Virginia Science Activities, Models, and Simulations

Introduction												
The Virginia Science Activities, Models, and Simulations (SAMS) project is designed to provide middle and high school science teachers with science activities, models, and simulations correlated the 2010 Science Standards of Learning.  This resource is designed to support the science knowledge and skills all students need for the future.  The activities, models, and simulations were developed by teachers participating in the Innovative Technology in Science Inquiry Scale Up (ITSI-SU) project funded by the National Science Foundation.
The Virginia Science Activities, Models, and Simulations (SAMS) project engages students in practices that are essential for learning science through inquiry. The SAMS project was designed to offer flexibility in how a teacher chooses to use it with her/his students. It is divided into two sections.  
The first section offers correlations to activities that involve asking questions or defining problems, using models or sensors, collecting data, interpreting results, using mathematics, technology and computational thinking, constructing explanations, and designing solutions based on evidence. The activities also include a section on career connections.  
The second section includes models and simulations that are identified as those that could be used in stand-alone situations.  These may be used by teachers (indicated by a T) for demonstration purpose or by students (indicated by an S) as they work independently or in small groups.
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Virginia Department of Education		1
	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709407]ES.1	The student will plan and conduct investigations in which
a) volume, area, mass, elapsed time, direction, temperature, pressure, distance, density, and changes in elevation/depth are calculated utilizing the most appropriate tools;
b) technologies, including computers, probeware, and geospatial technologies, are used to collect, analyze, and report data and to demonstrate concepts and simulate experimental conditions; 
c) scales, diagrams, charts, graphs, tables, imagery, models, and profiles are constructed and interpreted; 
d) maps and globes are read and interpreted, including location by latitude and longitude; 
e) variables are manipulated with repeated trials; and   
f) current applications are used to reinforce Earth science concepts. 

	In order to meet this standard, it is expected that students will
· measure mass and volume of regular and irregular shaped objects and materials using common laboratory tools, including metric scales and graduated cylinders.
· apply the concept of mass per unit volume and calculate density without being given a formula. 
· record data in systematic, properly-labeled multicell tables, and using data, construct and interpret continuous line graphs, frequency distributions, bar graphs, and other explicating graphics that present a range of parameters, relationships, and pathways.
· interpret data from a graph or table that show changes in temperature or pressure with depth or altitude.
· interpret landforms, water features, map scale, horizontal distance between points, elevation and elevation changes, latitude and longitude, human-made structures and other pertinent features on 7.5 minute quadrangles on topographic maps.  
· construct profiles from topographic contours. 
· use latitude and longitude down to minutes, with correct north-south and east-west designations, to locate points on a map.
	Activities:






	
	
	Models/Simulations:
Microscope Image 
Use this to import images from a digital microscope. (T)

States of Matter - Side by Side 
A side-by-side comparison of solids, liquids & gases. (T)





	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709408]ES.2	The student will demonstrate an understanding of the nature of science and scientific reasoning and logic. Key concepts include
a) science explains and predicts the interactions and dynamics of complex Earth systems;
b) evidence is required to evaluate hypotheses and explanations;      
c) observation and logic are essential for reaching a conclusion; and
d) evidence is evaluated for scientific theories.
	In order to meet this standard, it is expected that students will
· analyze how natural processes explain multiple aspects of Earth systems and their interactions (e.g., storms, earthquakes, volcanic eruptions, floods, climate, mountain chains and landforms, geological formations and stratigraphy, fossils) can be used to make predictions of future interactions and allow scientific explanations for what has happened in the past.
· make predictions, using scientific data and data analysis.
· use data to support or reject a hypothesis.
· differentiate between systematically-obtained, verifiable data and unfounded claims.  
· evaluate statements to determine if systematic science is used correctly, consistently, thoroughly, and in the proper context.  
· distinguish between examples of observations and inferences.
· explain how scientific methodology is used to support, refute, or improve scientific theories. 
· contrast the formal, scientific use of the term “theory” with the everyday nontechnical usage of “theory.”
· compare and contrast hypotheses, theories, and scientific laws. For example, students should be able to compare/contrast the Law of Superposition and the Theory of Plate Tectonics.
	




	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709409]ES.3	The student will investigate and understand the characteristics of Earth and the solar system. Key concepts include
a) position of Earth in the solar system;
b) sun-Earth-moon relationships (seasons, tides, and eclipses); 
c) characteristics of the sun, planets and their moons, comets, meteors, and asteroids; and
d) the history and contributions of space exploration.

