CHAPTER 24

THE SAILINGS

INTRODUCTION

2400. Introduction of these vertices the direction changes progressively until
the intersection with the equator is reached’; BOlongi-
Dead reckoning involves the determination of one’stude away, where the great circle crosses the equator at an
present or future position by projecting the ship’s courseangle equal to the latitude of the vertex.
and distance run from a known position. A closely related  On a Mercator chart a great circle appears as a sine
problem is that of finding the course and distance from oneurve extending equal distances each side of the equator.
known point to another known point. For short distances;The rhumb line connecting any two points of the great cir-
these problems are easily solved directly on charts, but fozle on the same side of the equator is a chord of the curve.
long distances, a purely mathematical solution is often @long any intersecting meridian the great circle crosses at
better method. Collectively, these methods are céallee  a higher latitude than the rhumb line. If the two points are
Sailings on opposite sides of the equator, the direction of curvature
Navigational computer programs and calculators comef the great circle relative to the rhumb line changes at the
monly contain algorithms for computing all of the problemsequator. The rhumb line and great circle may intersect each
of the sailings. For those situations when a calculator is nodther, and if the points are equal distances on each side of
available, this chapter also discusses sailing solutions bthe equator, the intersection takes place at the equator.

Table 4, the Traverse Tables. Great circle sailing takes advantage of the shorter dis-
tance along the great circle between two points, rather than
2401. Rhumb Lines And Great Circles the longer rhumb line. The arc of the great circle between

the points is called thgreat circle track. If it could be fol-

The principal advantage of a rhumb line is that it main-lowed exactly, the destination would be dead ahead
tains constant true direction. A ship following the rhumbthroughout the voyage (assuming course and heading were
line between two places does not change true course. the same). The rhumb line appears the more direct route on
rhumb line makes the same angle with all meridians ita Mercator chart because of chart distortion. The great cir-
crosses and appears as a straight line on a Mercator chatte crosses meridians at higher latitudes, where the distance
For any other case, the difference between the rhumb linbetween them is less. This is why the great circle route is
and the great circle connecting two points increases (1) ashorter than the rhumb line.
the latitude increases, (2) as the difference of latitude be- The decision as to whether or not to use great-circle
tween the two points decreases, and (3) as the difference s&iling depends upon the conditions. The saving in distance
longitude increases. should be worth the additional effort, and of course the great

A great circle is the intersection of the surface of acircle route cannot cross land, nor should it carry the vessel
sphere and a plane passing through the center of the sphei@o dangerous water§€omposite sailing(see section 2402
Itis the largest circle that can be drawn on the surface of thand section 2411) may save time and distance over the
sphere, and is the shortest distance along the surface bdwmb line track without leading the vessel into danger.
tween any two points. Any two points are connected by  Since great circles other than a meridian or the equator
only one great circle unless the points ardipodal (180>  are curved lines whose true direction changes continually,
apart on the earth), and then an infinite number of great cirthe navigator does not attempt to follow it exactly. Rather,
cles passes through them. Every great circle bisects evehge selects a number of points along the great circle, con-
other great circle. Thus, except for the equator, every greatructs rhumb lines between the points, and follows these
circle lies exactly half in the Northern Hemisphere and halfrhumb lines from point to point.
in the Southern Hemisphere. Any two points 1&@art on
a great circle have the same latitude numerically, but con2402. Kinds Of Sailings
trary names, and are 18@part in longitude. The point of
greatest latitude is called thertex. For each great circle, There are seven types of sailings:
there is a vertex in each hemisphere, ?L8part in longi-
tude. At these points the great circle is tangent to a parallel 1. Plane sailing solves problems involving a single
of latitude, and its direction is due east-west. On each side course and distance, difference of latitude, and de-
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parture, in which the earth is regarded as a planaised:
surface. This method, therefore, provides solution

for latitude of the point of arrival, but not for longi- 1. Latitude (L) . The latitude of the point of departure
tude. To calculate the longitude, the spherical is designated ;- that of the destination, 4; middle
sailings are necessary. Do not use this method for (mid) or mean latitude, },; latitude of the vertex of
distances of more than a few hundred miles. a great circle, |, and latitude of any point on a

2. Traverse sailingcombines the plane sailing solu- great circle, L.
tions when there are two or more courses and 2. Mean latitude (L,,). Half the arithmetical sum
determines the equivalent course and distance of the latitudes of two places on the same side of
made good by a vessel steaming along a series of the equator.
rhumb lines. 3. Middle or mid latitude (L ,,). The latitude at

3. Parallel sailing is the interconversion of departure which the arc length of the parallel separating the
and difference of longitude when a vessel is pro- meridians passing through two specific points is
ceeding due east or due west. exactly equal to the departure in proceeding from

4. Middle- (or mid-) latitude sailing uses the mean lat- one point to the other. The mean latitude is used
itude for converting departure to difference of when there is no practicable means of determining
longitude when the course is not due east or due west. the middle latitude.

5. Mercator sailing provides a mathematical solution 4. Difference of latitude (I or DLat.).
of the plot as made on a Mercator chart. It is similar 5. Meridional parts (M) . The meridional parts of the
to plane sailing, but uses meridional difference and point of departure are designated,Mnd of the
difference of longitude in place of difference of lat- point of arrival or the destination, M
itude apd depa_tr_tur(_e. . 6. Meridional difference (m).

6. Great_cwcle sailing mvolyes the solution of cours- 7. Longitude (A). The longitude of the point of de-
es, distances, _and points along a great circle parture is designated;; that of the point of
between two points. . o )

7. Composite sailingis a modification of great-circle arrival f" the destinatiorh; O_f the vertex of ‘f"
sailing to limit the maximum latitude, generally to great circle, |; and of any point on a great cir-
avoid ice or severe weather near the poles. cle, Ay

8. Difference of longitude (DLo)
2403. Terms And Definitions 9. Departure (p or Dep.)

10.Courseor course angle (Cn or C)
In solutions of the sailings, the following quantities are 11.Distance (D or Dist.)

