	Disciplinary Core Idea
	A
	Grade Level
	NGSS

[K-12 Framework and PE’s]
	Notes

	Physical Science/Chemistry
	Acid-Base Solutions
	HS/Univ
	ESS3.A
5-PS1-3
	Acids 

Bases 

Solutions 

Equilibrium 

How do strong and weak acids differ? Use lab tools on your computer to find out! Dip the paper or the probe into solution to measure the pH, or put in the electrodes to measure the conductivity. Then see how concentration and strength affect pH. Can a weak acid solution have the same pH as a strong acid solution?



	Physical Science/Physics
	Alpha Decay
	MS/HS/Univ
	PS1.C
HS-PS1-8
	Alpha Decay 

Half Life 

Radiation 

Watch alpha particles escape from a polonium nucleus, causing radioactive alpha decay. See how random decay times relate to the half life.



	Math
	Arithmetic
	Elm, MS
	
	Multiplication
Remember your multiplication tables? ... me neither. Brush up on your multiplication, division, and factoring skills with this exciting game. No calculators allowed!



	Physical Science/General Chemistry
	Atomic Interactions
	HS/Univ
	PS1.1

PS1.B
	‘Potential Well’ model
Atomic Interactions 

Interaction Potential 

Van der Waals Force 

Atomic Bonding 

Explore the interactions between various combinations of two atoms. Turn on the force arrows to see either the total force acting on the atoms or the individual attractive and repulsive forces. Try the "Adjustable Attraction" atom to see how changing the parameters affects the interaction.




	Disciplinary Core Idea
	B
	Grade Level
	NGSS
	Notes

	Physical Science/Physics
	Balancing Act
	Elm/MS
	
	Balance

Rotational Equilibrium

Lever Arm

Torque

Proportional Reasoning

Play with objects on a teeter-totter to learn about balance. Test what you've learned by trying the Balance Challenge game.


	Physical Science/Chemistry
	Balancing Chemical Equations
	MS/HS/Univ
	MS-PS1-2

MS-PS1-5
	Chemical Equations
How do you know if a chemical equation is balanced? What can you change to balance an equation? Play a game to test your ideas!



	Physical Science/Physics
	Balloons & Buoyancy
	MS/MS
	HS-PS3-2
	Gas 

Buoyancy 

Experiment with a helium balloon, a hot air balloon, or a rigid sphere filled with different gases. Discover what makes some balloons float and others sink.



	Physical Science/Physics/ Electricity  Magnets & circuits
	Balloons and Static Electricity
	Elm/MS
	PS2.B

3-PS2-3

HS-PS2.B

MS-PS3-2
	Static Electricity
Why does a balloon stick to your sweater? Rub a balloon on a sweater, then let go of the balloon and it flies over and sticks to the sweater. View the charges in the sweater, balloons, and the wall.



	Physical Science/Physics / Quantum Phenomenon
	Band Structure
	Univ
	
	Energy Bands 

Conductivity 

Electricity 

Explore the origin of energy bands in crystals of atoms. The structure of these bands determines how materials conduct electricity.


	 Physical Science/
Physics / Electricity  Magnets & circuits
	Battery-Resistor Circuit
	MS/HS/Univ
	HS-PS3-A
	Resistor 

Voltage 

Batteries 

Electrons

Look inside a resistor to see how it works. Increase the battery voltage to make more electrons flow though the resistor. Increase the resistance to block the flow of electrons. Watch the current and resistor temperature change. 



	Physical Science/

Physics / Electricity  Magnets & circuits
	Battery Voltage
	MS/HS /Univ
	
	Voltage 

Batteries 

Electrons 

Look inside a battery to see how it works. Select the battery voltage and little stick figures move charges from one end of the battery to the other. A voltmeter tells you the resulting battery voltage


	Physical Science/Chemistry
	Beer's Law Lab
	HS/Univ
	
	Beer's law 

Solutions 

Concentration 

Molarity 

Light 

Absorbance 

Transmittance 

Spectrophotometry 

“The thicker the glass, the darker the brew, the less the light that passes through.” Make colorful concentrated and dilute solutions and explore how much light they absorb and transmit using a virtual spectrophotometer!

AP Chemistry

	   Physical Science/Physics /Light & Radiation
	Bending Light
	Elm/MS/HS/Univ
	PS4.B

PS4.2

4- PS4.2
	Snell's Law 

Light 

Refraction 

Explore bending of light between two media with different indices of refraction. See how changing from air to water to glass changes the bending angle. Play with prisms of different shapes and make rainbows.

	Physical Science/Physics /Quantum Phenomenon /Light & Radiation / General Chemistry
	Beta Decay
	HS/Univ
	PS1

HS-PS1.8
	Nuclear Decay 

Beta Decay 

Nuclear Physics 

Watch beta decay occur for a collection of nuclei or for an individual nucleus.


	Physical Science/Physics / Heat & Thermo/Quantum Phenomenon /Light & Radiation / General Chemistry / Earth Science / Tools
	Blackbody Spectrum
	MS/HS / Univ
	
	Blackbody

Sun

Light

Quantum Mechanics
How does the blackbody spectrum of the sun compare to visible light? Learn about the blackbody spectrum of the sun, a light bulb, an oven, and the earth. Adjust the temperature to see the wavelength and intensity of the spectrum change. View the color of the peak of the spectral curve.



	Math / Tools
	Build a Fraction
	Elm/MS/HS
	
	Fractions 

Equivalent Fractions 

Mixed Numbers 

Build fractions from shapes and numbers to earn stars in this fractions game or explore in the Fractions Lab. Challenge yourself on any level you like. Try to collect lots of stars!


	Physical Science/Chemistry
	Build a Molecule
	MS/HS/Univ
	PS2
	Atoms 

Molecules 

Molecular Formula 

Starting from atoms, see how many molecules you can build. Collect your molecules and see them in 3D!



	Physical Science/General Chemistry
	Build an Atom
	Elm/MS/HS
	PS1.A
	Atomic Structure 

Atoms 

Build an atom out of protons, neutrons, and electrons, and see how the element, charge, and mass change. Then play a game to test your ideas!



	 Physical Science/Physics / Motion
	Buoyancy
	MS/HS/Univ
	
	Buoyancy 

Density 

When will objects float and when will they sink? Learn how buoyancy works with blocks. Arrows show the applied forces, and you can modify the properties of the blocks and the fluid.




	Disciplinary Core Idea
	C
	Grade Level
	NGSS
	Notes

	Math / Tools
	Calculus Grapher
	HS/ Univ
	
	Derivative 

Integral 

Draw a graph of any function and see graphs of its derivative and integral. Don't forget to use the magnify/demagnify controls on the y-axis to adjust the scale.



