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INVESTIGATION 1 

Where Am I?

A planetary system is a star and all of the planets, moons, and objects and materials that orbit it. 

Some information about our planetary system:

· The sun is the closest star to Earth.

· There are 7 other planets in our Solar System (sorry Pluto).

· Other objects found in the Solar System are moons, asteroids, comets, human-made objects, dust & gases.

· The Earth is 12,756 km in diameter and 40,000, around.

The objects, distance, and directions that you use to establish the location of something is called a frame of reference.

A map is a representation of a place or area.

Point of View is a term used to describe the position from which an observation is made. 

A location is a place described in terms of other objects.

Altitude or Elevation is the distance above the surface of the Earth.

Resolution is the ability to keep two objects separate from one another.

INVESTIGATION 2 

A Round, Spinning Earth

The lines that run around the globe are the lines of latitude.

The longest line of latitude is the one that runs around the middle of the planet, halfway between the North and South Pole. This line is the equator. 

The lines that run from the North Pole to the South Pole are the lines of longitude.

The place where the line of sight meets the water is the horizon.
The Line of Sight is a straight path taken from an object to a person’s eyes.

When an object turns or spins in a circle, like a top, we refer to that motion as rotation.

The imaginary pole on which an object spins is called an axis.
· The Sun is a luminous object that gives off light. The Sun is a source of light that illuminates Earth during the day. (Check out www.fossweb.com Planetary Science day & night to help you understand these ideas better.)

· When light falls on an opaque object, the portion in the path of the light is illuminated. The area behind the object is in the shadow, in the dark. 

· When light falls on a spherical object, like a planet, exactly half is in the light and half is in the dark.

· Day and night are the names given to the light and dark halves of a planet. 

· From our position on Earth it looks like the Sun circles Earth once every day, but in reality the Sun is stationary (essentially) and Earth rotates on its axis once every day, giving the illusion of a Sun that rises and sets.

· If a planet did not rotate, it would have day and night just the same as a planet that rotates. The difference is that, when a planet rotates, the part of the planet experiencing night change continually; if a planet were not rotating (or revolving around its star), one half would experience day all the time and the other half would experience night all the time.

· One complete rotation of our planet describes one complete day. For Earth, one rotation requires 1 day (24 hours). When the Earth faces the Sun it is day.  When the Earth faces away from the Sun it is night.
An objects revolution is the path an object takes while traveling around something.

An orbit is the path and length of time one object takes to travel around another object.

There is a star in the night sky called Polaris, or the North Star.  It is positioned almost directly over Earth’s North Pole.  Earth’s North Pole points toward the North Star - summer, fall, winter, spring, day and night.

· Earth’s axis is tilted 23.5 and points toward the North Star as Earth revolves around the Sun.  

One rotation of Earth takes 24 hours, producing the day/night cycle on Earth.
Earth revolves around the Sun in a circular orbit once every 365.25 days.

INVESTIGATION 3 

Seasons  

· Earth’s orbit around the Sun takes 365 days and is nearly circular.

· Earth’s axis is tilted 23.5 and points toward the North Star as Earth revolves around the Sun.  

· In summer, the northern end of the axis is tipped toward the Sun; in winter, the northern end of the axis is tipped away from the Sun.

· When neither end of the axis is tipped toward the Sun, it is either spring or fall. 

· One rotation of Earth takes 24 hours, producing the day/night cycle on Earth.

· Earth revolves around the Sun in a circular orbit once every 365.25 days.

· When neither end of the axis tipped toward the Sun, it is either spring or fall.

· Energy is more concentrated in areas that receive sunlight at a high solar angle and less concentrated in areas that receive sunlight at a low solar angle.

· In summer, daylight is longer and the area receives sunlight at a high solar angle, so it is warmer.  In winter, daylight is shorter, and the area receives sunlight at a low solar angle, so it is cooler.

