What causes a solar or lunar eclipse? When you hear the word eclipse, I want you to think of the word "shadow,"
because it infers that word. An eclipse is an obstruction of a heavenly body in the sky by its entering into the
shadow of another body. So shadow is the key word here that we must keep in mind when discussing eclipses.

Let's begin by going to a STEM hands-on activity I created to demonstrate the importance of the shadow with
either a solar or a lunar eclipse. We have three templates we need to preferably print onto heavy card stock of
the sun, moon, and earth and cut out using scissors. Once the templates are ready, we can begin doing some simple
experiments.

As big as it is, the sun is rounder and more spherical than a bowling ball. We can fit over a million earths inside
of the sun! The sun is over a million km in diameter, which is the same as saying it's 865,000 miles in diameter
from one end of the sun to the other. Begin cutting out the sun and moon templates around the edges of each.
The moon template is a lot smaller than the sun and of course the moon is much smaller than the sun.

Using the sun and moon cutouts you made, hold the sun facing you at arm's length with one hand, and hold the
moon facing you a little closer to your eye. Adjust the distance of the moon from your eye until the moon just
covers the sun and appears the same size. That's how a total solar eclipse occurs. Now cut out the earth template.

We can fit a million earths inside the sun!

Total Solar & Lunar Eclipses
How the Sun & Moon Appear the Same Size in the Sky
Materials: If you can print out the templates onto heavy card stock, you will only need scissors, a
marble, and a flashlight. If not, then you will also need 1 large paper plate, 2 small paper plates, sun,
moon and earth templates, scissors, glue or tape, and a flashlight
Directions:

1. Cut out sun template from printed card stock, or paste or tape to large paper plate
2. Cut out moon template from printed card stock, or paste or tape to small paper plate
3. Cut out earth template from printed card stock, or paste or tape to small paper plate
4. Hold sun upright facing you at arm’s length (or tape to a wall), with other hand hold
moon upright and move closer or further until the moon just covers the sun (entire plate)
5. With earth facing up flat on table (or taped to a wall), hold a marble (moon) close to the
earth while shining a flashlight on the earth and move marble across earth left to right
6. With the moon facing up flat on table (or taped to a wall), shine a flashlight directly on
the moon and hold the earth between flashlight and the moon moving earth left to right

The diameter of the sun is about 865,000 miles, and the diameter of the moon is about 2,150 miles. The
distance to the sun is about 93 million miles, and the distance to the moon is about 240,000 miles. So
even though the sun is about 400 times larger in diameter than the moon, it's also 400 times further away,
and the sun and moon "appear" the same size in the sky. That's why we can witness a total solar eclipse at
times.

Sun Template

Moon Template

Earth Template

The diameter of the sun is about 400 times wider than the diameter of the moon.

But in the sky, they appear to be the same size.

The sun is also about 400 times further away from us than the moon is, so the average size-to-distance ratios are
precisely identical.

So, here's a drawing showing the earth in the middle. This drawing is not to scale at all, but it illustrates a shadow
from the earth blocking the sunlight from reaching the moon. When the moon enters the direct shadow known
as the umbra, which comes from the English word umbrella, there is a total lunar eclipse happening. The much
wider indirect shadow is called the penumbra, and that is where a partial lunar eclipse can be seen. When the
moon is on the opposite (night) side of the earth from the sun, the sun sets in the west and the moon rises in the
east at the same time, it is a full moon phase. A total lunar eclipse can only happen during a full moon.

When the moon enters the direct umbral shadow in the sky it appears to change color to red. Some call it a blood
moon for that reason. Why does the moon turn red? The sunlight is skimming along the edge of the earth on a
line that separates daylight from nighttime, so half of the earth along that circular line is seeing a sunset while the
other half sees a sunrise.

Well, you know how the sky appears reddish during both a sunset and a sunrise? All that red sky is being projected
onto the moon, and that's why the moon appears red during a total lunar eclipse.

