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Science Topics Addressed:  Astronomy: Planetary Science, Earth/Moon System

Lab Goals:  Students will, through a series of activities, learn about the size and distance ration of the Earth and Moon, that the Earth and Moon are considered a gravitational system as they orbit the sun, moon phasing, identifying physical aspects of the moon, practice the scientific method (science inquiry) by simulating crater formation to identify the speed, angle and size of the meteors, and practice engineering design through rocket nose cone designs for efficient flight.

Lab Objectives:  Students will

· Using clay, students will hypothesize the size ratio of the Moon to the Earth, and with new evidence, change their hypothesis

· Using clay, students will hypothesize the distance of the Moon to the Earth, and with new evidence, change their hypothesis

· Using clay, string, and a dowel, students will discover the center of gravity of the Earth Moon system, and explain how that changes how the Moon and Earth travel around the sun

· Using Styrofoam balls and a light source, students will 

· Simulate the speed of a meteor strike by dropping a clay ball from different heights

· Simulate the angle of a meteor strike by tossing a clay ball from different distances

· Simulate the size of a meteor strike by doubling, then tripling the clay ball mass

· Measure crater depth, width, and length of rays

· Analyze data through building a graph

· Prepare a scientific poster on their crater experiment

Benchmark(s) Addressed:  

Science

Grade 4 

4.1 Structure and Function: Living and non-living things can be classified by their characteristics and properties. 
4.1P.1 Describe the properties of forms of energy and how objects vary in the extent to which they absorb, reflect, and conduct energy. 

4.2 Interaction and Change: Living and non-living things undergo changes that involve force and energy. 
4.2P.1 Describe physical changes in matter and explain how they occur. 

4.2E.1 Compare and contrast the changes in the surface of Earth that are due to slow and rapid processes. 

4.3 Scientific Inquiry: Scientific inquiry is a process of investigation through questioning, collecting, describing, and examining evidence to explain natural phenomena and artifacts. 
4.3S.1 Based on observations identify testable questions, design a scientific investigation, and collect and record data consistent with a planned scientific investigation. 

4.3S.2 Summarize the results from a scientific investigation and use the results to respond to the question being tested. 

4.3S.3 Explain that scientific claims about the natural world use evidence that can be confirmed and support a logical argument. 

Grade 5 

5.3 Scientific Inquiry: Scientific inquiry is a process of investigation based on science principles and questioning, collecting, describing, and examining evidence to explain natural phenomena and artifacts. 
5.3S.1 Based on observations and science principles, identify questions that can be tested, design an experiment or investigation, and identify appropriate tools. Collect and record multiple observations while conducting investigations or experiments to test a scientific question or hypothesis. 

5.3S.2 Identify patterns in data that support a reasonable explanation for the results of an investigation or experiment and communicate findings using graphs, charts, maps, models, and oral and written reports. 

5.3S.3 Explain the reasons why similar investigations may have different results. 

Adopted by Oregon State Board of Education February 20, 2009 

P=Physical science; L=Life science; E=Earth and Space science; S=Scientific inquiry; D=Design (engineering) 

Math

Fourth Grade

4.1 Number and Operations: Develop an understanding of decimals, including the connections between fractions and decimals.

4.1.1 Extend the base-ten system to read, write, and represent decimal numbers (to the hundredths) between 0 and 1, between 1 and 2, etc.

4.1.2 Use models to connect and compare equivalent fractions and decimals.

4.1.3 Determine decimal equivalents or approximations of common fractions.

4.1.4 Compare and order fractions and decimals.

4.1.5 Estimate decimal or fractional amounts in problem solving.

4.3 Measurement: Develop an understanding of area and determine the areas of two -dimensional shapes.

4.3.1 Recognize area as an attribute of two-dimensional regions.

Fifth Grade

5.1 Number and Operations and Data Analysis: Develop an understanding of and fluency with addition and subtraction of fractions and decimals.

5.1.1 Use fraction models to represent the addition and subtraction of fractions with unlike denominators.

5.1.2 Use decimal models, place value, and number properties to add and subtract decimals (to the thousandths).

5.1.3 Select and use appropriate strategies to estimate fraction and decimal sums and differences.

5.1.4 Develop fluency with efficient procedures for adding and subtracting fractions and decimals and justify why the procedures work.

5.1.5 Solve problems involving the addition and subtraction of fractions and decimals.

5.1.6 Use ordered pairs on coordinate graphs to specify locations and describe paths.

5.1.7 Construct and analyze double bar, line, and circle graphs to solve problems involving fractions and decimals.

5.2 Number and Operations and Algebra: Develop an understanding of and fluency with division of whole numbers.

5.2.2 Apply concepts of place value and the properties of operations to solve problems involving division.

5.2.3 Select and use appropriate estimation strategies for division (e.g., use benchmarks, overestimate, underestimate, round) to calculate mentally based on the problem situation when computing with whole numbers.

5.2.4 Develop and use accurate, efficient, and generalizable methods to find quotients for multi-digit division problems.

5.2.5 Develop fluency with efficient procedures for dividing whole numbers and justify why the procedures work on the basis of place value and number properties.

5.2.6 Determine the most appropriate form of the quotient and interpret the remainder in a problem situation.

5.3 Geometry, Measurement, and Algebra: Describe and relate two-dimensional shapes to three-dimensional shapes and analyze their properties, including volume and surface area.

5.3.3 Describe three-dimensional shapes (triangular and- rectangular prisms, cube, triangular- and square-based pyramids, cylinder, cone, and sphere) by the number of edges, faces, and/or vertices as well as types of faces.

5.3.4 Recognize volume as an attribute of three-dimensional space.

5.3.7 Determine the appropriate units, strategies, and tools for solving problems that involve estimating or measuring volume.

5.3.9 Identify and measure necessary attributes of shapes to use area, surface area, and volume formulas to solve problems (e.g., to find which of two gift boxes needs the most wrapping paper or has the greater volume?).
Materials and Costs:  

The materials are for a class of 30 working in groups of 2

List the equipment and non-consumable material and estimated cost of each

Item
Cost

15 deep aluminum pans (6/pack @ $20.94 ea x 3)
$62.82
BuytheCase.net (http://www.buythecase.net/product/16688/handifoil_aluminum_
rectangle_roastingbaking_pan_13_12_x_9_58_x_2_34/?engine=googlebase)
Mesh strainer large ($2.01 each x1)
$2.01
Instawares Restaurant Supply Superstore (http://www.instawares.com/jr3092-
single-fine-mesh-strainer.jr3092.0.7.htm?LID=GGLE&ci_src=14110944&ci_sku=JR3092)

Stay Fresh Plastic Flour Container (holds 5lb @ $3.99 x 2)
$7.98
Kitchen Collection (http://www.kitchencollection.com/Temp_Products.cfm?sku=00821258)

Meter sticks ($4.75 each x 15)
71.25

Science Kit (http://sciencekit.com/wooden-meter-sticks/p/IG0027591/)

Metric rulers ($1.10 each x 15)
16.50

Science Kit (http://sciencekit.com/metric-junior-desk-ruler/p/IG0026614/)

Plastic knives (24/package x 1)
$1.79

150mm Rulers (12/pack @ $6.35 x 3)
$19.05

Carolina Biological http://www.carolina.com/product/ruler%2C+transparent+vinyl%2
C+pack+of+12.do?keyword=rulers&sortby=bestMatches
Flashlight and batteries (Fred Meyer)
$4.89

Plastic Tweezers (package of 8 $2.75 x 4)
$11.00

American Science & Surplus http://www.sciplus.com/singleItem.cfm/terms/12481/
cartLogFrom/froogle
Styrofoam balls, 2½” (6/pack @ $3.29 x 5)
$16.45

SaveonCrafts http://www.save-on-crafts.com/stryofbal212.html
Stapler
provided by school

Scissors
provided by school

Lamp with 100watt bulb, no shade
home

Extension cord to plug lamp and place in center of room
provided by school

Computers (for analysis and poster pictures, tables, etc.)
provided by school

Projector for computer
provided by school

Optional scale (1 @ $39.99)
$39.99

Target (http://www.target.com/OXO-Softworks-Food-Scale/dp/B001QA46O4/sr=1-2/qid=
1243713788/ref=sr_1_2/182-7439610-9273225?ie=UTF8&frombrowse=0&index=target&rh=
k%3Afood%20scale&page=1
Optional calculators
provided by school

Estimated total, one-time, start-up cost for permanent supplies:
$174.53

List the consumable supplies and estimated cost 

Item
Cost

Cocoa Powder 1 lb
$2.44

Flour 25 lb
$8.48

Cream of tartar (Fred Meyers)
$3.50

Salt (Fred Meyers)
$0.89

Oil (cheap stuff - Fred Meyers)
$1.89

Wax paper
$2.29

Blank Posters (pack of 10 $4.39 x 3)
$13.17

Masking tape ($2.79 each x 1)
$2.79

Batteries (2 replacement)
$4.49

Sidewalk chalk (20/pack @ $2.29 x 1, Office Depot)
$2.29

Duct tape (tape extension cord down for safety)
$7.89

Zip-lock sandwich plastic bags (50/pack @ $2.84 x 1)
$2.84

String (Fred Meyer) 
$2.98

Craft sticks (1000/package @3.89 x 1)
$3.89

Office World http://www.officeworld.com/Worlds-Biggest-Selection/CKC377401/09Q1/
(Optional: – 12” long x ½” thick dowel – more expensive but works better)
Newspaper
free from recycling

Pencils (30)
provided by school

Staples
provided by school

Copies of data sheets and handouts
provided by school

Pencils (regular and color)
provided by school

Markers
provided by school

Estimated total cost for consumable materials:
$35.31

Background:

The Moon (Latin: Luna) is Earth's only natural satellite and the fifth largest satellite in the Solar System. The average centre-to-centre distance from the Earth to the Moon is 384,403 km, about thirty times the diameter of the Earth. The common centre of mass of the system (the barycentre) is located about 1,700 km—a quarter the Earth's radius—beneath the surface of the Earth. The Moon makes a complete orbit around the Earth every 27.3 days (the orbital period), and the periodic variations in the geometry of the Earth–Moon–Sun system are responsible for the lunar phases that repeat every 29.5 days (the synodic period).

