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The Layers of the Sun
 
-In the center of the Sun is the core where hydrogen 

fusion powers our star.
-Above that are the radiative and convection zones 

carry the Sun’s energy to the photosphere, the bright 
ball we see of the Sun.

-Above that is a thin layer of mostly hydrogen that 
glows red.  This is the source of prominences.

-The corona is the Sun’s outer atmosphere that fills the 
solar system with the solar wind
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-Solar eclipses occur when the Moon’s shadow falls on 
the Earth and the observer is located in that shadow.

-Solar eclipses can occur in about one in six new 
moons.  These occur during two eclipse “seasons” a 
bit less than six months apart.

-Because the Sun is a disk the Moon casts two 
concentric shadows:

..dense inner shadow called an umbra, where the 
moon completely blocks the photosphere

..A less dense outer shadow called the penumbra 
where the moon increasingly but incompletely blocks 
the photosphere



  

 

  

Solar Eclipse 
Shadow seen
From the 
DSCOVR
Satellite



  

 

  

Total eclipse shadow from the 
International Space StationStation by 

astronaut Don Pettit



  

 

  

Earth’s surface covered by the Solar Eclipse of August 21, 2017



  

 

-The Sumerians 3000-2000 BC discovered that 
eclipses repeat.

-They used that knowledge to predict lunar and solar 
eclipses.

-The interval is 6,585 1/3 days or roughly 18 years 10 
or 11 and a third days, depending on leap years.

-It’s called a Saros, coined by Sir Edmund Halley of 
Halley’s Comet fame.

-There are many saros cycles running simultaneously.

-With that 1/3 day, solar eclipses won’t be seen in the 
same part of the world until three saros periods 
elapse, or 54 years and 1 month.



  

 

  

This August’s eclipse belongs to Saros cycle 145.
 
Shown here are all the Saros 145 total eclipse paths 

from June 6, 1891 to September 12, 2053.
 
Note that each eclipse occurs about 120° west and a 

bit farther south than the preceding eclipse.
 
The reason I mention this is that my first total eclipse 

was seen July 20, 1963, 3 Saros intervals before this 
August’s eclipse. 



  

 

This is an animation of the Moon’s shadow as it will 
cross the Earth

  
The gray part of the shadow is the pnumbra.
 
The little dot is the umbra.



  

 

Here’s an animation showing the appearance of the 
eclipses Sun for various cities in the United States as 
the Moon’s shadow passes.

 
For locations along the path of totality the Sun’s corona 

will flash at the brief interval of totality.



  

 

  

Some Internet resources
Google / Bing / Yahoo, etc. search for:

Total Solar Eclipse of 2017 August 21

Main NASA Site for This Eclipse:
https://eclipse2017.nasa.gov/

Total Solar Eclipse of 2017 August 21:
https://eclipse.gsfc.nasa.gov/SEmono/TSE2017/TSE2017.html

Total Solar Eclipse Interactive Map:
https://eclipse2017.nasa.gov/sites/default/files/interactive_map/index.html
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Eclipse Times for Traverse City

Eclipse Starts      12:58:04 p.m.

Maximum Eclipse  2:20:17 p.m.

Eclipse Ends          3:40:52 p.m.

Magnitude of the eclipse 0.798

Obscuration of the Sun   75.1%

For the Dune Climb at the
Sleeping Bear Dunes
National Lakeshore all times
are one minute earlier
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How to view the How to view the 
partial solar partial solar 

eclipse or the eclipse or the 
partial phase of partial phase of 

a total solar a total solar 
eclipse safelyeclipse safely
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Rule No. 1

Never look directly at the Sun!

Never look directly at the Sun that is not being Eclipsed

Never look directly at the Sun that is partially Eclipsed

Never look at the Sun without a filter in compliance with 
ISO 12312-2

Welders filters are not acceptable
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Solar Retinal Phototoxicity
 

It’s painless.  You won’t know you are doing it to 
yourself.

