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PREFACE.

- Since the radio compass is' coming into very. ener&. r the:
determination of the positions of vessels at sea, it seemed advisable
to investigate the methods of plotting the bearings both on the
:Mercator projection and on the gnomonic projection. For practical

use it is necessary to devise schemes that be simplé in application

in order to obviate the need for laborious computations. “Graphic

charts are frequently very useful for this purpose and in this publica-

tion the elements of the-.reduction for the Mercator projection have

been developed in such, a form as to admit of graphic treatment,

" Three graphic. charts of this nature, Nos. R1, R2, and R3, are

‘ ublis}‘mdg-'r ' U.:S: Coast and Geodeftic ?lurvey.t &*Tgs‘."gl a1111id

-2.-xespectiyely, of a chart entitle raphic

e e Sheet 1 extends frompthe

.snd sheet 2- extends from

57°. No. R3 is entitled

: true bearing to Mercator
be obtained at 20 cents each from the

eodetic ‘Survey, ‘Washington, D. C., or

ns- or. sales agencies of the U.’S. Coast

ot obtained from the Superin-

o sphere is included in
e arguments for the

BROmonic projection,
omonic azimuths'

W cl ) ,
ased on the U. §,

These tables are
©1280, R AL D : o S :
- For convenience in practical applications, the description of the
use. of the graphic charts in connection with the Mercator projection
is given first, followed. bti the Mercator table for the sphere. The
necessary directions for the use of the gnomonic azimuth tables are
given just preceding the tables. The theoretical discussions are
placed in the last part of the publication, as they are of small use in
practical applications. ‘
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INSTRUCTIONS “FOR - PLOTTING: RADIO-COMPASS 'BEARINGS: ON THE
~. .. . MERCATOR PROJECTION. . = .. .. = . .
... The graphic charts to be used in connection with this publication
have for bottom argument the difference of longitude between the
radio-compass station and the approximate position of the vessel,
this being equal to.z,—=, on the Mercator projection, . This approxi-
mate gmsmi,_o'ri may be from dead reckoning, or in the absence of this
the- observations, without being corrected, may be plotted on the pro-
jection to. determine an approximate position. The left-hand
‘argument .of the graphic chart for semiconvergence is derived by
adding the “y” values, taken from the Mercator .table on . pages
.7-15, - corresponding - to -the .latitude of the radio-compass station
“and the approximate latitude of :the ‘vessel. ~This. argument is,
“ therefore, 4,4+, the y’s being what may be called. the Mercator
latitudes or, a8 sometimes called, the meridional distances..:.On the
‘graphic chart for the second term, the left-hand argument is equal
to 9, —y;-.- The Mercator table gives the values in minutes, but ail
“of the arguments for: convenience in use should be expressed in de-
grees and fractions of a degres. . .- . : ‘
- From the chart for the semiconvergence of the meridians, with
the arguments &, —~z, and y,+v,, determine:the proper u value-and
3 -



4 U. 8. COAST AND GEODETIC SURVEY.

from the chart for the second reduction term, with the. arguments
x,—x, and Y, — ¥, determine the proper value of v. Then the numeri-
cal value of the correction is equal to u+v; the plus sign is used for
the }{omt at the higher latitude and the minus sign for the point at
the lower latitude. Then, since’ the curve representing the great
circle is concave toward the Equator, this correction 1gs added to
the true bearing if the second point is east of the poi i
16 DOUL Y : ) the point at which the
reduction is being made and if the points are in the Northern Hemi-
sphere. If the points are in the Southern Hemisphere, the correction
would be substracted with a similar relation of ‘iic’*i’in,ts‘. ““When the
relative positions of the points are changed the correction must be
applied with the reverse sign. ‘ R
f an approximate position is not given by -dead reckoning or
otherwise, such an a-p};l)roximation can be determined by plotting
the true bearings on the Mercator chart; this will generally give a
Eosmion considerably in error, but after an approximate correction
as been scaled from the charts a second plotting will give & pretty
good approximate position of the vessel. Since the second term 1s
small it will generally not have to be corrected for the new approxi-
mate position of the vessel. S
The charts are applicable when one point is north of the Equator
and the other point south of it. In thiscase one of the y’s is negative
and should be so used in forming the arguments. For exumple, if
one point is in a certain north latitude and the .other in the same
latitude south of the Equator, the semlconver%ence would be zero
since y,+%, would be zero. The y argument Ior the-second term
would be numerically equal to 2y, since ¥, would be negative. =~
This method is of course applicable either in case the observations
are made ab the radio-compass station or upon the vessel. The
- reduction must be computed for the end in question, but aft:er the
Mercator bearing is found it can be laid off from the station just as
- :well ‘as from the approximate position of the vessél. In certan
= ‘no doubt advantageous to ‘observe upon the vessel rather
‘station; at times the vessel is able to receive the signals
tation is not able to get signals from the vessel
é smaller power of ‘the ship’s-equipment. = '

| REDUOTION FRoM TRUR BEARING TO MEROATOR BEAWNG.
\ T L BT : ‘ExA‘MPLE’NO.l: iy :

A radio-compass bearing at Cape Hatteras was observed as 74°
30’ and a simﬁa,rfbearing at Bar Harbor on the same vessel was
observed to be 118°. The approximate position of the vessel was

ven as latitude 39° 37’ N and longitude 56° 25’ W, o

ape Hatteras ‘ '

(lat. 35°147), Y, =2261.40 minutes (see p. 10 of table).

Vess?} o : :

at. 39° 387').  y,=2592.75 minutes (see p. 10 of table).
Y+, =4854.15 minutes=80.§d2§1;ees. :

Y~ Y, = 331.35 minutes = ‘ .
Cape Hatteras, long. = 75° 32." utes =5.52 degrees.

Vessel, long. =56° 25./
: ;L= ==(19°07") = —19°.12.
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In using the charts no consideration needs to be given to the nega-
tive sign on this last.arguiment. - . o S
. From the semiconvergence chart No. 2, with the arguments. 19°.12
and 80°.9, we get for the first term the value 5° 51'. ith the argu-
ments 19°.12 and 5°.52 from the chart for.the second term, we %;at
9’ for its value. Since Cape Hatteras is south of the vessel, the
second term must be subtracted from the first term of the correction. .
Tgle vla.lue of the approximate correction :is therefore 5° 51'—~9'=
5° 42. : S

Since the vessel is east of Cape Hatteras this.correction must be
added to. the observed true bearing. The approximate Mercator
bearing therefore becomes 74° 30’ + (5° 42/) =80° 12/,

Bar ﬁa)rbor (lat. 44° 19%), ¥,=2972.30 minutes (see p. 11 of .
table). e N
Vessel (lat. 39° 377), Y. =2592.75 minutes -(see p. 10 of

¥, +y,= 5565.05 minutes =92.75 degrees. .
. Y, — ¥, = — 379.55 minutes =+ 6.33 degrees.
Bar Harbor, -fong. =68° 11’ ‘ T
Vessel, 14ng.=56° 25’ S L
, w,—zl'==—(11° 46') = —11°.77. o :
As before no attention needs to be paid to the signs of the arguments. .

With the arguments 11°.77 and.92°.75 we get the value of the
first term as 3° 57’ from the semiconvergence chart No. 2. - From
the chart for the second term we find the yalue to be 6/, using as the
arguments 11°.77 and 6°.33. Since Bar Harbor is in higher latitude
than the vessel, the second term must be added to the first term.
T’he a grc,)ximate value of the correction therefore becomes 3° 57/ +
6"=4"03". : ‘ T
Since the vessel is east of Bar Harbor, this correction must be added
to the observed true bearing. The approximate Mercator bearing is
given by the addition 118° 00’ + (4° 03") =122° 03'.

If these approximate Mercator bearings are plotted on a Mercator
chart, their intersection will determine a more accurate position for
the vessel, and with this position a more accurate value for the cor-
rections can be scaled from the graphic charts. The change in the
arguments would not in general be great enough to affect the second
term, but the first term would in most cases need to be changed to
conform to the more accurate position of the vessel.

EXAMPLE NO. 2.

A ship is by dead reckoning in lat. 48° 25’ N, long. 25° 30’ W.,
and obtains a radio-compass bearing from Sea View of 244° 45’ and
from Ushant of 277°-30'. - o
Sea View (lat. 55° 227), 9, =4006.50 minutes (see p. 12 of table).
Vessel ~ (lat. 48°45'), 1, =3359.28 minutes (see p. 11 of table).

Y.+ ¥ = 7365.78 minutes= 122.76 degrees. :
Y= —647.22 minutes = — 10.79 degrees.
Sea View, long. 7° 19.5' W.
Vessel, - long. 256° 30’ W. ‘
‘ @, —x,=18° 10,5’ =18°.18 _

From the semiconvergence chart No. 2 with the arguments 18°.18

and 122°.76, we get for the first term the value 7° 12’. With the
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arguments 18°.18 and 10°.79-from the chart-for:the second term, we
get 17’ for the value of this term. Since Sea View is north of the
vessel,: the: second term must be added to the first term of the cor- .
reetion:s:il o o RTINS R L N {
~The value of ‘the-approximate correction is therefore 7° 12/ 4+ 17/ =
72.29’. - Since the vessel is west of the station:and in north latitude.
this correction must.be:subtracted from the true bearing.  The ap-~
proximate Mercator bearing from Sea View is therefore 244° 45’ —"
(7° 29') =237° 16'. | , T
Ushant:(lat. 48°26.57),. - y;=3331.30 minutes(see:p. 11 of table).
Vessel: :(lat.48°456"), .. " ¥,=3359.28 minutes (seep. 11 of table).
Y, +¥,=6690.58 minutes =111.51 degrees. - * ..
VU qy—yp= o 27,98 minutes= - 0.47 degrees.’
Ushant, long. 5° 05.5' W. :
Vessel, long. 2530 W..~ = = .
@y~ 7, =20° 24.5' =20.41°. RRE
‘With the ar%uments‘20°.41 and: 111°.51, we get -the value of the
first term as 7° 41’ from the semiconvergence chart No. 2.. From
the chart for the second term, we find the value of this term to be 1’
using as the arguments 20°.41 and 0°.47. .. Since Ushant is south of
the vessel, this second term must be subtracted from the first term.
The approximate value of the correction therefore becomes 7241/~
1/=7%40’.  Since the vessel is west of Ushant, this:correction must
be subtracted from the true bearing. The approximate Mercator:
bearing-at Ushant therefore becomes 277° 30" — (7°.40’) =269°.60".. .-
By plotting: these atpproximat’e bearings, a better position of: the -
.vessel may be found from their intersection-and the values for the:
corrections may -be revised to make them conform more nearly ‘to
éhe'c'ogfect position if the change is sufficient to make this revision
esirable. ) ‘ h
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- Mercator projection table for the sphere.
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Mercator projection table for the gphere—Continued.

1k e ket Bt
WO

ok bk ek ek
sl

STC

L1110 12° 13° 14° 150 16° 17° 18° 19° 20° Lat.

’ . ’ ’ ’ N SR ’ ’ ’ ’ ’ ’

0| 66409.| 725.321 786.78 | 848,49 | 910.46.1- 972,73 | 1035.30 | 1098.22 | 1161.49 | 1225.14 | -0
1| 665.11| 726.34 | 787.81 | 840,52 | 911,50/ 973.77 | 1036.35 | 1099.27 | 1162.54 | 1226,20 | 1
2 666,131 727.37 | 788.83 | 850,55 974.81 | 1037.40 1 1100.32 |.1163.60 | 1227.27 | 2
3| 667.15| 7288 789,86 | . 851.58 | 913.57 | - 975.85 | 1038.44 | 1101,37 | 1164.66 { 1228,33 { 3
4] 668.17 | 729,41 790,80 ) 914, 60 , 80 | 1039.49 | 1102.42-| 1165,72 | 1220,40 | 4
[ .19 791,91 915,64 | 077.03 | 1040, 1103.47 | 1166.78 | 1280.46 | 5
6| 670,21 | 731,46 ] 016.67 | ©078.97 | 1041,58 | 1104.53 | 1167.83 | 123L.53 | 6
7] 671,22 732,48 | 793.97 917.71 80, 1042. 1105, 581 1168.89 | 1282.58 | 7
8| 672,24 733.50 918.75 | 981.05 | 1043.67:| 1106.63 | 1169,95 | 1233.66 | 8
9| 673.28| 734.53.| 796.02 919,78 | 082,09 | 1044,72 | 1107.68 |- 117101 | 1284.72 } 90

856."70
857,76

858,80 | 920,82 | -983.13 | 1045.77 | 1108.74 | 117207 | 1285:79 | 10

850,83 921.85 | 98417 | 1046, 81 | 1109.79 | 1178.13 | 1236.85 | 11

or0.32 | 7r.p0| TRIQ | so.sn | 9228 )| 98522 1047.86 | 1110.84 | 1174.19 | 1287.92 | 12

215 | 86202

843,05

864, 98

923.93 | . 086,26 | 104891 | 1111, 80 | 1175.24 | 1238.98 | 13
7 730,64 | 801,15 924,06 | 987,30 | 1040, 95 | 1112:95 | 1176.30 | 1240.05 | 14
679.38 | 740.66 | 802.18 . 926,00 1051.00 | 1114.00 | 1177.36 | 1241111 15
680,40 | 741,69 803.21 927.03 | 089,38 | 1052.05 | 111505 | 1178.42 | 1242.18 | 18
681,42 742.71| 804.24 | 866,02 | 028.07 105309 | 1116, 11 | 1170. 48 | 1243.25 | 17
082,44 | 743,73 | 505.26 | 887.05 | 020,11 | 991.47 | 1054 14 | 1117, 16 | 1180.54 | 1244.31 | 18
683.40 | 744,76 | 506.20.| 86808 030.15 | 002,51 | 105619 | 111821 | 138160 | 1245.38 | 19
684.48 | 745.78 | 807,32 | 860,11 | 931.18 | .093.55 | 105624 | 1110.27 | 1182.66 | 1246.44
685.50 |+ 746.81 | 808.35 | 870,14 932:23 | 004.50 | 1067.28 | 112,32 | 1183,72 | 1247.51
686,52 | 747.83 | ‘800,37 | &71.18 | 933.26 | 995.63 ] 1058.33 | 1121.37 | 1184.78 | 1248, 58
687.564 | 748.85| 810,40 | 872,21 | 03429 88 | 1059, 38 | 1122.43 | 1185, 84 | 1240.84
688.56 | 740.88 | 811.43 | 87324 93533 o772 .43 | 1123.48 | 1186, 90 | 1250.71
e8p.58. | 750.90 | #1248 | 874,97 | 036.87. 098,76 | 1061.48 | 1124.53 | 1187.08 | 125178
600.60 | 751.92 | 13,49 | 875,31 | 937.40 1062. 52 | 1125, 50 | 1180, 02 | 1252, 85
601,62 | 75205 | 814,52 | 876,34 1000. 85 | 1063. 57 | 1126. 64 1253, 91
602,64 | 753,97 | 81554 37 | 939,48 | 00189 | 1064.62 | 112770 | 110114 | 1254.98
603,66 | 755.00 | 816 .52 | 1002. 93 | 1065.67 | 112875 | 1102.20 | 1256.05
694.68| 756,021 817.60

690.78 | 76114 | 822.74 | 884.60 | 946.74.| 1000,19 | 1071.96 | 1135.08 | 1198.57 | 1262.45