The Moon's diameter is 3,474 km, a little more than a quarter of that of the Earth. Thus, the Moon's surface area is less than a tenth that of the Earth (about a quarter the Earth's land area, approximately as large as Russia, Canada, and the United States combined), and its volume is about 2 percent that of Earth. The pull of gravity at its surface is about 17 percent of that at the Earth's surface.

The Moon is the only celestial body to which humans have traveled and upon which humans have performed a manned landing. The first artificial object to pass near the Moon was the Soviet Union's Luna 1, the first artificial object to impact the lunar surface was Luna 2, and the first photographs of the normally occluded far side of the Moon were made by Luna 3, all in 1959. The first spacecraft to perform a successful lunar soft landing was Luna 9, and the first unmanned vehicle to orbit the Moon was Luna 10, both in 1966. The United States (U.S.) Apollo program achieved the only manned missions to date, resulting in six landings between 1969 and 1972. Human exploration of the Moon ceased with the conclusion of the Apollo program, although a few robotic landers and orbiters have been sent to the Moon since that time. Several countries have announced plans to return humans to the surface of the Moon in the 2020s.

The proper English name for Earth's natural satellite is, simply, the Moon (capitalized). Moon is a Germanic word, related to the Latin mensis (month). It is ultimately a derivative of the Proto-Indo-European root me-, also represented in measure (time), with reminders of its importance in measuring time in words derived from it like Monday, month and menstrual. The related adjective is lunar, as well as an adjectival prefix seleno- and suffix -selene (from selēnē, the Ancient Greek word for the Moon). In English, the word moon exclusively meant "the Moon" until 1665, when it was extended to refer to the recently-discovered natural satellites of other planets. Subsequently, these objects were given distinct names in order to avoid confusion. The Moon is occasionally referred to by its Latin name Luna, primarily in science fiction.

The Moon is in synchronous rotation, which means that it rotates about its axis in the about the same time it takes to orbit the Earth. These results keep nearly the same face turned towards the Earth at all times. The Moon used to rotate at a faster rate, but early in its history, its rotation slowed and became locked in this orientation as a result of frictional effects associated with tidal deformations caused by the Earth. 

Small variations (libration) in the angle from which the Moon is seen allow about 59% of its surface to be seen from the Earth (but only half at any instant). 

The side of the Moon that faces Earth is called the near side, and the opposite side the far side. The far side is often inaccurately called the "dark side," but in fact, it is illuminated exactly as often as the near side: once per lunar day, during the new moon phase we observe on Earth when the near side is dark. The far side of the Moon was first photographed by the Soviet probe Luna 3 in 1959. One distinguishing feature of the far side is its almost complete lack of maria.

The dark and relatively featureless lunar plains which can clearly be seen with the naked eye are called maria (singular mare), Latin for seas, since they were believed by ancient astronomers to be filled with water. These are now known to be vast solidified pools of ancient basaltic lava. The majority of these lavas erupted or flowed into the depressions associated with impact basins that formed by the collisions of meteors and comets with the lunar surface. (Oceanus Procellarum is a major exception in that it does not correspond to a known impact basin). Maria are found almost exclusively on the near side of the Moon, with the far side having only a few scattered patches covering about 2% of its surface, compared with about 31% on the near side. The most likely explanation for this difference is related to a higher concentration of heat-producing elements on the near-side hemisphere, as has been demonstrated by geochemical maps obtained from the Lunar Prospector gamma-ray spectrometer. Several provinces containing shield volcanoes and volcanic domes are found within the near side maria. 

The lighter-colored regions of the Moon are called terrae, or more commonly just highlands, since they are higher than most maria. Several prominent mountain ranges on the near side are found along the periphery of the giant impact basins, many of which have been filled by mare basalt. These are believed to be the surviving remnants of the impact basin's outer rims. In contrast to the Earth, no major lunar mountains are believed to have formed as a result of tectonic events. 

From images taken by the Clementine mission in 1994, it appears that four mountainous regions on the rim of the 73 km-wide Peary crater at the Moon's north pole remain illuminated for the entire lunar day. These peaks of eternal light are possible because of the Moon's extremely small axial tilt to the ecliptic plane. No similar regions of eternal light were found at the south pole, although the rim of Shackleton crater is illuminated for about 80% of the lunar day. Another consequence of the Moon's small axial tilt is regions that remain in permanent shadow at the bottoms of many polar craters. 

The Moon's surface is marked by impact craters that form when asteroids and comets collide with the lunar surface. There are about half a million craters with diameters greater than 1 km on the moon. Since impact craters accumulate at a nearly constant rate, the number of craters per unit area superposed on a geologic unit can be used to estimate the age of the surface (see crater counting). The lack of an atmosphere, weather and recent geological processes ensures that many of these craters have remained relatively well preserved in comparison to those on Earth.

The largest crater on the Moon, which also has the distinction of being one of the largest known craters in the Solar System, is the South Pole-Aitken basin. It is on the far side, between the South Pole and equator, and is some 2,240 km in diameter and 13 km in depth. Prominent impact basins on the near side include Imbrium, Serenitatis, Crisium, and Nectaris.

Blanketed atop the Moon's crust is a highly comminuted (broken into ever smaller particles) and "impact gardened" surface layer called regolith. Since the regolith forms by impact processes, the regolith of older surfaces is generally thicker than for younger surfaces. In particular, it has been estimated that the regolith varies in thickness from about 3–5 m in the maria, and by about 10–20 m in the highlands. Beneath the finely comminuted regolith layer is what is generally referred to as the megaregolith. This layer is much thicker (on the order of tens of kilometres) and comprises highly fractured bedrock. 

The continuous bombardment of the Moon by comets and meteoroids has most likely added small amounts of water to the lunar surface. If so, sunlight would split much of this water into its constituent elements of hydrogen and oxygen, both of which would ordinarily escape into space over time, because of the Moon's weak gravity. However, because of the slightness of the axial tilt of the Moon's spin axis to the ecliptic plane—only 1.5°—some deep craters near the poles never receive direct light from the Sun and are thus in permanent shadow (see Shackleton crater). Water molecules that ended up in these craters could be stable for long periods of time.

Clementine has mapped craters at the lunar south pole that are shadowed in this way, and computer simulations suggest that up to 14,000 km² might be in permanent shadow. Results from the Clementine mission bistatic radar experiment are consistent with small, frozen pockets of water close to the surface, and data from the Lunar Prospector neutron spectrometer indicate that anomalously high concentrations of hydrogen are present in the upper metre of the regolith near the polar regions. Estimates for the total quantity of water ice are close to one cubic kilometre.

Water ice can be mined and then split into its constituent hydrogen and oxygen atoms by means of nuclear generators or electric power stations equipped with solar panels. The presence of usable quantities of water on the Moon is an important factor in rendering lunar habitation cost-effective, since transporting water from Earth would be prohibitively expensive. However, recent observations made with the Arecibo planetary radar suggest that some of the near-polar Clementine radar data that were previously interpreted as being indicative of water ice might instead be a result of rocks ejected from young impact craters. The question of how much water there is on the Moon has not been resolved.

In July 2008, small amounts of water were found in the interior of volcanic pearls from the Moon (brought to Earth by Apollo 15). 

The Moon is a differentiated body, being composed of a geochemically distinct crust, mantle, and core. This structure is believed to have resulted from the fractional crystallization of a magma ocean shortly after its formation, at about 4.4 billion years ago. The energy required to melt the outer portion of the Moon is commonly attributed to a giant impact event that is postulated to have formed the Earth-Moon system, and the subsequent reaccretion of material in Earth orbit. Crystallization of this magma ocean would have given rise to a mafic mantle and a plagioclase-rich crust (see Origin and geologic evolution below).

Geochemical mapping from orbit implies that the crust of the Moon is largely anorthositic in composition, consistent with the magma ocean hypothesis. In terms of elements, the crust is composed primarily of oxygen, silicon, magnesium, iron, calcium, and aluminium. Based on geophysical techniques, its thickness is estimated to be on average about 50 km. 

Partial melting within the mantle of the Moon gave rise to the eruption of mare basalts on the lunar surface. Analyses of these basalts indicate that the mantle is composed predominantly of the minerals olivine, orthopyroxene and clinopyroxene, and that the lunar mantle is more iron rich than that of the Earth. Some lunar basalts contain high abundances of titanium (present in the mineral ilmenite), suggesting that the mantle is highly heterogeneous in composition. Moonquakes have been found to occur deep within the mantle of the Moon about a thousand kilometres below the surface. These occur with monthly periodicities and are related to tidal stresses caused by the eccentric orbit of the Moon about the Earth. 

The Moon has a mean density of 3 346.4 kg/m³, making it the second densest moon in the Solar System after Io. Nevertheless, several lines of evidence imply that the core of the Moon is small, with a radius of about 350 km or less. This corresponds to only about 20% the size of the Moon, in contrast to about 50% as is the case for most other terrestrial bodies. The composition of the lunar core is not well constrained, but most believe that it is composed of metallic iron alloyed with a small amount of sulfur and nickel. Analyses of the Moon's time-variable rotation indicate that the core is at least partly molten. 

The Moon has an atmosphere so thin as to be almost negligible, with a total atmospheric mass of less than 104 kg. The effective surface pressure of this small mass is around 3  × 10-15 atm. This pressure varies, of course, with the diurnal moon cycle. One source of its atmosphere is outgassing—the release of gases such as radon that originate by radioactive decay processes within the crust and mantle. Another important source is generated through the process of sputtering, which involves the bombardment of micrometeorites, solar wind ions, electrons, and sunlight. Gases that are released by sputtering can either reimplant into the regolith as a result of the Moon's gravity, or can be lost to space either by solar radiation pressure or by being swept away by the solar wind magnetic field if they are ionised. The elements sodium (Na) and potassium (K) have been detected using earth-based spectroscopic methods, whereas the element radon–222 (222Rn) and polonium-210 (210Po) have been inferred from data obtained from the Lunar Prospector alpha particle spectrometer. Argon–40 (40Ar), helium-4 (4He), oxygen (O2) and/or methane (CH4), nitrogen (N2) and/or carbon monoxide (CO), and carbon dioxide (CO2) were detected by in-situ detectors placed by the Apollo astronauts. 

During the lunar day, the surface temperature averages 107°C, and during the lunar night, it averages -153°C. 

Several mechanisms have been suggested for the Moon's formation. The formation of the Moon is believed to have occurred 4.527 ± 0.010 billion years ago, about 30–50 million years after the origin of the Solar System. 

