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Depression of a Foreground Reference Line
George Kaplan

In the Appendix on the following pages is a simple geometric development that provides a result that
might be of use for celestial navigation. It assumes an observer at some height above the sea surface
(height << radius of the Earth) looking toward the horizon. The development provides a formula for the
depression angle (the angle below a horizontal plane at zenith distance 90°) of some reference line or
point that lies on the sea surface, short of the horizon. The waterline of a ship or a distant shoreline would
be examples. It assumes that the observer’s height 4 and the line-of-sight distance / to the reference line
or point are known. The distance / does not have to be known very precisely. Such a line could be used
in place of the true horizon for celestial navigation in the case where the true horizon was not visible —
if, for example, it was obscured by low-lying haze or fog or blocked by a land mass. However, to use this
kind of foreground reference line for celestial navigation, its depression angle must be known, and used in
place of the depression of the horizon. Obviously the depression of such a line will be greater than that of
the true horizon. This development provides a formula for the depression angle.

The formula derived is
d=057 (h/1)+041 [

where d is in arcminutes, / is in feet, and / is in nautical miles. The same formula is given in the 1977
Bowditch, but not the 1995 edition.

There is perhaps a more convenient form of this equation, where everything is expressed as a ratio:
dldher = 0.502 (1//) + 0.495 f =~ Y4 (1/f + /)

Here, the depression has been replaced by the ratio d/dhor of the depression of the reference line to that of
the true horizon, and the distance to the reference line has been replaced by the ratio f of the distance of
the reference line to that of the horizon (d/dhr=> 1 and £'< 1). The height of the observer does not explicit-
ly appear. It may not be obvious that this form is simpler to use in practice, but it relies on the fact that
most navigators know their height of eye, which is usually a constant for a given ship, and therefore they
know both the depression of the horizon and the distance to the horizon.

A graph of this form of the equation is given on the next page. It shows that the correction for using a
foreground reference line instead of using the true horizon is small when the foreground line is at least
halfway to the horizon. For a reference line halfway to the horizon, the depression is only 1.25 times that
of the horizon. In such a case, if the height of eye is 10 feet, the difference in the depressions (3.75
arcminutes vs. 3 arcminutes) is just about within the error of measurement by sextant. It is also clear that
only a crude estimate of the foreground line’s distance is needed, as the slope of the curve is quite shallow
for distances beyond halfway to the horizon.

It should be mentioned that the coefficients in the above equations have been adjusted for refraction, but
the adjustment scheme, given on page AS of the Appendix, uses refraction at the horizon as the boundary
condition. It is possible that this overestimates refraction for shorter distances and that the dip predicted
by these formulas is therefore somewhat less than the true value. This is undoubtedly a small effect,
however.
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