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Course Information
Course Name: 
Physical Science
Unit Title: 
Energy 
Year:
10/11/12
Unit Duration:
4 weeks 

Instructional Information
Standards 
SPS4. Obtain, evaluate, and communicate information to explain the changes in nuclear structure as a result of fission, fusion and radioactive decay 
a. Develop a model that illustrates how the nucleus changes as a result of fission and fusion. 
b. Use mathematics and computational thinking to explain the process of half-life as it relates to radioactive decay. 
c. (Clarification statement: Limited to calculations that include whole half-lives.) 
d. Construct arguments based on evidence about the applications, benefits, and problems of nuclear energy as an alternative energy source.
SPS7. Obtain, evaluate, and communicate information to explain transformations and flow of energy within a system. 
a. Construct explanations for energy transformations within a system. (Clarification statement: Types of energy to be addressed include chemical, mechanical, electromagnetic, light, sound, thermal, electrical, and nuclear.) 
b. Plan and carry out investigations to describe how molecular motion relates to thermal energy changes in terms of conduction, convection, and radiation.  
c. Analyze and interpret specific heat data to justify the selection of a material for a practical application (e.g., insulators and cooking vessels).  
d. Analyze and interpret data to explain the flow of energy during phase changes using heating/cooling curves. 

Topics to Cover:
· Types of Energy (chemical, mechanical, electromagnetic, light, sound, thermal, electrical, and nuclear)
· Nuclear - Fission/Fusion - Radioactive Decay and Half-life
· Molecular Motion - conduction, convection, and radiation
· Specific Heat - insulation 
· Phase changes - heating and cooling curves
Prior Student Knowledge:
Units 1-3 Atomic Structure/Periodic Table and Chemical Reactions/Atomic and Molecular Motion provided the foundation for completion of this unit 
Link to GSE 8th Grade Science
These students have been exposed to the 8th Science GSE that lay the foundation for the high school Physical Science standards and a basic knowledge of algebra-based skills.
Possible Preconceptions/Misconceptions 
· Energy is truly lost in many energy transformations.
· There is no relationship between matter and energy.
· If energy is conserved, why are we running out of it?
· Energy can be changed completely from one form to another (no energy losses).
· Things “use up” energy.
· Energy is confined to some particular origin, such as what we get from food or what the electric company sells.
· An object at rest has no energy.
· The only type of potential energy is gravitational.
· Gravitational potential energy depends only on the height of an object.
· Doubling the speed of a moving object doubles the kinetic energy.
· Energy is a “thing.”  This is a fuzzy notion, probably because of the way we talk about newton-meters or joules.  It is difficult to imagine an “amount” of an abstraction.
· The terms “energy” and “force” are interchangeable.
· From the non-scientific point of view, “work” is synonymous with “labor.”  It is hard to convince someone that more “work” is probably being done playing football for one hour than studying an hour for a quiz.
Unit Phenomenon
Candles can be used to power a toy car. (Amazon Link to purchase car)
· The candle-powered car is an application of the Seebeck Effect (Thermoelectric Effect). This effect is the result of thermal energy conversion directly into electricity. This phenomenon can be used to show energy conversion from heat to electricity to the kinetic energy of the car. A more detailed explanation will be required related to electron response to temperature differences in different materials. The Seeback circuit used in this candle-powered car can also be connected to a voltmeter and used as a temperature sensing thermocouple.
Nuclear Fission & Fusion - Nuclear Applications: Chernobyl Video
· There is a great deal of energy stored in the nucleus of an atom that can be harnessed for electrical power production but the use of nuclear power does come with risks.
Crosscutting Concepts
· Change & Systems
· Interactions & Energy
Disciplinary Core Ideas
· Types of Interactions 
· The strong and weak nuclear interactions are important inside atomic nuclei—for example, students determine the patterns of which nuclear isotopes are stable and what kind of decays occur for unstable ones. 
· Definitions of Energy
· Conservation of Energy and Energy Transfer
· Energy in Chemical Processes
Vocabulary:
Unit 4 Vocabulary List per Lesson
Student Friendly Learning Targets
· I can explain the structure of an atomic nucleus.
· I can compare and contrast nuclear fission and nuclear fusion.
· I can develop and use models to show how nuclei changes during fission and fusion.
· I can describe how energy is released during nuclear reactions.
· I can explain the process of radioactive decay.
· I can define and calculate half-life using whole-number half-life problems.
· I can use mathematical models to predict the amount of radioactive material remaining after a given number of half-lives.
· I can explain how unstable nuclei become more stable through radioactive decay.
· I can evaluate evidence about the applications of nuclear technology.
· I can construct arguments about the benefits of nuclear energy.