GREAT CIRCLE SAILING

2404. Great Circle Sailing By Chart parture replaces the assumed position of the observer, the
destination replaces the geographical position of the body, dif-
Navigators can most easily solve great-circle sailingference of longitude replaces meridian angle or local hour angle,
problems graphically. DMAHTC publishes several gno-initial course angle replaces azimuth angle, and great circle dis-
monic projections covering the principal navigable watergance replaces zenith distance’(9@ltitude). See Figure 2405.
of the world. On thesgreat circle charts, any straight line  Therefore, any table of azimuths (if the entering values are me-
is a great circle. The chart, however, is not conformalyidian angle, declination, and latitude) can be used for
therefore, the navigator cannot directly measure directiondetermining initial great-circle course. Tables which solve for

and distances as on a Mercator chart. altitude, such aBub. No. 229can be used for determining great
The usual method of using a gnomonic chart is to plotcircle distance. The required distance is-Qdltitude.
the route and pick points along the track evetyoblongi- In inspection tables such d&ub. No. 229the given

tude using the latitude and longitude scales in the immediateombination of l3, L,, and DLo may not be tabulated. In
vicinity of each point. These points are then transferred to ¢his case reverse the name gfand use 180- DLo for en-
Mercator chart and connected by rhumb lines. The courstering the table. The required course angle is then° 180
and distance for each leg is measured on the Mercator charhinus the tabulated azimuth, and distance 5#0s the al-
See Chapter 25 for a discussion of this process. titude. If neither combination can be found, solution cannot
be made by that method. By interchangingdnd Ly, one
2405. Great Circle Sailing By Sight Reduction Tables can find the supplement of the final course angle.
Solution by table often provides a rapid approximate
Any method of solving a celestial spherical triangle can becheck, but accurate results usually require triple interpola-
used for solving great circle sailing problems. The point of detion. Except forPub. No. 229 inspection tables do not
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CELESTIAL EQUATOR

Figure 2405. Adapting the astronomical triangle to the navigational triangle of great circle sailing.

provide a solution for points along the great ciré?e@b. No.  angle becomes the initial great-circle course angle.
229provides solutions for these points only if interpolation When the Contrary/Same (CS) Line is crossed in either

is not required. direction, the altitude becomes negative; the body lies be-
low the celestial horizon. For example: If the tables are
2406. Great Circle Sailing ByPub. No. 229 entered with the LHA (DLo) at the bottom of a right-hand

page and declination @) such that the respondents lie

By enteringPub. No. 229vith the latitude of the point above the CS Line, the CS Line has been crossed. Then the
of departure as latitude, latitude of destination as declinadistance is 90 plus the tabular altitude; the initial course
tion, and difference of longitude as LHA, the tabular angle is the supplement of the tabular azimuth angle. Simi-
altitude and azimuth angle may be extracted and convertddrly, if the tables are entered with the LHA (DLo) at the top
to great-circle distance and course. As in sight reductiongf a right-hand page and the respondents are found below
the tables are entered according to whether the name of thiee CS Line, the distance is 9plus the tabular altitude; the
latitude of the point of departure is the same as or contrarjnitial course angle is the supplement of the tabular azimuth
to the name of the latitude of the destination (declination)angle. If the tables are entered with the LHA (DLo) at the
If the values correspond to those of a celestial body abovbottom of a right-hand page and the name gfd contrary
the celestial horizon, 90minus the arc of the tabular alti- to L4, the respondents are found in the column fgoh the
tude becomes the distance; the tabular azimuth anglacing page. In this case, the CS Line has been crossed; the
becomes the initial great-circle course angle. If the respondistance is 90 plus the tabular altitude; the initial course
dents correspond to those of a celestial body below thangle is the supplement of the tabular azimuth angle.
celestial horizon, the arc of the tabular altitude plu$ 19¢- The tabular azimuth angle, or its supplement, is pre-
comes the distance; the supplement of the tabular azimufixed N or S for the latitude of the point of departure and
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suffixed E or W depending upon the destination being east
or west of the point of departure.

If all entering arguments are integral degrees, the dis-
tance and course angle are obtained directly from the tables
without interpolation. If the latitude of the destination is
nonintegral, interpolation for the additional minutes of lati-
tude is done as in correcting altitude for any declination
increment; if the latitude of departure or difference of lon-

azimuth angle (180- 69.0° = 111.0°) becomes
the initial great circle course angle, prefixed N
for the latitude of the point of departure and suf-
fixed W since the destination is west of the point
of departure.

Note that the data is extracted from across the CS Line

from the entering argument (LHA 8 indicating
that the corresponding celestial body would be be-

gitude is nonintegral, the additional interpolation is done low the celestial horizon.
graphically.

Since the latitude of destination becomes the declina-
tion entry, and all declinations appear on every page, the
great circle solution can always be extracted from the vol-

ume which covers the latitude of the point of departure.

Answer:
D = 6137 nautical miles
C = N111.0W = 249.

2407. Great Circle Sailing By Computation
Example 1:Using Pub. No. 229 find the distance and
initial great circle course from lat. 325, long.
116°E to lat. 30S, long. 31E.

In Figure 2407, 1 is the point of departure, 2 the desti-
nation, P the pole nearer 1, I-X-V-2 the great circle through
1 and 2, V the vertex, and X any point on the great circle.
Solution: Refer to Figure 2405. The point of departure The arcs P1, PX, PV, and P2 are the colatitudes of points 1,

(lat. 32°S, long. 118E) replaces the AP of the ob- X, V, and 2, respectively. If 1 and 2 are on opposite sides of

server; the destination (lat. 3@, long. 33E) the equator, P2is 98 L,. The length of arc 1-2 is the great-

replaces the GP of the celestial body; the differ- circle distance between 1 and 2. Arcs 1-2, P1, and P2 form

ence of longitude (DLo 8% replaces local hour a spherical triangle. The angle at 1 is the initial great-circle

angle (LHA) of the body. course from 1 to 2, that at 2 the supplement of the final
Enter Pub. 229, Volume 3 with lat. 32Same Name), great-circle course (or the initial course from 2 to 1), and

LHA 85, and declination 30 The respondents that at P the DLo between 1 and 2.
correspond to a celestial body above the celestial  Great circle sailing by computation usually in-
horizon. Therefore, 90minus the tabular altitude volves solving for the initial great circle course; the
(90° - 19°12.4' = 70°47.6") becomes the distance; distance; latitude and longitude, and sometimes the dis-
the tabular azimuth angle (S66\W) becomes the tance, of the vertex; and the latitude and longitude of
initial great circle course angle, prefixed S for the various points (X) on the great circle. The computation
latitude of the point of departure and suffixed W for initial course and the distance involves solution of
due to the destination being west of the point ofan oblique spherical triangle, and any method of solv-
departure.

