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 Subject – Astronomy
Unit of Study: Physics of Planetary Motion: Gravity and Space-Time
Second Grading Period – Week 1-2 (10 days)
CURRICULUM OVERVIEW
	Big Idea
	Unit Rationale

	The motion of all celestial objects is governed by the laws of physics.  In particular, Kepler’s Laws of Planetary Motion and Newton’s Laws of Motion and Universal Gravitation are essential in explaining the motion of bodies in space.  Einstein’s theories concerning gravity and space-time help us further explain the motion of bodies and energy in space, and ultimately the motion of space itself. 
	To understand why objects in space move the way they do, a working understanding of Kepler’s and Newton’s Laws is essential.  For a complete understanding of the workings of space, Einstein’s work with space-time must also be examined.

	TEKS
	TEKS Specificity - Intended Outcome

	Concepts
	Astronomy TEKS 4 The student recognizes the importance and use of astronomy in civilization.
4 (C) The student is expected to research and describe the contributions of scientists to our changing understanding of astronomy including (among others) Kepler, Newton, and Einstein.
Astronomy TEKS 9  The student knows that planets orbit the sun. 
9 (D)  The student is expected to relate the role of Newton’s Law of Universal Gravitation to the motion of the planets around the sun and to the motion of natural and artificial satellites around the planets.
	I can:

· Relate Kepler’s Three Laws of Planetary Motion to the motion of planets around the sun

· Use Newton’s Three Laws of motion and his Law of Universal Gravitation to explain why the planets move around the sun as they do

· Use Einstein’s theories of space-time and relativity to explain the motion of light and other forms of energy through space

	Skills
	Astronomy TEKS 1 The student, for at least 40% of instructional time, conducts field and laboratory investigations using safe, environmentally appropriate, and ethical practices. The student is expected to:
  (A) demonstrate safe practices during field and laboratory investigations
Astronomy TEKS 2 The student uses scientific methods during field and laboratory investigations.  The student is expected to: (B) know that scientific theories are based on natural and physical phenomena and are capable of being tested by multiple independent researchers.  Unlike hypotheses, scientific theories are well-established and highly reliable explanations, but may be subject to change as new areas of science and new technologies are developed. (D) plan and implement investigative procedures including making observations, asking questions, formulating testable hypotheses, and selecting equipment and technology (E) collect data and make measurements with precision and accuracy (G) communicate valid conclusions in writing, oral presentations, and through collaborative projects.
Astronomy TEKS 3 The student uses critical thinking, scientific reasoning and problem solving skills to make informed decisions within and outside the classroom.  The student is expected to (A) analyze and evaluate scientific explanations using empirical evidence, logical reasoning, and experimental and observational testing.


	I can:
· Demonstrate safety in the laboratory
· Relate the laws of motion to the motion of planets and other objects in space
· Design and carry out a laboratory investigation 
· Evaluate a scientific explanation and make a judgment as to its validity


	Evidence of Learning

	1. With 80% accuracy, students can use Kepler’s Laws of Planetary motion to explain the elliptical nature of a planet’s orbit.
2. With 80% accuracy, students can explain how Newton’s Laws of Motion explain the orbit of a satellite around the Earth.

3. With 80% accuracy, students can explain how Newton’s Law of Universal Gravitation explains ‘weightlessness’ in a near Earth orbit.

4. With 80% accuracy, students can explain how Einstein’s gravitational theories explain the bending of light as it passes a star.


Subject – Astronomy 
Unit of Study: Physics of Planetary Motion: Gravity and Space-Time
Second Nine Weeks Week 1 Lesson 1 (5 days) Kepler and Newton
CURRICULUM GUIDE
	Essential Questions
	Essential Pre-requisite Skills

	· What are Kepler’s Laws of Planetary Motion and what do they have to say about the motion of planets?
· What are Newton’s Laws of Motion and how are they related to the motion of planets?

· What is Newton’s Law of Universal Gravitation and how does it explain the motion of planets and other revolving bodies?
	· Although it is not absolutely necessary, a working knowledge of Newton’s Laws as presented in Conceptual or preAP physics would be a nice plus.  If many of the students do not have this background, the teacher will need to spend more time teaching Newton’s Laws before applying them to the motion of planets.


	The Teaching and Learning Plan

	Instructional Model & Teacher Directions

The teacher will…
	So students can…

	5E Model of Instruction (link)
Engage

· Tie a rubber stopper with a piece of string.  Swing the string around above your head and ask the students what kind of motion this mimics.
· Ask students to recall the contributions of Kepler and Newton. (These should have been introduced briefly during the unit on historical development).
· Drop a rubber stopper to the floor and ask students why it fell.  Then ask them how this is similar to the behavior of a space shuttle orbiting the Earth.
	· Relate the spinning of the rubber stopper to the revolution of a planet around the sun
· Recall prior knowledge of Kepler and Newton’s work

· Relate the falling of the rubber stopper to the ‘falling’ of a satellite around the Earth


	Explore
· Show short video clip from Gravity episode of the Universe series (the segment covering Kepler and Newton)
· Have students do a computer search on the work of Johann Kepler
· Have students do a computer search on the work of Isaac Newton
	·  Describe the work of Kepler and how it relates to our modern understanding of astronomy
· Explain the role of gravity in the motion of the planets

· Explain how the laws developed by Isaac Newton explain the motion of orbiting objects


	Explain

· Discuss Kepler’s Three Laws of Planetary motion and how the orbits of the planets is governed by them
· Discuss the work of Isaac Newton and how his laws of motion explain Kepler’s Laws

· Discuss Newton’s Law of Universal Gravitation and how it relates to falling and orbiting objects-include calculation of gravitational force

	· Describe the work of Kepler and how it relates to our modern understanding of astronomy

· Explain how Newton’s Laws of motion explain Kepler’s Laws of Planetary Motion

· Explain why an apple falling from a tree and the moon falling around the earth is essentially the same motion

· Draw or describe the typical orbit of a planet
· Apply Kepler’s Laws of Planetary Motion to the motion of an orbiting body

· Apply Newton’s Laws of motion and Universal gravitation to the motion of an orbiting body