Sozs FOBTE SHESES EEBES URRE RNEEg BRNRR RRRES

700.80 | 762,17 | 823.77 | 885.64 | 047.78 | 1010.23 | 1073.0F | 1136.14 | 1100.63 | 1263.52
701.82°| 763.19 | 824,80 | 886.67| 048.82 | 1011.28 | 1074.08 | 113719 | 1200.60
702,85 | 764,22 | 825.83 | .887.70 | 949.86 | 1012.32 | 1076.11 | 1138 25 | 120175 | 1265. 60
.87°| 765.24 | 826.86 | 888.74 | 950.90'| 1013,36.| 1076.16 | 1130.30 | 1202:82 | 1266,73
708,80 | 766.27 | 827.80 | 889.77 | 951.94 | 1014.41 | 1077.21 | 1140.36 | 1203.88 | 1267.80
705.91 | 767,20 | 22802 | $00.80 | 052.98 | 1015.45 | 1078.26 | 1141.41 | 1204.94 | 1208.87
706,93 | 7 329,05 | 801,84 | 954.01 | 101650 | 1079.31 | 1142.47 | 1206.00'| 1260.93
707,95 | - 760.34 | "830,08 | 892.87 | 9055.05 | 1017. 54| 1080.36 | 1143.562'| '1207.06 | 1271.00
708.97 1 770,37 | 832,00 |"'893.91 | 956.09.| 1018, 58 | 108L.41 | 1144,58 | 1208.13 | 1272.07
700.90 | 771301 833,03 | sos04| 057.13 | 1010.63 | 1082.46 | 1145.64 | 1200.19| 1273. 14
71,02 | " 772 234,06 | ‘895,97 | 958.17 | 1020.67 | 1083.51 | 1146.60.| 121025 | 1274.21
712,04 | 773.44 | 835.00 | ‘so7-01 950.21 | 1021.72 | 1084.56 | 1147.75 | 1211.31 | 127528
71806 | 774,47 | '836.12| 898.0¢ .25 | 1022. 76 | 1085.61 | 1148.80 | 1212.38'| 1276.35
714,08 | 775.49 | ‘33715 899.08 | 961.20 | 1023, 81 | 1086.66 | 1140, 86| 1213.44 | 1277.42
715,10 | 776.52 | 38,18 |. 000.11 |. 962.33 | 1024.85 | 1087.71 | 1150,92 | '1214.50. | 1278.49
ne12 | 7754 | so.at | oo1.15 | 96337 | 1025.90 | 108876 |.1151.97 | 1215.57 | 1279.56
715 | 79857 | '840.24 | 902,18 | 964.41 | 1026.04 | 1080.81 | 1153,03 | 1216.63 | 1280.63
71817 | 770,69 | 84127 | 903.22 | 965.45 | 1027.90 | 1000.86 | 11540 | 1217.69 | 1281.70
710410'| 78062} 842.30 | 00425 | 966,40 | 1026.03 | 1091.91 | 1155.14 | 121876 | 1282.77
790.21 | 78165 | 843.33 | 905.28 | 067.53 | 1030.08 § 1002.96 | 1156,20 | 1219,82 84 |5
791,93 | 82,67 | '844.36 | 006,32 | 06867 | 103112 | 1004.01 | 1157.26-| 1220, 88'| 1284, 91
922.96'| 783,70 | 845.39 | '907.35 | 960.61 | 1032.17 | 1005.06 | 1158,32°| 1221.95 | 1285.98
723,98 | 784,73 | 846,42 |- 008,39 | 970.65 | 1033.21 | 1096.11 | 1150.37 | 122301 | 1287.05
724,30 | 785,75 | 847.45 | 909.43 | 071.60 [ 103426 | 1007.16 | 1160.43 | 1224.07 | 1288.13 | 59
725,52 | 786,78 | 848.49 |..910.46 | ©72.73 | 1035.30 | 1008.22 | 116149 | 1225.14 | 1260.20 | 60
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Mercator projection table for the sphere—Continued.

Lat.| 21° 22° 23° 24° 25° 26° 27° 28 28° 80° jLat.
’ ¢ L] ’ 1 ! ' ¢ - 1 1 4 [
o | 128,20 | 1353,69 | 1418.63 | 148406 | 1549.99 | 1616.47, 1683. 52 | 1751.16 | 1819.44 | 1888.38 | @
111290.27 | 1354.76 | 1419, 72 |-1485.15 | 1551.10 1617.58 | 1684.64 | 1752, 29 |+1820. 58 | 1889. 53 1
2 1 1201.84 | 135584 | 1420, 1486, 25 | 1552, 20 | 1618, 70 | 1685.76 |.1753,43 1. 1821.72 |1800.691. 2
3| 1202.41 | 1356.62 | 1421, 89 | 1487, 34 | 1563, 81 | 1619.81 | 1686, 1754.50 1 1822,87 | 180184 | 3
4 {'1203.48 |-1358,00 | 1422, 1488.44 | 1554, 41 | 1620 1688, 01 | 1765.60 | 1824.01 | 1803.00 ' 4
5| 1204.55 | 1369: 08 | 1424.06 | 1480, 53 | 1555. 61 1622, 04 | 1689.13 | 1756,83 |'1825.16 | 1804.15 ]
6 | 1205.63 | 1360.16 | 1425.15 | 1490,63 | 1556.62 | 1623.15 169025 | 1757.96 11 1805811 ©
711296, 70 | 1361; 24 |:1426.24 | 1401,72 | 1557.72 | 1624.26 1691, 38 |-1750,00 | 1827.44 | 1866.46 | - 7
8| 3507, 77 | 1362. 32 | 1427. 32 [-1492.82 | 1558. 83 | 1625, 38| 1892, 50 {1760, 23 | 1826, 50 1 1807.62 3
o | 1208 84 | 1363.40 | 1428.41 | 1468.91 | 1559.93 | 1626.49 1693. 62 | 1761,36 | 1820.73 8.7 9.
10 | 1209, 91 | 1364.48 | 1420.50 | 1405, 01 | 1561, 04 1627.61 | 1694, 75 | 1762.50 | 1830.88 | 1899.93 .= 10
11 § 1300. 1365. 56 | 1430. 1496, 11 | 1562, 14 | 1628.72 | 1685, 87 |.1763.63 '1832,02 | 190109 |11
12 | 1302.06 .1366.64 | 1431.68 | 1497,20 | 1663.25 162084 | 1697.00 | 1764.77 | 1833.17 | 1002. “12
13 | 1303.13 | 1367.72 {1482, 78| 1408, 30 | 1664, 35 1630,95 | 1608.12 | 1765.90-| 1834. 32 1:1003, 40 13
14 [ 1304.20 | 1 1433, 85 | 1400, 40 | 1565.46 | 1682.06 | 1609:25 | 1767.04 1835461 1904.58 - 14
15 | 1306 369, 1434,94 | 1500,49 | 1566, 56 | 1633.18 } 1700.37 1768.17 | 1836.61 11005.72.| - 15
16 | 1306, 35 | 1370.98 |.1436.03 | 1501, 59 | 1567.67 1634.20 | 1701, 50°| 1769, 31. | 1887, 75 | 1006, 88 18
17 { 1307. 42 | 1372, 04.| 148712 | 1502.69 | 1568.77 1635, 41 | 170262 | 1770, 44 |- 1838.90 |1008.03 A7
18 | 1308.50 | 1373.12 | 1438.21 | 1503, 78 | 1560. 83 1636, 52 | 1703, 75 | 1771 58 | 1840, 05 | 1000, 19 18
10 | 1309, 57 | 1374.20 | 1489.29 }. 1504 1570,99 | 1687, 64 | 1704,87 | 1772, 71 | 184l 19| 1010.85 | 18
20 | 1310.64 | 1375.28 | 1440. 38 | 1605, 98 | 1672, 09 | 1638,76 |- 1706, 00 | 1773, 85 | 1842, 34 1911, 81 1 - 20
21 | 131172 | 1376.36 | 1441, 47 | 1507.08 '1578.20 | 1639.87 | 170712 | 1774.98 1843.40 | 1912,67 131
22 1 1312.79 | 1377.44 | 1442, 1508,17 |.1574. 31 |.1640, 1708, 25 |:1776.12 | 1844, 64 | 1013,83 ) -22
23 | 131,86 | 1378.52 | 1448,85 | 1500.27 | 1676.41 642,10 | 1709, 37 | 177726 | 1845.78 | 1014, 08 |.. 23
21 | 1314, 94 | 1370.61 | 1444,74 | 1510, 37 | 1576.52 11643, 22 | 1710,50 | 1778.89 | 1846 1018,14 | 24
25 | 131601 | 1380.69 | 1445, 83 | 1511, 471 1577. 63 1644, 1711.63 | 1779, 53 | 1848,08 | 1017.30 | -25
26 {.1317.08 | 1381, 77 1446, 92 | 1512, 57 | 1678.73 | 1645, 45 | 1712, 75 1780, 67, |: 1849, 23 | 1918.46 |.-28
27 | 131816 | 1882.85 | 144801 | 1513.67 { 1570.84 | 1646, 57 {1713.88 | 1781. 8L .1 1919,62 [ 27
.28 1131923 | 1388.03 |1440.10 1514.76 | 158095 | 1647.69 | 1716, 01 | 1782.94 1851.52 | 1920.78 | 28
.99 1 1320,31 | 1385, 1450,19 | 1515, 158200 | 1648, 1716.14 1'1784,08.{ 18 1021, 94 1- 20
.30 | 1321, 38 | 1386.10 | 145128 | 1618, 96 | 1583, 17 | 164992 | 1717.26 | 1785.22 1853, 1923.10 | 30
‘81 | 1322.45 | 1387.18 | 1452, 87 | 1518,08 1504, 27 [ 168104 | 1718.39 | 1786.36 | 1854.97 1924,26 | 31
32 [ 1323.53 | 1388,26 | 1453, 46 | 1519,16 | 1885, a8} 1652:16 | 17190.52 | 1787,50 | 1858 12 |.1025.43 | - 32
33 | 1824.60 | 1380.35 | 1454, 55 | 1520, 1586, 49 | 1653, 27 | 1720,65 |.1783.63 | 1887, 97 | 1926, 50 | -33
_ 34 | 1325.68 | 1300, 43 | 1465, 1521, 36 | 1587.60 | 1654.89 | 1721, 77 1178077 | 1858.42 | 102775 1 34
35 | 1326.75 | 130151 | 145,73 | 1522, 46 | 1588,71 | 165551 | 1722.90 | 1790, 91| 1850.57 | 1928,01 {.-35
88 11827, 1302 59 | 1467, 83 | 1523, 56 |, 1580, 82 | 1656.88 | 1724. 03} 1702, 05 | 1860, 72 | 1930.07 | 36
37 | 1328, 1303, 68 | 1458, 92 | 1524.66 | 1590.02 | 1657.75 | 1725, 16 3,19 | 1801, 87 | 1631.23 3
38 | 132008 | 1394.76 1 1460, 01 | 1525, 76 | 1502, 1658.87 | 1726.29 .83 | 1863 1932.40 |38
.89-] 1331,06 { 1305, 84 | 1461,10 | 1526, 88 1599.14 | 1650, 08 | 1727.42 | 1795. 47 1864,17 |.1933. 39
40| 1332.13 | 1396, 03 | 1462.19 [ 1527,96 | 1504, 25 | 1661, 10 | 1728, 1706,61 | 1865,82 { 1034.72 1 40
41 1 1333.91 | 1808.01 | 1463.28 | 15620,00 | 1595.36 1662, 22 | 1720,67.| 1707, 75 | 1806.47 | 1035, 41
* 49 11834,20| 1309.10°1. 1464, 1530, 16 |'1506.47 | 1663.34 1730, 1798, 89 | 1867, 62 1 1037, 05 | 42
43 1133537 | 1400.18 | ‘1465, 47 | 15631,26 | 1507.58'( 1664.46 | 1731.93 | 1800, 03 | 1868.77 | 1938,21 | -43
44 11336.44 | 140126 | 1466, 50 | 15632, 1598.69 | 1665. 58 | 1783, 06 | 1801.17 [ 1869.92 1030,37. | 44
45 | 133752 | 1402.85 | 1467.65 | 1533, 461 1500,80°| 1666, 70 | 1734,19 | 1802, 31 |-1871.08 | 1940.54 | 45
16 8, 1403, 43 | 1468.76.| 1534, 56 |:1600.91 | 1667, 82 1735.82 | 1808, 45 | 1872.23 | 1041.70.1. 46
4711 1330, 87 | 1404. 52 | 1469, 84 1 1585.68 1602:02 | 1668, 1736, 45| 1804, 59 | '1873.38 | 1942.86'| - 47
48 ['1340,75 | 1405.60 147093 |:1536,.77 | 1608, 18 | 1670..06 | 1737.58 | 1805. 73'1.1874,53 | 194403 1. 48
. 49| 134L 1408. 69 | 1472,02 | 1587. 87 | 1604.24 | 1671.18 | 1738, 711 1806, 87 | 1875.60 | 1045.19 | 40
50 | 1342, 01 | 1407.77 | 1473.12 | 1538.97 1605, 85 1672. 30 1730.84 | 1808.01 | 1876,84 | 1946.38 1 50
5111343, 08 | 140886 | 147421 1540. 07 | 160046 1740.98 | 180915 | 1877, 1047,82 | 51
5% | 1345. 06 [-1409. 94 | 1475, 30 1541, 17 } 1607, 58 1674. 54 1742, 11 |'1810.80°] 1879.14 | 1948.80'| 52
53| 194614 | 1411.03 | 1476.40 | 1542, 1608, 69 | 1675.66 | 1743. 1811:44 | 1880.30 | 1049.85 |~ 53
34 |1847,22 | 1412.11 1477, 40 | 1543, 88 | 1600, 80 | 1678.79 1744, 371812, 88 | 1881, 45 108002 164
55 | 1348.20 | 1418, 20 1 1478, 59 1544. 48 | 1610,01 | 1677.81 | 1746.50 | 1818, 72 1882. 1952, 18 66
56 11240,37 | 1414.28 | 1479, 68 | 1545, 58 | 1612, 02 | 1670.08 | 1746, 63 [ 1814, 86].1883,76°) 1053, 85 | 58
+57-1'1850.45 | 1415,87 | 1480. 77 | 1546. 69 1013. 13| 1680.15 | 1747.78 | 1816:01 ) 1884, 9 -1054,6% 1. 67
~58 | 1851, 58 | 1416, 46| 1481, 87 | 1547.79 | 1614 “25 | 1681, 27 | 1748.90 1817, 15 | 1886, 07 1955.68 | 568
'59(.1862.61 | 1417, 54 148206 | 1548, 89 1615 36| 1682, 30 | 1750,03 | 1818,29 1887,22 | 1956, 85 i59
00 | 1853, 60 | 1418.63 | 1484, 08 | 1549, 99 | 1616, 47 | 1688, 52 | 1751,16 1810, 44 | 1888, 38 | 1958,01 %0




10 U. S. COAST AND GEODETIC SURVEY.

Mercator projection, table for. the spﬂeres-(}onﬁnued.

Let.| s1° | s | ae | s | s | s | s | 8 | s | 400 |Lat.
r P i i - s TSRS TR BRI R S ' B '
0. 1058:01 | 2028.38 | 2000: 53' | 2171:48 11224420 | 2317, 09 |.2302;63 | 2468, 26 |.2514.03 | 2622.69 | 0
1 11950,18 }:2020. 56 |:2100.72. | 2172. 69 |-2245, 51 | 2310,22 | 2303.8S | 2409, 53 {2548, 2624001 . 1
2 12080:35 | 2030.74' | 2101, 01 | 2173.80 {2245, 73 | 2320, 46 | 2305, 14 | 2470.80 | 2547, 50 | 2625.30 | 2
3 1:1961: 51 | 2031.92 |12103;10 | 2175.10, |- 2247.95 | 232170 | 2396:39 | 2472.07 | '2548:79 | 2626.61.| 3
gt 2033110 30 | 2178.81° [2240:17. | 2322.03 |- 2307, 84 | 2473,84 | 1255008 | 2627.01 | 4
5 | 106385 | 208428/ | 2105. 49 | 2177.51 | 225039 |2324:17 | 2308.90.| 2474, 61 { 2551. 97 | 2620.22 | -5
6.1:1065. 02 | '2085.46 | 2106,68 | 2178.72. | 225162 | 2326,41 | 2400; 15 | 2475,88 | 2552,06 | 2630, 8
711966, 18 |- 2036.64 | 2107:88 | 2179:93 | 2059.84 | 2328, 65 |:2401.40 | 247715 | 2554105 | 2631i84 | 7
8:1.1907:35 | 2087, 82, | 2109, 07- | 12181, 14 | -2254. 06 | 232789 2478, 42 | 2555, 23 | 2683,14 |- 8
9 |1968.52 |'2080; 00'| 2110:27 |2182.95 | 225528 |'2329.12 | 2403.91 | 2479, 69 | ‘2556, 52 | 2634: 45 | 9
10-{:1060: 60 {'2040; 10, | 2111 48 | 218355 | 2056.51 |2330,35 | 2405. 17 {-2480; 07 | 255781 |2685.76 | 10

1970386 | 204137, | 211266 | 218476 | 2257.73 | 2331; 60 | 2408.42 | 248224 | -2560.10 | 2687.07 | 11

;03 | 2042, 55 | 2113) 85 | 2185.97 95| 2332, 768 | 2483: 51 | 2560;39 | 2638,
204373 | 2115.05 |-2187.18 | 2260,18 |2334. 08 | 2408 03 | 2484; 78 | 2561 68 |'2620. 60

204401 | 2116, 24 | 2188.39 | 2061.40 | 2335.32 |-2410:19 | 2486.06 |-2562.97 | 2641, 00 | 14

204610 | 2117, 44 | 2180:60 | 2262.63 | 2396, 50 | 241144 |'2487.53 | 286427 |.2042,31 | 15

+1 2047, 28 | 2118 63 | 2190; 81 .80 | 2097, 80 | 2412.70 | 2488, 60 | 2605. 50 | 204363 | 16

< 2119; 83 | 2192 02 08 04 | 2413.06 | 240,88 ;85 | 264493 | 17

2198, 23, | 2206.30 | 2340, 28 | 2415.21 | 2401715°| 2508014 | 264. 24 | 18

212292 | 219444’ | 206763 | 234157 | 2416, 47 | 2402, 45 |'2560.43 | 2647.55 | 19

‘219849 | 2195.65 | 2268:75 | 2349. %6 |2417.73 |- 243, 70 | 2570.73 | 264898
2124, 62 | 219686 | 2260, 98 mozg; 241809 {2404 07 | 2572.02 | 2650.17
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RADIO-GOMPASS BEARINGS.

