


Celestial Shadows

Galileo used shadows on the
moon to estimate the heights
of lunar mountains

Shadows near the lunar terminator give clues as to the
sizes and shapes of lunar surface features

It can be a lot of fun to try and match shadows on the
moon with the land form that cast it



The Shadow of the Earth as Cast During a Lunar Eclipse

During eclipses of the moon it can be fun to
visualize what part of the Earth is casting the
shadow that you are observing

This example is from a total eclipse of the moon
that occurred on the evening October 27, 2004

The image was taken as the moon egressed from
the Earth’s shadow at 12:15am

The edge of the Earth’s shadow was being cast by
central Europe, the UK, and the North Atlantic

10/27/2004
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Calculating the Length of the Earth’s Shadow

Every point on the sun acts as a point source with light radiating in all directions




Calculating the Length of the Earth’s Shadow

Any solid object placed in front of the sun casts a shadow that expands radially from
that point




Calculating the Length of the Earth’s Shadow

Every point on the sun casts a similar shadow whether it is above or below the
centerline between the sun and the object




Calculating the Length of the Earth’s Shadow

The schematic can be simplified using only the grazing rays...




Calculating the Length of the Earth’s shadow

All of the rays can be described as straight lines of the formy=mx+b

Where m is the slope (rise/run) and b is the y intercept (y when x = 0)

Penumbra




Calculating the Length of the Earth’s shadow

We can simplify things by placing the origin of the coordinate system at the center of
the Earth and recognizing that the length of the Earth’s shadow is wherey =0




Calculating the Length of the Earth’s shadow

Solvey=mx+ b forx wheny =0 From the schematic...

O=mx+b b =Re
-mx=b m = (Re — Rs)/Ds

X =-b/m

L = -Re/[(Re — Rs)/Ds]

Re = Radius of the Earth = 3,959 mi Length of the Earth’s Shadow: 858,332 mi
Rs = Radius of the Sun = 432,690 mi Distance to L2: approximately 900,000 mi
Ds = Distance to the Sun =92,955,902 mi

So, the Earth’s shadow doesn’t quite reach L2, but it would show a significant annular eclipse




Calculating the Length of the Moon’s shadow

Solvey=mx+ b forx wheny =0 From the schematic...

b=Rm
m = (Rm — Rs)/Ds

O=mx+Db
-mx=Db
X =-b/m

L =-Rm/[(Rm — Rs)/Ds]

Ds

Rm = Radius of the Moon = 1,080 mi
Rs = Radius of the Sun = 432,690 mi
Ds = Distance to the Sun =92,721,006 mi

Length of the Moon’s Shadow: 231,926 mi
Altitude of the Moon: 221,350 to 247,945 mi

The moon’s shadow doesn’t always reach the surface of the Earth




Calculating the Length of Other Planetary Shadows

" Obiest | Radus,mi | SoarDisance,mi | Shadowmi

Planetary shadows tend to get longer the farther you get from the sun

This is in part due to the planets getting bigger, but also because the apparent size of the
sun gest smaller



Calculating the Length of Other Moon Shadows

bject Altitude, mi
Deimos 12,471
Europa 373,520
Ganymede 621,682
Callisto 1,126,420
Titan 723,051
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Total Lunar Eclipse
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Total Lunar Eclipse
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Total Lunar Eclipse
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October 27-28, 2004
Total Lunar Eclipse
Top:  00h15m, 00hOOm, 23h43m

Middle: 01h00m, 00h45m, 00h30m
Bottom: 01h30m, 01h15m



Camera Options

!!ana-a|one !rlme !OCUS

* Stand-alone cameras including cell phone or tablet cameras, point and shoot cameras, and DSLRs
* Afocal includes cell phone and point and shoot cameras with adapters to attach them to an eyepiece

* Prime Focus includes DSLRs adapted for use in place of an eyepiece and dedicated astro cameras



Total Lunar Eclipse — January 20, 2019
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Regardless of the type of camera that you are planning to use the challenges are basically the same

Over the space of a couple of hours you will be imaging the moon as it passes from being the brightest
full moon that you will ever see, fading into a beautiful amber shadow, and back again

The key is being flexible, and taking a lot of pictures with various settings to give yourself the best

source images for post-eclipse processing



Tips for using a stand-alone camera

Consider using a tripod, this will hold your camera
steady and allow you to compose your image

Become familiar with your camera’s Pro or Manual
mode

» Gain (1SO)

» Exposure Time

» Focus

Your camera may have a Nig

» Automatically stacks ima
increase dynamic range

Use the Self-Timer to allo
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Tips for using an afocal camera

Become familiar with your camera’s Pro or Manual
mode

» Gain (ISO)

» Exposure Time

» Focus

Your camera may have a Night Mode

» Automatic ally stacks images to reduce noise and
increase dynamic range

Use the Self-Timer to allow vibrations to settle
The auto-focus usually helps to adjust the focus
During totality you may have to set the focus manually

During the partial phase concentrate on taking images
where the sunlit moon is not over-exposed

You may want to experiment taking images that show
the umbra while the penumbra is over-exposed

As the eclipse approaches totality be prepared to use longer exposures and/or higher gain
Totality itself is fairly long, pace yourself, try different camera settings, and enjoy the view!

The trickiest time is catching the last rays of the sun as totality begins, and the first rays of the sun as
totality ends



Tips for using a prime focus camera

Set the focus on a bright star using a Bahtinov mask

During the partial phase concentrate on using short
exposures (<1/1000 sec) and low gain (ISO 200-800
for DSLRs, Gain 100-200 for ZWO cameras)

Save your source images as RAW

Use a remote switch, interval timer, or computer to
trigger the shutter

Take short series of 8-16 images each for stacking

During the partial phase concentrate on taking
images where the sunlit moon is not over-exposed

You may want to experiment taking images that show
the umbra while the penumbra is over-exposed

As the eclipse approaches totality be prepared to use
longer exposures and/or higher gain

Learn how to use your mirror lock-up when using
exposures that are longer than 1/250 sec and pause
long enough to allow vibrations to settle

Totality itself is fairly long, pace yourself, try different camera settings, and enjoy the view!

The trickiest time is catching the last rays of the sun as totality begins, and the first rays of the sun as
totality ends

Visually these times are also quite beautiful, don’t forget to look!
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