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A star party is a gathering of people who are interested in observing the night sky and the
celestial objects it contains. This paper is a supplement to GEAR star parties. | will discuss
various aspects of the science of astronomy which should enhance your star party
experience. | recommend that you read this paper before you attend the star party. It can
also serve as a reference for you after the star party.

| think it is safe to assume that you are aware of the movements of the Sun in the sky. It rises
in the morning in the east and sets in the evening in the west. During the day it traces out an
arc in the sky, reaching a maximum above the horizon about noon time (if we ignore daylight
savings time). This apparent movement of the Sun is caused by the rotation of Earth upon
its axis. What may not be obvious to you, if you are not in the habit of watching the
movement of stars, is that they also rise in the east, trace arcs across the night sky and set in
the west. Again, the cause of this apparent movement is the rotation of Earth. In northeast
Onhio the north celestial pole (near Polaris, the north star) is positioned about 42 degrees
above the northern horizon. Any star that is closer to the north celestial pole than 42 degrees
never sets below the horizon in northeast Ohio. These stars trace out circles around the pole
and are known as circumpolar stars.

There are approximately 10,000 stars that can be seen with the naked eye (without the use of
a telescope). The number that can be seen from a specific location on Earth depends on
latitude. If you are located somewhere on Earth’s equator and observe from sunset to
sunrise, you can see most of the naked-eye stars. However, the twilight periods after sunset
and before sunrise prevent viewing of some of the dimmest naked-eye stars. If you are
located at the North or South Pole, you only have access to half of the naked-eye stars. At
these locations night lasts for six months and day the other six months of the year. During
any hour of the six-month night (assuming clear skies) you will be able to view all naked-eye
stars of the northern celestial hemisphere if located at the North Pole (about 5,000 stars) or all
the naked-eye stars of the southern celestial hemisphere if located at the South Pole (about
5,000 stars). At the poles, no stars rise and set at the horizon, they are all circumpolar stars.
At all other latitudes at least some stars do rise and set. If you are located between one of
the poles and the equator, you will have access to more than 5,000 but less than 10,000
naked-eye stars. The closer to the equator, the more naked-eye stars you will be able to see.

Light pollution is another factor that limits the number of naked-eye stars you can see. Near
cities, artificial lighting floods the night sky, creating a sky glow that makes it impossible to see
many of the dimmer naked-eye stars. Even in a semi-rural location like Chesterland, Ohio
(where | live), there is significant light pollution. Many modern professional observatories are
located very far from from centers of population in order to have access to truly dark night
skies.
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Figure 1: The constellation Orion, imaged at left from dark skies, and at right from within the
Provo/Orem, Utah metropolitan area. A camera is capable of imaging many more stars than the naked
eye can see, as should be evident in the photo on left. The photo on the right shows the problem of light
pollution. There is a dramatic reduction in the number of stars seen in the photo to the right.

This image is licensed under the Creative Commons Attribution 2.0 Generic license. It was originally
posted to Flickr, was uploaded to Commons using Flickr upload bot on 10 January 2009, 01:44 by
SBarnes. On that date, it was confirmed to be licensed under the terms of the license indicated.

We can organize our view of the night sky into seasons: winter, spring, summer and fall.
These correspond to the approximate view of the night sky we have about the end of twilight
in the evening of each season. To be more exact, | should state that our view changes
slightly in the passage of each week. In any case, the changes in our view of the night sky
are due to the orbit of Earth around the Sun. Since we can only see one star during the day
(our Sun), it may not be obvious that other stars are also above the horizon during the day.
The stars that we see during the night in the summer will be in our day sky during the winter.

Page 2 of 28 pages



Jeffrey La Favre GEAR Summer Star Party July, 2022

For our summer star party, we should concentrate on what is visible in our early night sky for
that time of year.

It was not until the 20™ century that scientists were able to understand the true nature of stars.
But people throughout the world have been watching stars for thousands of years. Years ago
people associated groups of stars with various objects, people, animals and other things. The
names applied to these constellations by natural philosophers in ancient Greece are still in
use today and provide a convenient way to divide up our night sky. Just as we use maps to
help us travel to different places on Earth, the constellations provide a kind of map of the night
sky. Once you have learned the constellations, you can learn about the interesting celestial
objects found in each one.

One of my favorite summer constellations is Cygnus (the swan). In July this constellation is
located high above the eastern horizon at the end of twilight. The head of the swan is marked
by a beautiful double star named Albireo ( https://en.wikipedia.org/wiki/Albireo ). With your
naked eye this star appears as one but with a telescope we see it as a pair of stars. Pairs of
stars are named doubles. Double stars may or may not be connected by gravity. If they are
relatively close to each other, they will orbit around each other. But if the distances from Earth
to the pair are significantly different, then it is just a coincidence that they appear near each
other from our view on Earth. In our view of the night sky, we are unable to judge distance to
a star just by looking at it. One star of a visual pair may be much closer to Earth than the
other. In the case of Albireo, astronomers are not sure if the stars are bound to each other by
gravity. If so, the orbital period must be at least 100,000 years.

The two stars of Albireo have distinctly different colors, one yellow and one blue. | think this is
the most attractive pair of stars | have ever seen in a telescope. From a scientific standpoint,
the color is indicative of the surface temperature of a star. Astronomers use the Kelvin
temperature scale but | will also list temperatures in the Fahrenheit scale. The lowest
temperature stars, about 3,000 K (5,000 °F), glow with a red color. Slightly warmer stars are
orange with a temperature of about 4,000 K (7,000 °F). Stars like our Sun are yellow, with a
temperature of about 6,000 K (10,000 °F). Hotter stars glow white with a temperature of
about 10,000 K (18,000 °F) and very hot stars are blue with a temperature of about 25,000 K
(45,000 °F).