 
It will take 12 to 48 hours for symptoms to develop.
 
You may or may not recover your vision.
 
Binoculars or a telescope makes the effects worse.



  

 

If you are in the path of totality there is a brief time that 
the Sun can be viewed without a filter.

 
That is totality itself, which will last from one minutes to 

2 minutes 40 seconds tops.  Totality is when the Sun 
can no longer be seen in the filters or projections.

 
As soon as totality ends with the diamond ring effect, 

the filters go back on!



  

 

These are eclipse glasses which can be gotten for a 
dollar or less.

 
They are especially difficult to use, especially for 

people who wear glasses and can’t remove them 
because they are near-sighted.

 
Personally I do not recommend them, instead relying 

on one of the projection methods.
 
Be especially careful about children using them.
 
Remember the ISO 12312-2 compliance that should 

be printed on them.



  

 

In using a solar filter with a telescope or binoculars the 
filter must be placed in front of the objective (front of 
the telescope).

 
Solar filters that fit into eyepieces are dangerous and 

can shatter with the heat.
  
Such filters should either be smashed and added to 

your favorite landfill, or taken to the bay to see hao 
many times you can skip it on the water.



  

 

  

Projecting the Sun’s image - the 
safest method for viewing the 

Sun outside of totality

Projecting the Sun’s image is the Projecting the Sun’s image is the 
safest method for viewing the Sun safest method for viewing the Sun 
outside of totalityoutside of totality



  

 

Pinhole projection is the simplest way to project the 
Sun’s image.

 
A long box can be used to project the image inside.  

The diameter of the pin hole is a compromise 
between sharpness and brightness of the image.  

...The farther the image is projected the larger it is.
 
The throw of the image can be increased by using a 

mirror masked with a quarter of a inch or larger hole 
and sending the image 10 or more feet away.



  

 

  

Let a tree provide the pinholes

Let nature provide the pinholes.

Sit under in the shade.
 
Stay cool,
 
And watch the Sun’s images on the ground.



  

 

  

Here’s an 8” Schmidt Cassigrain telescope, with a low 
power eyepiece projecting a large image on a movie 
screen. For lots of people to view and photograph.



  

 

This is my Solar Guide Scope which I used for all my 
solar eclipses starting with 1970

 
It is an open design, with an objective of about 300mm 

(12”) focal length, a shield to shield the screen from 
the Sun, a cheap 12mm (1/2”) focal length and an 
adjustable screen to project the Sun’s image.

I originally made it too short, so I extended it.



  

 

  

Totality!

When the Sun disappears from all the viewers that are 
used to see the partially eclipsed Sun, totality has 
started.

 
It’s safe to view the Sun without filtration.
 
The eclipsed sun will be about twice as bright as the 

full moon.



  

 

The corona will be the most striking part of the Sun 
visible, stretching several solar radii out from the 
eclipsing moon. Totality is the only time it can be 
seen from the Earth.

 
When the Sun is relatively inactive as it is now, the 

corona should be more elongated east to west than 
north to south.

 
Prominences and the chromosphere will appear as 

respectively red flames, and a red edge to the Moon 
on the side closest to the edge of the photosphere at 
the beginning and ending of totality.



  

 

  

Previewing the corona with thePreviewing the corona with the
Solar and Heliospheric ObservatorySolar and Heliospheric Observatory

https://sohowww.nascom.nasa.gov/

LASCO C2 LASCO C3

For a sneak peak at what the corona may look like, 
check out the Solar and Heliospheric Observatory 
(SOHO) website: 

https://sohowww.nascom.nasa.gov/.  Click on the Sun 
Now image.

 
The LASCO C2 and C3 images show the corona.  The 

white circle in each image is the size of the Sun’s 
photosphere.

 
They don’t cover the inner part of the corona that is 

visible during totality.
 
The color is false. These are black and white.



  

 

  

Bob Moler

Here are actual photographs of eclipses that I took, 
this one from 1979.

