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≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈≈

•  On a Mercator chart great-circle tracks bow toward the nearest pole.

•  At each meridian they have a greater latitude than the rhumb line.

•  The difference in distance between a great-circle track and a rhumb line is:

       Greatest at high latitudes.

       Least for tracks near the equator where the meridians are nearly

       parallel.

       Greater for east-west courses than north-south courses. 

 

•  Reach a maximum latitude at the apex.

•  Great circles plot as straight lines on gnomonic charts.

SLIDE 15.1.  It’s important to know the above characteristics of great circles.
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SLIDE 15.2.  In using sight reduction tables for great-circle sailing, the table’s declination coordinates are used for your destination’s latitude and longitude.  Now H.O. 249 only covers declinations to 30°, which means your destination’s latitude must also be under 30°.  Moreover at these lower latitudes the difference in rhumb-line and great-circle sailing diminishes; so it means that H.O. 249 isn’t very useful for great-circle sailing – so we use H.O. 229.
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SLIDE 15.3.   When using sight reduction tables, substitute your departure latitude for the AP latitude; the destination latitude for the declination; and subtract the altitude from 90° to get the distance.  The value of Zn, obtained from the tables, is the departure course.
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SLIDE 15.4.  It’s a bit more complicated to understand how to use tables for great-circle distances greater than 90°.  We start by thinking of altitudes below the horizon, and antipodes:  The antipode of a location on earth is the point directly on the opposite side of the earth.  A straight line drawn from a point through the center of the earth connects to its antipode on the other side of the earth.  Each point is the antipode of the other.  The above figure is drawn in the plane of the departure, the destination, and the destination’s antipode.  It shows that a body with an altitude H below the horizon has an antipode with the same altitude H which is above the horizon.  Thus in the above figure, the great-circle distance from the departure to the destination is equal to 90° plus the altitude of its antipode which is above the horizon, and therefore is listed in the sight reduction tables.
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SLIDE 15.5.   Imagine the destination point as moving north through the North Pole and then on down the far side of the earth to its antipode, shown above.  As the point moves through the Pole location, its LHA changes by 180°.  The antipode of a location is in the opposite hemisphere and its LHA is the supplement of the original point’s.  Notice the tabulated azimuth angle Z is the same in both the triangle and in the antipode triangle; but the directions from the departure point to the destination is 180° from the direction to the departure’s antipode.
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SLIDE 15.6.  In the above example the latitudes of both the departure and the destination are in the northern hemisphere; they’re of the Same Name.  So we look up the antipode triangle by looking entering the tables in the Contrary Name section under the LHA that’s the supplement of the LHA calculated from the longitude differences.
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SLIDE 15.7.  Theoretically, we should make an adjustment at our departure because we had to pick its location to be integral degrees of latitude and LHA.  For most sailing applications, this 45 nm maximum difference in the great-circle distance is not important over distances involved in the great-circle calculation.  The important result is the initial course direction which wouldn’t be corrected significantly anyhow.  So as a practical matter, this adjustment can usually be skipped.  
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SLIDE 15.8.  Perhaps the simplest way to calculate the great circle course and distance is to use a calculator.  Use the usual altitude and azimuth equations: substitute the longitude difference for the LHA; the latitude of departure for the AP latitude; the destination latitude for the declination; and use the arc-cosine to get the distance.  Make analogous changes in the azimuth equation, as shown above.  Remember that the azimuth equation is not symmetrical in the two points.  Make sure point 2, as shown above, is your destination, not your departure.  And notice that the azimuth angle, called A above, is different than the azimuth angle called Z in the sight reduction tables.

*********

Ex. 15.1.  On your way from Auckland to Hobart, you’ve just plotted your position as S37°24’ E179°46’ from a running fix of the morning and noon sun shots.  From your current position, what is the initial great-circle course and distance to the Hobart Tasman Island Light at S43°14’ E148°02’?

On a long leg, after each fix, why not calculate the new great-circle course and distance to your destination?  Using the Tasman Island Light as our destination and our current plotted fix as our departure, gives the initial great-circle course to the Light as 246° and the distance as 1483 nm.

Ex. 15.2.  We are on our way to Hobart from a point south of the Cape of Good Hope at S42º, E18º, to a point that clears the southern tip of Tasmania at S42º E148º.  Since this leg starts and ends on the same parallel of latitude, the rhumb-line course is 270º.  Calculate the rhumb-line distance using the plotting equation that give the east-west distance between meridians of longitude.

Since the rhumb-line course is due west along a parallel of latitude, we can use the plotting equation to get the rhumb-line distance = (60.04 nm / degree) (130° ( cos 42° = 5800 nm. (We use 60 nm per degree for short distances, such as the intercept distance.)

Ex. 15.3.  Compute the great-circle distance between the two points of the leg described in the above exercise, and compare it to the rhumb-line distance.  What are the initial and final courses of the great-circle route?  What is the great-circle course at the midpoint of the leg?

Calculating the angular distance between the departure and arrival points gives 84.678° for this arc distance.  Multiplying by 60.04 nm per degree gives 5084 nm for the great circle distance, which is 716 miles shorter than the rhumb line.  The initial course is 145° true.  The final course is 35° true.  The midpoint course is 270°.  Carefully make a sketch to show this.
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