	In order to meet this standard, it is expected that students will
· analyze the role of 1) the position of Earth in the Solar System; 2) the size of Earth and sun; and 3) Earth’s axial tilt in affecting the evolution of the planet and life on the planet.
· analyze historical explanations for the origin of the moon. 
· create a model showing the position of Earth, the moon, and the resulting moon phases.
· explain why there is not a solar and lunar eclipse each month.
· create a model showing the position of Earth, moon, and sun during a solar and lunar eclipse.
· differentiate between the inner (terrestrial) planets and the outer (gaseous) planets and their corresponding atmospheric characteristics. 
· compare and contrast the internal makeup of the four inner planets and explain why they vary so significantly.
· compare and contrast the atmospheres, planetary makeup, surface conditions, and rotation of the planets.
· compare the classification of the dwarf planet Pluto to the planets in relation to its orbit, and its similarity to other objects in the Kuiper Belt.
· compare and contrast the defining characteristics among moons, comets, meteoroids, and asteroids.
· compare and contrast the characteristics of Venus, Earth, Mercury, and Mars, and interpret various reasons why each planet has such characteristics.
· predict what conditions we would need to have in place for another celestial object to support life.
· compare the various types of evidence obtained from the Apollo moon landings and other lunar exploration and how this is used to inform thinking about the moon.
· analyze how the role of technology (Galileo’s telescope, Hubble telescope, planetary orbiters, landers/rovers) has contributed to social and scientific change and enlightenment.
· create a timeline of key events in space exploration. 

	Activities:
ES.3d  ES.1a, b, e
Launching a Satellite [116]
Learn how objects are launched into space. (Model) 


ES.3d   ES.1a, e
Space Station [117]
Explore the problem of removing a satellite from orbit. (Model)

ES.3b, c   ES.1b, c
Moon Phases [4]
Explore what causes the phases of the moon. (Model) 

ES.3a, b, c   ES.1b, c
Seasons: Changing Length of Daylight [3]
Explore how the changing length of daylight causes seasons on Earth. 
(Model and Sensor: Temperature)  

ES.3b, c   ES.1b, c, e
Seasons: Changing Position of the Sun [2]
Use a sensor to explore how the changing position of the sun causes seasons on the Earth.
(Sensor: Light) 

	
	
	Models/Simulations:
Length of Day
This model shows the amount of light energy landing on a patch of earth as the earth rotates. (T)

Phases of the Moon
The moon revolves around the Earth. The corresponding phase of the moon, as viewed from Earth, is displayed. (T)

International Space Station (ISS) 
The International Space Station has reached the end of its useful life. Try to remove it from its orbit. Once you learn how to bring the ISS down ("deorbit"), your goal will be to land on the water (blue) and not the land with the least amount of fuel used. (S)

My Solar System
Manipulate the mass, direction, and initial speed of different space bodies through a variety of presets. (S)






	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709410]ES.4	The student will investigate and understand how to identify major rock-forming and ore minerals based on physical and chemical properties. Key concepts include
a) hardness, color and streak, luster, cleavage, fracture, and unique properties; and
b) uses of minerals.

	In order to meet this standard, it is expected that students will
· analyze why certain common metallic elements (iron, aluminum, silicon) are rarely, if ever, found in the native state.
· analyze the distribution and persistence of minerals at or near Earth’s surface in terms of Earth’s general structure, plate tectonics, and chemical and physical weathering.
· analyze the relationship between the qualities of cleavage, fracture, and hardness and the molecular structure and chemistry of silicates, carbonates, and oxides.  
· identify minerals by their physical properties, such as hardness, color, luster, and streak. 
· recognize some major rock-forming minerals such as quartz, feldspar, calcite, and mica. 
· recognize ore minerals including pyrite, magnetite, hematite, galena, graphite, and sulfur. 

	Activities:
ES.4a, b   ES.1b, c, e
Introduction to Crystals [130]
Explore some features of crystals. 
(Model) 

ES.4a, b   ES.1b, c, e
Molecular Crystals [131]
Use a set of molecular models to explore how melting molecular crystals affects their atomic structure. (Model) 

ES.4a   ES.1a, b, c
Crystals [16]
Use a model and a sensor to observe and describe the growth of crystals from everyday materials. (Sensor: Digital Microscope)  


	
	
	Models/Simulations:
Crystals: Introduction to Crystals
A model of a solid crystal. What to do: Run the model. Heat the crystal by pressing the red caret on the "thermometer."  Can you cool it back into a crystal of the same shape? (S)

