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T H E  A C C U R A C Y  O F  O P P O L Z E R ’S E C L I P S E  M APS.

B y  W IL L IA M  F . R IG G E .

There is a very general misconception of the accuracy of Oppolzer’s 
eclipse maps. This astronomer, as is well known, published in 1885 
that immortal work entitled ‘‘Canon der Finsternisse,” which gives the 
numerical data for 8000 solar and 5200 lunar eclipses occurring be
tween the years 1207 B. C. and 2161 A. D. The central lines of all the 
solar eclipses that fall norht of 30° south latitude are plotted on 160 
charts. It is these charts that give the book its greatest practical value, 
because they show in a graphic way and almost at a glance, whether 
and when and how often a total eclipse is visible in a given locality.

In view of the high reputation that Oppolzer’s work enjoys, and that 
of course most deservedly, it sounds somewhat malevolent to touch the 
question of its accuracy. To the vast majority of those that make use 
of the maps, there is never the least suspicion of even the smallest un
reliability. They transfer the path of totality of a certain eclipse as 
given in the book exactly as it is to a greatly enlarged sectional map of 
that part of the world, just as if Oppolzer’s chart was a lantern slide
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and was projected on a large wall map. They will then give us the 
names of all the cities and towns that lie within the belt of totality.

It is well, in parenthesis, to see what this magnification really means. 
Oppolzer’s charts are drawn on a north polar projection. The meridians
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are (radial) straight lines with 100° equal to 3.34 inches (=8 .48  cm), 
or 1° or about 70 miles equal to about 1/30 inch, and 10 miles to about 
1/200 inch. How, on such a scale, cities and. towns may be located is 
a problem that is left to the reader.

Oppolzer’s E clipse Paths N ot A ccurate.
Setting aside this exaggerated accuracy that is attributed by many to 

Oppolzer’s charts, and contenting ourselves with the more moderate 
one that they present to the eye or even through a pocket magnifying 
glass, it may come as a shock to the general reader to say that the 
eclipse tracks as given on the charts are reliable only in three points, 
their sunrise, noon, and sunset points, and that in all other places they

may be several degrees in error. They cannot be depended upon to 
indicate even the State in the Union through which the belt of totality 
will pass. No one will believe this, or even think it possible that Oppolzer could enjoy the reputation that is given him, while his much- 
lauded book contains such enormous errors. And yet, the statement 
is true, and will be supported by all who have worked in this field. But 
even these had to be forced by the merciless argument of facts before 
they would admit it.1

Figs. 1 and 2 show the extent of the errors in four eclipses. In every 
case the dotted line is the path of totality as given in the charts; while 
the full lines for 1900 and 1918 are those taken from the American 
Ephemeris, the one for 1724 has been plotted from Oppolzer’s numer

1 Popular Astronomy, XXVIII, 323, 1920, June-July.
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ical data, and the one for 1932 has been computed by Mr. F. E. Sea- grave and published in P opular A stronomy last November, XXXIII, 
628. The points marked N are the noon points, and the ones marked 
S the sunset points. In all these cases the dotted paths happen to be 
north of the others, but this is here purely accidental. The separation 
of the paths will be seen to amount in some places to over five degrees 
or over 350 miles. In 1900 the chart path passed through the middle 
of the states of Texas, Arkansas, Kentucky, West Virginia, and New 
Jersey, while the true path avoided these states altogether.

F ig. 3. The Computed Paths of Oppolzer and Seagrave 
for the Total Eclipse of 1932 August 31.

The four eclipses exemplified are by no means exceptional. On the 
contrary, such errors will be found to be inherent in every path given 
in Oppolzer’s charts, and that from the very method he used in plotting 
them. But before we come to this phase of the subject, it is well to 
see how eclipse paths may be drawn entirely free from such errors, 
not only from such gross ones, but even from such inaccuracies as 
would interfere with the proper location of astronomical instruments.
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How a Correct E clipse T rack is Drawn.
There is only one method, known as Bessel’s, that is used at present 

for both the numerical and graphical construction of eclipse maps. In 
this method the observer is supposed to be stationed in the sun and to 
look down on the rotating earth while the moon with its concentric 
umbra and penumbra is moving across it. This is equivalent to making 
an orthographic projection of the earth for the given declination of the 
sun. In the graphic methods points are then selected on the moon’s 
path at known times, and their latitudes and hour angles estimated, the 
latter being changed to longitudes by means of the known longitude of 
the central meridian at the moment. In the numerical way the plane 
ordinates and abscissae of the selected points are converted by computa
tion into their corresponding latitudes and longitudes.2

From the principle of the method thus briefly outlined it will be 
evident to all, even to those that have only a rudimentary conception 
of it, that the plotting of a sufficient number of points in the track of 
totality (or annularity) will require a considerable amount of time, 
especially when the author realizes that his work is to be authoritative. 
But when about four thousand of such paths were to be drawn, the 
vast majority of which would certainly never be used, but of which 
almost any one might be called upon to testify in an historical case, 
would not common sense declare such accuracy wasted, and suggest the employment of a more time-saving, even if much inferior, accuracy, 
such a one however that in any particular case a future computer could 
find all the essential data and, by doing some work of his own, be able 
in reality to obtain all the accuracy that the data implicitly contained?

