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PREFACE

Solar eclipses, particularly total solar eclipses, are
breath-taking natural phenomena. Eclipses are rare
events and a total solar eclipse is even rarer. Eclipses
are well-understood scientifically. There is no reason
how to miss viewing such a spectacular event as a total
solar eclipse(TSE). In fact, such an opportunity comes
only in a lifetime. In the recent past India has witnessed
two TSEs, in 1980, it was in parts of southern India
that the TSE was visible. In 1995 the path of totality
passed over well-populated areas of Rajasthan, UP,
.Bihar.and WB. Keeping in view the experience of TSE-
1980 when hardly any people (other than the scientists
and a few enthusiasts) ventured out of their houses,
Vigyan Prasar in collaboration with NCSTC (DST) had
launched a nation-wide one year long campaign to
dispel myths and spread awareness about scientific
aspects of eclipses. This booklet was brought out as
part of this campaign. The forthcoming TSE on 11
August 1999 will be the last of this century to be visible
from Indian soil. It is therefore desirable that this time
too many Indians—children of all ages—make an ef-
fort to come out and watch the eclipse safely and con-
fidently. To help people make up their minds and to
prepare them for the big event, we have put together,
in the accompanying pages, a whole set of questions
on various aspects of eclipses—scientific, social, prev-
alent beliefs and practices and so on—together with
answers based on their scientific understanding. Such



questions are likely to arise in common peoples’ minds.
They include those which have to do with prevalent
misconceptions, fears and so on. Besides a list of DOs
and DON’Ts for safe viewing of the eclipse relevant
maps, charts and tables have been reproduced from the
publication, Total Solar Eclipse of 11 August 1999 ,
circumstances relating to India issued by the India
Meteorological Department.

It is hoped that after going through the answers
provided, many readers would be enthused and encour-
aged to watch the eclipse safely and without any fear
of damage to eyesight, or other ill-effects.

Narender K. Sehgal



Q.1 What is an eclipse?

Ans. Eclipse is a simple phenomenon. Let’s say an
object is receiving light from a source situated at
some distance. If a body crosses the path of this
light, it will cast a shadow on the lighted object.
Also, viewed from where the object is, the light
source would be eclipsed fully or partly depending
on the size of the body and its distance from the

Fig. 1
object. One comes across several examples of this in
our everyday life. In a cinema hall, during a movie,
we have often seen a shadow on the screen whenever
someone comes in the way of or moves across the
light beam from the projection room at the back of
the cinema hall.

Q.2 How do eclipses take place?

Ans. Eclipses take place when, during the course
of their normal movements in their respective orbits
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(of the moon around the earth and of the earth
around the Sun) one of them --the moon or the
earth—happens to block out partly or completely
the Sun’s light from reaching the other. When the
moon comes in between the Sun and the earth, a
solar eclipse takes place and a lunar eclips can be
seen when the Sun and the moon happen to line up
with the earth in between.

Q.3 Why does a solar or a lunar eclipse take place?

Ans. Because the earth and the moon are non-
luminous bodies and they cast their shadows in
space in the light of the Sun. And some times the
shadow of either one of them falls upon the other,
making the Sun or the moon to appear partially or
fully eclipsed.

Q.4 How often do eclipses take place?

Ans. The maximum rumber of eclipses in a year is

Seven
Four or five Three or Two
(Solar Eclipses) (Lunar Eclipses)
The minimum r.umber of eclipse in a year is
Two
! J l
Two Nil
(Solar Eclipses) (Lunar Eclipses)

Note : From a particular place on earth, 1 total solar eclipse is visible,
on an average, only once in 360 years.
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Q.5 Why can’t we see all the eclipseé that take
place from our locations?

Ans. Most of the
time the eclipses
are visible only
from the seas or
from other
inaccessible and ‘A\f
uninhabited
regions of the
earth like
mountains,
deserts and
forests. This is
not at all
surprising since
two-thirds of the
earth’s surface is
covered with
rivers, seas and
oceans.