	Physical Science/Physics/

Electricity/

Magnetism/Circuits
	Capacitor Lab
	MS/HS/ Univ
	HS-PS3-2.
	Electric fields 

Static charge

Electrically charged plates 

Explore how a capacitor works! Change the size of the plates and add a dielectric to see how it affects capacitance. Change the voltage and see charges built up on the plates. Shows the electric field in the capacitor. Measure voltage and electric field.


	Physical Science/Physics/

Electricity/

Magnetism/Circuits
	Charges and Fields
	HS/ Univ
	HS-PS2-4
	Electric Field 

Voltage 

Equipotential 

Move point charges around on the playing field and then view the electric field, voltages, equipotential lines, and more. It's colorful, it's dynamic, it's free.



	Physical Science/Physics/

Electricity/

Magnetism/Circuits
	Circuit Construction Kit (AC+DC)
	MS/ HS/ Univ
	
	Circuits 

Light Bulbs 

Batteries 

Switches 

Ammeter 

Voltmeter 

Capacitor 

Inductor 

AC Voltage 

This new version of the CCK adds capacitors, inductors and AC voltage sources to your toolbox! Now you can graph the current and voltage as a function of time.



	Physical Science/Physics/

Electricity/

Magnetism/Circuits
	Circuit Construction Kit (AC+DC), Virtual Lab
	MS/ HS/ Univ
	
	Circuits 

Light Bulbs 

Batteries 

Switches 

Ammeter 

Voltmeter 

Capacitor 

Inductor 

AC Voltage 

Build circuits with capacitors, inductors, resistors and AC or DC voltage sources, and inspect them using lab instruments such as voltmeters and ammeters.



	Physical Science/Physics/

Electricity/

Magnetism/Circuits
	Circuit Construction Kit (DC Only)
	Elm/MS/HS/Univ
	
	Circuits 

Light Bulbs 

Batteries 

Switches 

Ammeter 

Voltmeter 

An electronics kit in your computer! Build circuits with resistors, light bulbs, batteries, and switches. Take measurements with the realistic ammeter and voltmeter. View the circuit as a schematic diagram, or switch to a life-like view.


	Physical Science/Physics/

Electricity/

Magnetism/Circuits
	Circuit Construction Kit (DC Only), Virtual Lab
	Elm/MS/HS/Univ
	
	Circuits 

Light Bulbs 

Batteries 

Switches 

Ammeter 

Voltmeter 

Build circuits with resistors, light bulbs, batteries, and switches and take measurements with laboratory equipment like the realistic ammeter and voltmeter.


	Physical Science/Physics/

Motion
	Collision Lab
	Elm*/MS/HS/ Univ
	PS1.B

PS3.B

4-PS3-3

MS-PS2-1

MS-PS2-2

HS-PS1-4

HS-PS1-5

HS-PS2-3
	Collisions 

Momentum 

Velocity 

Use an air hockey table to investigate simple collisions in 1D and more complex collisions in 2D. Experiment with the number of discs, masses, and initial conditions. Vary the elasticity and see how the total momentum and kinetic energy changes during collisions.


	Physical Science/Physics/

Light / Life Science / Biology
	Color Vision
	Elm/MS/HS/ Univ
	4-PS4-2

MS-PS4-2
	Photons 

Rainbows 

Monochromatic Light 

White Light 

Make a whole rainbow by mixing red, green, and blue light. Change the wavelength of a monochromatic beam or filter white light. View the light as a solid beam, or see the individual photons.



	Physical Science/Chemistry/ General
	Concentration
	Elm/MS/HS/Univ
	Structure & Function  [CCC]

5-PS1-3

MS-PS1-2

HS-ESS2-5
HS-PS1-7


	Solutions 

Concentration 

Molarity 

Moles 

Volume 

Saturation 

Solubility 

Watch your solution change color as you mix chemicals with water. Then check molarity with the concentration meter. What are all the ways you can change the concentration of your solution? Switch solutes to compare different chemicals and find out how concentrated you can go before you hit saturation!



	Physical Science/Physics

Electricity, Magnets & Circuits Quantum Phenomena



	Conductivity
	HS/ Univ
	PS1

PS1.A

5-PS1-3
	Conductivity 

Energy Levels 

Photoconductors 

Experiment with conductivity in metals, plastics and photoconductors. See why metals conduct and plastics don't, and why some materials conduct only when you shine a flashlight on them.



	Life Science/ Biology/Math/ Tools
	Curve Fitting
	MS/HS/Univ
	Anything requiring working with collected data and analysis. 
	Polynomials 

Error Analysis 

With your mouse, drag data points and their error bars, and watch the best-fit polynomial curve update instantly. You choose the type of fit: linear, quadratic, cubic, or quartic. The reduced chi-square statistic shows you when the fit is good. Or you can try to find the best fit by manually adjusting fit parameters.
Error analysis and ‘best fit’ curve fitting [Like how Logger Pro 3 works after graphing data]




	Disciplinary Core Idea
	D
	Grade Level
	NGSS
	Notes

	Physical Science/Physics/Quantum Phenomenon
	Davisson-Germer: Electron Diffraction
	Univ
	
	Electron Diffraction
Simulate the original experiment that proved that electrons can behave as waves. Watch electrons diffract off a crystal of atoms, interfering with themselves to create peaks and troughs of probability.



	Physical Science/Physics /General Chemistry / Life science / Biology
	Density
	Elm/MS/HS/Univ
	Scale, Proportion, and Quantity [CCC]

PS1.A 
5-PS1-3 
ESS2.C (application)
	Density 

Mass 

Volume 

Why do objects like wood float in water? Does it depend on size? Create a custom object to explore the effects of mass and volume on density. Can you discover the relationship? Use the scale to measure the mass of an object, and then hold the object under water to measure its volume. Can you identify all the mystery objects?



	Physical Science/Physics/Quantum Phenomenon 
	Double Wells and Covalent Bonds
	Univ
	
	Tunneling 

Splitting 

Spin 1/2 Particles 

Ammonia Molecules 

‘Potential wells’, bonding

Explore tunneling splitting in double well potentials. This classic problem describes many physical systems, including covalent bonds, Josephson junctions, and two-state systems such as spin 1/2 particles and ammonia molecules.




	Disciplinary Core Idea
	E
	Grade
 Level
	NGSS
	Notes

	Life Science / Biology
	Eating & Exercise
	Elm/ MS/HS/ Univ
	PS2.C (FW)
	Biology 

Food 

Exercise 

Energy 

How many calories are in your favorite foods? How much exercise would you have to do to burn off these calories? What is the relationship between calories and weight? Explore these issues by choosing diet and exercise and keeping an eye on your weight.

[Health, Food energy, cellular respiration, healthy heart, BMI, role exercise plays, calories in/out]


	Physical Science/Physics/

Electricity/

Magnetism/Circuits
	Electric Field Hockey
	Elm/ MS/HS/ Univ
	PS2.B

MS-PS2-5
HS-PS2-4

MS-PS3-2.

