
Key Concepts  

What is the difference between a galaxy, planet, star, comet, meteor, moon, solar system, asteroid, and universe?

What is the best way to discover space?

Which kind of telescopes are the best? Land based or space based (Hubble)? Why?



ASTEROIDES
Definition
Asteroids are small (compared to planets) chunks of aggregated (stuck together) minerals and metals 
Most are without atmospheres.

Characteristics
· Size: Anywhere from 584 miles across (Ceres) to smaller than a football field

· Composition: Made up of metals like titanium, nickel, iron, and manganese. Some asteroids may have ice trapped inside them.

· Origins: Asteroids are space leftovers. They could be spent comets without the ice and gas. They could be parts of planets or planetary beginnings.

· Location: The asteroid belt (between Mars and Jupiter) 

· Other: Some have satellites (moons)

· History: An impact in the Yucatan Peninsula may have caused the extinction of the dinosaur.

· Future: What are the chances of an impact today?

Our Universe (basic structures)

Universe
Everything…space, energy and all matter!!
The universe is expanding

Earth
· Diameter 13,000 km or 8000 miles
· Orbits the sun
· Orbit: the path of an object in space as it moves around another object because of gravity.
· Gravity: A force that is determined by the mass of anobject. The greater the mass, the stronger the gravity.
· Ellipse: a flattened circle (hula-hoop). 
· The shape of the orbits of the planets around the sun is elliptical
· Orbits are usually counterclockwise.
· Most planets rotate in this direction
· Most things in space orbit in this direction
· 
· Satellite: An object that orbits another object in space.


Solar System
The sun, our eight planets, and other smaller bodies.
Sun / Mercury / venus / Earth

Sun
Our local star
· Mostly hydrogen gas
· This hydrogen turns into helium in a process called fusion. This is a nuclear reaction! The sun’s interior creates mega energy

Stars
Giant gas objects that use nuclear fusion.

Moon
A solid object that orbits a larger object (like a planet)

Planet 
A planet is a celestial body that:
· orbits a star,
· its own gravity forms  it into a round shape,
· has cleared away all other bodies around its orbit.

Galaxy
A group of millions or billions of stars held together by their own gravity.

Milky Way
· Our galaxy
· Galaxies have different sizes and shapes


Constellation
A group of stars that form a pattern in the night sky

Comets
· Made of ice and gas, orbits the sun
· An object in space that produces a coma.
· The comet itself is a small icy object that would be difficult to see without the comas
· The coma is a cloud of material 
· Tails: formed from the sun’s radiation
· This radiation turns some ice into gas. 

Meteor
· An object made of metal that reaches the earth’s atmosphere
· Meteorite: a meteor that lands on Earth.
Our Moon
· Earth’s satellite
· 240,000 miles away 
· The same side of the moon always faces the earth.
· 3 layers: crust, mantle, core
· How the Moon was created (Thea)


Earth, Moon, and Sun

Axis of Rotation
· The imaginary line running through the earth’s center. 
· The ends of the axis are at the poles
· The earth rotates around its’ axis
· The axis is tilted 23 degrees from its’ orbit.
· This direction of the tilt never changes

Rotation (spin)
· I/2 of the earth is in sunlight, the other dark.
· This is why we have night and day.
· One day = One rotation

Revolution (orbit)
· The earth’s orbit around the sun
· One revolution = One year

Seasons
· Consistent patterns of temperature changes and other weather trends over a year
· Caused by the revolution of the earth and its axis tilt.

Equinox
· Sunlight shines equally on the northern and southern hemispheres. 
· Half is lit, half is dark.

Solstice
The area of sunlight is at its maximum on one hemisphere and minimum on the other.

September Equinox

December Solstice

March Equinox

June solstice



Moon Phases
-The moon side that faces the sun is always lit. 
-The moon phases are the result of how the moon looks from the earth. 
-Waxing means the lighted part is getting bigger.
-Waning means the lighted part is getting smaller.
-The moon’s orbit around the Earth is on a different orbital plane than the Earth’s orbit around the sun. *That is why we do not have a solar eclipse once a 
     month!*
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Eclipse
· Caused by shadows in space
· A shadow makes the sun or moon appear dark

Lunar Eclipse
· Moon darkens because it passes through the Earth’s shadow
· A full moon precedes a lunar eclipse…sun – earth - moon
· Umbra: darkest part of the earth’s shadow
· Penumbra: the lightest part of the earth’s shadow

                                                                                                         Earth                                Moon

 (
Sun
)










Solar Eclipse
· The sun’s light is blocked because the moon’s shadow falls on part of the 	earth. Sun – moon - earth

· Umbra: darkest part of the moon’s shadow
· Penumbra: lightest part of the moon’s shadow. 