Q.6 What is so special about a total solar eclipse
(TSE)?

Ans. For ages the Sun has been revered as a sure,
steady and constant source of energy. It is so regular
in its apparent movement, in terms of its daily rising
and setting in the sky that civilizations around the

Fig. 3

world have worshipped it as a god. So, any
unexpected or sudden change in the apparent
constancy of the Sun was regarded with awe, fear,
anxiety and as a catastrophy, in the past. And, in the
absence of anything better, people were willing to
accept any ‘explanations’, prescriptions or rituals
which appeared to help them cope with their fears
and ward off any supposed or ‘impending’ ill-effects
or disasters. There are several things that make a
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TSE so special: (i) Only rarely is it visible from a
place on earth; (ii) the sequence of events and the
sight of TSE are visually awe-inspiring and
spectacular; (iii) some scientific observations and
experiments are possible only during a TSE; and
(iv) all the myths, legends and superstitions
associated with TSE would not have been there if it
were not for the rarity of their occurrence, or if TSEs
were taking place regularly and quite often.
This could have indeed been the case if the moon’s
orbital plane and the earth’s orbital plane had
coincided.

Q.7 How are phases of the moon different from
lunar eclipses?

Ans. The moon itself is a non-luminous body. It
shines only by reflecting the light of the Sun.
Moreover, only that portion of the moon shines,
which is visible from the earth and upon which the
sunrays fall directly. As the moon orbits around
the earth — in a slightly tilted plane which makes
a 5 degree angle with the earth’s orbital plane —
the shining part of it increases and decreases in
size, on account of the changing geometry between
the earth, the Sun and the moon. These are known
as phases of the moon: from full moon to new moon
during a month.

On the other hand, a lunar eclipse takes place,
as mentioned earlier, when the moon enters into the
shadow of the earth which obstructs the sunlight
falling on it directly, making the moon disappear in
part or in full, for the duration of the eclipse.
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Q.8 When did the earliest recorded total solar
eclipse take place?

Ans. The earliest known record of a total solar eclipse
(TSE) goes back more than 4000 years. Shu Ching,
the ancient Chronicle, has in it description of a TSE
that took place on 22 October 2137 B.C. (There are
references to TSEs in some ancient Indian epics, like
the Mahabharata but they can’t be termed as
‘records’ in the same sense as the Chinese record
aforementioned.)

Q.9. Should or should one not view a solar

eclipse?

Ans. Eclipses are
rare events and a
TSE is even rarer.
They are breath-
taking  natural
phenomena, well
understood
scientifically. One
should by all means
view a solar eclipse,
of course with
proper safety
precautions, in a
way that would be
safe for one’s eyes.
(Please see answer
to the following
question.)

Fig. 4




Q.10. How can one safely view a solar eclipse?

Ans. The Sun can be viewed safely with unaided
eyes only during the few brief moments when it is
eclipsed totally during a TSE. Partial or annular solar
eclipses are never safe to watch directly without
taking proper safety precautions for the eyes. Even
when 99% of the Sun’s disc is obscured by the moon,
during the partial phases, the remaining
photospheric crescent is bright enough to require
protection for the eyes.

DO NOT ATTEMPT TO OBSERVE THE PARTIAL OR
ANNULAR PHASES OF ANY SOLAR ECLIPSE WITH
THE NAKED EYE. THIS MAY CAUSE PERMANENT

DAMAGE TO EYESIGHT, AND EVEN BLINDNESS.

