THE MARINER’S PRACTICAL STAR FINDER ().

by
CarramNy G.T. RUDE, U. S. Coast & GEODETIC SURVEY.

While navigator of a troop transport during the World War, the author
conceived the idea of a graphic means of star identification to replace the
ponderous identification Tables which at best are far from satisfactory; the
Tables, furthermore, require observing by compass the bearing of the star at
the time of observing its altitude by sextant. Navigators realise the diffi-
culty of obtaining a star’s bearing by compass even under conditions satisfac-
" tory for observing ; this operation is rendered more difficult and at times even
impossible when scudding clouds allow only time for observing the star’s
altitude.

Upon return of the author to survey duty at the close of the war, the
choice of a suitable projection for such a purpose was discussed with Messrs.
Charles H. Drrtz and Oscar S. ApaAms, coauthors of the U.S. Coast and
Geodetic Survey Special Publication No. 68, Elements of Map Construction,
which deals with the various kinds of projections. The stereographic projec=
tion, which is a conformal projection (2), was selected as the one best adapted
to the purpose. The writter is further indebted to Dr. Apams for his assis-
tance in arranging the projection to suit the problem involved and for his
advice in the construction of the two types of stereographic projections used
— the polar and the horizon.

The stereographic projection is one of the oldest recorded projections,
dating to ancient Grecian times; it was used by HippARCHUS before the birth
of Christ.

In this projection the eye is assumed to be at the surface of the sphere
and in the hemisphere opposite the projection; that is, for the north polar
projection of the star finder, the eye is supposed to be at the south geogra-
phic pole, projecting the celestial bodies on a plane tangent to the north
geographic pole and vice versa. For the horizon projection of the identifica-
tion templates for various latitudes, the eye is assumed to be at the surface of
the sphere at the selected latitude of contrary name for which that particular
projection is intended for use, projecting at five-degree intervals on a plane
tangent to the opposite pole, the plane of the horizon and of the almucanter
circle planes parallel to the horizon.

(1) The patent rights to the “Mariner’s Practical Star Finder” have been transferred
by the author to the United States Navy and the device is now issued by the Hydro-
graphic Office as the RUDE StarR FINDER AND IDENTIFIER.

(2) The term “conformal” implies that all angles between intersecting lines or curves
are preserved; and that for any given point (or restricted locality) the ratio of the
length of a linear element on the earth’s surface to the length of the corresponding map
element is constant for all azimuths or directions in which the element may be taken.
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The results obtained from the use of this projection justified its selec-
tion ; the accuracy of altitudes and azimuths, read by inspection from this
device, compared favorably with computed values and is well within the limits
of practical requirements. In addition, the fact that almucanter circles could
be introduced admitted of identification by altitudes only. The use of almu-
canter circles also made possible another application of the instrument besides
identification. This operation, which, for lack of a better term, may be
called “star spotting”, permits the easy determination of the locations of stars
and planets in azimuth and altitude before they become readily visible to the
unaided eye; the navigator is thus assisted in actually “spotting” the star in
the sextant telescope and therefore able to obtain his observations before the
horizon has become indistinct — immediately after sunset.

Two applications of the stereographic projection were employed — the
polar projection on which the celestial bodies were permanently plotted by
means of their right ascensions and declinations as tabulated in the “Nautical
Almanac”, and the horizon projection on which were projected the zenith of
the observer, and azimuth and almucanter circles for the latitude of the
observer. The two polar projections, one for each hemisphere, are printed on
chart paper and mounted on heavy cardboard ; the eleven horizon projections,
one for each six degrees of latitude from the equator to latitude 66°, are
printed with special ink on thin sheet celluloid.

By the locating of the zenith and meridian of the observer on the polar
projection and the superimposing upon these of the zenith and meridian of the
horizon projection, the two projections are combined in practice. The altitude
and azimuths of celestial bodies for the terrestrial position of the observer
may be determined by inspection from their relation to the azimuth and almu-
canter circles of the horizon projection which is constructed on transparent
material.

Figure 1 illustrates on reduced scale the construction (1) of a horizon
projection, eleven of which are required for the device. These have been
called “Templates”. The construction lines are shown broken; the full lines
are of the projection itself. The comstruction illustrated is for latitude 63°
and for illustrative purposes is only partly completed. The almucanter circles,
the lower of which corresponds to 150 altitude, are shown completed ; the lines radia-
ting from the centre of the template are azimuth circles and the showing of the
remainder of these circles would require the lengthening of line L C (line of
centres) beyond reasonable limits for an illustration. This fact is obvious
when consideration be given that the azimuth circles gradually approach the
meridian line, which is a straight line and therefore has its centre for projec-
tion at an infinite distance.