	Elaborate
· Lab activity-Project 44-Drawing Planetary Orbits
· Lab activity-Kepler’s Three Laws of Planetary Motion
· Lab activity Newton’s Laws http://www.batesville.k12.in.us/physics/PhyNet/Mechanics/Newton2/Labs/Newt1And2Lab.html

	

	Evaluate

· Given the ‘distance’ between foci and the ‘circumference’ of the orbit, students can draw the orbit of a hypothetical planet to scale.
· Given mass and distance, students can calculate the gravitational force between two objects.
· Students can explain how Newton’s laws of motion and Law of Universal Gravitation govern the motion of any orbiting body 
	· Apply Kepler’s Law to the recreation of an actual orbit
· Use Newton’s Law to calculate gravitational force
· Use Newton’s Laws to explain the motion of orbiting bodies

	Content Vocabulary
· Ellipse

· Foci

· Orbit

· Gravity

· Planetary motion

· Mass

· Circle

· force

	Academic Vocabulary
· describe
· calculate

· demonstrate

· explain
· relate

· apply
	Resources
The Cosmic Perspective, Chapter 5

Gravity, The Universe, Season 2

Exploring the Sky, p. 196




	Evidence of Learning

	1. Which planet’s orbit was eccentric enough for Kepler to realize that it’s orbit could not  be circular?
        a.  Mars

        b. Pluto

        c. Mercury

        d. They were all measurably eccentric to him.

	2.  The pull of gravity is most profoundly affected by an object’s
         a. mass

         b. shape

         c. distance from another object

         d. composition
	3. Weightlessness can be simulated effectively here on Earth by a(n)
        a. roller coaster

        b. free-fall ride at the theme park

        c. NASA’s ‘vomit comet’

        d. all of the above


Subject – Astronomy
Unit of Study: The Physics of Planetary Motion-Gravity and Space-Time
Second Nine Weeks Week 2 Lesson 2 (5 days) Einstein
 CURRICULUM GUIDE
	Essential Questions
	Essential Pre-requisite Skills

	· How did Einstein’s new theories concerning gravity alter our understanding of gravity and motion?
· How do the effects of time and time dilation affect our understanding of gravity and motion in space?
	· Again, previous exposure to Einstein’s theories concerning time and time dilation are advantageous but not necessary.  If the students have not yet taken physics or the topic was not addressed in their physics course, the teacher will want to spend a little more time introducing the concept of the speed of light and time dilation.

	The Teaching and Learning Plan

	Instructional Model & Teacher Directions

The teacher will…
	So students can…

	5E Model of Instruction
Engage

· Ask students which individual is getting older faster-the pilot in the airplane or the air traffic controller on the ground.  Invite a brief discussion on why the pilot might not be aging as fast.
· Ask students to recall the contributions of Einstein to astronomy from previous unit
· Ask students what will happen if they put a bowling ball down on a water bed.  Then ask them how this analogy might apply to the gravity around a large object.
· Ask students if wormholes and warp drive really exist outside the pages of science fiction.

	· Recall that time is not the same for everyone all the time
· Relate the theories of relativity to the development of our modern concepts of space-time
· Visualize the bending of gravity around a star or planet


	Explore 
· Show clip or clips from The Universe episode Gravity  discussing Einstein’s theories concerning gravity and time
· Activity-look up models of warped space-time on the Internet.
· Activity-research time dilation on the Internet
	· Briefly outline the evolution of the concept of gravity when moving from Newton’s laws to Einstein’s theory
· Relate time dilation to the motion of objects in space


	Explain

· Class discussion on absoluteness of the speed of light
· Class discussion on Einstein’s theories of relativity and time dilation

· Class discussion on gravitational lensing Einstein’s concept of gravity as the warping of space itself

· Class discussion on the effect a black hole has on space and time around it (keep this brief-black holes will be taken up in detail later in the course)

· Class discussion of the possibility of wormholes, hyperspace, and warp drive


	· Explain the effects of speed on the passage of time
· Draw, describe, or explain the shape space takes around a large gravitational body

· Separate fact from fiction concerning wormholes, hyperspace, warp drive, and space travel



	Elaborate
· Lab activity-Einstein space-time online lab http://www.cco.caltechedu/~phy1/java/phy1/Einstein/Einstein.html    
· Lab activity-SpaceTime Lab http://www.cfa.harvard.edu/seuforum/bh_popup_spacetimelab.htm 

· Project 62:Making a Model of Warped Space-time
	· Observe and explain the effects of speed on the passage of time
· Observe and explain how the existence of a black hole will affect the space and time around it
· Draw, describe, or explain the effect of gravity on the shape of space around a large gravitational body


	Evaluate

· Given a hypothetical situation regarding a moving object vs. a ‘stationary’ object, students can predict for which object time runs faster with 80% accuracy.
· Students can describe the effect of gravity on the shape of space around a star or planet with 80% accuracy.
· Students can outline the changes Einstein made to Newton’s body of work with 80% accuracy.


	· Apply Einstein’s theories on time dilation and gravitational lensing 


	Content Vocabulary
· Gravity
· Gravitational lensing

· Time dilation

· Speed of light

· Wormhole

· Hyperspace

· Space-time

· Theory of relativity


	Academic Vocabulary

· Observe
· Describe

· Relate

· Apply


	Resources:
The Cosmic Perspective, Chap. S2 & S3
Websites, Cal Tech and Harvard

Exploring the Sky, p. 314

	Evidence of Learning

	1.  You are standing on the surface of the Earth.  Your friend whistles by at 75% the speed of light.  Which of the following changes would you not observe in her space craft?

           a. Her clock is running slower.
           b. Her spaceship has contracted in all directions.

           c. Her spaceship has contracted in the direction it is moving.

           d. Her mass has increased.

 
	2. What visual evidence do we have of the warping of space around the sun?

           a. The motion of small bodies such as comets is affected.

           b. The orbit of Pluto is highly irregular.

           c. The orbit of Mercury is not a perfect ellipse.

           d. There is no real visual evidence.
	3. Einstein’s theory regarding the bending of space by gravity was confirmed
           a. when the first quasar was discovered.

           b. during a 1919 eclipse of the sun.

           c. when the first atomic bomb was detonated.

           d. we are still waiting for confirmation.