There are several methods for safe viewing of the
solar eclipse in its partial phases. Except when the
Sun is totally eclipsed, it is best and safest to see it
only indirectly i.e. its reflected or projected image.
There are many ways of doing it:

10.1 An aluminium foil ora  __
piece of cardboard with
a pin-hole of 1 mm
diameter can be used to
project an image of the
Sun under shade. Such
a pin-hole, about a
meter away from the
projection surface, gives
a fairly clear image of
the Sun. Fig. 5




10.2 A small mirror covered with a piece of paper
(preferably, black paper) having a circular hole
of (diameter 1-2 cm) at its centre can be used to
project an image of the Sun on a shaded wall,
or on a wall indoors. Smaller the diameter of

Fig. 6

the hole sharper is the image. However, the gain
in sharpness is at the cost of brightness.

Fig. 7



10.3 A small telescope or binocular can also be used
to back-project the magnified image of the Sun
on a white screen/card/wall. But, if binoculars
or the telescope has any plastic parts then it

. would be necessary to protect them from getting
heated and melting. In no case should these
instruments be used for direct viewing of the
partially eclipsed Sun.

10.4 Direct viewing of the Sun can be done only by
using appropriate filters, designed for the
purpose. Such filters generally have aluminium,
chromium or silver deposits to absorb the extra
visible and infrared energy. Experienced
amateur and professional astronomers
sometimes use layers of completely exposed
and fully developed black and white film,
provided the film contains a silver emulsion.

10.5 One filter entirely safe for directly viewing the
Sun is a shade 14 rectangular welder’s glass,
available through welding supply stores. It
transmits only 1 part in 3,70,000 of the incident
light and meets strict tolerances on transmission
of invisible ultraviolet and infrared as well.
However, only mylar or glass filters specifically
designed for the purpose should be used with
telescopes or binoculars.

10.6 Unsafe filters : Colour film, non-silvered black
and white film, smoked glass, photographic
neutral density filters and polarising filters are
not safe. Solar filters designed to thread into
eye pieces and often sold with inexpensive
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telescopes are also dangerous. They should not
be used for viewing the Sun at any time since
they often crack from overheating.

10.7 Do not experiment with any filters unless you

can be reasonably certain that they are safe.

10.8 The Sun emits energy in all regions of the

electromagnetic spectrum : slightly over 40% of
the energy is emitted in the visible, more than
50% in the infrared, under 10% in the near ultra-
violet, and the percentage is negligible in other
wavelengths. Especially during eclipses, while
the visible light can also deliver dangerous
quantities of heat to the retinal image, damage
to the eyes is caused by invisible infrared and
ultraviolet wave lengths. So, except during
totality, it is best and safest to see only a
reflection or projection of the Sun’s image.

-

-

TEST FOR A SAFE FILTER )

According to a communication from a doctor, published
in the journal Archives of Ophthalmology :

“Any filter should therefore be safe which reduces the
intensity sufficiently so that the printed code on a stand-
ard 60-watt frosted bulb is no longer readable. ... The
light of the bulb in a dark room will then appear as a
glow similar to that of a full moon on a moderately bright
night.” (David G. Cogan, MD, 243 Charles street Boston
14, Ma, USA)

The doctor has also added : “While there is adequate
theoretical and experimental evidence to indicate that fil-
ters of this density are safe for eclipse viewing, we cannot
accept legal liability for these recommendations...”

/
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Q.11. Are any ‘special’ rays emitted during a solar
eclipse?

Ans. During an eclipse, the Sun continues to emit
the same radiations as it does at oilOther times.
Only, during an eclipse, and only at places where
the eclipse is visible, a part of the solar radiation
coming towards the earth is blocked/absorbed by
the moon while passing in front of the Sun. So, if
anything, during an eclipse at places wherefrom it
is visible, only a part of the solar radiation is able to
reach the earth. So, not only no ‘special rays’ get
emitted from an eclipsed Sun, the sunrays which
reach the earth are as ‘harmful’ (if let into your naked
eyes) or ‘useful” as they are on normal (eclipseless)
days.

Fig. 8
11



Q.12 In what way and how does solar radiation
damage the naked eye?