6.NS.C.5
	Electricity 

Electric Charges 

Electric Field 

Play hockey with electric charges. Place charges on the ice, then hit start to try to get the puck in the goal. View the electric field. Trace the puck's motion. Make the game harder by placing walls in front of the goal. This is a clone of the popular simulation of the same name marketed by Physics Academic Software and written by Prof. Ruth Chabay of the Dept of Physics at North Carolina State University.
[Play/application, Electricity, Electric Charges, Electric Field, (very fun to observe the trace of a particle moving in the field!]


	Physical Science/Physics/

Electricity/

Magnetism/Circuits
	Electric Field of Dreams
	HS/ Univ
	HS-PS2.B

MS-PS3.A
HS-PS3-5.

6.NS.C.5

	Electricity 

Electric Charges 

Electric Field 
Play ball! Add charges to the Field of Dreams and see how they react to the electric field. Turn on a background electric field and adjust the direction and magnitude. 



	Physical Science/Physics/

Heat & Thermo/ General Chemistry /
	Energy Forms and Changes
	Elm/ MS/ HS/
	PS1.B

HS/MS-PS3.A
MS-PS3.B

HS-PS3.B

HS-PS3.D

HS-PS4.B

HS-ESS2.A


	Energy

Conservation of Energy

Energy Systems

Energy Forms

Energy Changes

Thermal Energy
Explore how heating and cooling iron, brick, and water adds or removes energy. See how energy is transferred between objects. Build your own system, with energy sources, changers, and users. Track and visualize how energy flows and changes through your system.



	Physical Science/Physics/

Work/Energy/Power
	Energy Skate Park
	Elm/MS/ HS/Univ
	HS-PS1.B

PS2.A

PS2.B

5-PS2.B

PS3.A

Elm/MS-PS3.A

PS3.B
MS-PS3.B

HS-PS3.B

PS3.D

MS-PS3.D


	Energy 

Conservation of Energy 

Kinetic Energy 

Potential Energy 

Friction 
Learn about conservation of energy with a skater dude! Build tracks, ramps and jumps for the skater and view the kinetic energy, potential energy and friction as he moves. You can also take the skater to different planets or even space!


	Physical Science/Physics/

Work/Energy/Power
	Energy Skate Park: Basics
	Elm/ MS/
	HS-PS1.B

PS2.A

PS2.B

5-PS2.B

PS3.A

Elm/MS-PS3.A

PS3.B

MS-PS3.B

HS-PS3.B

PS3.D

MS-PS3.D


	Energy 

Conservation of Energy 

Kinetic Energy 

Potential Energy 

Friction
Learn about conservation of energy with a skater dude! Explore different tracks and view the kinetic energy, potential energy and friction as he moves. Build your own tracks, ramps and jumps for the skater.



	Math/Tools
	Equation Grapher
	MS/HS/ Univ
	HS-PS2-1
HS-PS2-2
HSN.Q.A.1
HSA.CED.A.2
HSF-IF.C.7

	Graphing 

Polynomials 

Curves 
Learn about graphing polynomials. The shape of the curve changes as the constants are adjusted. View the curves for the individual terms (e.g. y=bx ) to see how they add to generate the polynomial curve.

Logger Pro 3



	Math/ Tools
	Estimation
	Elm/ MS/HS/ Univ
	Scale, Proportion, and Quantity [CCC]
	Estimation

Explore size estimation in one, two and three dimensions! Multiple levels of difficulty allow for progressive skill improvement.




	Disciplinary Core Idea
	F
	Grade
 Level
	NGSS
	Notes

	Physical Science/Physics/ Work / Energy /Power /
Electricity/

Magnetism/Circuits
	Faraday's Electromagnetic Lab
	Elm/MS/HS/Univ
	HS-PS1.A
PS2.B

5/MS/HS-PS2.B

PS3.A

HS-PS3-5

MS-PS3.A

PS3.C

5/MS/HS-PS3.C

PS4.B [EMR]

LS1.D [EMR]

HS-ESS2.A

ESS2.B

ESS2.D [EMR]


	Faraday's Law 

Magnetic Field 

Magnets 

Play with a bar magnet and coils to learn about Faraday's law. Move a bar magnet near one or two coils to make a light bulb glow. View the magnetic field lines. A meter shows the direction and magnitude of the current. View the magnetic field lines or use a meter to show the direction and magnitude of the current. You can also play with electromagnets, generators and transformers!


	Physical Science/Physics/

Electricity/

Magnetism/Circuits
	Faraday's Law
	MS/ HS/ Univ
	HS-PS1.A

PS2.B

5/MS/HS-PS2.B

PS3.A

MS-PS3.A

PS3.C

5/MS/HS-PS3.C

PS4.B [EMR]

LS1.D [EMR]

HS-ESS2.A

ESS2.B

ESS2.D [EMR]


	Faraday's Law 

Magnetic Field 

Magnets 

Light a light bulb by waving a magnet. This demonstration of Faraday's Law shows you how to reduce your power bill at the expense of your grocery bill.

	Physical Science/Physics/

Motion / Earth Science
	Fluid Pressure and Flow
	HS/Univ
	Structure & Function [CCC}
PS1.A

MS-PS1.A

PS4.A

ESS2.A:
	Pressure 

Water 

Fluids 

Fluid Dynamics 

Bernoulli 

Density 

Explore pressure in the atmosphere and underwater. Reshape a pipe to see how it changes fluid flow speed. Experiment with a leaky water tower to see how the height and water level determine the water trajectory.


	Physical Science/Physics/

Motion
	Forces and Motion
	 MS/ HS/ Univ
	Developing and Using Models

 [SEP]

Stability & Change [CCC]

PS2
PS2.A

5/MS/HS- PS2.A

PS2.B [E,M,G]

 5-PS2.B

MS-PS3.B

PS3.C

PS3.D

2/MS-PS3.D
	Force 

Position 

Velocity 

Acceleration 

Explore the forces at work when you try to push a filing cabinet. Create an applied force and see the resulting friction force and total force acting on the cabinet. Charts show the forces, position, velocity, and acceleration vs. time. View a Free Body Diagram of all the forces (including gravitational and normal forces).

	Physical Science/Physics/

Motion
	Forces and Motion: Basics
	Elm/ MS/ HS/
	PS2

PS2.A

5/MS/HS- PS2.A

PS2.B [E,M,G]

5-PS2.B

MS-PS3.B

PS3.C

PS3.D

2/MS-PS3.D 
	Force 

Motion 

Friction 

Speed 

Newton's First Law 

Explore the forces at work in a tug of war or pushing a refrigerator, crate, or person. Create an applied force and see how it makes objects move. Change friction and see how it affects the motion of objects.


