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	MECHANICS
	1A10.20
	MEASUREMENT

	Basic Units 

	Standards of Mass 

	Disc 01-01 
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	Show students 1kg and 1 lb. masses to illustrate their size.

Have students lift both to illustrate their weights.

A 1 slug mass can also be shown and lifted.  


 

	MECHANICS
	1A10.35
	MEASUREMENT

	Basic Units 

	Meter Stick 

	Disc 01-01 
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	Show the relative length of the meter and the yard. 

The standard yard and meter are also available.

A globe can be used to talk about the original definition of the kilometer: the line from the pole to the equator through Paris was 10,000 kilometers.




 

	MECHANICS
	1A40.10
	MEASUREMENT

	Basic Units 

	Vectors
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	Use separate arrows of different lengths to show vector sums and resultants.  You can also illustrate the commutative law of vector addition by producing the same resultant when varying the order of the vector addition.  

The arrows can also assembled in a “fixed frame” arrangement to better illustrate moving frames or axis rotation.  




 

	MECHANICS
	1A50.10
	MEASUREMENT

	Math Topics 

	Radian

	Disc 05-12 
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	Show a string with the length of one radius.

Mark off the radii on the circumference of the large white board disk.




 

	MECHANICS
	1A60.10
	MEASUREMENT

	Scaling

	Powers of Ten 
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	There are three versions of the film:

1. A rough sketch

2. A color version narrated by a female

3. A color version narrated by Philip Morrison

The video disk:

1. A rough sketch 8:00

2. Philip Morrison version 8:50

For those that haven't seen this film, it has a picture of a couple having a picnic in a park and the camera starts with a 1 meter frame from 1 meter off the ground, then steps back to a 10 meter frame, then 100 meters frame and continues to the furthest reaches of space. It also goes in the opposite direction into the subatomic regions on the hand of one of the two people in the park. Great film in teaching the significance of using the powers of ten in our world. 




 

	MECHANICS
	1C10.05
	MOTION IN 1D 

	Velocity, Position and Acceleration 

	Ultrasonic Ranger and Student
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	A student walks toward and away from a sonic ranger. The computer displays graphs of position, velocity and acceleration Vs. time. 




	MECHANICS
	1C10.20
	MOTION IN 1D 

	Velocity

	PASCO Dynamics Carts 
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	Demonstrate the principle of velocities with the aid of the Pasco dynamics carts. 

If available, you can also do this with an Airtrack. 




 

	MECHANICS
	1C20.10
	MOTION IN 1D 

	Uniform Acceleration 

	Penny and Feather

	Disc 01-04
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	Shake the penny and feather to one end of the air filled tube. 

Quickly bring the tube to a vertical position and watch the objects fall. The penny will fall faster. 

Connect the tube to the pump and pump the air out. Close the valve and disconnect the tube from the pump and repeat the inversion as before. The penny and feather will fall at the same rate.

The tube is about 150cm long.




 

	MECHANICS
	1C30.10
	MOTION IN 1D 

	Measuring g 

	PASCO Free Fall 
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	The ball can be released from four different heights, 0.5m, 1m, 1.5m and 2m. 

Place the ball between the contacts. Slide the rod to the left and tighten set screw to hold ball in place. Tap the contact pad and reset the timer, in that order. Loosen set screw to release ball. The timer will start. The timer stops when the ball strikes the pad. Move ball release to a new position and repeat.

Gives g to within 5%. 




 

	MECHANICS
	1D40.10
	MOTION IN 2D 

	Motion and the Center of Mass 

	Throw Objects 

	Disc 03-21 
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	Screw a light bulb into the center and toss to someone. The light bulb shows the center of mass. Change the center of mass of the disc by exchanging the foam plug for a lead weighted plug. Move the bulb to the new center of mass (off center). Hold the disc near the center of mass to toss. Don't worry about breaking the light bulb. 




 

	MECHANICS
	1D50.10
	MOTION IN 2D 

	Central Forces 

	Ball on a String 
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	A ball tried to a string. Twirl in a vertical direction so students can see the path of the ball. 




 

	MECHANICS
	1D50.40
	MOTION IN 2D 

	Central Forces 

	Pail of Water, Pail of Nails 

	Disc 05-21 
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	Swing a pail filled with water in a large vertical circle just fast enough so that the water doesn't spill out. 

The pail may also be filled with nails. They can be heard dropping away and hitting the pail at the top of the swing, if swung just right. 




 

	MECHANICS
	1D60.10
	MOTION IN 2D 

	Projectile Motion 

	Howitzer and Tunnel 

	Disc 02-03
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	Set the trigger on the cart. Give the cart a strong push towards the tunnel. If the ball hits the tunnel, you've not pushed the cart hard enough. Track is 10 feet long.




	MECHANICS
	1D60.20
	MOTION IN 2D 

	Projectile Motion 

	Simultaneous Fall
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	A spring loaded device drops one ball and projects the other horizontally.

