 
278 08 
278 57 
279 45 

281 23 
282 12 
283 02 

a% 11 

280 ' 3 e  

- 

- - 
True 
dmuth 

2890 
290 
291 
292 
293 
294 
295 
296 
297 
288 
m 
300 
301 
302 
303 
304 
305 
300 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
323 
323 
324 
325 
326 
a27 
328 
328 
330 
331 
332 
933 
334 
336 
336 
337 
338 
339 
340 
341 
342 
343 

- 

!E 
340 
347 
348 
a49 
360 
351 
352 
353 
354 
365 
350 
357 
358 
359 
360 

- 

Gnomonic 
azimuth. 

2 8 3 O  61' 
284 41 
286 31 
286 21 
287 12 
258 03 
288 54  
289 46 
290 37 
291 30 
292 22 
293 16 
294 08 
295 02 
295 56 
296 50 
297 46 
298 40 
299 36 
300 32 
301 28 
302 26 
303 23 
304 30 
30.5 19 
306 18 
307 17 

309 17 
310 18 
311 20 
312 22 
313 24 
314 27 
316 31 
316 35 
317 40 
318 45 
319 51 

322 04 
323 11 
324 19 
325 28 
326 37 
337 ' 46 
328 56 
330 07 
331 18 
332 29 
333 41 
334 54 

308 17 

320, 57 

343 31 
344 46 
346 01 
347 17 
348 33 
349 49 
351 06 
352 21 
353 3R 
354 54  
356 11 
357 27 
358 44 
360 00 

I 



RADIO-COMPASS BEARINGS. 

Gnomonk azimuth tables-Contb 
CAPE HENRY RADIO-COMPASS STA zzqzz 

wimuth. aetautb 

78 04 

82 47 165 
83 84 160 
84 21 167 
86 os 168 
85 M 160 
88 41 160 
87 28 161 
118 16 162 
89 02 168 
88 49 184 

84 33 no 
96 20 171 
88 08 

97 44 174 
98 33 176 
88 21 175 

100 10 177 
100 69 178 
101 48 179 
102 37 180 
103 27 181 
104 17 182 
106 07 183 
106 68 184 
106 48 185 
107 39 186 
108 30 187 
108 22 188 
110 14 189 

96 60 3 

111 69 

I16 83 196 
116 28 196 
117 23 197 
118 18 198 
119 14 100 
120 10 200 
121 07 201 
122 05 202 
123 02 203 
124 00 M4 
124 69 206 
126 68 2063 
128 68 207 
127 68 208 
128 69 209 
la0 00 
131 02 
182 04 
138 07 
134 11 
135 16 216 
136 19 216 

u’-+422’.0 sin 20. 

142 69 222 
144 w 223 
146 10 224 
148 28 226 
147 88 226 
148 & 227 
149 67 ‘2% 
161 OB 229 
162 20 230 
163 83 231 
164 46 232 
166 69 233 
167 13 234 
168 27 236 
169 41 236 
180 €0 237 
162 11 238 
168 28 299 
184 42 240 
166 I 241 
167 14 242 

243 

171 03 246 
172 20 246 
173 36 247 
174 b9 248 
176 10 249 

E 244 

187 37 268 
188 62 269 
190 07 260 
181 22 261 
192 36 262 
193 bo 283 
195 04 264 
186 17 2% 
197 30 266 
198 42 u)7 

288 
269 
270 
271 
272 
213 
271 

, 275 
276 
277 
278 
279 
280 
281 
283 
283 
284 
a85 
a86 
287 

222 03 288 
II 
8’3 Sln 4U+2‘.1 sin 

1. 
ON. 
homoni 
izimuth. 
2230 04’ 
224 04 
226 04 
226 03 
227 02 
228 00 
228 68 
229 66 
230 62 
231 48 
232 44 
233 39 
234 34 
236 29 
236 23 
237 17 
238 10 
239 03 
339 66 
240 48 
241 40 
242 32 
243 23 
244 14 
246 05 
246 66 