Subject – Astronomy
Unit of Study: The Earth and the Moon   
Second Grading Period – Week 3 - 5 (15 days)
CURRICULUM OVERVIEW
	Big Idea
	Unit Rationale

	The Earth itself is a celestial body and the moon is our nearest neighbor.  We can learn a lot about the other bodies in our solar system by understanding these two planetary objects.  
	An understanding of the characteristics of the earth and moon and their motions in the sky will form the basis of understanding the characteristics and motion of the rest of the planets in the solar system.

	TEKS
	TEKS Specificity - Intended Outcome

	Concepts
	Astronomy TEKS 6 The student knows our place in space.  The student is expected to
6(A) compare and contrast the scale, size, and distance of the Earth, Moon, and Sun system through the use of data and modeling.

Astronomy TEKS 7 The student knows the role of the moon in the Earth, Moon, and Sun systems.  The student is expected to

7A) observe and record data about lunar phases and use that information to model the Earth, Moon, and Sun system;

7(B) illustrate the cause of lunar phases by showing positions of the moon relative to the earth and sun for each phase including new moon, waxing crescent, first quarter, waxing gibbous, full moon, waning gibbous, third quarter, and waning crescent;

7(C ) identify and differentiate the causes of lunar and solar eclipses including differentiating between lunar phases and eclipses;

7(D)  identify the effects of the moon on tides

Astronomy TEKS 8 The student knows the reasons for the seasons.  The student is expected to

8(A) recognize that the seasons are caused by a tilt in the Earth’s axis
Astronomy TEKS 9 The student knows that planets of different size, composition, and surface features orbit around the sun.  The student is expected to

9(A)  compare and contrast the factors essential to life on Earth such as temperature, water, mass, and gases to conditions on other planets.
	I can:
· Compare the size and distance of the Earth, Moon, and Sun to each other using paper and pencils, 3-D models such as balls or marbles, or a computer-generated model

· Use my observations of the lunar phases to model the Earth, Moon, and Sun
· Show you how the Sun, Earth, and Moon are aligned at each phase of the lunar cycle

· Explain to you the difference between a lunar and solar eclipse and show you the alignment of the Earth, Moon, and Sun for each of them

· Explain to you how the moon causes tides

· Compare the geography of the Earth to that of the Moon and other planets

· Conduct field and laboratory activities using safe and ethical practices
· Plan and implement laboratory investigations, collect and analyze data, and draw appropriate conclusions

· Utilize astronomical tools such as telescopes and sextanta



	Skills
	Astronomy TEKS 1 The student, for at least 40% of instructional time, conducts field and laboratory investigations using safe, environmentally appropriate, and ethical practices. The student is expected to:  (A) demonstrate safe practices during field and laboratory investigations 
Astronomy TEKS 2 The student uses scientific methods during field and laboratory investigations. The student is expected to 
(B) know that scientific theories are based on natural and physical phenomena and are capable of being tested by multiple researchers.  Unlike hypotheses, scientific theories are well-established and highly reliable explanations, but may be subject to change as new areas of science and new technologies are developed:
(D) plan and implement investigative procedures including making observations, asking questions, formulating testable hypotheses, and selecting equipment and technology;

(E) collect data and make measurements with accuracy and precision

(F) organize, analyze, evaluate, make inferences, and predict trends from data including making new revised hypotheses when appropriate

(G) communicate valid conclusions in writing, oral presentations, and through collaborative projects; and

(H) utilize astronomical technology such as telescopes, binoculars, sextants, computers, and software.
	· 

	Evidence of Learning

	1. Students can use models to compare the sizes and distances in the Earth-Moon-Sun system with 80% accuracy.
2. Students can use collected data to model the Earth-Moon-Sun system with 80% accuracy.
3. Students can either draw or use models to illustrate each phase of the lunar cycle with 80% accuracy.
4. Students can differentiate between a lunar and solar eclipse and model each with 80% accuracy.
5. Students can explain the effect the moon has on the tides with 80% accuracy.
6. Students can compare the geography and other conditions pertinent to life on Earth with those conditions on the moon and other planets with 80% accuracy.


Subject – Astronomy
Unit of Study: The Earth and the Moon
Second Nine Weeks Week 3 (5 days) The Earth as a Celestial Body
CURRICULUM GUIDE
	Essential Questions
	Essential Pre-requisite Skills

	· What is the place of the Earth in the Earth-Moon-Sun system?
· What are the major geological features that Earth shares with the other terrestrial planets?
· What geological features make Earth unique among the planets?
· What are the geological features of Earth that enable it to support life?
	· Basic middle school geology
· Understanding of Earth’s seasons covered in previous unit

	The Teaching and Learning Plan

	Instructional Model & Teacher Directions

The teacher will…
	So students can…

	5E Model of Instruction
Engage 

· Show students a picture of Earth taken from space.  Have them pretend they are visitors from an alien world seeing Earth for the first time.  How would they describe the planet based on the photo?
· Activity: Survey and discussion-What are your ideas about the Earth?


	· Look at what they know about the Earth with fresh eyes
· Think about the Earth as a planet


	Explore
· Show Spaceship Earth from History Channel’s Universe series season 1
· Activity-Filing an Extraterrestrial Report on Planet Earth


	· Examine the formation and features that make Earth unique and able to support life
· Explore the different environments found on Earth


	Explain

· Class discussion of the four types of motion the Earth undergoes and how this relates to the seasons (ties in to previous discussions of time and seasons)
· Class discussion of composition of the Earth with emphasis on the importance of the oceans

· Class discussion of the composition and layers of the Earth’s atmosphere and Earth’s magnetic fields

· Class discussion of the geologic and atmospheric factors that make Earth able to support life


	· Describe and explain the characteristics of Earth that make it both like other celestial bodies yet different from them
· Explain which characteristics of Earth make it able to support life

· Explain how the motion of the Earth affects the seasons Earth undergoes



	Elaborate
· Activity-Project 40 Proving the Rotation of the Earth
· Activity-What Shape is the Earth?