· Fission hypothesis 

· Early speculation proposed that the Moon broke off from the Earth's crust because of centrifugal forces, leaving a basin – presumed to be the Pacific Ocean – behind as a scar. This idea, however, would require too great an initial spin of the Earth; and, even had this been possible, the process should have resulted in the Moon's orbit following Earth's equatorial plane. This is not the case.

· Capture hypothesis 

· Other speculation has centered on the Moon being formed elsewhere and subsequently being captured by Earth's gravity. However, the conditions believed necessary for such a mechanism to work, such as an extended atmosphere of the Earth in order to dissipate the energy of the passing Moon, are improbable.

· Co-formation hypothesis 

· The co-formation hypothesis proposes that the Earth and the Moon formed together at the same time and place from the primordial accretion disk. The Moon would have formed from material surrounding the proto-Earth, similar to the formation of the planets around the Sun. Some suggest that this hypothesis fails adequately to explain the depletion of metallic iron in the Moon.

A major deficiency in all these hypotheses is that they cannot readily account for the high angular momentum of the Earth–Moon system. 

· Giant Impact hypothesis

· The prevailing hypothesis today is that the Earth–Moon system formed as a result of a giant impact. A Mars-sized body (labelled "Theia") is believed to have hit the proto-Earth, blasting sufficient material into orbit around the proto-Earth to form the Moon through accretion. As accretion is the process by which all planetary bodies are believed to have formed, giant impacts are thought to have affected most if not all planets. Computer simulations modelling a giant impact are consistent with measurements of the angular momentum of the Earth–Moon system, as well as the small size of the lunar core. Unresolved questions regarding this theory concern the determination of the relative sizes of the proto-Earth and Theia and of how much material from these two bodies formed the Moon.

As a result of the large amount of energy liberated during both the giant impact event and the subsequent reaccretion of material in Earth orbit, it is commonly believed that a large portion of the Moon was once initially molten. The molten outer portion of the Moon at this time is referred to as a magma ocean, and estimates for its depth range from about 500 km to the entire radius of the Moon. 

As the magma ocean cooled, it fractionally crystallised and differentiated, giving rise to a geochemically distinct crust and mantle. The mantle is inferred to have formed largely by the precipitation and sinking of the minerals olivine, clinopyroxene, and orthopyroxene. After about three-quarters of magma ocean crystallisation was complete, the mineral anorthite is inferred to have precipitated and floated to the surface because of its low density, forming the crust. 

The final liquids to crystallise from the magma ocean would have been initially sandwiched between the crust and mantle, and would have contained a high abundance of incompatible and heat-producing elements. This geochemical component is referred to by the acronym KREEP, for potassium (K), rare earth elements (REE), and phosphorus (P), and appears to be concentrated within the Procellarum KREEP Terrane, which is a small geologic province that encompasses most of Oceanus Procellarum and Mare Imbrium on the near side of the Moon. 

A large portion of the Moon's post–magma-ocean geologic evolution was dominated by impact cratering. The lunar geologic timescale is largely divided in time on the basis of prominent basin-forming impact events, such as Nectaris, Imbrium, and Orientale. These impact structures are characterised by multiple rings of uplifted material, and are typically hundreds to thousands of kilometres in diameter. Each multi-ring basin is associated with a broad apron of ejecta deposits that forms a regional stratigraphic horizon. While only a few multi-ring basins have been definitively dated, they are useful for assigning relative ages on the basis of stratigraphic grounds. The continuous effects of impact cratering are responsible for forming the regolith.

The other major geologic process that affected the Moon's surface was mare volcanism. The enhancement of heat-producing elements within the Procellarum KREEP Terrane is thought to have caused the underlying mantle to heat up, and eventually, to partially melt. A portion of these magmas rose to the surface and erupted, accounting for the high concentration of mare basalts on the near side of the Moon. Most of the Moon's mare basalts erupted during the Imbrian period in this geologic province 3.0–3.5 billion years ago. Nevertheless, some dated samples are as old as 4.2 billion years, and the youngest eruptions, based on the method of crater counting, are believed to have occurred only 1.2 billion years ago. 

There has been controversy over whether features on the Moon's surface undergo changes over time. Some observers have claimed that craters either appeared or disappeared, or that other forms of transient phenomena had occurred. Today, many of these claims are thought to be illusory, resulting from observation under different lighting conditions, poor astronomical seeing, or the inadequacy of earlier drawings. Nevertheless, it is known that the phenomenon of outgassing does occasionally occur, and these events could be responsible for a minor percentage of the reported lunar transient phenomena. Recently, it has been suggested that a roughly 3 km diameter region of the lunar surface was modified by a gas release event about a million years ago. 

Moon rocks fall into two main categories, based on whether they underlie the lunar highlands (terrae) or the maria. The lunar highlands rocks are composed of three suites: the ferroan anorthosite suite, the magnesian suite, and the alkali suite (some consider the alkali suite to be a subset of the mg-suite). The ferroan anorthosite suite rocks are composed almost exclusively of the mineral anorthite (a calic plagioclase feldspar), and are believed to represent plagioclase flotation cumulates of the lunar magma ocean. The ferroan anorthosites have been dated using radiometric methods to have formed about 4.4 billion years ago. 

The mg- and alkali-suite rocks are predominantly mafic plutonic rocks. Typical rocks are dunites, troctolites, gabbros, alkali anorthosites, and more rarely, granite. In contrast to the ferroan anorthosite suite, these rocks all have relatively high Mg/Fe ratios in their mafic minerals. In general, these rocks represent intrusions into the already-formed highlands crust (though a few rare samples appear to represent extrusive lavas), and they have been dated to have formed about 4.4–3.9 billion years ago. Many of these rocks have high abundances of, or are genetically related to, the geochemical component KREEP.

The lunar maria consist entirely of mare basalts. While similar to terrestrial basalts, they have much higher abundances of iron, are completely lacking in hydrous alteration products, and have a large range of titanium abundances. 

Earth as viewed from the Moon during the 
Apollo 8 mission, Christmas Eve, 1968
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Astronauts have reported that the dust from the surface felt like snow and smelled like spent gunpowder. The dust is mostly made of silicon dioxide glass (SiO2), most likely created from the meteors that have crashed into the Moon's surface. It also contains calcium and magnesium.

The Moon makes a complete orbit around the Earth with respect to the fixed stars about once every 27.3 days (its sidereal period). However, since the Earth is moving in its orbit about the Sun at the same time, it takes slightly longer for the Moon to show its same phase to Earth, which is about 29.5 days (its synodic period). Unlike most satellites of other planets, the Moon orbits near the ecliptic and not the Earth's equatorial plane. It is the largest moon in the solar system relative to the size of its planet. (Charon is larger relative to the dwarf planet Pluto.) The natural satellites orbiting other planets are called "moons", after Earth's Moon.

Most of the tidal effects seen on the Earth are caused by the Moon's gravitational pull, with the Sun making a somewhat smaller contribution. Tidal drag slows the Earth's rotation by about 0.002 seconds per day per century. As a result of the conservation of angular momentum, the slowing of Earth's rotation is accompanied by an increase of the mean Earth-Moon distance of about 3.8 m per century, or 3.8 cm per year. The Moon is exceptionally large relative to the Earth, being a quarter the diameter of the planet and 1/81 its mass. However, the Earth and Moon are still commonly considered a planet-satellite system, rather than a double-planet system, since the common centre of mass of the system (the barycentre) is located about 1,700 km beneath the surface of the Earth, or about a quarter of the Earth's radius. The surface of the Moon is less than one-tenth that of the Earth, and only about a quarter the size of the Earth's land area (or about as large as Russia, Canada, and the U.S. combined).

In 1997, the asteroid 3753 Cruithne was found to have an unusual Earth-associated horseshoe orbit. However, astronomers do not consider it to be a second moon of Earth, and its orbit is not stable in the long term. Three other near-Earth asteroids, (54509) 2000 PH5, (85770) 1998 UP1 and 2002 AA29, which exist in orbits similar to Cruithne's, have since been discovered. 

Earth's ocean tides are initiated by the tidal force (a gradient in intensity) of Moon's gravity and are magnified by a host of effects in Earth's oceans. The gravitational tidal force arises because the side of Earth facing the Moon (nearest it) is attracted more strongly by the Moon's gravity than is the center of the Earth and—even less so—the Earth's far side. The gravitational tide stretches the Earth's oceans into an ellipse with the Earth in the center. The effect takes the form of two bulges—elevated sea level relative to the Earth; one nearest the Moon and one farthest from it. Since these two bulges rotate around the Earth once a day as it spins on its axis, ocean water is continuously rushing towards the ever-moving bulges. The effects of the two bulges and the massive ocean currents chasing them are magnified by an interplay of other effects; namely frictional coupling of water to Earth's rotation through the ocean floors, inertia of water's movement, ocean basins that get shallower near land, and oscillations between different ocean basins. The magnifying effect is a bit like water sloshing high up the sloped end of a bathtub after a relatively small disturbance of one's body in the deep part of the tub.

Gravitational coupling between the Moon and the ocean bulge nearest the Moon affects its orbit. The Earth rotates on its axis in the very same direction, and roughly 27 times faster, than the Moon orbits the Earth. Thus, frictional coupling between the sea floors and ocean waters, as well as water's inertia, drags the peak of the near-Moon tidal bulge slightly forward of the imaginary line connecting the centers of the Earth and Moon. From the Moon's perspective, the center of mass of the near-Moon tidal bulge is perpetually slightly ahead of the point about which it is orbiting. Precisely the opposite effect occurs with the bulge farthest from the Moon; it lags behind the imaginary line. However it is 12,756 km farther away and has slightly less gravitational coupling to the Moon. Consequently, the Moon is constantly being gravitationally attracted forward in its orbit about the Earth. This gravitational coupling drains kinetic energy and angular momentum from the Earth's rotation (see also, Day and Leap second). In turn, angular momentum is added to the Moon's orbit, which lifts the Moon into a higher orbit with a longer period. The effect on the Moon's orbital radius is a small one, just 0.10 ppb/year, but results in a measurable 3.82 cm annual increase in the Earth-Moon distance. Cumulatively, this effect becomes ever more significant over time; since astronauts first landed on the Moon approximately 40 years ago, it is 1.52 metres farther away.

Eclipses can occur only when the Sun, Earth, and Moon are all in a straight line. Solar eclipses occur near a new moon, when the Moon is between the Sun and Earth. In contrast, lunar eclipses occur near a full moon, when the Earth is between the Sun and Moon.