Crystals: Introduction to Crystals - Far and Near Atoms 
This model represents a solid crystal adding atoms to its structure with attractive forces. (S)

Crystals: Defects 
There are several types of imperfections in crystals; the simplest type is called a "point defect."  Point defects are important to avoid in making the silicon wafers of semiconductors.  There are three important types of point defects: 
· vacancies - a missing atom 
· interstitials - atoms which occupy a site in the crystal structure at which there is usually not an atom.  
· substitutionals - a different species of atom that is incorporated in the crystal structure. 
Discover each type of defect by running the model. (S)

Crystals: Molecular Crystal Packing
The model shows a crystal formed by the molecule A3B8 at 100 K. The green particles represent A and the white ones represent B. Explore how crystals melt. (T)

Crystals: Molecular Crystal 2 
Compare two related, "polymorphic" forms of a solid crystal, one more finely grained than another. (T)

Molecular Crystal-Compressing a Crystal 
A model of the effect of compression on the atomic level crystal grains. (T)

Crystals: Heat Propagation
This model starts with a crystal consisting of about 300 identical atoms that are held in place by van der Waals forces. Students will be able to describe critical variables in the solution of the challenge: What causes heat to propagate? How fast does it propagate? (S)





	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709411]ES.5	The student will investigate and understand the rock cycle as it relates to the origin and transformation of rock types and how to identify common rock types based on mineral composition and textures. Key concepts include 
a) igneous rocks;       
           b)    sedimentary rocks; and
c)     metamorphic rocks. 

	In order to meet this standard, it is expected that students will
· comprehend and identify various igneous rock textural features and mineral components with a hand sample or by description, and analyze the significance of these features in terms of mode of origin and history.
· analyze and identify various sedimentary rocks in terms of mode of origin and history, using sedimentary features (grain size, texture, and composition).  
· analyze the major groups of metamorphic rocks for mineral composition and textural features and determine the potential parent rock and in terms of the rock cycle.
· analyze a sequence of rocks in terms of types, textures, composition, fossils, structural, and weathering features in order to infer the history of the sequence over time. 
· integrate the rock cycle with Plate Tectonics Theory and determine how this is reflected in the geology of Virginia’s five physiographic provinces.
· classify the following rock types as igneous, metamorphic, or sedimentary: pumice, obsidian, basalt, granite, sandstone, conglomerate, shale, limestone, slate, schist, gneiss, marble, and quartzite.
· differentiate between clastic and nonclastic sedimentary rocks.
· compare and contrast distinguishing characteristics of the crystal structure and textures of extrusive and intrusive igneous rocks.
· describe the structure of foliated and unfoliated metamorphic rocks.
	ES.5a, b, c, ES.1a, b, c
Weathering Rocks [141]
Explore local rocks for signs of the Rock Cycle, the sequence of making and breaking down rocks. (Sensors: Digital Microscope, Temperature)
 





	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709412]ES.6	The student will investigate and understand the differences between renewable and nonrenewable resources. Key concepts include
a) fossil fuels, minerals, rocks, water, and vegetation;
b) advantages and disadvantages of various energy sources; 
c)     resources found in Virginia; and
d)    environmental costs and benefits.

	In order to meet this standard, it is expected that students will
· analyze the formation of fossil fuels in terms of the rock cycle and Plate Tectonics Theory, and relate the formation of fossil fuels to ancient biologic and atmospheric conditions and changes and locations within Virginia.
· analyze how Virginia’s production and use of various natural resources has changed over time. Define and cite differences over time especially in the last 150 years.
· evaluate Virginia’s potential as a producer of renewable energy sources.
· assess the role of fossil fuels and renewable energy sources in the future and compare and contrast the environmental benefits and costs among the various options.
· analyze the advantages and disadvantages of various energy sources.
· analyze a range of emerging energy and mineral resources in Virginia in terms of costs and benefits.
· determine the sources of clean water in their community and analyze consumption and supply data.
	




	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709413]ES.7	The student will investigate and understand geologic processes including plate tectonics.   Key concepts include
a) geologic processes and their resulting features; and  
b)    tectonic processes.