· Activity-How Big is the Earth? Parts one and two
· Activity-Project 42-Effects of the Earth’s Spinning

· Activity-Modeling the Earth-Sun system

	· Explain how we know the Earth rotates
· Explain how we know the Earth is round

· Calculate the approximate circumference of the Earth using Eratosthenes’s method

· Outline the effects of a spinning Earth

· Explain to you how the Earth travels around the sun


	Evaluate

· Written exam
· Activity-A Scale Model of the Earth
	· Describe the motion of the Earth around the sun and the effect of that motion on the Earth’s environment
· Describe the geologic and atmospheric factors that make Earth both like and unlike other solar planets

· Describe the factors that make Earth uniquely able to support life


	Content Vocabulary
· Revolution
· Rotation

· Precession

· Nutation

· Core

· Crust

· Mantle

· Troposphere

· Stratosphere

· Mesosphere
· Thermosphere

· Exosphere
	Academic Vocabulary
· Examine

· Explore

· Describe

· Explain

· Calculate

· Outline
	Resources:
· The Cosmic Perspective, Chapter 13
· Practical Astronomy, Activity 6-1
· Exploring the Sky

· Laboratory Experiments for Astronomy

· The Universe at Your Fingertips, Astronomical Society of the Pacific
· Spaceship Earth, Universe series, History Channel


	Evidence of Learning

	1. Precession causes

        a. the seasons to change

        b. an alteration of the moon’s position in the sky

        c. the pole star to change

        d. all of the above
	2. The majority of the Earth’s atmosphere is

           a. oxygen

           b. nitrogen

           c. carbon dioxide

           d. ozone
	3. The core of the Earth is made up of
          a. rock

          b. iron and nickel

          c. hard silicon

          d. basalt


Subject – Astronomy
Unit of Study: The Earth and the Moon   

Week 4 (3 days) The Moon as a Celestial Body
CURRICULUM GUIDE
	Essential Questions
	Essential Pre-requisite Skills

	· What are the major geologic characteristics of the moon and how do they compare to those of Earth?
· How did the moon most likely form?
· What did the astronauts discover about the surface of the moon?
	· Basic middle school earth science knowledge of the geology of the Earth

	The Teaching and Learning Plan

	Instructional Model & Teacher Directions

The teacher will…
	So students can…

	5E Model of Instruction
Engage 

· Show students a photograph or film clip of Apollo astronauts on the moon-ask students to describe the moon’s surface as it appears in the pictures or movie
· Show students a large photograph of the moon taken from Earth and ask them what they see

	· Identify the differences in the moon’s surface and that of the Earth


	Explore
· Show students the video The Moon from the Universe series
· Activity-use either actual observation of the moon or photographs or software to do ‘Moon Maps and Bias’

· Computer search for older and current theories on the formation of the moon
	· Identify surface features of the moon visible from Earth
· Explore theories of moon formation



	Explain

· Class discussion-size of the moon and composition of the moon’s interior
· Class discussion-surface features and characteristics of the moon

· Class discussion on theories of lunar formation


	· Describe the composition of the interior of the moon and compare it to that of Earth
· Describe the surface characteristics of the moon and compare them to those of Earth

· Compare the current theory explaining lunar formation to previously held theories


	Elaborate
· Activity-It’s Only a Paper Moon (Measuring angular diameter)

· Activity-Lunar Features (using actual moon observation-best-or photographs or downloaded images
· Activity-Sketching the Moon

· Activity-Give students an unmarked photograph of the moon and have them label the major geographic features

· Starlab activity: Surface of the Moon
	· Observe and identify the major surface features of the moon

	Evaluate

· Written exam
· Given a map of the moon, students can identify major formations.
· Students can write an essay explaining why the moon cannot support life.
	· Identify and describe the major characteristics and surface features of the moon
· Compare and contrast the geology of the moon with that of Earth and identify the factors necessary to support life that are absent on the moon

	Content Vocabulary
· Mare (Maria)
· Rille

· Crater

· Regolith

· Basalt

· Dome
· Ray


	Academic Vocabulary

· Discuss

· Identify

· Describe

· Compare
· Observe

· Explain

· Compare


	Resources

The Cosmic Perspective, pp. 269-270, 279-282, 214-215, 230, 226, 228, 238, 247, 248
Practical Astronomy

Exploring the Sky

Astronomy, Project Earth Science

Seeing the Sky

The Universe at your Fingertips

The Moon, Universe series, season 1


	Evidence of Learning

	1. The Apollo 11 astronauts landed on a famous lunar landmark called the ‘Sea of Tranquility.’  This landmark is a(n) 

         a. dome

         b. rille

         c. mare

         d. dome

	2. The leading current theory regarding the formation of the moon says that
         a. the Earth and the Moon formed at the same time

         b. the moon is a captured asteroid

         c. the moon was formed from the debris thrown off by a huge meteor hit

         d. there is no one leading theory regarding lunar formation

3. The moon is mostly made up of
         a. metals

         b. rock

         c. organics

         d. oxides




Subject – Astronomy
Unit of Study: The Earth and the Moon
Second Nine Weeks Weeks 4 and 5 (7 days) The Motion of the Moon
CURRICULUM GUIDE
	Essential Questions
	Essential Pre-requisite Skills

	· Why does the moon appear to change shape in the sky?
· What kind of motion does the moon undergo?
· Why do we always see the same side of the moon?
· What causes lunar and solar eclipses to occur?
· How does the moon cause the tides?
	· Basic understanding of rotation and revolution as covered previously in the course
· Basic understanding of gravity as previously covered in this course

	The Teaching and Learning Plan

	Instructional Model & Teacher Directions

The teacher will…
	So students can…

	5E Model of Instruction
Engage 

· Show students a calendar or an almanac that shows the moon’s phases and ask them what those symbols mean
· Activity-Predicting Phases and Features
· Show students photos or a brief video clip of a lunar and/or solar eclipse and ask them what causes these to happen

	· Observe the changes in the moon as it moves through a lunar cycle
· Distinguish between a solar and lunar eclipse 