Ans. The basic process which is responsible for
damage from solar radiation to eyesight is the same
whether it takes place during a solar eclipse or on a
normal sunny day. Studies have shown that damage
to eyes caused during eclipses (i.e. eclipse blindness)
- is wholly thermic in nature, due to the “intense
concentration of the solar energy upon the retina by
the refracting system of the eye itself forming an
image of destructive intensity.”

When we look at the Sun directly with our
naked eyes, the estimated concentration of energy
in the image is approximately 113 x 10° ergs
(equivalent to about 4 calories) per square cm per
second. Even if only a part of this energy gets into
the retinal image while looking at a partially
eclipsed Sun, the concentration of energy would be
sufficient to cause a destructive lesion. This lesion
spreads in both directions, forward through the
retina into the rods and cones, and backward into
the choroid.

It has been shown that the general absorption
of the media of the eye for radiant energy is closely
similar to that of water in a layer of equal thickness.
For radiation from low temperature sources like
incandescent lamps and ordinary flames, the cornea
and lens of the eye absorb the rays of ultraviolet
light, the water content of the eye absorbs the greater
part of the infrared radiation and only waves from
the visible spectrum traverse the eye to the retina
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(longer wavelengths being more than 90% absorbed).
But in case of a powerful radiation source like the
Sun the radiation is of such a character that it is not
absorbed and hence the energy in the image may
rise to great intensity.

It has been calculated that the critical period
for development of eclipse blindness is, of the order
of a minute or less and exposure of even a few
seconds would be highly dangerous were it not for
the extreme miosis (pupillary diameter 1.6 to 2 mm)
set up when looking at the Sun, and the wandering
of the image on the retina. Rapid shifting of the
focal image on the retina gives the tissue cpportunity
for cooling. Results of exposure under diverse
conditions would vary according to the time
necessary to develop heat effects. Looking through
a glass, or a filter or exposure to reflected sunlight
or other sources of radiation as arc light, incandescent
metals and so forth, will damage the retina only if
the effective amounts of heat are generated.

Because of the retinal circulation, heat generated
in the retina does not accumulate, and, therefore,
repeated exposures each producing rise in
temperature below the point at which injury to the
tissue occurs, would have no effect even though
repeated many times.

[Note: The above is adopted and some lines
lifted almost verbatim from “Editorials” in the
American Journal of Ophthalmology, 28 (1945) pages
1161-65.]
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Q.13 Why do scientists go chasing total solar
eclipses wherever they take place?

Ans. Total solar eclipses (TSEs) are rare phenomena
and certain types of scientific observations can only
be carried out during such occurrences. Because of
the brilliance and high luminosity of the sunlight,
many of the surface features and phenomena for
' example cannot be studied on normal days. To study




these and other such phenomena, scientists go
whenever TSEs are visible. Also, many important
scientific discoveries have been made as a result of
observations made during TSEs. Some important
examples are :’

1.

The first photographs of the solar corona were
taken during the TSE on 28 July 1851.

The first observation of the green coronal line
was made during the TSE on 7 August 1863.

The discovery of the reversing layer of the Sun
was made during the TSE on 28 December 1870.

A bright comet was discovered on the
photographs of the TSE of 17 May 1882.

A confirmation of the Einstein’s theory of
General Relativity, which predicted bending of
light by gravitation, was made during the TSE
of 29 May 1919.

The spectral line of the element Helium was
first seen during the Indian total solar eclipse
of August 18, 1861, at Guntur in Andhra
Pradesh.

Q.14 What kind of scientific experiments can be
done during a total solar eclipse and why?

Ans. Several kinds of scientific experiments and
observations are carried out during a total solar

eclipse:
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14.1 Astronomy experiments

As the moon slowly occults the disc of the Sun,
several surface features of the Sun can be
studied, revealing structures of sunspots and
other active regions of the Sun. Variations in
magnetic field, ultraviolet and X-ray emissions
by the atmosphere of the Sun and the strengths
of several spectral lines can be mapped. The
entire atmosphere of the Sun, the chromosphere
and corona can be studied with reasonable
accuracy only during a total solar eclipse.