Mercator progectwn table for the sphere-—(}ontmued

: 11

Lat:| 410 | odee | a3 ) ease o 48> | 480 | 7o a8 ‘--‘4"“ -50° | Lat.
’ T / v e a R v Fara e
0| 270160 | 278171 | 2808.10 2045, 81 302084 | 511555 | 9202.71 | 320159 | 8382:08 | 474,47 | 0.
1| 2702.92 | 2783, 06 | 286446 | 2047, 21 | 3031.35 | 3116.99 | 3204.18 | 3203.02 | 3383.61 1.3476.08 | 1-
2 | 270495 | 278440 { 2985,83 |- 2048,60 {3039, 77 | B118:43 | 3205.65 | 3204.53 [-3385.13 1:8477.60 | 2.

> 3| 270557 | 2785, 75 |-2867. 20 | 2049.99 | 8034.18 |:3119.87 | 3207:12 | 3208.01 | 3386661 3479.34 | 3
4 7708 00 | #767.00 | 2408'57 | 2051.38 |8035.60 | 3121.91 | 8208.58 | B97.51 | 388,18 | 8480.70 |. 4
» 5 | o708:28 | 2789, 44 | 2809, 94 | 202,77 | 3087, 02 | 8122.75 | 8210.05 | 3200.01 |:3880.71 | B4g2.38 | 5
o }.2700:55 |- 2789.79. [ 287131 |- 205416 | 3038 43 | 8124,10 |:B211.5 | 5300.51 (8801:24 |.8483.82 | 6
¢ 7 ‘971088 }:2791; 14 |:2872. 68 1:2955; 66 1 8039, 86 |:8125.68 |:3212.00 | 8302.00 |-339.77 | 8485.38.) 7
o 8 |2712:21 |-2792:49 | 2874.05 | 2056: 95 |-3041. 27, {3127, 08 |-3214.:46 | 3303. 50 | 3304.20 1-3486.94 . 8 '
'9,| 2718.54 | 2798.84 | 2875.42 | 2058.84 | 3042.08 | 128152 | 3215.98 | 3305.00 | 3695.82 | 348350 |. 9
7714 3044,10 | 3129:08 6. 50 | 3897:85 | 3490.06 |20
31341 | : ;88 1349102 | 91

3139:85 |/ 8220, 34 | 8300.50 |'3400:41 | B408:28 | 12

:3184.30} ; y 1. 74 113

‘818575 | 3223.20 3 03:47 | 8408.81 | 14

oot Lasse 08 Lot oo L7 | 15

: X 349,43 | 16

k & 08:07 (-8501.00 1 17~

; : % 3 400; .56 |18

3056. 88 | 8142.08 | 3730:60 | 3920.01 | 3411.34 | 3504:13 | 19

Fa1asag | 920913 | 330162 8412487 | 8508.70 | '20"

45.57.1 3%33: 61 | 9323,02 | 3414/90 | 850726
35 3 260883

/| 315,88 | :
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1. S. COAST AND GEODETIC SURVEY.

Mercator projection table for the sphere—Continued.

Lat.| B51° 520 53° 54° 55° 56° 57° 58° 59° 60°  |Lat,
; ' Lo ' : ' Lt ' ' ' ' '
0 | 3568, 81 | 3665.19 | 3763.76 | 3864, 3967, 4073.90 | 4182.62 | 4204.30 | 4499, 14 | 4527.87 [ 0
1| 3570.40 | 3666, 3765.42 | 3866,34 | 3969, 71 | 4075.69 | 4184.46 | 4206,19 | 4411.08 | 4620,87 [ 1
2138571.99 3767.00 | 8868.04 | 8971.48 | 4077, 48 | 4186.20 | 4298, 07 | 4413.03 | 4581.37 | 2
. 3 |-3573.58 | 3670.07 | 3768.75 | 8869.74 | 8973.20 | 4079.27 | 4188.13 | 4290.06 | 4414,97 | 4533.37 |- 3
4 |:3575,17 | 3671.70 | 3770.41 | 3871.45 | 3074.956 .06 | 4189, 97 | 4301. 85 | 4416,902 | 4535.38 | 4
5 | 3576.76 | 3673.32 | 3772.08 | 3873, 15 | 3976.69 | 4082, 86 | 4191, 81 | 4303.74 | 4418.86 | 4537.38| &
6 | 3578.85 74, 3778.74 | 3874, 86 | 3078,44 | 4084,65 | 4103, 4305, 64 | 4420.81 | 4539.80 |- 6
7.1 8579.94 | 3676, 58 | 8775.41 | 8876.56 | 8080.19 | 4088, 44 | 4195,49 , B3 | 442276 | 45641,80 | 7
8 | 8581, 8678.21 | 8777.08 8,27 | 3981,94 | 4088.24 | 4197.33 42 | 4424.70 | 4543.40 |- 8
9 | 8583.13 | 3879, 8778.74 | 3879.98 | 3083,69 | 4090.03 | 410017 | 4311,32 | 4426.65 | 45645.41 | 9
10 | 8584.73 | 3681.47 | 3750.41 | 3881.68 | 8985.44 |'4001.83 | 4201.02 | 4313.21 | 4428,60 | 4547.42 | 10
11 | 8586.32 | 3683, 10 |-3782.08 { 3383.39 | 3987.19 | 4003.62 | 4202.87 | 4315.11 | 4430. 4549.43 1:11-
12 | 35687, 3684, 3783.75 | 3885.10 | 3088.94 | 4085.42 { 4204, 71| 4317.01 | 4432.51 | 4551, 12
13 | 3589.51 | 3686.36 | 8785.42 | 3886, 81 | 3990.60 | 4097.22 | 4206, 56 | 4318,91 | 4484.46 | 4553, 13
14 | 3591, 11 | 3687.99 | 378709 | 3888, 52 | 3992.45 | 4009.02 | 4208. 41 | 4320, 4436.42 | 4555.47'| 14
15 | 3592.71 | 3689. 3788.76 | 3890.23 | 8994.20 | 4100. 82 | 4210.26 | 4322.70 | 4488,37 |°45657.48 | 15
16 | 3504.30 | 3691,26 | 3790.43 | 3891.95 | 3995.96 | 4102.62 | 4212.10 | 4824,61 | 4440.33 | 4560, 16
.17 1 8505.90 1 3602 3792.10 | 3893, 3907.71 | 4104. 42 | 4213.95 ) 4442, 29 | 4561,52 | 17
18 | 3597.50 | 3604, 53 | 3703.78 | 3895.37 { 3090.47 | 4106, 4215.80 | 4328, 41 | 4444.24 | 4563.53 | 18
19 | 8509.10 | 3696.17 | 3795, 45 | 3807.09 | 4001, 22 | 4108.02 | 4217, 60 | 4330, 31 | 4446, 20 | 4585.55 | 19
20 | 3600.70 | 3607, 8797.12 | 3808.80 | 4002, 98 | 4109, 82 | 4219, 51 | 4332, 22 | 4448.16 | 4567.567 | 20
21 | 3602, 3699. 44 | 3798, 8000, 52 | 4004,74 | 4111, 63 | 4221, 36 | 4334.12 | 4450, 12 | 4569, 21
22 | 3603.90 | 3701, 08 [ 3800,47 | 3902.23-| 4008, 50 | 4113.44 | 4223,22 3 4452, 09 | 4571.61.| 22
23 | 3605. 8702.71 [ 3802.15 | 3903.95 | 4008, 4115, 24 | 4225.07 | 4337.04 | 4454, 4573.64 | 23
24 |-8607.11 | 3704.35 | 3803. 83 | 3005.67 | 4010.02 | 4117.05 . 4330. 84 | 4456.01 | 4575.66 | 24
25 71 43705, 99 | 3805. 8907.38 | 4011.78 | 4118. 85 | 4228.78 | 4341,75 | 4457,908 | 4577.69 | 26
26 | 3610.32 | 3707.63 | 3807.18 | 3009.10 | 4013, 54 | 4120,66 | 4230.04 | 4343,66. | 4459, 94 | 4579.7L.| 26
27 | 3611, 92 { 3700.27 | 3808. 86 | 3010.82 | 4015.31 | 4122, 47 | 4232,50 | 4345, 57 | 4461, 91 | 4581, 74 1 27
28 | 3613.52 | 3710.91 | 3810, 54 | 3912.54 | 4017,07 | 4124.28 | 4234.36 | 4347, 4463, 4583.77.1 28 .
.29 | 3615.13 | 8712, 3812, 3014.26 | 4018 B4 | 4126,09 | 4236.22 | 4340.40 | 4465, 85 | 4585, 29
30.| 3616.74 | 3714.20 | 8818.90 | 3915.99 | 4020.60 | 4127.90 | 4238.08 | 435L.31 | 4467. 82 | 4587, 80
31 | 3618.34 | 3715, 84 | 8815, 58 | 8917, 71 | 4022.87 | 4129,72 | 4239, 94 | 4353, 23.] 4469.79 | 4580.86 | 31
32 | 3619.96 | 8717.48 | 3817.27 | 3919.43 | 4024.13 | 4131, 4241, 4355,14 | 4471.76 | 4501.80 | 32
33 | 3621.56 | 3719.13 | 8818.95 | 3021.16 | 4025. 4133, 84 | 4243.67 | 4357.006 | 4473.78 | 4593.92°| 83
34 | 3628.17 | 8720.77 | 3820.63 | 3922, 4027.67 | 4135.16 | 4245,53 | 4358,97 | 4475.71 | 4505. 34
35 | 3624,78 | 8722.42 | 3822,32 | 3924.61 | 4020.44 | 4136, 97 | 4247.30 | 4360. 4477.68 | 4598.00 | 38
36| 3626, 39 | 3724.00 | 3824.00 | 8926.33 | 403121 | 4138.79 | 4249.26 | 4362, 81 | 4479, 66.| 4600.03 | 36
37 | 3628.00.} 3725.71 | 3825.69 | 3928.06 | 4032.98 | 4140.61 | 4251, 13 | 4364, 73| 4481, 63 |.4602.07 | 87
38 | 3629,61 | 3727.36 | 3827.37 | 3929.79 | 4034.75 | 4142, 42 | 4252, 4366, 65: | 4483, 61 | 4604.11:] 38
39 | 3631 3729.01 | 3820. 3031. 51 | 4086, 52 | 4144, 24 | 4254, 86 | 4368, 57 | 4485, 4606.15 | 89
40| 3632.83 13730.66 | 3830.75 | 3933.24 | 4038.20 | 4146.08 | 4256.73 | 4370, 50 | 4487, 57 | 4608.19 ] 40
41 | 3634, 3732, 3832, 43 | 3934.97 | 4040. 07 | 4147, 88 { 4258. 60 72, 4499, 4610,23. |- 41
42 3 3733, 8834.12 | 3936.70 | 4041. 4149, 70 | 4260.47 | 4374.34 | 4491.53 3 42
43 |-3637,67 | 8735.61 | 8835, 81 | 3938, 43 | 4043.61 | 4151. 52 | 4262.34 | 4376, 27 | 4403.51 | 4614.82 | 43
44| 3639, 3787.26 | 3837.50 5 4045.39 | 4153.85 | 4264.22 | 4378, 20 | 4405.50.] 4616,36:| 44
45 | 3640.90 | 373601 | 3839, 19 | 3041, 90 | 4047, 17 | 4155, 17 | 4260, 09| 4380,12 | 4497, 48'| 4618, 41 | 45
46 | 3642.51 | 8740, 3840, ,8043.63 | 4048. 4157, 00 | 4267, 97 | 4382, 05 | 4499.47 | 4620, 45| 46
47| 8644.13°| 3742.21 | 8842, 8945, 36 | 4050, 72 | 4158. 82 | 4269, 4388, 98 | 4601, 45 | 4622.50 | 47
48 ] 8645.75 | 8743, 87 | 3844.27 | 3947.10 | 4052, 4160.65 | 4271, 72 | 4385, 9] 4508, 44 1 4624.55:1 48 -
40 | 3647, 36 | 3745, 52 | 3845.90 | 3048. 4054, 28 | 4162, 47 | 4273. 59 | 4887. 84 | 4505. 48.|-4620,60 | 40
50 | 3648, 98 | 8747.18 | 3847.66 | 3950. 57 | 4056.06 | 4164.30 | 4275, 47 | 4389, 77 | 4507.42 | 4628.65 | 50
51 | 3650.60 | 8748, 83 | 3849, 35 | 3052,31 | 4057.84 | 4166. 13 | 4277.35 | 4391, 70 | 4509, 4630.71.1 61
52 1-3652. 22 | 8750, 49 | 3851.05 | 3954.04 | 4050, 62 | 4167.96 | 4279, 4303.64 | 4511.40.|'4632.78 | 52
53 | 8653, 84 | 3752, 16 | 8852, 75 | 3955. 78 | 4061, 4169, 70 | 4281.11'] 4305, 57 | 4518.89 | 4634, 81 |.53
54 | 365540 | 8753, 3854, 8057.52°| 4063.19 | 4171.62 | 4282, 97, 4515.39 | 4636.87 | 54
55 | 8657.08 | 8766, 8856, 14 | 3950. 26 | 4064, 97 | 4173,45 | 4284, 4809, 44 | 4517.38 | 4638,08 | 56
56 1 865870 | 8757.12 | 3857, 84 | 3061, 00 | 4086.76 | 4176, 28 | 4286, 76 | 4401.88:| 4519, 4640,98 | 56
57 | 3660, 82 | 8758,78 | 8858, 3062 74 | 4068. 54 | 4177.12 | 4288, 4408, 82, | 4521, 87 | -4643, 57
58 | 8661, 85 | 3760,44 | 3861.24 | 3964.48 |:4070.83 | 4178,95 } 4200. 4405. 26 | 4523, 87 .10 | 58
59 | 8663.57 | 8762, 10 | 3862.04 | 3066.22 | 4072, 12 | 4180\ 78 | 4292.41 | 4407, 4525, 87 | 4647.16:] 59
60 | 8665, 19 | 8763.76 | 8864.64 | 3967, 97 | 4073.90 | 4182.62 | 4204.30 | 4400, 14 | 4527, 37

-8
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Mercator projection table for-the sphere—Continued.

