CHAPTER 24

THE SAILINGS

INTRODUCTION

2400. Introduction of these vertices the direction changes progressively until
the intersection with the equator is reached,i®ngitude
Dead reckoning involves the determination of one’saway, where the great circle crosses the equator at an angle
present or future position by projecting the ship’s coursequal 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 distancesThe rhumb line connecting any two points of the great cir-
these problems are easily solved directly on charts, but fate on the same side of the equator is a chord of the curve.
long distances, a purely mathematical solution is often Along any intersecting meridian the great circle crosses at
better method. Collectively, these methods are cdllgel  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 nather, and if the points are equal distances on each side of
available, this chapter also discusses sailing solutions lifie 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 circletrack. If it could be fol-

The principal advantage of a rhumb line is that it mainfowed 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 i Mercator chart because of chart distortion. The great cir-
crosses and appears as a straight line on a Mercator chatée crosses meridians at higher latitudes, where the distance
For any other case, the difference between the rhumb lifgetween them is less. This is why the great circle route is
and the great circle connecting two points increases (1) aborter 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 differences#filing 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 ecircle route cannot cross land, nor should it carry the vessel
sphere and a plane passing through the center of the sphénto dangerous water€omposite sailing (see section 2402
It is the largest circle that can be drawn on the surface of thend section 2411) may save time and distance over the
sphere, and is the shortest distance along the surface bkeumb 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 pointsamépodal (180  are curved lines whose true direction changes continually,
apart on the earth), and then an infinite number of great cithe navigator does not attempt to follow it exactly. Rather,
cles passes through them. Every great circle bisects everg 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 halfhumb lines from point to point.
in the Southern Hemisphere. Any two points 218part on
a great circle have the same latitude numerically, but cor2402. Kinds Of Sailings
trary names, and are 188part 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,°1&fart 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 plane
surface. This method, therefore, provides solution
for latitude of the point of arrival, but not for longi-
tude. To caculate the longitude, the spherica
sailings are necessary. Do not use this method for
distances of more than afew hundred miles.

2. Traverse sailing combines the plane sailing solu-
tions when there are two or more courses and
determines the equivalent course and distance
made good by a vessel steaming along a series of
rhumb lines.

3. Paralld sailing isthe interconversion of departure
and difference of longitude when a vessdl is pro-
ceeding due east or due west.

4. Middle- (or mid-) latitude sailing usesthe mean lat-
itude for converting departure to difference of
longitude when the courseis not due east or due west.

5. Mercator sailing provides amathematical solution
of the plot as made on aMercator chart. Itissimilar
to plane sailing, but uses meridional difference and
difference of longitude in place of difference of lat-
itude and departure.

6. Great circlesailing involves the solution of cours-
es, distances, and points along a great circle
between two points.

7. Composite sailing is a modification of great-circle
sailing to limit the maximum latitude, generaly to
avoid ice or severe weather near the poles.

2403. Terms And Definitions

In solutions of the sailings, the following quantities are

used:

1. Latitude(L). Thelatitude of the point of departure
is designated L; that of the destination, L,; middle
(mid) or mean latitude, L,; latitude of the vertex of
a great circle, L; and latitude of any point on a
gresat circle, Ly.

2. Mean latitude (L ). Haf the arithmetical sum of the
latitudes of two places on the same side of the equitor.

3. Middle or mid latitude (L,). The latitude at
which the arc length of the parallel separating the
meridians passing through two specific points is
exactly equal to the departure in proceeding from
one point to the other. The mean latitude is used
when there is no practicable means of determining
the middle latitude.

4. Differenceof latitude (I or DLat.).

5. Meridional parts(M). The meridional parts of the
point of departure are designated M,, and of the
point of arrival or the destination, M.

