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Article

Total Solar Eclipse - 4th December 2002
by David BROADHEAD

Category: Technique

Sometimes the Moon, as it orbits the Earth, comes between the Sun and the Earth causing the
shadow of the Moon to fall onto the Earth. As the Moon and the Earth continue on their
normal orbits, this shadow quite literally carves a dark path across the surface of the Earth.

An eclipse of the Sun
(or solar eclipse) can
only occur at New Moon,
when the Moon passes
between the Earth and
Sun. If the Moon's
shadow happens to fall
upon Earth's surface at
that time, when the
Earth-Moon distance is
smaller, we see some
portion of the Sun's disk
covered or 'eclipsed' by
the Moon. Since a 'New
Moon' occurs every 29½
days, you might think
that we should have a
solar eclipse about once
a month. Solar Eclipse Geometry Diagram

Unfortunately, this doesn't happen because the Moon's orbit around Earth is tilted 5 degrees to the
Earth's orbit around the Sun. As a result, the Moon's shadow usually misses Earth as it passes above or
below our planet at New Moon. But at least twice a year, the geometry lines up just right, so that some
part of the Moon's shadow falls on Earth's surface and an eclipse of the Sun is seen from that region.

The Moon's shadow actually has two parts: 

Penumbra - Faint outer shadow; partial eclipses are seen from within this shadow. 

Umbra - Dark inner shadow; total eclipses are seen from within this shadow. 

Total Solar Eclipse Diagram

When only the Moon's
penumbral shadow strikes
Earth, we see a partial
eclipse of the Sun from
that region. Partial
eclipses are dangerous
to look at because the
un-eclipsed part of the
Sun is still very bright.
You must use special
filters or a home-made
pinhole projector to
safely watch a partial
eclipse of the Sun.

However, if the Moon's dark umbral shadow sweeps across Earth's surface, then a total eclipse of the
Sun is seen. The track of the Moon's shadow across Earth's surface is called the Path of Totality. The
track is typically 16,000 km long, but only 100 km or so wide. In order to see the Sun totally eclipsed
by the Moon, you must be in the path of totality.
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The total phase of a solar
eclipse is very brief. It rarely
lasts more than several
minutes. Nevertheless, it is
considered to be one of the
most awe inspiring spectacles
in all of nature. The sky takes
on an eerie twilight as the
black disk of the Moon
replaces the Sun's bright face.
Surrounding the Moon is a
beautiful gossamer halo. This
is the Sun's spectacular solar
corona; a super heated
plasma two million degrees in
temperature. The corona can
only be seen during the few
brief minutes of totality. To
witness such an event is a
singularly memorable

Solar corona leaps into view. Noteworthy the brillant red solar
prominences visible around the Moon's limb

experience, which cannot be conveyed adequately through words or photographs.

Coinciding with finding ourselves unexpectedly scheduled for a vacation at short notice, was a phone
call from a couple of old friends asking if we were interested in viewing a total solar eclipse with them.
It meant bush living, long-drop loo's and decidedly dodgy showers, but promised camping in some
remote areas of the world renowned Kruger National Park in South Africa.

Needing no second invitation, we jumped on a 747, and on Wednesday, 4th December 2002, as the
moon moved between the Sun and the Earth we were poised to watch our first total solar eclipse.

The path of the Moons shadow, began somewhere in the South Atlantic Ocean and swept over Angola in
southern Africa carving an initial 50 kilometre wide path of almost total darkness, obscuring the Sun
from the inhabitants below. From Angola the Umbral Shadow traveled eastward crossing southwestern
Zambia then across the Caprivi Strip in Namibia before straddling the border between Botswana and
Zimbabwe. Shortly after 08.00 in the morning the Umbral Shadow, now 60 kilometres wide, reached
northern South Africa and raced south-east across the northern third of the Kruger National Park, then
central Mozambique and out into the Indian Ocean.

Partial (annular) phase of the eclipse. The black dots on
the surface of the sun are sunspots, not dust!

During the next hour and a half, no land
was encountered as the eclipse track
curved to the northeast. In the final
ninety seconds of its terrestrial
trajectory, the umbra traversed South
Australia. In the remaining seconds, the
increasingly elliptical shadow swept
across 900 kilometres of the Australian
Outback, where, after reaching a final
speed of about 300 kilometers per hour,
the shadow eventually left the Earth
surface.

During this totality the Sun vanished
for a few brief moments, cooling the air
and bringing darkness. In the Kruger
National Park, the animals and birds
retired in preparation for what they

believed to be nightfall on a rather short day!