Energy travels from the Sun to Earth as radiation.  Radiant energy travels in rays.  The number of rays hitting a given area is the energy concentration.  When lots of rays hitting a given are is the energy concentration.  When lots of rays hit an area, energy concentration is high.  When few rays hit an area energy concentration is low.
Seasons are caused by the tilt of the Earth’s axis.
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Investigation 3 Part 2
To calculate how many hours of sunlight in a day

Sunrise time 7:10am Sunset 6:09pm

Step 1: Find the amount of time the sun is out from sunrise until 12:00p.m.

12:00p.m. = 11 hours & 60 minutes (11:60)

- 7 hours & 10 minutes (7:10)
4 hours & 50 minutes (4:50)

Step 2: Find out how long the sun is out from noon to sunset.

6:09

Step 3: Add the two numbers together to get total hours of sun.

4 hours & 50 minutes (4:50)

+ 6 hours & 9 minutes (6:09)
10 hours & 59 minutes (10:59)

There are 2 days during the year that day and night are equal.  These days are called equinoxes. Equinox comes from Latin, meaning equal night.  One equinox, the spring, or vernal, equinox, occurs around March 21 and it marks the first day of spring.  The other equinox is the autumnal equinox, and it marks the first day of fall, or autumn.  It occurs around September 22 or 23.  
The day of the year with the longest daylight is called the summer solstice.  The summer solstice occurs on about June 21 and marks the first day of summer.  The day of the year with the shortest daylight is called the winter solstice and occurs around December 21.
There are several variables that account for each day’s length or amount of sunlight.  They include:

· The tilt of Earth’s axis means that Earth leans.

· Since the tilt is always in the same direction, the lean of the Northern Hemisphere varies from toward the Sun at 23.5o to away from the Sun at 23.5o.

· When the Northern Hemisphere is leaning toward the Sun, more of the northern part of the planet get sunshine.

· The position of Earth in its orbit determines how much the lean is toward (or away from) the Sun.

· The more other North Pole leans toward the Sun, the longer the days in the Northern Hemisphere.
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INVESTIGATION 4

Moon Study

Craters are round structures of various sizes with various details.

Maria (MAH-ree-ah) or mare (Mah-ray) in the singular large black areas that are fairly smooth. Mare means “oceans” in Latin.

Highlands – light-colored areas with lots of rough mountains and craters.

Rays - the white lines that extend in all directions from some craters.

Rilles – structures that look like canyons or stream courses.

Investigation 4 part 2

With a scaled model of the Earth/Moon system, we will have a better sense of the size and distance relationships between Earth and the Moon.  One of the first things you will need to do is find the scaling factor, which is the ratio of the real size to the model size.
Scale Factor

For our purposes, we are usually given the real size of an object.  Let’s say a crater has a diameter of 25km.  After locating that crater on a map, measure its size on the map.  Example: 10km.  Write both numbers next to each other with an equal sign between them.

10cm (Picture) = 25Km (Real) What does that mean exactly?  Every 10 cm on the map or picture equals 25 km in the objects real size. Scale factor is the real size number that equals 1 unit on a map.  How do you find scale factor?

10cm (Picture) =  25Km (Real)  Divide both sides of your equation by 

10 cm

     10cm

    your measurement

1 cm = 2.5 Km

Once you find the scale factor for one crater or object you can find any real measurement by multiplying scale factor by the measurement.

The Moon has identifiable surface features, such as craters and maria.

The Moon is roughly one-fourth the diameter of Earth.

The Moon is roughly 30 Earth diameters away from Earth. 

INVESTIGATION 5 

Phases of the Moon

· The Moon appears to change shape as the days pass, getting bigger and rounder until it is completely round, then smaller until it disappears, and then bigger again.

· It takes about 30 days – 1 month – for the Moon to go through a complete cycle of shape changes, returning to its starting shape.  