6. Meridional difference (m).

7. Longitude(A). Thelongitude of the point of depar-
ture is designated Aq; that of the point of arrival or
thedestination, A,; of the vertex of agreat circle, |,;
and of any point on agreat circle, A

8. Difference of longitude (DL 0).

9. Departure(p or Dep.).

10. Course or course angle (Cn or C).

11. Distance (D or Dist.).

GREAT CIRCLE SAILING

2404. Great Circle Sailing By Chart

Navigators can most easily solve great-circle sailing
problems graphically. DMAHTC publishes several gno-
monic projections covering the principal navigable waters
of theworld. On these great circle charts, any straight line
is a great circle. The chart, however, is not conformal;
therefore, the navigator cannot directly measure directions
and distances as on a Mercator chart.

The usual method of using a gnomonic chart is to plot
the route and pick points along the track every 5° of longi-
tude using the latitude and longitude scalesin theimmediate
vicinity of each point. These points are then transferred to a
Mercator chart and connected by rhumb lines. The course
and distance for each leg is measured on the Mercator chart.
See Chapter 25 for adiscussion of this process.

2405. Great Circle Sailing By Sight Reduction Tables

Any method of solving a celestial sphericd triangle can be
used for solving greet cirde sailing problems. The point of de-

parture replaces the assumed podtion of the observer, the
degtination replaces the geographical podtion of the body, dif-
ference of longitude replaces meridian angle or local hour angle,
initial course angle replaces azimuth angle, and greet circle dis-
tance replaces zenith distance (90° - dtitude). See Figure 2405.
Therefore, any table of azimuths (if the entering values are me-
ridian angle, declination, and latitude) can be used for
determining initid great-circle course. Tables which solve for
dtitude, such asPub. No. 229, can be used for determining great
circledistance. Therequired distanceis 90° - dtitude.

In inspection tables such as Pub. No. 229, the given
combination of L4, L,, and DLo may not be tabulated. In
this case reverse the name of L, and use 180° - DLo for en-
tering the table. The required course angle is then 180°
minus the tabulated azimuth, and distance is 90° plusthe al-
titude. If neither combination can be found, solution cannot
be made by that method. By interchanging L, and L,, one
can find the supplement of the final course angle.

Solution by table often provides a rapid approximate
check, but accurate results usually require triple interpola-
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CELESTIAL EQUATOR

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

tion. Except for Pub. No. 229, inspection tables do not
provide asolution for pointsalong the great circle. Pub. No.
229 provides solutions for these points only if interpolation
isnot required.

2406. Great Circle Sailing By Pub. No. 229

By entering Pub. No. 229 with the latitude of the point
of departure as latitude, latitude of destination as declina-
tion, and difference of longitude as LHA, the tabular
atitude and azimuth angle may be extracted and converted
to great-circle distance and course. As in sight reduction,
the tables are entered according to whether the name of the
latitude of the point of departure isthe same as or contrary
to the name of the latitude of the destination (declination).
If the values correspond to those of a celestial body above
the celestial horizon, 90° minus the arc of the tabular alti-
tude becomes the distance; the tabular azimuth angle
becomestheinitia great-circle course angle. If the respon-
dents correspond to those of a celestial body below the
celestial horizon, the arc of the tabular altitude plus 90° be-

comes the distance; the supplement of the tabular azimuth
angle becomes the initial great-circle course angle.

When the Contrary/Same (CS) Lineiscrossed in either
direction, the altitude becomes negative; the body lies be-
low the celestial horizon. For example: If the tables are
entered with the LHA (DLo) at the bottom of a right-hand
page and declination (L,) such that the respondents lie
abovethe CSLine, the CS Line has been crossed. Then the
distance is 90° plus the tabular altitude; the initial course
angle isthe supplement of the tabular azimuth angle. Simi-
larly, if thetables are entered with the LHA (DLo) at thetop
of aright-hand page and the respondents are found below
the CSLine, thedistanceis 90° plusthetabular atitude; the
initial course angleisthe supplement of the tabular azimuth
angle. If the tables are entered with the LHA (DLo) at the
bottom of aright-hand page and the name of L, is contrary
to L, the respondents are found in the columnfor L, onthe
facing page. In this case, the CS Line has been crossed; the
distance is 90° plus the tabular altitude; the initial course
angle is the supplement of the tabular azimuth angle.

The tabular azimuth angle, or its supplement, is pre-
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fixed N or S for the latitude of the point of departure and
suffixed E or W depending upon the destination being east
or west of the point of departure.