13

Lat.} 61° a2° 63° 64° 65° 8g° 67° 68° 69° 70° |Lat.
. ’ ’ ot ' ’ ’ ’ ’ ’ I3 ’
0 | 4640.23 | 4774.98 | 400494 | 5039.42 | 5178.81 | 5323.51 | 5474.01 | 5630.82 | 5704. 5965, 92 0
1 | 4651.29 | 4777.11 | 4907.14 | 5041.70 | 5181.18 | 5325.97 | 5476.57 | 5633.49 | 5797.85 | 59G8. 84 1
2 | 4653.85 | 4779.25 | 4909.35 | 5043.99 | 5183. 5328.43 | 5470.13 | £636.16 | 5800.14 | 6971.77 2
3 | 4655. 4781,38 | 4011.55 | 5040.27 | 5185.01 | 5330.90 | 5481, 5638. 84 | 5802 5974.70 3
4 | 4657.49 | 4783.51 | 4913.76 | 5048.56 | 5188.20 | 5333.36 | 5484. 5641.51 | 5805.74 | 5077, 4
5 | 4659.55 | 4785.65 | 4915.97 | 505085 | 5190.66 ] 5486.83 | 5644.19 | 5808, 5980.671 . 5
6| 4661.62 | 4787.79 | 401818 | 5053.14 | 5193.03 | 5338.80 | 5489.40 | 5646. 5811.34 | 5983.50 6
7 | 4663. 4780.92 | 4920.39 | 5055.43 | 5195:41 | 5340. 5491.97 | 5640.56 | 5814.15 1 5086.44 7
8 | 4665.76 | 4702:06 | 4922.60 | 5057.72 | 5107.79 | 5343.24 | 5494.54 | 5652.24 | 5816.95 | 5980.38 8
9| 4667.83 | 4704.20 | 4924.81 | 5080.01 | 5200.17 | 5345.71 | 5497.11 | 5684.93 | §B19.78-| 6992.33 | = 9
10} 4669.91 | 4796. 4027.03 | 5062.30 62)2 55 | 5348.18 | 5490.60 | 5657.61 | 5822.57 | 5995. 10
11 | 4671.98 | 4798.40 | 4020.24 | 5064.60 | 5204.93 | 5350.66 | 5602.27 | 5660.30 | 5825.39 | 5008.22 u
12 | 4674.08 | 4800 4931.46 | 5006.90 5207.31 §353. 14 | 5504, 566300 | 5828.20 1°6001.17. 1. /12
13 | 4676.13 | 4802.77 | 4933.68 | 5009.19 { 5209 5355.61 | 5507.43 | 5665. 5831.02°] 6004.13 |- 13
14 | 4678.21 | 4804. 4935.90 | 5071.49 | 5212, 08 5858. 5510.01 | 5668.38 | 5833.84 | 6007.08 | .14
15 | 4680.29 | 4807.07 | 4938.12 | 5078. 5214.47 | 5360.58. | 5512.60 | 5671.08 | §836. 60104 ‘15
16 | 4682.37 | 4808.21 | 4040.34 | 5076.10 | 5216.86 | 5363.06 | 5515.18 .78 | 5839.48 | 6013 16
17 | 4684, 4811.36 | 4042.57 | 5078.40°| 5219.25 | 6365.55 | 5517.77 | 567648 | 5842.31 | €015.96 17
18 | 468853 | 4813.51 | 4944.79 | 5080.71 | 5221.64 | 5368.03 | 5520.36 | 5670.10 | 5845.13 18. 18
10| 4683.61 4815.67 | 4947.02 | 5083.01 | 5224. 5370.52 | 5522.95 { 5681 6847.96 | 6021.90 | 10
20 690 70 | 4817.82| 4040.24 | 5085.32 [ 5226.43 | 5373.01 | 5625.55. | 6684, 5850.79 | 6024.87 | -20
21 | 4692.78 | 4810.97 | 4051.47 | 5087.63 | 5228.83 | 5375.50 | 5528.14 | 5687.31 | 5853, 6027.84 | 21
.23 | 4604.87 | 4822.13 | 4953.70 | 5089.94 | 5231.23 | 5378.00 | 5530.74 | 56%0. 5 6030.81 | 22
23 | 4696.96 | 4824.20 [ 4955.94 | 5092. £233.63 | 5380.40 | 5538.34 [15692.73 | 5850:81 | 6033.79 | 23
24 |'4699.05 | 4826.44 | 4958.17 | 5094.57 | 5236.03 | 5382.90 | 5535.94 | 5605.456 .15 | 6036.77 | 24
25 | 4701.14 | 4828. 4060.40 | 5096,88 | 5238.43 | 5385.40 | 5538 5698.17 s 6039.75 1 - 25
26 | 4703:23 | 4830.76 | 4962.64 | 5099.20 | 5240.84 | 5387.09 | 5541.15 | 5700.89 7. 6042.7. 28
27 | 4705.33 | 4832.93 | 4964. 5101.52 | 5243. 5300.49 | 8543.76 | 6703.61 | 5870.60 | 6045.73 | - 27
28 | 4707.41 | 4835. 4967.11 | 5103.84 | 5245.65 | 5392.99 | 5546.37 | 5708. . 6048.72 | -28
29 | 4700.51 | 4837.25 | 4060.85 | 5106.16 | 524806 | 530550 | 5548.98 5709.06 | 5876.39 | 6051.71 | 20
30 | 4711(60 | 4839.42 | 4971.58 | 5108.48 | 5250.47 | 5398.01 | 555L.58 | 5711.78 | 5870, 6054.70.| 30
31 1 4713.70 | 4841.58 [ 4978.83 | 5110.80 | 5252.88 ﬁg-, 52 | 5554.20 | 5714.51 | 5882.10 | 6057.70 { - 31
32 | 4715.70 | 4843.75 | 4076.08 | 5118.18 | 5255. .03 | 5566.82 | 5717.26 | 5884, 6060.70 | 32
33 | 4717.80°| 4845.92 | 4978.32 | 5115.45 | 5257.71 | 8405, 54 | 55659.44 | 5719.98 | 5887.82 | 6063.71 83
34 | 4719.99 | 4848.09 | £080.57 | 5117.78 | 5260.13 |-5408. 5562.06 | 6722.71 | 6890. 6066.71 | 34
35 | 4722.00 | 4850,26 | 4082.82 | 5120.11 | 5262.55 | 8410.57 | 5564.. 5725.45.| 5898, 6069,71 | -35
36 | 4724.19 | 4852.43 | 4985. 5122.44 | 5264.97 | 5413.08 | 5567.30 | 5728.19 | 5896.41 | 6072.72 | 36
37 14726.30 | 4854.61 | 4087.81 | 5124.77 | 5267.89 | 5415.60 | 5560, 5730.03 | 5899, 28 | 6075.73 | - 37
38. | 4728.40 | 4856.78 | 4989.56 | 5127.11 | 5269.81 | 5418.12 | 5572.55 | 56733.68 | 5002.15 | 6078.75 38
39" | 4730.51 | 4868. 4901.82 | 5120.44 | 5272.23 | 5420.64 | 5575.18 | 5736.42 | 5905.03 | 6081.76 | 39
40 | 4732.61 | 4861.13 | 4994.07 | 5131.78 | 5274.66 | B423.17 | 5577.81 | 6739.17 | 5007.90 | 6084.78 40
41 1.4734.72 | 4863.31 | 4006.32 | 5134.11 | 5277. .69.| 5580, 5741.92 | 5910.78°| 6087.81 | 41
42 1-4736.83 | 4865.40 | 4998, 58 | 5136.45 | 5279.52 .22 | 5583.08 | 5744.67 | 5913.67 | 6000.83 | 42
43 | 4738.04 | 4867.67 | 5000.84 | 5138.79 | 5284.95 | 8430.75 | 5585.71 | 5747.43 | £916.55 | 6093.86 | 43
44 | 4741.05 | 4869.86 | 5003.10 | 5141.14 | 5284.38 5433.28 | 5588.35 | 5750.18 | 5010.44 | 6096.80 4“4
45. | 4743.16°| 4872.04 | 5005.36 | 5143.48 | 5286.82 | 5435.81 | 5600. 5752.94 | 5922.323 | 60090.92 | 45
46 | 4745.28 | 4874, B007.62 | 5145.83 | 5280,25 | 5438,85 | 5503.64 | 6765.70 | 5925. 610295 | 46
47 | 4747.30 | 4876.41 | 5009. 5148.17 | 5201.69 | 5440. 5 5158.46 | 5928.11 | 6105.99 | 47
48 | 472051 | 4878.80 | 5012.15 | 5150.52 | 5294.18 | 5143.42 | 5508.93 | 5761.23 | -§931.00 | 6109,03 | 48
49. | 4751.63 | 4880.79 | 5014.41 | 5152.87 | 5206.57 | 5445.98 .87 | 5763, . 6}12.07 | 49
50 }4753.74 | 4882.98 | 5016, 5155.22 | 520001 | 5448.50 { 5604, 5766.78 3 6115.12 | 50
51| 4756.86 | 4885.17 | 5018.94 | 5157.57 | 5301. 45 | 8451.05 | 5606.87 | 5760.53 | 5939.70 | 6318.16 | 51
52 14757.98 | 4887.36 {-5021.21 | 5159.93.| 5303. 5463.59 | 5800.53 | 5772.81 | B942.61 | 612121 | 52
58 | 476010 | 4889, 55 | 5023.48 | 5162.28 | 5300.34 | 5456.14 | 5612.18 | 5775.08 |- 5045.51 | 614,28 53
54 | 476223 | 4891.75 | 5026.76.| 5104.64 .70, | 5458, 08 | 5614.84 | 5777.86 | 6048. 6127.32 | 54
55| 4764.35 | 4803.94 .03 | 8167.00 | 5811.24 5461 23 5617.50 | 5780.84 | 5051.83 | 6130.88.1 85
56 | 4766.47 | 4806.14 | 5080.30 | 5160.36 | 5313.60 .36 | 8783.42 | 5954, 6133, 56
57 | 4768.60 | 4808, 84 | 5032. 58 | 5171.72 | 5316.15 5466 34 5622.82 | 5786.20 | 5057.16 | 6136.50 | - 57
58" | 4770.73.1 4900, 5034 5174.08 | 5318.60 5625.49 | 5788.08 1 §960. 613058 1 ‘58
59| 4772.86 | 4902.74 | 5037.14 | 5176.44 | 5821.06 6471. 46 .15 | 5791.77 | 5963.00¢| 6142.63 | “59
60 | 4774.98 | 4904.94 | 5030.42 | 5178.81 | 5323.51 | 5474.01 | 5630.82 5794.56 | 5965.92| 6145.70 | 60
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Mercator projection table for the sphere—Continued.

Lat.| 71° 72° 73° 74° 76° 76° 7° 78° 79° 8p° Lat,
’ ’ ’ ; v 2 ’ [ ’ t 2 h T
© 0 | 614570 | 6334, 84 | 6634, 42 | 6745.74 697034 | 7210007 | 7467:21 | 7744.57 | 8045, 71 | 8375.20-17 0
© 1} 6148.77 | 6338 6537, 85 | 6740, 37 1 6974:20 | 7214.20 | 7471.66 | 7740.88 8050,95 | 8380.96 |- 1
. 2°] 615185 | 6341.32 | 6541. 6753, 01| 697807 7218.35 | 7476. 11 54, 8056. 20| 8386.73 2.
3] 6154.93 | 6344, 6544. 70 | 6750.64 | 6981. 05| 722249 | 7480. 57 § 7769.02 8061.46 | 8302, 3
4] 6158.01 |'6347. 81 | 6548. 13 | 6760.28 | 6985. 83 | 7220, 64 | 7485.03 63. 8006,73 | 8308:81'| 4
- 5 6161.09 | 8351.08 | 6551, 57°| 6763.93 | 6980.71 | 7230:80 | 7489.50 7768. 70| 8072.01 8404. 11 ]
¢ @ {6164.18 | 6354.31 | 6555.01 | 6767. 58 6993. 60 | 7234.96 | 7493. 98 | 7773. 85 | 8077.29 ]
716167, 271 6357.56 | 6558.45 | 6771.23°| 6997.49 | 7239.12'| 7498.48 | 7778. 40 | 8082. 58 8415.74 7
- 81 6170.; 6360, 6561:80 1 6774:89-1 7001.38 | 7243.29{ 7502. 05 | 778326 |-8087.88 | 8421, 57 8
. 9] 178.45 | 6364.08"| 8565:34 | 6778.65 { 7005.28 | 7247.47 | 1507, 44 7788,12 ] 8093.19 | 842742 | 9
*10 | 176,55 | 6367.35 | 6568.70 | 6782,21 7009 19 | 725165 | 7511.94 | 7703.00 | 8098, 51 | 8433,27'| 10
11 16179 6370.61 | 6572.25 | 6785.88 | 7013.’ 10 |-7256. 75168, 45 | 7797, 88 | ‘8103, 8430.13 | 11.
©12 | 6182.75 | 6373.88 | 6575.70-] 6789.85 | 7017. 01 | 7260. 02 | 7520. 7802.778 | 8100.'17 ] 8445.00°1 12
31 6185.85 | 6377. 16 | 6579.16 | 6793.22 | 7020. 784,22 | 7528,47 | 7807.66 | 8114,51 | 8450, 88 | 13-
14 | 6188.96 | €380 ‘43, | 658263 | 6706.90 | 7024 726842 | 7530. 00 | 7812. 56 8119, 8458, 77 |14
15 | ‘6162 07 | 6383, 71 | 6580, 10| 6800.58 | 7028.77 1 7272 & 7534, 53 | 7817.40 | 8125,22 | 8462.67 | 15
16 1 6195..18 1 6386, 8589. 57 | 6804.27. | 7032.70 | 7276, 7530.06 | 7822.. 8130, 58 ; 8468, 18
17| 6198.20 1 8390.28 | 6503.05 | 6807, 7036, 7281. 056 754&,60 7827. 80 | 8135.95.| 8474, 50 | 17
18| 6201.42 57} 6596, 52 | 6811.85 | 7040. 68 | 7285, 7548716 | 7832.23 | 8141.-33 | 8480, 18
19 . 630686 | 6600,01 } 6814 7044 728949 | 7552.70 | 783716 | g148,72 8488, 37118
20 | 6207.66 | 6400-15°| 6603. 49 | 6819. 05| 7048. 47 | 7203..72 | 7667. 26 7842,10 | 8152, 12. 8492. 32 20
21 | 6210.78 | 6403, 66006 08 | 6822.75 | 7052.42 | 7297, 96 | 756182 | 7847.06 815753 | :8498.28 | 21
22| 8213, 91| 6406. 74 | $810.47 | 6826, 7056..37 | 7302,20 X 3 3 ‘22
93 | 6217.04 | 6410.05 | 6613.98 6830,18 | 7060.33 | 7306, 44 23-
241622018 | 6418.35 | 6617.46 | 6833 7064, 30 | 7310 69' 24
2516223, 81 | 8418, 66| 6620.97 | 6837.61 27| 7314, 95 25
28 1.6220. 45 | 6419, 97| 662447 | 6841, 7072, 24 | 7819, 21 26
127 16229, 59 | 6423, 6627 6845, 07 | 7076. 22 | 7323.4 27
.28 | 623274 | 6426, 61 | 6831, 49 | 6848, 7080, 20 1 7327.7: 28
"29°| 6235. 89 | 6420, 6635, 01 | 6852:53 . 70_84.19 7832:02 .29
30 | 623004 | 6433, 25 | 6638.53 | 6856,27 | 7088.18 |.7336.'30 30,
‘31 | 6242.19 | 6436, 58 1 6642.05 |-6860. 02 | 7002, 18 1 7340, 55 31;
32 | 6245.35 6439, 91 1 6645, 58 | 6863, 7008.18 | 7344.88 32
"83°1 6248.50-| 6443.24 | 6649.'11 | 6887, 62 | 7100.18 | 73490.18 33
34 | 6251.67 | 6440. 58| 8652 6871.27 | 7104 19 , 48 3
35 | 6254.83 | 6449, 92 | 665618 | 6875.03 | 7108. 21 | 735%.79 35
36| 6258.00 | 6453, 665972 § 6878, 80 | 7112.23 | 7362, 10 30
37 | 6261.17 | 6456, 61 | 6663, 26 | 6882, 56 | 7116.25 | 7366 42 1A
.88 | 6264.34 |6450.95 V81 $886,.34" 71%28 | 7870. 74 38
'89 6267, 5116463, 3L 6679. 8890,11°1 71 31| 7875.07 39
“40°} 6270.60 | 6466,06 | 6673-91 | 6893.80 | 7128.35 | 7370, 40
“41.|6273,87 | 470.02 | 6677.47 | 6897.68 7132,39.] 7383.. 441
42| 6277.05 | 6473.38 | 6681.03 |.6001. 46 | 7136, 7388, 42
43 | 6280, 24 | '6476. 74 | 6084 59 | 6005.28 | 7140.48 7392.43 43
4 ) 6283. 43 |:6480. 11 | 6688. 16 | 6909, 7144, 54 | 7396, 7 1 44
-45 | 6280.62 | 6483.48 | 6601, 73| 6012, 85 { 7148, 7401, 15 45
48 16280, 82 1 6486, 86 | 6605, 31 |:6016,85 | 7152, 67 ‘7405.5 48,
‘471 °6283,01 | 6490.23 | 6698. 80 6020, 7156, 74 | 7400, | 4T
48 |'6296. 21 | 6493, 61 | 6702, 47 | 694,27 160. 81 | 7414, 20 A8
49 | 6299.42 | 6497.00 | 6706. 06-{:6928, 09 | 7164, 80.:7418.64 49 .
+50.176302.62 | 6500. 38 | 6700.65 | 0031, o1 | 716897 | 7423, 08 80,
- "81{ 6305.83 | 650377 | 6713. 24 | 6935, 73 | 717808 | 7427, 42 | 51
52 1:6309..04 § 6507. 17| 6710,84 | 6038, 717715 | 7431; 82 1:8329.43 B2;
"53| 6312,26 | 6510,56 | 6720.44 | 643,40 | 718125 | 743022 335, 50| 83
54 | 8315, 48 1 6513¢ 96 | 6724, 6947.23 185. 35 | 7440. 63 :8340. 82 92.1.64
e B BT IR DB LI N e Dt DT I en B s S
55 | 6318,70 | 6517.36 | 8727, 6051 07 | 718948 | 7446, 05 1 7720.60 | 8010, 60 | 8346,52 | 8707.25 { 5656
.56.1:6321.92 | 8520, 073128 | 6054.02.1 7198, 6; T449. 47 1 T725. 381 8024, 81 .| 8352, 24 | B713,569¢| 66
-57-|-6325.14 | 6524, 18 | 6734.88 | 6058, 77 | 7197, 8 7%1‘;89 1.7730:17 | 8030, 02 | 8357.06°1 8719, 94 | 57
-58 | 432887, | 6527, 6738, 50 |:6062.62.{ 7201, .7458,33 | 7734.96- |- 8035. 24 4 8726..80:1 .68
59.]:6881, 61 | 6531.01 | 6742, 12 | 6966, 7208, 04| 7462.78 | 7730, 78 | ‘8040 47°|:8369, 44 | 8732, 68°] .50
'80-] 6384, 84 | 6534. 42 | 6745, 74 | 6970, 34 .7210.07 | 7467.21 | 7744. 57 | 8045. 71 | 8375, 20 | 8739. 06 60’
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" RADIO-COMPASS 'BEARINGS '
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' 110077 50 |
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1
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27 | 14848-04 | 17061, 51
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30 |:13667.75
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1
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14 88 |
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16 U. S. COAST ‘AND GEODETIC SURVEY.
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 great circle
sailing chart of the North Atltanic Ocean, Hydrographic Office Chart
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 bearing corresponding to the
observed true azimuth- or bearing. - This angle should be laid off
from the meridian reckoning from north in a clockwise -direction.
To facilitate this operation, the meridian through the station should.
be drawn on the projection. This should also be done at each of
the other stations on the projection once for all since the meridian
will always be required as an ai1d in laying off the bearings accurately.
The intersection of two plotted bearings will determine a position that
may then be scaled from the map: : A

