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The Annular Eclipse of 26th December 2019*
As to be seen at Coimbatore
Anand Mathew Kurien, H. S. Mani, Amitabh Virmani
An annular solar eclipse will be visible on 26th December
2019 in parts of Kerala and Tamil Nadu. The annular solar eclipse will be fully visible in Coimbatore. In this article,
we explore a few basic things about the Earth, Moon, Sun
system and explain how, why, and when solar eclipses happen. We emphasise that using elementary trigonometry and
a simple calculator one can understand many important features of solar eclipses. In particular, we estimate the duration
of the eclipse and the size of the shadow of the Moon on the
Earth.
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Introduction, Safety, and Resources
An eclipse of the Sun is a natural phenomenon. In our culture, it
is sometimes attributed to supernatural causes. People who do not
understand its astronomical explanation are frightened by it. How
can the Sun disappear during the day? In this article, we explore
this majestic phenomenon with a calculational mindset. We aim
to convey that elementary geometry, trigonometry, and a scientific
outlook is all that is needed to understand solar eclipses. We aim
to explain concepts relevant for eclipses to school students and
beginning college students. We hope that our readers will share
their knowledge and excitement with their friends and family.
An annular solar eclipse will be visible on 26th December 2019 in
parts of Kerala and Tamil Nadu. This annular solar eclipse is fully
visible in Coimbatore; the largest city in India on the path of the
eclipse. Our consideration is this article is largely general, though
for specific numbers we focus on the 26th December solar eclipse
at Coimbatore. An annular solar eclipse is a rare and spectacular
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event that can only be experienced along a relatively narrow strip
on the Earth’s surface.
On an average day, the Sun is so bright that it is diﬃcult to look
at it directly. In fact, looking at the Sun directly can cause permanent eye damage. We know this as common sense and hence
hardly ever look at the Sun directly. Looking at the Sun during
an eclipse is as dangerous as looking at it on an average day. No
matter however tempting it may be to look at the Sun directly,
especially during an eclipse, we strongly advise not to do so. The
safest way to view the Sun is by indirect projection. This must
be done under the supervision of an expert. If you plan to enjoy the annular solar eclipse on December 26th, and do not know
how to do so, we recommend contacting the Regional Science
Center, Coimbatore or the Nehru Planetarium, New Delhi. Many
schools and colleges are planning to organise viewing sessions;
Tamil Nadu Science Forum (TNSF)1 and Vigyan Prasar2 are planning many activities, you can get in touch with them. Absolutely
do not use a telescope or binoculars without appropriate protection to look at the sun, it will damage your eyes. With the help
of special eye protection, or using an indirect viewing method,
observers in Coimbatore can experience the “ring of fire” that is
characteristic of an annular solar eclipse; see Figure 1.

Solar Eclipses: Some General Considerations
A solar eclipse occurs when the Moon blocks the view of the Sun
as seen by an observer on the Earth. Clearly, this can only happen
on a new moon. It is instructive to get the magnitudes of the sizes
of the Earth, Moon, and Sun. These quantities are listed in Table
1. From the numbers in Table 1, we note that
RM
= 0.27,
RE

RS
= 109.17,
RE

RS
= 404.33.
RM

(1)

The Sun is approximately 400 times bigger than the moon.
The next numbers we need is the Earth-Moon distance. The actual distance varies over the course of the orbit of the Moon, from
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Figure 1. Perfectly centred “ring of fire” from the
annular solar eclipse of May
20, 2012. Image Credit:
Flickr.com, Image by Kevin
Baird, license CC BY-NCND 2.0.

Table 1. Radii of the Earth,
Quantity
Radius of the Earth
Radius of the Moon
Radius of the Sun

Notation
RE
RM
RS

Moon, and Sun.

Value
6371 km
1737 km
695510 km

356500 km at the perigee3 to 406700 km at apogee. The diﬀerential range is:
406700 − 356500 = 50200 km.