F iure 2: Image of agittarius Star Cloud taken by Hubble
Space Telescope. CC BY 4.0 International license,
https://openstax.org/details/books/astronomy
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Blue stars produce much more light per unit of surface area than a yellow star. However,
upon observing Albireo in the telescope, it should be obvious to you that the yellow star is
considerably brighter than the blue star. Yet both stars are about the same distance from
Earth. Therefore, distance should not be a factor in the apparent brightness of these stars.
We know that the blue star has a much higher surface temperature than the yellow star. Then

Figure 3: The constellation of Cygnus, Albireo at bottom right corner, marked with arrow. Image public
domain, https://en.wikipedia.org/wiki/Albireo#/media/File:Position beta Cyg.png
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why is the yellow star brighter than the blue star? The answer is that the yellow star is
significantly larger in size than the blue star. The yellow star has a radius 62 times greater
than the Sun while the blue star has a radius of only 2.6 times that of the Sun. Even though
the yellow star is much cooler at its surface than the blue star, its incredible size accounts for
its higher light output. The yellow star is classified by astronomers as a “red giant.”

Just as an automobile can only travel so far on a tank of gas, a star can only burn for a limited
time on the fuel it contains. In the case of our Sun, it is about 4.5 billion years old now and is
expected to run out of fuel at an age of about 10 billion years. Near the end of a star’s life,
when it is short on fuel to burn, dramatic changes occur. Then the center (core) of the star
increases dramatically in temperature which causes the star to expand greatly in size. As this
happens, the surface of the star cools, which is why these stars are named red giants.

| think you will agree that the pair of stars named Albireo are very interesting. The statistics
we have for these stars are a tribute to the astronomers that have been able to discover more
about them. How is it that we can know so much about stars that are so very far away? The
information is contained in the light that comes to us from the stars. But it takes a lot of work
to decipher the information contained in the light.

We have already learned that star color is indicative of the surface temperature of a star. We
know this by study of heated objects here on Earth. When an electric stove element is set to
a high temperature, it glows with a red color. If it is set to the highest setting, it may glow with
an orange color. In the process of welding metals together, even higher temperatures are
reached, perhaps white or even a blue-white color. Thus, by careful observation of the
temperature and color of heated objects on Earth, scientists were able to make a connection
of temperature to the color of stars.

The brightest star in Cygnus is named Deneb (labeled Ol in Figure 3). Deneb is a member of
the asterism (https://en.wikipedia.org/wiki/Asterism_(astronomy) ) named the Summer
Triangle. The other two stars marking the corners of the triangle are Vega (in the
constellation of Lyra) and Altair (in the constellation of Aquila). Vega is the fifth-brightest star
in the night sky. Altair is the twelfth-brightest and Deneb is the nineteenth-brightest.

If we take a very simple (but wrong) approach to understand these stars, we might assume
that Vega is the closest star to Earth of the three, then Altair slightly more distant and Deneb
slightly more distant than Altair. But we have already learned that some stars are very large
in diameter compared to other stars. Therefore, we cannot just assume a brighter star is
closer to Earth. In fact, the distances to the three stars have been determined and found to
be as follows: Vega is 25 light-years distant, Altair is 17 light-years distant and Deneb is
2,600 light-years distant.

We need additional information about the three stars in order to understand why they appear

in our night sky with a specific apparent brightness. Deneb has a radius 203 times that of the
Sun, a surface temperature of 8,525 K and a luminosity 196,000 times that of the Sun! Vega
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has a radius about 2.5 times that of the Sun, a surface temperature of 9,602 K and a
luminosity 40 times that of the Sun. Altair has a radius about 1.8 times that of the Sun, a
surface temperature about 7,000 K and a luminosity 10.6 times that of the Sun.

Why does Vega appear brighter than Altair in our night sky? It is more distant but is larger in
size than Altair and has a higher surface temperature. Notice that Vega outputs 40 times
more light than the Sun while Altair outputs only 10.6 times more light. These factors explain
why Vega is more distant than than Altair but yet appears brighter in our night sky.

Deneb turns out to be the most surprising star of the three. Yes, Vega and Altair are brighter,
but both are relatively close to Earth. By comparison, Deneb is very far away. But Deneb
happens to be a blue-white supergiant star. It has a radius of 203 times that of the Sun while
Vega and Altair are only modestly larger in radius than the Sun. Furthermore, Deneb outputs
196,000 times more light than the Sun! In comparison, Vega and Altair output much lower
amounts of light. Clearly there is more to the stars than meets the naked eye!

In our attempt to learn more about a star, one of the first things we need to know is its
distance from Earth. The first successful determination of the distance to a star, other than
our Sun, was made in 1838 by the German astronomer Friedrich Wilhelm Bessel
(https://en.wikipedia.org/wiki/Friedrich_Bessel). The star that Bessel selected for his first
distance measurement also happens to be in Cygnus. Its name is 61 Cygni, a designation
given by John Flamsteed (1646-1719), who was the first Astronomer Royal of England (
https://en.wikipedia.org/wiki/John_Flamsteed ).

61 Cygni is another favorite double star of mine which | will show to you at the star party.

Both stars have an orange color ( https://en.wikipedia.org/wiki/61_Cygni ). Bessel determined
the distance to these stars by using the stellar parallax method
(https://en.wikipedia.org/wiki/Stellar_parallax ). This method takes advantage of the fact that
the Earth changes its position in space as it orbits around the Sun. If we observe stars close
to Earth at times 6 months apart, the displacement of Earth will cause nearby stars to shift
their apparent position very slightly compared to more distant stars. You can demonstrate this
yourself with the help of two other people. Have one stand closer to you than the other. Then
move several steps to your left or right. The closer person will appear to move compared to
the more distant person.

