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THE REALM OF SGIENCE

ECLIPSE OF THE CHEISTMAS MIDNIGHT SUN
Wm. F. Rigge, S. J.

HE most remarkable eclipse in a certain way that can

possibly occur, is the one that will come when we are

busily preparing for Christmas, that is, when our

clocks show 3 p. m. central time on Christmas eve.

We in the United States will not even get a glimpse of

it nor will any one in the whole of North and South

America, nor in the wide extent of the Pacific Ocean.
' For us and for all these lands and seas the sun will

be shining undimmed in its full splendor, as far as the weather

and the season permit. But far away in the Antarctic Ocean,

about half way between the Cape of Good Hope and the South

Pole, over a limited tract of unfrequented waters, the sun will

be eclipsed to such a tiny extent, a trifle over one per cent, that

it seems to be a downright waste of time, if not absolute folly, to

mention it at all. But for the ships that may be there to see it,

the eclipse will occur when some of them have midnight, Christ-

mas midnight, while others have any hour or minute on Christ-

mas eve from 9 :41 p. m. to midnight, and a few have already for

a few minutes after midnight begun Christmas day.

Look at Figure 1 for the explanation. Herewe have the earth,
the sunlit hemisphere, as it will appear to the sun at 2 :40 p. m.

central time. The sun will then be overhead in the center of the

figure, in latitude 23° 25' south, and in longitude 130° west. The
greater part of North America, and all except the extreme east-

ern part of South America, the whole Pacific Ocean and a part

of Australia, will then have day. As the earth is turning east-

ward on its axis, that is, towards the right in the diagram, the

sun will be setting all along the entire right half of the circle that

*Read at the California meeting of the American Astronomical Society,
Berkeley, August 5, 1915, and reprinted from Pouplar Astronomy, Vol. XXIV,
No. 1, January, 1916.
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is seen to bound the terrestrial globe in Figure 1, and rising all

along its left half. The north pole is not visible, it is in the

middle of its six months darkness. The south pole, however, is

in full view, and as the date is but a few days after the winter

solstice, the sun's rays shine 23 degrees and 25 minutes beyond

the south pole, so that if the earth did not move in an orbit

around the sun, but only turned on its axis, all the sunlit region

about the south pole would have perpetual day.

The line N S crossing the earth is the central meridian, the

only one of all the meridians on the earth to be projected into

a straight line at the time mentioned, when our clocks show

2 :40 p. m central time on Christmas eve. Its longitude, as said

before, is 130° west. All along that line it is noon. If we were to

start at the very top of the figure near the letter N in latitude

66° 35' north, the sun would be seen to just rise above the south-

ern horizon at midday. For every degree of latitude that we

go south on this central meridian, the sun is one degree higher

at noon, and the day is getting longer. From a few minutes in

latitude 66° 35' north, it lengthens to 12 hours at the equator,where

its length never changes all the year round. When we come to

latitude 23° 25' south, to the place in the exact center of the

diagram, the sun is directly overhead. As we proceed south-

ward, the sun begins to sink towards the north. The day is all

the time lengthening and becomes equal to 24 hours as we reach

the latitude 66° 35' south, beyond which it lengthens rapidly

until it becomes six months long at the pole.

As soon as we arrive at the south pole, there is no direction

but north, since we cannot possibly go farther south than the

south pole, and when we have reached it, any further motion

must take us away from it, that is, carry us north. Hence

as soon as we have passed the south pole, while we continue on

our straight line or on our great circle, we are going north,

the sun is now south of us, instead of north, as it was before,

and noon has changed to midnight. Then sun is visible until

we come to 66° 35' south latitude, the lowermost point on our
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diagram, when it will sink below the south horizon. All the

way between this latitude and the pole, we can see the sun at

midnight. As we leave this limit, that is proceed on our north-

ward journey past the lowermost point on the diagram and

enter the dark hemisphere, the sun begins to dip more and

more below the south horizon at midnight. And all that has been

said about our journey from 66° 35' north latitude across the

sunlight hemisphere towards 66° 35' south latitude beyond the

south pole, will be repeated in the same order if we exchange

night and day, and north and south.

I must call attention to another fact, that is as soon as we

passed the south pole our meridian changed 180 degrees, from

being 130 degrees west, it becomes 50 degrees east. We will

need all these facts to understand the exceptional circumstances

of the present eclipse.