Answer:
D = 4248 nautical miles
C = S66.0W = 246.0.

Example 2:Using Pub. No. 229 find the distance and
initial great circle course from lat. 38\, long.
122W to lat. 24S, long. 151E.

Solution: Refer to Figure 2405. The point of departure
(lat. 38N, long. 122W) replaces the AP of the ob-
server; the destination (lat. 28, long. 151E)
replaces the GP of the celestial body; the differ-
ence of longitude (DLo 87 replaces local hour
angle (LHA) of the body

Enter Pub. No. 229 Volume 3 with lat. 3@ontrary
Name), LHA 87, and declination 24. The re-
spondents correspond to those of a celestial body
below the celestial horizon. Therefore, the tabu-
lar altitude plus 90 (12°17.0' + 9C° = 102°17.0")
becomes the distance; the supplement of tabular

Figure 2407. The navigational triangle and great circle
sailing.
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ing such a triangle can be used. If 2 is the geographical Answer:
position (GP) of a celestial body (the point at which the

body is in the zenith), this triangle is solved in celestial D (NM.) 300 600 900 6600

navigation, except that 90 D (the altitude) is desired

instead of D. The solution for the vertex and any point D (arc) 5 10° 15° 110

X usually involves the solution of right spherical dec 83 80° 75° 20°

triangles. Lat. 39.6 N 40.9 N 41.9 N 3N
Dep. 128 W 125 W 125 W 125 W

2408. Points Along The Great Circle DLo 6.7 12.¢ 18.9 118.5

Long 131.2W  137.4W 143.9W 116.5E

If the latitude of the point of departure and the initial
great-circle course angle are integral degrees, points alor209. Finding The Vertex
the great circle are found by entering the tables with the lat-
itude of departure as the latitude argument (always Same UsingPub. No. 2290 find the approximate position of
Name), the initial great circle course angle as the LHA arthe vertex of a great circle track provides a rapid check on
gument, and 90minus distance to a point on the greatthe solution by computation. This approximate solution is
circle as the declination argument. The latitude of the pointlso useful for voyage planning purposes.
on the great circle and the difference of longitude between  Using the procedures for finding points along the great
that point and the point of departure are the tabular altitudeircle, inspect the column of data for the latitude of the
and azimuth angle, respectively. If, however, the responpoint of departure and find the maximum value of tabular
dents are extracted from across the CS Line, the tabuladtitude. This maximum tabular altitude and the tabular az-
altitude corresponds to a latitude on the side of the equatamuth angle correspond to the latitude of the vertex and the
opposite from that of the point of departure; the tabular azdifference of longitude of the vertex and the point of
imuth angle is the supplement of the difference ofdeparture.

longitude.
Example 1:Find the vertex of the great circle track
Example 1:Find a number of points along the great from lat. 38N, long. 125W when the initial great
circle from latitude 38N, longitude 123W when circle course angle is N8WV.

the initial great circle course angle is N1,
Solution: Enter Pub. No. 229 with lat. 38(Same

Solution: Entering the tables with latitude 3§Same Name), LHA 69 and inspect the column for lat.
Name), LHA 113, and with successive declina- 38° to find the maximum tabular altitude. The max-
tions of 8%, 8C°, 75°, etc., the latitudes and imum altitude is 4238.1" at a distance of 1500
differences in longitude from 128/ are found as nautical miles (99 - 65° = 25°) from the point of
tabular altitudes and azimuth angles respectively: departure. The corresponding tabular azimuth an-
gle is 32.4. Therefore, the difference of longitude
Answer: of vertex and point of departure is 32.4
Answer:
D (NM) 300 600 900 3600
D(arc) 5 10° 15° 60° Latitude of vertex = 488.1'N.
dec 83 80° 75° 30 Longitude of vertex = 125+ 32.4° = 157.8W.
Lat. 36PN 339N 314N 36N
Dep. 123w 123W  123W 128 W 2410. Altering A Great Circle Track To Avoid
DLo 5.8 11.3 16.5 54.1° Obstructions

Long 130.8W 136.3W 141.3W 179.%

Land, ice, or severe weather may prevent the use of
Example 2:Find a number of points along the great great circle sailing for some or all of one’s route. One of the
circle track from latitude 38N, long. 1283W when  principal advantages of solution by great circle chart is that
the initial great circle course angle is N 6%. the presence of any hazards is immediately apparent. The
pilot charts are particularly useful in this regard. Often arel-
Solution: Enter the tables with latitude 38(Same atively short run by rhumb line is sufficient to reach a point
Name), LHA 69, and with successive declinations from which the great circle track can be followed. Where a
as shown. Find the latitudes and differences ofchoice is possible, the rhumb line selected should conform
longitude from 128V as tabular altitudes and az- as nearly as practicable to the direct great circle.
imuth angles, respectively: If the great circle route crosses a navigation hazard,
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change the track. It may be satisfactory to follow a great cirimade with a great circle chart. For this solution, draw lines
cle to the vicinity of the hazard, one or more rhumb linesfrom the point of departure and the destination, tangent to
along the edge of the hazard, and another great circle to thhe limiting parallel. Then measure the coordinates of vari-
destination. Another possible solution is the use of compossus selected points along the composite track and transfer
ite sailing; still another is the use of two great circles, onethem to a Mercator chart, as in great circle sailing. Compos-
from the point of departure to a point near the maximum latite sailing problems can also be solved by computation,
itude of unobstructed water and the second from this pointising the equation:
to the destination.
cos DLQIX = tanLX cot LV
2411. Composite Sailing
The point of departure and the destination are used suc-

When the great circle would carry a vessel to a highercessively as point X. Solve the two great circles at each end
latitude than desired, a modification of great circle sailingof the limiting parallel, and use parallel sailing along the
calledcomposite sailingmay be used to good advantage. limiting parallel. Since both great circles have vertices at
The composite track consists of a great circle from the pointhe same parallel, computation for C, D, and [Q}.oan be
of departure and tangent to the limiting parallel, a coursanade by considering them parts of the same great circle
line along the parallel, and a great circle tangent to the limwith L4, L,, and L, as given and DLo = DLg, + DLo,5,.
iting parallel and through the destination. The total distance is the sum of the great circle and parallel

Solution of composite sailing problems is most easilydistances.