	Explore 
· Activity-Modeling Moon Phases demo  www.noao.edu/education/phases/phases_demo.html
· Activity-Project 54-Showing How the Moon’s Phases Occur
· Activity-Modeling Moon Phases
· Internet research on the synodic and sidereal month and why they are different

	· Illustrate the cause of lunar phases and model the Earth, moon, and sun system
· Explain why the sidereal month is shorter than the synodic month

	Explain

· Class discussion-synodic and sidereal moon cycle

· Class discussion-rotation, revolution, and librations of the moon

· Class discussion-lunar phases

· Class discussion-lunar and solar eclipses

· Class discussion-the tides
	· Explain why the synodic and sidereal months are not the same length
· Explain why we are able to see about 59% of the moon’s surface from Earth
· Illustrate the reason for the lunar phases
· Distinguish between a solar and lunar eclipse and draw, describe, or model the reason for both
· Explain the moon’s effect on the tides


	Elaborate 
· Activity-Phases of the Moon or Observing Phases and Features (Both of these require nightly observations to be made for a period of time and will need to be started a week or so before this unit begins)
· Activity-Phases of the Moon  www.ioncmaste.ca/homepage/resources/web_resources/CSA_Astro9/files/html/module3/lessons/lesson4/phasesMoon.html 
· Activity-Modeling Eclipses

· Activity-Modeling Tides

· Activity-Features at Each Lunar Phase
· Starlab activity-Moon Phase Identification
	· Observe and record data about lunar phases and use that information to model the Earth, moon, and sun system
· Illustrate the cause of lunar phases

· Identify and differentiate between a solar and lunar eclipse and model the cause of each

· Identify the effects of the moon on tides



	Evaluate 

· Written test
· Given an unshaded lamp and Styrofoam balls, students can illustrate the position of the sun, Earth, and moon at any point in the lunar cycle

· Given an unshaded lamp and Styrofoam balls, students can model a solar and lunar eclipse
	· Observe and record data about lunar phases and use that information to model the Earth, Moon, and Sun system
· Illustrate the cause of lunar phases byt showing the positions of the moon relative to the Earth and sun for each phase of the cycle
· Identify and differentiate the causes of lunar and solar eclipses
· Explain the effects of the moon on the tides

	Content Vocabulary 

· Sidereal month
· Solar month
· New moon
· Crescent moon
· Half moon
· Gibbous moon
· Full moon
· Waxing moon
· Waning moon
· Libration
· Apogee
· Perigee
· Solar eclipse
· Lunar eclipse
· Neap tide
· Spring tide
· Umbra
· Penumbra

	Academic Vocabulary 

· Predict

· Compare

· Contrast

· Observe

· Explain

· Describe

· Identify

· Demonstrate


	Resources

The Cosmic Perspective, pp. 5-58, 142-145
Exploring the Sky

The Universe at your Fingertips

Laboratory Experiments for Astronomy

Seeing the Sky


	Evidence of Learning

	1. Which illustration below would be incorrect?
        a. a photograph of the full moon rising at sunset

        b. a romance novel cover showing a crescent moon high in the sky at midnight

        c. a mystery novel with a third quarter moon high in the sky at dawn

        d. a photographer’s backdrop with a first quarter moon high in the sky at sunset
	2. A lunar eclipse is visible from
          a. a 500 mile wide path directly below the moon

          b. a long, narrow path that cuts erratically across the globe

          c. only the northern hemisphere

          d. anywhere it is night on Earth
	.   3. Libration occurs because

        a. the moon’s orbital speed varies but its rotational speed remains constant

         b. the Earth’s gravity pulls the moon unevenly

         c. the moon wobbles in response to the tides

         d. the moon is sensitive to the Earth’s elliptical orbit around the sun


Subject – Astronomy
Unit of Study: Planets and Planetary Bodies
Second Grading Period – Week 6-8
CURRICULUM OVERVIEW
	Big Idea
	Unit Rationale

	The Earth and the moon are only two of many planets and planetary bodies that orbit the sun.  These objects vary widely in size, composition, and distance from the sun, yet they also all share some of the same essential characteristics.
	In order for students to understand both Earth’s place in the solar system and the unique features of Earth that enable it to support life, the students need to explore the remaining bodies, large and small, that orbit the sun.

	TEKS
	TEKS Specificity - Intended Outcome

	Concepts
	Astronomy TEKS 9  The student knows that planets of different size, composition, and surface features orbit around the sun.  The student is expected to

(A) compare and contrast the factors essential to life on Earth such as temperature, water, mass, and gases to conditions on other planets:

(B) compare the planets in terms of orbit, size, composition, rotation, atmosphere, natural satellites, and geological activity

(C )  relate the role of Newton’s Law of Universal Gravitation to the motion of the planets around the sun and to the motion of natural and artificial satellites around the planets; and

(D) explore the origins and significance of small solar system bodies including asteroids, comets, and Kuiper belt objects.

Astronomy TEKS 5 The student develops a familiarity with the sky.  The student is expected to 
(B) Observe and record the apparent movement of the moon, planets, and stars in the nighttime sky.

Astronomy TEKS 6 The student knows our place in space The student is expected to

(B) compare and contrast the scale, size, and distance of objects in the solar system, such as the sun and planets through the use of data and modeling 

Astronomy TEKS 4  The student recognizes the importance and uses of astronomy in civilization.  The student is expected to:

4(D) Explain the contributions of modern astronomy to today’s society including the identification of potential asteroid/comet impact hazards, etc. 
	I can
· Tell you how the conditions on Earth that support life are different on other planets

· Compare the planets to one another in terms of orbit, composition, rotation, atmosphere, moons, and geologic activity

· Tell you how Newton’s Law of Universal Gravitation is acting to keep the planets in orbit around the sun

· Tell you why the smaller bodies in the solar system, such as asteroids, comets, and Kuiper belt objects are also important 

· Tell you how the planetary motion in the sky differs from the other objects in the night sky

· Draw or explain to you a scale model of the sizes and distances of the planets from one another

	Skills
	Astronomy TEKS 1 The student, for at least 40% of instructional time, conducts field and laboratory investigations using safe, environmentally appropriate, and ethical practices.  The student is expected to:
(A) demonstrate safe practices during field and laboratory investigations.