T the observations are made on the vessel they can be reduced
to the station in the following manner: From the graphic chart
‘‘Semiconvergence of meridians,” the semiconvergence can be scaled,
using the approximate position of the vessel for determining the
arguments as described on page 3. . If the vessel is east of the station
and. both are in the Northern Hemisphere, the observed bgarintﬁ
minus twice the semiconvergence plus 180° will give what the azimu
would have been if it had been observed at the statjon. If the vessel
is west-of the station and both are north of the"Equator, twice the
semiconvergence must be added instead of subtracted. If the position
of the vessel is much changed when the bearings are plotted, the
semiconvergence should be redetermined to make it conform to the
true position of the vessel. - = - ' '



RADIO-COMPASS BEARINGS.
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" Gnomondc azimuth tables. -
CAPE RACE:RADIO-COMPASS :STATION.

True ' | Gnomoniej|  True |Gnomonicli Truo |Gnomonic|i: True |Gnomonic|[, Trus |Gnomonic
_aziputh.) azimuth, |lazimuth.| azimuth. lazimuth,| azimuth. |lszimuth.) szimuth, |jazimoth.] szimuth.
0° 0° 00 CY3e 178t 1y 145° 145° 537 2170 T219° 460 4L 280° 202° 55
1 102 T4 (0 79718 146 146 49 218 220 52 200 + 203 50
2 2 04 175 * 8013 47 47 44 219 221 68 261 204 45
3 '3 08 L7 81714 148 148 41 220 22304 4 > 202 295 40
4 408 STy 82 14 149 149 37 221 22410 . 203 206 35
5 5 11 78 . 8 15 150 150 - 33 222 225 15 204 297 30
8 6 14 79 8415 151 151 30 223 226 21 295 .288 25
7 T .80 85 14 152 152 - 20 22 221 2¢ ) 296 209 20
8 820 81 86" 14 153 15323 225 228 32 207 1 300..15
9 9 23 ) 82 87 14 154 1542 228 220 88 |- 208 301 10
10 10 27 83 88 14 155 155 17 227 230 43 299 -302 05
11 11" 31 84 89: 12 " 168 166 14 228 231 48 800 302 59
12 1234 85 90 11 187 157 11 1229 23253 | 301 -303 54
13 13 38 86 91 09 158 168 09 230 233 58 ¢ 302 - 304 40
14 148 87 9208 159 159 06 2317 285 03 j 303 305 43
156 16 47 88 93" 08 160 160 04 232 236 08 304 308 33
16 1851 89 04 04 161 16102 233~ 237--13 806 -307 - 33
17 17° 56 90 95 02 162 16200 24 238" 17 308 | :308 27
18 19 01 91 9% 00 163 162759 2857 23922 367 309. 22
10 20 05 21 98 5 164 | 163 &7 236" | 24026 || 308 | 310 18
20 21 10 93 97 55 165 164 56 237 241 30 300 311 1
21 22 18 04 08 52 °[|---166 165 - 65 238 2427384 310 312 08
22 23 21 [ 95 99 49 167 166 54 239 | 243-°38 311 313 00
23 24 28 96 100° 46 168 167 53 240° 244 - 41 312 313 566
24 25 31 97 101 43 169 168 .53 241 | 245 45 313 314" 50
25 26 37 98 102 40 170 169 52 242 246 - 48 314 315 45,
26 27 . 42 99 103 " 36 171 170 52 243 247 61 315 316 40
14 28 48 100 104+ 33 172 171 52 244 . 248 b4 316 1317 35
.28 29 53 101 1056 29 173 172 - 52 245 249 ' 57 any 318 30
20 30 . 69 102 106 25 174 173 246 250 59 318 319 25
30 32 05 103 107 21 175 174 54 247 252 02 319 320 20
31 3 11 104 108 17 176 175 : 56 248 25304 320 321 15
32 3417 105 109 13 177 178 1249 25408 . 321 322 - 10
3 36 23 106 110 08 178 17757 260 265 08" 322 323 06
3 36 2 107 111 04 179 178 &8 251 25609 323 324 01
35 37 36 108 111 & 180 180 00 252 257 11 - 324 324 57
38 38 40 1 112 .56 181 181" .02 253 258 :12 - 325 325 53
a7 39 46 110 113 . .50 182 182 04 254 259 13 - 326 326 49
38 40 52 111 114 45 183 183 255 ©200 13 )1 -327 3277 44
39 41 58 112 115 40 184 7| 1184 08 256 261 14 328 328 41
40 43 04 113 116 35 185 (185 11 257 262 14 329 320 37
41 410 114 117 30 186 -] 186814 258 263 - 16 330 ° 330 . 33
42 4515 J| 115 118 25 187 187- 17 259 204 15 331 | 331 30
43 46 21 116 119 20 188 188 20 2680 ;285 14 832 332 26
44 4726 u7 120 15 189 189 23 || - 261 266 14 833 333 - 23
45 48 32 118 121 10 190 (100 27 262 (207 14 334 334. 20
© 46 49: 38 119 12205 101 101 31 263 268 14 335 835 17
47 50..43 120 <123 59 192 19234 2064 260 12 336 336 14
48 51 48 121 123 193 193 38 265 2710 11 337 337 11
49 52 53 1 124 49 194 194 43 - 266 27108 338 338 09
50 53 58 123 125 1956 105 47 267 272 08 339 330 06
51 85 03 124 128 38 196 196 51 268 27308 340 340 04
52 5608 125 127 33 197 197 56 269 - 274 - 04 341 341 02
53 §7 13 126 ‘128 27 198 198 01 270 275 02 342 342 00
54 58 17 127 129 22 199 20005 2n: 276 00 343 - | 342- 59
85 50 22 128 130 16 200 201 10 212 216 57 344 343 67
50 60 26 128 13111 201 20218 |I° 213 277 55 345 344" 56
87 . 6130 ff 130 132 202 - 21 4l 274} 278 62 348 3456 55
58 62 34 131 133 00 203 | 204 26 215 2797 49 347 346 54
&9 6338 . 132 133 56 204 1 20531 276 280 46 348 347 53
0 64 41 133 134 50 206 208 37 27 281 43 349 348 B3
61 85 45 134 135 45 206 207 42 1278 282 40 350 349 52
63 66 48 Il 135 136 207 208 48 279 283 88 351 360 52
63 67 ‘51 136 137 .35 208 209 280 284 33 352 361 52
64 68 54 137 138 80 200 210. 59 281 285+ 20 353 352 52
85 " 6% 57 138 139 25 210 212 282 286 25 354 353 53
66 - 70 59 139 140 20 211 21311 283 287 21" 355 354 54
67«1 - 723:02 .- 140 141 18 212 214 17 284 1288 17 350 355 . 55
68 73 04 141 14210 213 ¢ 215 23 285 289 18 357 366 56
69 74 08 142 143 - 06 214 218 20 286 280 - 08 368 867 57
70 75 08 1431 144 01 215" 217 35 287 291 04 359 358 58
% ;;5 ?‘i) 144 144 57 216 | :218. 40 288 201 59 360 36000

U=/ =+1617.1 8in 2u—3'.8 sin 4u4-0.1 sin 6u.
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U". 8. ~COAST -AND\GEODETIC :SURVEY.

Gromonic.azimuth. tables—Continued,
BAR ‘HARBOR RADIO-COMPASS STATION.

] Gnomonid‘ ‘ True *{Gnomonic}| - True*’| Gnomonicl: “True | Gnomonic
: ‘asimuth. {larimuth.| aximuth, uth.| azimuth. |jazimuth.] azimuth.
79° 3y 145° 142°°17' 112 217 | 223° 26/ ]| - -289° 200° 15’
8024 JI- 148 [ 143-'18 218 4224 32| 200 291 06
14710144 16 10210 226 201 ¢
S148 7 [145 14 1 ©220. | 226 29247
149|146 13 227 293 37
150 14718 228 7204 -
1517 | 148218 230 < 295 19
015200 | 149 14 2815 20610
1153 150 16 i 29701
154 151 16 207 52
--16b. 152 18 298 44
#1660 1583 20! 20985
15701 154 22 30027
158 | 115525 30119
159 . | .166. 28 302 11
1160 157:82 i 303 03
<1817 158 : 303: 55
162 | 15941l -« 304 48
163 -:1.160 - 45 " 1305 41
. 164|161 51 ;80634
1657 1 16260 30727
; 160 184 02 308: 21
©7167. |--165 09 30914
168 | 16616 31008
-169 167 22 811.:03
170 - | 168 311 57
171|169 - 87 312.52
172 1707 45 81347
178 .| 171 b4 314
AT . 1173 02 . 31538
17604 174 11 316..34
“176-° | 176 31781
1770 1176730 31827
1787 17740 319" 24
4 179. -] "178 . 50 320 22
180 -: | (180 00 32119
181~} /181710 32217
182 - 182 21 32316
1831 /18382 324718
J184. | ;184 .43 325 14
185 | "185 - 54 32618
7185 | 1187 05 32713
187 -0 ,188 17 - 1328718
£188-7|- 189 .28 329 - 14
LT, 1891 1190 333 .{ 1330 15
118, 190 1 19152 »8334. | 331 16
-85 #3911 19303 ©835: | 83218
120+ ~192+ 71 19415 1836 | 33320
121 Il 198 19527 ; 33422
. 5 122 1194 . 119638 338 [ 335 .26
500 57222 ] 1285 | 122 11 || <195 197 50 339 | 1336-.28
o851 ) 5824 ;12471123008 } 196 19902 - 340~ 337:232
5%} ¢ 69.25 |1 <125 | 123..55 197 | +200: 14 841 | 1338:
58 -1 60.:26 || 126 ] 112448 198+ 120125 r342i | 339,41
64 | 61 26 1271 ;125 41 199 202 36 .| 340 45
55| . 6227 || .a28:¢| ‘126" 34 203 48 844> | 1341251
56. | 6326 129) 12727 201 204.:59 {134, 3427 56
87| 18426 |30 12821 202" 20610 <3467, 1734402
;- 58 65.: 25 <3817 <1205 14 .} - 203 207 : 84T | 3467
o 59 66 .23 {| 132 | 130 08 f| /204 20831 | - 348, . | :348..15
60.-| 6722 1| <183 { 131 03 ‘ff 205 | -200.:41 "l : 34722
61| 68:20 | ~134) 131757 - 210052 4] * =860 | 34830
62| . 69.:17 {{- 1135-] 132: 52 207 212 02 : 351 | "349.87
.88 7014 1364 | 1188 . 47 208 21811 +852:0 1 '350.145
6. | -1 1 187 | 134 43 214 21 -863,: | '36L., 54
;268000 7208 188+ | 113538 210 21530 804 35802
5667 73004 || 7189+.] 13634 211 216 89 +855: | -354°111
670 ] . 7400 14071 <187 <81 212 217147 :856- | 3551120
68 7456 141 13827 213+ 218 56 3877 | "356%°30 -
6a 1 7551 142, | 139. 24 214. .| 220..04 286 . | 287, ,858 . | 857..40
70: 76 46 14314022 4l <215 22111 .287.1| 288::35 869 [ 358750
;1~ 7; g& 144 141 19 218 | 222 190 288 | 289 25 { /860" | .360°:00

ety w4360 4 511 20~13".6 81 408 5in 6,



oy RADIO-COMPASS BEARINGS, i 19
Gnomonic azimuth tables~Continued:
CAPE: COD. RADIO-COMPASS“STATION: .

True | Gnomonie|| - True - { Gnomonie]| - True - Gnomonie]|: True | Gnomonic)l- True ' |-Gnomoni
; u Lmn

agimuth.| azimuth; jadimuth.) azimuth. (|scimutb, ssimuth. lssimuth.) admuth. | ath.| asimuth.

7ee | 78va || o14se | 14a1cioer || co17e 1 223025 | ©2sec- | 288°-3¢Y
74, | 791 || 148 ] 14208 |} 218 30 | 200 | 280 24
5. | 08| LT 143006 || 210 | 22534 || 291 | 200 16
| osso || 140 ] 1es700
<o) saag Y ousen o] 14810
-9, 3 f 1

oI RO vt'-‘ub:v‘-“v:a

8
33 H2UER WEVHS B8
E
g
8

8
&
283
g2
nEge
BER

a1

2
=
g
55
&
23

& E5tes assss seses curs eue
&
=]
g
14
™2
8
8

104

8 yius HEEES SERRE MESRS BEEEE EED

201 ¢

SSE EREEE BUERE BESEE BN
8

S
3
aga
2
°w
S

& BE3s

S

BEuEE BENEE SENNE US2EE SRERE
SEEE BRERE SBRES BEBNE BER

85 puany sesEE €
&

28]
288

BE
33

| 322 seass #oess evaws Tovse soiss

g +825'6 81 Ju--16/4 Bin 4110510 0%,
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U. S. COAST AND GEODETIC SURVEY.,

Grnumonic azimuth tables—Continued.
MONTAUK RADIO-COMPASS STATION.