Because the Moon's orbit around the Earth is inclined by about 5° with respect to the orbit of the Earth around the Sun, eclipses do not occur at every full and new moon. For an eclipse to occur, the Moon must be near the intersection of the two orbital planes. 

The periodicity and recurrence of eclipses of the Sun by the Moon, and of the Moon by the Earth, is described by the saros cycle, which has a period of approximately 6 585.3 days (18 years 11 days 8 hours). 

The angular diameters of the Moon and the Sun as seen from Earth overlap in their variation, so that both total and annular solar eclipses are possible. In a total eclipse, the Moon completely covers the disc of the Sun and the solar corona becomes visible to the naked eye. Since the distance between the Moon and the Earth is very slightly increasing over time, the angular diameter of the Moon is decreasing. This means that hundreds of millions of years ago the Moon could always completely cover the Sun on solar eclipses so that no annular eclipses were possible. Likewise, about 600 million years from now (assuming that the angular diameter of the Sun will not change), the Moon will no longer cover the Sun completely and only annular eclipses will occur. 

A phenomenon related to eclipse is occultation. The Moon is continuously blocking our view of the sky by a 1/2 degree-wide circular area. When a bright star or planet passes behind the Moon it is occulted or hidden from view. A solar eclipse is an occultation of the Sun. Because the Moon is close to Earth, occultations of individual stars are not visible everywhere, nor at the same time. Because of the precession of the lunar orbit, each year different stars are occulted. 

The most recent lunar eclipse was on February 20, 2008. It was a total eclipse. The entire event was visible from South America and most of North America (on Feb. 20), as well as Western Europe, Africa, and western Asia (on Feb. 21). The most recent solar eclipse took place on September 11, 2007, visible from southern South America and parts of Antarctica. The last total solar eclipse, on August 1, 2008, had a path of totality beginning in northern Canada and passed through Russia and China. 

During its brightest phase, at "full moon", the Moon has an apparent magnitude of about −12.6. By comparison, the Sun has an apparent magnitude of −26.8. When the Moon is in a quarter phase, its brightness is not half of a full moon, but only about a tenth. This is because the lunar surface is not a perfect Lambertian reflector. When the Moon is full the opposition effect makes it appear brighter, but away from full there are shadows projected onto the surface which diminish the amount of reflected light.

The Moon appears larger when close to the horizon. This is a purely psychological effect (see Moon illusion). It is actually about 1.5% smaller when the Moon is near the horizon than when it is high in the sky (because it is farther away by up to one Earth radius).

The moon appears as a relatively bright object in the sky, in spite of its low albedo. The Moon is about the poorest reflector in the solar system and reflects only about 7% of the light incident upon it (about the same proportion as is reflected by a lump of coal). Color constancy in the visual system recalibrates the relations between the colors of an object and its surroundings, and since the surrounding sky is comparatively dark the sunlit Moon is perceived as a bright object.

The highest altitude of the Moon on a day varies and has nearly the same limits as the Sun. It also depends on the Earth season and lunar phase, with the full moon being highest in winter. Moreover, the 18.6 year nodes cycle also has an influence, as when the ascending node of the lunar orbit is in the vernal equinox, the lunar declination can go as far as 28° each month (which happened most recently in 2006). This results that the Moon can go overhead on latitudes up to 28 degrees from the equator (e.g. Florida, Canary Islands or in the southern hemisphere Brisbane). Slightly more than 9 years later (next time in 2015) the declination reaches only 18° N or S each month. The orientation of the Moon's crescent also depends on the latitude of the observation site. Close to the equator, an observer can see a boat Moon. 

Like the Sun, the Moon can give rise to atmospheric effects, including a 22° halo ring, and the smaller coronal rings seen more often through thin clouds. For more information on how the Moon appears in Earth's sky, see lunar phase.

The first leap in lunar observation was prompted by the invention of the telescope. Galileo Galilei made good use of this new instrument and observed mountains and craters on the Moon's surface.

The Cold War-inspired space race between the Soviet Union and the U.S. led to an acceleration of interest in the Moon. Unmanned probes, both flyby and impact/lander missions, were sent almost as soon as launcher capabilities would allow. The Soviet Union's Luna program was the first to reach the Moon with unmanned spacecraft. The first man-made object to escape Earth's gravity and pass near the Moon was Luna 1, the first man-made object to impact the lunar surface was Luna 2, and the first photographs of the normally occluded far side of the Moon were made by Luna 3, all in 1959. The first spacecraft to perform a successful lunar soft landing was Luna 9 and the first unmanned vehicle to orbit the Moon was Luna 10, both in 1966. Moon samples have been brought back to Earth by three Luna missions (Luna 16, 20, and 24) and the Apollo missions 11 to 17 (except Apollo 13, which aborted its planned lunar landing).

The landing of the first humans on the Moon in 1969 is seen by many as the culmination of the space race. Neil Armstrong became the first person to walk on the Moon as the commander of the American mission Apollo 11 by first setting foot on the Moon at 02:56 UTC on July 21, 1969. The American Moon landing and return was enabled by considerable technological advances, in domains such as ablation chemistry and atmospheric re-entry technology, in the early 1960s.
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Scientific instrument packages were installed on the lunar surface during all of the Apollo missions. Long-lived ALSEP stations (Apollo lunar surface experiment package) were installed at the Apollo 12, 14, 15, 16, and 17 landing sites, whereas a temporary station referred to as EASEP (Early Apollo Scientific Experiments Package) was installed during the Apollo 11 mission. The ALSEP stations contained, among others, heat flow probes, seismometers, magnetometers, and corner-cube retroreflectors. Transmission of data to Earth was terminated on September 30, 1977 because of budgetary considerations. Since the lunar laser ranging (LLR) corner-cube arrays are passive instruments, they are still being used. Ranging to the LLR stations is routinely performed from earth-based stations with an accuracy of a few centimetres, and data from this experiment are being used to place constraints on the size of the lunar core. 

Astronaut Buzz Aldrin photographed by Neil Armstrong
 during the first moon landing on July 20, 1969.

From the mid-1960s to the mid-1970s, there were 65 instances of artificial objects reaching the Moon (both manned and robotic, with ten in 1971 alone), with the last being Luna 24 in 1976. Only 18 of these were controlled moon landings, with nine completing a round trip from Earth and returning samples of moon rocks. The Soviet Union then turned its primary attention to Venus and space stations, and the U.S. to Mars and beyond. In 1990, Japan orbited the Moon with the Hiten spacecraft, becoming the third country to place a spacecraft into lunar orbit. The spacecraft released a smaller probe, Hagormo, in lunar orbit, but the transmitter failed, thereby preventing further scientific use of the mission.

In 1994, the U.S. finally returned to the Moon, robotically at least, sending the Joint Defense Department/NASA spacecraft Clementine. This mission obtained the first near-global topographic map of the Moon, and the first global multispectral images of the lunar surface. This was followed by the Lunar Prospector mission in 1998. The neutron spectrometer on Lunar Prospector indicated the presence of excess hydrogen at the lunar poles, which is likely to have been caused by the presence of water ice in the upper few metres of the regolith within permanently shadowed craters. The European spacecraft Smart 1 was launched September 27, 2003 and was in lunar orbit from November 15, 2004 to September 3, 2006.

On January 14, 2004, U.S. President George W. Bush called for a plan to resume manned missions to the Moon by 2020 (see Vision for Space Exploration). NASA is now planning for the construction of a permanent outpost at one of the lunar poles. The People's Republic of China has expressed ambitious plans for exploring the Moon and has started the Chang'e program for lunar exploration, successfully launching its first spacecraft, Chang'e-1, on October 24, 2007. Like NASA, China hopes to land people on the Moon by 2020. The U.S. will launch the Lunar Reconnaissance Orbiter and the Lunar Crater Observation and Sensing Satellite in late April 2009 (the two missions are co-manifested). Russia also announced to resume its previously frozen project Luna-Glob, consisting of an unmanned lander and orbiter, which is slated to land in 2012. 

The Google Lunar X Prize, announced September 13, 2007, hopes to boost and encourage privately funded lunar exploration. The X Prize Foundation is offering anyone US$20 million who can land a robotic rover on the Moon and meet other specified criteria.

On September 14, 2007 the Japan Aerospace Exploration Agency launched SELENE, also known as Kaguya, a lunar orbiter that is fitted with a high-definition camera and two small satellites. The mission is expected to last one year. 

On October 22, 2008 India successfully launched the Chandrayaan I (a Sanskrit word literally meaning the 'Moon-craft') unmanned mission to the Moon and intends to launch several further unmanned missions. The country plans to launch Chandrayaan II in 2010 or 2011, which is slated to include a robotic lunar rover. India also has expressed its hope for a manned mission to the Moon by 2020. 

The lunar phase depends on the Moon's position in orbit around the Earth, and the Earth's position in orbit around the sun. This diagram looks down on Earth from the north. Earth's rotation and the Moon's orbit are both counter-clockwise here. Sunlight is coming in from the right, as indicated by the yellow arrows. From this diagram, we can see, for example, that the full moon will always rise at sunset, and that the waning crescent moon is high overhead around 9:00 AM local time.

Lunar phases are the result of seeing the illuminated half of the Moon from different viewing geometries: they are not caused by shadows of the Earth on the Moon that occur during a lunar eclipse. The Moon exhibits different phases as the relative geometry of the Sun, Earth, and Moon change, appearing as a full moon when the Sun and Moon are on opposite sides of the Earth, and[image: image19.wmf]Impact Crater
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 as a new moon (also named dark moon, as it is not visible at night) when they are on the same side. The phases of full moon and new moon are examples of syzygies, which occur when the Earth, Moon, and Sun lie (approximately) in a straight line. The time between two full moons (and between successive occurrences of the same phase) is about 29.53 days (29 days, 12 hours, 44 minutes) on average. This synodic month is longer than the time it takes the Moon to make one orbit about the Earth with respect to the fixed stars (the sidereal month), which is about 27.32 days. This difference is caused by the fact that the Earth-Moon system is orbiting about the Sun at the same time the Moon is orbiting about the Earth. The actual time between two syzygies is variable because the orbit of the Moon is elliptic and subject to various periodic perturbations, which change the velocity of the Moon.

