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ABSTRACT
The paper presents details of the direction-cosine method for the determination of relative lunar altitudes from shadow measures

on earth-based lunar photographs.

1. Introduction

This paper gives the special mathematics andcomputing methods for the determination of
relative lunar altitudes from measures on lunar
photographs. Z. Kopal (Kopal et al. 1960) has
written on the same topic, but there is surprisingly
little in common between his exposition and my own.
The principal difference arises from the mathematical
language itself. Kopal chose to develop the com
putations in terms of the formulas of spherical
trigonometry. I regard these as appropriate for the
reduction of telescopic measures, but they are not
particularly efficient for the processing of measures
on photographs. The latter are effectively made at
one instant and, thus, all the data for the photograph
can be represented by a relatively small number of
plate constants. It may turn out, however, that the
direction-cosine method has no special advantage
for photography from space vehicles, and that the
more general approach of Kopal will prove more
useful for this.

The other differences come from the measuring
techniques. KopaFs exposition relates to the micro-

densitometer measures of photographs with very
small fields. However, the portion of the lunar
surface registered in each of the photographs used
at Manchester is too small to permit the use of
standard points for the orientation of the measuring
system to the photograph, or to allow the determina
tion of the selenographic positions of the peaks.
Thus a discussion of these topics would have been
irrelevant. In contrast, the method developed here
relates to comparator measures on photographs of
larger format. The photographs of the LPL Catalina
61-in. reflector, which cover areas a little larger than
the fields of Photographic Lunar Atlas (Kuiper et al.
1960), are the kind of photographs I have in mind.
Each photograph includes sufficient controls to
permit a rigorously accurate orientation of the
photograph in the comparator. Also, the comparator
measures themselves determine the selenographic
coordinates of the peaks, thus eliminating one of the
principal drawbacks of the Manchester methods.

The effects of approximations at each stage are
discussed. Although Kopal claimed completeness in
this, he failed to examine the effects of a deviation of
the telescope axis from the direction to the center
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