 
Here is the chromosphere and some prominences and 

inner corona, a bit over-exposed, so it’s not as red as 
it actually was.  This was taken near the end of 
totality.

 
When I’m operating the camera manually I tend to 

miss the chromosphere going in because I’m 
discarding the solar filter and realigning the camera.



  

 

  

Bob Moler

Here are actual photographs of eclipses that I took.  
This is the same eclipse as last time.

 
This was February 26th, and we flew to our observing 

site, which would have been an airport.  In this case 
Bottineau, ND, just south of the Canadian border. 

 
We were some miles off the central line in the path of 

totality, so the chromosphere seemed to walk around 
the Moon.



  

 

  

Bob Moler

A longer exposure of the 1979 eclipse showing the 
corona.

 
Visually, the eye is much more sensitive to the great 

range of light intensities of the corona.
 
The eye can detect the corona several times farther 

out without having the inner corona completely 
burned in.

 
The eclipse was near a sunspot maximum, so the 

corona was more uniform around the Sun.



  

 

  

Bob Moler

This is a longer exposure from the July 10. 1972 
eclipse, viewed from Prince Edward Island.

 
In 1972 the sun was relatively quiet.  Not that the 

corona doesn’t look very symmetrical
 
At 2 o’clock is the beginning of a plume that can be 

seen several solar radii farther than what can be 
seen here.

 
There’s a thin spike of the corona positioned at 9 

o’clock.



  

 

  

Bob Moler

This is another long exposure of the corona of the 
1972 eclipse.

 
This is somewhat after mid eclipse because it’s getting 

pretty bright at 2 o’clock where the photosphere will 
soon appear.

 
The coronal plumes can be seen a bit farther out.



  

 

Diamond Ring!
 
Totality is over.  Impress this in your memory, and look 

away.

This was a lucky shot taken by the automatic eclipse 
camera a friend and I built.  

 
Third time was the charm.  The camera failed to 

operate properly the first two eclipses in 1963 and 
1970.



  

 

  Bob Moler

Baily’s Beads taken at the March 7, 1970  from 
Bladenboro, NC.

 
Here’s the photosphere peaking through the valleys at 

the edge of the Moon.  The red is the thin 
chromosphere.

 
This shot is pure luck.
 
After the failure of the automatic eclipse camera in 

1963, I had changed the controller and built a 
contingency camera to be operated manually.  It is 
with that camera this image was captured. 



  

 

  

The World of Totality!

The world under the shadow of the Moon is a strange 
one indeed.



  

 

The sky during totality is as dark as deep twilight.  It 
won’t be black.

 
 Venus and Jupiter will be visible.
 
Other bright stars and planets will need searching.



  

 

  

This TV ad greeted us when we journeyed to 
Waycross, GA for the March 7, 1970 eclipse.

  
We didn’t stick around to see.  A storm front was 

heading up the path of totality.  Most of us ran 300 
miles up the eclipse path to get away from the front. 



  

 

  

Observations to make when totality comes
besides the Sun

Temperature drops

Street lights will come on

Shadow bands may appear on flat surfaces like expanses of concrete 
and softball infields (occurs a for a few minutes before and again after 
totality)

The sky will appear as being in deep twilight and the bright planets will 
appear

Mosquitoes will get hungry

Chickens will go to roost, cocks will crow

Check out the sky.  The Moon’s shadow can be seen coming and again 
lifting after totality

Check out the colors on the horizon

Observations to make when totality comes

besides the Sun

Temperature drops

Street lights will come on

Shadow bands may appear on flat surfaces like 
expanses of concrete and softball infields (occurs a 
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The sky will appear as being in deep twilight and the 
bright planets will appear
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Check out the sky.  The Moon’s shadow can be seen 
coming and again lifting after totality

Check out the colors on the horizon



  

 

  

Thank youThank you

Questions?Questions?

For more information and links go to http://www.gtastro.orgFor more information and links go to http://www.gtastro.org
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