                                                                                                                 Moon                      Earth




   Sun










Earth Tides
· The moon’s gravity causes the Earth’s tides.
· The sun’s gravity also impacts our tides
· A changing 24 hour pattern of high and low tides.
· It takes roughly 6 hours to go from high to low tide, and roughly 6 more hours to return to high tide.

Why do we have high and low tides?
· The moon’s gravity pulls on the Earth’s oceans.
· The moon’s gravity pulls the ocean up causing a giant bulge of water!
· Because the earth rotates, the area of this bulge of water is constantly changing.

On the opposite side of the Earth, the moon’s gravity pulls the earth away from the ocean. This creates a giant bulge of water on the opposite side of the Earth!
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SPACE EXPLORATION
Astrobiology:
The study of life in space. An Astrobiologist studies life on other planets by studying (and finding) life that exists in harsh environments on or in our Earth. 
Examples of harsh environments:
· The bottom of the ocean
· Lava vents
· Volcanoes
· Lava
· Geysers
· Desert regions
· Arctic regions (ice)
· Others?????


Telescopes
Reflecting Telescopes: Visible Light
The telescope has a mirror that gathers light and reflects the image onto another mirror. This mirror reflects the image into the lens or eyepiece.																																																																					






Refracting Telescope: Visible Light
This telescope has a curved lens at one end that gathers light and focuses it to form an image near the other end. An eyepiece magnifies the image.																																																														




	

Radio Telescopes: Radio Waves
These telescopes gather radiowaves from space. They use a gigantic dish that acts like a mirror gathering light. Radio waves are immense! Therefore radio telescopes are very large. Sometimes whole groups of radio telescopes point at one spot to get a good image.

Telescopes in space
Hubble
· Placed in orbit in 1990. 
· It sends an image electronically to the earth. 
· Major advantage: it does not have to deal with our atmosphere.


AU
Astronomical Unit = Earths average distance from the sun: 93 million miles

Satellites
Object that orbits a more massive object. We send them to space to gather data.

Unmanned Space Craft
Probes
photograph, dust samples, temp, EM waves
Rovers
Land on planets gathering soil/rock samples, and data about weather, temp etc

Space Station
· This program began in the 70’s
· ISS:  Size of two football fields
· Cooperative effort between 15 countries
· Space Shuttle transports astronauts

ISS

Our Solar System

Terrestrial Planets
· “Terra” means land
· Mercury, Venus, Earth, Mars
· All have rocky crusts and dense mantles and cores
· Forces that effect a terrestrial planet’s surface
· Tectonics
· Volcanism
· Weathering & Erosion
· Impact Cratering (asteroids, meteors)

Asteroid Belt


Gas Giants
· Jupiter, Saturn, Uranus, Neptune
· Made of mostly hydrogen, helium, and other gasses.
· So large that they have tremendous gravity
· This gravity holds the gasses together
· Very dense atmospheres
· Some are very stormy

PLUTO
A world by itself…maybe!
· Made of ice and rock
· Has an atmosphere
· Smaller than the moon
· Therefore low gravity

A planet is a celestial body that:
· orbits the sun,
· has enough mass that its own gravity forms  it into a round shape,
· has cleared away all other bodies around its orbit.

A dwarf planet is a celestial body that:
· orbits the sun,
· has enough mass that its own gravity forms it into a round shape,
· has not cleared away all other bodies around its orbit,
· is not a satellite of a planet.
Small System Bodies are anything else that:
· orbits the sun,
· is not a satellite of a planet.


Stars, Galaxies, and the Universe
1. The sun is our local star
2. Stars change over their cycle
3. Galaxies have different sizes and 	shapes
4. The universe is expanding

Our Sun
· Mostly hydrogen gas
· This hydrogen turns into helium in a process called fusion. This is a nuclear  
           reaction! The sun’s interior creates mega energy

Interior
Core
· 15million degrees Celsius. 
· Fusion: hydrogen turns into helium creating energy
Radiative Zone
· Energy travels through this zone by radiation
· Thick, hot, and dense. Not extreme enough to cause fusion.
Convection Zone
· Energy moves because of convection

The Sun’s Atmosphere
Photosphere
· We call it the sun’s surface
· This is the layer that you see, where radiation moves into space.
· Convection currents below it cause the photosphere to have a bumpy surface

Chromosphere
· The thin middle layer of the sun’s atmosphere.
· Gives off a pinkish light.

Corona
· Outermost layer of the sun’s atmosphere
· Several million km out from the sun
· Much hotter than the photosphere
· Can only see this light during a total solar eclipse.