	In order to meet this standard, it is expected that students will
· label on a map the physiographic provinces of Virginia.
· comprehend the topographic, rock-type and geologic-structural characteristics of each physiographic province of Virginia.
· analyze the geologic history of Virginia in terms of the structures, rock types, and topography represented in the five physiographic provinces.  
· integrate and interpret the rock cycle, plate tectonics, and Virginia’s geology in an interacting diagram.  
· analyze how multiple continental collisions and rifting events over the last billion years have created the current physiography of Virginia.
· comprehend and apply the details of Plate Tectonics Theory to the formation of continents, mountain chains, island arcs, deep open trenches, earthquake zones, and continental and midocean volcanism.  
· analyze the composition and structure of the continental and oceanic lithosphere in terms of topographic features, density, thickness, and rates of motion.
· compare and contrast various types of volcanism and geothermal activity (i.e., Hawaii, Iceland, Mount St. Helens, Catoctin Greenstone, Tambora, the Deccan Traps, and Yellowstone).
· compare and contrast different types of current and ancient plate boundaries (i.e., Japan, California, New Madrid, Missouri, the Appalachian system, Iceland, and Tonga).
· analyze how seismic waves provide evidence of the structure of the deep Earth including the inner and outer core in terms of composition, density, and viscosity.
· analyze the body of evidence for Plate Tectonics Theory (i.e., seafloor age, magnetic information, seismic profiles, laser-measured motion studies, fossil evidence, rock types associated with particular tectonic environments).
· analyze the various structures produced in convergent plate boundaries.  
· offer interpretations of the tectonic history of an area based on the range and type of rocks found in that area.
· compare and contrast the tectonic activity of the east coast and the west coast of North America.
	Activities:
ES.7a, b   ES.1b, e  
Comparing Earthquake Depth and Magnitude Patterns Around the World [124] - Investigate patterns in the depth and magnitude of earthquakes around the world. (Model)

ES.7a, b  ES.1b, e
Investigating Plate Boundaries [125]
Observe at patterns of earthquakes below Earth's surface and relate earthquakes to plate movement. (Model)

ES.7a, b   ES.1b, e
Seismic Waves Study [123]
Use software called *Seismic Waves: A program for the visualization of wave propagation* to illustrate how waves from an earthquake travel to seismic stations throughout the earth. (Model)
 

	
	
	Models/Simulations:






	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709414]ES.8	The student will investigate and understand how freshwater resources are influenced by geologic processes and the activities of humans. Key concepts include
a) processes of soil development;
b) development of karst topography;
c) relationships between groundwater zones, including saturated and unsaturated zones, and the water table;
d) identification of sources of fresh water including rivers, springs, and aquifers, with reference to the hydrologic cycle;
e) dependence on freshwater resources and the effects of human usage on water quality; and
f) identification of the major watershed systems in Virginia, including the Chesapeake Bay and its tributaries.

	In order to meet this standard, it is expected that students will
· interpret a simple groundwater diagram showing the zone of aeration, the zone of saturation, the water table, and an aquifer. 
· interpret a simple hydrologic cycle diagram, including evaporation, condensation, precipitation, and runoff.
· locate the major Virginia watershed systems on a map (Chesapeake Bay, Gulf of Mexico, and North Carolina sounds).
· analyze the formation of karst in terms of rock type, solubility and permeability, uplift, the water table, and chemical and physical weathering.  
· analyze the presence of groundwater in various types of rock terrains, including areas found in each of the physiographic provinces of Virginia.
· analyze the relationship between salt-water intrusion in the ground water in certain areas of eastern Virginia and buried crater structures.

	Activities:
ES.8a  ES.6a   ES.1a, b, c
Introducing Soil [14]
Compare your local soil with that of classmates and with a description of the soil found on Mars. (Sensor: Digital Microscope)
 
ES.8c, d   ES.1b, c, e
Water Moving Around the Earth [143]
Use a model to investigate Earth’s water cycle. (Model) 


	
	
	Models/Simulations:
Water Cycle
A dynamic display of the water cycle. (S)





	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709415]ES.9	The student will investigate and understand that many aspects of the history and evolution of Earth and life can be inferred by studying rocks and fossils. Key concepts include
a) traces and remains of ancient, often extinct, life are preserved by various means in many sedimentary rocks;
b) superposition, cross-cutting relationships, index fossils, and radioactive decay are methods of dating bodies of rock;
          c)     absolute and relative dating have 
                    different applications but can be used  
                    together to determine the age of rocks  
                    and structures; and
d)     rocks and fossils from many different geologic periods and epochs are found in Virginia.