 


 

	MECHANICS
	1D60.30
	MOTION IN 2D 

	Projectile Motion 

	Monkey and Hunter

	Disc 02-02
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	Aim the cannon at the monkey when the monkey is held up high. When the ball leaves the cannon, the monkey should drop. The ball will hit the monkey since they fall at the same rate. Lower velocity means each falls a greater distance before hitting. 




 

	MECHANICS
	1E10.10
	RELATIVE MOTION

	Moving Reference Frames 

	Bulldozer on Moving Sheet
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	This is a demonstration of “The Boat Crossing a River” problem.

The bulldozer moves perpendicular across a pulled sheet of paper moving at half the speed of the bulldozer or at the same speed.

Demonstrate superposition principle of velocities by pulling on the sheet below the moving bulldozer. 




	MECHANICS
	1E10.20
	RELATIVE  MOTION

	Moving Reference Frames 

	Frames of Reference Film
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	The classic film available on video disc or DVD permits use of selective parts.




	MECHANICS
	1F20.10
	NEWTON'S FIRST LAW

	Inertia of Rest 

	Inertia Ball

	Disc 02-13
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	Pull up slowly to overcome the inertia of the heavy ball and break the bottom string. Pull up fast to break the top string.

Have the students guess beforehand which string will break. 




 

	MECHANICS
	1F20.30
	NEWTON'S FIRST LAW

	Inertia of Rest 

	Tablecloth Pull
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	Pull the tablecloth out from under a place setting.




	MECHANICS
	1F30.10
	NEWTON'S FIRST LAW

	Inertia of Motion

	Persistence of Motion 
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Alr suppl:




	Level the track. Give the cart a push and watch it bounce from one end of the track to the other. The air track works better, but is noisier. 




 

	MECHANICS
	1G10.10
	NEWTON'S SECOND LAW

	Force, Mass and Acceleration 

	Accelerating Air / Dynamics Cart 

	 

	[image: image21.png]



	An air track cart is timed while pulled by a mass on a string over a pulley.

This can also be done with the Pasco dynamics carts and track.




 

	MECHANICS
	1G10.40
	NEWTON'S SECOND LAW

	Force, Mass and Acceleration 

	Atwood's Machine 

	Disc 01-16 
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	Place 1kg on each side. Add a 2g mass to the high side. Measure the distance the mass falls and the time it takes to fall this distance. 




 

	MECHANICS
	1H10.10
	NEWTON'S THIRD LAW

	Action and Reaction 

	Push Me Pull Me Carts 
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	Have two students stand on the carts (or skateboards) and grab the ends of the rope. Have only one student pull at a time and observe that they both move. Use a long stick for pushing, or push off of each other's hands.




 

 

	MECHANICS
	1J10.10
	STATICS OF RIGID BODIES 

	Finding Center of Gravity 

	Map of State 

	Disc 03-20 
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	Hang map of your state on a peg through the desired hole. Hang a plumb bob in front. Mark plump line with marker. Repeat with other holes. Where the lines cross is the center of gravity.




 

	MECHANICS
	1J11.20
	STATICS OF RIGID BODIES 

	Exceeding Center of Gravity 

	Tower of Lire 

	AJP 23(4), 240; AJP 41(5), 715
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	A set of eight blocks or books is stacked so the top block is completely over the edge of the table. Step lengths go as L/2n.  A stack of meter sticks may also be used.  




	MECHANICS
	1J20.10
	STATICS OF RIGID BODIES 

	Stable, Unstable, and Neutral Equilibrium 

	Bowling Ball Stability
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	A bowling ball is placed in, on, and along side a large Plexiglas hemisphere.




	MECHANICS
	1J20.11
	STATICS OF RIGID BODIES 

	Stable, Unstable, and Neutral Equilibrium 

	Balance the Cone 
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	A cone can show stable, unstable, and neutral equilibrium; a sphere shows only neutral equilibrium.




 

	MECHANICS
	1J30.10
	STATICS OF RIGID BODIES 

	Resolution of Forces 

	Suspended Block 

	Disc 04-03 
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	The sides of the incline triangle are in the ratio of 3:4:5. The 1500g block rests on a stop which can be removed after the force parallel to the incline is balanced. The block will be suspended in the same configuration as when on the incline. The masses to balance the perpendicular and parallel forces are 1200g and 900g, respectively.




 

	MECHANICS
	1J30.25
	STATICS OF RIGID BODIES 

	Resolution of Forces 

	Rope and Three Students 
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	A single student can easily deflect a rope held very taut by two other students.




 

	MECHANICS
	1J40.10
	STATICS OF RIGID BODIES 

	Static Torque 

	Grip Bar 

	Disc 04-10 
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	A 1kg mass can be suspended from a bar at different places. The further from the handle grip, the harder it is to keep the stick level or to rotate the stick upwards. 