(2)

The Earth-Sun distance also varies over the course of the orbit of
the Earth, from 147.10 × 106 km at the perigee to 152.10 × 106
km at the apogee. The diﬀerential range is
(152.10 − 147.10) × 106 = 5.0 × 106 km.

3 The Moon’s orbit around the
Earth is approximately elliptical. The point in the orbit of the
moon at which it is closest to
the earth is called the perigee.
The point in the orbit of the
moon at which it is farthest to
the earth is called the apogee.

(3)

If we make a scaled model of the Sun, Earth, Moon system and
take the Earth to be a sphere of 1 cm radius, then the Moon will
be at 60 cm distance and will be of radius 2.7 mm. The Sun will
be 235 m away and its radius will be 1.09 m. The Sun is very far
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Figure 2. A solar eclipse
does not occur every time
there is a new moon. In
addition, the moon should
be close to the plane of the
Earth-Sun orbit. The figure
is not to scale. The point A
is called the ascending node.
The point D is called the
descending node. The line
joining them is called the
line of nodes.

— it is about 400 times more distant than the moon. Since the
Sun is so far away, for all practical purposes, we can take the Sun
rays reaching the Earth and the Moon to be parallel.
Since the Sun is
approximately 400 times
bigger and 400 times
away than the Moon, the
apparent size of the
Moon and the Sun are
the same as seen from
the Earth.
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Since the Sun is approximately 400 times bigger and 400 times
away than the Moon, the apparent size of the Moon and the Sun
are the same as seen from the Earth. We will make this more
precise in the following.
The plane of the Earth-Sun orbit is also known as the ecliptic.
The Moon’s orbit is at 5.1◦ angle with respect to the ecliptic. As a
result of this inclination, a solar eclipse does not occur every time
there is a new moon. However, when the Moon is a new moon
and is also near the ecliptic, a solar eclipse occurs. See Figure
2. The plane of Earth-Moon orbit intersects the ecliptic at two
points, denoted A and D in the figure. These points are known as
the lunar nodes. The line joining them is called the line of nodes.
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Figure 3. Small angle approximation. For small angles, sin θ is approximately
θ. The angles are all in radians.

The point A is called the ascending node (or the north node), as at
this node the Moon moves from the southern ecliptic hemisphere
into the northern ecliptic hemisphere. The point D is called the
descending node (or south node). The two nodes, by definition,
are always 180◦ apart from each other. In Indian mythology the
ascending node is called Rahu and the descending node is called
Ketu. In some other cultures mythical dragons are said to live at
the lunar nodes. It is remarkable that the ancient astronomers had
suﬃcient geometric insight of the Earth-Moon-Sun system that
they gave names to the two lunar nodes.
Now, in order to understand the nature of an eclipse, whether it is
a partial eclipse, an annular eclipse, or a total eclipse, we need to
understand the concept of the angle subtended by an object. The
angle subtended by an object can be calculated using the right
angle triangle; see Figure 3. Let the object of interest be AB and
let the observer be at point O. From this Figure, we have
sin θ =

AB
.
OB

(4)

Now, in order to
understand the nature of
an eclipse, whether it is a
partial eclipse, an
annular eclipse, or a total
eclipse, we need to
understand the concept
of the angle subtended
by an object.

For small angles, the distance AB is approximately the arc length
AC and the distance OB is approximately OC. As a result,
sin θ =

AC
AB

= θ.
OB OC

(5)

The approximation sin θ  θ is called the small-angle approximation. It is a good approximation (with less than 1% error) for
angles less than 14◦ . In Table 2, we compare sin θ and θ for small
angles. We see an excellent agreement.
Next, consider an object of diameter d seen from a distance r. In
the small angle approximation, the angle subtended (or the an-
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Table 2. Comparing sin θ
and θ for small angles.