Bessel's measurement of the stellar parallax of 61 Cygni was 0.314 arcseconds, which
calculates to a distance of 10.3 light-years. A modern value for the distance is 11.4 light-
years. Therefore, we can admire the skill of Bessel, who worked long ago.

A light-year is the distance light travels in one year. Light travels at a speed of 186,000 miles
per second, fast enough to travel around the equator of Earth more than 7 times in one
second. In a year light travels 5.88 trillion miles. If a spacecraft is traveling at 20,000 miles
per hour, it would take more than 33,000 years to travel one light-year. It would take more
than 380,000 years to reach the stars of 61 Cygni. Even the nearest stars to Earth are truly
very far away.
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What exactly is an arcsecond? You know that a circle is divided into 360 degrees.
Astronomers divide each degree into 60 minutes and each minute into 60 seconds.
Therefore, an arcsecond is 1/3,600th of a degree, a very small angle indeed. Stellar parallax
is the angle a star makes between the Sun and Earth (imagine you are on the star looking at
Earth and the Sun). Therefore, the angle Bessel determined at 6 month intervals was twice
the parallax angle (0.314 arcsecond x 2 = 0.628 arcsecond). The angle Bessel measured
was about 1/5,700th of a degree, a very tiny angle and difficult to measure.
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Measuring stellar parallax with instruments on the surface of Earth limits distance
determinations to about 100 light-years. The turbulent atmosphere of Earth is responsible for
this limitation. In order to extend our reach to more distant stars, it is necessary to send
instruments into space.

Hipparcos is a spacecraft launched in 1989 and operated until 1993. It determined the
distance to 118,200 stars, with a maximum distance limit of 300 light-years. While this was a
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substantial improvement over the number of stars measured by Earth-bound instruments,
Hipparcos could only measure stars within our local region, about one percent of the volume
of our Milky Way Galaxy. ( https://en.wikipedia.org/wiki/Hipparcos )

The Gaia spacecraft was launched in 2013 and is expected to operate until 2025. It will
measure the distance to nearly 1 billion stars in our Milky Way Galaxy, measuring distances
up to 30,000 light-years. This represents about 1/3 of the Milky Way Galaxy disk, a very

significant achievement. ( https://en.wikipedia.org/wiki/Gaia_(spacecraft) )

It seems that perhaps we have reached the limit of the parallax method with the Gaia
spacecraft. The Universe, the container of all space, is vastly larger than the Milky Way
Galaxy in which we live. Astronomers have developed other methods to measure distances
much greater than the limit of the parallax method.

We have already learned that the relatively distant star Deneb appears bright in our night sky.
Unusually bright stars are used by astronomers to determine distances to objects outside the
Milky Way Galaxy. These stars are sometimes called standard candles. If we can
determine the luminosity of a star, the amount of light it produces, then we can use the
Inverse Square Law for Light to calculate its distance by measuring its apparent brightness
as seen from Earth.

Decreasing concentration of
electromagnetic radiation

Figure 5: Inverse Square Law for Light. As light radiates away from its source, it spreads out in
such a way that the energy per unit area (the amount of energy passing through one of the small
squares) decreases as the square of the distance from its source. CC BY 4.0 International license,
https://openstax.org/details/books/astronomy

Figure 5 indicates that if the distance to a star is increased by a factor of two, then its
apparent brightness will decrease to 1/4th and if the distance is increased by a factor of three,
then the apparent brightness will decrease to 1/9th. This is the Inverse Square Law for Light.
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Edwin Hubble, the astronomer for whom the Hubble Space Telescope is named, was the first
person to determine the distance to a star outside the Milky Way Galaxy (
https://en.wikipedia.org/wiki/Edwin_Hubble ). Hubble worked at the Mt. Wilson Observatory in
the mountains above Los Angeles. At the time this observatory was equipped with the two
largest telescopes in the world. Hubble used the larger telescope, which has a 100-inch
diameter mirror as the primary optical element. Hubble used the 100-inch to photograph the
Andromeda Galaxy, a member of the Local Group of Galaxies (
https://en.wikipedia.org/wiki/Local_Group ). In a photographic plate exposed on the night of
October 5-6, 1923, Hubble discovered a variable star of the Cepheid type. The image is
available at this link: https://obs.carnegiescience.edu/PAST/m31var (unfortunately, it is a
copyrighted image which prevents me from placing a copy in this paper). Cepheid variables
are a class of giant stars, nearing the end of life. They fluctuate in light output with a very
regular period. The period of fluctuation allows a determination of the luminosity of the star.

Many scientific discoveries are made possible by previous work done by other scientists. The
period-luminosity relationship of Cepheid variables was discovered by the astronomer
Henrietta Swan Leavitt (1868 — 1921) (https://en.wikipedia.org/wiki/Henrietta_Swan_Leauvitt ).
She worked at the Harvard College Observatory and published her work on Cepheids in
1908. Hubble used the period-luminosity relationship discovered by Leavitt to calculate the
distance to the Andromeda Galaxy. Hubble’s value for the distance was 900,000 light-years.
The current value for the distance is 2.45 million light-years. With further studies of Cepheids,
it was later determined that an adjustment must be applied to account for two types of
Cepheids which is why the current distance value is greater than Hubble’s.

Leavitt did not determine the distance to the Cepheids she studied. She studied Cepheids
contained in the Small and Large Magellanic Clouds, two small galaxies near the Milky Way
Galaxy (https://en.wikipedia.org/wiki/Large_Magellanic_Cloud
https://en.wikipedia.org/wiki/Small_Magellanic_Cloud ). This insured that the distances to all
the Cepheids in the study were about the same. Therefore, a measurement of apparent
brightness of each Cepheid would be proportional to its true luminosity.