So, with a total lunar eclipse, we begin with the earth blocking the sunlight from reaching the moon just a bit and
as it progresses, we see less and less sunlight still reaching the moon. Along the shadow line on the moon, we
notice that it is curved. That's because the earth is round and somewhat spherical like a ball, and even though the
earth is rotating or spinning the curved shadow stays constant.

Here's a montage of several photos of the moon before, during, and after a total lunar eclipse as it turns red when
it enters the umbra shadow from the earth. From the beginning of a partial eclipse through totality and to the end
of the partial on the other side it can take an average of about 3 hours or more. Totality can last 100 minutes.

The recent total lunar eclipse seen on May 15-16, 2022, had a duration of totality close to 90 minutes.

Here's a closeup view through my telescope of a total lunar eclipse on January 20-21, 2019, called a Super Blood
Wolf Moon. Super because it was closer to the earth in its orbit and appeared larger than average, Blood because
of the red color, and Wolf because Native American Indians long ago would hear the wolves cry at night a lot
during the cold winter of January.

Set the moon cutout flat on a table facing up towards you and shine a bright flashlight (representing the sun) onto
the moon while slowly moving the earth cutout between the flashlight and moon so its shadow starts at one end
and goes across the moon off on the other side. This activity simulates a total lunar eclipse.

Then set the earth cutout face up on the table shining the flashlight on it while slowly moving a marble a couple
of inches above the earth so the marble's shadow starts at one end of the earth and goes across to the other end.
This activity simulates a total solar eclipse.

Again, not to scale, let's look at this drawing of where the shadow forms from the moon in the middle between
the sun and the earth. The direct umbra shadow from the moon blocking the sunlight reaching the earth can vary
between 62 and 165 miles wide with an average less than 70 miles. The secondary penumbra shadow where a
partial eclipse is seen, however, can span a diameter of nearly 4,000 miles across.

Here we see the real umbra shadow upon the earth during a total solar eclipse as photographed by a French
astronaut on the Mir Space Station in 1999.

Why don't eclipses occur every month? The moon's orbit around the earth is tilted a little over 5 degrees compared
to the earth's orbit around the sun. Because of this tilt, the line of nodes as we call them don't line up so that the
shadows make contact. At two points during our annual journey around the sun the line of nodes points toward
the sun and it's possible for an eclipse to occur. These are known as eclipse seasons. On average, a total lunar
eclipse can happen for any given location once every 2 1/2 years. For a total solar eclipse, it can happen on
average every 1 1/2 years or 18 months. Of course, that means an eclipse seen somewhere in the world, not
necessarily where you live.

This is a real photo of a total solar eclipse. The black ball you see in the middle is the moon. Behind the moon
the sun, much further away, is playing peek-a-boo. The moon appears large enough to cover the entire sun behind
it. The beautiful butterfly shaped glow is the sun's atmosphere known as the solar corona, which can be seen
during totality. The shape of the corona is determined by the magnetic field lines coming up from the core of the
sun. Also, during totality, it looks like a sunset all the way around along the horizon with an eerie silvery hue
higher up that looks otherworldly. Even though it's the middle of the day it gets dark out, dark enough to see
planets and bright stars in the sky. The temperature can drop 10, 20, even 30 degrees reaching the condensation
point in the atmosphere causing the moisture to condense into water drops, so even though there's not a cloud in
the sky it can begin raining. Nearby animals you heard before and after the event get quiet because they think it's
nighttime. Nocturnal insects such as crickets are making their clicks instead.

Following totality when the moon just begins to uncover a small sliver of sunlight, a bright bulge develops with
a dim glow around the moon forming what is commonly referred to as the "diamond ring effect." Can you see
the diamond ring?

This view shows the progression of the eclipse from beginning to end, with the middle view in totality and the
solar corona shows. The moon is always moving as it orbits around the earth.

Here we see what looks like little red flames arising from the solar surface of the sun, ejections of the 4th phase
of matter called plasma that the sun is made of along with superheated gas. Known as solar prominences, these
areas are many times larger than the earth and are also associated with the magnetic field of the sun.