· The Moon is visible sometimes during the day and sometimes during the night.
The moon goes through a predictable series of changes called phases.  When the Moon is completely dark (invisible), it is the new Moon.  When the Moon is completely illuminated and perfectly round, it is a full Moon.  Halfway between new Moon and full Moon is the first quarter, and halfway between full Moon and new Moon is the third quarter.  When the Moon is getting bigger (between new Moon and full Moon), we say the Moon is waxing.  When the Moon is getting smaller (between full Moon and new Moon), we say it is waning.  Phases of the Moon that are smaller then the quarters are crescent Moons; phases that are larger than quarters are gibbous Moons.

The Sun rises about the same time every morning in any given month because it is essentially stationary.  Its appearance in the east at sunrise is cause by the rotation of Earth.  The Moon does not rise at the same time each day of the month, so it must not be stationary.  The Moon is moving-revolving around Earth in its almost–circular orbit.   The Moon actually rises about 51 minutes later each day.  
The orbit of the Moon around Earth is tipped on a little bit of an angle.  In reality, since the Moon is so far from Earth, the Moon and Earth rarely line up so their shadows fall on each other.  When the Moon is in the full-Moon position, occasionally the shadow of Earth does fall on the Moon, though this is infrequent.  This produces what we call a lunar eclipse.
Some times, when the Moon is in the new-Moon position, it will perfectly aligned to cast its shadow on Earth, though this is also infrequent.  This is called a solar eclipse because from Earth, the Sun is blocked.
Investigation 5 part 2

Earth’s shadow on the Moon is an eclipse, which occurs rarely.  A new Moon occurs every month.

The new Moon occurs when the Moon is between Earth and the Sun.

The new Moon is invisible because the illuminated half of the Moon is on the side away from Earth.  Only the dark half is on the side facing Earth.

Investigation 5 part 3

The Moon is half illuminated by sunlight at all times.

The Moon orbits Earth once each month.

The Moon’s position in its orbit determines how much of the illuminated half is visible from Earth (Moon phase).
Investigation 6

Craters

Meteoroids are the most common objects in space that hit the Moon, so in this investigation, we will refer to the marbles as meteoroids.  The impact sites re called crates, and the material thrown out is called ejecta, which is thrown out in lines called rays.

There are several kinds of objects moving around in space that might hit the Moon:  comets, asteroids, and meteoroids.  Comets are large, icy, rare objects from the outer reaches of the solar system; asteroids are large rocky or metallic objects from within the solar system; and meteoroids are medium to small solid objects from within the solar system.  When a meteoroid hits another object, such as the Moon, it is a meteorite.
Simple Craters are produced when a moderate-size meteoroid slams into the Moon. They are shallow and have smooth bowls.

Complex Craters are large impact craters and have diameters up to 100 or 200 km. They have deep craters with peaks. These peaks are formed as a result of gravity. The crater collapses downward and inward forming a peak in the center of the basin. 

Flooded craters are large-diameter craters or have prominent rims that are dark and perfectly flat inside.  A mare is a flooded crater.

· Earth is larger than the Moon, so it should be subjected to even more impacts than the Moon.  It’s a bigger target.

· Our atmosphere can only burn up tiny meteoroids; bigger objects still get through.

· Something must be happening on Earth to erase the evidence the impacts.
· Water, wind, and tectonics on Earth weather away and hide craters.  Water and vegetation on Earth can hide craters.

Investigation 7 
Beyond the Moon

Cosmos is another word for the whole universe.

Orbit radius is the distance at which an object (planet, satellite, etc) orbits another object, such as the distance at which Earth orbits the Sun.

Some distances and orbit radii are reported in kilometers, but others are reported in units for which the symbols are AU or ly.  The symbol AU stands for astronomical units, a standard unit of measurement used by astronomers to report huge distances in the solar system.  One AU is the average distance between Earth and the Sun, which is equal to about 150,000,000 km.

For measuring distances outside the solar system, astronomers use a unit called a light-year.  The symbol for light-year is ly.  One light year is the distance light travels in a vacuum in 1 year, which is equal to about 9.5 trillion kilometers, or 63,000AU.
Objects in the close group exist in the solar system.  Solar system distances are often measure in astronomical units.

