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Distances & Time

e Speed of lightis 186,000 miles per second
e 1 Light Year = 5.88 trillion miles (5.88 x 10'%) miles = 5,880 million miles.

2 ANATOMY OF THE MILKY WAY

—— Globular clusters
v

e Time it takes light to travel around the earth at the equator = 0.134 seconds (24,860 miles)
e Moon to earth distance 1.3 light seconds (250,000 miles)

e Earth to Sun 8.3 light minutes

e Sun to Jupiter 43 light minutes

e Sunto Pluto 5.5 light hours

e Sun to the edge of the solar system (9 billion miles) 15 light hours
e Earthtothe Andromeda galaxy 2.5 million light years

e Distance to the closest sun (Proxima Centauri) = 4.2 Light Years

e Distance to Orion Nebula =1,400 LY

e Dimensions of the Milky Way = 100,000 LY x 1,000 LY

e Distance to Andromeda Galaxy = 2.5 million LY



The Time Line
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Matter Distribution in the Early Universe

This image is the afterglow of the mass distribution 380,000 years after the big bang when atoms first formed and the universe became

transparent. At this point there was Hydrogen, Helium and trace Lithium unevenly distributed giving rise to forming the super structures of
our universe once gravity is allowed to work it’s magic.



Structures in the Universe

e The Universe
o Universe 13.8 billion years old
o Observable universe is 93 billion light years in diameter.
e The Cosmic Web
e Supercluster Cocoon
e Clusters of Galaxies
o Laniakea Supercluster of galaxies 100,000 (1 x 10°) galaxies, 500 million (5 x 108) light years
across.
o The Virgo Super Cluster
= 1 of million superclusters in the observable universe
= 47,000 galaxies
= 100 million light years
o The Local Group
= 50 Galaxies (Milky Way, Andromeda, Triangulum)
= Diameteris 5 million ly of each ober
e Our Galaxy
o Milky Way Galaxy contains 100 billion stars (1 x 10"") and is 100 thousand (1 x 108) light years
across.



Gravity Forms the Cosmic Web

Computer simulation of a billion-light year cross section of the universe. Dark Matter and Superclusters of galaxies clump together with vast
areas of nothing between them.
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Supercluster of Galaxies

Supercluster “Hyperion” imaged above is an example of a zoom-in of one of the filaments in the cosmic web

Examples: Abell-1656



https://www.dailyexcelsior.com/largest-galaxy-cluster-early-universe-found-2/

What is a Galaxy?

Triangulum Galaxy (M-33) . James Yoder | Date(s) 2023-09-14, 15, 17, 18, 19,20 Location: Chandier, AZ

Constellation: Triangulum Coafig: [C11-HD | 0.7 Reducer | Multiple Filters | Camera: ZWO6200MC |
| RA = 01h 33m 52,05 DEC = +30deg 39' 14.0° | Size = $5.1 x 36,8 arcmin | Orientation: 270deg E of N | Pixel scale = 040 arsec/pixel | FL=1930mm | Exposure Info: | Captured: 435 frms | Processed: 153 frmsG@4min | Gain: 100 | OffSet: 50

A galaxy is a system of stars, stellar remnants, interstellar gas, dust, and dark matter bound together by gravity. Our galaxy, the Milky Way is
estimated to have 100 to 400 billion stars.



The Stellar Cycle

Red Giant White Black
e Dwarf Dwarf

Main
Gas and Sequence Smalland
Dust Cloud  protostar Star  Medium Stars Neutron
! ' Supernova Star

85 £

Supergiant

Large
Stars

Q Black
Hole

Star formation is an ongoing cycle of gas cloud collapse, giving rise to a star that burns through its fuel creating heaver elements, eventually
the star dies and the matter created by the star is re-distributed into the universe in the death throes of the sun. What the ultimate fate of the
sun’s death is dependent on the size of the star.



Objects found in a Galaxy: Birth of a solar system

Image of HL Tau taken by Atacama Large Millimeter/submillimeter Array

Many times, multiple stars and planets can precipitate out of a cloud system forming multiple star systems where the stars are
gravitationally bound to each other (Along with their planets). There have been multiple star systems with up to 8 stars identified, but these
are extremely rare.