If al 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 atitude for any declination
increment; if the latitude of departure or difference of lon-
gitude is nonintegral, the additiona interpolation is done
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.

Example 1. Using Pub. No. 229 find the distance and
initial great circle course from lat. 32°S, long.
116°E to lat. 30°S, long. 31°E.

Solution: Refer to Figure 2405. The point of departure
(lat. 32°S, long. 116°E) replaces the AP of the ob-
server; the destination (lat. 30°S long. 31°E)
replaces the GP of the celestial body; the differ-
ence of longitude (DLo 85°) replaces local hour
angle (LHA) of the body.

Enter Pub. 229, Volume 3 with lat. 32° (Same Name),
LHA 85°, and declination 30°. The respondents
correspond to a celestial body above the celestial
horizon. Therefore, 90° minus the tabular altitude
(90° - 19°12.4' = 70°47.6") becomes the distance;
the tabular azimuth angle (S66.0°W) becomes the
initial great circle course angle, prefixed Sfor the
latitude of the point of departure and suffixed W
due to the destination being west of the point of
departure.

Answer:
D = 4248 nautical miles
C = $66.0°W = 246.0°.

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

Solution: Refer to Figure 2405. The point of departure
(lat. 38°N, long. 122°W) replacesthe AP of the ob-
server; the destination (lat. 24°S, long. 151°E)
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. 38° (Contrary
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 plus90° (12°17.0" + 90° = 102°17.0")

becomes the distance; the supplement of tabular
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 acrossthe CSLine
fromthe entering argument (LHA 87°), indicating
that the corresponding celestial body would be be-
low the celestial horizon.

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

2407. Great Circle Sailing By Computation

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.
Thearcs P1, PX, PV, and P2 are the colatitudes of points 1,
X, V, and 2, respectively. If 1 and 2 are on opposite sides of
the equator, P2is90°+ L,. Thelength of arc 1-2 isthe great-
circle distance between 1 and 2. Arcs 1-2, P1, and P2 form
aspherical triangle. The angle at 1 istheinitial great-circle
course from 1 to 2, that at 2 the supplement of the final
great-circle course (or the initial course from 2 to 1), and
that at P the DLo between 1 and 2.

Great circle sailing by computation usually involves
solving for the initial great circle course; the distance; lati-
tude and longitude, and sometimes the distance, of the
vertex; and thelatitude and longitude of variouspoints (X) on
the great circle. The computation for initial course and the
distance involves solution of an oblique spherical triangle,

Figure 2407. The navigational triangle and great circle
sailing.
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and any method of solving such atriangle can be used. If 2is
the geographical position (GP) of a celestial body (the point
a which the body is in the zenith), this triangle is solved in
celestial navigation, except that 90° - D (the atitude) is de-
sired instead of D. The solution for the vertex and any point
X usualy involvesthe solution of right spherical triangles.

2408. Points Along The Great Circle

If the latitude of the point of departure and the initial
great-circle course angle are integral degrees, points along
the great circle are found by entering the tables with the lat-
itude of departure as the latitude argument (always Same
Name), the initial great circle course angle asthe LHA ar-
gument, and 90° minus distance to a point on the great
circle as the declination argument. The latitude of the point
on the great circle and the difference of longitude between
that point and the point of departure are the tabular altitude
and azimuth angle, respectively. If, however, the respon-
dents are extracted from across the CS Line, the tabular
altitude corresponds to a latitude on the side of the equator
opposite from that of the point of departure; the tabular az-
imuth angle is the supplement of the difference of
longitude.

Example 1: Find a number of points along the great
circle from latitude 38°N, longitude 125°W when
theinitial great circle course angleis N111°W.

Solution: Entering the tables with latitude 38° (Same
Name), LHA 111°, and with successive declina-
tions of 85° 80°, 75° etc., the latitudes and
differences in longitude from 125°W are found as
tabular altitudes and azimuth angles respectively:

Answer:
D (NM) 300 600 900 3600
D (arc) 5° 10° 15° 60°
dec 85° 80° 75° 30°
Lat. 36.1° N 33.9°N 314°N 3.6°N
Dep. 125° W 125° W 125° W 125° W
DLo 5.8° 11.3° 16.5° 54.1°

Long 130.8°W  136.3°W  141.5°W  179.1°W

Example 2: Find a number of points along the great
circletrack fromlatitude 38°N, long. 125°Wwhen
theinitial great circle course angleis N 69° W.