TRAVERSE TABLES

2412. Using Traverse Tables angle. This is illustrated in Figure 2413a. &d B are the
points of departure and arrival, respectively. The course an-

Traverse tablescan be used in the solution of any of gle and the three sides are as labeled. From this triangle:
the sailings except great circle and composite. They consist D
of the tabulation of the solutions of plane right triangles.cos G= ) sinC = [—F; tan C= T
Because the solutions are for integral values of the course
angle and the distance, interpolation for intermediate values
may be required. Through appropriate interchanges of the
headings of the columns, solutions for other than plane sail- Dep. (p)
ing can be made. For the solution of the plane right triangle,
any value N in the distance (Dist.) column is the hypote-
nuse; the value opposite in the difference of latitude (D.
Lat.) column is the product of N and the cosine of the acute
angle; and the other number opposite in the departure
(Dep.) column is the product of N and the sine of the acute
angle. Or, the number in the D. Lat. column is the value of
the side adjacent, and the number in the Dep. column is the
value of the side opposite the acute angle. Hence, if the
acute angle is the course angle, the side adjacent in the D.
Lat. column is meridional difference m; the side opposite in
the Dep. column is DLo. If the acute angle is the midlati-
tude of the formud p = DLo cos Lm, then DLo is any value
N in the Dist. column, and the departure is the valuedds
L, in the D. Lat. column.

The examples below clarify the use of the traverse ta-
bles for plane, traverse, parallel, mid latitude, and Mercator
sailings.

P,
(Lo, A2)

D. Lat.(2)

. Py (LX)
2413. Plane Sailing

In plane sailing the figure formed by the meridian
through the point of departure, the parallel through the point
of arrival, and the course line is considered a plane right tri- Figure 2413a. The plane sailing triangle.
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From the first two of these formulas the following re-
lationships can be derived:
I=DcosC D=1IsecC p = DsinC.

Labell as N or S, and p as E or W, to aid in identifica-
tion of the quadrant of the course. Solutions by calculations
and traverse tables are illustrated in the following examples:

Example 1:A vessel steams 188.0 miles on coursé.005

Required:(1) (a) Difference of latitude and (b) depar-
ture by computation. (2) (a) difference of latitude
and (b) departure by traverse table.

Solution:

(1) (a) Difference of latitude by computation:

diff latitude =DxcosC
= 188.0 milesx cos (008)
= 187.3 arc min

=3°07.3'N

(1) (b) Departure by computation:

361

Answer:
Diff. Lat. = 3° 07.3'N
departure = 16.4 miles

(2) Difference of latitude and departure by traverse
table:

Refer to Figure 2413b. Enter the traverse table and
find course 005 at the top of the page. Using the
column headings at the top of the table, opposite
188 in the Dist. column extract D. Lat. 187.3 and
Dep. 16.4.

(a) D. Lat. = 187.3"' N.
(b) Dep. =16.4 mi. E.

Example 2:A ship has steamed 136.0 miles north and
203.0 miles west.

Required:(1) (a) Course and (b) distance by computa-
tion. (2) (a) course and (b) distance by traverse
table.

Solution:

departure =DxsinC (1) (a) Course by computation:
= 188.0 milesx sin (005) C = arctandeparature
= 16.4 miles - diff. lat.
355°| 005° TABLE 4
185° i 175° Traverse ©°  Table
Dist.{ D.Lat..| Dep Dist.| D. Lat. Dep. | Dist.| D.Lat. | Dep. ° A . | Dep.
1 L0 0.1 61 00.8 531121 |120.5|10.5 ] 181 | 180.3 | 15.8 | 241 | 240.1 | 21L. 0
2 20| 0.2] 62| 6L8| 5.4| 22)1121.5|10.6 ] 82| 1813 |15.9 ] 42| 2411 | 2L1
] 80| 0.3] 63| 628 55| 23 |1225)|10.7] 83| 1823 | 159 ] 43 | 2421 | 21.2
4 40) 0.3 64| 63.8| 56| 24 |123.5|10.8 | 84 | 183.3 | 16.0 ] 44| 243.1 | 21.3
.1 6.0| 0.4 65| 648 5.7] 25 ) 1245 10.9] 8 21 4
[ 6.0| 0.5 | 66| 65.7| 58] 26| 125.5|11.0] 86 214
7 70| 0.6] 67| 66.7| 58] 27 |126.5|1L1| 87 . 215
8 80| 0.7 68| 67.7| 5.9 28 |127.5 1.2 F 88 {1 e e | 1] 2L 6
9 90| 0.8] 69| 68.7| 60 20| 1285 (11.2] 891 2L 7
10 10,0 0.9 70| 69.7 6.1] 30| 129.5 ) 1L.3 90 . 218
60| 69.8| 5.2 20 1119.5 | 10.5§ 80 )179.3 | 15.7 40 | 239.1 | 20.9 | 300 | 2908.9 | 26.1
Dist.] Dep. |D.Lat.§ Dist.| Dep. |[D.Lat ] Dist. | Dep. |D.Lat. | Dist. | Dep. [D.Lat. | Dist. | Dep. D. Lat.
275° » Dist. D. Lat. Dep.
50 085° 850 N. Nx Cos. | NxSin,
265 095 Hypotenuse | Side Adj. | Side Opp.

Figure 2413b. Extract from Table 4.
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C = arctan293:0 203 beside each other in the columns labeled D.
B 136.0 Lat. and Dep., respectively. This occurs most
nearly on the page for course angle°s@here-
fore, the course is 304 Interpolating for
C=N 56108 W intermediate values, the corresponding number in
the Dist. column is 244.3 miles.
C = 304°(to nearest degrée Answer:
(a) C =304
Draw the course vectors to determine the correct  (b) D = 244.3 mi.
course. In this case the vessel has gone north 136
miles and west 203 miles. The course, therefore2414. Traverse Sailing
must have been between 2&hd 360. No solu-
tion other than 30%is reasonable. A traverse is a series of courses or a track consisting
of a number of course lines, such as might result from a sail-
(1) (b) Distance by computation: ing vessel beating into the windraverse sailingis the
finding of a single equivalent course and distance.
D = diff. latitudex sec C Though the problem can be solved graphically on the
136 milesx sec (304) chart, traverse tables provide a mathematical solution. The
= 136 milesx 1.8 distance to the north or south and to the east or west on each
= 244.8 miles course is tabulated, the algebraic sum of difference of lati-
tude and departure is found, and converted to course and
Answer: distance.
C =30%
D = 244.8 miles Example: A ship steams as follows: course 258is-
tance 15.5 miles; course 135distance 33.7
(2) Solution by traverse table: miles; course 259 distance 16.1 miles; course
293, distance 39.0 miles; course 1%distance
Refer to Figure 2413c. Enter the table and find 136 and 40.4 miles.
326°| 034° TABLE 4 m
214°1 146° Traverse 34° Table 214° | 146°

Dist. | D.Lat. | Dep. | Dist. | D. Lat.
0.8

p. | Dist. | D.Lat. | Dep. ] Dist. | D. Lat. | Dep. JDist. | D.Lat. | Dep.