 

	MECHANICS
	1J40.20
	STATICS OF RIGID BODIES 

	Static Torque 

	Torque Beam 

	Disc 04-14
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	Different combinations of mass at different distances from the pivot can be used to show torques in equilibrium. Distances from the pivot are integer multiples: r, 2r, 3r, 4r. Individual masses are identical.




 

	MECHANICS
	1K10.20
	APPLICATIONS OF NEWTON'S LAWS 

	Dynamic Torque 

	Ladder Against a Wall 

	Disc 04-18
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	A model ladder leans against a wall or heavy wooden box and a mass is hung from a rung. Move the mass higher and higher or adjust the angle smaller and smaller until the ladder slips. Different materials can be used for the surfaces to show different static frictions. 




 

	MECHANICS
	1K10.30
	APPLICATIONS OF NEWTON'S LAWS 

	Dynamic Torque 

	Walking the Spool 

	Disc 06-07
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	Pull the rope that is wound around the spool. The angle between the rope and the table determines the direction the spool will roll. At some angle, the spool will not roll, but slide when you pull it.




 

	MECHANICS
	1K20.10
	APPLICATIONS OF NEWTON'S LAWS 

	Friction

	Friction Blocks - Surface Materials 

	Disc 03-05
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	Measure maximum static friction by noting the scale reading just before the block slides. Measure sliding friction by pulling the block at a constant speed. Change the surface materials and note the different frictions. 




 

	MECHANICS
	1K20.30
	APPLICATIONS OF NEWTON'S LAWS 

	Friction

	Static vs. Sliding Friction 
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	Measure maximum static friction by noting the scale reading just before the block slides. Measure sliding friction by pulling the block at a constant speed. Compare the two readings.




 

 

	MECHANICS
	1L10.10
	GRAVITY

	Universal Gravitational Constant 

	Cavendish Balance Video 
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	Ztek Company Multimedia for Physics
http://www.ztek.com/physics/physics.html#Anchor-Physics-11481
Physics: CINEMA CLASSICS DVD 1
Mechanics (I)
ISBN: 1-56934-021-8 D00921 PCC 1- Mechanics (I)
Grade Level: 7+




	MECHANICS
	1L20.10
	GRAVITY 

	Orbits

	Gravitational Wells 
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	A potential well made of a clothes basket and rubber sheet or Spandex and a Hoola Hoop.  Also large and small commercial models of 1/R cones.




 

	MECHANICS
	1M10.20
	WORK AND ENERGY 

	Work

	Pile Driver 

	Disc 03-07 
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	Raise the mass to the desired height and let it fall freely. If the mass is raised twice as high, the nail will be driven twice as deep. The mass is 4kg. A 16d nail has a mass of about 7g and a 10f has a mass of about 5g. Ideally the mass would be able to be raised to a height of 1 meter. Option: Calculate the work needed to crush a soda can or drive a nail. 




 

	MECHANICS
	1M20.10
	WORK AND ENERGY 

	Simple Machines

	Pulleys
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	An assortment of large pulleys can be rigged several ways.




	MECHANICS
	1M40.10
	WORK AND ENERGY 

	Conservation of Energy 

	Nose Basher

	Disc 03-14
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	Stand against the wall. Bring the bowling ball up to your nose or chin. Release the ball without giving it any initial velocity. Stand very still and wait for the return.




 

	MECHANICS
	1M40.15
	WORK AND ENERGY 

	Conservation of Energy 

	Stopped Pendulum 

	Disc 03-13

	[image: image41.png]



	Raise the pendulum a certain height. It will travel to nearly the same height on the opposite side whether it is "stopped" or not. The meter stick serves as a reference for the height of the pendulum. 




 

	MECHANICS
	1M40.20
	WORK AND ENERGY 

	Conservation of Energy 

	Loop the Loop

	Disc 06-09
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	Release the ball near the top of the track. The energy loss makes the minimum height necessary to complete the loop significantly higher than the calculated value. 




 

	MECHANICS
	1N10.20
	LINEAR MOMENTUM AND COLLISIONS 

	Impulse and Thrust 

	Egg in a Sheet 

	Disc 05-09
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	Have two students hold a sheet slightly draped. Toss an egg into the sheet. Remember to remove the egg before throwing another!




 

	MECHANICS
	1N20.20
	LINEAR MOMENTUM AND COLLISIONS 

	Conservation of Linear Momentum 

	Spring Apart Carts

	Disc 02-19
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	Two carts are fixed together with a spring in between them. The trigger is tripped and the spring pushes the carts apart. Different masses in the carts give different exit velocities.




	MECHANICS
	1N21.10
	LINEAR MOMENTUM AND COLLISIONS

	Mass and Momentum Transfer

	Carts and Medicine Ball 
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	Two people on roller carts throw a medicine ball to each other.