	Physical Science/Physics/

Motion
	Forces in 1 Dimension
	MS/HS
	PS2

PS2.A

5/MS/HS- PS2.A 

HS-PS2-1
PS2.B [E,M,G]

5-PS2.B

MS-PS3.B

PS3.C

PS3.D

2/MS-PS3.D 
	Force 

Position 

Velocity 

Acceleration 

Explore the forces at work when you try to push a filing cabinet. Create an applied force and see the resulting friction force and total force acting on the cabinet. Charts show the forces, position, velocity, and acceleration vs. time. View a Free Body Diagram of all the forces (including gravitational and normal forces)


	Physical Science/Physics/
Sound & Waves/ 

Quantum Phenomenon/ Light & Radiation / General Chemistry/
Tools
	Fourier: Making Waves
	HS/Univ
	No direct application identified @ the present time, however, there is CCSS math applications
	Waves 

Sines 

Cosines 

Learn how to make waves of all different shapes by adding up sines or cosines. Make waves in space and time and measure their wavelengths and periods. See how changing the amplitudes of different harmonics change the waves. Compare different mathematical expressions for your waves.


	Math/ Tools
	Fraction Matcher
	Elm/ MS/ HS/
	CCSS math applications
	Fractions 

Equivalent Fractions 

Mixed Numbers 

Match shapes and numbers to earn stars in this fractions game. Challenge yourself on any level you like. Try to collect lots of stars!


	Math/ Tools
	Fractions Intro
	Elm/ MS/ HS/
	CCSS math applications
	Fractions 

Equivalent Fractions 

Improper Fraction 

Number Line 

Explore fractions while you help yourself to 1/3 of a chocolate cake and wash it down with 1/2 a glass of orange juice! Create your own fractions using fun interactive objects. Match shapes and numbers to earn stars in the fractions games. Challenge yourself on any level you like. Try to collect lots of stars!


	Math/ Tools
	Friction
	Elm/ MS/ HS/
	2-PS2.A
PS2.B

5- PS2.B

PS3.B

MS-PS3.B

PS3.D

2, MS- PS3.D
	Friction 

Thermodynamics 

Heat 

Learn how friction causes a material to heat up and melt. Rub two objects together and they heat up. When one reaches the melting temperature, particles break free as the material melts away.




	Disciplinary Core Idea
	G
	Grade

Level
	NGSS
	Notes

	Physical Science/ Physics/ Work, Energy & Power / Heat & Thermo / General Chemistry / Earth Science/ Applications
	Gas Properties
	Elm/MS/HS/Univ
	Structure and Function [CCC]

Developing and Using Models [SEP]

5-PS1-1

HS-PS1-3
PS3.A
PS3.B

5-LS2.B

ESS1.A

ESS2.D
	Gas 

Heat 

Thermodynamics 

Gravity 

Pressure 

Ideal Gas Law 

Boyle's Law 

Charles' Law 

Pump gas molecules to a box and see what happens as you change the volume, add or remove heat, change gravity, and more. Measure the temperature and pressure, and discover how the properties of the gas vary in relation to each other.


	Life Science / Biology
	Gene Expression - The Basics
	HS/ Univ
	LS1.B

LS3

MS/HS-LS3.A

LS4
	Gene Expression 

DNA Transcription 

Protein Synthesis 

Cells 

Express yourself through your genes! See if you can generate and collect three types of protein, then move on to explore the factors that affect protein synthesis in a cell.


	Life Science /
	Gene Machine: The Lac Operon
	
	
	

	Physical Science/ Physics/ Work, Energy & Power / Electricity Magnetism, Circuits
	Generator
	Elm/MS/HS/Univ
	Using Math and Computational Thinking [SEP]

PS2.B

HS-PS2-5

5-PS3.B
5-PS3.D


	Generator 

Faraday's Law 

Magnetic Field 

Induction 

Generate electricity with a bar magnet! Discover the physics behind the phenomena by exploring magnets and how you can use them to make a bulb light.


	Physical science / Light & Radiation
	Geometric Optics
	MS/HS/Univ
	HS-PS4.A
5/MS-PS4.B

5-PS4.C
	Refraction 

Lens 

Optics 

How does a lens form an image? See how light a lens refracts rays. Watch how the image changes when you adjust the focal length of the lens, move the object, move the lens, or move the screen.


	Earth Science /
	Glaciers
	Elm/MS/HS/Univ
	5- ESS1.C
HS- ESS2.A

5-ESS2.C

5/MS/HS-ESS2.D


	Glaciers 

Climate 

Adjust mountain snowfall and temperature to see the glacier grow and shrink. Use scientific tools to measure thickness, velocity and glacial budget.



	Math / Tools
	Graphing Lines
Related:

Equation Grapher
Calculus Grapher
	MS / HS
	
	Graphing Linear Equations 

Lines 

Slope 

Explore the world of lines. Investigate the relationships between linear equations, slope, and graphs of lines. Challenge yourself in the line game!


	Physical Science / Physics / Motion / Earth and Space Science
	Gravity and Orbits
Related:

My Solar System
Gravity Force Lab
	Elm/MS/HS/Univ
	Cause and Effect: Mechanism and Prediction [CCC]
Stability & Change [CCC]

PS2
PS2.B

MC-PS2.C

ESS1

5/MS/HS-ESS1.B
	Gravitational Force 

Astronomy 

Circular Motion 

Move the sun, earth, moon and space station to see how it affects their gravitational forces and orbital paths. Visualize the sizes and distances between different heavenly bodies, and turn off gravity to see what would happen without it!


	Physical Science / Physics / Motion 
	Gravity Force Lab
	Elm/MS/HS/Univ
	Cause and Effect: Mechanism and Prediction [CCC]

Stability & Change [CCC]

HS-PS2.B
MS/HS-PS2-4,5


	Force 

Gravity 

Visualize the gravitational force that two objects exert on each other. Change properties of the objects in order to see how it changes the gravity force.


	Physical Science / Physics/ Heat & Thermo / Light & Radiation / General Chemistry/ Earth & Space Science/ 
	The Greenhouse Effect
	Elm/MS/HS/Univ
	ESS2.D
MS/HS-ESS1.D

ESS2.E

MS-ESS3.D
	Greenhouse Effect 

Greenhouse Gases 

Heat 

Thermodynamics 

Climate 

How do greenhouse gases affect the climate? Explore the atmosphere during the ice age and today. What happens when you add clouds? Change the greenhouse gas concentration and see how the temperature changes. Then compare to the effect of glass panes. Zoom in and see how light interacts with molecules. Do all atmospheric gases contribute to the greenhouse effect?



	Disciplinary Core Idea
	I
	Grade

Level
	NGSS
	Notes

	Physical Science / General Chemistry/
	Isotopes and Atomic Mass
	MS/HS/Univ
	Patterns [CCC]
PS1.A

HS-PS1.C

HS-PS3.B

PS4.B

ESS2.B

HS-ESS2.B
	Isotopes 

Atomic Mass 

Are all atoms of an element the same? How can you tell one isotope from another? Use the sim to learn about isotopes and how abundance relates to the average atomic mass of an element.