Objects in the intragalactic group exist outside the solar system, but are still within the Milky Way galaxy.  Objects in our galaxy are often measure in ten to thousands of light years.  The Milky Way contains our solar system and billions of other stars
Objects in the extragalactic group lie outside our galaxy.  Objects beyond our galaxy are measured I millions to billions of light-years.  We call this deep space, and it makes up the vast bulk of the universe.  The universe contains everything we know of, including our galaxy and billions of other galaxies. 

Investigation 7 part 2

The cosmos is the largest structure studied by scientists.  As we learned, the Hubble Space Telescope has provided images of galaxies that are billions of light years away.  Scientists who study the structure of the cosmos and try to figure out its history and future.  One of the most important questions investigated by cosmologists is how things came to be the way they are.
Two words you might not be familiar with and will come across are nebula it means cloud & accretion which means sticking together.
Moon Origin Theories

Scientists who support the Capture theory think that soon after Earth formed, a large planetesimal flew close to Earth.  Earth’s gravity captured the planetesimal and pulled it into orbit.  The orbit stabilized ant eh planetesimal assumed its position, orbiting Earth ever since.  
Scientists who support the Daughter theory think that early Earth was rotating so fast that it “gave birth” to the Moon.  A large piece of Earth bulged out and then separated, ending up in orbit.

Scientists who support the Big Impact theory think that soon after Earth formed, a large planetesimal crashed into Earth.  The impact destroyed the planetesimal.  The rubble produced by the impact flew up and started to orbit Earth.  After a short time, the orbiting matter accreted and formed the Moon.   

Scientists who support the Sisters theory think that the dust and gas in the Earth region of the solar system collected into two separate masses, Earth and the Moon.  The sisters, Earth and Moon, formed in the same way at the same time, with the Moon orbiting Earth.
· The cosmos can be categorized into our local neighborhood (solar system), or larger local are (galaxy), ad everything beyond (universe).

· The astronomical unit (AU) is used to measure the distance of relatively close objects in space, such as those within the solar system.  Light-year (ly) is a unit that indicates a much greater distance, such as objects outside the solar system.

· The solar system formed from a cloud of dust (nebula) that accreted into various objects organized around the Sun.
Investigation 8 

The Solar System
Atmosphere a layer of gases that surround an object held in place by gravity.
Exoplanets orbit stars outside of the solar system.  In the rest of the Milky Way galaxy and probably throughout the universe, there are other planetary systems.

Investigation 8 part 2
· Mars is the solar system planet that is most like Earth and might support life.
· An Earthlike planet should have an average temperature between 0oC and 100oC in order for liquid water to exist.

· An atmosphere is necessary to maintain a temperature range that can support life.

Investigation 8 part 3
· The distance between solar system objects is enormous.

· Liquid water is essential for life as we know it.

· The temperature on a planet depends on two major variables: distance from the Sun and the nature of the planet’s atmosphere.

Investigation 9 Space Exploration

Light coming from a luminous source (something that makes light), such as a star, includes light of many different wavelengths.  Our Sun shines with white light, which includes thousands of different wavelengths.  Astronomers use a tool called a spectroscope to analyze light coming from stars.  The spectroscope separates light into all its different wavelengths.  The result is a display called a spectrum.  (More than one spectrum is a spectra.)  White light contains all the colors of the rainbow plus wavelengths that are invisible to the human eye.  In fact, when you see a rainbow in the sky, it is because droplets of water in the atmosphere are separating the wavelengths of light, much as a spectroscope does.  
Every light emits a different spectrum.  Even lights that look similar to our eyes, such as a florescent bulb and a regular incandescent bulb, will look different when we use a spectroscope to break apart this visible light into the wavelengths that make it up.  We can use this spectrum as a light signature to identify that type of light, rather like a fingerprint.

