Resources for teachers:
•

•
•
•

How do eclipses occur? Types of eclipses. What happens during an eclipse?
Details of the eclipse in Queensland in November 2012. Eclipses in history.
How to observe the eclipse safely.
Information on the Sun and the Moon.
Classroom activities and lesson plans, referenced to the National Science Curriculum.
Website access to PowerPoint presentations, posters and images to assist teaching.
Resources on the associated website www.eclipse.aaq.org.au.

Plus information on another rare astronomical event:
•

Annular Solar Eclipse in North Queensland 10 May 2013.

WARNING:
Never look directly at the bright surface of the Sun without
suitable eye protection as permanent eye damage may result. This
applies at any time and especially during the partial phases of a
solar eclipse. Refer to “How to observe the Sun safely” in section 5
of this document.
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Foreword
“A total solar eclipse is one of the most dramatic astronomical events you can
experience. I was lucky enough to see one when I was 12, when the Sun and Moon
aligned over my childhood home, providing me with one of the most amazing
experience of my life. Even if you are not lucky enough to be in this year's path of
totality, grab the opportunity to learn what it is all about, and how to observe the partial
eclipse safely.”

Professor Brian Schmidt
Astronomer at the Research School of Astronomy and Astrophysics at the Australian
National University.
2011 Nobel Laureate in Physics.

“A total solar eclipse can be an inspiring, even life-changing, event. Tycho Brahe in the 16th century was not the
only one to have his life path turned toward astronomy by being dazzled by a solar eclipse. People of all ages, and
especially students of all grades, should be encouraged to see the eclipse outdoors and with their own eyes, which
is much more impressive than any image on a TV screen. The rules of safety are so simple that they are easy to
follow: never look at the Sun directly without filtering EXCEPT during the total phase of a total solar eclipse. So if
you are in the path of totality, you will have up to two minutes of being able to stare skyward and see the beautiful
phenomena that come out during totality. Otherwise, through the rest of Australia all the time, and before and after
totality in far north Queensland, you need to use eye protection or to view a projected image, since part of the
everyday Sun will be visible.
The whole set of phenomena of a total eclipse are so spectacular that they should be experienced outdoors, and
are well worth travelling even thousands of miles to see. The gradual darkening of the sky over an hour,
accelerating in the 10 minutes or so before totality, cannot be readily duplicated in any other way. Note also that
totality dims the Sun by a factor of about a million, leaving only the faint light of the Sun's corona to shine at us. So
even a "90% eclipse" is brighter than the corona by a factor of 100,000--meaning that a 90% eclipse is 100,000
times worse than a total eclipse, and isn't spectacular. It's like going to the Sydney Opera House's box office and
saying that you've gone to the opera. It may be literally true, and you had a pretty view, but you haven't heard the
singers at all or seen the main show.
I know lots of people from all over the world who will be coming to the Queensland
coast for the eclipse, anticipating great things. I hope people from all over Australia join
us there for the wonderful event scheduled for November 14 this year.”

Professor Jay M. Pasachoff
Field Memorial Professor of Astronomy at Williams College;
Chair, International Astronomical Union Working Group on Eclipses;
Vice Chair, Historical Astronomy Division of the American Astronomical Society; and
a veteran of 55 solar eclipses.
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1. Resources for Teachers
A Total Solar Eclipse will occur over northern
Australia early in the morning of 14 November 2012.
This rare and spectacular phenomenon is probably
the most awe inspiring event in the natural world. At
the same time the whole of Australia will experience a
partial solar eclipse.
This provides a wonderful opportunity to use a
dramatic natural event to demonstrate principles of
Mathematics and Science to students and possibly
stimulate a long term interest in these areas.
The Astronomical Association of Queensland (AAQ)
together with the Science Teachers Association of
Queensland (STAQ) have produced educational
material to assist Queensland teachers to present a
range of lessons and activities using this event as a
background.

This booklet
This booklet is a collection of the detailed information
on eclipses for teachers that is on the website. A pdf
file version of this booklet is available for download
from the website.
At the end of each section in this booklet there is a list
of activities which are related to the subject of that
section. They are also separately listed in section 11.
Activities generally include an outline lesson plan that
can be used in the classroom to demonstrate
principles, encourage investigation and/or enhance
understanding. These activities can be downloaded
from the website.
Also, at the end of each section is a list of useful
websites related to that topic.

Available resources

Information sent directly to schools

All the educational resources prepared by the
AAQ/STAQ working group are available on the AAQ
website at eclipse.aaq.org.au for viewing or
downloading. There is a link to the material from the
STAQ website www.staq.qld.edu.au. The resources
have been assembled with the objective of providing
the information necessary for primary and secondary
school teachers to gain an understanding of eclipses
generally and to use the eclipse of 14 November 2012
to present lessons and activities on related areas of
Mathematics and Science. The resources available on
the website include:
• The detailed information on eclipses that is
included in this booklet including:
Ø the science of eclipses;
Ø the eclipse of 14 November 2012 as it will
occur in the total eclipse zone as well as the
partial eclipse that will occur across
Queensland;
Ø how to experience and observe both the total
and partial eclipses safely;
Ø information on the Sun and the Moon, and
Ø information on the annular eclipse in
Queensland on 10 May 2013.
• More in depth information on selected related
topics.
• More than 20 activities and lesson plans with
the eclipse as their focus, ready for use in the
classroom to assist in teaching about the eclipse
and related areas of Science and Mathematics.
• Prepared PowerPoint presentations on each of
the subjects covered in this booklet. Complete
presentations or individual slides and images are
available.
• Posters promoting the eclipse that can be used in
schools.

Hard copies of some of the available resources will be
sent directly to schools around August 2012.
Additional material will be included for schools in the
area of the total eclipse.

National Curriculum, Science
The National Curriculum for Science introduced in
Queensland schools in 2012 includes astronomy
related topics in years 3, 5, 7 and 10. Although
eclipses are specifically included in the year 7
curriculum, the activities as part of these resources
have been designed to be suitable for a range of year
levels and address topics that appear in the other year
levels as well. The resources may be especially useful
if schools in the total eclipse zone plan a general
education program about the eclipse for the whole
school population.

Queensland Studies Authority
The Queensland Studies Authority’s Assessment
Bank will showcase the use of the solar eclipse to
model the process of developing quality assessment
across year levels and learning areas. Assessment
packages are being developed in English (Year 4 and
5), Mathematics (Year 1 and 9), Science (Year 7) and
History (Year 8). These packages will all be aligned to
the Australian Curriculum and include a Student
Booklet, Teacher Guidelines, Guide to Making
Judgments and an Indicative A model response.
These assessment packages will be published online
on the QSA Assessment Bank during Term 3. Visit
www.qsa.qld.edu.au/3162.html to access this material.

More information
Additional information on the eclipse and this program
can be obtained by emailing eclipse@aaq.org.au or
by contacting STAQ.

Visit the website eclipse.aaq.org.au for a wealth of eclipse related information.
Check the website for updates to the documents and any additional information.
AAQ/STAQ
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2. What are Eclipses?

2.1 How does a solar eclipse occur?
A solar eclipse (eclipse of the Sun) occurs when the
Moon, in its orbit around the Earth, passes between
the Earth and the Sun and casts a shadow on the
Earth. There are two parts to the Moon’s shadow. The
dark inner cone shaped part is called the umbra and
the lighter outer part is called the penumbra. From
within the umbra the Sun is completely hidden and for
an observer on the Earth in the umbra there will be a
total solar eclipse as the Moon will completely
obscure (eclipse) the Sun. From within the penumbra
the Moon will only partially obscure the Sun so that
from these locations there will be a partial solar
eclipse. See figure 2-1.
The period during which an eclipse is total at any
location is called totality. As the Moon orbits the
Earth and the Earth rotates, the Moon’s shadow
moves across the Earth’s surface from west to east
with the umbra tracing out a narrow path called the
path of totality. For any location in the path of totality,
the Moon, over a period of an hour or so, will firstly
appear to progressively cover the Sun in the partial
phase of the eclipse. As the umbra arrives at that
location, the Sun will be completely covered and there
will be a total eclipse. As the umbra moves on, the
Moon from that location will appear to gradually
uncover the Sun in the final partial phase of the
eclipse, which generally takes about another hour.
At any point on the Earth’s surface outside the path of
totality but crossed by the penumbra, the Moon will
only partly cover the Sun, reaching a point of
maximum coverage and then move on to uncover the
Sun. So this location will experience only a partial
eclipse. Any point on the Earth’s surface not crossed
by the penumbra will not see any eclipse. Sometimes
the umbra does not cross the Earth (passing above or
below the Earth in space) and there may be a partial
eclipse without there being a total eclipse anywhere.
The shadow of the umbra will travel across the Earth
in a path thousands of kilometres long, usually taking
about three hours or so and travelling at speeds up to
several thousands of kilometres per hour.
Page 6

The Sun and Moon appear to be roughly the same
size in the sky but their sizes are actually very
different. By a fortuitous coincidence the Sun is about
400 times larger than the Moon but the Sun is also
about 400 times further away. This can be confirmed
by using the figures for diameter and the average
distances for the Sun and Moon given in sections 6.5
and 7.3. This close match between the apparent size
of the Sun and the Moon is a key reason for some of
the spectacular effects of a total solar eclipse and is
the reason why the width of the path of totality is quite
narrow, typically no more than about 270 km. The
maximum duration of the total part of any eclipse
depends mainly on the actual distances of the Sun
and Moon from the Earth at the time and can last from
only a few seconds to over seven minutes.

