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F there is anything in the realm of the wonderful

science of astronomy that commands the admiration

of the world, learned as well as unlearned, it is the

accuracy with which eclipses are predicted, and the

precision with which the time and the track of a total

eclipse of the sun are laid down upon the surface of

the earth decades of years, I might probably say

centuries, in advance. People wonder how it is

possible that an astronomer may travel thousands of miles, car-

rying with him all kinds of instruments, may spend weeks in

their erection and adjustment, and when the predicted moment

has come, may secure such valuable and accurate results as if

he had been at home in his own observatory, had used his own
familiar and permanently mounted equipment, and had ar-

ranged the time of totality to suit his own convenience. Truly,

there is reason to marvel at this great God-given intelligence.

But, humanly speaking, astronomers have deserved it, they

have paid for it by their centuries and even milleniums of pa-

tient observations, analyses and computations. And there is

no doubt that other sciences will attain similar results when
they shall have been studied with similar assiduity, and we feel

assured that with our modern facilities of research and com-

munication the time and labor will be much reduced.

The idea here expressed finds a practical application in

an eclipse of the sun, which will occur in 1917 on December 13,

and whose central line will lie exactly across the south pole.

I use the word " exactly' ' designedly, and because it is somewhat

flexible in its meaning, I will later on show in what sense it is

* Read at the New York Meeting of the American Astronomical Society,
December 28, 1916, and partially reprinted from Popular Astronomy, No. 246.



102 THE CREIGHTON CHRONICLE

employed, and I can promise that there will be no disappoint-

ment in its use.

The fact of the central line's lying across the south pole

brings in its train many other exceptional circumstances, such

that the eclipse will be visible in all longitudes and at all hours

of local time, at noon and at midnight, at sunrise and at sunset.

Although the eclipse is not a total one, but only annular, the

obscuration will reach 97y2 per cent, and on the central line the

sun will appear as a beautiful and slender ring of light whose

width is one-eightieth of its diameter.

Fie. 3. Beginning of the Ecucsx.

Fic. 1. General View of the Eclipse.

II T

Fic. 2. Reference Points on the Sun's Disk.

Fig. 1 will introduce us to the general features of this

eclipse. Here we see the hemisphere that is presented to the

Sun on December 13th at 21h 55m Greenwich mean time, that is,

on December 14 at 3 :55 A. M. central time. The Sun is directly

overhead in the center of the Earth's disk, in latitude 23° 12'

south and in longitude 30° East. The straight line AB is the

path of the Moon's center as seen from the Sun, and is drawn

exactly through the earth's south pole. The circle centered at

21h 55m is the Moon's penumbra, within which the Sun appears

to be more or less eclipsed. The line CD, parallel to AB, is the
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Northern Limit of the eclipse, and, if the Earth did not rotate,

would show us at a glance the entire region within which the

eclipse would be visible. But because the earth does rotate,

the straight line CD is bent into the curved line that we see

near it in the figure.

Figure 2 shows us two systems of reference points on the

Sun's disk which we must know in order to understand the

maps that are to follow. NSEW are the usual cardinal points,

north, south, east, west, which are the same for all observers

m the world. TBLR, meaning top, bottom, left and right, are

purely local in their significance. As appearances go, these

last seem to be fixed and NSEW movable. In northern latitudes

N is to the left of T before noon and to the right of it after noon.