	Disciplinary Core Idea
	J
	Grade

Level
	NGSS
	Notes

	Physical Science / Physics / Electricity, Magnets & Circuits
	John Travoltage
	Elm/MS/HS/Univ
	HS-PS2.B
	Static Electricity
Make sparks fly with John Travoltage. Wiggle Johnnie's foot and he picks up charges from the carpet. Bring his hand close to the door knob and get rid of the excess charge.



	Disciplinary Core Idea
	K
	Grade

Level
	NGSS
	Notes

	Physical Science / Physics / Motion
	Ladybug Motion 2D
	Elm/MS/HS/Univ
	· Cause and Effect: Mechanism and Prediction [CCC]
· Energy and Matter: Flows, Cycles, and Conservation [CCC]

· Using Mathematics and Computational Thinking [SEP]

2/5/MS/HS-PS2.A
	Position 

Velocity 

Acceleration 

Learn about position, velocity and acceleration vectors. Move the ladybug by setting the position, velocity or acceleration, and see how the vectors change. Choose linear, circular or elliptical motion, and record and playback the motion to analyze the behavior.

Good  ‘visual’ introduction to what velocity and acceleration are 

	Physical Science / Physics / Motion
	Ladybug Revolution
	MS/HS/Univ
	· Cause and Effect: Mechanism and Prediction [CCC]

· Energy and Matter: Flows, Cycles, and Conservation [CCC]

· Using Mathematics and Computational Thinking [SEP]

2/5/MS/HS-PS2.A
	Join the ladybug in an exploration of rotational motion. Rotate the merry-go-round to change its angle, or choose a constant angular velocity or angular acceleration. Explore how circular motion relates to the bug's x,y position, velocity, and acceleration using vectors or graphs.

	Physical Science/Physics

Light & RadiationQuantum Phenomena / Quantum Chemistry



	Lasers
	MS/HS/Univ
	HS-PS4.C
	Laser 

Photon Beams 

Quantum Mechanics 

Create a laser by pumping the chamber with a photon beam. Manage the energy states of the laser's atoms to control its output.


	Physical Science / Physics / Motion
	Lunar Lander
	Elm/MS/HS/Univ
	
	Lunar Landing 

Moon 

Mass 

Thrust 

Fuel Consumption 

Gravity 

Can you avoid the boulder field and land safely, just before your fuel runs out, as Neil Armstrong did in 1969? Our version of this classic video game accurately simulates the real motion of the lunar lander with the correct mass, thrust, fuel consumption rate, and lunar gravity. The real lunar lander is very hard to control.



	Disciplinary Core Idea
	M
	Grade

Level
	NGSS
	Notes

	Physical Science/ Physics / Electricity Magnetism,
	Magnet and Compass
	Elm/MS/HS/Univ
	5-PS1-3
	Magnetic Field 

Magnets 

Compass 

Ever wonder how a compass worked to point you to the Arctic? Explore the interactions between a compass and bar magnet, and then add the earth and find the surprising answer! Vary the magnet's strength, and see how things change both inside and outside. Use the field meter to measure how the magnetic field changes.



	Physical Science/ Physics / Electricity Magnetism,
	Magnets and Electromagnets
	Elm/MS/HS/Univ
	5-PS1-3
HS-PS2.B

MS-PS3.A

HS-ESS2.A
	Magnetic Field

Magnets

Electromagnets

Explore the interactions between a compass and bar magnet. Discover how you can use a battery and wire to make a magnet! Can you make it a stronger magnet? Can you make the magnetic field reverse?


	Physical Science / Physics / Motion / Work, Energy, Power
	Masses & Springs
	Elm/MS/HS/Univ
	HS-PS3.A 
(HS-PS3-1)
	Springs

Hooke's Law

Conservation of Energy

Measurement

A realistic mass and spring laboratory. Hang masses from springs and adjust the spring stiffness and damping. You can even slow time. Transport the lab to different planets. A chart shows the kinetic, potential, and thermal energy for each spring.


	Life Science/
	Membrane Channels
	MS/HS
	MS-LS1.A
(MS-LS1-2)

	Membrane Channels

Cell Membrane

Diffusion

Insert channels in a membrane and see what happens. See how different types of channels allow particles to move through the membrane.

	Physical Science / Physics/ Sound & Waves /Heat & Thermo / Light & Radiation / General Chemistry
	Microwaves
	MS/HS/Univ
	HS-PS4.B
PS4.C

ESS1.A
	Microwaves

Heat

Thermodynamics

Molecules

How do microwaves heat up your coffee? Adjust the frequency and amplitude of microwaves. Watch water molecules rotating and bouncing around. View the microwave field as a wave, a single line of vectors, or the entire field.

	Physical Science/Physics

Light & RadiationQuantum Phenomena / General & Quantum Chemistry



	Models of the Hydrogen Atom
	HS/Univ
	Using Mathematics and Computational Thinking [SEP]

	Quantum Mechanics

Hydrogen Atom

Bohr Model

DeBroglie Wavelength

Schrodinger Model

How did scientists figure out the structure of atoms without looking at them? Try out different models by shooting light at the atom. Check how the prediction of the model matches the experimental results.


	Physical Science/General Chemistry
	Molarity
	HS/Univ
	HS-PS1-7

	Solutions

Molarity

Moles

Volume

Solubility

Saturation

What determines the concentration of a solution? Learn about the relationships between moles, liters, and molarity by adjusting the amount of solute and solution volume. Change solutes to compare different chemical compounds in water.

	Physical Science/Physics / Light & Radiation / Biology /Cutting Edge Research
	Molecular Motors
	Univ
	
	Discover what controls how fast tiny molecular motors in our body pull through a single strand of DNA. How hard can the motor pull in a tug of war with the optical tweezers? Discover what helps it pull harder. Do all molecular motors behave the same?

	Physical Science/ General Chemistry /
Biology
	Molecule Polarity
	HS/Univ
	HS-PS1-3

	Polarity

Electronegativity

When is a molecule polar? Change the electronegativity of atoms in a molecule to see how it affects polarity. See how the molecule behaves in an electric field. Change the bond angle to see how shape affects polarity. See how it works for real molecules in 3D.


	  Physical Science/Physics / Light & Radiation / General Chemistry /Earth Science
	Molecules and Light
	MS/HS/Univ
	Ozone Layer
	Molecules

Light

Photons

Absorption

Do you ever wonder how a greenhouse gas affects the climate, or why the ozone layer is important? Use the sim to explore how light interacts with molecules in our atmosphere.


	Physical Science/General Chemistry/ Cutting Edge Research
	Molecule Shapes
	HS/Unv
	
	Molecules

VSEPR

Bonds

Lone Pairs

Explore molecule shapes by building molecules in 3D! How does molecule shape change with different numbers of bonds and electron pairs? Find out by adding single, double or triple bonds and lone pairs to the central atom. Then, compare the model to real molecules!
[Does not run on a Mac & Java 7]



	Physical Science/ General Chemistry
	Molecule Shapes: Basics
	MS/HS
	
	Molecules

Atoms

Bonds

Angle

Explore molecule shapes by building molecules in 3D! Find out how a molecule's shape changes as you add atoms to a molecule.