2.2 Annular Solar Eclipse
As the Moon is in an elliptical orbit around the Earth,
its distance from the Earth varies and as a
consequence its apparent size in the sky varies.
Likewise, the apparent size of the Sun varies because
the Earth moves in an elliptical orbit around the Sun.
These two factors combine to give the relative sizes of
the Sun and the Moon. Sometimes the Moon appears
larger than the Sun and at that time if the Moon
passes in front of the Sun it is easily able to
completely cover the Sun and a total solar eclipse can
occur.
At other times the Moon will appear smaller than the
Sun and at these times if the Moon passes in front of
the Sun it cannot completely cover the Sun and a ring
or annulus of the bright surface of the Sun remains.
This is called an annular (Latin meaning ring) eclipse.
The sky does not go very dark and none of the
spectacular events of a total solar eclipse can be seen.
The umbra of the Moon’s shadow does not reach the
Earth as figure 2-2 shows. The part of the Moon’s
shadow that extends beyond the end of the umbra is
called the antumbra. Observers within the antumbra
will experience an annular eclipse.
See sections 3.3 and 10 for more information.
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2.3 Other types of eclipses
The sections above describe partial, total and annular
eclipses. Sometimes when there is a close match
between the apparent sizes of the Sun and the Moon,
the Moon’s umbra will be just long enough to touch
the Earth in the central part of the path but not long
enough to reach the Earth at one or both ends of the
path. In this case the eclipse path will normally start
as annular, change to total then change back to
annular. In this case it is called a Hybrid eclipse. It
can also be called an annular – total eclipse.
A central eclipse is a solar eclipse in which the
central axis of the Moon’s shadow traverses the Earth.
Central solar eclipses can be total, annular or hybrid.

2.4 Frequency of eclipses
Solar eclipses are not especially rare. Partial eclipses,
in which the umbra of the Moon’s shadow never
touches the Earth, occur about three times every year.

On average, there is a
solar
eclipse
total
somewhere on the Earth
about every 18 months.
Annular eclipses occur a
little more frequently than
total solar eclipses.
The plane of the Earth’s
orbit around the Sun is
called the ecliptic. The
Moon’s orbit around the
Earth is tilted at about 5
degrees with respect to the ecliptic. So at each new
moon, the Moon usually tracks “above” or “below” the
Sun and is not able to block the Sun. It is only when
the new moon is near to one of the two locations
where the Moon’s orbit crosses the plane of the
Earth’s orbit that an eclipse is possible. These
crossing points are called nodes. There is an eclipse
season about every 6 months when the Sun is close
to one of the nodes and an eclipse is possible. In
2012 this occurs in May and November. But the time
between each successive crossing of the node and
back again is less than a year (this period is called an
eclipse year and is 346.6 days). So over time the
nodes move and the eclipse season comes earlier.
This is called regression of the nodes.
Solar eclipses repeat in a regular pattern called a
saros which is a period of 18 years 11⅓ days. This is
because 223 cycles from one full moon to the next
(called a lunar month) and 19 eclipse years both
equal this period. In addition 239 cycles of the Moon
moving in its elliptical orbit from apogee to perigee
and back again (called the anomalistic month) also
is very close to this period. So a very similar eclipse
will occur 18 years and 11 days after a previous one.
Because of the ⅓ of a day, it occurs ⅓ of the way
round the world. All eclipses belong to a saros series
and each has been given a number. The eclipse of 14
November 2012 is part of saros number 133.

2.5 Eclipse timing and eclipse contacts
Eclipse timing is usually given in terms of eclipse
contacts. Figure 2-3 shows the four eclipse contacts
for a total solar eclipse. The Moon progressively
covers the Sun until the brief total eclipse and then it
gradually uncovers the Sun. As the Sun moves across
the sky, the Moon appears to move at a slower rate
causing it to move across in front of the Sun. Contacts
are the points at which the apparent edges of the Sun
and Moon cross one another.
First Contact (C1): the Moon first begins to cover the
Sun and is the start of the partial phase.
Second Contact (C2): the Sun is first completely
covered and is the start of the total part of the eclipse.
Third Contact (C3): the Sun is at the point of being
uncovered and is the end of the total part of the
eclipse.
Fourth Contact (C4) is when the Moon lastly touches
the Sun and is the end of the final partial phase.
From a location where there is only a partial solar
eclipse, there is only first contact and fourth contact.
AAQ/STAQ
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2.6 Lunar eclipse - partial and total

A lunar eclipse occurs when the shadow of the Earth
falls on the Moon as shown in figure 2-4. As the Earth
orbits the Sun, the shadow of the Earth moves
through space on the opposite side to the Sun. The
plane of the Moon's orbit is tilted at about 5° with
respect to the ecliptic. Thus, as the Moon orbits the
Earth each month, at each full moon it usually passes
above or below the Earth's shadow. The Earth's
shadow is a cone that, at the Moon's distance from
the Earth, is more than twice as broad as the Moon's
diameter. But every few months, during the eclipse
season as described in Section 2.4, the Moon passes
either partially or entirely into the Earth's shadow.
The Earth's shadow has a darker inner cone, the
umbra, from which the Sun cannot be seen at all, and
an outer cone, the penumbra, from which part of the
Sun can be seen. Most of the penumbra is not dark
enough to have a noticeable effect on the Moon's
brightness, so penumbral eclipses are largely
ignored.
During a partial lunar eclipse, the umbra of the
Earth's shadow advances onto part of the Moon's
surface and then moves off the other side. No other
effect is seen.
During a total lunar eclipse, the umbra advances
over the Moon and then gradually covers the Moon
until it is immersed in the Earth's shadow. Though no

Activities:
Activity 01 Simulate an eclipse using different sized
balls at varying distances. Extensions include why
there is not an eclipse every month and lunar eclipses.
www.eclipse.aaq.org.au/resources/activity01
Activity 02 Make a model of the Sun, Earth and Moon
to demonstrate solar and lunar eclipses.
www.eclipse.aaq.org.au/resources/activity02
Activity 03 Use the mathematics of similar triangles
to investigate the relative apparent sizes of the Sun
and the Moon and investigate eclipses.
www.eclipse.aaq.org.au/resources/activity03
Activity 04 A tutorial on astronomical simulation
software to investigate celestial objects and
astronomical phenomena.
www.eclipse.aaq.org.au/resources/activity04
Activity 05 Use simulation software to investigate
partial, total, annular and lunar eclipses.
www.eclipse.aaq.org.au/resources/activity05
Page 8

sunlight falls directly on the
totally eclipsed Moon, some
sunlight is bent round
through
the
Earth's
atmosphere
thereby
illuminating the Moon. From
this refracted sunlight, the
blue light is removed when
the light is scattered in the
Earth's atmosphere. This
creates
blue
skies
overhead for people on
Earth; only the red light
gets through to the Moon. Thus the totally eclipsed
Moon appears reddish as shown in figure 2-5. Just
how reddish it looks depends on whether volcanic
dust is present in the Earth's atmosphere; the dust
makes the Moon look darker and less reddish. Even
giant storms or cloudy regions on Earth can affect the
Earth's shadow, perhaps making the darkness of the
shadow appear uneven on the Moon. The Moon will
also appear less evenly illuminated if it passes closer
to the sides of the umbra instead of through the
umbra's centre.

Following are dates of upcoming lunar eclipses visible
from Australia:
26 April 2013 Partial Lunar Eclipse (morning)
15 April 2014 Total Lunar Eclipse (evening)
08 October 2014 Total Lunar Eclipse (evening)
Activity 06 Learn eclipse terminology
crossword puzzles.
www.eclipse.aaq.org.au/resources/activity06

using

Useful websites:
Description of eclipse websites for kids:
www.eclipse.aaq.org.au/resources/kidslinks
NASA eclipse website:
http://eclipse.gsfc.nasa.gov/eclipse.html
Mr Eclipse - Eclipses for beginners:
http://www.mreclipse.com/Special/SEprimer.html
NASA lunar eclipse website:
http://eclipse.gsfc.nasa.gov/lunar.html
International Astronomical Union (IAU) eclipse site:
http://web.williams.edu/Astronomy/IAU_eclipses/
IAU working group on eclipses:
www.eclipses.info
Indigenous astronomy resources:
www.eclipse.aaq.org.au/resources/indigenous
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3. What Happens During a Solar Eclipse?
3.1 Partial solar eclipse

A partial solar eclipse will occur outside the path of
totality and within the area swept by the Moon’s
penumbra. During a partial solar eclipse, the Moon
appears to gradually cover the Sun, starting with a
small bite out of it and progressing to increasing
coverage. The proportion of the Sun’s diameter
covered (called the magnitude of the eclipse) will
increase to a maximum and then reduce again as the
Moon moves across the Sun. Figure 3-1 shows the
progression of a partial solar eclipse of maximum
magnitude 73%.
The whole event can take up to about three hours.
The maximum magnitude of a partial eclipse and the
duration of the partial eclipse depend mainly on the
distance of the observing location from the path of
totality. As examples, for the maximum magnitude of
the partial eclipse seen at various locations across
Queensland see figure 4-1 for the eclipse of 14
November 2012 and figure 10-2 for the annular
eclipse of 10 May 2013.
During these partial phases, images of the crescent
shape of the Sun can be seen projected under trees
on the ground or onto adjacent walls, as the gaps
between leaves act as pinhole projectors. See figure
3-2. Interesting crescent shapes can be seen using
items with one or more holes in them such as a
kitchen colander or a loosely woven straw hat.

Shadows become unnatural as the crescent Sun
becomes thin, being very sharp in one direction and
blurry at right angles. This is easy to see by observing
the shadow of both hands with the fingers on one
hand orientated at right angles to the fingers on the
other hand as demonstrated in figure 3-3.