 

	MECHANICS
	1N22.10
	LINEAR MOMENTUM 

AND COLLISIONS 

	Rockets

	Fire Extinguisher Rocket 

	Disc 02-24
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	Remove the expansion nozzle from a fire extinguisher and replace it with a length of pipe. Sit on a low-friction cart and face the nozzle away from you. Make sure the extinguisher is well braced and wear a crash helmet.

 


 

	MECHANICS
	1N22.20
	LINEAR MOMENTUM AND COLLISIONS 

	Rockets

	Water Rocket

	Disc 02-23

	[image: image47.png]



	Fill the rocket 1/3 with water. Pump it a specific number of times (your specification) and launch the rocket (you will probably get wet). Repeat the launch with the rocket filled with air to show the difference in range. 




 

	MECHANICS
	1N30.10
	LINEAR MOMENTUM AND COLLISIONS 

	Collisions in 1D 

	Collision Balls 

	Disc 05-01
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	One ball raised and let go on one end will give one ball launched out from the other. Try different numbers of balls. If it doesn't work well, there is probably an alignment problem. Make sure the threads are straight and the balls are in a perfect line. 




 

	MECHANICS
	1N40.24
	LINEAR MOMENTUM AND COLLISIONS 

	Collisions in Two Dimensions

	Air Table Collisions
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	Inelastic collisions between equal and unequal mass air pucks.  

Use a video tape or video capture to obtain data.

Elastic collisions can also be done with this apparatus.




	MECHANICS
	1Q10.10
	ROTATIONAL DYNAMICS 

	Moment of Inertia

	Inertia Wands and Two Students 
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	The two wands have the same mass, but have the mass distributed differently.  One has the mass concentrated in the middle, the other has the mass concentrated at the ends. Have two students rotate them back and forth as fast as they can to see the difference. 




 

	MECHANICS
	1Q10.30
	ROTATIONAL DYNAMICS 

	Moment of Inertia

	Ring, Disk, and Sphere Race

	Disc 06-04 
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	Each item has the same diameter. After leveling the track from side to side, have the students predict which will win the race. Release them all at the same time and see which one gets to the bottom first.




 

	MECHANICS
	1Q20.10
	ROTATIONAL DYNAMICS 

	Rotational Energy 

	Adjustable Angular Momentum 

	Disc 06-01 
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	The moment of inertia can be changed by sliding, the masses on the stick in or out. Three different pulley sizes offer three different torques.




 

	MECHANICS
	1Q30.10
	ROTATIONAL DYNAMICS 

	Transfer of Angular Momentum

	Passing the Wheel 
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	Tip the spinning tire half way and hand it to a student on a turntable. This student tips it another half way and hands it back. Repeat until the spinning student is turning to fast for the hand off. You can add or subtract from the angular momentum depending on which way you tip the wheel.




 

	MECHANICS
	1Q40.10
	ROTATIONAL DYNAMICS 

	Conservation of Angular Momentum

	Rotating Stool and Masses 

	Disc 07-04 
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	Start a student rotating on the platform with the masses close to their body. Watch the change in spin as the student moves the masses further away. 




  

	MECHANICS
	1Q40.22
	ROTATIONAL DYNAMICS 

	Conservation of Angular Momentum

	Rotating Hoberman Sphere
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	A Hoberman sphere mobile has a ball bearing fishing swivel added so that it can rotate easily.  Start it rotating in the expanded position.  Pull on the string to collapse the sphere and observe the change in rotation speed.




	MECHANICS
	1Q40.30
	ROTATIONAL DYNAMICS 

	Conservation of Angular Momentum

	Rotating Stool and Wheel 

	Disc 07-06
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	A student rotating on the platform can tip a spinning wheel in order to spin. Tipping the wheel in the opposite direction spins the student the opposite direction. 




 

 

	MECHANICS
	1Q50.50
	ROTATIONAL DYNAMICS 

	Gyros

	Precessing Gyro 
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	A high quality gyroscope with a counterweight is used to show the fundamental precession equation with fair precision.




 

 

	MECHANICS
	1R10.10
	PROPERTIES OF MATTER

	Hooke's Law 

	Stretching a Spring 

	Disc 08-01 
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	Mark the beginning and end positions of several different masses. Compare the end positions of masses that are multiples, such as double or triple. 




	MECHANICS
	1R40.30
	PROPERTIES OF MATTER

	Coefficient of Restitution

	Happy and Sad Balls

	 

	[image: image59.png]Happy Ball Bounces Sad Ball Does Not Bounce





	Drop bounce and no-bounce balls.  

Measure the height the bouncing ball is dropped from, and the height it bounces to, and calculate the coefficient of restitution.

The sad ball will not bounce as it is made from energy absorbing material.