Solution: Enter the tables with latitude 38° (Same
Name), LHA 69°, and with successive declinations
as shown. Find the latitudes and differences of
longitude from 125°W astabular altitudes and az-
imuth angles, respectively:

Answer:
D (NM.) 300 600 900 6600
D (arc) 5° 10° 15° 110°
dec 85° 80° 75° 20°
Lat. 39.6°N 40.9° N 41.9°N 3.1°N
Dep. 125° W 125° W 125° W 125° W
DLo 6.1° 12.4° 18.9° 118.5°

Long 131.1°W  1374°W  143.9°W  116.5°E
2409. Finding The Vertex

Using Pub. No. 229 to find the approximate position of
the vertex of agreat circle track provides a rapid check on
the solution by computation. This approximate solution is
also useful for voyage planning purposes.

Using the procedures for finding points along the great
circle, inspect the column of data for the latitude of the
point of departure and find the maximum value of tabular
atitude. This maximum tabular altitude and the tabular az-
imuth angle correspond to the | atitude of the vertex and the
difference of longitude of the vertex and the point of
departure.

Example 1: Find the vertex of the great circle track
fromlat. 38°N, long. 125°W when theinitial great
circle course angle is N69°W.

Solution: Enter Pub. No. 229 with lat. 38° (Same
Name), LHA 69°, and inspect the column for lat.
38° to find the maximum tabular altitude. The max-
imum altitude is 42°38.1' at a distance of 1500
nautical miles (90° - 65° = 25°) from the point of
departure. The corresponding tabular azimuth an-
gleis 32.4°. Therefore, the difference of longitude
of vertex and point of departureis 32.4°.

Answer:

Latitude of vertex = 42°38.1'N.
Longitude of vertex = 125° + 32.4° = 157.4°W.

2410. Altering A Great Circle Track To Avoid
Obstructions

Land, ice, or severe weather may prevent the use of
great circle sailing for some or all of one’s route. One of the
principal advantages of solution by great circle chart is that
the presence of any hazards is immediately apparent. The
pilot charts are particularly useful in this regard. Often a rel-
atively short run by rhumb line is sufficient to reach a point
from which the great circle track can be followed. Where a
choice is possible, the rhumb line selected should conform
as nearly as practicable to the direct great circle.

If the great circle route crosses a navigation hazard,
change the track. It may be satisfactory to follow a great cir-
cle to the vicinity of the hazard, one or more rhumb lines
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along the edge of the hazard, and another great circle to the
destination. Another possible solution isthe use of compos-
ite sailing; still another is the use of two great circles, one
from the point of departureto a point near the maximum |at-
itude of unobstructed water and the second from this point
to the destination.

2411. Composite Sailing

When the great circle would carry a vessel to a higher
latitude than desired, a modification of great circle sailing
called composite sailing may be used to good advantage.
The composite track consists of agreat circle from the point
of departure and tangent to the limiting parallel, a course
line along the paralel, and a great circle tangent to the lim-
iting parallel and through the destination.

Solution of composite sailing problems is most easily
made with a great circle chart. For this solution, draw lines

from the point of departure and the destination, tangent to
the limiting parallel. Then measure the coordinates of vari-
ous selected points along the composite track and transfer
themto aMercator chart, asin great circle sailing. Compos-
ite sailing problems can also be solved by computation,
using the equation:

cosDLo,,, = tanL cotLV

The point of departure and the destination are used suc-
cessively aspoint X. Solvethetwo great circles at each end
of the limiting parallel, and use parallel sailing along the
limiting parallel. Since both great circles have vertices at
the same parallel, computation for C, D, and DL o, can be
made by considering them parts of the same great circle
with L4, Ly, and L, as given and DLo = DLoy; + DLo,,.
Thetotal distanceisthe sum of the great circle and paralel
distances.