[Does not run on a Mac & Java 7]



	 Physical Science / Physics / Motion/ Applications
	Motion in 2D
	MS/HS/Univ
	· Cause and Effect: Mechanism and Prediction [CCC]

· Energy and Matter: Flows, Cycles, and Conservation [CCC]

· Using Mathematics and Computational Thinking [SEP]

2/5/MS/HS-PS2.A
	Motion

Acceleration

Velocity

Try the new "Ladybug Motion 2D" simulation for the latest updated version. Learn about position, velocity, and acceleration vectors. Move the ball with the mouse or let the simulation move the ball in four types of motion (2 types of linear, simple harmonic, circle).



	Physical Science / Physics / Motion/ Applications
	The Moving Man
	Elm/MS/HS/Univ
	· Cause and Effect: Mechanism and Prediction [CCC]

· Energy and Matter: Flows, Cycles, and Conservation [CCC]

· Using Mathematics and Computational Thinking [SEP]

2/5/MS/HS-PS2.A
	Position

Velocity

Acceleration

Learn about position, velocity, and acceleration graphs. Move the little man back and forth with the mouse and plot his motion. Set the position, velocity, or acceleration and let the simulation move the man for you.



	Physical Science / Physics / Motion/ Work, Energy & Power/Earth & Space Science/
	My Solar System
	[Elm/MS]/HS/Univ
	Stability and Change [CCC]
Structure & Function [CCC]

MS-PS2.C

5/MS/HS-ESS1.B

(MS-ESS1-2),(MS-ESS1-3)

HS-ESS2.D


	Motion

Acceleration

Velocity

Position

Gravity

Build your own system of heavenly bodies and watch the gravitational ballet. With this orbit simulator, you can set initial positions, velocities, and masses of 2, 3, or 4 bodies, and then see them orbit each other.



	Disciplinary Core Idea
	N
	Grade

Level
	NGSS
	Notes

	Life Science/ Biology
	Natural Selection
	Elm/MS/[HS]/Univ
	· Cause and Effect: Mechanism and Prediction [CCC]

· Asking Questions and Defining Problems [SEP]

· Constructing Explanations and Designing Solutions [SEP]

HS-LS1.A
MS/HS-LS1.B

LS2.C

MS/HS-LS2.D

MS/MS-LS3.A

MS/HS-LS3.B

MS/HS-LS4.A

MS/HS-LS4.B

MS/HS-LS4.C
	Natural Selection

Evolution

Genetics

Explore natural selection by controlling the environment and causing mutations in bunnies.



	Physical Science/Physics

Light & RadiationQuantum Phenomena / General & Quantum Chemistry



	Neon Lights & Other Discharge Lamps
	HS/Univ
	HS-PS1-1

PS4.B

HS-ESS1.A


	Light

Electrons

Energy Levels

Produce light by bombarding atoms with electrons. See how the characteristic spectra of different elements are produced, and configure your own element's energy states to produce light of different colors.


	Life Science/ Biology
	Neuron
	HS/Univ
	LS1.A

MS-LS1.D
	Biology

Cells

Stimulate a neuron and monitor what happens. Pause, rewind, and move forward in time in order to observe the ions as they move across the neuron membrane.



	Physical Science / Physics / Motion/ Sound & Waves
	Normal Modes
	Univ
	No applications
	Oscillator

Normal Modes

Polarization

Mass Spring System

Frequency

Amplitude

Phase

Play with a 1D or 2D system of coupled mass-spring oscillators. Vary the number of masses, set the initial conditions, and watch the system evolve. See the spectrum of normal modes for arbitrary motion. See longitudinal or transverse modes in the 1D system.



	Physical Science / Physics/ Work, Energy, Power/Heat & Thermo / Light & RadiationQuantum Phenomena / General & Quantum Chemistry



	Nuclear Fission
	MS/HS/Univ
	HS-PS1.C
HS-PS2.B

HS-PS3.B

PS3.D

PS4.B

ESS1.A

HS-ESS1.C

HS-ESS2.B

ESS2.D
	Fission

Chain Reaction

Atomic Nuclei

Start a chain reaction, or introduce non-radioactive isotopes to prevent one. Control energy production in a nuclear reactor! (Previously part of the Nuclear Physics simulation - now there are separate Alpha Decay and Nuclear Fission sims.)




	Disciplinary Core Idea
	O
	Grade

Level
	NGSS
	Notes

	Physical Science/ Physics / Electricity Magnetism, Circuits / Tools
	Ohm's Law
	MS/HS/Univ
	No direct applications found
CCSS Math application of the formula
	Ohm's Law

Circuits

See how the equation form of Ohm's law relates to a simple circuit. Adjust the voltage and resistance, and see the current change according to Ohm's law. The sizes of the symbols in the equation change to match the circuit diagram.



	Cutting Edge Research / Tool
	Optical Quantum Control
	HS/Univ
	No direct applications found
	Optics

Pulses

Explore an active area of research in optical physics: producing designer pulse shapes to achieve specific purposes, such as breaking apart a molecule. Carefully create the perfect shaped pulse to break apart a molecule by individually manipulating the colors of light that make up a pulse.


	Physical Science / Physics / Motion/ Light & Radiation / Life Science / Biology Cutting Edge Research / Tool
	Optical Tweezers and Applications
	Univ
	No direct applications found
	Did you ever imagine that you can use light to move a microscopic plastic bead? Explore the forces on the bead or slow time to see the interaction with the laser's electric field. Use the optical tweezers to manipulate a single strand of DNA and explore the physics of tiny molecular motors. Can you get the DNA completely straight or stop the molecular motor?




	Disciplinary Core Idea
	P
	Grade

Level
	NGSS
	Notes

	Physical Science / Physics / Motion / Applications
	Pendulum Lab
	Elm/MS/HS/Univ
	5-PS2.C
PS3.A

HS-PS3.B

PS3.C
	Pendulum

Periodic Motion

Play with one or two pendulums and discover how the period of a simple pendulum depends on the length of the string, the mass of the pendulum bob, and the amplitude of the swing. It's easy to measure the period using the photogate timer. You can vary friction and the strength of gravity. Use the pendulum to find the value of g on planet X. Notice the anharmonic behavior at large amplitude.


	Physical Science / Physics/ Quantum Phenomena / General & Quantum Chemistry



	Photoelectric Effect
	HS/ Univ
	HS-PS3.A
	Light

Quantum Mechanics

Photons

See how light knocks electrons off a metal target, and recreate the experiment that spawned the field of quantum mechanics.