During a partial solar eclipse the light level will drop to
an extent dependent on the maximum magnitude of
the eclipse. Because our eyes are very good at
compensating for varying light levels, this will often go
unnoticed until the Sun is reduced to a very thin
crescent.
How much of the Sun is eclipsed during a partial
eclipse can also be described by the term
obscuration which is the fraction of the Sun’s area
covered by the Moon.
It is not safe to view any part of a partial solar eclipse
without proper eye protection. Construct and use a
pinhole projector or use binocular or telescope
projection to see a partial eclipse as described in
section 5. See section 5 for safe methods of observing
a partial solar eclipse.
Upcoming partial solar eclipses visible from Australia
will be on 14 November 2012, 10 May 2013 and 29
April 2014.

AAQ/STAQ
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3.2 Total solar eclipse

A total solar eclipse starts with initial partial phases as
described in section 3.1, with the Moon progressively
covering the Sun. After about an hour or so, the Moon
completely obscures the Sun for a brief period in the
total phase of the eclipse. The Moon then moves
progressively off the Sun in the final partial phase,
taking a further hour or so. See figure 3-5.
The initial partial phase progresses with very little
change being noticeable in the light level. As the total
part of the eclipse approaches, the light level drops
conspicuously and an ominous darkening of the sky
(the Moon’s shadow) approaches silently from the
west. The Sun is reduced to a very thin crescent. The
temperature can drop and the light quickly begins to
fade. By this time animals have become confused at
the fading light and often react as if it is nightfall with,
for example, birds returning to roost.
For a minute or two before totality begins and for a
similar time after it ends, narrow bands of shadow
sometimes seem to race across the landscape. These
shadow bands occur when regions of the Earth’s
upper atmosphere bend the final sliver of light from
the thin crescent Sun.
In the final few seconds before totality the last brilliant
parts of the Sun’s surface shine through valleys
around the edge of the Moon in a shimmering display
called Baily’s beads. Finally, the beads are reduced
to a single point and the Sun for a few seconds looks
like a dazzling diamond ring. The diamond ring and
Baily’s beads are clearly defined because of the lack
of an atmosphere on the Moon.

As the last bright point winks out, the Sun’s crimson
pink upper surface, the chromosphere, can be seen
in an arc around the edge of the Moon. Often evident
are prominences, bright pink loops of plasma which
extend above the chromosphere.

Figure 3-7 is a combination of four images showing
the transition at second contact (the start of the total
part of the eclipse) at the total solar eclipse of 2006 in
Egypt. Baily’s beads are visible along with the crimson
arc of the chromosphere. Several prominences are
seen rising up from the chromosphere. As the Moon
gradually moves during the sequence, Baily’s beads,
the chromosphere and the prominences are
progressively being covered.
As the Sun disappears, the Moon’s shadow arrives,
enveloping observers and causing the whole sky to
become a dark steel blue, in a surreal twilight almost a
million times fainter than the daytime sky, or about the
same as night-time with a full moon. During totality
when the Sun’s bright surface (photosphere) is
completely obscured, the Moon appears as a black
hole in the sky outlined by the Sun’s softly glowing
pearly white corona, the Sun’s outer atmosphere
composed of ionised gas. The corona curves out from

Figure 3-6 is an image of the Diamond Ring at the
total solar eclipse of 2005 in the South Pacific Ocean.
The last portion of the Sun is shining through a valley
on the edge of the Moon to create one dazzling point,
and the corona becoming visible around the rest of
the Sun completes the effect.

Page 10
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the Sun, usually in a pattern formed by the Sun’s
magnetic field. Observers can look for coronal
streamers and polar tufts noting the length and
distribution of the streamers and features indicating
the magnetic field and level of the Sun’s activity.
Figure 3-8 shows the corona during the eclipse in July
2010 in French Polynesia. Polar brushes are seen at
the top and bottom coming from the Sun’s north and
south poles. Several long streamers can be seen in
the areas between the poles and the Sun’s magnetic
field is apparent. There is a prominence rising above
the Moon on the left hand side of the Sun.
In the darkened sky, planets and bright stars become
visible. There is a glowing light around the horizon
which has a sunset colour caused by the scattering of
different wavelengths of light in the atmosphere (see
the explanation in section 6.4).

Figure 3-9 shows the eclipsed Sun in the sky over the
Great Wall of China in 2008. The dark area of the
Moon’s shadow in the sky can be clearly seen as well
as the pinkish sunset glow of the light from outside the
shadow over the distant mountains. Planets extend to
the upper left of the Sun (see also back cover image).

It is the dramatic change from daylight to night, the
ominous darkening of the sky approaching silently
from the west, the chill in the air and the sudden
disappearance of the Sun in an otherwise normal day
that so terrorised ancient people. Even today, when
we understand what is happening, it is still a spine
tingling and awe inspiring event.
At the end of totality the entire sequence is reversed,
with prominences, chromosphere, diamond ring,
Baily’s beads and shadow bands again being visible.
The Moon’s shadow races away to the east. The
Moon then gradually uncovers the Sun taking another
hour or so until the final partial phase is over.
Some people see a partial solar eclipse and wonder
why others talk so much about a total solar eclipse.
There is a dramatic difference between the two.
Because the change in level of brightness from full
sun to being in an eclipse is a factor of almost a
million to one, even if you are close to the path of
totality and the Sun is covered 99%, the light is still up
to 10 000 times brighter than in the path of totality. It is
far too bright to see the corona, the chromosphere
and any prominences and you will not be enveloped
by the dark shadow or see Baily’s beads or the
diamond ring. Being just outside the path of totality is
just like almost winning the lottery. There is no prize
for a ticket number that is close to the winning one.
Shown on these pages are images illustrating some of
the phenomena that can be observed during a total
solar eclipse. Beautiful as the photos are, no image or
video screen can make it become a million times
darker at midday, arousing some primal emotion. Nor
can it effectively capture the beautiful detailed
structure in the Sun’s corona, something that only our
eyes can see. You have to see and experience a total
solar eclipse outdoors under an open sky to fully
appreciate it.
See section 5 for safe methods of observing a total
solar eclipse.

3.3 Annular solar eclipse

An annular solar eclipse occurs when the Moon
passes directly in front of the Sun but because the
Moon at that time appears to be smaller than the Sun
(the Moon is further from the Earth and/or the Earth is
closer to the Sun) it cannot completely cover the Sun
and a ring or annulus of the Sun remains. Figure 3-10
shows the sequence of the annular eclipse of 2010.
An annular eclipse is similar to a partial eclipse, with
some of the bright surface of the Sun always being
visible. The sky does not become very dark and the
dramatic effects of a total eclipse do not occur. The

AAQ/STAQ

same interesting shadow effects and projected
crescent images seen at a partial eclipse can be
experienced with the highlight being circular images
seen at annularity (when the ring of sunlight is seen
around the Moon). See section 2.2 for additional
description and section 10 for information about the
annular solar eclipse in Queensland of 10 May 2013.
It is not safe to view any part of an annular eclipse
without proper eye protection. See section 5 for safe
methods of observing a solar eclipse.
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4. The Eclipse on 14 November 2012
4.1 The eclipse across northern Australia
The path of totality for the eclipse of 14
November 2012 is shown in figure 4-1. It
starts at sunrise in the Northern Territory
east of Darwin and then travels across the
Gulf of Carpentaria and over Cape York.
Here, the path is about 140 km wide and the
Moon’s shadow will be traveling at about
15 000 kilometres per hour. It crosses the
east coast of Cape York in the Cairns and
Port Douglas region. The shadow then
passes out over the South Pacific Ocean
travelling to the north of New Zealand,
making no further landfall.

4.2 The partial eclipse
Figure 4-1 also shows how the partial
eclipse will appear at maximum coverage of
the Sun at selected locations outside the
path of totality. The amount of maximum
coverage depends mainly on the distance of
the location from the path of totality. A
partial solar eclipse will occur over the
whole of Australia.
The partial eclipse presents opportunities for
students
to
practice
scientific
investigation,
observation and understanding by such activities as
research of the timing of the partial phases of the
eclipse for their location, observing, recording and
documenting the event and comparing their
observations to predictions.
Location

Start
Partial
h:m (am)

Time of
max eclipse
h:m (am)

Table 4-1 lists the start time of the partial eclipse, time
of maximum and end of the partial eclipse as well as
the maximum eclipse magnitude (the maximum
percent of the Sun’s diameter covered) for selected
locations throughout Queensland not in the path of the
total solar eclipse. Times are in Australian Eastern
Standard Time (UTC + 10 hours).
Magnitude
(max cover of
Sun’ diameter)

End
Partial
h:m am

83%
89%
78%
94%
99%
82%
82%
90%
86%
83%
83%
94%
88%
85%
86%
90%
81%
82%
96%
99%
95%

4 contact
7:59
7:55
7:51
7:44
7:38
8:00
7:57
7:53
7:57
7:59
7:46
7:48
7:56
7:41
7:58
7:52
7:53
7:58
7:44
7:42
7:34

st

Brisbane
Bundaberg
Charleville
Charters Towers
Cooktown
Coolangatta
Dalby
Gladstone
Gympie
Ipswich
Longreach
Mackay
Maryborough
Mount Isa
Noosa
Rockhampton
Roma
Toowoomba
Townsville
Tully
Weipa

1 contact
5:56
5:53
5:56
5:48
5:44
5:57
5:56
5:51
5:55
5:57
5:52
5:48
5:54
5:51*
5:55
5:51
5:56
5:57
5:47
5:46
5:42*

Sun
Elevation
(at max)

th

6:54
6:51
6:51
6:43
6:38
6:56
6:53
6:49
6:52
6:54
6:47
6:45
6:52
6:43
6:53
6:48
6:52
6:54
6:42
6:41
6:35

26º
24º
19º
16º
13º
27º
24º
23º
25º
26º
16º
19º
25º
10º
26º
22º
22º
25º
16º
15º
08º

Table 4-1 Partial eclipse timing – selected locations across Queensland (* = before sunrise)
Page 12
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4.3 The total eclipse in north Queensland
Figure 4-2 shows the path of totality across Cape York.
The green lines show the predicted duration of totality
and the orange lines are the approximate times of mid
total eclipse across the eclipse path. To observe the

total solar eclipse you must be in the path of totality.
The total eclipse will be seen from the major centres
of Cairns, Atherton, Mareeba, Mossman, Port Douglas
and Innisfail (northern part).