 




PIRA 200
Fluid Mechanics

	Floating Metals


Pascal's Vases


Crush the Can
	Magdeburg Hemisphere

Manometers

Weigh Submerged Block

	Archimedes' Principle

Torricelli’s Tank

Venturi Tubes


	FLUID MECHANICS
	2A10.20
	SURFACE TENSION 

	Force of Surface Tension 

	Floating Metals
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	Place the needle on a bit of tissue and place on the surface of fresh water. Sink the tissue with a stick, leaving the needle floating. Add a little soap to sink the needle. 




 

	FLUID MECHANICS
	2B20.40
	STATICS OF FLUIDS 

	Static Pressure 

	Pascal's Vases 

	Disc 12-01
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	Water levels in different shaped containers attached to a common reservoir will reach the same height no matter what the shape of the container.




 

	FLUID MECHANICS
	2B30.10
	STATICS OF FLUIDS 

	Atmospheric Pressure 

	Crush the Can 

	Disc 12-01
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	Pour an inch of water into the can. Set it on a stand and start the gas burner. Let it boil for a while to displace all the air. Use insulated gloves to tighten the cap onto the can and at the same time, turn off the heat. Spray it with water to cool it faster. If the cap is tight, and as the steam inside cools and contracts, the can will collapse from atmospheric pressure. 




 

	FLUID MECHANICS
	2B30.30
	STATICS OF FLUIDS 

	Atmospheric Pressure 

	Magdeburg Hemispheres

	Disc 11-12
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	Make sure the valve is open. Turn on the vacuum pump to evacuate the hemispheres. Shut the valve and remove the hose. Have two students try to pull the hemispheres apart. You may also use your lungs to create a partial vacuum or a hand pump. 




 

	FLUID MECHANICS
	2B35.30
	STATICS OF FLUIDS 

	Measuring Pressure 

	Manometer 

	

	[image: image64.png]Squeeze




	Simple water and mercury manometers.




	FLUID MECHANICS
	2B40.10
	STATICS OF FLUIDS 

	Density and Buoyancy

	Weigh Submerged Block 

	Disc 12-11
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	Weigh the block in air, then submerged in water. The difference is the buoyant force. 




 

	FLUID MECHANICS
	2B40.20
	STATICS OF FLUIDS 

	Density and Buoyancy

	Archimedes' Principle

	Disc 12-12
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	A cylindrical mass and bucket are suspended from a spring scale above a beaker with an overflow spout. Note the scale reading. Submerge the mass by raising the beaker with the lab jack. Pour the water from the catch bucket into the hanging bucket to return to the original scale reading. You may also show that the mass exactly fits inside the hanging bucket. 




 

	FLUID MECHANICS
	2C10.10
	DYNAMICS OF FLUIDS 

	Flow Rate

	Torricelli’s Tank
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	Water streams from holes at different heights in a vertical acrylic tube.




 

	FLUID MECHANICS
	2C20.15
	DYNAMICS OF FLUIDS 

	Forces in Moving Fluids 

	Venturi Tubes 

	

	[image: image68.png]



	Air flows through a restricted tube. Manometers show the pressure differences.




 



PIRA 200
Oscillations and Waves 

	Simple Pendulum

Physical Pendulum Set

Mass on a Spring

Circular Motion vs. Mass on a Spring

Tacoma Narrows Film/Video

Coupled Pendula

Pulse on a Rope

Shive/Bell Labs Wave Model 
	Hanging Slinky

Melde's Apparatus

Doppler Buzzer

Moiré Pattern Transparencies

Speaker Bar

Trombone

Beat Forks

Beats on Scope 
	
Range of Hearing
DB Meter and Horn or Speaker
Kundt’s Tube
Hoot Tubes
Singing Rod
Chladni Plates
Shattering Goblet


	OSCILLATIONS AND WAVES 
	3A10.10
	OSCILLATIONS

	Pendula

	Simple Pendulum 
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	The length of the pendulum is adjustable. A timer can be used to measure the period.




 

	OSCILLATIONS AND WAVES 
	3A15.10
	OSCILLATIONS

	Physical Pendulum Set 

	Physical Pendulum 

	

	[image: image70.png]Center of Mass




	Hang the pegboard on the nail from some random hole. Hang weights from support hole and mark its path using the chalk. Repeat with different holes until an intersection of lines is achieved. Mark this spot as the center of mass. 


 

	OSCILLATIONS AND WAVES 
	3A20.10
	OSCILLATIONS

	Springs and Oscillators 

	Mass on a Spring 

	

	[image: image71.png]



	Set up equipment as shown and place a hooked mass on the spring. Pull down and release to start simple harmonic motion. If desired, time the oscillation and calculate the frequency. Change to a different mass in order to change the frequency. 

 


 

	OSCILLATIONS AND WAVES 
	3A40.10
	OSCILLATIONS

	Simple Harmonic Motion 

	Circular Motion vs. Mass on a Spring 

	

	[image: image72.png]Shadow
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	Shadow project a ball at the edge of a disc rotating at the same frequency as a mass on a spring.