Astronomy TEKS 2 The student uses scientific methods during field and laboratory investigations.  The student is expected to

(A) know that scientific hypotheses are tentative and testable statements that must be capable of being supported or not supported by observational evidence

(B) know that scientific theories are based on natural and physical phenomena and are capable of being tested by multiple independent researchers

(C ) distinguish between scientific hypotheses and scientific theories

(D) plan and implement investigative procedures
(E) collect data and make measurements with accuracy and precision

(F) organize, analyze, evaluate, make inferences, and predict trends from data
(G) communicate valid conclusions in writing, oral presentations, and through collaborative projects

(H) utilize astronomical technology such as telescopes, binoculars, sextants, computers, and software
	I can
· Conduct a laboratory activity safely

· Explain to you in detail what a hypothesis and theory are and distinguish them from one another

· Plan and implement an investigative procedure, collect and analyze data, draw a conclusion, and communicate that conclusion to you

· Use a telescope, binoculars, or other astronomical technology to study the planets


	Evidence of Learning

	1.  With 80% accuracy, students will be able to list and describe the factors or characteristics present on each planet that would make it incompatible with life as we know it.
2.  With 80% accuracy, students will be able to compare the planets to one another as to size, orbit, composition, rotation, atmosphere, satellites, and geological activity.

3.  Given the appropriate tools, students will be able to locate one or more planets in the night sky and explain how planetary motion differs from that of other heavenly bodies with 80% accuracy.

4.  Given appropriate materials, students will be able to construct a ‘solar system’ to scale with 80% accuracy.
5.  With 80% accuracy, students will be able to explain the significance of asteroids, meteors, comets, and other Kuiper belt objects.


Subject – Astronomy
Unit of Study: Planets and Planetary Bodies
Second Grading Period - Week 6-3 to 4 days  The Inner Planets
 CURRICULUM GUIDE
	Essential Questions
	Essential Pre-requisite Skills

	· How do the size, atmospheres, and geological features of Mercury, Venus, and Mars compare to each other and to those found on Earth?
· How do these conditions make these planets incapable of supporting life as we know it on Earth?
· How do Mercury, Venus, and Mars appear in the nighttime sky?
	· Kepler’s and Newton’s laws of motion and gravity as taught in previous unit


	The Teaching and Learning Plan

	Instructional Model & Teacher Directions

The teacher will…
	So students can…

	5E Model of Instruction
Engage

· Show students brief video clip taken by one of Mars missions-ask students how Mars is similar to and different from Earth
· Show students pictures of Mercury and Venus and ask them to describe the planets as they appear in the photos

	· compare the conditions on these planets as revealed in the photos and video to each other and to Earth
 

	Explore
· Show part or all of Universe episode ‘The Inner Planets: Mercury and Venus’
· Show part of all of Universe episode ‘Mars-The Red Planet’

· Divide the class into groups-you will need six groups total, so 2 to 4 in a group depending on class size.  Assign two groups to each planet and have the students divide up what aspects of their planet they will research.  Have the students do Internet research on their planet.
                                                      Or

· Divide students into groups and have each group do an Internet search of the NASA missions to Mercury, Venus, and Mars.  Have students prepare and give a brief report on the findings of their mission.
	· Work in a group to explore characteristics of their assigned planet
· Explore similarities and differences in Earth and Mercury, Venus, and Mars

	Explain

· Students come back together with results of their research-student led class discussions of characteristics of each planet, with particular emphasis on how the characteristics of these planets compare to those of Earth and each other
                                   Or

· Teacher led class discussion of the characteristics of each planet with particular emphasis on how the characteristics of these planets compare to those of Earth and to each other
 
	· Compare the planets to one another and to Earth in terms of size, orbit, rotation and revolution, atmosphere, geology, moons, etc.
· Explain why conditions on these planets will not support life

· Work together to communicate data and conclusions


	Elaborate
· Activity-Project 39-Showing how Mars goes Backward
· Activity-Project 57-Making Craters on Mercury

· Activity-Project 58-Demonstrating the Greenhouse Effect

· Activity-Mercury, Venus, Mars, Saturn (outdoor observation if possible)
· Activity-Morning and Evening Star
· Activity-Venus Topography Box

· Activity-Martian Canals

· Activity-The Goldilocks Effect or ‘This Planet is Just Right!’

· Starlab Activity-Investigation of the Solar System
	· Observe planets in the nighttime sky (or in a simulation)
· Demonstrate retrograde motion

· Explain how the Greenhouse Effect has affected the climates of both Venus and Earth

· Explain how Venus can be viewed either before sunup or after sunset

· Explain how we can study the surface of a planet we cannot see



	Evaluate
· Written exam
· Given photographs, students can match the photographs to the planet they were taken on
· Students can discuss or explain in an essay what characteristics present on each planet would make the planet unable to support life.
· Students can draw or describe retrograde motion.
	·  Compare and contrast conditions on Mercury, Venus, and Mars with those present on Earth
· Identify the conditions present on those three planets that make them incompatible with life from Earth

	Content Vocabulary
· Phase
· Transit
· Retrograde motion

	Academic Vocabulary 
· Identify
· Investigate

· Distinguish

· Describe

· Compare

· Contrast

· Differentiate

· Implement
· Demonstrate
· Explain


	Resources:
The Cosmic Perspective, chapters 9 and 10
Practical Astronomy

The Universe at Your Fingertips

Exploring the Sky

Astronomy


	Evidence of Learning

	1. Mercury has no atmosphere because

        a. there was never enough gas present to form one

        b. the hot sun burned it away

        c. its irregular orbit threw off the gases

        d. there is not enough gravity to hold one 
	2. Which of the planets listed below can be viewed in the crescent phase?
            a. Venus only

            b. Mercury only

            c. Mercury and Venus

            d. Mercury, Venus, and Mars
	3. The sky on Mars is pink because
          a. it is further from the sun than the Earth

          b. it has a CO2 atmosphere

          c. there is no water in the Martian atmosphere

          d. it is much colder than Earth



Subject – Astronomy
Unit of Study: Planets and Planetary Bodies
First Grading Period – Week 6 and 7 The Gas Giants
 CURRICULUM GUIDE
	Essential Questions
	Essential Pre-requisite Skills