θ (degrees) ◦

sin θ

θ (in radians)

2◦

0.0348
0.0697
0.1045
0.1391
0.1736

0.0349
0.0698
0.1047
0.1396
0.1745

4◦
6◦
8◦
10◦

Figure 4. The Moon appears 12% bigger when it is
at its perigee versus when
it is at its apogee. Image Credit: Wikipedia article “Orbit of the Moon”. Image by Tom Ruen, CC BYSA 3.0 license.

gluar diameter) by the object is simply,
θ=

d
.
r

(6)

For the Moon, the minimum angular diameter occurs when the
Moon is farthest,
2 × 1737
= 0.00854 rad = 0.489◦
406700
= 29.4 arc mins.

θmin (Moon) =

(7)
(8)

The maximum angular diameter occurs when the Moon is closest,
2 × 1737
= 0.00974 rad = 0.558◦ (9)
356500
= 33.5 arc mins.
(10)

θmax (Moon) =

Thus, on average, the Moon appears 12% bigger when it is at its
perigee versus when it is at its apogee.
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For the Sun, the minimum angular diameter occurs when the Sun
is farthest,
2 × 695510
= 0.00914 rad = 0.524◦ (11)
1.521 × 108
= 31.4 arc mins.
(12)

θmin (Sun) =

The maximum angular diameter occurs when the Sun is closest,
2 × 695510
= 0.00945 rad = 0.542◦ (13)
1.471 × 108
= 32.5 arc mins.
(14)

θmax (Sun) =

Thus, on average, the Sun appears only 3% bigger when it is at
its perigee versus when it is at its apogee.
It is important to note that the various subtended angles computed
above are all in the same range.
Partial Eclipse: A partial eclipse is when the Moon’s centre does
not coincide with the Sun’s centre as seen from the Earth. The
overlap is partial, hence the name partial eclipse.
Annular and Total Eclipse: Even when the centres of the Moon
and the Sun coincide, various situations can arise. A situation,
when the angular diameter of the Moon is less than that of the
angular diameter of the Sun, the Moon cannot cover the full Sun.
Such an eclipse is called an annular eclipse. If it so happens that
the angular diameter of the Moon is greater than that of the angular diameter of the Sun, then the Moon can fully cover the Sun.
Such an eclipse is called a total eclipse. The geometry of a total
solar eclipse is shown in Figure 5.

A partial eclipse is when
the Moon’s centre does
not coincide with the
Sun’s centre as seen
from the Earth. The
overlap is partial, hence
the name partial eclipse.

The Eclipse of 26th December 2019
For the 26th December 2019 eclipse, the angular diameter of the
Moon is 0.518◦ and the angular diameter of the Sun is 0.542◦ .
The ratio of the Moon’s and the Sun’s angular sizes is
0.518
= 0.956.
0.542

(15)

It is a 95.6% annular eclipse.

RESONANCE | November 2019

1279

GENERAL ARTICLE

Figure 5. Geometry of a
total solar eclipse.

Figure 6. A map of India showing the visibility
of the December 26th annular solar eclipse.
Image Credit: Wikipedia article “Solar eclipse of December 26, 2019”. Image by
N Sanu, license CC BY-SA
4.0.

4 These numbers are obtained
from the Moonblink website:
https://moonblink.info/Eclipse/
eclipse/2019 _12 _26

1280

The eclipse in Coimbatore starts at 8:06 am. The full eclipse starts
at 9:27 am, reaches maximum at 9:28 am, and ends at 9:31 am.
The eclipse ends at 11:10am. The annularity of the eclipse will
last for about 2 mins 57 secs4 .
We will try to make sense of these times.
The only new information we need to know that it takes 29.53
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days from a new moon to another new moon. Therefore, it takes
29.53 days for the 360◦ Moon-Sun relative motion. With this
information, we can easily calculate how long will the totality
lasts by a simple ratio:
(0.542 − 0.518)◦
× (29.53 × 24 × 60 × 60) secs (16)
360◦
= 170 secs = 2 mins 50 secs.
(17)
This estimate is in good agreement with the number mentioned
above, 2 mins 57 secs. How long will the partial eclipse last?
Now, the Moon has to fully cross the Sun, so,
(0.542 + 0.518)◦
×(29.53×24×60×60) secs = 2.08 hours. (18)
360◦
From the animations of the 26th December solar eclipse on the
web5 , we see that the assumption of the straight-line motion of
the Moon with respect to the Sun is not perfectly correct. As a
result, the answer 2.08 hrs is an underestimate. Nevertheless, this
number is in rough agreement with the numbers above, 11.10 am
− 8.06am = 3.04 hours. See Figure 6 for the map of India with
the eclipse lines.