Objects found in a Galaxy: Death of a Star

B B : 2019.09.21 Messier-1: Crab Nebula James Yoder | Date(s) 2025.12 | Location: Chandler, AZ |
Helix NebUla (_NGC 7293) n: Chandler, AZ Constellation: Taurus the bull Config: | C-11 HD MultiFilters | ZWOG200MC |
Constellation: Aquarius Config: | C11 | LF Corrector | Astronomik CLS-CCD | QHY 128¢ 1A 0 34 1 NG = g O A2 = 15 S Ol Al ¥ o P = .77 bl PL-800u Exposure Info: | 136 frms(@4min | Gain: 100 OffSet: 50

Exposure Info: |18frms@Smin | Gain: 3200 | OffSet: 180

The demise of a star is based on the size of the star.

e Planetary Nebula: Stars with a mass between 0.8 — 8 solar mass form a Planetary Nebula where their outer shells float away leaving
behind dense hotinert core called a white dwarf (Image on left).

e Neutron Stars: Stars with a mass between 8 — 20 solar masses will explode leaving behind dense neutrino core called a neutron star
where one tablespoon of this star stuff weighs as much as Mount Everest (Image on the right).

e Black Holes: Super massive stars with a mass larger than 20 solar masses will blow up leaving behind a black hole



Size of the Star and Elements Created

Stages in star lifetime: I:> : [:>
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What elements are formed from a given star is dependent on the size of the star. This is a re-occurring cycle, gas clouds collapse, stars form,
they blow up and re-distribute the new elements in the interstellar medium. Gas clouds collapse out of the interstellar medium, form stars
and the cycle continue enriching the heaver elements as time goes by. This is how heaver elements are made available to form the planets,
comets, meteor, etc.



Objects found in a Galaxy: Dark Nebula

The Snake Nebula

Constellation: Ophiuchus

| James Yoder | 2020-04-25 | Location: Massacre G
| RA=17h 24m 19.6s DEC = -23deg 39' 46.6" | Size = 59.4 x 40 arcmin | Pixel scale = 0.579 arsec/pixel |

rounds Trailhead |
Config: | C-11 HD |No Filter | QHY 128¢ |

Exposure Info: [25frms@5Smin | Gain: 3200 | OffSet: 180 |

In some areas of space, you can see cold gas and dust clouds that stars may eventually precipitate out of because the block out the light of
other stars behind them. These clouds have not collapsed enough to form stars yet.



Objects found in a Galaxy: Globular Clusters

Omega Centauri (NGC-5139) James Yoder | Date(s) 2024.03.11 | Location: Atacama Lodge, Chile |
Constellation: Centaurus Config: | C-6SE | Primary Focus | ZWO-6200MC |
| RA= 13h 26m 4355 DEC = -47deg 29' 55.4" | Size = 47.8 x 31.9 arcmin | Orientation: 324.0deg E of N | Pixel scale = 0.50 arsec/pixel | FL=1540mm | Exposure Info: | 85 frms@Imin | Gain: 100 |

Originally large gas clouds could collapse to form groups of stars known as Globular Clusters. These are balls of stars gravitationally bound
to each other orbiting our galaxy. These are Very old structures typically about 10 billion years old, forming about the same time our galaxy
formed. This is an image of the Omega Centauri Globular cluster, estimated to contain about 10 million stars



Objects found in a Galaxy: Open Clusters
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Now days, large gas clouds collapse to form groups of stars known as Open Clusters. Eventually the remaining gas disperses and the stars
disperse throughout the galaxy over a period of time of a few hundred million years to a few billion years. This is an image of the Rosette
Nebula that contains about 2,500 “Young” stars, these stars energize the gas they are embedded in so the gas glows like a neon light, the gas

cloud is then called an Emission Nebula.




Objects In the Sky

Planets: Venus, Jupiter

Globular Clusters: M-13, M-3, M-92

Open Clusters: M-44, M-11, M-39, M-29, NGC-6939
Planetary Nebula: M-57, NGC-3242, M-27, M-97
Galaxies: M-81, M-82, M-104, M-51

Multiple Star Systems: Double-Double, Albireo, Polaris
Carbon Stars: V Hya, Garnet Star

Ring Nebula (M-57) Hercules Cluster (M-13)