Table 4-2 lists the approx. time, duration and elevation of the Sun for the total eclipse and the start and end of the
partial phases of the eclipse for selected locations. Times are in Australian Eastern Standard Time (UTC + 10hrs).
Location
Start
Start
Duration
End
Sun
Partial
Totality
of
Partial
Elevation
h:m (am)
h:m:s (am)
Totality
h:m (am)
(at total)
st

Atherton
Babinda
Cairns CBD
Daintree
Gordonvale
Innisfail CBD
Kuranda
Kowanyama
Lakeland
Laura
Mareeba
Mossman
Mount Molloy
Palm Cove
Pormpuraaw
Port Douglas
Wujal Wujal
Yarrabah

1 contact
5:45
5:45
5:45
5:44
5:45
5:45
5:45
5:45*
5:44
5:44*
5:45
5:44
5:45
5:45
5:44*
5:44
5:44
5:45

nd

2

contact
6:39:43
6:39:23
6:38:36
6:37:53
6:38:52
6:40:10
6:38:28
6:37:08
6:37:40
6:37:33
6:38:45
6:38:01
6:38:17
6:38:21
6:36:26
6:38:03
6:37:55
6:38:34

th

29sec
1min 19sec
1min 58sec
1min 55sec
1min 47sec
19sec
1min 59sec
1min 35sec
1min 30sec
57sec
1min 41sec
2min 03sec
1min 59sec
2min 02sec
1min 54sec
2min 03sec
1min 07sec
2min 00sec

4 contact
7:41
7:41
7:40
7:39
7:41
7:41
7:40
7:37
7:39
7:38
7:40
7:40
7:40
7:40
7:36
7:40
7:39
7:40

14º
14º
14º
13º
14º
15º
14º
10º
13º
12º
14º
13º
14º
14º
9º
14º
13º
14º

Table 4-2 Total Solar eclipse timing – selected locations in the path of totality (* = before sunrise)
The exact time of the start of the total eclipse will
depend on the location. It will start at about 6:37 am
on the west coast of Cape York and at about 6:38 or
6:39 am on the east coast. Locations closer to the
centreline of the path of totality will have a longer total
AAQ/STAQ

eclipse. The total eclipse duration will also increase
towards the east coast. The maximum duration on the
Australian mainland is about 2 minutes and 4 seconds
at the point where the centre of the path crosses the
east coast just south of Port Douglas.
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4.4 Stars and planets during the eclipse
During the total part of the eclipse the sky becomes so
dark that some planets and the brightest stars usually
become visible. At the time of the eclipse, the planets
Venus and Saturn will be higher in the sky than the
Sun, while Mercury will be between the Sun and the
horizon. These planets and the Sun with the Moon will
form a line. This is because all the planets are in
approximately the same plane as they orbit the Sun.
During a total solar eclipse is the only time that this
can be seen in this way. It may be possible to see the
bright stars Sirius and Canopus as well as the stars of
the Southern Cross. See figure 4-3 for a whole sky
view at the time of the eclipse.

4.5 Where to observe the total eclipse from
Whether you live in the path of the total eclipse, or are
going to visit the region, there are some things to
consider concerning from where to observe the
eclipse.
Outlook: The eclipse occurs early in the morning
when the Sun will be low in the east. If you live in the
path of totality check to see if you will be able to see
the Sun at the time of the eclipse from your location
by checking where the Sun is at eclipse time in the
days before the eclipse.
Table 4-2 shows the elevation above the horizon of
the Sun at the time of the eclipse - generally above 10
degrees. A good way to measure 10 degrees is to use
your fist. Have your arm outstretched with the fist
vertical and the thumb to the top. If you line up the
bottom of your fist with the horizon then your thumb
will be at about 10 degrees.
The Sun will rise a little south of east so check that
you have a clear view in that direction. It will also help
to experience the eclipse if you have a good view all
around so that you can see the dark sky with the
sunset colours around the horizon. If you have a view
to the west you may be able to see the Moon’s
shadow approaching just before the total eclipse. A
Page 14

beach location that faces east with a clear view may
offer a good view of the eclipse as the Sun will rise
over the ocean and as long as there are no clouds
you may be able to see the partial phases before the
total eclipse. But you may not see the all round sunset
or the approaching shadow. If you do go to the beach,
be wary of the tide. The tide will be incoming on the
morning of the eclipse (high tide is about 9:00 am).
Duration of the total eclipse: Table 4-2 lists the
duration of the total eclipse which depends on where
you are in the shadow path. Locations towards the
centreline of the shadow path will have a longer
duration. Locations closer to the edge will have a
shorter duration. Anywhere on the east coast between
Wonga Beach and Cairns will experience an eclipse
of about two minutes. In contrast, go closer to the
edges of the track to improve the view of Baily’s
beads and other transitional effects.
Weather: The eclipse occurs at the start of the north
Queensland wet season. There is risk of cloud.
Onshore breezes may result in cloud buildup to the
east of the coastal ranges. However, with the eclipse
in the early morning, skies may be clearer. Depending
on the weather pattern at the time, the sky may be
clearer to the west of the coastal ranges.
Access: There is very good road access to most of
the east coast areas. The western part of the eclipse
track has no highways and the tracks are generally
only suitable for 4 wheel drive vehicles and are often
impassable in the wet. Before venturing off the
highways, check road conditions and only travel with
local knowledge and in a suitable vehicle carrying
appropriate emergency supplies, navigation and
communications equipment.
Facilities: You may want to be near where you can
obtain facilities such as food and drink and toilets. The
local authorities may set up public viewing areas with
these facilities for the many expected visitors.

4.6 Observing the eclipse
A solar eclipse offers students a unique opportunity to
see a fascinating natural phenomenon that illustrates
the basic principles of mathematics and science
taught through primary and secondary school. Indeed,
many scientists (including astronomers) have been
inspired to study science as a result of seeing a total
solar eclipse. Teachers can use eclipses to show how
the laws of motion and the mathematics of orbits can
predict the occurrence of eclipses. The use of pinhole
cameras and projection using telescopes or
binoculars to observe an eclipse leads to an
understanding of the optics of these devices. The rise
and fall of ambient light levels and the changing
colours during an eclipse illustrate the principles of
light transmission, radiometry and photometry, while
biology classes can observe the associated behavior
of plants and animals. It is also an opportunity for
children of school age to practice scientific research,
observation and understanding by such activities as
research of the circumstances of the eclipse, watching
for and recording each of the various phenomena of
the total eclipse and documenting these activities.
See section 5 for how to observe the eclipse safely.
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Total solar eclipses occur somewhere in the world on
average about every 18 months. Because each total
solar eclipse occurs on such a narrow path, a total
eclipse for any specific location on Earth only occurs
on average about every 350 to 400 years but this
period varies widely.
The last total solar eclipse to occur in Queensland
was in 2002 but the shadow path only reached into
the far south western corner of the state. The total
eclipse in Queensland prior to that was on 21
September 1922 when the shadow path traversed the
southern part of the state near the border with NSW.
The last total solar eclipse at the location of Cairns

was in the year 710.
The next total solar eclipses to occur in Queensland
after 2012 will be in 2028 and 2030. The next eclipse
in north Queensland will be in 2077.
The next total solar eclipses anywhere in the world will
be in November 2013 across Africa, in March 2015 in
the Arctic, March 2016 in Indonesia and in August
2017 through USA.
Figures 4-4 and 4-5 show the path of totality of all total
solar eclipses in Queensland for the last 100 years
and for the next 100 years. There are websites that
allow you to explore where total solar eclipses have
occurred for many years into the past and into the
future. See Activity 09.

Activities:

Useful websites:

Activity 07 Use planetarium software to show the
eclipse in simulated time, noting the effects and
eclipse contacts. Use locations inside and outside the
shadow path to see the difference. See what stars
and planets may be visible during totality.
www.eclipse.aaq.org.au/resources/activity07
Activity 08 Use websites to find the eclipse
circumstances for any location – for the total eclipse
from the path of totality or a partial eclipse from any
other location.
www.eclipse.aaq.org.au/resources/activity08
Activity 09 Use the NASA website to find out when
was the last total solar eclipse at the location of your
town and when the next one will be. Find out the path
of future eclipses anywhere in the world that you
might be able to travel to.
www.eclipse.aaq.org.au/resources/activity09

Astronomical Association of Queensland 2012 eclipse:
factsheet: www.eclipse.aaq.org.au
NASA eclipse circumstances for the 2012 eclipse:
http://eclipse.gsfc.nasa.gov/SEgoogle/SEgoogle2001/
SE2012Nov13Tgoogle.html
Eclipse paths for Google Earth:
http://xjubier.free.fr/en/site_pages/SolarEclipsesGoogl
eEarth.html
Eclipse Calculator for 2012 eclipse:
http://www.eclipse-chasers.com/tseCalculator.php
Astronomical Society of Australia 2012 eclipse
factsheet:
http://www.astronomy.org.au/ngn/media/client/factshe
et_23revx.pdf
Weather analysis for 2012 eclipse:
http://home.cc.umanitoba.ca/~jander/tot2012/tse12intr
o.htm