Photosphere \:\s‘;‘) ! Chromosphere

Corona

Fig. 10

14.2 Atmospheric and Ionospheric Experi-
ments.

As the shadow of the moon sweeps over the
earth, certain spontaneous changes take place

16



in the earth’s atmosphere includir.g the
ionosphere which can be studied during a total
solar eclipse.

14.3 Life Science Experiments

As the Sun slowly gets obscured by the moon,
animals and birds get puzzled. They begin
behaving as they would near the time of sunset




on normal days. A study of animal behaviour
may yield interesting results during a total solar
eclipse.

Q.15 Is it safe to eat during a solar eclipse?

Ans. The prevalent practice of discarding all food of
the eclipse period and of not eating any food during
an eclipse has no scientifically tested basis. It is as

Fig. 12
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safe to eat during an eclipse, as it is on a normal
day, or during the night.

Q.16 Are there any ISI specifications for a solar
filter which would be safe for viewing the
Sun? Do such specifications exist anywhere
in the world? '

Ans. At present there do not exist any ISI
specifications for a filter which could be employed
to safely view the Sun. Our inquiries with the Indian
Standards Institution (ISI) have confirmed this. Also,
according to ISI, specifications for such filters have
not been issued anywhere in the world. However,
we have been able to get information to the effect
that technical specifications for a filter to safely view
the Sun were issued by the Mexican Government 4
months in advance of the total solar eclipse visible
in that country on 11 July 1991.

In fact, just one American company was able to
sell 35 lakh solar filters in Mexico, for the July 1991
eclipse visible from Mexico and 8 lakh such filters in
the tiny nation of Bolivia (for the November 1994
TSE visible there).

Q.17 The Moon is so much smaller in size than
the Sun. How then, is it able to exactly cover
the solar disc during a total solar eclipse?

Ans. The moon is actually about 400 times smaller
in size than the Sun. However, because it is about
400 times closer to the earth than the Sun, the
apparent size of the moon as seen from the earth
almost equals the apparent size of the Sun. This is
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just a coincidence and responsible for the spectacular
sight presented by a TSE. In fact, any round object
put away about 108 times its diameter from a viewer
- can entirely cover the disc of the Sun, or of the full
moon.

Q.18 How long does a total solar eclipse last?
How long does a lunar eclipse last?

Ans. Because of the existing geometry and dynamics
of the earth-moon-Sun system, the maximum
duration of a total solar eclipse, as can be seen from
a given place on earth, is seven and a half minutes.
A total lunar eclipse, on the other hand, can last for
a couple of hours.

Q.19 Is an eclipse unsafe for an unborn child in
a mother’s womb?

Ans. For a pregnant woman and for the unborn
child she is carrying, a solar eclipse should be as
safe or unsafe as the Sun is for them on any normal
day during daytime or when the Sun is setting. There
is no scientific basis for the belief that a solar eclipse
is ‘harmful” for unborn children in wombs of
pregnant woman.

Q.20 Is it necessary to take a bath after an eclipse?

Ans. Because of an eclipse per se, there is no
‘necessity’ of taking a bath — i.e. there is no scientific
basis for such a ‘necessity’. However, if one does
want to take a bath or a shower after an eclipse, it
won’t do any harm.

20



Q.21 From my place (town) when will I be able
to see a total solar eclipse again after the
one in October this year?

Ans. Simple statistical calculations indicate that from
the same location on earth, a TSE is likely to be
visible only once in 360 years. So, if you happen to
be located on the path of totality (please see map
elsewhere in this booklet), the next TSE visible from
your place is likely to come only sometime in the
24th century.
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Q.22 What is a Saros cycle?