	In order to meet this standard, it is expected that students will
· describe how life has changed and become more complex over geologic time.
· interpret a simple geologic history diagram, using superposition and crosscutting relations.
· analyze how radioactive decay provides a reliable method to determine the age of many types of organic and inorganic materials.  
· analyze the impact and role of global catastrophies (including asteroid/comet impacts, volcanism, continental collisions, climate collapse) on extinctions and evolution.  
· analyze and interpret complex cross sections using both relative and absolute dating to unravel and define the geologic history of  the section.
	Activities:



	
	
	Models/Simulations:
Atomic Structure 5: Isotopes and Radioactivity 
Discover what an isotope is and why are some of them radioactive. (S)

Radioactive Decay 
A model of simple radioactive decay. (S)





	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709416]ES.10	The student will investigate and understand that oceans are complex, interactive physical, chemical, and biological systems and are subject to long- and short-term variations. Key concepts include
a) physical and chemical changes related to tides, waves, currents, sea level and ice cap variations, upwelling, and salinity variations;	
b) importance of environmental and geologic implications;
c) systems interactions;
d)    features of the seafloor as reflections of  
 tectonic processes; and
e)    economic and public policy issues 
         concerning the oceans and the coastal 
         zone including the Chesapeake Bay.

	In order to meet this standard, it is expected that students will
· identify the effects of human activities on the oceans.
· analyze the potential impact of a major environmental disaster on the base of the food web and vertebrate organisms, economics, cultures, and future productivity.
· analyze the relationship between moving continents, the presence of ice caps, and ocean circulation over long periods of time.
· relate important ocean conditions, including El Niño, to weather on the continents.  
· evaluate the role of the marine environment in the extraction of carbon dioxide in carbonates and the production of oxygen.   
· analyze the role of ocean currents in the distribution of heat from the equatorial regions to the poles, and predict what changes may occur as continents move and atmospheric conditions and climate vary. 
· compare Atlantic Ocean and Gulf of Mexico water temperatures during the yearly cycle, and relate this to the formation of storms.
· describe how different types of pollution can pollute the Chesapeake Bay even though the pollutant source may be hundreds of miles from the Bay.

	




	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709417]
ES.11	The student will investigate and understand the origin and evolution of the atmosphere and the interrelationship of geologic processes, biologic processes, and human activities on its composition and dynamics. Key concepts include
a) scientific evidence for atmospheric composition changes over geologic time;
b) current theories related to the effects of early life on the chemical makeup of the atmosphere;
           c)     atmospheric regulation mechanisms 
                    including the effects of density
                    differences and energy transfer; and
            d)     potential changes to the atmosphere
                     and climate due to human, biologic,  
                     and geologic activity.

	In order to meet this standard, it is expected that students will
· analyze the array of climate feedback mechanisms that control the Earth’s temperature over time, and compare and contrast these feedback mechanisms to those operating on inner planets and the gas giants.
· analyze the evidence for atmospheric compositional change over geologic time including oxygen and carbon sinks and the role of photosynthetic organisms.  
· explain how volcanic activity or meteor impacts could affect the atmosphere and life on Earth.
· explain how biologic activity, including human activities, may influence global temperature and climate.
	Activities:
ES.11c, d   ES.12d   ES.1c, e
Energy Balance and Atmosphere [127]
Explore the effect of the atmosphere on the energy balance between incoming and outgoing radiation on Earth. (Model) 


	
	
	Models/Simulations:
Climate Change, With Temperature Graph
A model of energy balance in the atmosphere. It includes data plot. To slow the model, pull the top slider to the left. This model includes basic factors in climate change, including greenhouse gases, clouds, incoming sunlight and outgoing infrared. (S)

Greenhouse Gases
An animation of how various molecules move in upper atmosphere. No descriptions given as to which molecules are being shown. (T)





	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709418]ES.12	The student will investigate and understand that energy transfer between the sun and Earth and its atmosphere drives weather and climate on Earth. Key concepts include
a) observation and collection of weather data;
b) prediction of weather patterns;	 
c)     severe weather occurrences, such as 
        tornadoes, hurricanes, and major
        storms; and                                               
            d)    weather phenomena and the factors   
                    that affect climate including radiation,
                    conduction, and convection.