4.7 Past and future eclipses

AAQ/STAQ
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5. How to Observe the Sun Safely
5.1 Dangers of viewing of the Sun
Most people are aware that it is not safe to stare at
the Sun. Humans have an automatic response to look
away or close their eyes when attempting to observe
the Sun. This is a natural process that helps to protect
our eyesight. When an eclipse is known to be
occurring, children have a natural curiosity and may
be tempted to try to look. They can be less aware than
adults of the dangers of staring at the Sun. This is
exacerbated when there is a deep partial eclipse and
the Sun is reduced to a thin crescent as the “look
away” response may be reduced. The message that
viewing of the Sun without proper precautions at any
time is dangerous needs to be reinforced, especially
for young children.
The primary concern over unprotected viewing of the
Sun during an eclipse (or at any other time) is the
development of “eclipse blindness” or retinal burns.
Exposure of the retina to intense visible light causes
damage to its light-sensitive rod and cone cells. The
light triggers a series of complex chemical reactions
within the cells which damage their ability to function
and in extreme cases, can destroy them. The result is
a loss of vision, which may be either temporary or
permanent depending on the severity of the damage.
In addition, the high level of visible and near-infrared
radiation can cause heating that literally cooks the
exposed
tissue.
This
thermal
injury
or
photocoagulation destroys the rods and cones,
creating a blind spot burned into the retina.
There are two effects which compound the danger.
Firstly the injuries occur without any feeling of pain
(the retina has no pain receptors) and secondly the
visual effects may not become apparent for at least
several hours after the damage is done. For these
reasons, significant damage may occur without the
victim being aware of it.
Because optical instruments intensify the light, looking
at the Sun through an unfiltered telescope or
binoculars is very dangerous as it can cause
permanent damage almost immediately.
It is never safe to look directly at a partial or annular
eclipse or the partial phases of a total solar eclipse
without the proper equipment and techniques. Even
when 99% of the Sun’s surface (the photosphere) is
obscured during the partial phases of a solar eclipse,
the remaining crescent Sun is still intense enough to
cause a retinal burn, even though illumination levels
may be comparable to twilight. Failure to use proper
observing methods may result in permanent eye
damage and severe visual loss.

5.2 Safe viewing of the partial eclipse
Safe viewing techniques must be used for the partial
eclipse that will occur across Queensland and for the
partial phases that precede and follow the total eclipse.
The Queensland government has issued the following
advice for safe viewing of the eclipse.
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1. Never look directly at the Sun without proper eye
protection. It is possible to suffer serious and
permanent eye damage by looking at a solar
eclipse the wrong way, even for a very short time.
2. Always use solar eclipse glasses, or filters that
have been made specifically to attach to handheld glasses, telescopes or binoculars for safe
solar eclipse viewing.
3. Look for filters that have been appropriately
certified against the European Standard for
personal eye equipment (EN1836:2005 +A1:2007)
or the Australian Standard for welding shields and
goggles with a lens category higher than 12
(AS/NZS 1338.2:1992 & AS/NZS 1338.1:1992).
4. Before using solar eclipse glasses or filters, check
to see if they are scratched or damaged. If so, do
not use them as they will not fully protect your
eyes.
5. Do not use solar eclipse glasses or filters that do
not show compliance with the Standards listed
above – they may do you more harm than good.
6. Do not look directly through binoculars,
telescopes or camera optical viewfinders. It is not
safe to use regular sunglasses, exposed film or
x-ray film to view a solar eclipse.
7. Alternative safe viewing methods include using
pinhole, binocular or telescope projection. Visit
http://sunearthday.nasa.gov/2012/transit/viewing.p
hp for details on how to do this safely. For
information on filters for telescopes or binoculars
visit
http://eclipse.gsfc.nasa.gov/SEhelp/safety2.html.
This advice is available on the following website:
http://www.fairtrading.qld.gov.au/safe-viewing-ofastronomical-events.htm

5.3 Viewing the total part of a total solar
eclipse
The NASA solar eclipse website also has information
describing how to view a solar eclipse safely. They
advise that “the total phase of an eclipse can and
should be viewed without any filters whatsoever. The
naked eye view of totality is not only completely safe;
it is truly and overwhelmingly awe-inspiring!” See
http://eclipse.gsfc.nasa.gov/SEhelp/safety2.html
for
the full text.
So, if you are in the path of totality (and you must be
certain of this) you must remove your filter (eg eclipse
glasses) in order to see the total part of the eclipse,
but you must keep the filter on until the Sun is no
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longer visible (even the tiniest part) and it goes very
dark; and you must look away or replace the filter
immediately any part of the Sun reappears.

5.4 Projection method of viewing the Sun
A safe and inexpensive method of observing the Sun
during a partial solar eclipse is to view an image of it
formed by projection. Use two pieces of card, one with
2 mm hole in it. Stand facing away from the Sun and
project an image of the Sun through the hole in the
card onto the other card. Do not look at the Sun
through the hole in the card. The crescent shape of
the Sun can easily be seen during the partial phases
of a solar eclipse (see also Activity 10).

All of these methods can be used to provide a safe
view of the partial phases of an eclipse to a group of
observers but care must be taken to ensure that no
one looks through the pinhole or telescope or
binoculars and that any finderscope is covered. The
main advantage of the projection methods is that
nobody is looking directly at the Sun.

5.5 Safe solar viewing as an extension of
regular sun safe messages
The potential for skin damage from harmful rays of the
Sun are well known. Schools develop sun safety
strategies to protect students from the dangers of
over-exposure to the Sun, for example by minimising
exposure times, requiring the use of protective
clothing and encouraging the use of broad spectrum
sunscreen. The wearing of sunglasses is normally
encouraged to guard against long term UV damage to
eyesight.
Messages of protecting eyesight from inappropriate
viewing of the Sun and how to observe the Sun safely
during an eclipse or transit are natural complements
to these initiatives. Students should be encouraged to
spread the message of how to view the eclipse safely
to their family and friends.

Also, during a partial solar eclipse, multiple openings
in pegboard, in a loosely woven straw hat, or even
between interlaced fingers can be used to cast a
pattern of solar images on a screen, on a wall or on
the ground. A similar effect is seen on the ground
below a broad-leafed tree: the many "pinholes"
formed by overlapping leaves create hundreds of
crescent-shaped images (See figure 3-2). Binoculars
or a small telescope mounted on a tripod can also be
used to project a magnified image of the Sun onto a
white card. This method can be effective in showing
sunspots (see activity 11).
Commercially manufactured solar projection devices
are available. One such example is a Solarscope
(www.solarscope.com ). See figure 5-3.

Activities:

Useful websites:

Activity 10 Construct a pinhole solar projection
device. www.eclipse.aaq.org.au/resources/activity10
Activity 11 Indirectly view the Sun using a telescope
or binoculars.
www.eclipse.aaq.org.au/resources/activity11
Activity 12 Observe the partial solar eclipse (from any
location in Queensland) and compare the
observations with predictions.
www.eclipse.aaq.org.au/resources/activity12
Activity 13 Observe the total solar eclipse (from the
path of totality).
www.eclipse.aaq.org.au/resources/activity13
Activity 14 Contact your local Astronomical society
and arrange a night sky viewing.
www.eclipse.aaq.org.au/ resources /activity14
Activity 15 Photograph a solar eclipse.
www.eclipse.aaq.org.au/ resources /activity15

Queensland Government safe eclipse viewing:
http://www.fairtrading.qld.gov.au/safe-viewing-ofastronomical-events.htm
NASA eclipse eye safety advice:
http://eclipse.gsfc.nasa.gov/SEhelp/safety.html
International Astronomical Union eclipse eye safety:
http://web.williams.edu/Astronomy/IAU_eclipses/
Solarscope solar image projection device:
http://www.solarscope.com/en/index.en.html
CSIRO safely viewing the Sun:
http://www.csiro.au/Outcomes/Understanding-theUniverse/Tracking-spacecraft/Safely-viewing-theSun.aspx
IAU working group on solar eclipses:
www.eclipses.info

AAQ/STAQ
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6. The Sun
6.1 The Sun’s light and energy
The Sun, like all stars, is a ball of hot gas. The surface
of the Sun sends us the light and heat that provide
energy for us on Earth. The Sun’s energy is formed
deep inside its interior by the process of nuclear
fusion and slowly makes its way to the surface. In the
Sun’s fusion process, every second about 700 million
tonnes of hydrogen are converted into 695 million
tonnes of helium with the remaining 5 million tonnes
being converted to energy according to the equation
2
E = mc . Because the light from the Sun is so intense,
it is important to protect our eyesight when attempting
to observe the Sun during an eclipse. It is the
dramatic change in lighting levels when the Sun’s light
is cut off during an eclipse that helps to create such
an awe inspiring event.

6.2 The Sun’s structure and activity
Figure 6-1 shows the structure of the Sun. The Sun’s
extremely bright surface is called the photosphere
(from the Greek word photos, meaning light). If the
Sun is observed using protective filters and
precautions, the photosphere appears to be largely
uniform in brightness, slightly darker toward its edges
and often with sunspots on it.

There is a thin layer of very hot gas just above the
photosphere called the chromosphere (from the
Greek word for colour, chromos). Glowing loops of
hydrogen plasma called prominences can often
occur suspended in the Sun’s magnetic field above
the chromosphere. Prominences are usually
associated with sunspots.
The Sun is surrounded by a tenuous layer of
extremely hot gas (at about 2 000 000°C) called the
corona (from the Latin word for crown). It always
surrounds the Sun but is a million times fainter than
the photosphere and is normally fainter than the
Earth’s blue sky. However, during a total solar eclipse
when the bright photosphere is hidden and the blue
sky is not illuminated, the corona can easily be seen
surrounding the Sun and it is one of the most dramatic
sights of an eclipse. The chromosphere can usually
be seen as a dramatic line of crimson red around the
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Sun’s edge at the start and end of totality and
prominences can often be seen rising above.
The corona is irregular in shape with streamers
extending millions of kilometres into space. The
appearance of the corona is continuously varying and
is different at each eclipse. The Sun acts like a giant
bar magnet, so thin rays of the corona called polar
tufts usually appear at the Sun’s north and south
poles. Coronal streamers, which appear distributed
around the Sun, generally appear longer and closer to
the Sun’s equator at sunspot minimum (low solar
activity), while at sunspot maximum (high solar activity)
the shape of the corona is usually more uniform with
streamers more distributed around the Sun. There are
generally more prominences at sunspot maximum.
Sunspot numbers are expected to be approaching a
maximum around 2013.