 

 

	OSCILLATIONS AND WAVES 
	3A60.10
	OSCILLATIONS

	Driven Mechanical Resonance

	Tacoma Narrows Film/Video 

	

	[image: image73.png]



	The "dead dog" version runs ten minutes on video disk. The film loop runs 4:40.

The entire film can be purchased from
http://www.camerashoptacoma.com/narrows.asp

8 sec clips can be found online at
http://www.stkate.edu/physics/phys111/curric/tacomabr.html



 

 

	OSCILLATIONS AND WAVES 
	3A70.20
	OSCILLATIONS

	Coupled Oscillations 

	Coupled Pendula 

	

	[image: image74.png]



	Two pendula hang from a flexible metal frame. Start one pendulum oscillating. The pendula will pass the energy back and forth. A third pendulum can be added. 




 

	OSCILLATIONS AND WAVES 
	3B10.10
	WAVE MOTION 

	Transverse Pulses and Waves 

	Pulse on a Rope 

	Disc 09-09 
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	A long rope runs the length of the lecture bench or between two people. One end is held steady. Jerk the other end of the rope up and down to create a pulse. Vary the tension to vary the speed of the pulse. 




 

	OSCILLATIONS AND WAVES 
	3B10.30
	WAV MOTION 

	Transverse Pulses and Waves 

	Shive / Bell Labs Wave Model

	Disc 09-12
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	Thin rods are mounted on a fine wire that twists easily. Displace the rod at one end to create a torsion pulse or wave. The other end can be left free to move, fixed in place, or critically damped. 




 

	OSCILLATIONS AND WAVES 
	3B20.10
	WAVE MOTION 

	Longitudinal Pulses and Waves 

	Hanging Slinky 

	Disc 09-15

	[image: image77.png]L





	A long slinky is suspended along a frame. Stretch and compress the spring quickly to create a pulse or wave. A spot can be attached to the spring to show that the wave travels and the medium only oscillates. 




 

	OSCILLATIONS AND WAVES 
	3B22.10
	WAVE MOTION 

	Standing Waves

	Melde's Apparatus

	Disc 09-27, 09-28 

	[image: image78.png]



	A string is held under tension and driven by a variable frequency oscillator. Changing the frequency will change the number of modes. A strobe can be used to see the waves. 




 

 

	OSCILLATIONS AND WAVES 
	3B40.10
	WAVE MOTION 

	Doppler Effect 

	Doppler Buzzer 

	Disc 10-21

	[image: image79.png]



	A buzzer and battery are tied to the end of a long string. Start the buzzer and whirl it in a horizontal circle over your head. Point out the differences in sounds between the moving and stationary buzzer. 





 

 

	OSCILLATIONS AND WAVES 
	3B50.40
	WAVE MOTION 

	Interference and Diffraction 

	Moiré Pattern Transparencies 

	Disc 09-23 
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	Pairs of identical transparencies have circular wave patterns of different wavelengths. Place transparencies on the overheard projector. Vary their relative positions to produce different interference patterns. 

Printable patterns to make transparencies 




[image: image81.png]




 

	OSCILLATIONS AND WAVES 
	3B55.10
	WAVE MOTION 

	Interference of Sound 

	Speaker Bar 

	Disc 10-20 

	[image: image82.png]



	A variable function generator drives two speakers which are mounted on the ends of a long bar. Set the frequency to about 3kHz. The speaker bar is on a turntable. Direct the students to plug one ear and listen for the variations in intensity while you slowly turn the turntable. Alternately, have the students move their heads back and forth while plugging one ear (the speakers do not move). Inclusion of a rheostat allows one speaker to be turned off.




 

	OSCILLATIONS AND WAVES 
	3B55.40
	WAVE MOTION 

	Interference of Sound 

	Trombone

	

	[image: image83.png]Speaker Horn





	A function generator drives a speaker. The sound travels through two tubes which joining together at the horn. One tube is a trombone slide. Change the distance the sound travels in the sliding tube by raising or lowering the slide. The variation in intensity as the slide is moved is quite pronounced at 3kHz. Measure the change in length of the sliding tube (twice the distance moved). 




 

	OSCILLATIONS AND WAVES 
	3B60.10
	WAVE MOTION 

	Beats

	Beat Forks

	 

	[image: image84.png]



	Strike the tuning forks with the rubber mallet and observe the beats on the oscilloscope. Vary the beat frequency by adjusting the position of the small masses on the one tuning fork. Decrease the time scale to look at the wave form within the envelope.




 

	OSCILLATIONS AND WAVES 
	3B60.20
	WAVE MOTION 

	Beats

	Beats on Scope 

	Disc 10-19 
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Two nearly equal signals are the input into an oscilloscope using tuning forks or two function generators and a speaker. Compare the oscilloscope to what you hear. Decrease the time scale to look at the individual waves within the envelope. Vary the beat frequency and look at the changes. 