True |Gnomonic)| True |Gnomonic|| ‘Frue |Gnomonicll ‘True |Gnomonic L True |Gnomonic
azimuth.| azimuth. {lazimuth.] azimuth. {lazimuth.| azimuth, {lazimuth.] azimuth. [lazimuth.} ezimuth
- Q° 0° 00" 73° 71° 45’ 145° -140° 107 || - 217° 223° 34/ 289° 287°. 25
w1 114 74 - 78 36 146 14111 218 224 38 290 288 15
2. 227 7] 1% 147 142 .13 219 225 42 291 289 05
3 3 4 8. - 80 18 148 14315 220 - 226 - 45 202 289 56
4 4 54 77 81 08 149 144 - 18 221 227 48 293 290 48
5 6 .08 78 81 58 150 14521 222 228 50 204 201 37
[ 722 79 82 49 151 146 24 223 220 52 295 202 /28
| 836 80 83 39 152 147 28 224 230 53 206 203 ‘19
8 9. 49 - 81 84 28 153 148733 225 231 54 297 294 10
9 11 02 82 85 18 154 149 38 226 232 55 298 | 295 .02
10 12 ‘18 83 8 08 155 150 43 227 - 233 55 299 295 53
11 13.29 84 86 57 156 151 -49 228 234 54 300 . 206 45
12 14 42 85 87 468 157 152 °85 229 - 235 63 - 301 207 37
13 15 55 86 88 36 158 | 154.02 230 236 - 52 302 208.-30
14 17 08 87 89 25 159 155 09 231 237 50 303 209 .23
15 18 - 21 88 90 14 160 18617 232 238 48 304 300 - 16
16 19 .33 89 91 03 161 157 25 23 239 46 3056 301 .09
17 20 45 0 91.:62 162 158 83 234 240 43 306 302 03
18 21 57 9L 92 41 163 159 42 235 | 241 4o 307 302 - 57
19 2309 92 93 - 30 164 160 51 236 242 36 308 303 51
20 24 -20 93 . 94 19 165 162 - 01 237 243 32 309 304 45
21 25 '3l 94 95 08 166. | 163 11 238 244 28 310 306 40
22 26 - 42 95 95 56 167 . 164 21 239 245 .23 311 306 36
23 27 62 9% 96 45 168 185 32 240 246 18 312 307 31
24 2002 97 97 34 241 247 13 313 308 27
25 30 11 98 98 .23 242 248 07 314 300 24
26 31-21 99 99: 12 243 249 01 315 31020
27 3230 100 100 01 244 249 556 316 - 311 17
28 33- 38 101 100 50 245 250 48 317 312 - 15
29 34 46 102 101 39 248 251 41 318 313 13
30 35 563 103 102 28 247 252 34 319 314 11
31 37 01 104 103 17 248 253 26 320 315 10
32 38 07 105 104 - 07 249 254 18 321 316 09
33 39 14 106 104 56 250: 255 11 322 317 .09
34 40 20 107 - 105 46 251 256 02 323 318 09
35 41 25 108 106. 35 252 256 54 324 319 09
36 42 .30 109 107 25 :253 257 45 325 320 10
37 43 -34 110 108 15 254 258 36 328 321 1t
38 44 38 111 109 05 255 250 . 27 327 322 13
39 45 42 112 109 56 256 260 18 328 323 715
40 468 45 113 110 46 257 261 08 329 324 -18
41 47 48 114 « 111 37 258 261 58 330 325 21
42 48° 50 115 112 .28 259 262 49 831 32624
43 - 49 52 116 - 113 19 260 263 39 332 327 28
4 5053 117 114 10 261 264 28 333 32833
45 51 54 118 11502 262 265 18 334 : 320:.38
46 52: 68 119 115 563 263 266 08 335 330 43
47 53 85 120 116 45 264 266 57 336- 331 49
48 5454 121 117 87 265 267 46 337 332 55
49 b5 863 122 118- 30 266 268 36 338 334 02
50 56152 123 119 23 267 269 25 339 33509
51 57 50 124 120 16 268 270. 14 340. 336 17
52 5848 -125 121 - 09 269 271 03 341 337 25
53 59. 46 126 12203 270 271.- 52 342 338 .33
54 6043 127 122 757 2n 272 41 || 343-] 339 42
55 61 40 128 | 123.°51 272 273 30 344 340. .51
56 62 .36 129 124 45 273 274:-19. 345 | 342" OL
57 63 32 130 125 40 274 | 27508 346 | 343 11
58 64. 28 131 126 36 275 275 56 347 344 .21
59 65 23 132 127 31 276 276 . 45 . 848 345 - 32
60 66- 18 133 128 27 27| 21T 34 349 346 .42
81 6713 134 129 24 <278 278 23 350 347 54
62| -68 07 135 130 20 219 | 279 12 351 | 340 05
63 69 01 136 131 17 280 280 01 352 350 17
64 69 .55 137 132 15 281 280 50 353 85129
65 70 48 138 133.°13 282 281 39 354 352 42 -
168 7141 139 134 11 283 28228 355 358 54
67 72 34 140 135 10 284 283 17 356 355 . 07
68 73 26 141 13609 285 284 07 367 1 356 20
89 7418 142 137 - 09 286 284 - 56 358~ 357 33
70 7611 143 138 409 287 285 .46 359 358 46
;:12 ’;g g 144 139 09 288 286 35 360 360 00

4—1' ==+ 352 .4 8in 2u—18',1 8in 4u+1'.2 sin 6u,



" RADIO-COMPASS BEARINGS,

21

Gnomonic azimuth tables—Continued.
FIRE ISLAND RADIO-COMPASS STATION.

True | Gnomonic}]  ‘Trae Gnomoniol True | Gnomonte]| True _{ Gnomeonie|| * True - | Gnomonic
azimuth.{ azimuth. nth.t azimuth. uth.i azimuth, [aetmuth.| azimuth. {{arimuth;{ azimuth,
0 0° 00’ 78° 772 25' 145° 136° 35° 217° 223" 427 (. " 280° 286° 44
1 114 4 78 - 16 146 140. 37 218 224 46 200 T 287 84
2 2329 75 79 06 147 141 .39 219 225 49 29 288 24
3 343 - 76 79" b6 148 142 42 220 226 52 - 202 29 14
4 458 77 80 45 149 143 48 221 227 5 203 200 04
5 6 12 78 81 35 150 144 50 222 228 - 85 24 | 200 54
[} 727 79 82 151 145 223 229 - 58 295 201 45
1 8 42 83 14 152 146 59 224 | 23057 206 292 36
8 956 81 84 03 153 148 04 225 281 57 "7 203 27
9 -1 11710 84 154 149 10 220 | 282 57 || 208 204 18
10 1224 83 8540 155 150 - 18 227 233 - 58 209 205 10
11 1338 84 8629 156 151 23 228 234 55 800 206 - 02
12 14 52 86 87 18 157 152 30 229 ). 235 58 - 801 206 54
13 - 16 - 05 86 8806 158 153 #388 230 236 51 - 302 207 47
14 S 1718 87 88 - 65 159 154 ©46 281 | 28749 303 1208 40
15 1831 8043 160 155 55 232 238 46 || 304 209 83
16 - 1044 89 90 32 161 157 04 233 235 43 305 300 26
17 20 56 90 91 20 162 158 14 234 240° 89 806 301 20
18 ¢ 2209 91 92 08 -, 168 159 235+ .| 241" 36 307 302 14
19| 2320 92 | 9256 || 164 | 160 84 |[ 288" | 242 31 | 308 | 308 08
20° 2432 93 93 45 165 161° 44 ‘287 243 28 309 304 03
‘21 25 43 94 9483 166 162 . 656 238 244 20 810 304 68
22 26 - 54 '] 95 21 167 164 07 230 245 15 311 3056 54
23 28 04 00 96 10 168 165 . 19 240 246 - 09 312 06 50
24 29 14 97 96 * 58 169 166 31 241 24703 ‘313 307 46
25 30 24 98 97 46 170 167 43 242 247 58 814 308 43 -
26 31 33 99 98 - 35 171 168 56 243 248 - 50 313 | 300 40
27 - 32 41 100 23 172 170 .09 244 249 42 316" 31w 37
28 1. 8380 101 100 12 178 171 22 245 ;250" 86 817 311- 35
29 34 - 87 102 101 00 174 172 36 246 ‘251 27 318 312 34
30 36 04 103 101 49 178 173 49 247 |.-262 19 319 313- 32
81 37 11 104 102 38 176 176 03 248 253 ‘11 320 314 32
32 38 18 105 103 27 177 176 17 249 254 02 321 815 81
33 39 23 1 104 18 f}° 178 177 - 81 250 254 53 322 318 “31
3 - 40 29 107 105 - 05 179 178 46 251 256 44 ')} 7323 31732
© 85 41 34 108 105 55 180 180 252 | -256° 35 - 324 318 33
-36 42 38 109 106 44 181 181 14 253 257 26 326 319 - 35
a7 43 42 110 107 34 182 182 2564 258 16 J] 328 320" 37
38 44748 | 113 108 24 183 183 43 7286 259 © 06 a2 182139
39 45 49 112 10914 184 184 58 256 250 56 828 1322 42
40 4682 113 110 704 185 186 12 257 200 - 456 - 8297 323 46
41 47 54 114 110 186 187 27 258 261 35 330 324 80
42 48 66 || 115 111 46 187 188 42 259 262 ' 24 331 325 64
43 49 .56 116 112 “36 188 180 56 260 263 14 . 332 328" 59
44 6057 || 17 113 - 27 180 191 10 261 264 03 833" 828 “ 04
45 51 87 118 114° 18 190 192 262 204 52 834 329 10
46 52 67 119 510 410 19 193 88 263 205 40 335 330~ 18
s 4 63 56 120 116 02 192 194 52 264 266 29 336 331 23
‘48 54 56 121 116 54 103 196 0 265 | 267 18 837 - 332 30
49 55" 53 122 nr 47 194 197 18 266 268 08 388" | 333-38
50 56 51 123 118 40 . 195 108 31 f| 267 -268 66 339 334 46
51 &7 49 1 119 33 196 190" 44 208 1 200 43 T 335 55
52 58 46 125 120 - 26 197 56 268 270 32 341 33704
58 59 :43 I 121 -20 198 202 09 270 27120 ‘842 ] 338 14
54 60 39 127 122 14 199 20320 n 212 08 343 33 23
55| 6185 128 123 08 200 32 212 21256 -l 344 | 340 34
86 62 81 129 124 03 201 205 438 273 273 -45 (1 -° 845 34144
57 63 - 26 130 124 58 202 b4 274 - | 21433 | 346 | 342 55
58 64 20 131 125, 54 203 | 208 04 25 275 21 847 | 344 07
59 65 15 132 12660 j|- 204 200 14 276 216 10 848 345719
60 86 ‘09 133 127 46 205 210 24 207 276 58 - 849 340~ 31
oL 67 03 134 128 208 211 33 218 277 46 . 360 347 43
62 67 56 J| ©1 120 40 207 212 41 279 885 1 - 851 348 56

68 68 50 136 13087 208 213 50 | - 280 27023 3527 350 -
- 84 69 42 187 131 35 209 214 57 281 280 ~12 353 351 .22
) 7035 138 132 34 210 216 04 282 28100 b4 852 36
66 7127 138 13382 1. 211 217 11 283 281 - 49 356, 3563 . 49

67 7219 140 134 82 | - 212 | 218°18 284 28288 || 358 855
a8 78 11 141 135781 213 219 286 283 27 1| 867 35617
69 74 02 142 136 31 214 220 20 286 284 16 858 857 81
70 74 58 1487 Y1377 32 215 221 84 287 286" 05 859 858 48
% ;g 4% 144 138 - 33 - 218 222 ° 38 288 285 55 360 860 00

8

U=t 372", 2510 B4 2.1 sin du-+ 1.5 5in 61,



22 U.-S. COAST AND. GEODETIC SURVEY.

Gromonic.azimuth tables—Continued.
SANDY ‘HOOK :RADIQ-COMPASS.STATION.

True 'Gnomonlcl True - Gnomonic|| . True Guomonie Lzm Gnomonlq"_ll‘ruef Gnomonic
azimuth;’ th.| azgimuth.. {lazimuth, azimuth.} asimuth.

uth,| azimuth.ijjasimuy agimuth;. y

o0 || 730 | 7reas || caa5e | 1800 13 || . 2170 | -228° 40 || -289° |- 288¢-20¢
15 Ml a | 78705 | 146 | 140 15 i 218 1 200
A= 7866 || 147 | 141:38 ff 219 | 22555 f ~201
g a8l |42’ 21 20 | ‘220,57 || 202
~ 2 - 227 59 | 208

)
L
«
©

5 EHEEY BEBH BRERY
g

Es82s 82228 SRESE BARER PRERE BI
2 > &

55 NRENN SEENE KEREK RREER

B B HUSSY SUNIY SUUNS SuEEN BEGNN BENRE PERER SRREE KXNY

8,‘
3%
r-f =

-

a
BUE FREER BRESE KENER 2858
SE¥E SEEEY BSENE FESER BRTES BRES
B

ERERIEE
=t L

8
vRnan 528S

“197 - 21
128 18
12 16
180 13 |
181711

ERE gEEEE

RERe seargee

s

=% B

187
138

85 §HEUE EESEE ESEER KRR

N3 $2986 £EBSS S898E F5S
2
2 28888

¥ ENERE SSENE N

i

e+ 385/.8 sin 2u—21/ 8 5in 4u-+1".6 sin 6.
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Gnomonic azimuth tables—Continued.
_'CAPE MAY RADIO-COMPASS STATION: -

-, True . |Gnomonie I “True.. 'Glflomonlé’],.mee-'VA»Ghomt'mio :Trus- | Gnomonie|l . True-|Gnomonic
azimuth,| azimuth,’ uth,| asfmuth. fagirouth.; sdtmuth.. [lazimyih,| azimuth.: .| azimuth.,

Q%007 1 5. 78201 - 78%:16¢ || w1452 [ <1382 267 [ < 2LT° 223°/32" t - { -285° 07
1438 ©: 74 ©T7T05.0 4t 1487 | 1180 80 N =218 | (22484 ff ¢ . k
©o%udl M 7 V7T Bt Al 51475 10 84 i 219 1225
So8a7 Nl 6, k| 842 jljg (141280 1 0220, | 226 186

- 5 2o T8
.88 {l 79

~gigg- |l 807"
1004 © 81

Doo~IMen n:-n:u—-c“,
o

B8 s

20| 240

ey ok
|1 o3

EEE BENER PES

B
SE2z S%828 $282% NEERE B

g8
S 82392 2R88S 28BLE LSRR BEEEB I

i

S5BEL NREAT ERELE BEEEE PRRLS SRV BEXER RLEE sew

270
27302
1273 4
| 214
275

B¥ES EEEE Y

0
- 17

o

@

23 $328 SHUSE SRTUE BLNS SELLE BEEYE RENES BRNY

27
218

7 £2828 sgusE KEGES s8a5E Sapes BEask 88

BE BEEES
58 BESEY BEBY S28:

| Sp BEqbE NSRS ZEENR B

|z eea

o teuledd001 oln 2u—28'3 Sin U-+18 5in 6u.
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Gnomonic azimuth tables—Continued.
HOG ISLAND RADIO-COMPASS -8TATION.