5 https://www.timeanddate.com/eclipse/
solar/2019-december-26

Size of the Shadow
Now, we estimate the size of the shadow of the Moon on the
Earth. It is instructive to do two slightly diﬀerent, but related,
calculations to obtain a clear understanding of the concepts involved.
The best of the total solar eclipse would occur when the Sun is at
the farthest distance from the Earth and the Moon is at the closest
distance from the Earth. With this in mind, we take
RE−S = 152.10 × 106 km,

RE−M = 3.565 × 105 km.

The best of the total
solar eclipse would
occur when the Sun is at
the farthest distance
from the Earth and the
Moon is at the closest
distance from the Earth.

(19)

Now using the law of similar triangle in Figure 7, we have
RM
RS
=
,
RE−S + DU − RE−M DU
RESONANCE | November 2019
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Figure 7.

Geometry for
computing the umbra distance and the size of the
shadow on the Earth for a total solar eclipse.

where DU is the distance of the umbra. The idea to calculate
the size of the shadow on Earth is to calculate the distance of
the umbra and the angle subtended at the tip of the umbra by the
Moon (or the Sun). Putting in the numbers we get,
DU = 3.7992 × 105 km.

(21)

This distance, the length of the umbra, is greater than the EarthMoon distance. Thus, the umbra hits the Earth. Now we can
compute the angle subtended by the Moon (or the Sun) at the tip
of the umbra,
θ RM
.
(22)
sin =
2 DU
Putting in numbers, we find θ = 0.524◦ = 9.14 × 10−3 radians.
Therefore, the size of the shadow on the Earth is
s = (RE + DU − RE−M ) θ = 272.3 km.

(23)

Above was the best situation. Now let us look at the worst situation. Take the Sun to be at the closest distance from the Earth and
the Moon to be at the farthest distance from the Earth, i.e.,
RE−S = 147.10 × 106 km,

RE−M = 4.067 × 105 km.

(24)

Using the law of similar triangles in Figure 8, we have
RE−S
1282

RM
RS
=
.
+ DU − RE−M
DU

(25)
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Figure 8.

Geometry for
computing the umbra distance and the size of the
shadow on the Earth for an
annular solar eclipse.

Putting in the numbers we get, DU = 3.673 × 105 km. This length
is less than the Earth-Moon distance; i.e., the umbra does not hit
the Earth. We will not get a total solar eclipse at any point on the
surface of the Earth. We will have an annular eclipse. Now, we
can compute the angle subtended by the Moon (or the Sun) at the
tip of the umbra,
θ RM
.
(26)
sin =
2 DU
Putting in numbers, we find θ = 0.542◦ = 9.46 × 10−3 radians.
Therefore, the size of the shadow (called the antumbra) on the
Earth is
(27)
s = (RE−M − DU − RE ) θ = 312.6 km.
The width is 312.6 km for this scenario.
In the above two calculations, we note that the value of DU changes
from being greater than RE−M to less than RE−M . When DU =
RE−M − RE the end of umbra falls on the Earth’s surface and the
width of the patch is exactly zero! For an appropriate value of
DU , the width can be 118 km — a number quoted on the web6 for
the 26th December 2019 annular eclipse. The above calculation
is consistent with this number.