6.3 Sunspots
Sunspots are relatively cool regions of the solar
surface where the Sun’s magnetic field is especially
strong. The number of sunspots on the Sun is a good
indicator of the level of the Sun’s activity. Sunspots
appear on the photosphere. Each sunspot has a dark
centre called its umbra and a less dark region called
its penumbra. Sunspots normally form in groups and
each spot can last for weeks. Since the Sun rotates
about once every 25 days, sunspots can be observed
to form and rotate across the photosphere. Figure 6-2
shows sunspots on the Sun’s surface.
Sunspots are regions of the Sun where the magnetic
field is especially strong, perhaps 3 000 times
stronger than the average field of the Sun, of the
Earth or of a toy magnet, which are all comparable in
strength. Sunspots tend to occur in groups.

The number of sunspots on the Sun waxes and
wanes over an 11 year period. Figure 6-3 shows
average monthly sunspot numbers over the last few
solar cycles. The sunspot number is not actually a
direct count; but is a compound value that makes
allowance not only for individual spots but also for the
presence of sunspot groups.
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During sunspot maximum, there are more huge
eruptions on the Sun called solar flares. Flares send
out particles, X rays and gamma rays that can hit the
Earth; these can cause surges in power lines, affect
passengers in highflying aircraft or astronauts on
space vehicles and contribute to creating the aurora.

6.4 Light and colours in the atmosphere
The Sun produces electromagnetic radiation over the
frequency spectrum including X rays, ultraviolet (UV),
visible light, and infrared (IR). Normally we see visible
light as white light but it can easily be split into the
component colours of the spectrum. Objects appear to
us to be their characteristic colour depending on how
the light is reflected from their surface. Light can be
split into a spectrum by a prism or other devices that
refract light.
In the daytime, the sky appears blue because sunlight
is scattered by molecules of the atmosphere. This is
called Rayleigh scattering. Air molecules scatter
about ten times as much blue light as red light, so if
you look into the sky it normally looks blue. The light
which is left to continue through and is not scattered,
is less blue and more red.
When the Sun is close to the horizon and the light that
we see has travelled a long way through the Earth’s
atmosphere, it has lost most of its blue and green due
to scattering and so appears to be red and orange.

Activities:
Activity 16 Observe and record sunspots. Use
sunspots to determine the rotation period of the Sun.
Extend this to calculate rotation periods at varying
latitudes.
www.eclipse.aaq.org.au/resources/activity16
Activity 17 Construct a sundial.
www.eclipse.aaq.org.au/resources/activity17
Activity 18 Investigate spectroscopy. Use the CLEA
website to investigate the spectrum and infer the
classification of different types of stars.
www.eclipse.aaq.org.au/resources/activity18

These colours light up the sky to
give us the sunset and sunrise
colours. The light can be further
scattered by clouds and other
molecules in the atmosphere or
even by volcanic emissions
providing us with some truly
beautiful sunsets.
During the day, light around the
horizon usually looks white,
because the blue light scattered
from the atmosphere between
you and the horizon combines
with the light from the distance
(which has continued through the atmosphere and is
red) to appear white. This can also explain why during
a total solar eclipse, the light for 360 degrees around
the horizon appears as sunset colours. The area
around you at the time of the eclipse is in shadow so
there is no blue light scattered from the atmosphere.
The light from outside the shadow is the red and
orange light, without any blue light from the sky close
to you to compensate for it.

6.5 Sun facts and statistics
•
•

•
•
•
•

The Sun’s diameter is 1 392 000 km (= 109 times
the diameter of the Earth or 1 300 000 times the
volume of the Earth).
Perihelion (minimum distance of the Earth from
the Sun) is 147 098 000 km; Aphelion (maximum
distance of the Earth from the Sun) is
152 098 000 km. The average distance from the
Earth to the Sun is 149 597 870 km. This is
known as the Astronomical Unit.
30
The Sun’s mass is 1.99 x 10 kg (333 000 Earths
and about 99.8% of the mass of the solar system.
Rotation period at the equator is 25.05 days.
Composition by mass approx 75% hydrogen, 24%
Helium, 1% other.
The time taken for light to travel from the Sun to
the Earth is about 8.3 minutes so we see the Sun
as it was 8.3 minutes ago.

CSIRO: Activities involving the Sun including
understanding the Sun, tracing an analemna and
more:
http://www.csiro.au/Outcomes/Understanding-theUniverse/Tracking-spacecraft/Total-solar-eclipse2002-teachers-guide.aspx
Solar and Heliospheric Observatory spacecraft:
http://sohowww.nascom.nasa.gov
Solar Dynamics Observatory spacecraft images:
http://sdo.gsfc.nasa.gov
NASA sunspot numbers:
http://solarscience.msfc.nasa.gov/SunspotCycle.shtml
Wikipedia: the Sun:
http://en.wikipedia.org/wiki/Sun

Useful websites:
NASA Sun web page:
http://solarsystem.nasa.gov/planets/profile.cfm?Object
=Sun
AAQ/STAQ
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7. The Moon
7.1 The Moon’s orbit and phases
The Moon orbits the Earth about every 27.3 days with
respect to the stars (called a sidereal month).
However, during that time, the Earth and the Moon
1
have moved as a system about /12 of the way in their
yearly orbit around the Sun. So, if the Moon at a
certain point in its orbit is directly between the Earth
and the Sun, 27.3 days later it has not quite returned
to that point directly between the Earth and the Sun.
The Moon must orbit the Earth a bit further to get back
to the same place with respect to the line between the
Earth and the Sun. The Moon reaches this point in a
couple of days, making the synodic month (also
called a lunar month) of the Moon equal to about 29.5
days. (The synodic period is the interval between two
successive conjunctions of two celestial bodies; in this
case conjunctions of the Moon and Sun as observed
from the Earth.) It is the time between two successive
full moons (or new moons) and it is the synodic
months that are taken into account in lunar calendars.
As the Moon orbits the Earth, it goes through its
various phases, from new moon, to first quarter, to full
moon to last quarter and back to new moon. Refer to
figure 7-1. Like the Earth, one half of the Moon is
always illuminated by the Sun and the phase of the
Moon that we see at any time is as a result of the
fraction of the illuminated half that we can see.
In between the new moon and the full moon, the
Moon is a crescent (less than half-illuminated), a halfmoon (half the face we see illuminated) or is gibbous
(more than half-illuminated). Gibbous comes from the
Latin word that means a hump, or bulging. The first
half moon after the new moon is called the first
quarter, since we are one-quarter of the way through
the monthly cycle of phases. The half moon after the
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full moon is called the third quarter. While the phases
are changing from new to full, with more of the
illuminated side of the Moon becoming visible, we say
the Moon is waxing. Between full and new phases the
Moon is waning.
The angle between the Earth, the Moon and the Sun
determines which phase will appear, so the time of
night the Moon rises depends on its phase. A full
moon rises when the Sun sets and so will stay in the
sky most of the night. A new moon rises when the Sun
rises and sets when the Sun sets. The Moon rises
about 50 minutes later each night. A first-quarter
moon thus rises at about midday and sets around
midnight and so is at its highest point for the day at
sunset. Around third quarter, it rises late at night. You
can often see the Moon in the daytime, especially if
you firstly figure out approximately where to look for it.
Since the Moon's orbit is elliptical, the Moon's speed
around the Earth varies, making the period between
its phases vary slightly.
Solar eclipses, when the Moon casts a shadow on the
Earth, can only happen at new moon. Lunar eclipses,
when the Earth casts a shadow on the Moon, can only
happen at full moon.

7.2 The appearance of the Moon
The Moon is often the most prominent object in the
night-time sky. The Moon is a rocky body but unlike
the Earth, it has no atmosphere and likely no life or
liquid water.
As it orbits the Earth, the Moon keeps essentially the
same face toward the Earth, because a slight bulge of
matter exists in the side of the Moon that faces the
Earth, allowing Earth's gravity to capture the Moon's
rotation. As a result, the Moon turns once on its axis
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with respect to the
stars during each of
its orbits around the
Earth.
The Moon is a little
more
than
onequarter the diameter
of the Earth. This
makes it the largest
substantial satellite
(moon)
of
the
planets in the solar
system
when
compared
to
its
parent planet. Three
moons of Jupiter and
one of Saturn are
physically larger than
our moon.
Even with the naked
eye, we can see that
the surface of the
Moon is varied in
structure. The fact
that the Moon has
large flat areas and
craters
was
discovered
by
Galileo when he firstly turned his small telescope to
look at the Moon in 1609. The large flat areas are
called maria (pronounced "MAR ee uh"; singular,
mare, pronounced "MA ray"). Maria means "seas,"
though there is no water in these lunar seas.
The view of the Moon through even a small telescope
can be breathtaking. See figure 7-2. You can see that
the maria are very flat and that there are other regions,
the highlands that are covered with craters. There
are relatively few craters on the maria. These "seas"
have, instead, been made flat by volcanic material –
lava that flowed from beneath the lunar surface more
than 3 billion years ago. This lava covered whatever
craters existed at that time, so the craters now visible
in the maria were formed by the impact of
interplanetary rocks (meteorites) that have hit the
Moon since then.
When observing the Moon with binoculars or with a
telescope, you will find it most interesting to observe

the terminator, the line separating light from dark
(day from night, on the Moon). At the terminator, we
are seeing the region where the Sun's rays are hitting
the Moon at the most oblique angle and therefore
shadows are longest there. This increases the
contrast of the surface features. The height of lunar
mountains can be calculated by measuring the
lengths of their shadows.