“True " {Gnomonicfl. True |Gnomonic}| True |Gnomonje|| True |Gnomonicl} True | Gnomonic
azimuth.| azimuth. uth.| azimuth. jlazimuth,| azgimuth, szimuth. azimuth. uth,} azimuth,
B 0° 00 73° 75° 13’ 145° 137° 40/ 217° 223° 10/ 289° 283° 517
1 1-16 74 76 01 146 138 - 45 218 224 11 290 284 41
2 2 32 75 76 .49 147 139 51 219 225 11 201 .285 31
3 3 48 ) ~76 77 87 148 140 67 220 226 11 - 292 286 21
4 5-04 77 78 25 149 142 04 - 221 227 10 293 287 12
5 620 78 79 12 150 143 11 222 228 08 204 288 03
6 7 38 79 80 00 151 144 19 223 | 229 08 295 288 54
7 8 61 - 80 80 47 152 146 28 224 230 04 206 280 - 46
8 10 08 8L - 81 3 153 146. 37 1225 231 01 297 37
9 11-21 82 82 .21 164 147 46 226 231 58 298 201 30
10 12 35 - 83 83 09 155 ‘148 56 227 232 54 299 202 22
11 13 49 84 83 56 156 1 228 233 50 300 203 15
12 15- 03 85 84 43 157 151 18 220 234 46 301 204 08
13 16 16 86 86 30 158 152 230 -] 235 40 302 2056 02
14 - 17 29 87 86 17 159 153 41 231 236: 36 303 205 56
15 18 42 88 87 04 160 154 - 54 232 237 29 304 206 50
16 19 89 8751 161 156 06 233 238 23 305 297
17 21 08 80 88 38 16 157 19 234 239 16 300 208 40
18 22 17 91 88 25 1 158 - 33 235 240 307 36
19 - 2328 92 90 12 164 159 47 236 241 02 308 300 32
20 24 38 93 91 00 165 161 01 237 241" 54 309 301 28
21 25 - 47 94 91 47 166 162 16 238 242 46 310 302 25
22 - 26 57 95 92 34 167 163 31 239 243 38 311 303 -23
23 28 056 96 93 21 168 164 46 240 244 ' 290 312 304 20
24 20 14 97 94 08 169 168 o1 241 20 313 19
25 3021 98 94 57 170 187 17 242 246 11 314 306 18
26 31 99 05 44 171 168 33 243 247" 01 815 30717
27 3235 100 32 172 169 49 244 247 ' 52 316 308 17
28 33 41 101 97 . 20 173 171 05 245 248 42 “817 309 17
29 34 46 102 98 08 174 172 21 246 249 31 318 310 18
30 35 51 103 o8 - 57 176 173 38 47 21 319 311 20
31 36 56 104 45 176 174 248 251 10 3 312 22
32 37 59 105 100 34 177 176 11 249 251 59 321 313 24
33 39 108 101 23 178 177 252 48 322 31427
34 40 - 06 107 102 12 179 178 4 251 253 38 323 31531
35 41 08 108 103 02 180 180 00 252 254 25 324 316 35
36 42 109 103 51 181 181 16 253 25513 325 317 40
37 43 '10 110 104 41 182 182 32 254 256 01 326 318 ‘45
338 4411 111 105 31 183 183 48 0 49 3 319 51
39 4511 | 112 [ 108 21 | 184§ 185 04 || 1256 ) 257 87 || 828 | 320 57
40 46 11 113 107 12 185 186 20 257 258 320 322 04
41 47 10 114 108 03 186 187. 86 258 259 12 330 323 11
42 48 08 115 108 54 187 188 51 259 260 00 331 324 - 19
43 49 116 109 46 188 190 .06 47 332 326

44 50 04 17 110 37 189 191 21 261 261 - 34 333 326 37
45 51 01 118 111 30 190 102 35 262 26221 834 327 " 46
46 61 58 119 112 22 191 193 49 263 263 09 328 56
47 52 54 120 113 15 192 19503 284 263 56 336 330 07
48 53 121 114 08 193 196 18 266 264 43 337 331 18
49 54 46 122 115 02 194 197 20 266 265 30 338 332 .29
50 55 40 123 115 56 195 198 42 267 266 17 339 333 .41
51 35 124 116 196 199 54 267 04 340 334 54
52 57 29 125 117 45 197 201 06 267 61 341 336 .00
58 23 128 118 40 108 202 17 270 2 38 342 33719

54 59 16 127 119 36 199 203 28 27 269 343 338 33
b5 09 128 120 - 32 200 204 -38 272 270 -12 g“ 339 47
56 81 02 129 121 28 201 206 47 273 271 45 34101
57 61 54 130 122 25 202 208" 67 274 271 47 346 3427 16
62 46 131 123 2 203 208 05 275 272 34 347 343 31

59 38 || 132 | 124 20 || 204 | 200714 || 276 | 273 21 || 348 | 344 46
64 29 133 125 19 205 210 21 27 274 09 849 346 01

61 65 134 126 18 211 28 278 274 &7 350 347 17
11 136 127 17 207 21235 279 275 44 351 348 '33

67 01 138 128 ‘17 208 213 ‘41 280 276 32 352 349 49

64 67 52 137 129 17 209 214 46 281 27 353 351 05
85 68 42 138 1 18 210 215 51 282 278 08 354 353 21
66 69 31 139 131 211 216 58 283 278 57 856 3563 38
67 70 21 140 132 22 212 217 69 284 279 354 54
a8 7110 141 1 24 213 219 03 285 280 ° 34 357 356 11
69 71 59 142 134727 . 214 220 06 286 281 23 358 357 27
70 12 48 143 135 31 L 215 221 08 287 282 12 359 358 44
;5 ;2 322 144 13635 216 222 09 288 283 02 | 360 360 00

v~/ e +416,0 sin 2u~-25",2 in 4u+2'.0 sin 6u. e
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Gnomonic azimuth tables—Continued,
‘CAPE HENRY RADIO-COMPASS STATION.
Trus . {Gnomonic|| True, {Gnomonicij True [Gnomonic|{ - True {Gnomonic}] . True |Gnomonic
azimuth.| azimuth, [lazimuth.| azimuth., [lazdmuth.| azimuth. |jazimuth.| azimuth, (|szimuth.| agimuth.
. 0° 0° 00" 73° 74° 54’ 145 137° 25 217° | .228° 04’ 289° 283° 27/
1 118 4] 5 42 148 138 30 218 224 04 200 | 284 17
2 2 33 =76 76 .29 147 139 .37 219 | 225 04 201 : 285, 07
3 -3 .49 76 7017 148 140 ‘43 220 226 03 202 285 58
4 1 6 .06 n 78 04 149 141 51 221 227 .02 203 288 48
5 6 21 ~78 78 51 150 142 59 222 228 00 204 287 39
6. 7 81 791 70 89 151 144 07 223 - | 228 58 205 288 30
7 8 52 80 80 . 26 152 145 18 224 220° 65 206 289 22
8 16 07 81 81 13 153 - 146 -26 . 225 230 52 207 200 14
9 1 22 82 82 00 154" 147 36 228 231 48 208 291 06
10 12 38 83 82 47 155 148 46 227 232 44 200 | 201 59
11 13 80 84 83 34 156 149 87 233 39 300/ 202 52
12 15 04 85 8421 i 157 151 09 229 234 34 301 203
13 16 17 86 85 08 158 15220 230 2356 20 302 39
14 1730 87 85 54 159 153 83 231 236 ‘23 205 33
16 18 42 88 8 41 160 154 46- 232 237 17 206 28
16 . 10 54 89 87 28 161 155 “59 238 10 305 207 23
17 21 06 90 88 15 162 157 13 239 03 306 298 18
18 22 17 91 89 02 163 158 27 235 239 56 290 14
19 23 27 92 89 49 164 | 15041 236 240 - 48 308 300 .10
20 24 37 93 90 36 185 160 56 27 241 40 301 07
2 2548 04 91 166 162 ‘11 238 242 32 310 302
22 26" 56 95 92 .10 167 163 26 239 243 23 311 303 ' 02
23 28 M4 96 92 58 168 164 42 240 14 312 304
24 - 29 12 97 93" 46 169 165 58 241 24505 ‘818 304 - 59
25 80 19 98 94 33 16 | 167 1 242 | 2456 85 314 | 305 58
26 3128 99 95 171 %68 80 243 248 45 816 306 . 58
P18 3232 100 9 08 hs 69 46 247 -85 3816 307 58
28 ] 83 38 101 96 17. 171 03 245 248 25 317 69
29, 84 43 1 97 44 174 172 20 246 249 ‘14 318 810 00
30 35 48 103 98 33 1756 173 36 247 25003 319 311 02
31 ,36° 62 104 21 170 174 83 250 .62 320 312 04
32 37 -85 105 100 . 10 177 176.-10 249 251 41 321 813 07
33 38 .:68 106 100 59 178 17728 252 29 322 314 11
3¢ 40 00 107 101 48 178 178 43 251 253718 323 ] 316 15
35 41 02 108 102 87 180 180 00 252 254 06 |1 824 316 19
-36 42 03 100 103 27 1 181 16 253 54 328 817 25
37 43 04 110 104 17 182 pt 33 254 255 42 326 .| 318 30
38 44 04 11 10507 1 183 49 255 | 258 327 319 37
39 45 04 112 105 58 184 185 :06 256 257 17 328 32043
40 46 03 113 106 48 185 186 21 257 258 320 321 51
41 47, 02 114 107 39 186 187 37 258 58 51 330 322 59
42 48 00 115 108 30 187 188 62 9 250 39 331 8 07
43 48 58 116 109 22 1 190 07 260 260" 26 825 18
44 | 49 55 17 110 “14 180 191 22 261 261 13 333 326 26
45 .50 52 118 111 190 192 38 262 262 334 327 36
46 51 48 118 111 69 191 193 60 262 47 328 ‘48
471 52 44 1 112 52 192 195 264 263 336 320 57
48 -89 121 118 45 193 196 “17 265 21 837 831 09
‘49 54- 34 122 114 39 194 197 30 266 265 08 332 20
50 55 20 123 115 83 195 198 42 267 286 b4 339 333 33
51 5623 124 116° 28 196 199 54 268 268 41 340 334 46
52 8717 125 117 23 197.-| 201 06 269 267 28 841 335° 69
53 58 10 126 118 18 108~ 202 17 270 268 15 337 13
54 59 03 127 119 14 199 ‘20327 271 269 .02 343 338 27
55 59 &6 128 120 10 200- 204 37 272 260 49 334 339 41
56 60 48 129 121 07 201 205. .46 3 270 36 340 56
57 6140 130 122 05 202 | 206 56 274 271 23 846 342 11
58 62 82 131 123 02 208 04, 5 272 10 347 343 26
59 23 1 124 00 204 20012 276 272 58 348 344 42
64 14 133 124 59 206 210 .19 217 2713 45 349 345 58
61 134 125 58 21126 | 8 274 83 847 14
62 65 .65 135 126 58 207 212 :82 270 275 .20 351 348 30
63 45 136 127 208 213 38 280 276 340" 46
64 87 '35 137 128 59 214 43 281 276 58 353 351 03
85 6825 188 130 210 215 48 282 217 4 362 20
68 69 .14 188 131 02 211 216 52 283 -1 278 ‘33 356 38
67 70 .08 140. | 18204 212 21785 284 279 21 356 354 .63
68 70 52 141 ] 133 .07 213 ‘1 21858 285 280 10 357 356 10
BRSO 2 Nt 0 142 7| 134 11 214 | 220 00 236 | 280 59 358 357 26
0 72.29 -148: 1 135 15 215 221 02 287 281 48 359 358 43
% ;2 (1’2 1444136 19 216" 222 .03 288 282 -87 360 360 00

thmett! e 4-4221.0 i 2u-257.0 3151 4u-+2".1 sin Bz,
7 . B
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Gnomonic azimuth tables—Continued,
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DEVELOPMENT. OF THE THEORY FOR PLOTTING RADIQO-COMPASS
S i DEARINGS ON. A MERCATOR CHART, .. ... .. .
" ‘'When radio-compass- bearings “are ‘plotted on a Mercator chart
they' must -be ¢orrected to:reduce the observed ‘true azimuths: to
what'may be called the Mercator bearings. ‘The Mercator projection
is ‘conformal; and hence angles upon ‘the sphere are preserved in the
projection, buat the straight-line joining two- points represents a
rhumb line and not the great circle joining the two pointsin question.
The ¢urve which represents a great circle on the projection is in all
caseés ‘concave toward ‘the Equator. The tangént to this curve at

FIGURE 1. h -

any point has the same bearing on ‘the chart as the azimath of the .
grent circle at ‘the given point_on the -earth. :The problem is then
to determine-a, correction to the angle of this tangent. at a radio-.
‘compass station 5o as to .obtain the rhumb line: bearing that will
p?ssh throug}x the point which represents the ‘approximate . position,
of the vessel. * . = - S 3 .

"In determining this correction it is sufficiently exact to consider
the earth as a sphere. In this case it will be assumed that the path
of the wireless wave over the surface of ‘the éarth is. a reat circle
_joining  the position of the vessel with that of the radio-compass
_station. ' v :
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In any case that may arise in practice the vessel will have some
approximate position derived at least by dead reckoning. This
" position can be used to determine an approximate correction to each
of the two or more observed directions and then the plotting of these
results will, by their intersection, determine & 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 any degree of
accuracy that may be required. : SOINEEEY
First will be derived rigid formulas that may be used for the
computation of this’correction and later these will be employed in
the computations for a graphic chart.

4

M

Yz - Y

’ ”
p R
Q =T
FIGURE 2.

In figure 1 let P represent the pole, QR the Equator, and MN a
great circle. Let ¢; be the latitude of NV and let A, be the longitude
of the same point; let , be the azimuth of MN reckoned from the
west toward the north. At M let the same quantities be denoted,
respectively, by ¢,, \,, and «,. In figure 2 let M’ be the pro, ection
of Il)land X;' thatof N; Q’R’is the projection of QR and M’sN'is the
projection of the great circle MN. “Let N’ have the Mercator plane
coordinates ,,.y, and let M’ have the coordinates ,, ¥,. o

Now the Mercator projection for a sphere with radius unity is.
determined bv the relations ; : :

2 y=log. tan(£+§ .
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The equation for ¥ can be transformed in the following way:

® - ten(3+§)=e,

1+4tan '2?
(4) =d7,

1—tan g
or " "
: e_¢—1_ ¢P—eh
®) tan 2 1 eRteh
Hence

on £ Y.

(6) tan 5 =tanh )

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

dy
(7) ,m=@-

Since the projection js conformal this will give the value of the scale
factor at a point for any direction, the scale factor being the same
in all directions. A

By differentiating equation (6) for y in terms of ¢, we get

8 sech? % g—g =gec? -g:
or
9) %g== cosh? g sec? %-
But . . ‘
(10) cosh? }2/—= L
1—tanh? -2-
1
(11) =T
@
v cos? 5
(12) OOSh’ = = T )
2 cost Lsin? &
2 2
(18) cos? %‘

cos ¢ |
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By subsmtutmg -this va.lue, we get

(14) ) E’—‘p 1 =gec ¢,
or '
(15) . m=secp.’

On the other ha’.nd, we have

(16) sec? £

2 1+t}&m2 5
17) . k=1+tsmh2 %:
© ..« .. cosh? y-l-smh’
agy it ,
cosh” 3
‘ (lé) _'cosh y.
| S coshzg (

By substltutmg thls value in (9) we get
(20) “m=cosh Y,

or by combining (15) and (20), we have
@1 m=sec ¢ =cosh '_z/.‘

From the relation between ¢ and y expressed in 1), wé\get‘

(22)  (14cos ¥) sec ¢=1+cosh ¥,
(23) 2m cos? §-2 coshf %/:
or finally
’(24)’ cos 5 = cosh 5
" In & similar way, we have ‘
(25) (1—cos ¢) sec p=cosh y—1°.
(260)  2msin® £=2sink? &,
. , 2
‘or o

y in ol Y
27) sin & 1/17{,8111112
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In figure 1, let the arc . MN, be denoted b{l 8. Then from the

Gauss equa.tlons for t.he sphencal tnangle, we have
(28_) . k- _cos —2~ (cz1 a,,) cos—g =008 3 (¢, ¢1) cos ; ( N 1), ‘
. ' S 3 . N

(29’); ' sm 3 (oz1 a,) cos -2-=sm (¢3+$01) sm ; (\ ?Tf)&l),
 (30) : cos (al+dz) sin g =cos 5 S35 (p,ﬁ-l-é@) sin-5 ()\2 x,) ‘
e S

81) - sing 5 (a1+a2) sin. 2-—sm (ga2 qol) cos 5. ()\2 ).
By develppment We.,:gevt . s

(32) cos 5 (o = 1) = COS % cos- ‘;‘+sm 5 ‘;‘

" In the ht hand member of “this equatlon mtroduce the values
ét&) and (27) and it becomes sy :

glven in

'(33)

~ 34'» I R AN , .cosh—
A‘. o i
_ St '
f~B settm e @) ual to ¢ and b ex andmv the other functlons
y g m q y exp

in o and then expressmg them in terms of y:, the Gauss formu}as for
'the -spherical tnangle become o , o

‘}(35). - .CO8 5 (ae1 a,) cos g-—c cosh (?/z+?/x) 08 (zz wl), =1
(36) - sin 3 (anz1 ~a) cos -2--_-0 smh (% £ 2/1) sin & sz"‘%),
CH IR T (a1 +az) sin S_c cosh (y, y,) sif & (m’ ~z),
,?,(38) , Sm 5 (a;+a,) sm E—a smh 5 (y, J,) cos ( -..ml),

. .It should be noted that in the above e atlons use is made of. the
,rela,tlon glven in (1) for the expresswn of the )\’s in terms of the a’s.
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- By dividing (36) by (35) we obtain

(39) tau% (e, — a,) = tanh % (¥, +y,) tan % (2, —a,),
and when (38) is divided by (37)

(40) tan & (a+a,) =tanh (1~ 3,) cob 5 (7).