- 
- 

249 14 
250 
250 
261 
ab2 
253 
264 
26464 
256 42 
256 29 
267 17 
2 5 8 0 4  
288 61 
269 39 
260 26 
261 13 
2 8 2 0 0  
262 47 
283 34 
284 21 
2 8 5 0 8  
286 M 
266 41 
267 28 
288 16 
269 02 
269 49 
270 36 
271 23 
272 10 
272 68 
273 46 
274 33 
276 20 
276 08 
276 66 
277 44 
278 93 
279 21 
280 10 
28060 
281 48 
282 37 - 

- 
True 

zimuth 
2890 
290 
291 
292 
283 
294 
296 
296 
207 
298 
2wa 
300’ 
801 
302 
a03 
304 
306 
306 w 
308 
809 
310 
311 
312 
313 
314 
816 
816 
317 
318 
319 
320 
321 
822 
a23 
324 
326 
9ao 
327 
328 
329 
830 
831 
832 
3x3 
334 
836 
336 
837 
33s 
389 
340 
841 
342 
343 
3% 
34s 
846 
847 
348 
849 
9M) 
361 
362 
553 
364 
366 
366 
367 
9MI 
369 
360 

- 

- 

25 

- 
2nomonic 

288’ 271 
284 17 
285 07 
285’ 68 
28848 
287 39 
288 30 
28922 
290 14 
291 06 
291 69 
292 62 
203 46 
294 39 
295 33 
mas 
297 23 
298 18 
299 14 
900 10 
301 07 
302 Ob 
303 02 
30400 
304 69 
306 68 
306 68 
307 68 
308 69 
310 00 

812 04 
313 07 
314 11 
316 16 
316 19 
317 26 
318 30 
319 37 
320 43 
321 61 
322 69 
324 07 
326 16 
326 26 
327 36 
328 46 
329 67 
331 09 
332 20 
33333 
83446 
336 69 
337 13 
388 27 
839 41 
540 66 
342 11 
343 26 

346 68 
847 14 
348 30 
349 46 
361 03 
362 20 
368 36 
364 63 
366 10 
367 26 
388 43 
360 00 

B Z h l l t h .  

311 oa 

a44 43 
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chunnonie azimuth #blos--Continued, 
CAPE HATTER 
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In any case that may arise in practice esse1 will have some 
approximate position derived at least d reckoning. This 
position can be used to determine an approxlmate correction to each 
of the two or more observed directions and then the plotting of these 
results will, by their intersection, determine a more accurate position 
of the vessel. With this position for the vessel a more accurate 
correction can be determined if desired, and so on to 
accuracy that ma be required. 

computation of thid’correction and later these will b 
the computations for a graphic chart. 

First will be B erived rigid formulas that may be 

k 

Q 

N’ 

YI 

R0 
FIQUXE 2. 

In figure 1 let P represent the ole, QR the Equator, and MN a 
great clrcle. Let (ol be the latitug of N and let A, be the longitude 
of the same point; let a1 be the azimuth of M N  reckoned from the 
west toward the north. At H let the same quantities be depot$, 
res eotivel by pz, and az. In figure 2 let M‘ be the pro ection 
of 5 and $ that of %* Q’R’ is the projection of QB and M sN3’ IS the 
projection of the great circle MN. Let N’ have the Mercator plane 
coordinates zl,\yl and let N’ have the coordinates z2, y 

Now the Mercator projection for a sphere with r d u s  Unity iS 
determined bv the relations 

2=X,  
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The equation for y can be transformed in the following way: 

Q 1+tan 3 
Q 

(4) 
1-tan - 2 

or 
tan -=-= 

(5) 2 e y +  1 e Y l a + e q p '  

Hence 
Q Y tan - - tanh 3- 

= 8, 

Q 8-  1 e Y 1 a - e - P  

(6) 2 -  

If m is used to denote the scale factor, the scale factor along the 
meridian is given by evaluating the expression 

Since the projectionjs conformal this will give the value of the scale 
factor at a point for any direction, the scale factor being the same 
in all directlons. 