The moon orbits the earth in one moonth! I'm joking, but that's where we get the word month from. This one
synodic month is about 29 1/2 days. As the moon orbits us it goes through these phases from our perspective
here on the earth. If we begin with the moon facing toward the direction of the sun it is a new moon phase. This
is when a total solar eclipse can happen. As it goes around the earth it appears as a crescent phase and is waxing,
meaning that there's more sunlight seen on the moon and to looks larger. One-fourth the way around, the moon
appears half lit by the sun and it's first quarter phase. I'd like to point out that if it wasn't for the sun and its bright
light, we wouldn't be able to see the moon or planets at all. They don't give off their own light like the sun and
other stars do. As the moon progresses in its orbit, we come to a waxing gibbous where the moon is between half
lit up and full. Then at full phase the moon is on the other side of the sun and this is when a total lunar eclipse
can occur. From here on the amount of sunlight reflecting off the moon grows smaller each night, so we see a
waning gibbous, third or last quarter, and a waning crescent before we get back to new moon and the cycle starts
all over.

Now as the moon orbits the earth it doesn't trace out a circular path but more of an ellipse. That oval shape makes
the moon travel further from the earth at times called apogee, and at other times get closer to the earth called
perigee.

When the moon is at perigee it appears about 14% larger and about 30% brighter in the sky. We call this a Super
moon. Many people mistakenly think the moon is many times larger when it's near the horizon, but that is just
an optical illusion because it's near terrestrial objects like buildings and trees compared to nothing nearby when
the moon is high in the sky.

This photo shows the comparison of the moon at apogee vs at perigee. So, what happens when the moon is at
apogee during a solar eclipse? Well, it's not quite big enough to cover the entire sun behind it and when centered
leaves an annulus ring of fire or the rim of the sun surrounding the moon. This kind of event only happens once
every 360 years at any particular geographic location, so if you can catch one in your lifetime you're doing well.

Here's a view of the progression during different time frames of an annular solar eclipse.

Back to our sun and moon cutouts, we saw that the distance the moon is from the earth, about 240,000 miles on
average, makes it appear around the same size as the sun's disk in the sky. If the moon is a bit closer during an
eclipse, it will appear slightly larger and keep the sun covered for a longer period. But what happens when the
moon is further away and appears a little smaller than the sun? Then we have a rarer event known as an annular
solar eclipse.

I was fortunate in seeing an annular solar eclipse and took this photo when the moon was dead center in the middle
of the sun using a solar filter, and that's why it looks orange.

There are 3 types of solar eclipses: total, annular, and partial.

As you may recall earlier, the penumbral shadow where a partial eclipse occurs is a much larger geographic area
on the earth and therefore more common and seen by many, many more people in the world.

Here's a fisherman near the seashore and seagulls in flight where a partial eclipse is seen near the horizon.

A jet aircraft is seen in this photo of a slightly partial eclipse.

The tiny spaces between leaves on a tree can form small pinholes and like a pinhole camera will show many
focused images of the event on the ground or the petal of a flower.

Projection of an eclipse image through a telescope can be the safest method used as long as you don't look through
the telescope without a solar filter for protection.

A white cardboard screen can be attached where the focused image forms to see a reflection of the eclipse.

Drawing along the shadow lines with precise timing can be useful scientifically for recording different stages of
the eclipse.

Special filters can be used to look directly at the eclipse.

Solar filters come in all shapes and sizes.

Solar filters are available for telescopes that only transmit 1/100,000th of the suns bright light and blocks the
harmful rays for a closeup view of the eclipse and even sunspot groups on the sun's surface.

For years now, many people get eclipse glasses to wear just like regular glasses but have a small solar filter for
each eye.

These special glasses are available everywhere…..

…..around the world!

I don't recommend welder's filters as they don't block some of the harmful rays of the sun from getting through,
so don't use them.

On August 21, 2017, there was the last total solar eclipse seen across America. I got to see the event while
showing it to hundreds of people after doing a NASA livestream earlier that day.