	Life Science/Biology
Physical Science/ General Chemistry

Earth Science/ Applications
	pH Scale
	MS/HS/Univ
	PS1.B

5-PS1-3
HS-LS1.A

HS-LS1.C

HS-ESS3.C
	pH

Dilution

Acids

Bases

Test the pH of things like coffee, spit, and soap to determine whether each is acidic, basic, or neutral. Visualize the relative number of hydroxide ions and hydronium ions in solution. Switch between logarithmic and linear scales. Investigate whether changing the volume or diluting with water affects the pH. Or you can design your own liquid!



	Earth Science
	Plate Tectonics
	MS/HS/Univ
	· Structure and Function [CCC]
HS-ESS1.C

HS-ESS2.A

MS/HS-ESS2.B

ESS2.C


	Plate Tectonics

Crust

Lithosphere

Mantle

Density

Buoyancy

Earth Science

Explore how plates move on the surface of the earth. Change temperature, composition, and thickness of plates. Discover how to create new mountains, volcanoes, or oceans!


	Life Science / Biology/ Math / Tools
	Plinko Probability
	MS/HS/Univ
	No direct applications found

CCSS Math Applications
	Probability

Histograms

Play Plinko and develop your knowledge of statistics. Drops balls through a triangular grid of pegs and see the balls random walk through the lattice. Watch the histogram of final positions build up and approach the binomial distribution. Inspired by the Virtual Lab in Probability and Statistics at U. Alabama in Huntsville (www.math.uah.edu/stat)



	Physical Science / Physics / Motion / Applications
	Projectile Motion
	Elm/MS/HS/Univ
	3-PS2-1

3-PS2-2.


	Projectile Motion

Angle

Initial Speed

Mass

Air Resistance

Blast a Buick out of a cannon! Learn about projectile motion by firing various objects. Set the angle, initial speed, and mass. Add air resistance. Make a game out of this simulation by trying to hit a target.




	Disciplinary Core Idea
	Q
	Grade

Level
	NGSS
	Notes

	Physical Science / Physics/ Quantum Phenomena / Quantum Chemistry



	Quantum Bound States
	Univ
	No direct applications found
	Quantum Particles

Potential Wells

Waves

Probability Density

‘Potential Wells’

Explore the properties of quantum "particles" bound in potential wells. See how the wave functions and probability densities that describe them evolve (or don't evolve) over time.



	Physical Science / Physics/ Quantum Phenomena 


	Quantum Tunneling and Wave Packets
	Univ
	No direct applications found


	Quantum Particles

Tunneling

Watch quantum "particles" tunnel through barriers. Explore the properties of the wave functions that describe these particles.


	Physical Science / Physics/ Quantum Phenomena / Light & Radiation /Quantum Chemistry / 


	Quantum Wave Interference
	Univ
	No direct applications found


	Quantum Mechanics

Photons

Electrons

Atoms

Particles

Waves

When do photons, electrons, and atoms behave like particles and when do they behave like waves? Watch waves spread out and interfere as they pass through a double slit, then get detected on a screen as tiny dots. Use quantum detectors to explore how measurements change the waves and the patterns they produce on the screen.



	Disciplinary Core Idea
	R
	Grade

Level
	NGSS
	Notes

	Physical Science / Physics / Light & Radiation /
	Radiating Charge
	HS / Univ
	HS-PS2.B
HS-PS2.C

MS-PS3.A
	Electromagnetic Radiation

Dipole Radiation

Electric Field

Speed of Light

The electric field lines from a point charge evolve in time as the charge moves. Watch radiation propagate outward at the speed of light as you wiggle the charge. Stop a moving charge to see bremsstrahlung (braking) radiation. Explore the radiation patterns as the charge moves with sinusoidal, circular, or linear motion. You can move the charge any way you like, as long as you don’t exceed the speed of light.



	Physical Science / Physics / Sound & Waves / Light & Radiation / Electricity, Magnetism & Circuits / General Chemistry
	Radio Waves & Electromagnetic Fields
	MS / HS / Univ
	PS3.A
PS4.C
	Radio Waves

Broadcast radio waves from KPhET. Wiggle the transmitter electron manually or have it oscillate automatically. Display the field as a curve or vectors. The strip chart shows the electron positions at the transmitter and at the receiver.



	Physical Science / Physics/ Motion
	The Ramp
	MS / HS / Univ
	PS2.A

PS2. B

PS2.C


	Force

Energy

Work

Explore forces, energy and work as you push household objects up and down a ramp. Lower and raise the ramp to see how the angle of inclination affects the parallel forces acting on the file cabinet. Graphs show forces, energy and work.



	Physical Science / Physics/ Motion
	Ramp: Forces and Motion

	MS / HS / Univ
	PS2.A
PS2. B

PS2.C


	Force

Position

Velocity

Acceleration

Explore forces and motion as you push household objects up and down a ramp. Lower and raise the ramp to see how the angle of inclination affects the parallel forces. Graphs show forces, energy and work.



	Physical Science / Physics/ General Chemistry
	Reactants, Products and Leftovers
	MS / HS / Univ
	MS/HS-PS1.B

MS-PS3.D
	Chemical Reactions

Limiting Reactants

Create your own sandwich and then see how many sandwiches you can make with different amounts of ingredients. Do the same with chemical reactions. See how many products you can make with different amounts of reactants. Play a game to test your understanding of reactants, products and leftovers. Can you get a perfect score on each level?



	Physical Science / Physics/ Heat & Thermo / Biology / General Chemistry
	Reactions & Rates
	HS / Univ
	MS/HS-PS1.B
MS-PS3.D
	Reaction

Kinematics

Concentration

Equilibrium

Explore what makes a reaction happen by colliding atoms and molecules. Design experiments with different reactions, concentrations, and temperatures. When are reactions reversible? What affects the rate of a reaction?



	Physical Science / Physics/ Electricity, Magnets & Circuits
	Resistance in a Wire
	MS /HS/ Univ
	[To be determined]
	Resistivity

Resistance

Learn about the physics of resistance in a wire. Change its resistivity, length, and area to see how they affect the wire's resistance. The sizes of the symbols in the equation change along with the diagram of a wire.



	Physical Science / Physics/ motion
	Resonance
	HS / Univ
	HS-PS4.A
	Resonance

Harmonic Motion

Oscillator

For advanced undergraduate students: Observe resonance in a collection of driven, damped harmonic oscillators. Vary the driving frequency and amplitude, the damping constant, and the mass and spring constant of each resonator. Notice the long-lived transients when damping is small, and observe the phase change for resonators above and below resonance.


	Physical Science / Physics/ Heat & Thermo / General Chemistry
	Reversible Reactions
	HS / Univ
	[2] PS1.B
	Thermodynamics

Temperature

Heat

Gas

Reaction

Thermal Energy

Watch a reaction proceed over time. How does total energy affect a reaction rate? Vary temperature, barrier height, and potential energies. Record concentrations and time in order to extract rate coefficients. Do temperature dependent studies to extract Arrhenius parameters. This simulation is best used with teacher guidance because it presents an analogy of chemical reactions.