121 | 100.3 | 67.7 | 181 | 160.1 |101. 2] 241

22|101.1}68.2] 82| 150.9 |101.8
23| 102.0 | 68.8 | 83| 151.7 |102.3] 43
24 1102.8 | 69.3 | 84| 152.5 (102.9] 44
25| 103.6 | 69.9 ] 85| 153.4 [103.5) 45

O GO BO
oo
Ll -1 |

60| 49.7 |33.6) 20| 99.5|67.1 ] 80| 149.2 |100.7 | 40 | 199.0 |134. 2
Dist. Dep. | D. Lat, | Dist.| Dep. |D. Lat. ] Dist. Dep. |D.Lat. | Dist. | Dep. |D. Lat.

i e ° Dist. D. Lat. Dep.
804’ ) 056 56° N. NxCos. | NxSin.
236° | 124° Hypotenuse | Side Adj. | Side Opp.

Figure 2413c. Extract from Table 4 .
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Required:Equivalent single (1) course (2) distance.  DLo =210 arc min
p =DLoxcos L

Solution: Solve each leg as a plane sailing and tabu- p =210 arc minutes cos (49.5)
late each solution as follows. For course 258 p =136.4 miles

extract the values for D. Lat. and Dep. opposite

155 in the Dist. column. Then, divide the valuesby  Answer:

10 and round them off to the nearest tenth. Repeat

the procedure for each leg of the vessel's journey.  p = 136.4 miles

(2) Solution by traverse table:

Course Dist. N S E W
Refer to Figure 2415a. Enter the traverse table with lat-
itude as course angle and substitute DLo as the
degrees  mi. mi. mi. mi.  mi. heading of the Dist. column and Dep. as the head-
ing of the D. Lat. column. Since the table is
158 15.5 14.4 5.8 computed for integral degrees of course angle (or
135 33.7 23.8 23.8 latitude), the tabulations in the pages for°4&nd
259 16.1 31 15.8 50° must be interpolated for the intermediate value
293 39.0 152 35.9 (49°30"). The departure for latitude 4%nd DLo
169 40.4 39.7 1.7 210'is 137.8 miles. The departure for latitude’50
and DLo 210'is 135.0 miles. Interpolating for the
Subtotals 152 810 373 517 intermediate latitude, the departure is 136.4 miles.
-15.2 -37.3
N/S Total 65.8 S 14.4 W Answer:

Thus, the latitude difference is S 65.8 miles and the de- p = 136.4 miles
parture is W 14.4 miles. Convert this to a course
and distance using the formulas discussed in sec- Example 2:The DR latitude of a ship on course 270
tion 2413. is 3815'S. The ship steams on this course for a
distance of 215.5 miles.
Answer:
Required:The change in longitude by (1) computation
(1) C=192.3 and (2) traverse table.
(2) D = 67.3 miles.
Solution:
2415. Parallel Sailing
(1) Solution by computation
Parallel sailing consists of the interconversion of de-

parture and difference of longitude. It is the simplest form DLo =215.5 arc mirx sec (38.29
of spherical sailing. The formulas for these transformations DLo =215.5 arc mirx 1.27
are: DLo = 274.4 minutes of arc (west)
DLo =4°34.4'W
DLo = p seclL p = DLocosL
Example 1:The DR latitude of a ship on course 090 Answer:
is 4930' N. The ship steams on this course until
the longitude changes30'". DLo =4°34.4'W

Required: The departure by (1) computation and (2) (2) Solution by traverse table

traverse table.
Refer to Figure 2415b. Enter the traverse tables with

Solution: latitude as course angle and substitute DLo as the heading
of the Dist. column and Dep. as the heading of the D. Lat.
(1) Solution by computation: column. As the table is computed for integral degrees of

course angle (or latitude), the tabulations in the pages for
38° and 39 must be interpolated for the minutes of latitude.
DLo =3° 30 Corresponding to Dep. 215.5 miles in the former is DLo
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319°| 041° TABLE 4 319°| 041°
221°1 139° Traverse 41° Table 221°1 139°

Dist. l D. Lat. l Dcp‘lDist.l D. Lat. ] Dep. l Dis(.[ D. Lat. | Dep. I Dist. l D. Lat. 1 Dep. lDist. I D. Lat.l Dep.

/N
21 15.8 | 13.8 81 61.1 | 53.1) 141 | 106.4 | 92.5] 201 | 151.7 |131.9] 261 | 197.0 | 171.2
22 16.6 | 14.4 82 61.9 | 63.8 42 1 107.2 | 93.2] 02 | 152.5 |132.5] 62 | 197.7 | 171.9
23| 17.4 ] 15.1 83| 62.6 | 54.5] 43 |107.9| 93.8] 03 | 153.2 |133.2] 63 | 198.5 | 172.56
24 18.1 | 15.7 84 63.4 | 65.1 44 | 108.7 | 94.5] 04 | 1564.0 |133.8] 64 | 199.2 | 175.2
25| 18.9|16.4] 85| 64.2 | 55.8]| 45| 109.4 | 95.1] 05| 154.7 |134.5] 65| 200.0 | 173.9
28 19.6 | 17.1 86 64.9 | 56. 4 46 | 110’2 | 95.8] 06 e " 66 | 200.8 | 174.5
271 20.4|17.7] 87| 65.7 | 57.1 ] 47| 110.9 | 96.4] 07 67 | 201.5 | 175.2
28 21.1] 18.4 88 66.4 | 67.7 48 | 111.7 | 97.1] 08 68 | 202.3 | 175.8
29 21.9119.0] 89| 67.2 |58.4] 49| 112.5 | 97.8] 09 69 | 203.0 | 176.5
30 22.6 | 19.7 90| 67.9|59.0] 50| 113.2 | 98.4 70 | 203.8 | 177.1

Figure 2415a. Extract fromTable 4.