The spectra we see represent only the visible-light wavelengths.  In the middle, you can see the visible-light spectrum.  This is the range of wavelengths that our eyes can detect.  This is the light that the spectroscope separates into its different wavelengths.
However, there are many other wavelengths that we cannot detect with our naked eyes.  Other more advanced tools can be use to detect the lower and higher wavelengths along the electromagnetic spectrum.  You’ve heard of some of these types of radiation before.   Radio, microwave and infrared radiation have long wavelengths and high energy.

Wavelengths shorter than violet are there, but we cannot see them.  Since shorter wavelengths have higher energy, they can damage our bodies.  For example, ultraviolet radiation from the Sun causes sunburn, which can damage our skin.  Wavelengths longer than red are there, but we cannot see them.  Some of the longer wavelengths can be detected as heat, such as the infrared radiation you might feel coming from an oven.  Remember, all these wavelengths, high or low, visible or not, form the signature for that kind of light.

The bands of color you see are called emission lines.   Some emission lines are very bright, and some might be faint lines in a given light’s spectrum.  Emission lines indicate that light is being emitted, or produced, at that wavelength.  A good example of a bright emission line is the green band seen in the fluorescent spectrum.  Most of the emission lines produce by the fluorescent light are due to the presence of an element.
When scientists see a star or planet that is light-years away, they can use tools like spectroscopes to analyze the light from that star or planet.  The light signature will reveal the elements that are giving off that light.  In this way, scientists can figure out what a star or planet’s atmosphere is made of, and even detect the presence of water.  

The dark lines seen in the spectrum are absorption lines.  A good example of an absorption line is seen with the blue bulb.  If you compare it with the regular incandescent bulb, you will not see a yellow light.  This indicates that yellow light is being absorbed at that wavelength.

In summary, every element has a specific spectrum, rather like a finger print.  By looking at the Sun’s spectrum, all the element s that are present can be determined.  That’s how we know that the Sun is mostly hydrogen and helium, with tiny bits of oxygen, carbon, iron, sulfur, and so on.  And yes, there is water on the Sun …not much, and any one water molecule doesn’t last long, but its there.  The Sun’s spectrum, or light signature, shows traces of water.

Both kinds of lines, emission and absorption, are used by astronomers to study the universe.  

INVESTIGATION 10

THE MOONS OF JUPITER

The great scientist Galileo Galilei was born in Italy in 1564.  Among his many contributions to science were great discoveries in the area of astronomy.  In 1608, Galileo heard about a device that was built in the Netherlands that could be used to see things far away.  Based on the descriptions, he built a simple spyglass with a magnification of 3X.  He later improved his telescope up to 30X.  With his simple telescope, he was able to see things in the sky that had never been seen before.  
When Galileo focused his telescope on Jupiter, he saw four “little stars” near Jupiter.  

Orbital period is the time it takes one object to object to orbit another; in this case, the time it takes a moon to orbit Jupiter.
Orbit radius is the distance at which one object orbits another; in this case, the distance at which a moon orbits Jupiter.

The idea that there were moons orbiting Jupiter may seem obvious and of little significance today.  Not so in Galileo’s day.  At the time Galileo discovered Jupiter’s moons, most people believed that Earth was the center of the universe – everything orbited around us.  But if Jupiter had moons, that meant that both Earth and Jupiter had to be reevaluated.  Where was the center? Perhaps it was true that Earth and Jupiter, and possibly the other planets, were all similar, and all went around a different center.  
This was a big idea for people at the time. Ideas about the whole universe were about to change.

Investigation 10 Part 2

When Venus and Mercury passes directly between Earth and the Sun, it is called a transit.  In general, when a smaller object passes in front of a larger object, that event is called a transit.
Study Guide for Planetary Science Unit Test

Investigation #1  Where am I?

Investigation 1 was an introduction to the unit and no items appear on the final from this investigation.

Investigation # 2 ~ Round Earth/Flat Earth

Curved surfaces create horizons, which interrupt the line of sight.

What evidence do you have for round earth or flat earth.