Photographing an Eclipse

The sun breaks through the thick cloud cover

Of course, an eclipse of the Sun
presents a tempting target to
photograph. So how do you capture the
amazing spectacle of a total eclipse
with a camera?

Photographing an eclipse isn't really
that difficult. It doesn't even take a lot
of fancy or expensive equipment, but it
helps! You can take a snapshot of an
eclipse with a 35 mm camera loaded
with fast film (ISO 400 or faster) if you
can hold the camera steady, or can
place it on a tripod.

The first step in eclipse photography is to decide what kind of pictures you want. Are you partial to
scenes with people and trees in the foreground and a small but distinct eclipsed Sun overhead? Or do
you prefer a close-up in which the flaring corona or vibrant prominences of the eclipsed Sun fill the
frame? Your decision will determine what kind of equipment you need.

New technologies in film, cameras, and electronics are making eclipse photography easier than ever
before, but Planning is the key. The day of the eclipse is not the time to try out a new tripod or lens.
You need to be completely familiar with your camera and equipment, and you need to rehearse with
them weeks before the eclipse. A total eclipse grants you only a few precious minutes and everything
must work perfectly. Nature does not provide instant replays.
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Film

An advantage of print film is that it is very forgiving about exposure times. You can be off as many as
three f-stops (or shutter speeds) from the best exposure and still produce an acceptable photograph.

S lide film is less forgiving. If your
exposure is off by more than one f-
stop, your photograph is usually ruined.
Slide film does have advantages,
however. It requires just one processing
step, which helps to retain accurate
color.

If you were allowed only one roll of
film to photograph an eclipse, it is hard
to go wrong with ISO 400 films that
allow faster shutter speeds, which can
help minimize vibration and 'camera
shake'.

Approaching second contact. Still  extensive cloud cover.

Solar Filters

When viewing or photographing the
partial phases of any solar eclipse, you
must always use a solar filter. A solar
filter is also needed for observing all
phases of an annular eclipse, when the
disk of the Moon does not block the
entire face of the Sun. Even if 99% of
the Sun is covered, the remaining
crescent or ring is dangerously bright.
It is like looking at a welder's torch; it
will painlessly burn your eyes. Failure
to use a solar filter can result in serious
eye damage or permanent blindness.
Do not look directly at the Sun
without proper eye protection! Small outburst of light from where the sun has just

disappeared is known as the 'Diamond Ring'.

During totality, however, when the disk (photosphere) of the Sun is fully covered by the Moon, it is
completely safe to look at this phase of the eclipse without any solar filter. In fact, you must remove the
solar filter during totality or you will not be able to see or photograph the exquisite solar prominences
and corona.

Solar filters for camera lenses are now usually high-strength polymer. Originally, aluminized Mylar
material was sold in very thin sheets, and was quite good for high-resolution visual and photographic
work, but this material did have several drawbacks. Next, along came inexpensive commercial glass
solar filters made from plate glass, but they were found to have extremely poor optical performance
and could not be recommend.

The full Corona. Note red solar prominences visible
around the Moon.

The new high-strength polymers
produce a high contrast, scatter-free
diffraction-limited image. An ion
implantation/metallization process used
in the construction produces a high-
contrast film that stands up to
considerable abuse, unlike metallized
mylar materials that are easily
scratched. The polymer coating cannot
easily be rubbed off, and in that respect
is actually safer than coated glass
filters. Even if you find a pinhole on one
side, it is likely that the other side is
still coated, providing the protection of
that single layer. Since it is nearly
impossible for any manufacturer to
produce filter coating that is absolutely

pinhole-free, a few pinholes may be found.

There are three types of solar filters: eyepiece, off-axis, and full-aperture. Eyepiece filters, furnished
with some small telescopes, are not safe and should never be used for viewing the Sun. The
tremendous heat generated at the eyepiece can easily shatter or crack the filter, allowing the full
intensity of the Sun's light to be magnified and focused on your retina. Throw eyepiece filters away.
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The only safe solar filters for
camera lenses are 'full-aperture'
which fit over the objective (front
end) of the camera lens. A full-
aperture solar filter is a cap with a
solar filter mounted across its entire
top.

 
A full-aperture solar filter on tele-photo lens

Cameras and Lenses

 
The solar corona is only visible during a total eclipse of

the Sun

No decision affects your eclipse
photography more than the choice of
a lens. Wide-angle lenses have focal
lengths of 35mm or less, while
normal lenses fall within the range of
45mm to 85mm. Telephoto lenses
begin at 105mm and usually go to
500mm or 600mm. Zoom lenses
provide adjustable magnification and
their designs cover a wide range of
focal lengths. Additional magnification
can be obtained with tele-converters.