Fig. 3 is a map of the region within 30 degrees of the south

pole and gives all the data pertaining to the beginning of the

eclipse. The outer circle represents the latitude of 60° south,

the next, the broken one, is the Antarctic Circle ; then come the

latitudes of 70° and 80°. The meridians are drawn at intervals

of 30 degrees, 30 degrees east longitude being on top in all the

maps in this article. Fig. 3 is a three-fold enlargement of the

south polar region of Fig. 1, with the obvious difference that in

Fig. 3 the south pole is in the center of the map. The1 lower

curve marked with the words Sunrise and Sunset, and with the

large numbers 20 and 21 and the smaller ones 10, 20, 30, 40, 50,

shows the lines along which the eclipse will begin at local

sunrise and. sunset. The large numbers mentioned give the

hours in Greenwich time and the smaller ones the preceding and

following ten minute intervals. The dotted lines running almost

at right angles to the Sunrise and Sunset line carry these times

across the whole map, so that by estimation the time of the be-

ginning of the eclipse may be found to the nearest minute any-

where within the South Frigid Zone. From the word NOON to

the pole the eclipse will begin at local noon, and similarly for

the lines indicating MIDNIGHT and 6 A. M. and 6 P. M.

Along the curve marked WEST the Moon will be seen to first

indent the Sun at its West point. Along the line N 80° W the
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first contact will occur 80 degrees from the Sun's north point

towards the west, and in like manner for N 70 W and N 60 W.
On the curve marked LEFT the first contact occurs on the left

side of the Sun, for T 80 L it occurs 80 degrees from the top or

uppermost point towards the left, and for B 80 L it is 80 degrees

from the bottom or lowermost point towards the left.

Fie. 1. Mir>yLC of the Eclipse.

Fig. 4 gives the data for the middle of the eclipse. The Sun-

rise and Sunset, the Noon, Midnight, 6 A. M. and 6 P. M. lines

indicate that the middle of the eclipse, that is the maximum
obscuration, will occur at these local times, while the dotted

curves as before show the Greenwich times for every ten minutes.

The three close parallel lines show the path within which the

sun will appear to be annularly eclipsed, that is, the Moon will

be completely before the Sun but unable to obscure it entirely.

Along the central line which we see running exactly across the

south pole and not far also from the Magnetic Pole at x near the

Gothic M, the Moon will be placed centrally before the Sun. The

other lines marked 50, 60, 70, 80, 90 indicate the magnitude of the

eclipse, that is, the per cent of the Sun's diameter obscured.

This obscuration is 96.7 per cent at the beginning of the annular

path on the sunrise curve, 97.5 per cent at the south pole, and

96.9 at the end of the path on the sunset line.
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Fig. 5 shows the same data for the end of the eclipse that

Fig 3 did for its beginning. Fig. 6 summarizes some of the

more important findings of the three preceding figures. In

the sector marked NOON some phase of the eclipse takes place

Ftt«. Summary.

at local noon, along B the eclipse begins, along M it is at its

middle, and along E it ends. The same applies to the other

sectors. The regions have been named and the whole map taken

from the article " Shackelton 's South Polar Expedition' ' by

Henry Arctowski, in the Scientific American of June 17, 1916,

where it is called Professor David's sketch map.

Fig. 7. The Central Line Near the Pole tor Every Minute.

We will now examine the map near the south pole under a
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higher magnifying power. Fig. 7 is a ten-fold enlargement of

the central parts of Figs. 3, 4, 5, 6. The latitude circles are now

drawn for every degree and the meridian lines for every ten

degrees. There is a scale of miles along the longitude 90° E.

The band across the middle of the map is the Annulus Path,

within which the Sun is seen to be annularly eclipsed, centrally

of course, along the Central Line, which gives the position of

the center of the so-called Negative Shadow for every minute

from 21h 16m to 21h 31m G. M. T. The three ellipses are instanta-

neous outlines of the Negative Shadow at 17m , 23m 24s
, when

its center is at C nearest the pole P, and at 30m . The Central

Line now appears to pass near the pole but not exactly through

it. Let the reader kindly withhold his judgment for a while until

we have fully stated the case.

Fig. 7 shows another interesting item, the time dial, which

is set for the time 21h 23m 24s when the center of the Negative

Shadow is nearest the pole. N means local noon, M midnight,

and the numbers the full hours. But this time dial is in rotation

on the earth, while the meridian lines are fixed and at rest. The

local 6 P. M. line, if drawn would cut the Central Line at 24m.5,

about one minute after the time for which the dial has been

drawn, so that it would not have turned noticeably. But the 6

P. M. line if extended towards the right would seem to cut the

Central Line again at some point far off the diagram. But

as was said, the time dial is in rotation counter-clockwise, so

that this second point of intersection occurs in reality at 30m.95,

just within the limits of Fig. 7.