It might be expected that once every month when the Moon passes between Earth and the Sun during a new moon, its shadow would fall on Earth causing a solar eclipse. Likewise, during every full moon, we might expect the Earth's shadow to fall on the Moon, causing a lunar eclipse. We do not observe a solar and lunar eclipse every month because the plane of the Moon's orbit around the Earth is tilted by about 5 degrees with respect to the plane of Earth's orbit around the Sun. Thus, when new and full moons occur, the Moon usually lies to the north or south of a direct line through the Earth and Sun. Although an eclipse can only occur when the Moon is either new or full, it must also be positioned very near the intersection of Earth's orbit plane about the Sun and the Moon's orbit plane about the Earth (that is, at one of its nodes). This happens about twice per year, and so there are between 4 and 7 eclipses in a calendar year. Most of these are quite insignificant; major eclipses of the Moon or Sun are relatively rare.
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Phases of the Moon, as seen from the Northern Hemisphere.

The phases of the Moon have been given the following names, which are listed in sequential order:

	Phase
	Northern Hemisphere
	Southern Hemisphere

	Dark Moon
	Not visible
	Not visible

	New Moon
	Not visible, or traditionally, the first visible crescent of the Moon

	Waxing Crescent Moon
	Right 1-49% visible
	Left 1-49% visible

	First Quarter Moon
	Right 50% visible
	Left 50% visible

	Waxing gibbous Moon
	Right 51-99% visible
	Left 51-99% visible

	Full Moon
	Fully visible
	Fully visible

	Waning gibbous Moon
	Left 51-99% visible
	Right 51-99% visible

	Last Quarter Moon
	Left 50% visible
	Right 50% visible

	Waning Crescent Moon
	Left 1-49% visible
	Right 1-49% visible
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Gibbous (red) and crescent (blue) shapes.

When the Sun and Moon are aligned on the same side of the Earth, the Moon is "new", and the side of the Moon visible from Earth is not illuminated by the Sun. As the Moon waxes (the amount of illuminated surface as seen from Earth is increasing), the lunar phases progress from new moon, crescent moon, first-quarter moon, gibbous moon and full moon phases, before returning through the gibbous moon, third-quarter moon, crescent moon and new moon phases. The terms old moon and new moon are interchangeable, although new moon is more common. Half moon is often used to mean the first- and third-quarter moons.

When a sphere is illuminated on one hemisphere and viewed from a different angle, the portion of the illuminated area that is visible will have a two-dimensional shape defined by the intersection of an ellipse and circle (where the major axis of the ellipse coincides with a diameter of the circle). If the half-ellipse is convex with respect to the half-circle, then the shape will be gibbous (bulging outwards), whereas if the half-ellipse is concave with respect to the half-circle, then the shape will be a crescent.

A waxing crescent Moon.
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In the northern hemisphere, if the left side of the Moon is dark then the light part is growing, and the Moon is referred to as waxing (moving towards a full moon). If the right side of the Moon is dark then the light part is shrinking, and the Moon is referred to as waning (moving towards a new moon). Assuming that one is in the northern hemisphere, the right portion of the Moon is the part that is always growing. The acronym mnemonic "DOC" represents this: "D" is the waxing moon; "O" the full moon; and "C" the waning moon. (One phrase that can be used to remember this is "Dog comes; Cat goes".) In the Southern hemisphere, this order is reversed, and the mnemonic is "COD". Near the Equator both waxing and waning moon look like a bottom-up crescent. 

The average calendrical month, which is 1/12 of a year, is about 30.4 days, while the Moon's phase (synodic) cycle repeats every 29.53 days. Therefore the timing of the Moon's phases shifts by an average of about one day for each successive month. If you photographed the Moon's phase every day for a month, starting in the evening after sunset, and repeating approximately 25 minutes later each successive day, ending in the morning before sunrise, you could create a composite image like the example calendar below from May 8, 2005 to June 6, 2005. Note that there is no picture on May 20 since a picture would be taken before midnight on May 19, and after midnight on May 21. For a similar reason, if you look at a calendar listing moon rise or set times, there will be days where the moon neither rises nor sets. 

Earth’s Moon and the Earth/Moon System

Activities

As in all the other units on Astronomy, begin with KTWL charts:

	The Moon

	What we know
	What we think we know
	What we want to learn
	What we learned

	List knowns
	List thinks
	List wants
	List learned 


The moon unit has supporting PowerPoint that you can use as an introduction to each activity.  You can download this at http://www.sciencea2z.com/z_etomite/index.php?id=64.  Each student needs a lab book.  These can be purchased or you can make your own.

There are 6 different activities in this lab to augment learning about the moon:

· In Activity 1, the Earth/Moon Model – in this activity, students estimate (guess) the size of the Earth and the Moon, and correct their guess.  They estimate (guess) the distance between the Earth and the Moon, and correct their guess.  

· In Activity 2, the Earth/Moon Barycenter – after correcting the size of the Earth and Moon, students place the Earth on one side of a craft stick and the moon on the other.  They estimate the center of gravity, and use a string, find the correct center of gravity for the Earth/Moon system.

· This activity also includes additional work on center of gravity.  

· In Activity 3, Moon Phases – students model first the rotation of the moon on its axis, the orbit around the Earth, and the phases of the moon by the sun illumination and shadows on the moon.  Additionally, lunar and solar eclipses are demonstrated through modeling the 3D orbit of the Earth/Moon around the sun.

· This activity can segue to the solar system activities.

· Activity 3 can be presented over the course of several days or an intensive unit during a single day.

· In Activity 4, Pareidolia – students are told myths about the moon as they pick out the pictures depicted in the mares and highlands of the Moon’s face, and then find their own picture and make up a story about the picture in the moon.  This unit is to allow students to become familiar with the face of the moon.  Additionally, this allows you to work across the curriculum by incorporating creative writing.

· In Activity 5, Straw Rocket – students test the design of the nose of a rocket, testing for distance and accuracy of flight.  Optionally, fins can be tested for stability and distances, also, but test one at a time before predicting what combination would result in the best flight.  This unit was designed to meet the new Oregon State Science standards in engineering.

· This activity can be used for student work samples.

· This activity can be an introduction to the NASA space program.  At the end of the lesson are several ideas for extensions.

· In Activity 6, Impact! Craters – students engage in a scientific inquiry to experiment with crater impact based on the speed of the meteor, angle of the meteor, and size of the meteor.  

· This activity can be used for student work samples.

Activity 1

Earth/Moon Model

Preparation:

Purchase consumable items:

· Flour

· Cream of tartar

· Salt

· Oil

· Wax paper

· Pencils 

· Paper or student science lab books

· Zip-lock sandwich plastic bags
Collect: 

· Consumable materials listed above

· Equipment

· Rulers 

· Plastic knives

· Computer and projector

Make:

· Homemade playdoh (enough for ~1/3 cup for 15 groups)

· 5 c. flour

· 5 c. boiling water

· 10 tbsp. cream of tartar

· 2 ½ cup salt

· 5 tbsp. oil

· Mix and knead together.  Mix and knead together.  Wrap in airtight container.  If you make days ahead of time, store in refrigerator.

Distribute to students:

· Materials for each pair of students:

· Plastic knife 

· Wax Paper – 1 large sheet 

· Ruler

· ~⅓ cup of playdoh

· Optional: scale

· Materials for each student

· Paper or student’s labbook (journal)

· Pencil

Procedures:

· Optional: Turn on computer and projector.  Log onto the Internet.  The PowerPoint on the moon located at http://www.sciencea2z.com/z_etomite/index.php?id=64
· Give each pair of students ⅓ cup of playdoh.

· Instruct the students to estimate what the proportionate size the moon is to the Earth using the clay.  Encourage the pairs to discuss as they work.  Give students a specific time to determine the sizes.  

· OPTIONAL:  Instruct students to find the mass of the Earth and Moon estimate using a balance scale.  Record mass in lab book.

· The size ratio between the Earth and the Moon is 50/1.  Instruct students to make a playdoh snake, and cut their snake in half, and then cut each half into 5 equal pieces, making a total of 10 pieces, and then cut each of the 10 pieces into 5 equal pieces, making a total of 50 pieces. 

· Instruct the students to take one piece and roll it into a sphere, and the 49 pieces and roll them into a sphere.

· OPTIONAL:  Instruct students to find the corrected mass of the Earth and Moon using a balance scale and record the corrected mass in their lab books.

· The students now have a good estimated ratio of the size of the Earth and Moon.

· Ask students to have one partner hold the Earth and the other partner hold the Moon.

· Instruct the partners to estimate the distance between the Earth and the Moon.  Give students a specific time to estimate the distance.

· OPTIONAL:  Instruct students to measure the distance between their Moon and Earth, and record the distance in their lab books.

· Share with the students that the actual distance between the Earth and the Moon is 30 times the Earth’s diameter.

· Instruct the students to cut the Earth directly down the middle and measure the diameter.

· Ask the students to determine the distance using the diameter of the Earth x 30.

· OPTIONAL:  Instruct students to record the corrected distance in their lab books.

· Instruct the students to measure that distance, and place the Earth and Moon 30 times the Earth’s diameter.

· Ask the students to write a paragraph in their lab books on how accurate they were in their initial estimate, and think about why they were so far off.

· OPTIONAL:  Math – ask students to find the class average estimate for the mass and distance.  Ask students to use the average, and calculate the error (how much is the average different that their final results in mass and distance).  Ask students to find the average error.

Clean-up:

· If you are going to engage in Activity 2 immediately after this activity, collect 

· Plastic knife 

· If you are done for the day,

· Distribute 1 Zip-lock sandwich plastic bag to each student
· Direct the students to store their Moon or Earth in the sandwich bags and seal them tightly.

· Collect wax paper and rulers for further use.

· Return pencils and lab books to proper place.

Vocabulary:

· mass – the property of a body that causes it to have weight in a gravitational field

· proportional – properly related in size or degree or other measurable characteristics

Activity 2:

The Earth/Moon Barycenter
Preparation:

Purchase consumable items:

· Craft sticks

· String

Collect:

· Consumable material above

· Moon and Earth models of clay in zip lock baggies (see above activity)

· Wax paper (see above activity)

· Equipment

· Rulers 

· Computer and projector

Make:

· Cut 15 pieces of string each 18” long

Distribute:

· Materials for each pair of students:

· Wax Paper – 1 large sheet 

· Moon and Earth models of clay in zip lock baggies (1 of each)

· 18” string – 1 per pair of students

· 1 craft stick (optional – 12” long x ½” thick dowel)

· Ruler

· Materials for each student

· Paper or student’s labbook (journal)

· Pencil

Procedures:

Share the following information with your students:

Barycenter: 
the center of mass of two or more bodies which are orbiting each other, and is the point around which both of them orbit.