The size of the Sun's image on your
film is determined solely by your
lens's focal length. For eclipse close-

ups, a telephoto lens with a focal length of 500mm or greater is recommended. A 500mm focal length
yields a solar image of 4.5mm on a standard 35mm negative. Allowing for one solar radius of corona on
either side of the Sun, an image of the total eclipse covers about 9mm on the film. You can calculate the
Moon or Sun's image diameter on your film (in millimeters) for any camera system by dividing the lens
focal length (in millimeters) by 110.

The ideal focal length for telephoto
photography of solar eclipses ranges
from 500 to 2000mm, depending on
whether you are concentrating on the
corona or on the prominences. Again
allowing one solar radius of corona on
either side of the Sun, you can
calculate that lenses with focal lengths
longer than about 1400mm may not
contain the entire corona. The longer
the lens, the more expensive and the
less stable a telephoto system will be,
which means that you will need a
heavy-duty tripod or mount, adding to
your expense and weight. Third & Fourth Contact. Almost an anti-climax compared to

the spectacle a few moments earlier.
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Camera Tripods

Flimsy tripods are the main reason that eclipse photographs come out fuzzy and blurred. Small
portable tripods that are so nice for airline travel are not study enough to hold your camera and heavy
telephoto lens steady for clear, sharp eclipse pictures.

Setting-up equipment

For greatest stability and to
minimize vibrations, don't extend the
tripod's legs more than half-way out,
and do not extend the center
column. Try adjusting the height so
that you can easily reach the camera
controls while kneeling on the ground
or sitting on a chair. Test your setup
by tapping on the camera or tripod
leg while viewing the Sun through
your camera. Vibrations should be
small and should damp out quickly.

You can further decrease
vibrations to your camera by
suspending some weight under the

tripod. Put rocks or sand in a bag, or in a rucksack and hang them from the center of the tripod using
string or duct tape.

Before you ever travel to an eclipse, make sure that your lens on its tripod can be pointed at the Sun's
predicted altitude for the eclipse and verify that all controls work smoothly. You don't want to discover
that your equipment becomes unstable when you try to view the crucial portion of the sky on eclipse
day.

Cable Releases and Right Angle Finders

You cannot take crisp, high-quality
close-ups of a total solar eclipse without
a cable release specifically designed for
your camera. Cable releases can fail
unexpectedly, so have a spare.

A right angle finder is a little
prism/eyepiece device that attaches to
your SLR's viewfinder. It allows you to
look through the viewfinder when your
head is above the camera instead of
behind it. Your camera will be pointed
upward during the eclipse. Without a
right angle finder, you might have to
get down on your hands and knees to
look through your camera. A right angle
finder allows you to comfortably center
and focus the Sun's image. You will also

Canon EOS 1N RS + 600mm f4.0, showing Right Angle
Finder & Cable release. Wimberly head on Gitzo Tripod.

be facing the top of your camera so you can see all the controls during totality.

Photographing the Total Eclipse

The brightness of the
solar corona changes
tremendously as you
move out from the edge
of the Sun's disk. The
inner corona shines as
brightly as the full moon,
but the outer corona is
over a hundred times
fainter. The challenge is
to capture both the
brightest and faintest
parts of the corona.
Unfortunately, this
variation in brightness is
impossible to record in
any one exposure
because film just doesn't
have the dynamic range
of the human eye. Solar corona at totality

(That's why you should look at totality with your eyes and not just with your camera. In real time, only
your eyes can see the exquisite detail of this celestial event in all its glory.)
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The good news is that you can photograph some aspect of the corona with almost any exposure you
make. There is no one 'correct' exposure. Nevertheless, here are some guidelines for where to start.

Several factors determine the length of time the camera shutter is open to get the proper exposure on
your final photograph. Each eclipse phenomenon (diamond ring, prominences, corona) has a different
brightness value and this value must be considered in order to get the proper exposure of that aspect of
the eclipse.

You'll be photographing the partial phases of the eclipse with a solar filter over your lens. To succeed,
you must determine well in advance of the eclipse the proper shutter speed and f-ratio for your
particular solar filter and telephoto lens.

If your camera has a built-in spot meter that covers a smaller area than the Sun's image, you can
simply meter on the Sun's disk through your solar filter and use that exposure throughout the partial
phases.