· I can construct arguments about the risks and challenges associated with nuclear energy.
· I can communicate evidence-based conclusions about nuclear energy as an alternative energy source.
· I can identify different forms of energy, including chemical, mechanical, electromagnetic, light, sound, thermal, electrical, and nuclear energy.
· I can describe how energy exists in many forms within a system.
· I can explain how energy can be transferred between objects and systems.
· I can explain how energy can be transformed from one form to another.
· I can identify examples of energy transformations in everyday life.
· I can construct explanations for energy transformations within a system.
· I can trace the flow of energy through a system.
· I can explain the Law of Conservation of Energy.
· I can explain that energy cannot be created or destroyed.
· I can describe how energy is transferred into, out of, and within a system.
· I can explain that the total energy of a system remains constant even when energy changes form.
· I can analyze situations to identify energy transfers and transformations.
· I can explain why some energy transformations result in less useful forms of energy, such as thermal energy.
· I can explain the relationship between temperature and the motion of particles.
· I can describe thermal energy as the kinetic energy of particles in matter.
· I can explain how particle motion changes when thermal energy is added or removed.
· I can distinguish between heat and temperature.
· I can explain that heat is energy transferred because of a temperature difference.
· I can investigate how thermal energy moves from warmer objects to cooler objects.
· I can compare and contrast conduction, convection, and radiation.
· I can explain how conduction transfers energy through direct contact.
· I can explain how convection transfers energy through the movement of fluids.
· I can explain how radiation transfers energy through electromagnetic waves.
· I can plan and carry out investigations to observe conduction, convection, and radiation.
· I can analyze evidence to determine which method of heat transfer is occurring.
· I can explain how molecular motion relates to thermal energy transfer.
· I can define specific heat.
· I can explain why different substances heat up and cool down at different rates.
· I can analyze specific heat data to compare materials.
· I can use specific heat data to determine the best material for a practical application.
· I can justify the use of materials as insulators or conductors based on specific heat data.
· I can explain how specific heat affects energy transfer in everyday situations.
Key and Related Concepts 
•	Energy and Matter
•	Systems and Systems Models
Global Context
Globalization and Sustainability Consumption, conservation, natural resources and public goods.
Statement of Inquiry 
Scientific and technical innovations allow us to observe, investigate, and analyze the movement and transfer of energy between systems in order to design products with desired features. 
Inquiry Questions
Factual
· What is the energy associated with motion? 
· What is potential energy?
· What type of energy is stored in the nucleus of the atom?
· What is radioactivity?
· What is half-life?
· What is the main source of energy for the earth?
Conceptual 
· What makes heat rise?
· When does the breaking of chemical bonds release energy?
· How can a material at a certain temperature have all of its molecules at the same energy?
· How do nuclear reactions show the changes in an atom's nucleus?
· How does half-life demonstrate the instability of certain isotopes?
Debatable
•	What are some other ways to save energy in a car besides turning off the air conditioner and rolling down the windows?
•	Since gravity is unlimited, can we use it as an infinite energy source?
•	What are the advantages and disadvantages of nuclear power?
•	Do the advantages of nuclear power outweigh the disadvantages?
Assessment Tasks
	Assessment Type
	Objectives
	Relationship between MYP summative assessment task(s) and statement of inquiry:

	Common Formative/Summative Assessment(s)
	Students will be formatively and summatively assessed throughout the unit, and then the students will take a common summative assessment over standards 4 and 7. Common formative assessments will be given 2x throughout the process to identify areas of need before the CSA.
MYP Criterion D (Nuclear Impact/Environmental Impacts)
ii. Discuss and evaluate the various implications of the use of science and its application in solving a specific problem or issue
MYP Criterion A (Constructed Response)
iii. analyze and evaluate information to make scientifically supported judgments.
	Criterion A – Knowing and Understanding
Students can apply scientific knowledge of nuclear processes, energy transformations, thermal energy, and phase changes to explain phenomena and solve problems using appropriate scientific language and models.
Criterion D: Reflecting on the Impacts of Science
Students can evaluate how scientific discoveries and technologies, such as nuclear energy, affect society, the environment, and the future, and use evidence to support their opinions and decisions.
These statements align directly with MYP Criterion D strands, particularly:
· Explaining how science is applied.
· Discussing and evaluating implications of science.
· Applying scientific language to express informed viewpoints.
· Documenting and communicating the impacts of science on society and the environment.