Oppolzer’s Method.
No one certainly realized the situation better than Oppolzer himself. 

We must be thankful to him that he contented himself with an inferior 
accuracy, and by such a prudent decision made the publication of his 
work possible.

“The object of the charts,” he says on page XXXV of his Introduc
tion, “is to present in a graphic way the principal points of the central 
lines of eclipses, so that they may direct the computer in his investiga
tions as to whether and which eclipses are of importance for a given 
place. For this purpose the three principal points of centrality, those namely of centrality at sunrise, at noon, and at sunset were entered 
upon the charts. In order to find at once these three connected points, 
they were joined by an arc of a circle . . . . It is evident that this arc 
of a circle approximates to a certain degree the true curve of centrality, 
and the more the nearer the part of the arc is to one of the three prin
cipal points. The parts of the arc however that are somewhat farther 
away will probably not be very much in error, so that this,error, on

2 For the necessary details see the book “Graphic Construction of Eclipses and Occultations,” which was reviewed in Popular Astronomy on the very last page of its volume for 1924.
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account of the small scale used in the charts, will not be so very con
spicuous . . . although the parts very far away may often show considerable differences.”

From these last words it is plain that it is doing Oppolzer an in
justice to expect the eclipse paths given in his maps to be so correctly 
located in all their parts, that they may be transferred to sectional maps 
on a much larger scale and then be reliable to a fraction of mile. This 
is however the general expectation. It is an erroneous one, and was 
neither his intention in principle nor could it have been so in practice. 
The writer of these lines has twice3 already called attention to this fact, 
and has come to the conclusion that a special article on the subject 
might emphasize it more strongly.

A word about the mechanical execution of the charts will present 
another view of the case. Photography was not available in Oppolzer’s 
time. With this it is an easy matter now-a-days to draw the blank map 
on a large scale, and insert in it in a color which will not show on the 
photograph, intermediate lines to every degree, by means of which 
any curve whatever can be accurately plotted. Mistakes can be easily 
corrected, and letters and numbers and outlines of countries inserted in the ordinary way.

Oppolzer was compelled to use the lithographic method, in which the drawing is made on the flat surface of a stone. When executed 
directly upon the stone, right and left had to be reversed. Mistakes 
were hard to rectify, and it is evident why a circle should be preferred 
to every other curve. When all these circumstances are duly weighed, 
it is plain that if the “Canon der Finsternisse” was to appear at all, the 
moderate accuracy adopted by Oppolzer was the only one that could 
have been employed.

Oppolzer’s N umerical Data.
Oppolzer’s numerical data were the best in his day. They are not 

perfect, and at times corrections to them are published. Our present 
data are of course more accurate than Oppolzer’s, but they also will be corrected by the astronomers of the next generation.

From this it by no means follows that Oppolzer’s data deserve no 
credit whatever. On the contrary, if those, who are deterred by the 
large errors in his eclipse paths, as exemplified in Figs. 1 and 2, will 
only make use of his numerical data and reconstruct their eclipse paths from them, they will be agreeably surprised to see that for map pur
poses there is very little difference between the corrected, and really the 
true, Oppolzer track and the modern one as given in the American 
Ephemeris. Thus in Fig. 2 the small circles with crosses in them, that 
may be seen near the Ephemeris path of the total eclipse of 1900 May 
28, would plot a curve that would lie very close to the true one. In Fig. 3 the' curve shown is a part of Mr. Seagrave’s computed path for 
the eclipse of 1932 August 31, more magnified than in Fig. 1, and the

3 Popular Astronomy, XXVIII, 323, and XXXII, 13.
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circlets are on Oppolzer’s computed track. Here also the difference is 
very small.

In strict justice it is necessary to add that while Oppolzer’s numerical 
positions in these cases locate the central line of the eclipse with re
markable accuracy, his times however are not so reliable. In the 1932 
eclipse his times are about 13 minutes greater. In order to investigate 
this to some degree, ten recent eclipses were taken. The smallest 
divergence between Oppolzer and the American Ephemeris was found 
to be 1.3m. the average of nine was 5.5m, but one was 13.4m. The error 
in 1932 is therefore very probably not accidental. For ancient eclipses, 
and even for those up to about fifty years ago, these differences both in 
the times and in the paths are of little, if any, consequence. For future 
eclipses those that wish to be certainly within the belt of totality, will 
evidently not use Oppolzer at all, but the best modern data.

S ummary.
The accuracy of Oppolzer’s eclipse charts is quite generally over

rated. The paths are measured with a magnifying glass and trans
ferred to maps of a much larger scale. Such accuracy was neither in
tended by Oppolzer, nor could it have been employed. Only three 
points in each path were accurately plotted, the sunrise, noon, and sun
set points, and through these an arc of a circle was drawn. The path 
is thus only very approximate, and may differ five degrees or more 
from the true one. The method of drawing a correct path is indicated* 
and it is shown that especially from the large number of the tracks to be drawn, it was necessary for Oppolzer to be content with an inferior 
accuracy. His numerical data are however very reliable especially for 
old eclipses; and when a path of a present-day eclipse is drawn from 
them, the divergence of his path from the modern one is remarkably 
small.