TRAVERSE TABLES

2412. Using Traverse Tables

Traver se tables can be used in the solution of any of
the sailings except great circle and composite. They consist
of the tabulation of the solutions of plane right triangles.
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, solutionsfor other than plane sail-
ing can be made. For the solution of the planeright triangle,
any value N in the distance (Dist.) column is the hypote-
nuse; the value opposite in the difference of latitude (D.
Lat.) column isthe product of N and the cosine of the acute
angle; and the other number opposite in the departure
(Dep.) column isthe 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 isthe
value of the side opposite the acute angle. Hence, if the
acute angle is the course angle, the side adjacent in the D.
Lat. columnismeridional difference m; the side oppositein
the Dep. column is DLo. If the acute angle is the midlati-
tude of theformulap = DLo cosLm, then DLo isany value
N inthe Dist. column, and the departureisthe value N x cos
Ly, intheD. Lat. column.

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

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-
angle. Thisisillustrated in Figure 2413a. P, and P, are the

points of departure and arrival, respectively. The course an-
gle and the three sides are as labeled. From thistriangle:

_ | . ~_ P _p
cosC= 5 snC = ) tan C= T
Dep. (p) P,

JiLa ko)

D. Lat (1)

[

L

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 =1IscC p =DsnC.

Label lasN or S, and p asE or W, to aid in identifica:
tion of the quadrant of the course. Solutions by calculations
and traversetables areillustrated in the following examples:

Example 1: A vessel steams 188.0 miles on course 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 D xcosC
188.0 miles x cos (005°)
= 187.3arcmn

=3°07.3' N

(2) (b) Departure by computation:

departure =D xsnC

= 188.0 miles x sin (005°) C =

= 16.4 miles

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:

(1) (a) Course by computation:

deparature

arctan =g T,

355"| 11 TABLE 4
185* 1 175* ; 5°

265" | 00s*
185% 1 176"

Traveras Table
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Figure 2413b. Extract from Table 4.
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203.0
C = arctan m

C = N 56° 10.8' W

C = 304°(to nearest degree)

Draw the course vectors to determine the correct
course. In this case the vessel has gone north 136
miles and west 203 miles. The course, therefore,
must have been between 270° and 360°. No solu-
tion other than 304° is reasonable.

(1) (b) Distance by computation:

diff. latitude x sec C
136 miles x sec (304°)
136 miles x 1.8

244.8 miles

Answer:

C = 304°
D = 244.8 miles

(2) Solution by traverse table:

203 beside each other in the columns labeled D.
Lat. and Dep., respectively. This occurs most
nearly on the page for course angle 56°. There-
fore, the course is 304°. Interpolating for
inter mediate values, the corresponding number in
the Dist. column is 244.3 miles.

Answer:
(a) C= 304°
(b) D = 244.3 mi.

2414. Traverse Sailing

A traverseis a series of courses or atrack consisting
of anumber of courselines, such asmight result from asail-
ing vessel beating into the wind. Traverse sailing is the
finding of a single equivalent course and distance.

Though the problem can be solved graphically on the
chart, traverse tables provide a mathematical solution. The
distanceto the north or south and to the east or west on each
course is tabulated, the algebraic sum of difference of lati-
tude and departure is found, and converted to course and
distance.

Example: A ship steams as follows: course 158°, dis-
tance 15.5 miles; course 135°, distance 33.7
miles; course 259°, distance 16.1 miles; course
293°, distance 39.0 miles; course 169°, distance

