CLEAR  proposed  curriculum topics 

that make effective use of  MySystem, other simulations, and sensors.

Energy conversions from the proposal are in italics

Ed Hazzard 2-9-09

CA standards:  grade 6

· Plate tectonics

· Shaping earth's surface

· Heat (Thermal energy)

· Energy in the earth system

· Ecology

· Resources

· Investigation and experimentation

Suggested activities:

A) Global warming (Energy in the earth system, Heat, Resources): how the earth's heating is affected by greenhouse gases, cloud cover, snow cover, etc.

· Use MySystem to diagram energy flow.

· Use a NetLogo model ("Global warming", ITSI) to show radiation to and from the atmosphere.

· Use sensors to do experiments with specific parts of the process:

· heating of differently colored surfaces

· heat storage by soil, temperatures just above and under the soil

· cooling by evaporation (relate to heat going in and out of the oceans)

· greenhouse effect (model greenhouse: box with clear plastic cover)

· Energy conversions:

·  Heating water with sunlight

B) Conduction, convection, radiation, evaporation (Energy in the earth system, Thermal energy, possibly Plate tectonics): modeling and experiments that demonstrate these four processes of heat transfer.

· Use MySystem to chart energy flow in a real-life situation where all of these processes are happening, such as an electric heater or a cup of hot water.

· Use Molecular Workbench model of molecular motion to show conduction in solids and evaporation. 

· Use sensors to study each of these processes separately.

· Conduction: Do sensor experiments with heat moving through solids. 

· Convection: Use a temperature sensor and coloring to visualize and map out convection in a container of fluid heated from below (Paul Antonucci: convection using liquid dye). Analogies to thermodynamics processes in atmosphere, ocean and Earth’s mantle.

· Radiation: study radiant energy from a hot object and from the sun. 

· Evaporation: study cooling by evaporation, from a cup of water or a wet cloth.

· Thermal storage: heat something such as a model greenhouse, change the thermal mass and observe the heating and cooling rates. Analogy to the earth's seasons and how they are delayed from the solstices

· Energy conversions: 

Heating water by conduction from a warm aluminum slab

Cooling water by conduction from a cool aluminum slab

Cooling water by evaporation
CA standards: Grade 7

· Cell biology

· Genetics

· Evolution

· Earth and life history

· Structure and function in living systems

· Physical principles in living systems

· Investigation and experimentation

Suggested activities: 

A) Energy flow in ecosystems (Structure and function in living systems, Physical principles in living systems):  follow the path of energy collection, storage, and use from sunlight ( photosynthesis ( storage in plants ( consumption and conversion by animals.

· Use MySystem to diagram this energy flow.

· Use NetLogo model (Grass, sheep wolves, ITSI) to show carnivore/herbivore/plant chain of energy use

B) Energy diagram of the human body (Structure and function in living systems, Physical principles in living systems).

· Use MySystem to diagram energy flow into and out of the human body when it is eating, at rest, and doing work (for example, walking up a hill). Include production of "waste" heat when we use our muscles. 

· Use sensors to measure heart rate and respiration. Measure RH of respiration. 
· Energy conversion: Heating aluminum slab by mechanical motion (muscle mechanical motion transfers energy to the environment). 

C) Use MySystem to diagram material flow into and out of the human body. Could look at eating or at respiration (oxygen, carbon dioxide, water). 

CA standards: Grade 8

· Motion

· Forces

· Structure of matter

· Earth in the solar system

· Reactions

· Chemistry of living systems

· Periodic table

· Density and buoyancy

· Investigation and experimentation

Suggested activities:

A) Molecular motion and interactions (Reactions, structure of matter)

· Use MySystem to diagram energy flow in endothermic and exothermic reactions, and in change of phase. 

· Use various Molecular Workbench models to illustrate chemical reactions and change of phase. 

· Use sensors to measure temperature changes in these two situations (Investigation and experimentation). 
· Energy conversions:

·  Cooling water with ice.

·  Heating water with chemical energy.

·  Heating the aluminum slab mechanical potential energy (analogy between macroscopic PE and chemical-bond PE). 

·  Heating the aluminum slab by friction (heat is molecular motion, which can be produced by friction).
B) World energy use (a proposed integrating unit)

· Use MySystem to make diagrams of the flow of energy from source to consumption. Teams look at smaller parts first, such as a coal-fired power plant or a wind farm or an automobile. Do research on percentages from different sources, percentages for different uses, and efficiencies. Study both energy and material (esp. pollutant) flow.

· Build physical models of subsystems, such as a wind-powered generator or a battery-powered car charged with PV panels.

· Use sensors to measure energy inputs, outputs, and efficiencies.

· Teams combine efforts to produce energy and run something with it.

· Energy conversions (depending on which models they build: 

· Heating water with sunlight. 

· Heating water with electricity.

· Heating the aluminum slab by mechanical motion (friction). 

· Heating the aluminum slab mechanical potential energy. 

· Heating water with chemical energy.

All of these conversion from the proposal appear throughout the activities.

Energy conversions. …The following proposed topics, explored both with probes and atomic-scale models, are organized according to the ability of different forms of energy to heat water. 

· Heating water with sunlight. 

· Heating water with electricity. 

· Heating water conduction from a warm aluminum slab.

· Cooling water conduction from a cool aluminum slab.

· Heating the aluminum slab by mechanical motion (friction). 

· Heating the aluminum slab mechanical potential energy. 

· Heating water with chemical energy.

· Cooling water with ice. 

These experiments establish a way of measuring the amount of energy across its many forms, and of focusing on energy conversion. These experiments will naturally raise the question of whether each form can be converted to the others. Can sunlight be converted to electricity? Or kinetic energy to potential? The CLEAR curriculum will enable students to explore such conversions until they understand the idea that energy has many forms and can be converted from one form to another. In the curriculum, students will experiment with several alternatives, completing CLEAR reflections (which will also serve as formative assessments) as they move from experiment to experiment. 