By differentiating equation (6) for y in terms of (o, we get 
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this value, we get 

m=sec Q. 

other hand, we have 

= 1 + tanha $ 

By sub 

(20) 

or by combining (15) and (20), we have 

G21) m = sec cp = cosh y. 
From the relation between cp and y expressed in (21), w 

(32) 

ue in (9), we get 

* 

( l + c o s  Q) sec Q-l+cosh y, 

2m cosa ' - 2 cosha (23) 2- 
or finally 
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By dividing (36) by (35) we obtain 

and when (38) is divided by (37) 

1 1 1 
(40) tan 3 (al + CY,) = tmh % (y, - yl) cot 2 (za - 2,). 

By dividing the s u m  of the squares of (37) and (38) by the sum of 
the squares of (35) a d  (36), we also obtain 

(41) 1 1 1 1 

1 1 1 1 

s i n h a  2 (yz - yl) cosa 9 (z, - Sl) + C O S P  5 (yz - y,) sin2 3 (Za - 2,) 

cosha 3 (ya + 9,)  COS^ 5 

sinha (y! - y,) + sin2 2 (za - 2,) 

sinha ij (ya + yJ 4- cos2 9 (22  - 2,) 

S tana 3= I 

- 2,) + sinha 3 (y2 + yl) sina 5 (2, - 2,) 

(42) 1 1 

1 1 
- - 

By these equations the s u m  and difference of al and aa are 
deteimjned as well as the value of S, all expressed in terms of the 
2’s and y’s of the projections of the end points of th‘e eat-circle arc. 

triangle can be computed. With the Mercator table for the sphere 
given on pages 7-15, the y values can be found from the given 
values of Q. 

If a table of the hyperbolic functions is not available, the required 
values can be found by use of a trigonometric table. In  equation (21) 
we have given 

(43) 

By using these equations the remaming parts o r the spherical 

cosh y - sec Q. 

%refore 

(44) cosha y- 1 =seta p-1, 

or 

(45) sinh, y-tad Q, 

hence 

(46) sinh y =  tan Q. 

By dividing (46) by (43), we obtain 

(47) t anhyls in  cp. 
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Now if we wish to get the hyperbolic function of any value, we find 
the value of cp corresponding to the given value of by use of the 
Mercator table on pages 7-1 5 and then the corres on&g trigonomet- 

As a matter of fact we are not direct1 lnterested in the elements 

reduce the same to the Mercator bearing; that 19, to t e rhumb-line 
bearing. 

If t denotes the Mercator bearing reckoned from the west point 
toward the north, we have a t  once 

r ic  function of this value of (p willbe the hyperbo f c function required. 

of the spherical trian le but what we (9 o wish to determine is the 
correction that must f e applied to the azimuth of a reat circle to a 

Therefore 

1 J Y U l  +z Yz-91 '- . . , . . 
(50) - - ' - 3 (  2 >' 15( 2 ) 

In order to abbreviate th ormal reduction we shall 
by a and x , - q  by 6 ;  (50) then becomes 

1 aa a4 tan%(a,+aJ 1 - ~ + i 2 0 -  * * * - * 

- b? b' I+-+-$ . . . . . 
12 120 tan t 

- 

tan t-- (a,$ c: 1 tan t-tan 2 (a, fa,)  

1 t tan t tan 5 (a,i-a,) 

. 
? 1 

tan t 

a a  a 4  
12 120 

---+-- . . . 
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b ' + ~ a  b4-u4 
12 4-W-t * * 

7 - 62-a2 b4+u4 +-+ .  . . . (56) 
2+12 120 

In order to transform (54) to-render it convenient for computa- 
tion, it is best to expand it first in a Fourier series in t .  This series 
is obtained most easily in the following way. 

We have 

(58) log, (1 +deatt 

ch i denotes as usual 
But 

I 
' dew-? e4<t+ dB - enit- . . . . . 

d cos at+?%! sin 2 t - 3  cos 

(60) 2 3 
a2 aa a 3  -i- sin 4 t + -  COS 6t 2 3 

rts of the*two expressions fo 

a2 a 3  

2 =&sin 2t-- sin 4t+3 sin 6 t -  *, 

$ & 4 t + - - s i n 6 t - - ,  d8 a .  