The Danish astronomer Ejnar Hertzsprung ( https://en.wikipedia.org/wiki/Ejnar_Hertzsprung )
determined the distance to Cepheids in the Milky Way Galaxy which provided the missing
piece in developing a method to use these stars as determinants of distance. His work was
published in 1913. If not for the work of Leavitt and Hertzsprung, Hubble would not have
been able to use Cepheids to determine the distance to nearby galaxies.
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Cepheid Variable Star V1 in M31 Hubble Space Telescope = WFC3/UVIS
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Figure 6: Background photo is the Andromeda Galaxy with white arrow pointing to location of V1, the
Cepheid variable discovered by Edwin Hubble. The four inset photos show how the star varies in
brightness over time. CC BY 4.0 International license,

https://www.nasa.gov/mission pages/hubble/science/star-v1.html

What is a galaxy? According to Wikipedia, “A galaxy is a gravitationally bound system of
stars, stellar remnants, interstellar gas, dust, and dark matter.” (
https://en.wikipedia.org/wiki/Galaxy ). As we look at the night sky, we see some of the stars
contained in the Milky Way Galaxy, home to our Sun. The stars we see as individuals are
limited to a local region of our immense galaxy, those closer than a few thousand light-years.
Then there is the Milky Way, composed of many billions of stars populating the disk of our
galaxy. These stars are too distant to be seen as individuals (without a telescope), but
together they produce a milky glow, similar to the glow seen in Figure 6 for the Andromeda
Galaxy. From a truly dark sky, there is no mistaking the Milky Way. Figure 7 on the next page
is a photo of the Milky Way. Just above the horizon in the photo, our view is toward the center
of the galaxy, which is located in the constellation of Sagittarius. Notice that there are dark
lanes in the Milky Way. These are caused by dust that blocks the light of stars
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Figure 7: A view of the Milky Way toward the constellation Sagittarius (including the Galactic
Center), as seen from a dark site with little light pollution (the Black Rock Desert, Nevada), the
bright object on the lower right is Jupiter, just above Antares (a supergiant star with a slight yellow
color in the photo). CC BY 2.0 license. Photo by Steve Jurvetson.
https://en.wikipedia.org/wiki/Milky Way#/media/File:Milky Way Night Sky Black Rock Desert N

evada.jpg
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behind the dust. If we were to extend the view of the photo at the top, we would see that the
Milky Way extends through the constellation of Cygnus and all the way to the horizon in the
north.

In Chesterland, 30 years ago, | had no problem seeing the Milky Way, although it was much
dimmer than the image in Figure 7. My attempts to view it recently have failed. | believe my
eyes were dark adapted ( https://en.wikipedia.org/wiki/Adaptation_(eye)#Anthocyanins ). It
may be that due to my age, my ability to see dim objects is less than it was 30 years ago (
https://www.sciencedirect.com/science/article/pii/S00426989990009297?via%3Dihub ). Or
perhaps another factor is that light pollution in Chesterland has increased over the past 30
years. | will be interested to learn if you can see the Milky Way when you attend a GEAR star
party this summer. In Figure 8 below the Milky Way is seen but very dim.

Figure 8: Milky Way in Cygnus and the Summer Triangle, Vega at top edge, Altair at right edge.
Photographed by J. La Favre at Chesterland, Ohio, July 21, 2022 at 11:30 pm., Canon EOS Rebel T2i,
lens 18mm, {/3.5, 30 second exposure, ISO 1600
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While we are on the subject, | should mention some of the expectations of a group
participating in a star party. It is considered very bad form to turn on a flashlight or any source
of white light while people are observing the night sky. It only takes seconds to ruin a
person’s dark adaptation and will take at least 30 minutes for it to return completely. We will
be looking at some very dim objects in the telescope, including some galaxies. Even with
fully dark adapted eyes, you will find it challenging to see these objects in the telescope.

Alright, let us return to the subject of galaxies. In the decade of the 1920s, astronomers
greatly advanced our understanding of galaxies. At a meeting of The National Academy of
Sciences in 1920, there was a “Great Debate” between two astronomers, Harlow Shapley and
Herber D. Curtis, regarding the size of the Milky Way Galaxy and the nature of “spiral
nebulae.” Both astronomers read a paper regarding their views, without time set aside for
rebuttal. Therefore, it was not a debate in the true sense of the word. But each astronomer
had a copy of the other’s talk before the meeting and could add arguments against the other’s
viewpoint in the paper to be presented.

Today we know these spiral nebulae are spiral
galaxies like the Milky Way, each containing billions
of stars. But in 1920, the observational evidence
was not yet sufficient to prove that spiral nebulae
were composed of many stars and outside the
bounds of our galaxy. Shapley, who did his work at
the Mt. Wilson Observatory, studied globular
clusters of stars in our galaxy and determined their
distances from Earth. Using this and other
observational data, he estimated the size of our
galaxy to be about 300,000 light years in diameter.
On the other hand, Curtis, who worked at the Lick
Observatory, not far from San Francisco, believed
the maximum size of our galaxy was 30,000 light
years in diameter. In this regard, it was Shapley
who was closer to the accepted size of the Milky Figure 9: Globular cluster M13 mentioned

Way that we hold today. by Harlow Shapley in his paper at the

) "Great Debate." Notice that the bright stars
Then there was the argument regarding the nature ;0 a yellow color, being giant stars.

of spiral nebulae. Curtis believed that they were Photo by J. La Favre, 14 inch SCT
actually galaxies like the Milky Way (in other words

not part of the Milky Way Galaxy). Shapley thought the spiral nebulae might be clouds of gas
and dust, places where new stars form, and within the Milky Way Galaxy. In this case, it was
Curtis who was correct. You can read a transcript of the two papers at this link:
https://apod.nasa.gov/diamond_jubilee/1920/cs_nrc.html .