 

 

	OSCILLATIONS AND WAVES 
	3C20.10  
	ACOUSTICS

	Pitch

	Range of Hearing 
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	Hook a function generator to a speaker. Change the pitch as the class listens. Have the class raise their hands only as long as they can hear at the extreme ends of the hearing range. At subsonic frequencies you can see the speakers vibrate. Hearing -3dB is often shown at the same time. 




 

	OSCILLATIONS AND WAVES 
	3C30.20
	ACOUSTICS

	Intensity and Attenuation

	DB Meter and Horn or Speaker
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	Place dB meters in the class at 2 meter intervals, then blow a loud horn.




	OSCILLATIONS AND WAVES 
	3D30.60
	INTRUMENTS

	Resonance Cavities 

	Kundt’s Tube 
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	Sawdust or cork dust in a tube makes piles when driven by rubbing a rod attached to a disc.  A speaker and function generator can be used in place of the rod attached to a disk.




 

	OSCILLATIONS AND WAVES 
	3D30.70
	INTRUMENTS

	Resonance in Cavities 

	Hoot Tubes 

	Disc 11-07 
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	Long tubes that have screen wire near one end are held over a burner. Heat until the screen is hot. The tube sounds when removed from the flame when held vertically, but stops when held horizontally. 




 

	OSCILLATIONS AND WAVES 
	3D40.20
	INTRUMENTS

	Resonance in Plates, Bars, and Solids 

	Singing Rod 

	Disc 10-08
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	A long aluminum rod will sing when it is stroked along its length with rosin and supported at its center. Find the center by balancing the rod on your finger. Rub some rosin on your free hand and gently stroke the rod while placing your thumb along the axis of the rod as you pull. You do not need to squeeze hard. Also try holding the rod at a point 1/4 or 1/6 …..(1/2n ) of its length to excite higher harmonics. 




 

	OSCILLATIONS AND WAVES 
	3D40.30
	INTRUMENTS

	Resonance in Plates, Bars, and Solids 

	Chladni Plate 

	Disc 09-30 
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	A square plate is clamped at its center. Sand is sprinkled on it and the place is excited with a bow. The sand will show the nodal lines of the excited pattern. The pattern will change depending on where you bow on the edge.

Alternatively, the plate can be excited using a mechanical vibrator and a frequency generator as shown. 




	OSCILLATIONS AND WAVES 
	3D40.55
	INTRUMENTS

	Resonance in Plates, Bars, and Solids 

	Shattering Goblet 

	

	[image: image92.png]



	Large amplitude sound at the resonant frequency is directed at a wine glass, goblet, or beaker.






PIRA 200
Thermodynamics

	Bimetallic Strip
Ball and Ring
Smashing Rose and Tube
Convection Tube
	Conduction Rods

Light the Match

Heating a Water Balloon

Dropping Lead Shot

Expansion Cloud Chamber

Boiling By Cooling

Drinking Bird
	Brownian Motion Cell

Crookes' Radiometer

Molecular Motion Demonstrator

Balloon in LN2

Constant Volume Bulb

Stirling Engine 


	THERMODYNAMICS
	4A30.10
	THERMAL PROPERTIES OF MATTER 

	Solid Expansion 

	Bimetallic Strip 

	

	[image: image93.png]



	A bimetal strip is brass on one side and steel on the other.

When heated over a Bunsen burner, the strip curves toward the steel side. 

OR, when cooled in liquid nitrogen the strip curves toward the brass side.




	THERMODYNAMICS
	4A30.20
	THERMAL PROPERTIES OF MATTER 

	Solid Expansion 

	Ball and Ring 

	Disc 14-11 
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	Try putting the ring around the ball. At room temperature the ball is slightly larger the ring and will not pass through the ring 

Heat the ring over the Bunsen burner and try again.

You may also cool the ball in liquid nitrogen. This takes several minutes.

 


 

	THERMODYNAMICS
	4A40.30
	THERMAL PROPERTIES OF MATTER 

	Properties of Materials at Low Temperatures

	Smashing Rose and Tube 

	

	[image: image95.png]



	Pour LN2 into the beaker.

Put the end of the rubber hose into the nitrogen. When the bubbling subsides, take it out and break it with a hammer.

Put the flower or some lettuce into the liquid nitrogen. When frozen, crumble it with your hand. 

 


 

	THERMODYNAMICS
	4B20.10
	HEAT AND THE FIRST LAW

	Convection

	Convection Tube 

	

	[image: image96.png]



	A square tube is filled with water. Light the Bunsen burner and place under one side. Using the eye dropper, drop several drops of ink or food coloring into the top hole. The ink or coloring shows the direction of fluid flow. Move the burner to the other side of the tube to reverse the flow. 
 