I have some very exciting news! We have a couple of major events coming up in the next two years. On October
14, 2023, there will be that rare annular solar eclipse type crossing much of the western United States. The
following year on April 8, 2024, there will be a total solar eclipse across much of the eastern United States. The
shaded areas show the paths of totality where the moon will be centered in front of the sun with a ring of fire on
one and a total obstruction on the other with the solar corona showing. Anyone who lives within the path doesn't
need to go anywhere as the eclipse will come right over their location. The two paths cross each other in Texas
near the city of San Antonio, so they can witness both events right where they live. The rest of us will need to
travel to where the paths are and trust me as one who has seen a few of these events that it may be well worth the
effort. Just make sure the weather forecast for where you are traveling to is favorable with no clouds and clear
skies for the most part. Otherwise, your long trip could turn out to be in vain. For those who get to see these
types of events unhindered by clouds it can be a lifechanging experience never forgotten.

If you are not able or willing to travel to the paths, keep in mind that all the rest of the United States and beyond
will experience a partial solar eclipse for both events.

Eclipse glasses are available and are very inexpensive especially well in advance of the events. As the time draws
near supply may not meet demand and the prices will increase accordingly. The main thing is you want to be
sure that the glasses you are acquiring are approved and certified to be safe, so a reputable dealer in the United
States may be the way to go.

Many schools, museums, churches and other civic organizations buy many hundreds or even thousands of the
glasses at a much-reduced price and then sell them at an increase for a profit as a fundraiser for a good cause.

I know the glasses I get myself are well-made and totally safe, and this is the website you can find them if you
wish - https://www.eclipseglasses.com?sca_ref=1941651.fGjEPtp7qC.

Daily Observation Log
Observer: ______________________________________
Date: ___________________
am
Time:
____________________ pm Duration: __________________________ min
Sky:

0 1 2 3 4 5 (circle one)

Seeing:

0 1 2 3 4 5 (circle one)

Constellation(s): _____________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
Star(s): ____________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
Planet(s): __________________________________________________________________
Object(s): __________________________________________________________________
Phenomena: ________________________________________________________________
Observational Method:
Drawing:

unaided eye

paper tube

binoculars

telescope

(circle one)

Instructions for Completing Daily Observation Log
Observer: Please print your full name
Date:

Record current month/day/year (i.e. 01/08/2009)

Time:

Record the time you began the observation and circle AM or PM

Duration: Record the total number of minutes you actually made your observation
Sky:

Circle one number that best represents the sky from clear to completely overcast. 0
= clear; 1 = a few small clouds; 2 = partly cloudy; 3 = sky 50% cloud-covered; 4 =
few breaks in clouds; 5 = completely overcast

Seeing:

Circle one number that best represents the seeing conditions from excellent to
poor. “Seeing” is a term used by astronomers to describe the steadiness of the
atmosphere. One method of determining how steady or unsteady the atmosphere is,
due to air currents and temperature changes, is by studying the brighter stars.
Bright stars that appear to “twinkle” indicate turbulence in the layers of air in the
atmosphere. Rate the seeing conditions on a scale of 0 for perfectly steady to 5 for
stars that appear to “dance” in the sky.

Constellation(s): List any constellation you are able to identify in the night sky.
Star(s):

Write the name of each brightest star you are able to identify by consulting a star
chart or atlas.

Planet(s):

Write the name of any planet you identify by referring to current data available
giving its location.

Object(s): Record the number and types of objects seen in the sky. Examples include meteors
(“falling or shooting stars”), satellites, comets, asteroids, etc.
Phenomena:

Any form of sky glow, such as aurora or the Milky Way, may be recorded

Observational Method: Circle the method of observation used. More than one per observation
period can be utilized.
Drawing:

Draw the moon phase (amount of sunlit portion) if visible. Also draw in anything
recorded for that day’s observation. You should draw in boundary lines separating
different parts of the sky and include the direction abbreviated (i.e. SW) for each
segment.

Constellations
Directions: Using your pen or pencil, connect the dots (stars) to form the stick figure patterns of the stars
making up each constellation.

Cancer

Cygnus

Orion

Canis Major

Gemini

Sagittarius

Cassiopeia

Leo

Ursa Major

Thank you and hope you learned some new things about these awesome celestial events.
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