Refer to Figure 2413c. Enter thetable and find 136 and 40.4 miles.
3267 | 034" TABLE 4 26" | 034"
214* | 146° Traverse 34°  Table 214° | 146°
:|h.-.|, I, Lo, | Dep [ Dist | IL Lat ||.||- |1h.|.. Ik Lat, | Dep [ st | Dh Lok lll.'l.l-\.l- rlll-.-!.. it | D
1 OB Oua| &1 | Bh6 )31 1201 | 1005 | 877 Q) 181 | 1600 |IOD.2) 241 | 1898 | 184.8
z LT| L1 & GL4& | ST) 22| 1001 (o8 Z) 82 | 1509 J100. 8] 42 ) 20048 | 135.8
B| 5| L7| 83| B2 (35Z| 23 (1020 |48 ) A3 | 1SLT (103 43| 0.6 | 135G
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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 158°, p = 136.4 miles
extract the values for D. Lat. and Dep. opposite
155 in the Dist. column. Then, divide the values by Answer:
10 and round them off to the nearest tenth. Repeat
the procedure for each leg of the vessel's journey. = 136.4 miles
Course Dist. N S E w (2) Solution by traverse table:
degrees mi. mi. mi- mi- mi- Refer to Figure 2415a. Enter the traverse table with
latitude as course angle and substitute DLo as the
igg ég? ;gg 2388 heading of the Dist. column and Dep. as the head-
259 16.1 31 158 ing of the D. Lat. column. Since the table is
293 39.0 15.2 35.9 computed for integral degrees of course angle (or
169 40.4 39.7 77 latitude), the tabulations in the pages for'4thd
50° must be interpolated for the intermediate val-
Subtotals 152  81.0 373 517 ue (4930"). The departure for latitude 4%nd
15.2 37.3 DLo 210'is 137.8 miles. The departure for latitude
N/S Total 50° and DLo 210' is 135.0 miles. Interpolating for
65.8 S 144W the intermediate latitude, the departure is 136.4
Thus, the latitude difference is S 65.8 miles and the de- miles.
parture is W 14.4 miles. Convert this to a course
and distance using the formulas discussed in sec- ANSWer:
tion 2413.
p = 136.4 miles
Answer: Example 2: The DR latitude of a ship on course 270
(1)C=192.3 is 3815'S. The ship steams on this course for a

(2) D = 67.3 miles distance of 215.5 miles.
= 67.3 miles.

Required: The change in longitude by (1) computation

2415. Parallel Sailing

Parallel sailing consists of the interconversion of de-

and (2) traverse table.

Solution:

parture and difference of longitude. It is the simplest form

of spherical sailing. The formulas for these transformations (1) Solution by computation

are:
DLo = L - DL L DLo = 215.5 arc mirx sec (38.2%
0 =P sec p = DlLocos DLo = 215.5arc mim 1.27
DLo = 274.4 minutes of arc (west)

Example 1: The DR latitude of a ship on course 090
is 4930' N. The ship steams on this course until DLO
the longitude changes30'.

=4°34.4'W

Answer:
Required: The departure by (1) computation and (2)
traverse table. DLo =4° 34.4'W

Solution: (2) Solution by traverse table

Refer to Figure 2415b. Enter the traverse tables with
latitude as course angle and substitute DLo as the heading
of the Dist. column and Dep. as the heading of the D. Lat.
column. As the table is computed for integral degrees of
course angle (or latitude), the tabulations in the pages for

(1) Solution by computation:

DLo =3° 30
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Figure 2415a. Extract fromTable 4.
Joot nER” TABLE 4 Eﬁ_‘”_ I:I"ﬂ“
218* | 142° Traverse 38  Table 218° | 142°
i lan =p M= | B L | (S Dwi | I Las | [y [Een | & Lai Tlep II:H.. I!a.l‘.n-! (L5
9.1 91| 70.7 660|161 | 119.0 | Bl | ioaa |17 e 271 | 2156 | 156. 8
9.7 | ™5 |fea] 521198 ed. 8] 12| 1870 |1B0.5) TD | ®14.8 | 16T.5
20.3) w8 | TRI|A.3) B3 | 1E0 & | M.2f 13 | 1478 [131.1 HEL | 1881
.8 W T4 1 | 67.9 ) 048 | 120.4 | e B] 14 | 18EE (131.BQ 16 B | 188, 7
21.5)] 85| T 0 |G| 65 | 1221 ) 68 4] 15 | 1S 4 (13 4) 75 | 2168.7 | 160.3
L 1. Lai. | e
[ Bia Tps
| m | KR ]

Figure 2415b. Extract from Table 4.