Ans. The circumstances of an eclipse (the respective
positions of the earth, the moon and the Sun) repeat
with remarkable regularity in a cycle of about 18
years. This fact was discovered by the Chaldean
astronomers way back in 400 B.C. and is known as
the Saros Cycle. The exact period of the cycle is 6585.3
days. This cycle provides a simple means of
predicting eclipses.

Q.23 What should one look out for during a total
solar eclipse?

Ans. The total phase of the eclipse would be
accompanied by the onset of a rapidly darkening
sky with an appearance which resembles evening
twilight about 30 or 40 minutes after sunset. Here
are things to look for on this occasion :

Contact Points: These are the points where the Sun
and the moon seem to meet and leave as seen from
the earth. A total solar eclipse shows four distinct
contact points:

First Contact : The beginning of the eclipse itself,
when the moon’s disc just begins to obscure the
Sun’s disc as visible from the earth. This is the partial
phase.

Second Contact : This takes place more than an hour
after the first contact. This is the point when the Sun
becomes fully eclipsed and totality begins

Third Contact : This is just when the totality is over
22



Fig. 14

and the Sun begins to emerge from behind the
passing disc of the moon.

Fourth Contact : This is when the moon’s disc
leaves the Sun fully exposed again, in about 4 hours
time.

Shadow Bands : These are wavy dark and light lines
seen across terrestrial features about a minute before
totality. They can be better seen on a smooth white
surface and are caused due to irregularities in the
refraction of the earth’s atmosphere.

Bailey’s Beads: Caused due to the shining of the
Sun’s rays through the valleys of the lunar limb just
prior to totality. These visible parts of the Sun
peeping through the moon’s edges line up along
the advancing disc of the moon and appear like a
beaded necklace.

Diamond Ring : Becomes visible when only a speck
of the Sun remains just before totality — with the
speck of the Sun as the diamond and the inner corona
as the ring.

23



Flash Spectrum : Just after the ring disappears, one
can see the flash spectrum of the chromosphere.

Prominences : Red and orange jets of flaming fires,
shooting up into the inner corona, can be seen soon
after the onset of totality (with a pair of binoculars).
These fires are gaseous material ejected from the
Sun, millions of kms. above its surface. These can be
seen only during totality.

Corona: The Sun’s outer atmosphere visible only
during totality. It is a pearly white glow enveloping
the Sun and is about half a million times fainter
than the Sun. This can be seen safely with naked
eyes.

Stars and planets: It would be impossible to miss
Venus at the time of totality. This very bright planet
would be located 17 degrees east of the Sun. Look
for the planet during the partial phases by covering
Sun with your extended hand. Mercury would be
18 degrees west of the Sun and can be easily spotted
provided the sky is clear.

The totality ends quite abruptly and features of
the partial eclipse recur in the reverse order. Finally,
the Sun emerges in its full glory and things are back
to ‘normal’ as if nothing dramatic had happened.

Q. 24 Can there be eclipses involving the planets
Mercury and Venus?

Ans. Mercury and Venus are planets which revolve
around the Sun inside the orbit of the earth; i.e, the

24



average distance of these planets from the Sun is
less than the earth-Sun distance. Since the angular
sizes of these planets as seen from the earth are very
small, they sometimes get hidden behind the disk
of the moon; these are called occultations. As seen
from the earth, when these planets pass across the
disk of the Sun these are called Transits. By
definition, both the occultations and the transits fall
in the category of eclipses. These are taken note of
but are not as spectacular, visually, or even in terms
of the scientific studies or experiments that could be
done during such occurrences.

25



DOs AND DON'Ts FOR OBSERVING
A SOLAR ECLIPSE

DOs

Before onset of totality, it is best to view only a
reflected image or projection of the Sun.

Project the image of the Sun on a shaded wall through
a pin hole. (This is provided in the Vigyan Prasar
kit.)