322° (088" TABLE 4 322° | 038*

218" 1 142" T o o sl 3311 Tahds 213# l-ﬂ"
B | I o | g D | I Lai (T Dimi. | D Lat [ap £ ‘| I* Lal |h'|-. tm o Lan 1 (L T]
Bl 34|01 91| 77| 060|161 | 110 | 980 i1 13 | 150 o) 271 | 2136 | 1sa.a
82| 5.2 (197 2| TEE | M A] H2 1008 | 8.0 12 ) 1687.1 |100.6Q TE | El4.3 | 1E6T.5
8 20 |20.8] 98| TALE 6.3 A3 | 7308 | W 2| 18 | 1678 J101.1Q TR EISL | 1851
M| MAE|200) 94| T1 69| B4 12104 8] 14 ) 1888 101.BQ TH | Bl S] 168 T
85 | 9.6 |21 5] 85| 740 | B8] BE | 1ER Q) 68 4] 15 ) 140 4 J13T 4 T5 | 2NA.T | 180 8

Wi I Lai. Hir
Ih Lo Ly, j

Figure 2415b. Extract from Table 4.

273.5', and in the latter DLo 277.3". Interpolating for min- latitude at which the arc length of the parallel separat-

utes of latitude, the DLo is 274.4'W. ing the meridians passing through two specific points is
exactly equal to the departure in proceeding from one
Answer: point to the other. The formulas for these transforma-
tions are:
DLo = 4° 34.4'

DLo = pseclL, p= DLocos L.
2416. Middle-Latitude Sailing

Middle-latitude sailing combines plane sailing and The mean latitude (L) is half the arithmetical sum of
parallel sailing. Plane sailing is used to find differencethe latitudes of two places on the same side of the equator.
of latitude and departure when course and distance angis labeled N or S to indicate its position north or south of

known, or vice versa. Parallel sailing is used to inter-the equator. If a course line crosses the equator, solve each
convert departure and difference of longitude. Thecourse line segment separately.
mean latitude (l,) is normally used for want of a prac-

ticable means of determining the middle latitude, the = Example 1:A vessel steams 1,253 miles on course€070
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from lat. 1517.0' N, long. 15137.0' E.
Required:Latitude and longitude of the point of arriv-
al by (1) computation and (2) traverse table.

Solution:
(1) Solution by computation:

=D cos C; p=DsinC; and DLo = p seg/]-

D = 1253.0 miles.
C = 070
| = 428.6'N
p = 1177.4 miles E
Ly = 15°17.0'N
| = 7°08.6'N
L, = 22°25.6'N
L, = 18513 N
DLo = 1244.2'E
A = 151°37.0'E
DLo = 20P44.2'E
Ao = 1722 21.2'E
Answer:
L, =22°25.6'N

A =172 21.2'E

365

interpolated for the minutes of-In the 18 table,
interpolate for DLo between the departure values
of 117.0 miles and 117.9 miles. This results in a
DLo value of 123.9. In the TQable, interpolate
for DLo between the departure values of 117.2
and 118.2. This yields a DLo value of 124.6.

Having obtained the DLo values corresponding to
mean latitudes of 18and 19, interpolate for the
actual value of the mean latitude: 181.5' N. This
yields the value of DLo: 124.5. Multiply this final
value by ten to obtain DLo = 1245 minutes =220
45'E.

Add the changes in latitude and longitude to the origi-
nal position’s latitude and longitude to obtain the
final position.

Answer:

L,=22°26'N

A, =172 22.0'E

Example 2: A vessel at lat. 88.9'S, long.
89°53.3'W is to proceed to lat. 286.9'S, long.
104°51.6'W.

Required: Course and distance by (1) computation
and (2) traverse table.

Solution:

(1) Solution by computation:

p = DLocosL,; tanC = %; and D = IsedcC

(2) Solution by traverse tables: DLo = 14°58.3
DLo = 898.3
Refer to Figure 2416a. Enter the traverse tableLm = 12°57.9'S
with course 070 and distance 1,253 miles. Be- P = 893.8 arc mirx cos (12 57.9)
cause a number as high as 1,253 is notP = 875.4 arc min
tabulated in the Dist. column, obtain the values
for D. Lat. and Dep. for a distance of 125.3 | = 17.r-88
miles and multiply them by 10. Interpolating ! = 83
between the tabular distance arguments yields = 498 arc min
D. Lat. = 429' and Dep. = 1,178 miles. Con-
verting the D. Lat. value to degrees of latitude 8754arc min
yields 7 09.0". The point of arrival's latitude, = arctan 498arc min
therefore, is 22 26' N. This results in a mean
latitude of 18 51.5' N.
Reenter the table with the mean latitude as course an€ = S604W
gle and substitute DLo as the heading of the Dist.C = 2404

column and Dep. as the heading of the D. Lat. col-
umn. Since the table is computed for integral

degrees of course angle (or latitude), the tabula-D
tions in the pages for 8and 19 must be D

498 arc minx sec (60.9)
1008.2 miles
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340° | 020° TABLE 4 340° ’ 020°
200° ! 160° Traverse  20° Table 200° ! 160°
Dist. | D.Lat. | Dep. | Dist. | D.Lat. | Dep. | Dist. | D.Lat. | Dep. | Dist. | D. Lat. | Dep. | Dist. | D.Lat. | Dep.
0.9 0.3] 61| b57.83]| 20.9 118.7 | 41.4 | 181 | 170.1 | 61.9 226.5 | 82.4
1.9 0.7] 62| 68.3|21.2 114.6 | 41.7 ] 82| 171.0 ] 62.2 227.4 | 82.8
28| 1.0 63| 659.2 | 21.6 115.6 83 | 172.0 | 62.6
14| 64| 60.1]|219] 24 | 116, 84 |172.9 | 62.9
1.7] 656 22.2 85| 173.8 | 63.8
2.1] 68 22.6 86 . 63.6
2.4] 67 22.9 87 64.0

Dist. D. Lat. Dep.
700 N. Nx Cos. | Nx Sin.
Hypotenuse | Side Adj. | Side Opp.
TABLE 4 342° | 018°
Traverse 180 Table 198° | 162°
Dist. | D.Lat. | Dep. | Dist.| D.Lat. | Dep. | Dist.| D. Lat. | Dep. | Dist. | D.Lat. | Dep.
1 1.0| 0.3] 61| 58.0| 18.9 181 | 172.1 | 55.9 | 241 | 229.2 | 74.5
2 1.9] 0.6] 62| 59.0]19.2 ) 82]1173.1|56.2] 42 |230.2| 74.8
8 29| 0.9] 63| 59.9|19.5 83 | 174.0 | 56.6 | 43 | 231.1 | 75.1
4 3.8 1.2 64| 60.919.8 84 | 175.0 | 56.9 | 44 | 232.1 | 75.4
b5 48| 1.5] 65| 61.8]20.1 86| 175.9 | 67.2 | 45| 233.0| 75.7

288° | 072° 72°
252° | 108°
TABLE 4 341° | 019°
Traverse 19° Table 199° ! 161°

Dist.