Investigation # 3 ~ Day and Night

The Earth always has one half illuminated and one half dark.

The Moon always has one half illuminated and one half dark.

The Earth rotates counterclockwise every 24 hours, causing day and night.

Time zones ~ Don’t forget there are 24 time zones on Earth.  The Earth is round = 360o.  If you divide 360 (degrees by 24 time zones) you will find that each time zone is 15o.  

The United States is spread out over 6 times zones and there is a 5 hour difference between the first and last one.

Investigation #4 ~ Discover the Moon

The Moon's appearance changes predictably over the course of a 29½-day period.

Investigation  #5 ~ Moon Craters

Solid objects traveling at high speeds crashed into Moon, creating craters.

The impact sequence can be determined by observing the craters.

Different size objects produce different kinds of craters, be able to identify them.

We don't typically see craters on the Earth because they are quickly eroded by conditions on Earth.

When designing experiments to test moon crater size only one variable can be tested at a time.

Investigation # 7 ~ Landing on the Moon

The Earth's diameter is 4 times larger than the Moon.

Thirty Earth's diameter fit in between the Earth and the Moon.

Scale is the size relationship between a representation of an object and the object and can be expressed as a ratio. (Scale factor)

Investigation # 8 ~ Moon Rocks

Density is mass per unit volume of a material. D=m/v

Denser Moon rocks are in the mare areas less-dense rocks are in the highlands.  Density is a factor in Moon rock distribution.

Investigation # 9 ~ Phases of the Moon

Know the phases of the moon and the order in which they appear.

Know when a lunar eclipse takes place(when the Earth blocks the sun’s light to the moon), what phase the moon is in when it takes place (full) and why we don't experience a lunar eclipse every month(the moon’s orbit is tilted).

The moon rises about 50 minutes later each day.

The moon rises in the east and sets in the west because of Earth's rotation.

The angle at which light strikes a surface is called solar angle.  These low solar-angle rays are hitting the Earth’s surface at about 15o.   These light rays shining from directly overhead have a high solar angle.  They are hitting the Earth’s surface at 90o.  The incoming rays of light are equally spaced in both beams, but because of the difference in the angle of the Sun, three times as many rays are falling on a particular patch of Earth when the light comes from a high solar angle.  The concentration of energy is greatest when light shines on a surface at a 90o angles.  The way a light beam covers a larger area when it hits a surface at an angle is called beam spreading. 





Since Earth is round, the angle at which light hits Earth hits different from place to place.  Light does not come to Earth from different angles; light strikes surfaces that are at different angles.  Remember, the angle between the incoming rays of light and the surface of the land is and the solar angle.  We can see this if we think of Earth’s surface as made of lots of little flat areas.  In this illustration, we see four rays of light coming to Earth.  Ray 1 happens to strike Earth exactly perpendicular to the surface.  The solar angle is 90o.  Light ray 2, however, does not strike perpendicular to the surface because the surface is farther north.  The solar angle, when compared to Earth’s surface, is about 60o.  Light rays 3 and 4 strike the surface at even smaller angles, perhaps 45o and 30o.  Beam spreading does the same thing as you move east to west.  In the morning and evening, the solar angle is low, so the beam spreading is large.  In the middle of the day, the Sun’s energy is most concentrated because the Sun is overhead at a high solar angle.  





This illustration shows Earth in the four key seasonal positions – the two equinoxes and two solstices.  Earth’s orbit around the Sun create a plane - a two–dimensional disk-shape surface – with the Sun in the center.  As you can see Earth is tilted on its axis with respect to this orbital plane.  Notice the tilt make s the North Pole lean.  Earth’s North Pole always points in the same direction- toward the North Star.  The important factors that produce our seasons on Earth are:


Earth is tilted on its axis, and the axis always points in the same direction-toward the North Star.  


Earth revolves around the Sun.  As a result, the amount of sunlight falling on the Northern Hemisphere changes throughout the year.  When the Northern Hemisphere is leaning toward the Sun, daylight is longer.  