Diameter
Mass





Distance

Earth

12,756.3 km
5,972,000,000,000,000,000,000,000 kg


Moon

  3,476.0 km
     73,500,000,000,000,000,000,000 kg
384,400 km 

Earth 81 times more massive than the moon

Earth is 3.7 times larger than the moon

The Earth is 50 times more volume that the moon

· Optional: Turn on computer and projector.  Log onto the Internet.  The PowerPoint on the moon located at http://www.sciencea2z.com/z_etomite/index.php?id=64
· Instruct students to use the same clay from Activity 1.  

· Mold the Moon clay around one end of the craft stick, taking care that it will not fall off the stick.

· Mold the Earth clay around the other end of the craft stick, taking care that it will not fall off the stick.

· Estimate where the center of gravity will be.  Tell your students that once they find the center of gravity, the craft still will be perpendicular when hanging by the string.  (If your students are unsure, see saws are good models to explain center of gravity.  For example, if one child is heavier than another child, then heavier child scoots closer to the center of the see saw.  Otherwise, the lighter child will always be in the air.  The children are adjusting to find the center of gravity of the people and see saw system.)

· Instruct the students to tie the string around their craft stick, Earth/Moon system.  

· By trial and error, let the students test until they balance their craft stick.  (It will be almost through the center of the Earth, but a little towards the moon.)

Clean-up:

· Collect all equipment and non-consumable material. 

· Rulers

· If you use dowels, they can be used over again, but the craft stick may have been damaged during this activity.

· String can be reused.

· Wax paper can be recycled.

· The play-doh can be stored and used for other activities during the year, but it won’t keep indefinitely.

· Return pencils and lab books to proper place.

Vocabulary:

· barycenter – the common center of mass around which two or more bodies revolve

· orbit – the (usually elliptical) path described by one celestial body in its revolution about another

Optional activity:  If your students are confounded by the center of gravity between the moon and the earth, there are a variety of activities you can do to help them gain more experience with this concept.

Materials:

· 15 Potatoes or carrots, 1 for each student

· 16 metal forks (you can borrow from the cafeteria or purchase from Goodwill)

· 8 recycled can filled with water (heavy so that you can balance the potato or carrot)

· Safety note: lips of cans are very sharp.  You may want to cover the edge with duct tape.

· 8 sharp pencils

· 8 nails

· Recycled cardboard (corrugated or flat)

· String (allow students to determine how much they will need)

· 8 washers

Preparation:

Purchase items:

· 15 potatoes

· 15 carrots

· 8 nails

· 8 large washers

· String

· 8 sharp pairs of scissors

Collect:

· Purchased material above

· Borrow 16 forks

· Recycled cans and cardboard

Make:

· Cover the cans with duct tape, making sure the that duct tape on the edge of the can is very smooth

· 30 copies of Student Directions

Distribute:

· Student Directions – 1 per person

· Station 1:

· Potatoes and carrots 

· Forks

· Cans filled half full with water

· Sharp pencils

· Station 2:

· Nails 

· Washers 

· String 

· Sharp pairs of scissors

· Recycled cardboard

Procedure:

· Ask students, “Where is center of gravity located?”

· Students discuss ideas

· Instruct students that they will be working with one partner.  Half of the class will be starting at “Station 1” and the other half will be starting at “Station 2.”

· Each pair of students will have the opportunity to spend 15 minutes at “Station 1” and 15 minutes at “Station 2.”

· Divide students into pairs, and divide the pairs into their two groups.

· Time students for 15 minutes, and then direction the two groups to switch stations.

· Time students for 15 minutes.

· Ask students to return to their seats.

· Ask students to share their ideas, including the diagrams in drew in their lab books.

Clean-up:

· Collect all equipment and non-consumable material. 

· Collect forks, pencils, nails, washers and scissors

· Recycle cans and cardboard

· String can be reused.

· Return pencils and lab books to proper place.

· Dispose of potatoes or carrots

Vocabulary:

· balance – equality of distribution

· gravity – the force of attraction between all masses in the universe; especially the attraction of the earth's mass for bodies near its surface

Student Directions

Where is center of gravity located?

You will be assigned a partner.  Both of you need to complete this form.  Follow the directions for the station you are assigned.

Station 1:

· You and your partner are only allowed to use 1 carrot and 1 potato, even if you mess up.

· Insert the forks into a carrot on opposite sides so that the forks stick straight out.

· Balance the cork on the edge of the can.

· In your lab book, describe where the center of gravity is located and draw a diagram showing where you think it is located.

· Change the position of the forks so that they are both angled downward.

· Balance the carrot on the point of a sharpened pencil.

· In your lab book, describe where the center of gravity is located and draw a diagram showing where you think it is located.

· Repeat the steps above with the potato.

Station 2:

· Cut the cardboard into a strange shape.

· Punch a hole near the edge of the cardboard and hang it suspended from a nail.

· Make a plumb line by tying a weight to a thread and attaching the thread to the nail.

· Mark a line on the cardboard where the thread touches it.

· Repeat steps 2, 3, and 4, in two more spots on the side of the cardboard.

· Remove the thread from the cardboard.

· Balance the cardboard on the end of a pencil. (How do you know where to put the pencil? Be prepared to demonstrate your center of gravity in class.)

· Describe the center of gravity for the piece of cardboard.

· Explain how this principle might help a tightrope walker in a circus.

Activity 3:

Phases of the Moon
Special thanks Sarah Kahns and Clair Kessler

Preparation:

Purchase consumable items:

· Masking tape

· Duct tape

· Sharp pencils

· Staples

· Sidewalk chalk

Collect:

· Equipment

· 30 Styrofoam balls

· Stapler

· Scissors

· Computer with projector and internet access

· Lamp with 100watt light bulb, no shade

· Extension cord

Make:

· Copy flipbook on cardstock, 1 set/student

· Copy “Phases of the Moon” information sheet 1/student

· Copy large photographs of the phases of the moon and cut apart to individual pictures of the different phases of the moon (laminate for future years)

· Connect computer and projector; check for internet access

· Arrange room that allows students to make a giant circle 

· Place 29 pieces of masking tape on the floor in that circle in regular intervals (it doesn’t have to be perfect, but spaced as to appear equivalent distances)

· Place lamp in center of room

· Plug in to extension cord

· Tape extension cord down to floor with duct tape from the lamp to the wall socket

· Place stapler in convenient area of room (need to refill staples?)

· Close blinds to make room as dark as possible when the lights are off

Distribute:

· Materials for each student

· 1 Styrofoam ball

· Scissors

· Student’s lab book (journal)

· Pencil - sharp

· Materials for classroom

· Stapler

· Computer with projector

Procedures:

· Optional: Turn on computer and projector.  Log onto the Internet.  The PowerPoint on the moon located at http://www.sciencea2z.com/z_etomite/index.php?id=64
· If you don’t use the Introductory PowerPoint, go to: http://upload.wikimedia.org/wikipedia/commons/8/86/Lunar_libration_with_phase_Oct_2007.gif
The clip takes a little time to download.  It is a series of photos of the moon over the course of a month.  Students can see that the face of the moon shifts slightly over the month (called librations) and phasing through the month.  The days are indicated on the top center.
· Ask your students to each find and stand on one of the 29 masking tape marks.  If you have 30 students, ask one to represent the Earth.
· Either your Earth student or if you have less than 30 students, you stand in the center of the room and state that you will be the Earth.  Your students will be the Moon.

· Tell your students, “The Earth rotates on its axis every day (Earth student turns in a counterclockwise direction one complete turn).  The Moon orbits the Earth.  Does the moon rotate on its axis?”  Elicit responses, and ask your students to make a prediction. 

· Tell the students to look across the room over your head and find a spot (clock, picture, flag, etc.)  That will help them to determine if the moon rotates.  If, during the entire 29 days as the moon orbits the Earth, if they continue staring directly at that landmark, then the moon does not rotate.  However, if they are not staring directly at their chosen landmark, then they are rotating on their axis.

· Ask the students to advance one day in a counterclockwise direction (move to the next masking tape mark).  During that day, what did the Earth do?  (It rotated one time on its axis – one day.)  How should the moon be facing (directly at the Earth, since we only see one side – in the case of the students, their faces).  If you have one student being the Earth, and each day that the “Moons” advance, the “Earth” spins around one time.)

· Ask the students to advance additional days, one day at a time for 7 days.  Ask the students where they should be facing as they advance (always facing the Earth).  To always face the Earth, the students need to “crab walk,” that is, walk sideways.

· Ask the students to check their landmark.  Is it directly in front of them?  If not, then what does that mean?  (The moon does revolve on its axis.)  If that is the case, how long does it take the moon to revolve one time?
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Ask the students to advance counterclockwise 7 more days.  Where is their landmark (should be somewhere behind them)?  Can they predict how long it will take for the moon to revolve one time (about 28-29 days)?

· Ask the students to advance 14 more days.  Are they pretty close to where they started?  Can they easily spot their landmark?

· Distribute the Styrofoam balls and sharp pencils.  Tell your students to press the Styrofoam ball on the pencil until it is secure, and the Styrofoam ball by the pencil.  

http://farm2.static.flickr.com/1431/553283472_399cef4948.jpg?v=0
· The Styrofoam ball needs to be unobstructed to the light.

· Tell your students, “Now we are going to look at the phases of the Moon.  Our orientation of the room will be different.  There is the sun (point to the light), you are the Earth, and the Styrofoam ball is the Moon.”  

· Hold up the large picture of the first quarter moon.  Point to the picture, and ask the students to notice that the lighted side looks like the capital letter “D.”  Tell your students to “orbit” their Styrofoam “Moon” around their “Earth” head until they find the same shadow and light on their “Moon.”  (They will be at a 90º angle in a counterclockwise direction from the light.)  Where does the shadow fall on the ball?  (Half of the Styrofoam ball should have light, and half should have shade, and it should look like the letter D, with the right side lit.) Tell your students that this is the FIRST QUARTER MOON, even though we see one half of the moon.  The moon has only gone one quarter of the way around the Earth.
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Optional: As your students to draw what they see in their lab book.