Dist.

D. Lat.

Dep.

O GO B =

181

KREV

171.1
172.1
173.0
174.0
174.9

58.9
59.3
69.6

60.2

289° | 071°
251° | 109°

71°

Figure 2416a. Extracts from the Table 4.
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Answer:

C =240.4
D = 1008.2 miles

367

The labels (N, S, E, W) of |, p, DLo, and C are deter-
mined by noting the direction of motion or the
relative positions of the two places.

2417. Mercator Sailing

The labels (N, S, E, W) of |, p, and C are determined by
noting the direction of motion or the relative posi-
tions of the two places.

Mercator sailing problems can be solved graphically

on a Mercator chart. For mathematical solution, the formu-

las of Mercator sailing are:

(2) Solution by traverse tables:

Refer to Figure 2416b. Enter the traverse table with
the mean latitude as course angle and substitute

DLo

tanC= — DLo = m tanC.
m

After solving for course angle by Mercator sailing,

as the heading of the D. Lat. column. Since the ta-
ble is computed for integral values of course angle
(or latitude), it is usually necessary to extract the
value of departure for values just less and just
greater than the |, and then interpolate for the
minutes of Lm. In this case wherg,ls almost 13,
enter the table with |, 13° and DLo 898.3' to find
Dep. 875 miles. The departure is found for DLo
89.9', and then multiplied by 10.

Reenter the table to find the numbers 875 and 498 be-
side each other in the columns labeled Dep. and
D. Lat., respectively. Because these high numbers
are not tabulated, divide them by 10, and find 87.5
and 49.8. This occurs most nearly on the page for
course angle 60(fig. 2414c). Interpolating for in-
termediate values, the corresponding number in
the Dist. column is about 100.5. Multiplying this
by 10, the distance is about 1005 miles.

D=1secC

Example 1:A ship at lat. 3214.7'N, long. 6628.9'W
is to head for a point near Chesapeake Light, lat.
36°58.7'N, long. 7%42.2'W.

Required: Course and distance by (1) computation
and (2) traverse table.

Solution:
(1) Solution by computation:

tanC = D_rIT_]o, and D= | secC.

First calculate the meridional difference by entering
Table 6 and interpolating for the meridional parts
for the original and final latitudes. The meridional
difference is the difference between these two val-

Answer:
C =240
D = 1005 miles.
347° | TABLE 4
Traverse 13°

347° | 013°
193° | 167°

Table

Ikp.l[)ist.l D. Lat.l Dep. | Dist.l D. Lal.l Dep.[]}ist.l D. Lat.| Dep.

27| 26.8 19.6 ] 47 (143.2(33.1] 07| 201.7 [ 46.6] 67| 260.2 | 60.1
28| 27.38 " ] i 19.8 ] 48 |144.2 | 33.3)] 08| 202.7 | 46.8] 68 1.1 60.3
20| 28.3 . 20.0] 49| 145.2 | 33.6 | 09| 203.6 | 47.0| 69 | 262.1 | 60.5
30| 20.2| 6. 20.2| 50 |146.2 |33.7| 10| 204.6 [47.2| 70| 2631 | 0.7
M’M\/WW
WW\/\/V\M\,—-./\M/\——‘
Dist‘[ Dep. ID. Lat.ll}ist.[ Dep. ID‘ Lat.lDisi.] Deun‘ Lat‘l Dist.l Dep. ]n‘ Lai.l Dist‘l Dep. | D. Lat.

283° ’ 077°
257° 1 103°

Figure 2416b. Extract from Table 4.
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ues. Having calculated the meridional difference,
simply solve for course and distance from the
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Dep. (p)

—_—_——————— e N — — — — ]

I:——-*—D.Lat.(a)*———"'

Figure 2417a. Mercator and plane sailing relationships.

equations above.
M, (36°58.7'N) =
M; (322 147'N) =

Answer:
C=301.9
D = 537.4 miles

2377.5

2032.9
344.6

075 42.2' W
066> 28.9' W
9°13.3'W
553.3'W

arctan (553.3344.6")

N 58.T W
301.9

36°58.7'N
32°14.7'N
4° 44.0'N
284.0'

284.0 arc mirx sec (58.1)
537.4 miles

(2) Solution by traverse table:

Refer to Figure 2417b. Substitute m as the heading of
the D. Lat. column and DLo as the heading of the
Dep. column. Inspect the table for the numbers
343.7 and 553.3 in the columns relabeled m and
DLo, respectively.

Because a humber as high as 343.7 is not tabulated in
the m column, it is necessary to divide m and DLo
by 10. Then inspect to find 34.4 and 55.3 abreast
in the m and DLo columns, respectively. This oc-
curs most nearly on the page for course anglé 58
or course 302

Reenter the table with course 30@ find Dist. for D.

Lat. 284.0'. This distance is 536 miles.

Answer:
C =307
D =536 miles

Example 2:A ship at lat. 7831.7' N, long. 7908.7'W,
in Baffin Bay, steams 263.5 miles on course®155

Required:Latitude and longitude of point of arrival by
(1) computation and (2) traverse table.