This debate allows us to appreciate that among astronomers of the time, there were differing
opinions regarding the nature of our galaxy and that of “spiral nebulae.” But that was soon to
change. It was the work of Edwin Hubble in his study of the spiral galaxies nearby, especially
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the Andromeda Galaxy, that settled the question. His figure for the distance to Andromeda
was 900,000 light-years, well outside the bounds of the Milky Way Galaxy. It is hard to
exaggerate the great significance of the work that Hubble completed while at the Mt. Wilson
Observatory. It was a revolution in our view of the Universe. | will have more to say about
Hubble’s work soon.

Let us now return to the subject of stars. | have touched upon the subjects of star color,
temperature and star size. But there is much more to learn about stars. Starting in the 19"
century, spectroscopy began to be applied to star light. You probably know that white light is
composed of a mixture of the colors of the rainbow. A prism can be used to separate the
white light out into a spectrum. There are other methods, utilizing diffraction gratings, that can
also be applied to separate the colors of light. A diffraction grating is commonly incorporated
into a spectrometer designed to study the light of stars.

If we observe the light of the Sun with a spectrometer, we see the colors of the rainbow
spread out into a spectrum, but also notice there are dark lines, as represented in the image
below.
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Figure 10: Spectrum of the Sun, with absorption lines. Public domain image
https://en.wikipedia.org/wiki/Fraunhofer lines#/media/File:Fraunhofer lines.svg

These lines were first observed in 1802 by the English chemist William Hyde Wollaston. In
1814 the German physicist Joseph von Fraunhofer (1787-1826) rediscovered these lines and
began systematic studies to establish the wavelengths where the dark lines were found (
https://en.wikipedia.org/wiki/Fraunhofer_lines ). The lines then became known as the
Fraunhofer lines. By 1859, Gustav Kirchhoff and Robert Bunsen had discovered that several
Fraunhofer lines had the same wavelengths as emission lines of some heated elements.
They correctly concluded that the dark lines in the solar spectrum were due to elements
contained in the Sun. This then became a method of determining the chemical composition of
the Sun and by extension, the chemical composition of other stars. It is hard to overstate the
importance of these discoveries.

In the late 19™ century, astronomers at the Harvard College Observatory (Harvard University)
embarked on a large project to catalog the spectra of stars. The team of astronomers
included a group of women whose job description was “computer” (
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https://en.wikipedia.org/wiki/Harvard_Computers ). These women contributed greatly to the
advancement of the science of astronomy and deserve the title of astronomer. We have
already learned about Henrietta Swan Leavitt, who worked at the observatory. Annie Jump
Cannon was another Harvard astronomer who was prominent among the women computers.
“Cannon manually classified more stars in a lifetime than anyone else, with a total of around
350,000 stars” ( https://en.wikipedia.org/wiki/Annie_Jump_Cannon ). Most importantly, she
developed a method of stellar classification that is still used today, that of assigning the letters
O, B, A, F G, K, and M, with O stars being the hot blue stars and M stars being the cool red
stars. Cannon based her system on the patterns of absorption lines seen in the spectra of
stars.

Ejnar Hertzsprung, the Danish astronomer and Henry Norris Russell, an American
astronomer ( https://en.wikipedia.org/wiki/Henry Norris_Russell ) independently developed
the famous H-R diagram (see Figure 11 on the next page). In this diagram, stars are plotted
with their surface temperature against their luminosity. They found an interesting pattern in
the stars. About 90 percent of the stars formed a curve that is high on the left side and low on
the right side. This is known as the main sequence. Then a few stars are positioned on the
diagram above the main sequence. These are the giant and supergiant stars. Below the
main sequence on the diagram are the white dwarfs.

As astronomical knowledge progressed in the 20" century, much detail was learned about the
various kinds of stars represented on the H-R diagram. It is believed that the Universe began
with the Big Bang ( https://en.wikipedia.org/wiki/Big_Bang ). Prior to the formation of stars,
the Universe was composed mostly of the element hydrogen and also helium at about 25%
by mass that of hydrogen. There was also a very small amount of lithium. Analysis of stars
today reveals that the primary composition is about the same, a large amount of hydrogen
and approximately 25% helium. However, many stars contain heavier elements as well. Our
Sun contains the same elements that are found on Earth. This makes sense since the
planets and Sun formed together from a giant cloud of gas and dust.

(continued on next page)
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Figure 11: H-R Diagram. CC BY 4.0 International license,
https://openstax.org/details/books/astronomy

What is the source of the elements heavier than hydrogen and helium? The first stars and
galaxies are believed to have formed about a half billion years after the Big Bang. The Big
Bang happened about 13.8 billion years ago. The Sun was formed about 4.5 billion years
ago. Therefore, there was a considerable amount of time between the formation of the first
stars and our Sun. As it turns out, stars manufacture heavy elements in their cores where
they burn by nuclear fusion. A star begins its burning life by fusing hydrogen to create helium.
This process releases an incredible amount of energy. The process requires a very high
temperature, which is created by the enormous pressure found at the stellar core. lItis the
gravitational collapse of a very large cloud of gas (and dust) that causes the condensed
sphere to heat. Gravitational energy is the source of heating the core of a star. As a star
forms, its core temperature rises due to the compression of gas by gravity. As the
temperature rises above 12 million K, there is enough thermal energy contained in hydrogen
to fuse, creating helium. The reactions are depicted graphically in Figure 12 on the next

page.
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Figure 12: Nuclear fusion of hydrogen creates helium. CC BY 4.0 International license,
https://openstax.org/details/books/astronomy

Step 1: two hydrogen nuclei (protons, colored blue) collide to form deuterium (?H represented
by a red neutron and blue proton). The reaction also produces a neutrino and a positron.

Step 2: one deuterium collides with a hydrogen nucleus to form the *He isotope of helium,
which nucleus contains two protons and one neutron. In addition, this reaction releases
energy in the form of a gamma ray.