· Hold up the picture of the Third Quarter Moon.  Point to the picture, and ask the students to notice that the lighted side looks like the capital letter “C.”  Tell your students to “orbit” their Styrofoam “Moon” around their “Earth” head until they find the same shadow and light on their “Moon.”  (They will be at a 90º angle in a clockwise direction from the light.)  This is the THIRD QUARTER MOON, even we see half of the moon.  The moon has gone three quarters of the way around the Earth.

http://homepage.mac.com/kvmagruder/images/phases.gif
· Optional: As your students to draw what they see.

· Hold up a picture of the Full Moon.  Point to the picture, and ask the students to notice that the moon is completely lit.  Tell your students to “orbit” their Styrofoam “Moon” around their “Earth” head until they find the full light on their “Moon.”  (They will have their backs to the light.  The entire ball should be lit, unless they are blocking the light with their bodies.)  Tell your students that this is the FULL MOON.

· Hold up a picture of the New Moon.  Point to the picture, and ask the students to notice that the moon is completely in the shadows.  Tell your students to “orbit” their Styrofoam “Moon” around their “Earth” head until they find the full shadows on their “Moon.”  (They will be facing the light.)  Tell your students that this is the NEW MOON.

· Optional: As your students to draw what they see.

· Once the students have mastered this, ask them to think about the 28 or 29 days it takes the moon to travel around the sun.  How long does it take for the first quarter moon (about 1 week).  How about the full moon (about 2 weeks).  And the third quarter moon (3 weeks).  How often do we have a new moon (about every 4 weeks).  

· Continue with the waxing crescent and waxing gibbous, waning crescent and waning gibbous moons.  (Waxing is getting bigger.  If you wax your floors, you are adding to floors.  It gets bigger.  Waning is getting smaller.)

· Collect the Styrofoam balls and pencils.  Tell students to take their seats.  

· Hand out the Phases of the Moon information sheet.  Ask the students to find the waxing crescent moon, the waxing gibbous moon, the waning gibbous moon and the waning crescent moon.

· Ask students at what time will the full moon rise?  (They can find this information on their handouts.)  If you teach this lesson in the morning during the waning crescent moon, take the students outside.  Using their Phases of the Moon information sheet, ask the students to write the estimated time that the moon will set.  Ask the students to write if the moon is getting bigger or smaller.  Ask the students to write how many days they have to wait until they see the next full moon.

· Is the moon really only a sliver, or is it still a sphere?

· What happens when the moon goes into alignment with the sun and Earth?

· Return to the classroom.

· Show the students the 24 large pictures of the moon.  Tell the students that they need to cooperatively work together to tape the phases of the moon, in order, around the room, assuming that a specific spot outside the room (perhaps picking a spot outside the window) is the sun, and the Earth is in the center.

· When complete, go over each of the phases, making any corrections, if necessary.  

· Distribute the flipbook pages.  If you have selected the NWF flipbook, give directions to the student for cutting, ordering and stapling their flipbook.  If you have selected the flipbook students need to complete after a month of observing the moon, go over this homework.  At the end of the month, give directions to the student for cutting, ordering and stapling their flipbook.  

Vocabulary:

· axis – the center around which something rotates

· crescent – any shape resembling the curved shape of the moon in its first or last quarters

· gibbous – (used of the moon) more than half full 

· librations – a real or apparent slow oscillation of a moon or satellite; "the libration of the moon"

· oscillation – the process of moving or swinging from side to side regularly

· revolution – rotation: a single complete turn (axial or orbital); "the revolution of the earth about the sun takes one year"

· rotation – a single complete turn (axial or orbital)

· satellite – any celestial body orbiting around a planet or star

· sphere – a sphere (globe, ball) is a symmetrical geometrical object

· waning – a gradual decrease in magnitude or extent

· waxing – a gradual increase in magnitude or extent

Phases of the Moon
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New Moon - The Moon's unilluminated side is facing the Earth.  The Moon is not visible (except during a solar eclipse).  The lighted side of the Moon faces away from the Earth, towards the sun.  This means that the Sun, Earth, and Moon are almost in a straight line, with the Moon in between the Sun and the Earth.  The Moon that we see looks very dark.  The New Moon rises at sunrise and sets at sunset.

Waxing Crescent - The Moon appears to be partly but less than one-half illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is increasing.  This Moon can be seen after the New Moon, but before the First Quarter Moon.  The crescent will grow larger and larger every day, until the Moon becomes the First Quarter Moon. 

First Quarter - One-half of the Moon appears to be illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is increasing.  The right half of the Moon appears lighted and the left side of the Moon appears dark.  During the time between the New Moon and the First Quarter Moon, the part of the Moon that appears lighted gets larger and larger every day, and will continue to grow until the Full Moon.  The First Quarter Moon rises at Noon and sets at Midnight.

Waxing Gibbous - The Moon appears to be more than one-half but not fully illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is increasing.  This Moon can be seen after the First Quarter Moon, but before the Full Moon.  The amount of the Moon that we can see will grow larger and larger every day.  ("Waxing" means increasing, or growing larger.) 

Full Moon - The Moon's illuminated side is facing the Earth.  The Moon appears to be completely illuminated by direct sunlight.  The lighted side of the Moon faces the Earth.  This means that the Earth, Sun, and Moon are nearly in a straight line, with the Earth in the middle.  The Moon that we see is very bright from the sunlight reflecting off it.  The Full Moon rises at sunset and sets and sunrise.

Waning Gibbous - The Moon appears to be more than one-half but not fully illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is decreasing.  This Moon can be seen after the Full Moon, but before the Last Quarter Moon.  The amount of the Moon that we can see will grow smaller and smaller every day.  ("Waning" means decreasing, or growing smaller.) 

Third Quarter - One-half of the Moon appears to be illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is decreasing.  The left half of the Moon appears lighted, and the right side of the Moon appears dark.  During the time between the Full Moon and the Last Quarter Moon, the part of the Moon that appears lighted gets smaller and smaller every day. It will continue to shrink until the New Moon.  The Third Quarter Moon rises at midnight and sets a noon.

Waning Crescent - The Moon appears to be partly but less than one-half illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is decreasing.  This Moon can be seen after the Third Quarter Moon and before the New Moon.  The crescent will grow smaller and smaller every day, until the Moon becomes a New Moon.

New Moon – The cycle repeats.  It takes 29 days from New Moon to New Moon.
The first flipbook (pages 33-35) was originally published in Ranger Rick’s NatureScope Astronomy Adventures © 1986 and 1989 by National Wildlife Federation, edited by Judy Braus.  I found it on the web, but not properly credited to NWF.

The second flipbook (pages 36-38) was retrieved on May 30, 2009 from the American Museum of Natural History’s website “Ology,” New York, NY: http://www.amnh.org/ology/features/stufftodo_astro/imgs/moonflipbook.pdf
While the above flipbook has the advantages of show phase as well as the position of the Sun, Earth and Moon, the following flipbook has the advantages of direct observations.  You can opt to do both, or choose one over the other.

The last flipbook (pages 39-44) can either be made as a flipbook, or laminated and used as photographs to tape up in your classroom.  It was retrieved on May 30, 2009 from Lunar and Planetary Institute, Huston, TX: http://www.lpi.usra.edu/education/space_days/activities/moon/documents/Moon_Phases_Flip_Book.pdf
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Activity 4:

Pareidolia
Preparation:

Purchase consumable items:

· Pencils

Collect:

· Equipment

Make:

· Copy Make Your Own Picture in the Moon 1/student

· Optional: Pareidolia sheet 1/student

Distribute:

· Materials for each student

· Student’s lab book (journal)

· Pencil – sharp

· Copy Moon Sheet

· Optional Copy Pareidolia

Procedures:

· Tell students that it is human trait that we see faces in objects that don’t have faces.  As infants, we were drawn to the faces of our parents, family and friends.

· Pareidolia is when a vague or random image is perceived as recognizable.  Through the centuries, our ancestors would look up at the night sky and see pictures in the stars and the moon.  Many wondrous stories emerged from these musings.

· In this activity, your students will become familiar with the light and dark regions of the moon.  Even though the moon is the most familiar object in the night sky (toddlers recognize the moon), many people are no longer familiar with what it really looks like.

· Optional: Turn on computer and projector.  Log onto the Internet.  The PowerPoint on the moon located at http://www.sciencea2z.com/z_etomite/index.php?id=64
· If you don’t use the PowerPoint, make a copy of page 46, and read it with the students.

· These are some of the different pictures that have been traditionally seen in the moon, and some are modern renderings (especially the last one, the lady in the moon using the light regions rather than the dark ones.

· Distribute the Make Your Own Picture in the Moon sheet.  Ask students to find a picture in the moon and write a story about their picture.

Vocabulary:

· pareidolia  – the tendency to interpret a vague stimulus as something known to the viewer; such as interpreting marks on Mars as canals or seeing shapes in clouds

Astronomical Society of the Pacific has a wonderful “Astro Family” unit for a family science evening.  In this curricula are more pareidolia stories from many cultures.  

http://www.astrosociety.org/cgi-local/SoftCart.exe/online-store/scstore/p-FA103-LK.html?L+scstore+nphv4489fff640f6+1246486984
Pareidolia

In order of top to bottom:
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An English story tells of a witch carrying sticks of wood on her back, or an old man with a lantern

· Aztecs tell a story of two suns fighting for dominance, until one threw a rabbit on the face of the other, ever making is dimmer

· A Polynesian story tells of a woman who walked on a rainbow to live on the moon 

· Of course, faces in the moon (no story directly connected directly with this one)

· Western image is the profile of a coiffed woman wearing a jeweled pendant, the jewel being the crater Tycho, which at full moon is very bright and has bright radiating lines
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Make your own picture in the moon:

Write your myth about the moon:

Activity 5

Rocket to the Moon
Modified from: http://quilt.jpl.nasa.gov/docs/Straw_Rocket_508FC.pdf
Preparation:

Purchase consumable items:

· Pencils

· Tape 

· Soda straws

Collect:

· Equipment

· Meter sticks

· Scissors 

Make:

· Copy Rocket Data Log 1/student

· Copy Rocket Data Analysis 1/student

· Copy Rocket template 2/student, one with directions, and one with 2 rocket bodies and fins

Distribute:

· Materials for each pair of student

· Tape 

· Meter stick

· Materials for each student

· Student’s lab book (journal)

· Pencil – sharp

· Straw

· Scissors 

· Copies 

· Rocket Data Log

· Rocket Data Analysis

· 3 Rocket templates

· Procedures:

· Optional: Turn on computer and projector.  Log onto the Internet.  The PowerPoint on the moon located at http://www.sciencea2z.com/z_etomite/index.php?id=64
· Students should follow the instructions provided on the soda straw rocket template in order to construct their rocket. 