By dividing the sum of the squares of (37) and (38) by the sum of
the squares of (35) and (36), we also obtain

. 1 .1 o .
(41) sinh? 5 (y,—vy,) cos® 5 (z, —z,) + cosh? % (ys—y,) sin? -;— (z, —x,)
tan’ § = 1 1 1 1 H
cosh? 3 (y, +vy,) cos? 5 (x, —=,) +sinh? 5 (y, +17,) sin? 3 (g, —x,)
(42)

. 1 R |
ginh? 3 (y=—y,) +sin? 3 (z,~2,)

. 1 1 ’
: Slnh-2 § (yz +y1) + cosz § (xz_zl) :

By these equations the sum and difference of «, and «, are
detetmined as well as the value of 8, all expressed in terms of the
#’s.and y’s of the projections of the end points of the great-circle arc.

By using these equations the remaining parts of the spherical
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 ¢. S

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) cosh y =sec gq;
Therefore '

(44) cosh? y — 1 =sec® p—1,
or

(45) _sinh? y=tan? ¢,

hence

(46) sinh y =tan ¢.

By dividing (46) by (43), we obtain
47) ‘ " tanh 9 =sin '
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Now if we wish to get the hyperbolic function of any value, we find
the value of ¢ corresponding to the given value of y by use of the
Mercator table on pages 7-15 and thenthe corres ondying trigonomet-
ric function of this value of ¢ will be the hyperbolic function required.

As a matter of fact we are not directly interested in the elements
of the spherical triangle but what we do wish to determine is the
correction that must be applied to the azimuth of a great circle to
{)edupe the same to the Mercator bearing; that is, to the rhumb-line

earing.

If tgdenotes the Mercator bearing reckoned from the west point
toward the north, we have at once

'(48) tan tr_Zz_?/l,

7™ Ty

Therefore

tan g (a+a) tenh 3 (1—y) tan (-2,

Yo=Y ) T,—%,
tan ¢ Ty 5

— }. %--1%)’ | 2(?/2‘/ %)4 .
1 3(~—-—-—2 +( B0 ) -
1/, —~2,\, 2 z,—*aa)*
1+§< 2 )+15< g )t

In order to abbreviate the formal reduction we shall denote y,—¥,
by a and x,—z, by b; (50) then becomes ”

(49)

(50)

1 2
tan.i(a,-l-a,) 1‘-—~1-§+i“27)-— RIS
(51) = b’ b‘
tan ¢ 1+’1§—.}‘1—_2_6+ """

But

1 tan t—tan % (ot + o)
" (52) tan | ¢~5 (g +a) |= -

’
1 +tan ¢ tan % (o + o)

- a?, a?

I-3tge -~

- ] X tant
l+35tie™ © 0

1

(53) axz;‘_ zi e
R - S B SRR R —
g tant

1+i§*‘ﬁ(—)* .

- d sin 2t
o “TFdeos
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4 [P Ay 4 o
(67) Efrme-as ]

In order to transform (54) to‘_krender it convenient for computa-
tion, it is best to expand it first in a Fourier series in ¢. This series

is obtained most easily in the following way.

‘We have
N Lo ool 3’,‘ . ‘ s
(58) log, (1 +deztt)=dg$it_%e4it+%eeit__ cmae,
. in which i denotes as usual ¥=1.
(69)  log. (1+de#) = log, (1+2d cos 2t-+d)
' S . d sin 2¢
-1 = .
+ tan ‘<1.'+‘d'cos 2t)’
also : '
. . R : LS I
60 de-TemrGenm o |
‘ : 2 . T 2 3
d cos 2t+id sin 2t-% cos 4t—-i% sin 4t+:.13— cos 6
3 . ) . k
: -_+—i% Bin Bt— .. ..

By equating the imaginafy 'ﬁdrﬁé of the’two expressions fo
log, (1+de*), we get =~

e dsin 2t ’ g a . @ .
6D ten~ T )= dsin 2~ sin a4y sin G oo
or V o

B I SR S |
(62) t-—§(oc,+a,)=d sin 2¢—% Sin 4f+-5 sin 61—+ - -,

?
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Now, from .(48), we. have

63 tani=%

therefore |

2tant 2ba
1+tan?t b?+a?

' g dtant (1—tan’t) b (B*~a?)
N §© N TV'C) LSRN () e

64) _  sin 2t~

By substituting these values in the series (62), we get as an approxi=
mation for its value from the first two terms the expression '

Jaay 1. Cba B —af SRR S
~ For the determination of the iequired correction we have now the
two equations ce ' . e ' R

) tang o) - tank Bkt g By,
and, after substituting the values of ¢ and b in (66),

¥:= ) (ﬂ#a?-mof{"ﬁ;"?(ii,iw;)’z_“'(‘x,::_";a;j’] |

68)  t—p (e tap)=
(68) being an approximation siif.ﬁciently exact for practical purposés.
In (68) all quantities in the right-hand member must be expressed
in radians; the left-hand member will then be expressed in radians
and can be reduced to degrees, to minutes, or.to seconds as may be
desired ) : TR fo L -
Letusnow denote 5 (e~ by usnd 3 (o) by o7 then wogot

69)  ay—t=u-v,

and . .

.. We thus have the rule that the numerical value of the correction at
~ one end is equal to the difference between u<and v and at the other:
end it is‘equal to the sum of.u andw. - In practice it.is not necessary
‘to pay. any attention to the.signs of these quantities. The larger
numerical valua belongs to:the end that lies at the higher latitude;
also the curve re};fesenting the great circle is always.concave toward .
the Equator, so. that consideration of.this.fact will show whether the
correction is. to be added 1o .or subtracted from the true bearing ‘to
reduce it to the Mercator bearing. ’



36 U. S. COAST AND GEQDETIC SURVEY.

Now we may note that the quantity v is one-half of what is called
the convergence of the meridians. Instead of using the equations
expressed in terms of the z’s and ¥’s, we may compute thus quantivy
from the original spherical formulas.

From (28) and (29), we have

(71) €Os U COS §=cos % (¢3—¢,) cOS % =),
and

. S* . 1 .1
(72) sin u cos 5 =sin (¢ +¢,) sin 5 M=2Ap.

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

.1 -
sing (p+e)) g
—= = tan 3 ()\2—)\1).
€08 5 (¢2— ¢1)

(73) tan o=

This equation will serve for the computation of % 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) tan u = tanh 5 (y,+3,) tap% @—2),
and | | A

R S )

(75) =13 Ya— Y (@—x,).

From equation (74) we note that w is a function of two arguments
and from (75) we also note that v is a function of two arguments.
If then we determine a family of curves for various values of % and
plot these on a graphic chart, we mey scale off from this chart any
value of 4 when we have given the agruments x,—zx, and y,+¥
belonging to the value sought. Such a chart of « curves is pub jshed
by the U.S. Coast and Geodetic Survey in two parts with the title

_“‘Graphic chart, semiconvergence of meridians”’ (see Preface). The
chart extends 50° in longitude; sheet 1includes values of 3, +¥; from
0 ‘to 72°, while sheet 2 extends from 72 to 144°. The two parts
together form one continuous chart extending from the equstor
to the value of 144° for y,+v,. This would be a mean latitude of
something like 57°; it wouidd of course, be less than this value if one
of the pomnts was much higher in latitude. e T

In tl?e same way a family of v curves can be plotted on a graphic
chart which may then be used in a similar way. This chart would
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have the arguments z,—z, and y,-7y,, the second argument being
different from that of the u chart. Such a family of » curves is shown
on a chart published by the U. S. Coast and Géodetic Survey with the
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 % while those on the v chart are plotted
For‘every minute of the value of ». : ,

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

In plotting radio-compass bearings the gnomonic projection has
the advantage that all great circles are represented by straight lines.
However, the distortion is such that a table of gnomonic azimuths
has to be computed for the chart that is to be-used. - This table gives
the angle that must be laid off from the meridian at the station in
order that the straight line upon the projection may represent the great
circle with the given azimuth. . For all stations for which tables are
to be computed, it is necessary to solve the spherical triangle to
determine the azimuth of the center of the projection as seen from the
gli:lfen station as also the great circle distance between the station and
this projection center. o :

The great-circle sailing chart of the North Atlantic Ocean, Hydro-
graphic Office Chart No. 1280, has the point of tangency or projection
center at latitude 30° N. and longitude 30° Vig ables for ten
stations have been computed for this chart (see pp. 17-26). These
stations are given below with their positions, the true azimuth from
the station to the center of the chart, and the great-circle radial dis-
tance from the center of the projection. ’

Btation. Latitude. | Longitude. | Azimuth, dﬁ?ﬁ”cé
Cape Race 53° 0 057 | 124° 48" 58| 24° 2% 52"
Bar Harbor 18 36 { 68 11 27 1102 23 4 | 33 14 44
CapeCod....cocevimiiiinannnn- ..{ 420258 | 70 04321 97 24 54 | 34 12 41
MODEAUK. .o evvmavertaneesccessnsnmnnassnesonns 4 03 09 |71 b7 2 94 31 58 35 30 30
Firelsland........coovviiiiiniinnenaiinaan, 40 38 07 73 12 32 93 03 15 36 25 32
Sand){(Hook ................................... 40 28 12 | 74 01 06 | 92 16 06 | 37 .01 56
CAPE MAY . .cvreriveriiaieeleneier e 38 :56 41 74 83 10 80 41 38 37 40 25
HOgISIANd. .. ..o ccevienranneaieiiianie e eranaas 37 22 36| 75 42 87 | .87 12 31' | 38 21 50
Cape HenrY.....covniicirriinnianiianciaraians 36 55 18 75 51 83 28. 44 88 37 03
qapeHatteras ................................ .| 35 14 22 7% B1 84 36 85 98 22 12

The gnomonic projection of a sphere with radius unity is detned
by the equation : ;

(76) p=tan 6,

. N . .
in which 6 is the great circle distance from the center of the ‘(})roj ection.
The scale factor along the radius is given by the value of ch'

But ;
: dp .
77) ap =96t 3,
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+ 'If w is the azimuth from the center:-upon the sphere, the arc of an
almucantar circle on the sphere is equal to w sin §: This are upon
the projection is represented by a circular arc equal to w tan 6.
Therefore the scale along this almucantar is given by the expression

o wtand

(78) o 0 SeC g,

- By the principle of Tissot’s indicatrix,! any small circle around a
given point upon the sphere is projected into an ellipse with major
axis along the radius from the center of the projection and with
minor axis ih the direction of the almucanter through the point. = If
the radius of the circlé upon the sphere is considered as unity, the
semimajor axis of the“éllipse will be equal to sec? ¢ and the semiminor
axis lell be equal to secd. “If w' denotes the bearing of theline on
the projection representing any great circle the true bearing of which,
reckoned from the great circle joining the station and ‘the center of
the projection, is denoted by u, we shall have the relation

‘ ,(,79) "ta.n % =sectd tangy, :
Or . - “ 3
(80).  tanw’ =cos 0 tan u.

Now we have the relation
©otan = tan'w’

o . tanu—tany’
(81) tan (=) = T o

_ 1 —cos 8) tan w
~ 1+cosf@tan’y’

®2

. (1-cosf)sin2u
© . 14cos 8+ (1—cos'§) cos 2u’

(83)

-or, ﬁn&lly, : ’

: : ta;n"gsin-zd~"
2 e

80  tan w—v)=—"g .
S  l+tan’scos2u

Therefore from an 'a‘.nalysis similar ‘to-that given en’ p‘dg‘ei 34, we get

V-

P T SV RN BULE B
— ! =tan? o —_ 2 1+ = tan®— s
(85) u—u #an 3 8in 2u—3 tan' 5 sin 47L+31§an ,~2,§1n‘ 6u

1 Seo U. 5. Coast and Geodetic Survey Speclal Pubtication No. 57, General Theory. of Polyccnio Ero-

Jactions, p. 153.
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Hu—u! is to be expressed in'minutes, each of the coefficients in (85)
must be divided by arc.1’. The equation then becomes

el tant 5 “ten® S
" (86) ~u—u’=—§r—c—1—,‘ sin 2u-—§msin 4u+§—;ﬁ_c—1—,sinr6u—, ----- -

» - As already stated » must be reckoned from the great circle joining
the station to the point of tangency of the projection; «’ will then
~ be reckoned from the major axis of the ellipse or from the straight -
line ‘joining the projection of the station to the projection of the
point of tangency of the map. It is sufficiently accurate to take
the azimuth to the point of tangency from the station in degrees and
* minutes. In, radio-compass work azimuths are reckoned from the
“north in clockwise direction. - '

In the table on page 37 in the column headed ‘‘Radial distance,”
‘there are given the ¢ angéss for the various stations for which tables
have been computed. With these values of 8, the equations for

~u~u’ for the stations become, respectively— AR

Cape Race Cu—u'=+161'.1sin 24— 3'.8 sin 4u+0".1 sin 6u.
Bar Harbor  wu—u’=4306'.4 sin 24 —13’.6 sin 4u +0’.8 sin 6u.
Cape Cod, u—u’ = +325’.6 sin 2u —15’.4 sin 4u+1".0 sin 6u.
Montauk, U —u’ = +352’ .4 sin 2u—18’.1 sin 41 +1.2 sin 6u.
‘TRire Island w—u'= +3727.2 sin 2u—20".1 sin 4u+1'.5 sin bu.
Sa.ndy,Hooi{, u—1u’ = +385’.6 sin 24— 21".6 sin 4w +1'.6 sin 6u.
Cape May, w—u'= 4400’1 sin 2u—23".3 sin 44 +1'.8 ein 6u. -
Hog Island, %—uh= +416".0 sin 2u—25’.2 sin 4u +2’.0 sin 6u.
Cape Henry,  u—u/= 4422’.0sin 2u—25’.9 sin 4u +2’.1 sin 6u.

- Cape Hatteras, wuw—u’'= 4416’2 sin 2u~25'.2 sin.4u +2’.0 sin 6u.

. Since azimuths are reckoned from the north in clockwise direction
- and since at Cape Race w=0 when the azimuth is 124° 49, the value
of u when theé azimuth is zero is 360°— (124° 49’) =235° 11’. For
- the azimuth of 1° the value of » is 236° 11’; and so on for the other
azimuths. ! , , : ' ;

If the correction to the azimuth zero is found to be ue— s’ = ¢, and
“if at azimuth o, we find u, —u,” = ¢,, then the correction to be added
to ay is given by ¢, —c,.  This ig.done because we are interested only
‘in the angle between the meridian on the projection and the straight
‘line that represents the given great circle.

- _If the gnomonic projection should be found to be more servicable
. for plotting radio-compass bearings than the Mercator projection, it
would seem advisable to construct such a projection of the east coast
~of the United States with. point of tangéney somewhat centrally
located to the region to be represented. Tables of gnomonic azimuths
~could then be computed for this chart and the distortions in angle
‘would not be as great as those shown in the tables included in this
.publication - It should be noted, however, that these angular dis-
_tortions do not detract from the accuracy of the all)lottings., A more
- restricted chart would permit of more accurate scaling of the position -
determined by the intersection of the plotted bearings. = x
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