	Physical Science / Physical Science / Physics/ Quantum Phenomena / Chemistry / Quantum Chemistry /



	Rutherford Scattering
	HS/ Univ
	HS-PS1.B
PS1.C
	Quantum Mechanics

Atomic Nuclei

Atomic Structure

Atoms

Alpha Particles

Electric Charges

Electric Force

Rutherford Scattering

Plum Pudding Model

How did Rutherford figure out the structure of the atom without being able to see it? Simulate the famous experiment in which he disproved the Plum Pudding model of the atom by observing alpha particles bouncing off atoms and determining that they must have a small core.




	Disciplinary Core Idea
	S
	Grade

Level
	NGSS
	Notes

	
	Salts & Solubility
	
	5-PS1-3
	

	Cutting Edge Research
	Self-Driven Particle Model
	Univ
	
	Learn how simple rule-driven dynamical systems can produce complex dynamical behavior, like 2nd order phase transitions, criticality and clustering. This simulation will guide you through a tutorial that introduces the model incrementally and depicts the computation of the order parameter, critical parameter and critical exponent.



	Physical Science / Physics/ Electricity, Magnetism & Circuits / Light & RadiationQuantum Phenomena 



	Semiconductors
	Univ
	
	Semiconductors

Diodes

Transistors

Dope the semiconductor to create a diode. Watch the electrons change position and energy.



	Physical Science / Physics/ Electricity, Magnetism & Circuits
	Signal Circuit
	Elm/MS/HS/Univ
	4-PS3-4.


	Signal Circuits

Circuits

Switches

Why do the lights turn on in a room as soon as you flip a switch? Flip the switch and watch the electrons. Does the light turn on immediately? Explain using your observations of the model.


	Physical Science / Physics/ Light & RadiationQuantum Phenomena / Chemistry / Quantum Chemistry / Biology



	Simplified MRI
	HS/Univ
	HS-PS4-3

	MRI

Is it a tumor? Magnetic Resonance Imaging (MRI) can tell. Your head is full of tiny radio transmitters (the nuclear spins of the hydrogen nuclei of your water molecules). In an MRI unit, these little radios can be made to broadcast their positions, giving a detailed picture of the inside of your head.


	Physical Science / Physics / Sound & Waves / Life Science / Biology / Earth Science
	Sound
	Elm/MS/HS/Univ
	5/HS-PS3.A
5-PS3.B

2/5/MS-PS4.A

MS-PS4.B

2-PS4.C

2-LS1.D
	Sound

Waves

This simulation lets you see sound waves. Adjust the frequency or volume and you can see and hear how the wave changes. Move the listener around and hear what she hears.



	Physical Science/ Physics / Heat & Thermo / General Chemistry
	States of Matter
	Elm/MS/HS/Univ
	Any and all

PS PE’s

Some ESS and LS PE’s
	Atomic Bonding

Chemistry

Dipole

Interaction Potential

Molecules

Watch different types of molecules form a solid, liquid, or gas. Add or remove heat and watch the phase change. Change the temperature or volume of a container and see a pressure-temperature diagram respond in real time. Relate the interaction potential to the forces between molecules.



	Physical Science/ Physics / Heat & Thermo / General Chemistry
	States of Matter: Basics
	Elm/MS/HS/Univ
	Any and all
PS PE’s

Some ESS and LS PE’s
	States of Matter

Atoms

Molecules

Heat, cool and compress atoms and molecules and watch as they change between solid, liquid and gas phases.


	Physical Science / Physics/ Quantum Phenomena / /Quantum Chemistry  



	Stern-Gerlach Experiment
	Univ
	No direct application
	Quantum Mechanics

Spin

Quantum Measurement

The classic Stern-Gerlach Experiment shows that atoms have a property called spin. Spin is a kind of intrinsic angular momentum, which has no classical counterpart. When the z-component of the spin is measured, one always gets one of two values: spin up or spin down.



	Physical Science/Physics/ Light & Radiation/Life Science / Cutting Edge Research

	Stretching DNA
	Univ
	No direct application
	Explore stretching just a single strand of DNA using optical tweezers or fluid flow. Experiment with the forces involved and measure the relationship between the stretched DNA length and the force required to keep it stretched. Is DNA more like a rope or like a spring?



	Physical Science/ Chemistry/ General

Life Science


	Sugar and Salt Solutions
	Elm/MS/HS/Univ
	Structure & Function  [CCC]

5-PS1-3

MS-PS1-1

PS1.B

MS-PS1-2

ESS2.C

HS-ESS2-5
HS-PS1-7


	Solutions

Ionic

Covalent

What happens when sugar and salt are added to water? Pour in sugar, shake in salt, and evaporate water to see the effects on concentration and conductivity. Zoom in to see how different sugar and salt compounds dissolve. Zoom in again to explore the role of water.



	Disciplinary Core Idea
	T
	Grade

Level
	NGSS
	Notes

	Physical Science/Physics/ Motion / Applications
	Torque
	MS/HS/Univ
	5/HS-PS2.A
5/HS-ESS1.B

ESS2.D
	Rotation

Torque

Moment of Inertia

Angular Momentum

Investigate how torque causes an object to rotate. Discover the relationships between angular acceleration, moment of inertia, angular momentum and torque.


	Disciplinary Core Idea
	U
	Grade

Level
	NGSS
	Notes

	Physical Science/Physics/
Earth Science
	Under Pressure
	HS/Univ
	MS-PS1.A
MS-ESS2-5
	Pressure

Fluids

Explore pressure under and above water. See how pressure changes as you change fluids, gravity, container shapes, and volume.


	Disciplinary Core Idea
	V
	Grade

Level
	NGSS
	Notes

	Math / Tools
	Vector Addition
	MS/HS/Univ
	3/5-PS2.A
[Could be more connections]
	Vectors

Vector Addition

Learn how to add vectors. Drag vectors onto a graph, change their length and angle, and sum them together. The magnitude, angle, and components of each vector can be displayed in several formats.


	Disciplinary Core Idea
	W
	Grade

Level
	NGSS
	Notes

	Physical Science/Physics/

Sounds & Waves
Light & Radiation

Earth Science/


	Wave Interference
	Elm/MS/HS/Univ
	PS3
	Waves

Sound

Make waves with a dripping faucet, audio speaker, or laser! Add a second source or a pair of slits to create an interference pattern.


	Physical Science/Physics/
Sounds & Waves/ General Chemistry
 Earth Science / Applications
	Wave on a String
	Elm/MS/HS/Univ
	Using Mathematics and Computational Thinking [SEP]
PS3.A
2/5/MS/HS-PS4.A

MS/HS-PS4.B

HS-PS4.C

HS-ESS2.A
	Waves

Frequency

Amplitude

Watch a string vibrate in slow motion. Wiggle the end of the string and make waves, or adjust the frequency and amplitude of an oscillator. Adjust the damping and tension. The end can be fixed, loose, or open.