Solution:
(1) Solution by computation:

I=DcosC;and DLo=mtan C
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328°| 032° TABLE 4 328° | 032°
212° | 148° Traverse ~ 32°  Table 212° | 148°
Dist. | D.Lat.| Dep. | Dist. | D. Llat. Dep Dist.| D.Lat. | Dep. | Dist. | D.Lat. Dep. | Dist. | D. Lat. Dep.
1| o0.8] 0.5 121 | 102.6 | 64.1 | 181 | 153.5 | 95.9] 241 | 204.4 | 127.7
2| 1.7) 11 22|103.5|64.7] 82| 154.3| 96.4] 42| 205.2 | 128.2
8| 25| Le ¥ X 23| 104.3|65.2] 83| 155.2 | 97.0] 43| 206.1 | 128.8
4| 8.4| 21 54.8|83.9] 24(105.2|65.7| 84| 156.0 | 67.5] 44 | 206.9 | 120.8
65| 42| 2.8 aBR 4 25|106.0|66.2| 85| 156.9| 98.0] 45| 207.8 | 129.8
6| 51)] 32 ' 26| 108.9 | 66.81 86| 167.7 | 98.8] 46 | 208.8 | 130.4
LA~ AANANASNANSNTINTTN T TN
W———M’WM\W
351 | 297.7 | 186.0] 411 | 848.5 |217.8] 471 | 399.4 |249.¢[ 631 | 450.3 |281.4] 591 | 601.2 [ 313.2
52 | 298.5 |186.5] 12 | 349.4 |218.3] 72 | 400.3 |250.1| 32 | 451.2 |281.9] 92 | 502.0 | 313.7
53 | 299.4 |187.1] 13| 350.2 |218.9] 73| 401.1 |250.7] 33 | 452.0 |282.4] 93 | 502.9 | 314.2
b4 | 800.2 |187.6] 14 | 351.1 |219.4] 74 | 402.0 [251.2] 84 | 452.9 |283.0] 94 | 503.7 | 314.8
55| 301.1 |188.1] 15| 851.9 (219.9] 75| 402.8 (251.7] 35 453.71__23&_& 95 | 504.6 | 315.3
56 | 301.9 |188.7| 16 | 352.8 [220.4] 76 | 403.7 |252.2}:36:] 454.6 | 3] 96 | 505.4 | 315.8
57 | 302.8 [189.2] 17| 353.6 |221.0] 77| 404.5 |252.8] 37 | 455.4 |284.6] 97 | 506.3 | 316.4
58 | 303.6 [189.7] 18 | 854.5 |221.5] 78 | 405.4 [253.3] 38 | 456.2 (285.1] 98 | 507.1 | 316.9
59 | 304.4 [190.2] 19 | 355.3 |222.0] 79 | 406.2 |253.8] 39 | 457.1 [285.6] 99 | 508.0 | 317.4
60 | 305.3 [190.8] 20 | 356.2 |222.6] 80| 407.1 |254.4] 40 | 457.9 [286.2] 600 | 508.8 | 318.0
Dist. is is Dep. e Dist.| Dep. | D.Lat.
58°

Figure 2417b. Extract from Table 4 composed of parts of left and right hand pages for course®angle 58

D = 2635mi
cC = 155

| = 2388'S

| = 3°588'S
L, = T753L7N
| = 3588S
L, = TI°829'N
M, = 7072.4
M, = 6226.1

m = 846.3
DLo = 3946'E
DLo = 6°34.6'E
M= T908T'W
Dlo = 6°34.6'E
l, = 072341'W

The labels (N, S, E, W) of |, DLo, and C are determined
by noting the direction of motion or the relative
positions of the two places.

Answer:

L,=71°32.9

Ay =072 34.1'

(2) Solution by traverse table:

Refer to Figure 2417c . Enter the traverse table
with course 155 and Dist. 263.5 miles to find
D. Lat. 238.8". The latitude of the point of ar-
rival is found by subtracting the D. Lat. from
the latitude of the point of departure. Deter-
mine the meridional difference by Table Table
4 (m = 846.3).

Reenter the table with course 158 find the DLo
corresponding to m = 846.3. Substitute merid-
ional difference m as the heading of the D. Lat.
column and DLo as the heading of the Dep.
column. Because a number as high as 846.3 is
not tabulated in the m column, divide m by 10
and then inspect the m column for a value of
84.6. Interpolating as necessary, the latter val-
ue is opposite DLo 39.4'. The DLo is 394’
(39.4'x 10). The longitude of the point of ar-
rival is found by applying the DLo to the
longitude of the point of departure.

Answer:

L, =71°32.9'N.
Ay =72°34.7"W.
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25°

Traverse

TABLE 4

335° l 025°
205° | 155°

Table

Dist. I D. Lat. [ Dep. JDi};L

Dist.l D. Lat. I Dep. Il)ist. I D. Lat. I Dep. |

193.0

I 18 I |2474
14 | 193.9 | 90.4

65°

295° | 065°
245° | 115°

Dep.

DLo

Figure 2417c. Extract from Table 4.

2418. Additional Problems

Example: A vessel steams 117.3 miles on course’214

Required:(1) Difference of latitude, (2) departure, by
plane sailing.

Answers:(1) 1 97.2'S, (2) p 65.6 mi. W.

Example: A steamer is bound for a port 173.3 miles
south and 98.6 miles east of the vessel's position

Required:(1) Course, (2) distance, by plane sailing.

Answers: (1) C 150.4; (2) D 199.4 mi. by computa-
tion, 199.3 mi. by traverse table.

Example: A ship steams as follows: course 35€lis-
tance 28.8 miles; course 006distance 16.4
miles; course 269 distance 4.9 miles; course
144, distance 3.1 miles; course 333distance
35.8 miles; course 280distance 19.3 miles.

Required:(1) Course, (2) distance, by traverse sailing.

Answers:(1) C 334.4, (2) D 86.1 mi.

Example: The 1530 DR position of a ship is lat.
44°36.3'N, long. 3118.3'W. The ship is on course
270, speed 17 knots.

Required: The 2000 DR position, by parallel sailing.

Answer:2000 DR: L 4436.3'N,A 33°05.7'W.

Example: A ship at lat. 3353.3'S, long. 183.1'E,
leaving Cape Town, heads for a destination

near Ambrose Light, lat. 4@7.1'N, long.
73°49.4'W.

Required: (1) Course and (2) distance, by Mercator
sailing.

Answers:(1) C 310.9; (2) D 6,811.5 mi. by computa-
tion, 6,812.8 mi. by traverse table.

Example: A ship at lat. 18303.7'N, long. 15126.8'E
steams 57.4 miles on course 035

Required:(1) Latitude and (2) longitude of the point of
arrival, by Mercator sailing.

Answers:(1) L 1550.7'N; (2)A 15200.7'E.