A small mirror covered with a piece of paper having
a circular hole of diameter (1-2 cm) (also provided in
the kit) can be used to project the image of the Sun
on a shaded wall. ’

A small telescope or binoculars can be used to project
the image of the Sun on a white card/screen/wall.
If binoculars or telescope has any plastic parts, take
necessary precautions to protect them from heating
and melting by sunlight.

Direct viewing of the partially eclipsed Sun should
be done only using a scientifically tested filter
certified to be safe. A dark welder's glass (No.14) is
ideal. The filter provided in the Vigyan Prasar kit
can also be used. Use only one of your eyes for
viewing the TSE. In all cases, please examine the
filter before use. A filter with pin holes/scratches
must not be used. Don't touch, fold or wipe the
film with your fingers, under any circumstances.
Any scratch or fold on the film would render it
unsafe for viewing the eclipsed Sun.

During totality of eclipse, look at the Sun only inter-
mittently.

Preferably, an experienced person should accompany
eclipse watchers to announce the beginning and the
end of totality.
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DON'Ts

Don't attempt to observe the partial or annular phase
of any solar eclipse with naked eyes.

Never look at the Sun through a telescope or binocu-
lars. (In fact, you don't need these instruments to
watch a solar eclipse.)

Don't use any filter that simply reduces the visible
intensity of the Sun. Fifty-two percent of the Sun's
rays are in the infrared region of the spectrum. Dam-
age to the eye is predominantly caused by this invis-
ible infrared energy.

Don't use smoked glass, colour film, sunglasses, non
silvered black & white film, photographic neutral
density filters and polarising filters. They are not safe.

Don't use solar filters designed to thread into eye
pieces and often sold with inexpensive telescopes.

Don't look at a reflection of the Sun from coloured
water.

Don't look at the totally eclipsed Sun continuously;
do it for a few seconds, intermittently.
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Based upon Survey of India Map with the permission of Surveyor General of
India

Source: Total Solar Eclipse of August 11, 1999; India Meteorological Department,
New Delhi
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The territorial waters of India extend into the sea to a distance of twelve
nauticzl miles measured from the appropriate baseline.

Based upon Survey of India Map with the permission of Surveyor General of
India

Source: Total Solar Eclipse of August 11, 1999; India Meteorological Department,
New Delhi

30



= E——
TOTAL SOLAR ECLIPSE
11 AUGUST 1999 _1'1
MAGNITUDES
4
~ 7%
i w T
0 %
QAL T O ‘3“;‘(
{
! mvo,' 9
S
vy
™
.4
g
faa -]
. ! \
g . '.' l‘
- 4
0 4
. 3
P \ar
9
4 K
% a—"  ———

The territorial waters of India extend into the sea to a distance of twelve
nautical miles measured from the appropriate baseline.

Based upon Survey of India Map with the permission of Surveyor General of
India

Source: Total Solar Eclipse of August 11, 1999; India Meteorological Department,
New Delhi
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Source: Total Solar Eclipse of August 11, 1999; India Meteorological Department,
New Delhi
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Source: Total Solar Eclipse of August 11, 1999; India Meteorological Department,
New Delhi :

33



TOTAL SOLAR ECLIPSE
HOSHGABAD 11 AUGUST 1999
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Source: Total Solar Eclipse of August 11, 1999; India Meteorological Department,
New Delhi

34



W .
SHARDOL TOTAL .  SOLAR ECLIPSE
11 AUGUST 1999
PATH OF TOTAL PHASE

]
JABALPUR

MANDLA
o

BILASPUR SUNDARGARM
o

BALAGHAT . RAIGHAR
o o)

RAIPUR 0

A SAMBALPUR

BALANGIR
(o]

KANKAR
(o}

B”AVéANIPATNA

KH%N\M\‘.
BAY
KAKINADA OF
o) BENGAL

Source: Total Solar Eclipse of August 11, 1999; India Meteorological Department,
New Delhi
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