Step 3: two *He fuse to form a *He isotope of helium, which nucleus contains 2 protons and 2
neutrons. In addition, two hydrogen nuclei are liberated in this step.
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As a star ages, it eventually exhausts all of the hydrogen in its core. At that point nuclear
fusion stops. The core no longer is producing energy to oppose the gravitational force and
the star begins to collapse, compressing the core and creating even higher temperatures than
those present during the fusion of hydrogen. When the core reaches a temperature of 100
million K, then helium fuses to form carbon by the triple-alpha process (
https://en.wikipedia.org/wiki/Triple-alpha process .

J Neutron Gamma ray Y

Figure 13: Fusion of helium to form carbon by the triple-alpha process. No machine-readable author
provided. Borb assumed (based on copyright claims). CC BY-SA 3.0 license,
https://en.wikipedia.org/wiki/Triple-alpha_process#/media/File:Triple-Alpha_Process.svg

Two helium fuse to form the intermediate beryllium which in turn fuses with another helium to
form carbon. Perhaps there is no need to proceed further in showing other nuclear fusion
reactions that can happen in stars. These require even further elevation of the core
temperature and happen after helium fuel is exhausted in the core. To tell the complete story
of how elements are created by stars is very complex and beyond my simple introduction of
the subject. The important thing to keep in mind is that all elements except hydrogen, helium
and lithium did not exist when the Universe was young, they were created by stars. Since
many of the heavier elements are essential for life, life could not have existed until the first
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stars synthesized these elements. Then those elements must be released from the stars and
incorporated into new stars and their planets.

Let us now return to the H-R diagram (Figure 11) and specifically the main sequence stars.
The main sequence stars are those that are fusing hydrogen in their cores. Since the majority
of a star’s life is spent burning hydrogen in its core, we can expect that most stars we observe
will be main sequence stars, as the H-R diagram confirms. But what is the cause of
differences in main sequence stars? Why do they range greatly in surface temperature? The
answer is simple: mass. When stars form, the mass of the star is determined by the mass of
gas and dust that collapse to form the star. As it turns out, the amount of mass has a large
range, the least massive stars with only 1/12th the mass of the Sun and the most massive
100 or more times the mass of the Sun. The more massive a star is, the more pressure it
develops in its core due to gravitational forces and in turn, the hotter the core and its surface
become. The more massive stars burn their fuel at a higher temperature than the Sun and
deplete the available fuel quickly. The rate of nuclear fusion for the most massive stars is so
very fast that the stars last only millions of years before the fuel is spent. In contrast, our Sun
is expected to burn for a total of 10 billion years. The least massive stars will burn much
longer than that.

When a star begins to burn helium in its core, it “leaves” the main sequence. While it burns
helium in the core, it continues to burn hydrogen in a shell around the core. The great
increase in temperature of the core along with hydrogen burning in a shell causes the outer
layers of the star to expand. This results in the outer layers becoming much less dense than
when it was on the main sequence. As the star grows in size, its surface cools and in turn,
the light it produces moves more toward the red end of the spectrum. Astronomers call these
stars red giants and red supergiants. The more massive main sequence stars are the ones
that become the red supergiants. These giant stars are found in the upper-right area of the
H-R diagram.

During the giant stage, a star can eject a considerable amount of material into space from its
surface. For a star like our Sun, at the end of its life, the core collapses to form what is known
as a white dwarf (the objects that are found below the main sequence on the H-R diagram).
These objects are dim but their color indicates they are quite hot. This is due to the fact that a
white dwarf is small in diameter. A typical white dwarf has about the same amount of mass as
our Sun, but is about the size of Earth! How can that be possible? Well, the space occupied
by an atom is mostly empty space. Therefore, given enough pressure, atoms can be
compressed to a high degree. When a star no longer burns, gravity takes hold and
compresses what is left. For stars in the lower part of the main sequence, the left over stellar
material is compressed to a state of matter called electron-degenerate. “A typical white dwarf
has a density of between 10* and 10" g/cm?®. White dwarfs are composed of one of the
densest forms of matter known, surpassed only by other compact stars such as neutron stars,
quark stars (hypothetical), and black holes” ( https://en.wikipedia.org/wiki/White _dwarf ). A
cubic centimeter ( cm®) of water has a mass of one gram. The density of a white dwarf
ranges from 10,000 to 10 million grams per cubic centimeter. In other words, a teaspoon of
white dwarf would be as much as 110,000 pounds or 55 tons!
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We are fortunate to have the remains of a dead star visible in the constellation of Lyra in our
summer sky. These objects, that have an ejected cloud of gas surrounding a white dwarf are
called planetary nebulae. The name comes from the fact that astronomers who were the
first to study them thought these objects were other planets. The object in Lyra is popularly
known as the Ring Nebula ( https://en.wikipedia.org/wiki/Ring_Nebula ). It is also known as
M57, item 57 in Charles Messier's list of celestial objects and is marked in the constellation

map in Figure 4 ( https://en.wikipedia.org/wiki/Charles_Messier ). This is on my list of objects
to show you when you attend the star party.