	· How do the size, atmospheres, and geological features of the gas giants compare to those of Earth and the other terrestrial planets?
· How do these conditions make it impossible for these planets to support life?
· How do these planets appear in the nighttime sky?
	· Kepler’s and Newton’s laws of motion and gravitation as taught previously

· Knowledge of terrestrial planets as taught previously 

	The Teaching and Learning Plan

	Instructional Model & Teacher Directions

The teacher will…
	So students can…

	5E Model of Instruction
Engage

· Show students pictures of Jupiter, Saturn, Uranus, and Neptune taken from Voyager, Magellan, Cassini, etc.  Ask students how these planets differ from Earth and the other terrestrial planets.

	· Observe the differences in the terrestrial and outer planets
 

	Explore
· Show students ‘Jupiter: The Giant Planet’ episode from History Channel’s Universe series
· Show students ‘Saturn: Lord of the Rings’ episode from History Channel’s Universe series

· Divide students into groups-you will need 8 groups of 2 to 4 students each.  Assign each planet to 2 groups and have the students divide up which aspects of the planet they will research.  They will then do an Internet search on their planet.  Students will also want to research the planet’s significant moons, such as Neptune’s Triton and the Galilean moons of Jupiter.
                                                                        Or

· Divide the students into groups and have them do an Internet search on the various NASA missions that have visited the outer planets.  Have them do a brief report on the missions.
	· Work in a group to explore the characteristics of their assigned planet
· Explore similarities and differences in the gas giants and Earth and the other terrestrials


	Explain

· Students come back together with the results of their research-student-led discussions of characteristics of each planet and how the gas giants compare to each other, the other terrestrials, and Earth.  This discussion should also include the significant moons of each planet.
                                                 Or

· Teacher led discussion of the characteristics of each gas giant with emphasis on how the gas giants compare to each other, the other terrestrials, and Earth.  This discussion should also include the significant moons of each planet.

	· Compare the planets to one another, the terrestrials, and Earth in terms of size, orbit, rotation and revolution, atmospheres, geology, moons, etc.

· Explain why these planets cannot support life

· Work together to communicate data and conclusions



	Elaborate
· Activity-How high can you jump on another planet?
· Activity-Jupiter and its Galilean Moons

· Activity-Project 59-Charting the Movement of Jupiter’s Moons

· Activity-Project 60-Making a Model of Saturn


	· Compare the effects of gravity on the smaller and the larger planets
· Observe Jupiter and its moons in the sky
· Describe the appearance of Saturn 

	Evaluate

· Written exam
· Given a photographs, students can match the planet to its photograph

· In an essay, students can discuss what aspects of a planet’s characteristics would make that planet unable to support life.

· In an essay, students can discuss what aspects of the larger moons of the gas giants might or might not lend themselves to supporting life.
	· Compare and contrast the conditions on the gas giants with those on Earth
· Identify the characteristics of those planets that would make them incompatible with supporting life

	Content Vocabulary 

· Gas giant
· Oblate

· Ring

· Telescope planet
	Academic Vocabulary
· Identify

· Investigate

· Distinguish

· Describe

· Compare

· Contrast

· Differentiate

· Demonstrate

· Explain

· Classify
	Resources:
The Cosmic Perspective, chap. 11

The History Channel Universe series, season 1
Practical Astronomy

Exploring the Sky


	Evidence of Learning

	1. Neptune was discovered
         a. by William Herschel in a telescope

         b. by the naked eye observations of Tycho Brahe

         c. by its effect on the orbit of Uranus

         d. by ancient man

	2. From Uranus, the sun looks
         a. like a pinpoint star

         b. small and red

         c. just like it does on Earth

         d. somewhat orange
	3.  Jupiter’s moon Europa is believed to have

         a. organic molecules
         b. water beneath the surface

         c. extreme volcanic activity

         d. liquid nitrogen geysers


Subject – Astronomy
Unit of Study: Planets and Planetary Bodies
Second Grading Period – Week 7 4 days  Orbits, Size and Distance in the Solar System
 CURRICULUM GUIDE
	Essential Questions
	Essential Pre-requisite Skills

	· How do the planets compare to one another and to the sun in size?
· How do the planets compare to one another in distance from the sun?
· How do Kepler’s and Newton’s Laws apply to the planets in our solar system?
	· Basic understanding of Kepler’s and Newton’s Laws as taught in previous unit
· Basic understanding of the arrangement of the planets around the sun as taught in previous unit


	The Teaching and Learning Plan

	Instructional Model & Teacher Directions

The teacher will…
	So students can…

	5E Model of Instruction
Engage

· Hold up a ball with an eight inch diameter.  This is the sun.  Ask students how large the Earth would be in comparison.  Then hold up or pass around a peppercorn.
· Now ask students how far that peppercorn should be from the ball to simulate the solar system. (26 yards)  Then ask how far they think Neptune would be. (777 yards)

	· Compare the relative sizes of the Earth and sun in the solar system
· Compare the relative distance from the Earth to the sun to the relative distance from the sun to the outermost planet


	Explore
· Activity-Planet Orbit Simulator  http://astro.unl.edu/naap/pos/animations/kepler.swf
· Activity-Build a solar system   www.exploratorium.edu/ronh/solar_system/ 

	· Compare and contrast the size and distance of objects in the solar system

· Apply Kepler’s and Newton’s laws to explain the motion of planets around the sun


	Explain

· Class discussion of relative size of the planets to one another and their distances from the sun  (Keep this brief-one model is worth a thousand words here.)
· Class discussion of how Kepler’s and Newton’s laws explain the motion of the planets around the sun

· Class discussion of the Kepler’s third law and how it relates distance to time of revolution
	· Compare and contrast the size and  distance of objects in the solar system
· Apply Kepler’s and Newton’s Laws to explain the motion of planets around the sun

· Apply Kepler’s third law to relate distance from the sun to the time of revolution


	Elaborate
· Activity-How Big is the Solar System?  www.noao.edu/education/peppercorn/pcmain.html
· Activity-A scale model of the solar system

· Activity-Solar System Scale

· Activity-The Thousand Yard Model (or the Earth as a Peppercorn) –this is a lower tech version of the first activity listed

· Activity-The solar system model on a string

	· Compare and contrast the scale, size, and distance of the planets to one another and to the sun


	Evaluate

· Written exam
· Given a hypothetical planetary distance or revolution, students can apply the Titius-Bode law to calculate the unknown value.