Approaches to Learning
Thinking: Draw justifiable conclusions based on processing, interpreting and evaluating data gained from scientific investigations.
Communication Skills: Collect, record, and verify data Skills: Make inferences and draw conclusions. Draw justifiable conclusions based on processing, interpreting and evaluating data gained from scientific investigations.
Communication (or interaction): Use appropriate scientific terminology, data tables and graphs to make the meaning.
Science and Engineering Practices
· Develop and use models
· Use mathematics and computational thinking
· Construct explanations
· Plan and carry out investigations
· Analyze and interpret data 
Learning Experiences
	Learning Experience
	Inquiry & Obtain:
(LEARNING PROCESS)
	Communicate/Evaluate:
(LEARNING PROCESS)
	Personalized Learning and Differentiation:
(LEARNING PROCESS)

	Week 1/2: 
Types of Energy and Conservation of Energy
	Students will complete a choice board project over the types of energy or other project explorations 
· Energy Intro Project
· Poster Project
· Types of Energy Exploration Discovery Education
· Students will examine open and closed systems and explain how energy is conserved and that a change in energy means work has been done.
· Exploring Heat Discovery Education – 
· Studio Board and Exploration: Calculating Heat Energy
Students will be able to explain the concept of heat capacity and how to figure out the amount of energy transferred between substances through taking notes, performing practice questions, and participating in demonstrations.
· Energy Transformations: Conduction, Convection, and Radiation
· GaVS Heat Transfer
· Specific Heat
Explore through Explain Part II: PPT & Guided Notes 
(Balloon Phenomenon can be substituted in place of soda bottle/blow torch). (Stop before going into calorimetry). 
Specific Heat Capacity
	Students will complete a graphic organizer summarizing each type of energy
Studio Board and Exploration completion
Specific Heat Calculations and Practice
	CFA 1
Students will share products with class for discussion and evaluation


	Week 3: 
Nuclear Energy
	Nuclear Energy
Nuclear Reactions: Fission & Fusion w/Chernobyl Phenomenon
Direct Instruction – fusion, fission, spontaneous radioactive decay
Penny Half-Life Introduction
	Guided Practice - Chernobyl half-life calculation
Penny Half-life lab
	Half-life of group isotope calculations (C-13, O-18, U-235, U-238, Bi-213)
Students need to calculate half-lives and present/write on how soon they will be inert (4 half-lives)
Differentiate - Students briefly research the use of their isotope they calculated and present/turn in an audio recording
Penny half-life lab graphs

	Week 4
Phase Changes/Heating and Cooling Curves
Environmental Connections
	Analyze and interpret specific heat data to justify the selection of a material for a practical application (e.g., insulators and cooking vessels). 
Too Hot to Handle Virtual Lab
Analyze and interpret data to explain the flow of energy during phase changes using heating/cooling curves. 
CK12 Exploration Phase Change Simulation
Students will review and practice the previous knowledge gained. 
	Heating and Cooling Curves
Heating and Cooling Curves Pre-Assessment (What do students recall from the States of Matter?)
	Too Hot to Handle Virtual Lab Completion
CFA 2
Unit 4 CSA Including MYP A and D – all lessons covered



Personalized Learning and Differentiation
Student Choice 
Shared interest centers
Immediate Feedback with opportunities to resubmit without penalty following school syllabus requirements
3D Assessments / Tiered Assessments
Go Further Activities
Content Resources
· Discovery Education: Chemistry Science Techbook
· Holt Science Spectrum Physical Science Textbook
· General DE Chapter Resources:
· Interactive Periodic Table
· Interactive Glossary
· Engage & Explore Activities 
· Explorations
· Virtual Labs: PhET
· Skill Builders
· Video Segments
· CK12 High School Chemistry Flexbook/Adaptive Practice
· The Physics Classroom
· NGSS Physical Science Framework
Shared Physical Science Resources
Unit Specific Resources
Work and Energy Textbook Chapter (Sections 2-3)
Thermal Energy Textbook Chapter
Energy Sources and the Environment Textbook Chapter

Unit Notes: Find more engaging ways for students to explore heat transformations/Revisit and spiral previous unit concepts and vocabulary/incorporate some of the optional content to familiarize students with energy resource availability and their impacts on the environment (connection to Environmental Science and Biology)
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