(continued on next page)
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Figure 14: Ring Nebula. Hubble Space Telescope Image in the public domain.
https://en.wikipedia.org/wiki/Ring_Nebula#/media/File:M57 The_Ring Nebula.JPG

The blue-green tinge of the ring is due to the presence of doubly ionized oxygen emission at
wavelengths of 495.7 and 500.7 nanometers. In the outer region of the ring, part of the
reddish hue is caused by hydrogen emission at 656.3 nanometers, also ionized nitrogen
emission at 654.8 and 658.3 nanometers. The white dwarf is seen at the center of the ring.
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Figure 15 is my “quick and dirty” photo of the Ring
Nebula. Of course | can’t compete with the Hubble
Space Telescope, but could do much better than the
photo in Figure 15. My reason for including this
image is so that you can see what is possible with
the telescope you will be looking through. The view
with your dark-adapted eye will not reveal color. But
a quick exposure by my camera connected to the
telescope will show the colors. | plan to use the
camera at the star party so that you can see for
yourself. It should be fun. Also notice that the white
dwarf in the center of the ring is barely visible in my
photo. However, it is too dim for you to see with
your eye through my telescope. This brings home
the importance of photography in allowing us to see  Figure 15: Ring nebula, photo by J. La
more than what is available to the eye. Also notice  Favre using 14 inch SCT, exposure 5
that my photo is very grainy. This is a result of the seconds at ISO 6400.

fast ISO setting. A longer exposure at a lower ISO

setting would improve the photo. Further processing, as is typical for a good
astrophotograph, would also improve the image. But these are not compatible with a quick
photo that you can view on the back screen of my camera while we are in the observatory.

Subrahmanyan Chandrasekhar, the Indian-American astrophysicist, was instrumental in our
understanding white dwarfs ( https://en.wikipedia.org/wiki/Subrahmanyan_Chandrasekhar ).
He earned a B.Sc degree from the University of Madras in India and M.Sc. and Ph.D.
degrees from Cambridge University in England. He spent his entire professional

career in the USA as a member of the faculty of the University of Chicago. Chandrasekhar
was awarded the 1983 Nobel Prize in Physics shared with William A. Fowler. His calculations
established that the upper limit of mass of a white dwarf was about 1.4 times the mass of the
Sun. His research indicated that as the mass of a white dwarf increases, its size decreases,
reaching a size of zero at 1.44 times the mass of the Sun. This is why the density of white
dwarfs is listed as a range. He made many contributions to our understanding of stars,
especially in the later stages of stellar evolution.

Stars that end their life with a core mass exceeding 1.4 solar mass have a much more violent
end. While lower mass stars like the Sun end their burning with a carbon-oxygen core, more
massive stars continue to burn by nuclear fusion making heavier elements. Stars that begin
life with a mass exceeding about 10 solar mass burn until iron accumulates in the core.
Unlike elements lighter than iron, which yield energy upon nuclear fusion, iron requires the
input of energy to fuse. This situation brings fusion to a halt in the core which collapses to
form a white dwarf surrounded by shells of gas that continue to burn by nuclear fusion. As
fusion shuts down in a shell surrounding the core the spent fuel drops to the core adding to its
mass and causing it to shrink. As the white dwarf inside the star exceeds the Chandrasekhar
limit (1.44 solar mass) the entire star collapses, followed immediately by an intense
explosion, resulting in ejection of the outer layers of the star into space. The explosion also
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results in the fusion of nuclei into elements heavier than iron. Gold is one of the elements
produced in the explosion known as a supernova. All of the elements with an atomic weight
greater than iron are produced in a supernova explosion.

The core portion of the star forms what is known as a neutron star (
https://en.wikipedia.org/wiki/Neutron_star ) with a density of 4 x 10" g/cm?. This density is
40,000 times greater than the upper density limit of a white dwarf! While a white dwarf has a
size about that of Earth, a neutron star is only about 6 miles in diameter. Imagine cramming
all of the Sun into a size 6 miles in diameter. Matter in a neutron star is not anything like
matter known to us on Earth. In a neutron star there are no atoms. The electrons were forced
into the nucleus, combining with protons to make neutrons and neutrinos. The neutrinos
escape into space, leaving behind an object containing densely packed neutrons.

If a core of a supernova exceeds about 3 solar mass, then it does not become a neutron star
but rather a black hole ( https://en.wikipedia.org/wiki/Black_hole ). If white dwarfs and
neutrons stars are strange, then a black hole should win the strange contest. In this case the
star collapses until its size is essentially zero. An incredibly intense gravitational field exists
around the collapsed object, such that even light cannot escape. We can’t see inside the
event horizon of a black hole. However, if a star or other matter is near a black hole, then
some of the matter can be drawn into it. The matter swirls around the black hole, creating an
accretion disk. Light can escape from the
accretion disk and provides a method for
astronomers to see a black hole if it is
devouring matter in its neighborhood. Our
Milky Way galaxy as well as many other
galaxies are known to have massive black
holes in their centers.

The image in Figure 16 is the first one
obtained of the supermassive black hole in ‘
the center of our galaxy. The mass of the

black hole is estimated at about 4 million
times the mass of the Sun. Here is the
description that is found at the page where |
downloaded this image: “This is the first

image of Sgr A*, the supermassive black hole
at the centre of our galaxy. It’s the first direct

Figure 16: Supermassive black hole at center
of the Mikly Way Galaxy. CC BY 4.0 license,

. . ] EHT Collaboration -
visual evidence of the presence of this black https://www.eso.org/public/images/eso2208-

hole. It was captured by the Event Horizon eht-mwa/ (image link)
Telescope (EHT), an array which linked
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together eight existing radio observatories across the planet to form a single “Earth-sized”
virtual telescope. The telescope is named after the event horizon, the boundary of the black
hole beyond which no light can escape. Although we cannot see the event horizon itself,
because it cannot emit light, glowing gas orbiting around the black hole reveals a telltale
signature: a dark central region (called a shadow) surrounded by a bright ring-like structure.
The new view captures light bent by the powerful gravity of the black hole, which is four
million times more massive than our Sun. The image of the Sgr A* black hole is an average of
the different images the EHT Collaboration has extracted from its 2017 observations.” This
image was released to the public recently and | thought you would like to know about it.

Supermassive black holes contain much more mass than a single star can contribute and so
the process of formation is not the result of a single supernova. Astronomers are working
hard to understand how these massive black holes form. Perhaps we should return to the
subject of supernovas now.