3 



IO-CQ 
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Now we may note that the quantib u is one-half of what is called 
the convergence of the merihans. fmtead of using the equations 
expressed in terms of the 2’s and y’s, we may compute tlus quantizy 
from the original s herical formulas. 

From (28) and $9), we hme  

and 

8’ 1 1 sin u cos - -sin - (qz+pl) sin 3 (Az-Al). (72) 2- 2 

By dividing (72). by (71), we get 

1 

1 
sin 3 ( v z + d  1 

cos ‘z (CP2- Pl) 
tan u =  tan 9 (Az-AJ. c (73) 

This equation will serve for the computation of u if this form 
should be preferred. 

For the extent of longitude usually covered by radio-compass 
observations, the series for v in (68) may be approximated to the 
first term. We have then for the determination of the desired 
correction the two equations 

(74) tanu- tanh5 (y3+yJ tan2 (sa-z1), 

and 

(75) 

1 1 

1 
12 21 = - (yz - y1) (2, - 2,). 

From equation (74) wehote that is a function of two arguments 
and from (75) we-also note that v is a function of two arguments. 
If then we determme a family of curves for various values of u and 
plot these on a graphic chart, we mey scale off from this chart any 
value of u when we have given the uments z2-xl and ~ + 3  
belongin to the value sought. Such a c Y art of u curves is pub ishe 
by the 8. S. Coast and Geodetic Survey in two parts with the title 
“Graphic chart, semiconvergence of meridians” (see Preface). Tho 
chart extends 50’ in longitude; sheet l’includes values of y2 +yl from 
0 to 72O, while sheet 2 extends from 72 to 144’. The two parts 
together form one contintious chart extending from the equator 
to the value uf 144’ for y +yl. This would be a mean latitude of 
something like 579; it wodd, of course, be less than this value if one 
of the omts waa much hi her in latitude. 

In t % e same way a fam5y o curves can be plotted 
chart which mag then be use a similar way. This 
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have the arguments 2 -sl and y2"yI, the second argument being 
different from that of t%e u chart. Such a famil of v curves is shown 

title "Graphic chart, second reduction term, true bearing to 
Mercator bearing." (See Preface.) The curves on the u charts are 

lotted for every 10 minutes of u while those 011 the v chart are plotted 
for-every minute of the value of v. 

on a chart published by the U. S. Coast and Gdo d etic Survey with the 

atation. 

DEVELOPMENT OF THE THEORY FOR PLOTTING RADIO-COMPASS 
BEARINGS ON A. GNOMONIC CHART. 

Latitude. Longitude. Azimuth. 2;zQ. 
CapeRace ..................................... 
BarHarbor .................................... 
CapeCwI ...................................... 
&fontauk ....................................... 
Firebland ..................................... 
Sand Hook ................................... 
CapeGay ...................................... 
CapeHenry .................................... 
CapeHatteras ................................ ,. 
Hogbland ..................................... 

I I I I 

46' 39' 10" 63' 06' 0.5" 124O 40' 68" 24' 25' 52'' 
44 18 86 88 11 27 102 23 44 38 14 44 
43 02 58 70 04 32 !Z 2.4 54 34 12 41 
41 03 OB ' 71 67 21 94 31 68 35 30 30 
40 38 07 73 12 32 83 03 16 36 25 32 

40 28 12 74 01 OB !42 16 OB 37 01 66 
38 sB 41 74 53 10 41 38, 37 40 25 

36 66 16 76 66 61 88 28 44 38 37 03 
35 14 22 76 81 42 84 86 85 98 22 12 
37 2a 38 76 42 97 87. 12 31 38 21 50 

The gnomonic projection of a sphere with radius unity is dehned 
by the equation 

(76) p - t a n t ,  

in which 6 is the great circle distance froni the center of the rojection. 

But 

The scale factor along the radius is given by the value,of L a* 
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the azimuth from the center u on the spher 
tar circle on the sphere is equ3 to u sin 8. 

represented by a 
ale along this almucan 
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