7.3 Moon facts and statistics
•
•

•
•

Diameter is 3 476 km (about a quarter the
diameter of the Earth).
Perigee (minimum distance from Earth) is about
356 400 km; Apogee (maximum distance from the
Earth) is about 406 700 km. The average distance
from the Earth is about 384 400 km.
22
Mass is 7.348 x 10 kg (about one eightieth of the
mass of the Earth).
Inclination of the Moon’s orbit to the Ecliptic (plane
of the Earth’s orbit) is 5.145º.

Activities:

Useful websites:

Activity 19 Investigate phases of the Moon.
www.eclipse.aaq.org.au/resources/activity19
Activity 20 Observe the features on the Moon with
binoculars or a telescope.
www.eclipse.aaq.org.au/resources/activity20

NASA Moon web page:
http://solarsystem.nasa.gov/planets/profile.cfm?Obje
ct=Moon
Virtual Moon Atlas - free Moon observation software:
http://www.ap-i.net/avl/en/download
NASA Lunar Reconnaissance Orbiter spacecraft:
http://lunar.gsfc.nasa.gov
Wikipedia: the Moon:
http://en.wikipedia.org/wiki/Moon
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8. Eclipses in History
Anyone who has witnessed a total solar eclipse will
tell you what a dramatic and emotional sight it is; one
of the greatest dramas of the natural world. Small
wonder then that in ancient times, before there was a
scientific explanation of the event, it was viewed with
wonder, awe and even terror and was even invested
with great religious significance. However, eclipses
have also allowed science to advance because of the
unique laboratory which they provide.
In ancient times eclipses
were seen as harbingers
of doom, an omen of
some coming natural
disaster or the death or
downfall of a ruler. One
myth
involved
an
invisible dragon or other
demon that devours the
Sun during an eclipse.
The
Chinese
would
produce great noise and
commotion (drumming, banging on pans, shooting
arrows into the sky) to frighten away the dragon and
restore daylight.
In India people immersed themselves in water up to
their necks; believing this act of worship would help
the Sun and Moon defend themselves against the
dragon. In Japan, the custom was to cover wells
during an eclipse to prevent poison from dropping into
them from the darkened sky. As recently as the last
century, the Chinese Imperial Navy fired its
ceremonial guns during an eclipse to scare off the
mythical dragon.
Because the exact date, time and place of solar
eclipses can now be accurately determined for
thousands of years into the past (and future), they can
be used to date historical events. History itself has
sometimes been influenced by the drama of an
eclipse. The earliest record of a solar eclipse comes
from ancient China, believed to be on 22 October
2134 BCE. The ancient Chinese document Shu Ching
records that "the Sun and Moon did not meet
harmoniously". The story goes that the two royal
astronomers, Hsi and Ho, had neglected their duties
and failed to predict the
event, so the emperor was
caught unprepared. Even
though the Sun returned,
the angry ruler ordered the
astronomers beheaded.
An eclipse in 585 BCE in
what is now Turkey ended
a five-year war between
the ancient kingdoms of
Media and Lydia, when
the final battle finished
abruptly due to a total
solar eclipse. The eclipse
was perceived as an omen,
indicating that the gods
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wanted the fighting to stop.
Louis, son of the emperor Charlemagne, died (some
say of fright) after witnessing the five minutes of
totality during the eclipse of 05 May 840. The fighting
for his throne ended three years later with the historic
Treaty of Verdun which divided Europe into the three
major areas we know today as France, Germany and
Italy.
The unique conditions of a solar eclipse have enabled
many scientific advances to be made. The discovery
of the element helium (the second most abundant in
the universe after hydrogen) was made possible by a
solar eclipse. A spectrum of the Sun’s corona
obtained during an eclipse in India in 1868 by French
astronomer Jules Janssen included a mysterious
emission line which could not be associated with any

known element. The English astronomer Norman
Lockyer had also noticed the line and realised that it
was due to an undiscovered element which he called
helium after the Greek word for the Sun. Helium was
not found on Earth for another 27 years.
Einstein’s
1915
theory of General
Relativity
revolutionised our
understanding of
the cosmos, so
experimental proof
of the theory was
eagerly
sought.
Einstein
himself
pointed out that the
theory
predicted
that the light from a
distant star passing
close to the Sun
would be bent slightly by the mass of the Sun and
thus appear to us to have moved its position in the sky.
However, this effect could only be observed during a
solar eclipse when the star could be seen and its
apparent position measured. The British astronomer
Sir Arthur Eddington took up the challenge and
organised two expeditions to observe the May 1919
eclipse and to make the necessary measurements.
The results were sufficiently in agreement with
Einstein’s prediction to support the theory and the
eclipse established Einstein as a world celebrity for
the first time.
After thousands of years the total solar eclipse
continues to thrill those people lucky (and organised)
enough to see one. Even today, a total solar eclipse
still allows astrophysicists to make valuable scientific
measurements, particularly when coordinated with
measurements from observatories in space.
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Useful websites:

Websites referenced in this section:

CSIRO: Research the history of total solar eclipses.
http://www.csiro.au/Outcomes/Understanding-theUniverse/Tracking-spacecraft/History-of-total-solareclipses.aspx

http://www.earthview.com/ages/ages.htm
http://www.csiro.au/resources/ps2af.html
http://eclipse.gsfc.nasa.gov/SEhistory/SEhistory.html
http://en.wikipedia.org/wiki/Solar_eclipse_of_August_18,_
1868
http://www.saburchill.com/HOS/astronomy/028.html
http://www.esa.int/esaSC/SEMYK9R1VED_index_0.html

9. The Scientific Aspect of Eclipses
Observations of total solar eclipses over the last three
centuries
have
contributed
greatly
to
our
understanding of the Sun, Earth and the Moon.
Comparison of eclipse timing to predictions has
helped astronomers to refine their knowledge of the
orbits of the Earth and the Moon. Total solar eclipses
have allowed examination of the makeup and
characteristics of the Sun and its atmosphere without
having to contend with the bright surface of the Sun.
th
In the early 20 century observations of stars during
eclipses helped confirm aspects of the theory of
relativity (see section 8).
Study of the Sun and understanding of its activity
have been recognised as important to life on Earth. As
the source of almost all energy on Earth we need to
understand how it works and how its energy output
varies over time. The Sun is the source of the solar
wind which, when the Sun is active, can send highly
energetic particles and hot electrified material towards
Earth and this can disrupt satellites and other
communications devices as well as electrical systems
on Earth. In addition, study of the Sun’s nuclear fusion
process may assist with research into eventually
producing and controlling nuclear fusion as an energy
source on Earth. Study of the Sun also helps us to
understand other stars.
Because an understanding of the Sun is so important
a number of satellites have been launched in recent
times to study the Sun. These include SOHO (Solar
and Heliospheric Observatory), TRACE (Transition
Region and Coronal Explorer), STEREO (Solar
TErresterial Relations Observatory, SDO (Solar
Dynamics Observatory) and Hinode (Sunrise).
Satellites are above the Earth’s atmosphere and this
provides the benefits of being able to block out most
of the bright photosphere for study of the corona.
They can examine the Sun in a range of wavelengths
some of which are filtered by the Earth’s atmosphere
and they have the benefit of not having the distortion
caused by the Earth’s atmosphere with which to
contend.
Satellite based observations have contributed
enormously to our understanding of the Sun and have
generally taken the place of observations that were
previously undertaken during total solar eclipses.
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However, there still remain scientific experiments that
are best done at the time of a total solar eclipse.
Following are examples of some of these experiments.
The inner corona is difficult to observe using satellites
due to the need to limit the scattering of sunlight in the
satellite instrumentation, so this part of the Sun can
still best be examined during a total solar eclipse.
As the Moon moves across the Sun and across the
Sun’s atmosphere it progressively covers or uncovers
areas and these areas can be precisely located. This
gives a method for accurately determining the position
of emission sources of various wavelengths of light
revealing information on the position of various
compounds and the location and strength of magnetic
fields.
Identification of the exact edge of the path of totality
using a number of observers allows calculations to be
made of the exact size of the Sun so that the change
in the Sun’s diameter can be monitored to reveal any
changes over time.
Investigations of the Sun from the ground during a
total solar eclipse have the advantages over satellite
observations of being less costly, are able to be set up
and adjusted at the last minute and can be
continuously monitored by humans.

Useful websites:
SOHO website:
http://sohowww.nascom.nasa.gov
STEREO website:
http://stereo.gsfc.nasa.gov
SDO website:
http://sdo.gsfc.nasa.gov
TRACE website:
http://sunland.gsfc.nasa.gov/smex/trace
Articles on current eclipse experimentation:
http://www.sciencedaily.com/releases/2009/06/09061
0133459.htm
www.nature.com/nature/journal/v459/n7248/pdf/natur
e07987.pdf
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10. Annular Solar Eclipse 10 May 2013
An annular solar eclipse will cross Cape York on the
morning of 10 May 2013. The eclipse will start at
sunrise in Western Australia; move over Northern
Territory in the region of Tennant Creek and cross
Cape York before heading out towards Papua New
Guinea and the Pacific Ocean. It will intersect the path
of the total solar eclipse of 14 November 2012 in the
area of the west coast of Cape York and will cross the
east coast to the north of Cooktown. The indigenous

communities of Kowanyama and Pormpuraaw will
have the highly unusual privilege of experiencing two
solar eclipses within six months.
Figure 10-1 shows the path of both eclipses across
Cape York. Figure 10-2 is a map which shows the
path of the Annular eclipse across Queensland and
the partial eclipse that will occur across Queensland
at the same time.