It is estimated that a supernova occurs in the Milky Way Galaxy every 25 to 100 years.
However, the last one recorded was in 1604. It is probable that supernovae have occurred in
our Galaxy in the last 400 years, but were not seen. If there was substantial dust between
Earth and the supernova, which could block the light, then that would be one explanation for
why it was not seen.

Several supernovae have been seen in our night sky during the past 1,000 years. One of
great interest was recorded by Chinese astronomers in 1054 AD. It is estimated that this
supernova reached a brightness equivalent to Jupiter, which would make it brighter than any
star in the night sky. The Chinese left descriptions of this “guest star” sufficient to locate it.
When we look there today, we see an object that has been named the Crab Nebula. It is the
remnants of the star that exploded in 1054 https://en.wikipedia.org/wiki/SN_1054 ).

(continued on next page)
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Figure 17: Crab Nebula, a supernova remnant. public domain image by NASA, ESA, J. Hester and A.
Loll (Arizona State University) https://en.wikipedia.org/wiki/Supernova#/media/File:Crab_Nebula.jpg

When French astronomer Charles Messier was searching the sky with his telescope to find
Halley's Comet in 1758, he found the Crab Nebula and initially thought it was the comet. He
had a great interest in comets and developed a catalog of objects that might be mistaken for a
comet. The Crab Nebula is the first item in this catalog, having the designation M1. Messier
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cataloged over 100 celestial objects, which today
are some of the favorite objects of amateur
astronomers. Unfortunately, M1 is located in the
winter night sky in the constellation of Taurus( the
bull) and we won't be able to see it at our star
parties this summer. If you can’t wait until winter
to see M1, then wake up at 4:30 in the morning.
At 5:00 am, July 20, the Crab Nebula is located
about 15 degrees above the eastern horizon as
morning twilight begins. It is located near the star
Zeta Tauri which marks the tip of the lower horn of
the bull. You will need to use a telescope to see
the Crab Nebula.

To conclude this paper | will return to the subject

of spectroscopy and absorption lines. Not onl
P Py ption i . . y the constellation of Taurus. CC BY-SA 3.0
was spectroscopy found so useful in determining license. Original uploader was Orthogaffe at

chemical composition, astronomers soon learned £ ikipedia Later version(s) were uploaded by
to use it to measure velocity of stars and other Looxix at fr.wikipedia. derivative work: Alain

celestial objects. This is based on the Doppler r (talk) — Taurus_constellation_map-fr.png
effect. You have probably noticed the effect in

regards to sound. When a vehicle with a siren approaches, it has a high frequency sound.

As it passes your location, the frequency drops. As the vehicle approaches, the sound waves
are reduced in wavelength and after if passes, the waves are stretched out. In regards to
light, astronomers say that the light is shifted toward the red end of the spectrum when
stretched. By measuring the amount of shift in absorption lines, it is possible to determine the
velocity of recession of the object. And in turn, if the object is moving toward Earth, the lines
will be shifted toward the blue end (or should we say violet) of the spectrum. By measuring
the shift, it is possible to determine the velocity of approach.

Figure 18: Location of Crab Nebula (M1) in

(continued on next page)
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Figure 19: Red shift of absorption lines. CC BY-SA 3.0 license, Georg Wiora (Dr.
Schorsch) created this image from the original JPG. Derivative work:Kes*; .
https://en.wikipedia.org/wiki/Redshift#/media/File: Redshift.svg

Figure 19 depicts what happens when absorption lines are shifted toward the red end of the
spectrum. By measuring the amount of shift in the lines, it is possible to determine the
velocity of recession of the object. And in turn, if the object is moving toward Earth, the lines
will be shifted toward the blue end (or should we say violet) of the spectrum. By measuring
the shift, it is possible to determine the velocity of approach.

Vesto Slipher (1875-1969) was an astronomer at the Lowell Observatory in Flagstaff, Arizona
( https://en.wikipedia.org/wiki/Vesto_M._Slipher ). He was the first astronomer to measure the
red-shift of a galaxy in 1912. By 1917 he had measured the red-shifts of a number of
galaxies.

After discovering that galaxies were external to the Milky Way and establishing the distance to
various galaxies, Hubble examined the spectra published by Vesto M. Slipher He found that
nearby galaxies like Andromeda had blue shifts, but most galaxies had red shifts. Galaxies
nearby are approaching the Milky Way. This is due to gravitational attraction between the
galaxies. The Andromeda Galaxy is headed our way!!

The most amazing finding was that the farther away a galaxy was from Earth, the more it was
red-shifted. In other words, more distant galaxies are moving away at faster speeds than
those that are closer. This is understood to be caused by the actual expansion of the space
between galaxies. We should not think of galaxies as speeding away from us. As time goes
on, more and more space is added between the galaxies. In other words, the space of the
Universe is expanding! Hubble not only discovered the existence of galaxies outside our
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own, he demonstrated that the Universe is expanding. No wonder they named a telescope
after him!

| hope this brief treatment of the subject of astronomy has been of interest to you. Itis not
possible to do justice to this topic in 28 pages. It would require hundreds of pages and cover
subjects | have not covered at all. But then it would be unreasonable for me to expect you to
read such a long document. If you have a desire to learn more, then | suggest you read a
book on astronomy. One that | have found is available as a free download here:
https://openstax.org/details/books/astronomy . The book is targeted for students in college as
an introduction to the subject for non-majors. High school students should have no trouble
reading this book and it can also be read by middle school students who have motivation to
learn more about this subject.

Here are some links you can use to help you familiarize yourself with the night sky:

Stellarium “¢* https://stellarium-web.org/ an online star map

Sky and Telescope’s “This Week’s Sky at a Glance”
https://skyandtelescope.org/observing/sky-at-a-glance/

Astronomy Magazine https://www.astronomy.com/
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