If your camera does not have a spot meter (and many don't), you will need to use the following
formula to determine your exposure.

 E = f2/(A x B)

 E = exposure or shutter speed (seconds)
 f = focal ratio
 A = film speed (ISO)
 B = brightness value (see table below)

 Brightness Value  Eclipse Feature
 (approximate)          
  256            Partial and annular phases (using solar filter)
  100            Prominences and innermost corona
          32-128        Diamond ring effect
  32           Inner corona
   4            Middle corona
   5                Outer corona

For example, taking a picture of
'prominences' on the Sun during totality (B
= 100) using a telephoto lens at f/14 with
400 ISO film would require an exposure
of:

E = 196/(400 x 100)
E = 196/40,000
E = 0.0049 second or 1/204 second

All SLRs don't have an exposure of 1/204
second, so use the closest shutter speed,
which would be 1/250 second.

'Diamond Ring' as the sun starts to re-emerge

Bracket your exposures on both sides of the ideal exposure and take several photographs at the same
settings to help assure success. If you use a film with an ISO too high, you may discover that your
camera does not have a fast enough shutter speed to allow the proper exposure. Determine all of your
camera settings before the eclipse so that you know in advance what film you will need with your
equipment.

Even if your SLR's exposure is completely
automatic, or if you simply don't want to
hassle with exposure settings, you can still
get good pictures of the diamond ring and
totality with your camera set on automatic
exposure. Load your camera with ISO 400
color negative film and grab some shots on
auto-exposure. You will probably
overexpose the inner corona and
prominences, but you will still have some
fine souvenirs of the event. Best of all, you
can devote most of your time to watching
the eclipse rather than fiddling with camera
settings. Simplicity is especially
recommended if you are a novice

Water vapour in the clouds creating a rainbow of
colours

photographer, or have never seen a total solar eclipse.

Here's a strategy used by many eclipse photographers to plan their exposures. Using the film ISO and
lens f-number, determine the shortest shutter speed to capture the prominences (relatively bright) and
longest shutter speed for capturing the outer corona (dim). After totality begins, shoot a sequence of
exposures using every shutter speed, starting with the one for prominences and ending with the one for
the outer corona. For instance, for ISO 400 and f/11, the recommended exposure for prominences is
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1/1000 and for the outer corona 1/2 second. The shutter speed sequence would then be: 1/1000,
1/500, 1/250, 1/125, 1/60, 1/30, 1/15, 1/8, 1/4 and 1/2. This is a total of ten exposures. If you want
some additional insurance, you could now repeat the sequence in reverse, ending with 1/1000. With a
36-exposure roll of film, you would still have 16 exposures for the diamond ring and prominences at the
beginning and end of totality. .

And a word of warning. Each eclipse is different and the corona's brightness varies. If the eclipse day
has thin clouds or is hazy, you will need a longer exposure times to compensate. A light haze may
require an exposure one or two shutter speeds slower than normal, while thicker clouds could call for
three or more shutter speeds slower. Try your planned exposure and several longer ones. Film is cheap
and eclipses don't happen often. Use the recommended exposures as a starting point and then bracket
during the eclipse, especially if the weather is a factor.

Beautiful blue African sky the day before the eclipse

And that is what we
found to our cost. You
can see the beautiful blue
African sky the day before
the eclipse. Having filled a
note book with photo
sequence plans,
calculations and exposure
settings for clear skies,
the day of the eclipse
dawned so completely
overcast that even seeing
the sun was something of
a bonus. 

Photography was very
difficult that morning. The
colours and brightness
varied enormously during

the eclipse as cloud drifted across the sun, blown on a brisk breeze that changed the thickness and the
shape of the cloud continually.

Even with the cloud, or perhaps because of it, the eclipse was stunning. Very spiritual, especially as, at
the moment of totality, the cloud cover broke enough to afford us a majestic view! When our pulses had
settled, the odd bottle of champagne didn't hurt either. I wasn't sure if we celebrating the return of the
Sun, or the fact that we had been privileged to view such a marvelous event!

The images were photographed with a CANON EOS1N RS and 600mm f4.0 lens, a 2 x converter
(effective 1200mm) with a BAADER AstroSolar™ Density 5 solar filter fitted, except during totality.
Tripod used was a GITZO G1549 with a WIMBERLY head. We viewed the Eclipse from a point on the
Shingwedzi River close to the Mozambique border in the Kruger National Park of South Africa. But that's
another story; just thank heavens for the Landrovers and 4 x 4!

African sunset at the end of a wonderful day

Acknowledgement: Fred Espenak
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