The reader will also notice that only two meridians have

been drawn across the south pole for the region within ten de-

grees of it. This was done to avoid confusion, since all the

meridians meet at the poles. The two, or we may say, the four

that are drawn, are first, the meridian of Greenwich, which is

to the right and below, and quickly enters the dark hemisphere.

The second one, the upper one to the right, is the 90th meridian,

which we may trace through the middle of the Gulf of Mexico

and the United States, and which is our own standard meridian

and gives us central time, this being six hours slow of Greenwich.

The next one on the diagram is the 180th meridian, on which all

mariners change their date, dropping a day when going west

and repeating it when going east. The last meridian drawn
across the south pole, the lower one to the left, is the 90th east of

Greenwich.

We may now turn our attention to the two circles below the

terrestrial sphere on Figure 1. The smaller one is the moon. Its

center moves along the line A.B, where its position is given

for every ten minutes during the eclipse time, from 2 :30 p. m.



Figure 1

Solar Eclipse of December 24-25, 1916.

Figure 2

Map of the Sola* Ecljpse of Dec. 24-25, 1918.
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central time, on the first mark to the left, near the line N S, to

3 :00 o 'clock, on the last mark to the right.

The larger circle is the moon's penumbra, which is of great

importance in every solar eclipse. To understand its nature and

its action, I must ask the reader to try with me a very instructive

experiment. Let us place a piece of white paper in direct sun-

light and hold a small ball to the paper. We notice that the

shadow is black and sharp and as large as the ball. As we

separate the ball and paper, the shadow becomes more and more

indistinct at the edge. The true shadow we call the umbra,

and the indistinct part the penumbra. When we have separated

our ball and paper so far that the distance apart is 114 times the

size of the ball, the umbra has diminished to a point and the

penumbra has grown to have a diameter twice as large as the

ball. If our ball is as large as the moon on Figure 1, and is

held at a distance of 114 times its diameter from the figure, its

shadow or umbra will be the point on the line AB which is at

the time 2 :46, while the penumbra will be the outer and larger

circle. We will not be able to see the umbra and penumbra on

our paper, because the first is a point and the second is too

faint, but they are really there, notwithstanding. We can actual-

ly see them or their effects very accurately if we put our eye in

the place of the paper and look at the ball, taking the precau-

tion to use a smoked glass. When our eye is exactly on the cir-

cumference or edge of the penumbra, we will see our ball appar-

ently touching the sun. This astronomers call contact, first con-

tact when the eclipse begins, last contact when it ends. As we
move our eye along, or better, as our moon, the ball, moves

across the sun, we will see the sun obscured more and more,

until it is completely covered and we have a total eclipse.

Now as the moon's distance from the earth may vary about

sixteen percent, the moon when far away appears smaller than

usual and cannot cover the whole sun, whereas when nearnt

appears larger and can more than cover the whole sun. In the

first case, the point of the moon's shadow, the apex of the shadow
cone, does not reach the earth; the sun appears as a ring of
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light about the black moon, and we have an annular or ring

eclipse. In the second case the apex of the shadow would pen-

etrate the earth if the latter were transparent, or which amounts

to the same thing, the moon's shadow on the earth is of some

size, and everyone that chances to be in it sees the sun totally

eclipsed.

After this probably long, but necessary preamble we are

prepared to understand the exceptional conditions of the present

eclipse. In an ordinary solar eclipse the path of the moon, AB
on Figure 1, lies across some part of the earth, so that the places

so situated may see a total or an annular solar eclipse. Every

place inside the penumbra sees the sun partially eclipsed, the

magnitude increasing almost in a direct ratio to nearness

to its center. Every place on the forward edge of the penumbra

has first contact at the same moment, every place on its retreat-

ing side has last contact.

In some eclipses the central line does not fall on the earth

at all, so that the eclipse is only a partial one everywhere. In

the present eclipse the moon's path AB is so far off the earth that

the penumbra does little more than graze the earth, covering it to

the extent of only 0.008 of its radius, that is only about 32

miles. This is the first most exceptional fact connected with the

present eclipse, and has never happened before during the

thirty-three years that the writer has studied eclipses.