· Students should select a control for this experiment. For this control, construct one control rocket that has almost no nose cone at all. Just tape the end of the paper tube closed. 

· The rocket body can be rolled lengthwise along a pencil.  On one end, tape the fins on opposite sides and fold to a 90° angle.  On the other end, form the nose cone, and measure the length of the nose.

· Students will launch each rocket one at a time and record the distance it traveled (in centimeters) on the Data Log Handout. 

· Students may wish to write in any observations they want to remember as they perform their experiments. 

· Students should do five trials of the experiment and record the results on their Data Log. 

· Students will then graph their data on the Data Analysis handout in order to draw a conclusion as to which nose cone length produced the best rocket. 

Extensions: 
· Students can determine the mean, median and mode each rocket distance. 

· Students can experiment and design a new template for a rocket that they feel will fly better than the rocket design provided. 

· Students can complete this experiment focusing on launch angles rather than nose cone lengths. 

· Students can analyze the nose length and length of flight, and develop to answer their question of which nose cone was most aerodynamic.

· After analysis, students develop a graph of their results.

· Students develop a poster (see directions on Activity 6, starting on page 54).

· NOTE: Rocket launching should take place in an open enough area where students are able to stand out of the way of rockets being launched.

Vocabulary:

· analysis – an investigation of the component parts of a whole and their relations in making up the whole
· data – a collection of facts from which conclusions may be drawn
· mean – average: approximating the statistical norm or average or expected value
· median – relating to or constituting the middle value of an ordered set of values
· mode  – the most frequent value of a random variable
Soda-Straw Rocket Template 
1. Carefully cut out the rectangle. This will be the body tube of the rocket. Wrap the rectangle around a pencil length-wise and tape the rectangle so that it forms a tube. 

2. Carefully cut out the two fin units. Align the rectangle that extends between the two fins with the end of your body tube and tape it to the body tube. Nothing should stick out past the body tube! Do the same thing for the other fin unit, but tape it on the other side of the pencil, so you have a “fin sandwich”. 

3. Bend the one fin on each fin unit 90 degrees so that each fin is at a right angle to its neighbor. When you look along the back of the rocket, the fins should form a “+” mark. 

4. Using the sharpened end of your pencil, twist the top of the body tube into a nose cone. Measure your nose cone from its base to its tip and record the length on your Data Log and on the rocket itself. 

5. Remove the pencil and replace it with a soda straw. Blow into the straw to launch your rocket! Record the distance it travels on your Data Log. 

Courtesy…John Callas (JPL) 
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Activity 6

Impact! Crater

Modified from www.nasa.gov/pdf/180572main_ETM.Impact.Craters.pdf
Preparation:

Purchase consumable items:

· Flour

· Cocoa powder

· Newspaper 

Collect:

· Equipment

· Aluminum trays

· Playdoh (from activity 1 and 2)

· 15cm rulers

· Meter sticks

· Plastic tweezers

· Large sieve

· Optional scale

· Optional flashlight (are batteries fresh?)

Make:

· Copy Impact Craters Velocity 1/team of 3

· Copy Impact Craters Angle 1/team of 3

· Copy Impact Craters Size 1/team of 3

Distribute:

· Materials for each team of 3 students
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Meter stick

· 3 SMALL balls of playdoh (actual size: 
For exact size balls, weigh each ball, 1 for each student

· 1 extra clay ball for “size” variable (do not distribute until students are collecting those data)

· Materials for each student

· Student’s lab book (journal)

· Pencil – sharp

Procedures:

· Optional: Turn on computer and projector.  Log onto the Internet.  The PowerPoint on the moon located at http://www.sciencea2z.com/z_etomite/index.php?id=64
· In this activity, playdoh rolled into balls are used as impactors dropped from a series of heights, tossed from a series of distances, or balls of different sizes dropped onto a prepared “lunar surface.”

· Dropping impactors from different heights will allow students to study the relationship of velocity of the impactor to crater size.

· Using impactors of the same size tossed from different distances will allow students to study the relationship of angle of the impactor to crater shape and ray structure.

· Using impactors of different mass dropped from the same height will allow students to study the relationship of mass of the impactor to crater size. 

· A reproducible student “Data Chart” is included; students will need a separate chart for each impactor used in the activity.

· Students work in threes, and they each are responsible for 1 of the variables each time, so they all get to do each of the different tasks.  (They all get to toss at the angles, and they all get to drop the different heights and they all get to drop different size meteors.)

· Have the student CAREFULLY remove the clay with tweezers and not disrupt their craters.  

· The students measure the depth of the crater, the width of the crater, and the longest ray, recording each measurement on the correct data sheet.

· Variable 1: Velocity (Speed)

· Using the same sized clay ball, students drop it at specific heights.  (How does changing the height of the dropped ball change the velocity? – Gravity pulls at the object at a uniform increase of velocity.)

· Each student drops their ball at 30cm, 60cm and 90 cm (all less than 1 meter) and 2 meters.  (Use the meter stick for height)

· Variable 2: Angle
· Using the same size clay ball as variable 1 student drop at 90°, toss at ~60° and ~45° angles.  

· Students drop at 90° 

· Students measure and stand 60 cm away and toss the ball into the pan of flour to simulate the meteor coming in at ~60° angle

· Students measure and stand 120 cm away and toss the ball into the pan of flour to simulate the meteor coming in at ~45° angle

· This is the most difficult of the three trials, and students need to toss it hard enough to make it to the pan with the flour, but not slam it in.  Speed becomes an additional variable, but the results we want to see are the slope angles on the crater (shallow on the side it was thrown, and steep on the far side of the crater), and the ejecta on the opposite side of the crater.  The steeper the angle of entry, the more shallow the flour is on one side and the steeper it is on the other.

· Variable 3: Size

· Using 3 different sizes, students drop at 90cm at 90° angle. 

· The student teams have three balls, all the same size.  For the first trial, each student drops 1 ball at 90cm height at a 90° angle.

· The team uses two balls and rolls them together.  Each member of the team drops the two-ball meteor at 90cm at 90° angle.

· The team uses the third ball and rolls it in with the 2 balls.  Each member of the team drops the three-ball meteor at 90cm at 90° angle.

· The final trial, the team receives a 4th ball, and rolls that into their three-ball meteor.  Each member of the team drops the four-ball meteor at 90cm at 90° angle.

· Analysis
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After students have collected their data, find the means (averages).  

· The final step is to find a crater on a moon map that represents each of our trials – height, size, and angle.  

· The only thing that we can’t evaluate using this method is the rebound (complex crater peak uplift is similar to water after the drop hits, the water rebounds).  

· For the angle-made craters, have them look at shadows and light (use a flashlight in a darken room on their craters to simulate sunlight striking the moon at different times during the month).  They will be able to identify the craters based on that, especially comparing them to other, nearby craters.  

· As you look at the different craters, you notice that they are not all the same.  What causes these differences in the craters?  Why do some have rebound and others don’t?  Why are the rays of some craters evenly disbursed around the crater while the rays of other craters are primarily on one side?  Why are some crater cliffs steep and others are stair-stepped?  

· Develop a hypothesis based on your experience, observations, and best guess.  Write it down.

· For this lab, you need to complete data collection for a single treatment.  You will be collecting data for one of these three:

· Velocity (height from the surface of your pan)

· Angle (steps away from the surface of your pan)

· Size (1, 2, or 3 pieces of clay)

· (Not examined in our lab) surface material composition

· Collect three trials of each treatment variable (i.e. different height, different mass, different angle).  Record your data after each trial.

· Analyze your data both through your table of data and at least one graph.  (Hand drawn graphs are perfectly acceptable as long as you use graph paper and a ruler.)

· Did the results of your experiment support your hypothesis, or did you reject it?

· What did you learn?

To complete this lab, please make a scientific poster of your experiment.  In this poster, you will need to do the following:

· Find a creative way to present your experiment.

· Have fun with this, especially you artsy people!

· Be neat and orderly, too.

· You need 4 sections plus a title in your poster. 

· Introduction – tell me about impact craters.  You need to use experts’ ideas, but stated in your own words.  Let me know what expert you learned about craters.  I cite sources in lines like this (Shaw 2008) or (Shaw et al. 2008) for more than one author.  Include a list of sources that you cite.  This introduction should help me understand your particular experiment.  

· Velocity: What do experts think about the velocity of meteoroids?  What do they think about how velocity affects impact?

· Angle: What do experts think about the angle of impact and how that affects the resultant crater?

· How does the size of a meteor affect the resultant crater?

· Methods – what is the experimental design.  In this section, you can list the materials and supplies you used, diagrams, drawings or photos of the design in action.  Be sure to include everything so that someone who has never done this experiment could replicate your experiment.

· Your hypothesis

· All the materials (be specific, i.e.

· playdoh, ½ cm diameter

· How are these materials put together?

· What do you do to make the craters?

· How did you measure them?

· Results

· Put your data into a table (you can make it similar to your collection sheet)

· Develop at least 1 graph of your data (suggestion, bar graph or scatter plots will both work)

· You may draw your graph by hand but you MUST use a ruler and graph paper (free on the internet)

· Discussion/Conclusions

· What happened in your experiment?

· Was your hypothesis supported or rejected?

Vocabulary:

· meteor – the visible path of a meteoroid that enters Earth's (or another body's) atmosphere is a meteor, commonly called a "shooting star" or "falling star"

· meteoroid –a small san`d to boulder-sized particle of debris in the Solar system

· meteorite –a portion of a meteoroid or asteroid that survives its passage through the atmosphere and impact with the ground without being destroyed

· variable – liable to or capable of change
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Citations


http://spaceguard.esa.int/NScience/neo/images/crt-morph.gif


http://abyss.uoregon.edu/~js/images/impact.gif


http://abyss.uoregon.edu/~js/ast221/lectures/lec12.html


Dr. James Schombert, Physics Department, University of Oregon, Eugene, OR website: http://abyss.uoregon.edu/~js/ast221/
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