UNIT 8:  BEYOND EARTH
Chapter 28: The Sun-Earth-Moon Systems

28.1 - Tools of Astronomy

MILKY WAY GALAXY
What is light?  
· Light is electromagnetic radiation (electric and magnetic disturbances)

· Range of EM Spectrum – visible light, infrared, ultraviolet, radio, microwaves, x-rays, and gamma rays
INTRO TO ELECTROMAGNETIC SPECTRUM
ER SPECTRUM SONG
· Classified by its wavelength (distance between peaks on a wave) or its frequency (# of waves or oscillations occurring per second)
· Mathematical relationship between frequency and wavelength

C=(( 
where c is the speed of light (3.0 x 108 m/s), ( is 




wavelength, and ( is frequency

TELESCOPES
· Telescopes – Can detect different types and amounts of visible light, much more than the naked eye

· Different detectors attached to the telescope will allow for different wavelengths of ER to be observed

· Telescopes also can utilize different equipment, such as photometers, to measure the amount of light
· Can also capture images the eye will miss due to time constraints

· Refracting telescopes (refractors) – Use the largest lens, objective lens, to bend the light entering  and bring it to focus
· Reflecting telescopes – Use a mirror to collect, reflect and focus light entering telescope

· Most telescopes set up far from city lights to minimize stray light entering telescope

· Different types of reflectors are used to collect radio waves, infrared waves, ultraviolet waves, etc.

· These telescope signals are converted to electrical signals and analyzed by computers

· Interferometry – linking several telescopes together so they act as one.  Detail increases with number and distances between individual telescopes

INTERFEROMETRY
· Satellites, Probes, and Space-based Astronomy

· Atmosphere interferes with many types of radiation, therefore, we send up different vehicles/instruments

· Hubble Space Telescope (HST) – 1990 – The beloved - ultraviolet and infrared without interference from the atmosphere
· Mars and Venus probes

· International Space Station (ISS) – Environments and experiments in the weightlessness of space

· Spinoffs – NASA technologies passed on to the commercial industries for common use (artificial hearts developed from spacecraft fuel pumps)

28.2 - The Moon

· Exploration of the moon began in late 1950’s 

· Sputnik 1, Soviet Union

· Yuri Gagarin, Soviet, 1st human in space

· Mercury missions, USA, Alan Shepard Jr. 1st American in space

· Apollo 11, USA, Neil Armstrong and Buzz Aldrin, 1st human on moon

· Lunar properties:  

· one of the largest moons in the solar system (More than 1% of the mass of the planet it orbits)
· Relatively far from the planet it orbits

· Solid rocky body compared to the icy moons of Jupiter, Saturn, Uranus, Neptune, and Pluto

· Only large moon of the inner planets

· Lunar Surface:  

· The albedo, or the amount of sunlight that its surface reflects, is quite low (0.07 %) – Earth is about 0.31%

· Due to a lack of atmosphere, sunlight is easily absorbed by the surface of the moon, and temps can reach upwards of 127°C (257°F)

· Temps on the dark side of the moon, away from the earth, can drop to -173° C (-343° F)

· No erosion on moon, only impact craters, objects from space crash into the lunar surface.  All craters on moon are impact craters

· Highlands – Mountainous areas, of a lighter color material, heavily covered in craters

· Maria – (mare) – dark, smooth plains, which on average are 3 km lower in elevation than the highlands 

· If the impact is large enough, (speed and/or mass), the impact will blast material outwards, which will fall back to the lunar surface (called ejecta), and will form patterns.  

· Some craters emit large trails of ejecta that radiate outward.  These patterns of ejecta are called rays, usually have a lighter color than the surrounding lunar surface

· The dark color of the maria is due to volcanic eruptions of lava which has a different chemical composition of the existing lunar crust

· Huge impact creates enormous crater on the surface, the weakened lunar crust eventually gives, and lava will “ooze” from the fissure, filling the crater with the darker material

· The relatively smooth newer material has much fewer impacts, and is riddled with rilles, which are meandering valley like structures similar to lava tubes

· Earth has been bombarded also, however, weathering has erased evidence and craters

SURFACE OF THE MOON
History of the Moon:
· Radiometric dating indicates that the lunar surface in between 3.8 and 4.6 BYO

· The first 800 million years was full of many impacts that broke up and heated the rocks of the lunar surface.  This lose ground up rock is called regolith
· Regolith thickness usually around 2 meters thick, but varies with location

· Far side of the moon has no maria, only highlands riddled with impact craters.  No maria due to greater thickness of crust
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· Moon has layers similar to those of earth: crust, upper mantle, lower mantle, and core

· Crust varies in thickness and is thickest on the far side

· Upper mantle is solid

· Lower mantle is partially molten

· Core is solid iron

Formation Theories:
· Capture theory – A large object traveled too close to forming Earth, and became trapped in the gravitational pull, becoming the moon
· Problems with theory include the impossibilities of slowing of the object and the similar composition of the Earth and moon
· Simultaneous formation theory – Earth and moon formed at the same time and in the same general area.  Moon didn’t have to be slowed and captured.
· Problems with theory include the different compositions of the moon and Earth, especially with respect to iron
· Impact theory – most accepted – The moon was formed when a collision between the Earth and a mars size body tore a section of the earth away, then the two merged together to form the moon  
· Explains the similar composition.  
· Also explains why the moon lacks iron (made from iron-deficient crust and mantle of the Earth)
· Also explains the lunar minerals lacking in water (evaporation from heat of impact)
IMPACT THEORY
DIGITAL REPRESENTATION
ANIMATION REPRESENTATION
MOON THEORY
28.3 - The Sun-Earth-Moon Systems