The moment at which the penumbral circle overlaps the

earth most is 2 :46 p. m. central time. The diagram Figure 1

shows the penumbra in this position. As this is six minutes

later than the time for which the terrestrial meridians were

drawn, the earth has turned one and a half degrees more, so

that the longitude of the central meridian at this time is 131^
instead of 130 degrees. The difference is hardly noticeable.

If. the penumbra had been drawn for the time 2:40, instead of

2 :4(3, it would overlap the earth so little less that even a magnify-

ing glass would not show the difference. In fact, the line CD
which is parallel to AB and tangent to the penumbra, as well as
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the edges of the penumbra and earth, are all so close together

that they practically coincide.

The second exceptional peculiarity of the present eclipse,

is the fact of the penumbra's falling beyond the south pole,

where on the diagram north and south exchange names, and

east and west as well. For this reason, the penumbra moves

against the diurnal motion of the earth and therefore shortens

the duration of the eclipse, whereas if it were placed higher upon

the diagram it would move tvith the earth, as it generally does,

and lengthen the time of the eclipse.

Thirdly, the line CD, the "Northern Limit of the Eclipse/

'

enters upon the earth at a point to the left of the line NS, so that

CD crosses NS on the earth's disk. As the local time on this

part of the line NS is midnight, there is in fact an eclipse of

the midnight sun. That the line CD does really enter the ter-

restrial sphere at the place mentioned, as well as all the other

data that are necessary for the construction of the eclipse map,

could never be known by even a microscopic examination of

Figure 1. Eecourse had to be had to rigorous and lengthy cal-

culations, which alone could ferret out the desired knowledge.

Deriving the necessary data from a diagram like Figure 1 is

always a very easy and expeditious method, when the penumbra

crosses the earth somewhat centrally. Here however, the

graphic method fails utterly,—another peculiarity of the pres-

ent eclipse which specialists will appreciate.

Fourthly and lastly, perhaps the most exceptional peculiar-

ity of the present eclipse is the fact of its occurring for most

places within the eclipse region on Christmas eve, for some at

Christmas midnight, and for some others on Christmas morn.

Let us now look at Figure 2, the eclipse map, and see what

wonderful facts calculation has elicited from that minute portion

of Figure 1, where the moon's penumbra passes across the

earth's disk.

The first thing we notice on the map, Figure 2, is that south

is on top and west to the right, in other words, that the map has

been apparently reversed. This was done on purpose in order
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to facilitate comparisons of Figures 1 and 2. The numbers 50,

40, 30, 20, 10 below, mean the degrees of east longitude, and

75, 70, 65, to the right the degrees of south latitude. The broken

parallel of latitude is the Antarctic Circle.

The point C is where the line CD of Figure 1 enters the

earth, and the point D where it leaves it. The half ellipse

marked " Northern Limit of Eclipse' ' is the projection of the

straight line CD of Figure 1 on the spherical earth, distorted

partly by its rotation. The point FC on Figure 2 is the place

of " First Contact/' the very first place on earth to see the

eclipse begin, and LC that of "Last Contact/ ' the very last to

see it end. The point GE is the place of the "Greatest Eclipse/

'

where one per cent of the sun's diameter is covered by the moon.

The dotted curves tangent to the "Northern Limit" at the num-

bers 35, 40 and so on, are successive projections of the circular

rim of the moon's penumbra at the corresponding minutes after

2 p. m. central time. The last one to the right, however, is the

one for 2 :59. The eclipse begins at those minutes all along the

western portion of the curve from the number on the i i Northern

Limit" line to the curve "Eclipse begins at Sunset," and ends

along the eastern portion from this same number to the curve

"Eclipse ends at Sunset." The penumbra moves westward,

as was said before, instead of eastward as in all other eclipses.

The shaded portion near the letter M shows the region

where the Christmas midnight sun will be eclipsed. To the

right of this region the eclipse occurs between 9:41 p. m. and

midnight, local time, on Christmas eve; to the left of it after

midnight on Christmas morn. The longest duration of the

eclipse at any one place is 17 minutes. For the whole region, or

as astronomers say, for the earth generally, it is 28 minutes,

from the moment of First Contact at 2:32 p. m., central time,

when the eclipse begins at the point of FC, to 3 :00 the moment

of Last Contact, when it ends at the point LC.