We are now coming to the most interesting feature of the

present eclipse. Fig. 8 is a ten-fold enlargement of the central

part of Fig. 7, and hence a three hundred-fold magnification of

a part of Fig. 1 . The latitude circles are now drawn for every

fi\a minutes, and the longitudes are marked for every ten degrees

north of the parallel of 89° 50' south. On longitude — 90° we

have again our scale of miles. The line K L is the preceding

edge of the Negative Shadow, its following edge being off the

map altogether on the left. Inside of the circle of 89° 50' we
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have the time dial, which may be said to be fixed during the min-

ute that the center of the Negative Shadow runs from 23 to 24

Fie. 8. The Central line Near the Pole for Every Secqmd.

on the diagram. The numbers 10, 20, 30, 40, 50 and the inter-

vening marks show the single seconds after 23 minutes. The

reader may see for himself with what speed the shadow runs

through the longitudes and the local times. But the Central

Line at C seems farther than ever from the pole P. In fact,

measurement will show it to be 4.0 miles away. Is the case lost?

Have we trifled with the word "exactly"?

Fig. 9. Vertical Section Through the Axes oe the Earth and the Shado*

Let us look at Fig. 9, which is a vertical section through

the axis of the Penumbra when it is nearest the pole, and is
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on the same scale as Fig. 8. The line NPCM and the points

P and C are identical on both figures, so that Fig. 9 may be con-

ceived to be set up vertically over Fig. 8. N is the noon and M
midnight side of the pole, and the marks on N M indicate miles.

A T C is the axis of the Penumbra and the Shadow, it is the

straight line joining the centers of the Sun and Moon at the

given moment, 21h 23m 24s G. M. T. E F is the Southern Limit

of the Negative Shadow, and when revolved about A C will cut

Fig. 8 on the line K L. The angle A C P is the Sun's altitude

as well as its declination, 23° 12'.

The axis A T C of the Shadow cuts the prolongation of the

Earth's axis P T B E at the point T, 1.725 miles or 9107 feet

Fie. 10. The Eclipsed Sun As
Seen at the South Pole.

above the pole P, and intersects the horizontal plane through

P at the point C, 4.0 miles or 3'.38 beyond the pole on the midnight

side. Four miles beyond the pole! Is that passing exactly

through the pole? Tarry a little; there is something else.

What do we mean by the word '

' south pole '
' ? We all answer at

once, the south end of the earth's axis of revolution. I ask again,

where is this end! Why, on the ground, of course. Aye, there's

the rub ! Where then is the ground at the South Pole ! Is it at

sea level, as all our figures have so far implicitly taken for

granted? We know, of course, that the earth is not a perfect

sphere, for if it were, the south pole would be at B in Fig. 9, 13.3

miles above the point P. But we also know from the reports

of Amundsen and Scott that the south pole is in the middle

of a large continent called x\ntarctica and on a lofty plateau

about ten thousand feet high. Now this elevation of a few

thousand feet is of vital importance in the present eclipse on

account of the low altitude of the Sun. Look at the broken line
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parallel to N M on Fig. 9. It is ten thousand feet above the sea

level line P C and when transferred to Fig. 8 is the dotted line

passing only about half a mile from the pole and on its noon

side, instead of four miles away on the midnight side as the sea-

level Central Line does. As the ground is about ten thousand

feet high and is not likely as true a level surface as a body of

unfrozen water, have we not very great probability in our favor

when we say that the pole itself is 9,107 feet above sea level and

that the Central Line passes exactly through the '

' pin-point

'

'

of the pole? And I challenge all doubters to go and disprove

the assertion by observation.