38° and 39° must beinterpolated for the minutes of latitude.
Corresponding to Dep. 215.5 miles in the former is DLo
2735, and in the latter DLo 277.3'. Interpolating for min-
utes of latitude, the DLo is 274.4'W.

Answer:

DLo= 4°34.4
2416. Middle-L atitude Sailing

Middle-latitude sailing combines plane sailing and par-
alel saling. Plane sailing is used to find difference of
latitude and departure when course and distance are known,

or vice versa. Parallel sailing is used to interconvert depar-
ture and difference of longitude. The mean latitude (L) is

normally used for want of a practicable means of determin-
ing the middle latitude, the |atitude at which the arc length
of the parallel separating the meridians passing through two
specific pointsis exactly equal to the departure in proceed-
ing from one point to the other. The formulas for these
transformations are:

DLo = psecl, p= DLocosL .

The mean latitude (Lm) is half the arithmetical sum of
the latitudes of two places on the same side of the equator.
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Itislabeled N or Sto indicate its position north or south of
the equator. If a course line crosses the equator, solve each

cour

se line segment separately.

Example 1: A vessal steams 1,253 mileson course 070°
fromlat. 15°17.0' N, long. 151°37.0' E.

Required: Latitude and longitude of the point of arriv-
al by (1) computation and (2) traversetable.

Solution:
(1) Solution by computation:

I=DcosC; p=DsnC; andDLo= psecLy,

365

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-
tions in the pages for ®8and 19 must be
interpolated for the minutes ofLIn 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 19able, 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 8and 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 =20
45'E.

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

D = 1253.0 miles. ) .
C - 070 final position.
I = 428.6'N .
Answer:
p = 1177.4 miles E
L,=22°26'N
L, = 15°17.0'N A =172 22.0'E
I = 7°08.6'N
L, = 22256'N Example 2: A vessel at lat. ®8.9'S, long.
89°53.3'W is to proceed to lat. 106.9'S, long.
L, = 1851.3'N 104°51.6'W.
Required: Course and distance by (1) computation and
DLo = 12442'E (2) traverse table.
Ay = 15137.0'E Solution:
DLo = 20r44.2'E
Ao = 172 21.2'E (1) Solution by computation:
Answer: p
p = DLocosL;tanC = T and D = IsecC
L,=22°256'N
A= 172°21.2 E
DLo = 14°58.3
(2) Solution by traverse tables: DLo = 898.3
Lm = 1257.9'S
Refer to Figure 2416a. Enter the traverse table with  p = 893.8 arc mirx cos (12 57.9")
course 070° and distance 1,253 miles. Because a p = 875.4 arc min
number as high as 1,253 is not tabulated in the _ o
. . I = 17.1°-88
Dist. column, obtain the values for D. Lat. and | - g3
Dep. for a distance of 125.3 miles and multiply B ) )
them by 10. Interpolating between the tabular dis- ! = 498arcmin
tance argumentsyields D. Lat. = 429’ and Dep. = 875.4 .
1,178 miles. Converting the D. Lat. value to de- C = arctmﬁ
grees of latitude yields 7° 09.0'. The point of
arrival's latitude, therefore, is 2226' N. Thisre- ¢ = S604W
sults in a mean latitude of 181.5' N. C = 2404

Reenter the table with the mean latitude as course an-
gle and substitute DLo as the heading of the DistD

= 498 arc minx sec (60.2)
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D = 1008.2 miles
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Figure 2416a. Extracts from the Table 4.
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Answer:
C=240.4°
D = 1008.2 miles

Thelabels (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.

(2) Solution by traverse tables:

Refer to Figure 2416b. Enter the traverse table with
the mean latitude as course angle and substitute
DLo as the heading of the Dist. column and Dep.
asthe heading of the D. Lat. column. Since the ta-
bleiscomputed 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 L, and then interpolate for the
minutesof Lm. InthiscasewhereL,,isalmost 13°,
enter the table with L,,, 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 themby 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.

Answer:
C = 240°
D = 1005 miles.

Thelabels (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

Mercator sailing problems can be solved graphicaly

on aMercator chart. For mathematical solution, the formu-
las of Mercator sailing are:

tanC = —

DLo = m tanC..