Daily Motions:

· How do we know that the Earth is rotating?
1. Sun, moon, and stars disappear and reappear every day 
2. Foucault Pendulum – Weight on a string that is suspended from a support and can swing freely
· The pendulum continues to swing while the Earth gradually rotates underneath it

· Foucault’s PENDULUM - 1
· fOUCAULT’S pENDULUM - 2
· CORIOLIS EFFECT
· TIME lAPSE pENDULUM
Annual Motions:

· Ecliptic – The plain in which the Earth orbits about the Sun
· The Earth is tilted 23.5( relative to the ecliptic
· As the Earth orbits the sun, it’s axis remains fixed, so at one time the northern hemisphere is tilted away from the sun, and at another, it is tilted toward the sun
· This tilting on the ecliptic gives us seasons (fall, winter, spring and summer)
· SEASONS
· The more the sun is overhead, (higher in the sky, or higher altitude in 
degrees) the hotter it will be at that location
· MORE SEASONS
· BILL NYE SEASONS
· Solstices - either of the two times of the year when the sun is at its greatest distance from the celestial equator
· Summer Solstice – The sun is directly overhead at the Tropic of Cancer (23.5( N)
· June 21
· Hours of daylight for Northern Hemisphere at a maximum
· Sun does not set in the region within the arctic circle
· Winter Solstice – Sun is directly overhead at the tropic of Capricorn (Southern Hemisphere – 23.5( S)
· December 21
· Northern hemisphere tilted away from earth
· Sun at it’s lowest altitude in sky for NH
· Sunlight is at it’s minimum in NH
· Sun never rises in the Arctic Circle
SUNS RAYS
· Equinoxes – In between the Solstices, the earth passes the perpendicular in the ecliptic.  The two hemispheres receive equal amounts of sunlight, at this point, and the Sun is directly above the equator

· Autumnal Equinox – “Equal night,” or sunlight, for both hemispheres.  Occurring equal days between the solstices, after the summer solstice (Sep 22)
· Vernal Equinox – Occurring equal days between the solstices, after the winter solstice (March 20)

BILL NYE SEASONS/SOLSTICE/EQUINOX/
Phases of the Moon:
· Lunar Phases – Changes in the appearance of the Moon (Increasing or decreasing lunar surface illumination)

· Since the moon reflects the light of the sun, it will appear different depending on how much of the illuminated surface is facing us

· Waxing - The amount of sunlight reflected is increasing

· Waning - The amount of sunlight reflected is decreasing

· Crescent – less than half of the moon illuminated

· Gibbous – more than half of the moon illuminated

· Order of phases:  new, waxing crescent, first quarter, waxing gibbous, full, waning gibbous, third quarter, waning crescent, new

· Right side of the moon illuminated indicates a waxing moon, left side of the moon illuminated indicates a waning moon

MOON PHASES
JACK AND JILL – Jakka and Bila 

· Synchronous rotation – orbital and rotational periods are the same (spins on its axis once per revolution around the earth)
· Theory is that the Earth’s gravitational attraction slowed the moons original spin until in always faced the earth with the some side
Demo

SYNCHRONOUS ROTATION
Motions of the Moon:
· The length of time for a complete cycle of the Moon (new to new) is called a lunar month and is about 29.5 days
· The length of time for one revolution about its axis is about 27.3 days

· Tides – Both the Moon and the Sun pull on the earth, this creates bulges of water that swell toward  the Sun or Moon (every twelve hours with the rotation of the earth)
· If the Sun and the Moon are on the same side of the Earth, this will give us spring tides, which are the highest, especially when the elliptical orbits of the Earth and the Moon bring the Moon and Sun the closest to the Earth.  Let me draw a picture………

· If the Moon is at right angles to the Sun, the  tides are not as great, and they are called neap tides
TIDES
BAY OF FUNDY (NOVA SCOTIA) TIDES
FUNDY TIME LAPSE
Solar Eclipses:

· Solar Eclipse – Occurs when the Moon passes directly between the Sun and the Earth, blocking our view of the Sun
· Partial or total eclipse:  Depending on the shadow 
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PENUMBRA, UMBRA, AND THEIR IMAGES
TOTAL SOLAR ECLIPSE IN TURKEY 2006
· Moon’s orbit is tilted 5( relative to the ecliptic, so they don’t always align just right
· Sometimes higher than the Sun, or sometimes lower than the Sun
· Moon’s orbit around the Earth is elliptic like the Earth’s around the Sun
· When the Moon is closer to the Earth, its position is called perigee
· When the Moon is farthest from the Earth, its position is called apogee
· Different sizes in the sky
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Lunar Eclipses:
· Lunar Eclipse – Occurs when the Moon passes through Earth’s shadow

· Only during the time of a full moon, when the moon is on the opposite side of the Earth from the Sun

· Usually occur when the Moon is in the Earth’s umbra

· 2 hour duration
TOTAL LUNAR ECLIPSE AUGUST 2007
TOTAL LUNAR ECLIPSE TIME LAPSE MARCH 2007
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