6 This number is obtained from
the Moonblink website.

Conclusions and Further Reading
In this article, we explored the upcoming solar eclipse in parts of
India from a calculational mindset. We saw that using elementary
geometry, trigonometry and a calculator, many features of solar
eclipses can be understood. Of course, to find the precise trajectory, and to know why it is happening at this precise time, a lot
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needs to be learned. We hope that we have kindled your interest
in these matters.
A lot has been written about solar eclipses. Our discussion was
limited in scope. A good resource is the book Totality: Eclipses
of the Sun by Mark Littmann, Fred Espenak, and Ken Willcox [1].
It covers science, mythology, observation safety, eclipse photography, and much more. Another great resource is Wikipedia (say,
starting with the article “Solar eclipse”), especially if you are curious about technical details; it contains a wealth of information
over many articles. National Geographic 101 Video Series too
has a short video on solar eclipse for general public, including
the very important safety information.

Appendix: Further Details
For our more inquisitive readers, we present some more details in
this appendix.

The latitude at the Earth
and the time of the day
are important factors in a
more detailed analysis of
the eclipse phenomenon.

Latitude at the Earth: In everything we said, we ignored the
eﬀects of the curvature of the Earth. In particular, for simplicity, we assumed that we are at the equator of the Earth and the
eclipses are happening exactly over our heads at 12 noon. None
of it is true. The latitude at the Earth and the time of the day are
important factors in a more detailed analysis of the eclipse phenomenon. However, discussing that will take us much beyond the
scope of this article.
Synodic vs Sidereal Month: Above we mentioned that it takes
29.53 days from a new moon to another new moon. This time
period is called a synodic month, or simply a lunar month as used
in lunar calendars. It needs to be emphasised that this time is
diﬀerent from the time it takes for the Moon to orbit the Earth
relative to the distant stars. The time is called a Sidereal month.
It is about 27.3 days. The diﬀerence arises due to the motion of
the Earth around the Sun. We can easily understand the diﬀerence
as follows: Earth travels approximately 30◦ around the Sun in a
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Figure 9. Schematic geometry of a hybrid solar eclipse.
The “upper” portions of the
Earth in this diagram see the
eclipse as an annular eclipse,
whereas the lower portions
see it as a total eclipse.
◦

◦
month (it travels 360◦ in a year, so 360
12 = 30 in a month). Thus,
to go from one new moon to another new moon, the Moon must
complete not only one full cycle with respect to the distant stars,
but also do an extra 30◦ . Thus,

360◦ + 30◦
× 27.3 days
360◦
= 29.5 days.

Synodic month 

(28)
(29)

Saros Cycle: If we study the Moon’s orbit in greater details,
we learn that the plane of the Moon’s orbit changes its angle with
respect to the ecliptic from +5.1◦ to −5.1◦ . It takes 18.6 years
to complete this cycle. Due to this precession, the time Moon
takes to go from an ascending node to the next ascending node is
diﬀerent from both the synodic and sidereal month. It is known as
the draconic month. (The name ‘draconic’ refers to the mythical
dragons said to live at the lunar nodes.) The draconic month is on
an average 27.21 days long. It so happens that 223 synodic month
is almost the same as 242 draconic months:
27.21 × 242 = 29.53 × 223 = 6585.3.

If we study the Moon’s
orbit in greater details,
we learn that the plane of
the Moon’s orbit changes
its angle with respect to
the ecliptic from +5.1◦ to
−5.1◦ . It takes 18.6 years
to complete this cycle.

(30)

A period of 223 synodic months is called a saros. This concept
plays an important role in the discussion of eclipses. After a saros
period, the Sun, Earth, and Moon return approximately to the
same relative geometry. As a result, a nearly identical eclipse
occurs after 6585 days, shifted by 0.3 days to the West. The next
annular solar eclipse in this cycle will occur on January 5, 2038.
Unfortunately, this eclipse will not be visible from India as it will
shifted to the West.
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Hybrid Eclipse: A hybrid eclipse, as the name suggests, shifts
from an annular eclipse to a total eclipse. The eclipse starts as
an annular eclipse. As the eclipse progresses along the Earth’s
surface, the Moon’s apparent size increases slightly. As a result,
at another point, the eclipse appears as a total eclipse. Hybrid
eclipses are rare. The curvature of the Earth plays an important
role in hybrid eclipses. Geometry of a hybrid solar eclipse is
shown schematically in Figure 9.
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