After solving for course angle by Mercator sailing,

solve for distance using the plane sailing formula:

D=1scC

Example 1: A ship at lat. 32°14.7'N, long. 66°28.9'W
isto head for a point near Chesapeake Light, lat.
36°58.7'N, long. 75°42.2'W.

Required: Courseand distance by (1) computation and
(2) traversetable.

Solution:

(1) Solution by computation:

tanC=D—r|T'10,andD=IsecC

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-

47 jo
183*1 167"
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13°

M7° l 013*
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Table

vt | 0 L, | g [ | 1t | Dep. | v | 0o | Dep § e | e | pep. | oist. | 01w | 0w

mist. | ey, Imm.[ IJru'_[ Dhep. ]u.t;.u.ljm.] Dep. IIH-II-IIH-.LI pep. |0 Lot Jonsr | Do

I sl
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7

Diwl. . LaL I3epi.
Lo e
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Figure 2416b. Extract from Table 4.
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OLo

———=D. Lat. (1)— ———

Figure 2417a. Mercator and plane sailing relationships.

ues. Having calculated the meridional difference, (2) Solution by traverse table:
simply solve for course and distance from the

equations above.

36° 58.7' N)
32° 14.7' N)

Answer:

C=3019°
D = 537.4 miles

Refer to Figure 2417b. Substitute m as the heading of
the D. Lat. column and DLo as the heading of the

23775 Dep. column. Inspect the table for the numbers
343.7 and 553.3 in the columns relabeled m and
2032.9 DLo, respectively.
344.6 Because a number as high as 343.7 is not tabulated in
075° 422 W the m column, it is necessary to divide mand DLo
' by 10. Then inspect to find 34.4 and 55.3 abreast
066° 28.9° W in the m and DLo columns, respectively. This oc-
9° 13.3 W curs most nearly on the page for course angle 58°
553.3' W or course 302°.
Reenter the table with course 302° to find Dist. for D.
arctan (553.3+344.6) Lat. 284.0'. This distance is 536 miles.
N 58.1° W
301.9° Answer:
36°58.7 N C = 302°
32° 147N D = 536 miles
4° 440 N .
2840 Example 2: Aship at lat. 75°31.7' N, long. 79°08.7'W,

in Baffin Bay, steams 263.5 miles on course 155°.

284.0 arc min x sec (58.1°)
5374 miles Required: Latitude and longitude of point of arrival by

(1) computation and (2) traverse table.
Solution:
(1) Solution by computation:

|=DcosC; andDLo= mtanC
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Figure 2417b. Extract from Table 4 composed of parts of left and right hand pages for course 58°.

D 263.5mi.
cC = 155

| = 2388°S

| = 3588°'S
L, = 75°3L7N
| = 3588S
L, = 71°329'N
M, = 70724
M, = 62261

m = 8463
Dlo = 3%46E
Dlo = 6°346°E
A, = 79°087 W
Dlo = 6°346°E
l, = 072°341W

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

Answer:

L,=71° 32.9
Ay = 072°34.1

(2) Solution by traverse table:

Refer toFigure 2417c . Enter the traverse table with
course 155° and Dist. 263.5 miles to find D. Lat.
238.8'. Thelatitude of the point of arrival isfound
by subtracting the D. Lat. from the latitude of the
point of departure. Determine the meridional dif-

ference by Table Table 4 (m = 846.3).

Reenter the table with course 155° to find the DLo cor-
responding to m = 846.3. Substitute meridional
difference m as the heading of the D. Lat. column
and DLo as the heading of the Dep. column. Be-
cause 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 value is opposite DLo 39.4'.
The DLo is 394’ (39.4' x 10). The longitude of the
point of arrival isfound by applying the DLoto the

longitude of the point of departure.
Answer:

L,= 71°32.9'N.
Ay = 72°347 W.
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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@is-
tance 28.8 miles; course 0Q6distance 16.4
miles; course 26% distance 4.9 miles; course
144, distance 3.1 miles; course 333istance
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. 1®83.1'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. 1303.7'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 152°00.7'E.
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