· Students can choose and use common objects to model both the relative sizes of the planets to one another and their relative distances from the sun.
	· Compare and contrast the scale, size, and distance of the planets to one another and to the sun


	Content Vocabulary
· Titius-Bode Law
· Astronomical unit
	Academic Vocabulary

· Compare

· Contrast

· Differentiate

· Demonstrate

· Design

· Explain

· Predict
	Resources:
Practical Astronomy
The Universe at Your Fingertips

	Evidence of Learning

	
	
	

	1. Which pair of planets listed below has the largest gap between their planetary orbits?
            a. Mercury and Venus

            b. Earth and Mars

            c. Jupiter and Saturn

            d. Uranus and Neptune
	2.  According to Kepler’s 3rd law, in comparison to the inner planets, the outer planets must be orbiting
        a. with greater eccentricity

        b. more slowly

        c. more quickly

        d. there would be no difference
	3.  What does the Titius-Bode Law predict about the spacing of planets?
       a. They will be spaced evenly.

       b. Each planet will be twice as far from the sun as the planet before it.

       c. The spacing between the planets will be exponential.
        d. all of the above

       


Subject – Astronomy
Unit of Study: Planets and Planetary Bodies

Second Grading Period – Week 8  4 days Minor Bodies of the Solar System 
CURRICULUM GUIDE
	Essential Questions
	Essential Pre-requisite Skills

	· What are asteroids, comets, and meteors and where do they come from?
· Why is Pluto no longer considered a planet?

· Where is the Kuiper Belt and what kind of objects are found there?

· Why are these small bodies important in our solar system?
	· Basic understanding of Kepler’s and Newton’s Laws as taught in an earlier unit


	The Teaching and Learning Plan

	Instructional Model & Teacher Directions

The teacher will…
	So students can…

	5E Model of Instruction
Engage

· Ask students what we believe happened to the dinosaurs.  Ask them how they think the Earth would be different if that meteor had not struck the planet.
· Obtain and show students pictures of Meteor Crater or other known meteor hit on Earth.
· Show students pictures of the surface of the moon or Mercury and remind them where the craters originated.
· Show students a brief clip from Armageddon or other sci-fi picture and ask students how likely this scenario might be
	· Explore the origins and significance of small solar system bodies


	Explore
· Show video ‘Deadly Comets and Meteors’ Season 3 History Channel’s Universe series
· Activity NASA or other Internet asteroid or comet orbit simulator   www.neo.jpl.nasa.gov/orbits/
· Activity: Internet research on the demotion of Pluto to minor planet status


	· Identify comets and asteroids as a potentially serious threat to life on Earth
· Compare and contrast characteristics of Pluto to those of the modern definition of a planet

	Explain  

· Class discussion on asteroids, comets, and meteors, including these objects potential for destruction
· Class discussion on Kuiper Belt and objects found there

· Class discussion of the reclassification of Pluto as a minor planet
	· Describe the origins of asteroids, comets, and meteors
· Describe the significance of Kuiper Belt objects
· Distinguish between a true planet and a dwarf planet



	Elaborate

· Activity-Experimenting with Craters
· Activity-Making a Comet in the Classroom

· Activity-Project 65-Making a Model of a Comet

· Activity-If this unit falls anywhere near a meteor shower, students can observe actual meteors in the sky


	· Identify meteors as the source of cratering on the moon and Mercury
· Identify and describe the parts of a comet

· Observe meteors in the sky

	Evaluate

· Written exam
· Given the description of a hypothetical planet, students can classify it as a planet or a dwarf planet
· Given the description of a hypothetical meteor or asteroid, students can predict the extent of the damage to Earth the object is likely to cause
	· Describe the origins and significance of small solar system bodies
· Analyze the destructive potential of the impact with Earth of a large asteroid or meteor

	Content Vocabulary 
· Comet
· Asteroid

· Meteor

· Meteoroid

· Meteorite

· Nucleus

· Coma

· Tail

· Oort cloud

· Forbidden period

· Gravitational resonance

· Meteor shower

	Academic Vocabulary
· Identify

· Describe

· Compare

· Contrast

· Differentiate

· Describe
· Explain

· Predict

· Discuss
	Resources:

The Cosmic Perspective, chapter 12
The Universe at your Fingertips

Exploring the Sky

History Channel’s Universe series, season 3

	Evidence of Learning

	
	
	

	           1.  The artist for your new science book draws a comet racing away from the sun, its tail streaming behind it as it speeds into space.  What is wrong with this picture?

                         a. nothing

                         b. Comets never come near the sun.

                         c. The tail of a comet always points away from the sun.

                         d. Comets in reality do not have tails-this is an optical illusion.


	2. Pluto was reclassified as a minor planet because
           a. other objects as large or larger have been discovered orbiting the sun

           b. it is too small to have ‘cleared the neighborhood’ of its orbit

           c. it was realized to be much smaller than originally thought

           d. all of the above
	3. What was the fate of the famous Shoemaker-Levy comet?
            a. It returns every 76 years.

            b. It made a one-time visit and will never be seen again.

            c. It hit Jupiter.

            d. It orbited too close to the sun and was consumed.


Subject – Astronomy
Unit of Study: Assessment
Second Grading Period – Week 8 
 CURRICULUM Overview
	The Big Idea
	Unit Rationale

	Evaluation of learning is an ongoing process.
	At the end of a grading period, an assessment is part of the overall learning cycle.  All content covered during the second grading period is subject to evaluation.
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