Table 10-1 shows the timing at locations in the path of annularity and timing of the partial eclipse for selected other
locations in Queensland. All times are in Australian Eastern Standard Time (UTC + 10 hours).
Location

Annular eclipse
Kowanyama
Pormpuraaw
Coen
Partial eclipse
Cairns
Cooktown
Townsville
Rockhampton
Brisbane

Start
Partial
h:m (am)

Start
Annular
h:m:s (am)

Annular
Duration
m:s

Maximum
Magnitude

7:27
7:27
7:27

8:42:18
8:42:52
8:45:35

4m 30s
3m 19s
2m 14s

97%
96%
95%

7:28
7:28
7:29
7:34
7:41

88%
93%
81%
65%
52%

Time of
Max.
h:m (am)

8:49
8:49
8:49
8:54
8:58

End
Partial
h:m (am)

Sun
Elev.
(at max)

10:19
10:19
10:23

26°
26°
28°

10:27
10:27
10:27
10:30
10:28

29°
29°
29°
30°
30°

Table 10-1 Annular Solar eclipse 10 May 2013 timing for selected locations

Activities:

Useful websites:

Activity 21 Research the path of the 2013 Annular
eclipse and simulate the eclipse using planetarium
software for a location in the path of annularity or any
other location.
www.eclipse.aaq.org.au/resources/activity21

NASA website for the 2013 annular eclipse:
http://eclipse.gsfc.nasa.gov/SEgoogle/SEgoogle2001/
SE2013May10Agoogle.html
Wikipedia website for the 2013 annular eclipse:
http://en.wikipedia.org/wiki/Solar_eclipse_of_May_10,
_2013
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11. List of Activities
Number

Page

Description

Year level

1

8

Simulate an eclipse using differently sized balls at different distances.
Extensions include why there is not an eclipse every month and lunar
eclipses.

1 to 7

2

8

Make a model of the Sun, Earth and Moon to demonstrate solar and lunar
eclipses.

4 to 12

3

8

Use the mathematics of similar triangles to investigate the relative apparent
sizes of the Sun and the Moon and investigate eclipses.

7 to 12

4

8

A tutorial on astronomical simulation software to investigate celestial objects
and astronomical phenomena.

3 to 12

5

8

Use simulation software to investigate partial and total lunar eclipses.

5 to 12

6

8

Learn eclipse terminology using crossword puzzles.

3 to 12

7

15

Use planetarium software to show the eclipse in simulated time, noting the
effects and eclipse contacts. Use locations inside and outside the shadow
path to see the difference. See what stars and planets may be visible during
totality.

3 to 12

8

15

Use websites to find the eclipse circumstances for any location – for the total
eclipse from the path of totality or a partial eclipse from any other location.

5 to 12

9

15

Use the NASA website to find out when was the last total solar eclipse at the
location of your town and when the next one will be. Find out the path of
future eclipses anywhere in the world that you might be able to travel to.

5 to 12

10

17

Construct a pinhole solar projection device.

3 to 12

11

17

Indirectly view the Sun using a telescope or binoculars.

3 to 12

12

17

Observe the partial solar eclipse (from any location in Queensland) and
compare the observations with predictions.

4 to 8

13

17

Observe the total solar eclipse (from the path of totality).

4 to 8

14

17

Contact your local astronomical society and arrange a night sky viewing

F to 10

15

17

Photograph a solar eclipse.

5 to 12

16

19

Observe and record sunspots. Use sunspots to determine the rotation period
of the Sun. Extend this to calculate rotation periods at varying latitudes.

3 to 7

17

19

Construct a sundial.

F to 7

18

19

Investigate Spectroscopy. Using the CLEA website to investigate the
spectrum and infer the classification of different types of stars.

10 to 12

19

21

Investigate phases of the Moon.

F to 7

20

21

Observe the features on the Moon with binoculars or a telescope.

F to 10

21

24

Research the path of the 2013 Annular eclipse and simulate the eclipse using
planetarium software for a location in the path of annularity or any other
location.

5 to 12

These activities can be viewed or downloaded from the www.eclipse.aaq.org.au website.
Check for any additional activities added or updates to the above activities since the publication of this booklet.
There are also additional activities not listed here for example activities based on the Transit of Venus.
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12. Glossary
annular eclipse - a solar eclipse that occurs when the
apparent size of the Moon is not large enough to completely
cover the Sun. A thin ring of very bright sunlight remains
around the black disk of the Moon.
anomalistic month - the time taken for the Moon to orbit
the Earth from apogee to perigee and back to apogee.
antumbra – that part of the Moon’s shadow that extends
beyond the umbra. An annular eclipse is seen by an
observer in the antumbra.
aphelion - the point in an object’s orbit when it is farthest
from the Sun. Currently the Earth reaches aphelion in July.
apogee - the point in an object’s orbit when it is farthest
from the Earth.
astronomical unit - the average distance between the
Earth and the Sun (149 597 870 km).
Baily's beads - the effect seen just before and just after
totality when only a few points of sunlight are visible through
valleys around the edge of the Moon.
central eclipse - a solar eclipse in which the central axis of
the Moon’s shadow traverses the Earth. Central solar
eclipses can be total, annular or hybrid.
chromosphere - the lower atmosphere of the Sun just
above the photosphere that appears as a thin crimson ring
around the edge of the Sun during a total solar eclipse.
contact - one of the instances when the apparent position
of the edges of the Sun and the Moon (for eclipses) and the
Sun and a planet (for transits) cross one another during an
eclipse or transit. They are designated as first, second, third
and fourth contact.
corona - the upper atmosphere of the Sun that appears as
a halo around the Sun during a total solar eclipse.
diamond ring - the effect seen in the few seconds just
before and just after totality of a total solar eclipse when
there is a single point of sunlight brilliantly shining through a
valley on the limb of the Moon.
eclipse - the alignment of celestial bodies so that one is
obscured, either partially or totally, by the other.
eclipse season - the period of time when the Sun is near
alignment with a lunar node, during which eclipses may take
place. For solar eclipses, this time window of 31-37 days
occurs every 173.3 days.
eclipse year - the length of time it takes for the apparent
motion of the Sun to take it from one node of the Moon to
the other and back to the original node (about 346.6 days).
ecliptic - the plane of the Earth's orbit around the Sun. As
seen from the Earth, the Sun appears to move along the
ecliptic during the course of a year.
gibbous - phase of the Moon when it appears more than
half illuminated.
hybrid eclipse - a solar eclipse which appears annular and
total along different sections of its path.
lunar eclipse - the passage of the Moon into the shadow of
the Earth, which can only occur at a full moon.
lunar month - see synodic month.
magnitude - (of a solar eclipse) the fraction of the apparent
diameter of the Sun covered by the Moon. By convention it
is usually quoted at maximum phase.
mare - a large flat area on the Moon formed by volcanic
material flowing from beneath the lunar surface. (plural is
maria).
node - the two points where a tilted orbit intersects a
geometrical plane e.g. the Moon's orbit intersecting the
ecliptic.
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obscuration - (of a solar eclipse) the fraction of the Sun’s
area covered by the Moon.
partial lunar eclipse - a lunar eclipse where a portion (but
not all) of the Moon enters the Earth’s umbra.
partial solar eclipse - a solar eclipse seen from within the
Moon’s penumbra. The Moon appears to block part (but not
all) of the Sun’s photosphere.
path of totality - the path (up to about 270 km wide) that
the Moon's shadow traces on the Earth during a total solar
eclipse.
penumbra - the part of a shadow (as of the Moon or the
Earth) within which the source of light (the Sun) is only
partially blocked. Also, the lighter outer area of a sunspot.
penumbral eclipse - an eclipse of the Moon when the
Moon enters the penumbra of the Earth’s shadow.
perigee - the point in an object’s orbit when it is closest to
the Earth.
perihelion - the point in an object’s orbit when it is closest
to the Sun. Currently the Earth reaches perihelion in early
January.
photosphere - the bright visible surface of the Sun.
prominence - a large-scale gaseous formation above the
surface of the Sun shaped by the Sun’s magnetic field.
Rayleigh scattering - the scattering of light by particles
smaller than the wavelength of the light, resulting in
separation of colours. This causes the sky to be blue and
sunsets to be reddish.
regression - the movement of points in an orbit in the
direction opposite from the motion of the orbiting body. For
example, the Moon travels from west to east but its nodes
are regressing from east to west.
saros - the eclipse cycle with a period of 223 synodic
months or 6 585.32 days (18 years and about 11.3 days).
shadow bands - faint ripples of light sometimes seen on
flat, light-colored surfaces just before and just after totality.
sidereal month - the time taken for the Moon to make one
orbit of the Earth with reference to the fixed stars (27.32
days).
solar eclipse - the passage of the new moon directly
between the Sun and the Earth when the Moon's shadow is
cast upon the Earth. The Sun appears in the sky either
partially or totally covered by the Moon.
solar flare - an explosive eruption on the Sun.
sunspot - a magnetic disturbance on the Sun that appears
as a dark blotch on its surface.
synodic month - the time from one full moon to the next
(29.53 days). Also called a lunar month.
terminator - the edge between night and day on the Moon
or a planet.
total lunar eclipse - a lunar eclipse where the Moon enters
completely the Earth’s umbra.
total solar eclipse - a solar eclipse seen from within the
Moon’s umbra. The Moon appears to completely block the
Sun’s photosphere.
totality - the period during a solar eclipse when the Sun’s
photosphere is completely covered by the Moon and the
period for a lunar eclipse when the Moon is in the complete
shadow of the Earth.
umbra - a complete shadow (as of the Moon or the Earth)
within which the source of light (the Sun) is totally hidden
from view. Also, the dark inner area of a sunspot.
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A Total Solar Eclipse is one of the most dramatic
and awe inspiring events in the natural world.

Total Solar Eclipse over the Great Wall of China 1st August 2008

Full sequence of the Total Solar Eclipse in French Polynesia on 11th July 2010