In general, problems which lend themselves to solution by tabular values
are also subject to graphic determination. The degree of accuracy obtainable
is largely dependent of course upon the scale selected for the graph. A

(1) For explanation of the construction of stereographic projections and for a discus-
sion of the theory and various problems of these projections, see U.S. Coast & Geodetic
Survey Special Publication No. 57, General Theory of Polyconic Projections, Oscar S.
Apams, Geodetic Mathematician.
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diagrammatic solution has the advantage, too, of facility of use and further
that the various steps are more easily understood ; the diagram tends to
transform an abstract problem into concrete form.

The original drawings of the projections of this star finder were made to
an arbitrary scale, considered at the time more than large enough to furnish
values of an order of accuracy sufficient for the purpose intended. Later,
when preparing the projection for photographic transfer to plates for printing,
the scale was decreased thirty-eight per cent to bring the projections to a
scale so that the eleven templates could all be printed on a single sheet of
stock size commercial celluloid twenty by fifty inches in size. The final scale
proved ample for furnishing values of the necessary accuracy, with the accep-
ted size of the polar projection sixteen inches square, a convenient size for
practical use.
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Figure 2 illustrates the polar stereographic projection of the northern celestial
hemisphere reduced in size, extending from the celestial pole to declination thirty
degrees south. To eliminate confusion in actual use, when combining the
polar and horizon projections, the declination circles were omitted from the
drawing of the former; the necessary graduations for declinations were sup-
plied by means of a graduated revolving transparent arm (4, Figure 2). The
periphery of the polar projection is graduated for right ascension in hours,
subdivided into ten-and two-minute divisions. First magnitude stars, and
some of second and third magnitude, are permanently plotted on this projec-
tion by means of their declinations and right ascensions. The planets are also
plotted on the projection in a temporary manner as their movements, in their
apparent wanderings in the heavens, require so as to have the accuracy fur-
nished by the scale. For the southern hemisphere a similar projection is used;
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this projection extends from the south celestial pole to declination 30° North,
thus allowing an overlap of sixty degrees of declination on the two projec-
tions.

Figure 3 is the stereographic horizon projection printed on tramsparent
celluloid, constructed for latitude 45° N. or S. This particular template is
used in practice between latitudes 42° and 48°; results of sufficient accuracy
for practical purposes are obtained three degrees either side of the parallel for
which the template is constructed. Eleven such templates therefore are requi-
red to cover the earth between latitudes 66° N. and 66° S., for practical pur-
poses the whole navigable world.

The cross near the centre, Figure 3, is the projection of the zenith of the
observer ; the “starred” straight line represents his meridian, the curved lines
radiating from the central circle are azimuth circles for each five degrees, the
heavier lines indicating the even tenth degree and the lighter five degree inter-
vals ; the nearly concentric circles numbered from 20° to 80° are almucanter
or altitude circles, parallel to the horizon, for each five degrees, the even
tenth degree being accentuated by a heavy line as with the azimuth circles.

In use (Fig. 4) a celluloid template for the latitude of the observer is
superimposed upon the polar projection on which the celestial bodies are plot-
ted ; the azimuth circles of the template will indicate true bearings of these
bodies for the position of the observer, and the altitude circles will indicate
true altitude, starting with altitude fifteen degrees, which is the lowest almu-
canter circle constructed. If the position of the celestial body falls between the
lines of the template, its altitude and azimuth may be readily estimated to the
nearest degree. The figures at the extremities of the radiating azimuth lines
indicate actual values of azimuth, the inner figures for the northern hemis-
phere and the outer for the southern.

The star finder furnishes with facility the following data for any dead
reckoning position over practically the whole world : the azimuths of celes-
tial bodies with ample accuracy for plotting MARcQ St. HILAIRE position lines ;
furnishes in advance the approximate altitudes and azimuths for any given
time of stars and planets (“star spotting”); shows the navigation stars and
planets which will be visible at twilight or dawn, and identifies any star or
planet, the altitude of which has been observed and its bearing roughly esti-
mated only, without actual bearings by compass.

The templates furnish values of altitude and azimuth very close to com-
puted or observed values when used on or near their parallels of construction ;
as departure is made by the observer from this parallel for which the tem-
plate is constructed, the determination of altitudes and azimuths will differ
generally not more than a degree from the absolute values, even when depar-
ture of three degrees in latitude is made from the parallel of construction.

For “star spotting” the probable dead reckoning position of the vessel for
the estimated time of observation is roughly approximated ; this may be done
at any convenient time beforehand. Altitudes and azimuths of suitably loca-
ted stars may then be read by inspection from the star finder for that esti-
mated time. These values may be set on the sextant and pelorus and will
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bring the selected star within the field of the sextant telescope as it is trained
on the horizon in the direction indicated by the pelorus.

For star identification, no compass bearing is necessary ; the general direc-
tion of the body from the observer may be estimated. The identification is
made absolute from the observed altitude by means of the almucanter circles
of the horizon projection.