Solar Features
Sunspots
· Spots on the photosphere that are cooler than the surrounding area. 
· They are small, dark (even black spots).
· They are very hot, but they appear dark only because the areas around them are so much hotter and brighter.
· These spots rotate with the sun.
· This is how we know that big ball of gas rotates!

Flares
· Eruptions of hot gases from the sun’s surface.
· Are usually near sunspots

Prominences
Huge loops of glowing gases that extend into the corona.

Solar Wind
· Electrically charged particles 
· They flow out from the Corona.
· They flow in all directions.


Impact on Earth
· The Earth is protected by its’ magnetic field.
· Sometimes these winds enter the upper atmosphere releasing energy.
· The result is the auroras or Northern & Southern Lights
· Sometimes flares are so strong they can release bursts of charged particles into the solar wind.
· This becomes a magnetic storm on Earth.
· This is dangerous for satellites and astronauts.
· This can interfere with radio communication and anything electric!






STARS
We classify stars by their characteristics:
1. Distance & Brightness
2. Size
3. Color and Temperature

Distance and Brightness
· How do you know if a star is bright or just close?
· Measure distance using a parallax.

Size We compare other stars to our sun
· White Dwarf: 
1/100 the size of our sun
· Medium Star: Our sun
· Giant Star: 
10 to 100 times the suns diameter.
· Supergiant:
100 to 1000 times the suns diameter.

Color: The color of a star indicates temperature.
Class			Color			Temperature
O				blue-white			Hottest
B				blue-white
A				white
F				yellow-white
G				yellow (our sun)
K				orange
M				red					Coolest

Star Cycles
Formation
· Stars form inside a cloud of gas and dust called a nebula.
· Because of gravity the nebula pulls together.
· The newly formed sphere gets hot and dense enough for fusion to occur at its center.

1. Main Sequence
· In this stage stars produce energy through fusion…hydrogen into helium

2-A. Lower Mass Stars
· When this star runs out of hydrogen it
      expands becoming a giant star.
· Over time this star sheds its outer layer leaving only the core.
· It is now a white dwarf.

2-B. Higher Mass Stars
· Spend less time in the main sequence.
· They burn fuel very rapidly.
· These stars expand becoming Supergiants.
· An iron core forms
· Fusion stops
· Gravity causes the core to collapse
· A giant explosion follows…Supernova
· Massive amounts of light and matter are hurled into space.

	Neutron Star
· The collapsed core of a Supergiant can become a Neutron Star after a supernova. 
· Only about 12 miles in diameter.
· One to three times the mass of the sun.
· Emits radiation like x-rays, but little light.
· Also called Pulsars because they pulse a radio signal as they rotate.

Black Hole
· A supernova leaving behind a core with a mass greater than 3 times the mass of the sun.
· It does not become a neutron star.
· It collapses even smaller becoming an invisible object called a black hole.
· The gravity is so strong no radiation (or anything else) can escape. 



Death of Stars
· Stars can die forming nebulas (clouds of debris from dead stars).
· Matter from dead stars can form new stars or become parts of existing stars.


Star Systems
Most stars (unlike our sun) do not exist alone, they are in groups held together by gravity.
· Binary Star System
Two stars orbiting each other
· Multiple Star System
More than two stars 

Galaxies
· Huge grouping of stars, matter and dust held together by gravity.
· Most large galaxies have a massive black hole in their center
· This black hole cannot be seen
· We know it is their because its’ gravity effects everything around it.
· Their gravity pulls gasses to it.
· Superheated gasses look like stars.
· Quasar: The centers of some galaxies.
They are super bright and look like stars.

Galaxies
Spiral Galaxies
· Disc shaped with a center bulge
· They have arms of gasses and stars
· The stars in the center are old
· The spiral contains many young stars
· Its stars and nebula orbit the center
· Our Milky Way is a Spiral
· It is 100,000 light years in diameter
· We are in the center bulge
· We can see the outside of our galaxy at night




Elliptical Galaxies
· Shaped like spheres or eggs
· They have almost no gas or dust between stars
· All the stars are old


Irregular Galaxies
· Smaller than other galaxies
· Irregular in shape
· Have fewer stars


Galaxy Information
· Quasars or Black Holes are at the center of most galaxies
· Galaxies can collide!!!
· Our Milky Way is colliding now!!!
· Why don’t more stars collide?
· Doppler Effect
· The perception of light can be affected by movement just like sound.
· Light moving towards Earth gets its wavelength compressed.
*****Blue Shift: Blue because the light shifts to the blue part of the spectrum

· Light moving away gets its wavelength stretched.
*****Red Shift: Red because the light shifts to the red part of the spectrum.

· This is how astronomers tell the direction of stellar movement!
· Remember the universe is expanding!!
· The farther the distance away, the faster the expansion
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