	In order to meet this standard, it is expected that students will
· identify and describe the direction of local winds (land, sea breezes and jet stream).
· read and interpret data from a thermometer, a barometer, and a psychrometer.
· predict weather based on cloud type, temperature, and barometric pressure.
· read and interpret a weather map containing fronts, isobars, and isotherms.
· read and interpret weather station models.
· identify types and origins of air masses, fronts, and the accompanying weather conditions.
· read and interpret climate graphs.
· label a diagram of global climate zones and the surface movement of ocean currents.
· label a diagram that demonstrates the interaction of Earth’s atmosphere and energy transfer (conduction, convection, and radiation).
· analyze the impact of satellite technology on weather prediction and the tracking of severe storms, including hurricanes, and evaluate the cost and benefits of this technology in terms of lives and property saved. Predict the impact on storm preparedness if there were no weather satellites.
	Activities: 
ES.12a, d   ES.11c, d   ES.1a, b
Urban Heat Island [129]
Relate changes in sunlight to the air temperature above the surface that you are testing. 
(Sensor: Temperature) 

ES.12a, d   ES.1a, b, e
Relative Humidity Measurement [119]
Measure relative humidity in the air using just a temperature sensor, by comparing the wet bulb and dry bulb temperatures.
(Sensor: Temperature)
 
ES.12a, d   ES.1a, b, e
Relative Humidity in Micro-Environments [120] 
Use a relative humidity sensor and a soda bottle to measure humidity near surfaces, such as over a leaf or above an ice cube. 
(Sensor: Relative Humidity)

ES.12a, b, d    ES.1a, b, e
Water in Classroom Air [121]
Calculate the actual amount of water in the air in your classroom. 
(Sensor: Temperature, Relative Humidity)

ES.12a, b, d   ES.1a, b, e    ES. 2a, c
Dew Point [115]
Plan and conduct an investigation to condense water from your classroom air. Sensor: (Temperature, Relative Humidity)

ES.12a, b, d   ES.1a, b, c, e
Evaporative Cooler [114]
Build an "air conditioner" that just uses water and a fan. 
(Sensor: Temperature, Relative Humidity)

ES.12a, b, c   ES.1a, b    ES.2a, b
Tracking a Storm [113]
Measure changing weather conditions prior to, during, and after a storm. 
(Sensor: Relative Humidity, Barometric Pressure)



	
	· 
	Models/Simulations:
Heat and Temperature 6: Heat Conduction 
Explore heat conduction, the transfer of energy without a flow of atoms. In the model below you can select different substances of different shapes to place between a hot and a cold solid. Heat flows through the substance in the middle. A graph is used to show the change of temperature of the two solids. (S) 

Heat and Temperature 5: Changing Temperature 
Investigate what determines a rise in temperature when energy is added. (S)

Heat and Temperature 7: Thermal Radiation 
Explore the transfer of heat by photons. In the model, one can heat the material in a first compartment, which will then emit photons. Some photons will travel to the material in a second compartment, be absorbed and heat it up. (S)

Climate Change Starter, Without Graph
This model includes basic factors in climate change, including greenhouse gases, clouds, incoming sunlight and outgoing infrared. The yellow sun ray carries a certain amount of energy that can be converted into heat energy in the earth (represented by red dots moving in the pink earth). A fraction of the sunlight reflects back immediately.  We call this fraction "albedo." Each dot represents the same energy as one light ray.  Sometimes the heat energy is converted into infrared light, represented by the purple rays. The infrared energy can escape to space unless it hits greenhouse gases. (S) 

Climate Change
This is a basic atmospheric greenhouse effect model, showing the effect of radiation, greenhouse gases (Gases), clouds and albedo on the temperature of the earth. This model runs very FAST. You can slow it down to understand what is happening. You can see that the yellow sunrays reflect off of clouds, and, depending on albedo, off the surface of the Earth. You can see that infrared light rays pass through the clouds but bounce off greenhouse gases. (S)

Convection #1
Convection with movable barriers. (T)

Blowing Wind
Infiltration heat loss from a building due to wind. (T)
[bookmark: _GoBack]
Forced Convection
Heat loss with and without a fan. (T)




	
Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355709419]ES.13	The student will investigate and understand scientific concepts related to the origin and evolution of the universe. Key concepts include 
            a)    cosmology including the Big Bang    
                    theory; and
            b)     the origin and evolution of stars, star
                     systems, and galaxies.
            

	In order to meet this standard, it is expected that students will
· contrast the life span and energy output of a blue giant star to that of the sun and relate this to the potential existence of life on planets in its orbit.  
· explain the potential origin and role of ultra massive black holes in the center of galaxies.
· using the Hertzsprung-Russell diagram, classify stars as to their place on the main sequence or in beginning or end points in their life cycles.
· evaluate the probability of travel to nearby solar systems using current spacecraft speeds.
· analyze the various fusion products of a blue giant star over its lifetime, and relate this to the presence and abundance of elements that make up our solar system and its contents, including living organisms.  

	Activities:



	
	
	Models/Simulations:
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