 

	THERMODYNAMICS
	4B30.21
	HEAT AND THE FIRST LAW

	Conduction

	Conduction Rods 

	

	[image: image97.png]laddo) (G D





	Four rods with liquid crystal thermometers are placed in hot water to show different conduction rates. 

 

 


 

	THERMODYNAMICS
	4B40.10
	HEAT AND THE FIRST LAW

	Radiation

	Light the Match 

	Disc 22-04 
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	Two reflectors are set at opposite ends of the lecture bench. One contains a heater controlled by a variac. The other has a match at the focal point of the reflector.

Turn the variac all the way up and wait.

The match will light in about 1 minute. If it takes longer, something is wrong.  Alignment is critical!  




 

	THERMODYNAMICS
	4B50.25
	HEAT AND THE FIRST LAW

	Heat Transfer Applications

	Heating a Water Balloon 
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	A balloon filled with water will not pop like a similar balloon filled with air. 




 

	THERMODYNAMICS
	4B60.10
	HEAT AND THE FIRST LAW

	Mechanical Equivalent of Heat 

	Dropping Lead Shot 

	Disc 15-02 
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	Stick the temperature probe (not thermometer!) into the bag of lead shot to find its initial temperature.

Drop the bag from the height of 2 meters 10-20 times.

Take the temperature of the lead again. The temp should rise 2-3 degrees Celsius.

The specific heat of lead is 0.031 cal/(g C).

The disc shows inverting a tube 10 times. 


 

	THERMODYNAMICS
	4B70.20
	HEAT AND THE FIRST LAW 

	Adiabatic Processes

	Expansion Cloud Chamber

	

	[image: image101.png]



	Pressurize a jug of saturated water vapor with and without smoke particles.  When the pressure is released, a cloud will form in the jug with the smoke particles.

 


	THERMODYNAMICS
	4C30.10
	CHANGE OF STATE 

	Phase Changes: Liquid-Gas

	Boiling by Cooling 

	Disc 15-10
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	Heat water to boiling in a Cincinnati flask.

Remove heat, stopper and invert.

Boiling continues again as ice is added to the dimple in the flask.




 

	THERMODYNAMICS
	4C31.30
	CHANGE OF STATE 

	Cooling by Evaporation 

	Drinking Bird 

	Disc 15-12
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	Soak the bird's head in the water and let him "drink".


 

	THERMODYNAMICS
	4D10.10
	KINETIC THEORY 

	Brownian Motion 

	Brownian Motion Cell

	

	[image: image104.png]



	Observe the motion of particles in a smoke cell through a microscope.

 


	THERMODYNAMICS
	4D20.10
	KINETIC THEORY

	Mean Free Path 

	Crookes' Radiometer

	Disc 14-23
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	This radiometer spins in the opposite direction from what is predicted for light pressure; the white side moves forward.

Turn on the light and watch it spin.




 

	THERMODYNAMICS
	4D30.20
	KINETIC THEORY

	Kinetic Motion 

	Molecular Motion Demonstrator 

	

	[image: image106.png]



	The kinetic theory of gas is expanded using a variable speed molecular motion demonstrator on the overhead.


 

	THERMODYNAMICS
	4E10.20
	GAS LAW 

	Constant Pressure 

	Balloon in LN2 
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	An air-filled balloon sits in a beaker.

Pour liquid nitrogen over the balloon and watch it shrink.

Take the balloon out and it blows back up.




 

	THERMODYNAMICS
	4E30.10
	GAS LAW 

	Constant Volume

	Constant Volume Bulb 

	Disc 16-02 

	[image: image108.png]



	The gauge measures the pressure in the sealed sphere in pounds per square inch. Atmospheric pressure is 14.7 lbs per square inch.

Read the pressure when the bulb is immersed in boiling water, ice water and LN2 (77 Kelvin).

Different gases may be put into the bulb.




 

	THERMODYNAMICS
	4F30.10
	ENTROPY AND THE SECOND LAW 

	Heat Cycles 

	Stirling Engine 

	Disc 15-06
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	The hot air chamber of the Stirling engine is heated by an alcohol burner.

Light the burner. If the engine is cold, it takes several minutes before it is hot enough to run.

Start the engine by turning the fly-wheel in the proper direction (see your instructions)






PIRA 200
Electricity and Magnetism

	Rods and Fur
Rods and Pivot
Soft Drink Can Electroscope

Charging by Induction
Charge Propelled Cylinder
Van de Graaff Generator
Hair on End
Electric Field Lines

Faraday's Ice Pail
Radio in a Cage
Point and Ball with Van de Graaff
Parallel Plate Capacitor
Capacitor with Dielectrics
Short a Capacitor
Light the Bulb
Resistance Model

Wire Coil in LN2 
Conduction in Glass
	Jacob's Ladder
Lemon Battery
Thermocouple
Ohm's Law
Fuse with Increasing Load
Kirchhoff's Voltage Law
Series and Parallel Circuits

Capacitor and Light Bulbs
Break a Magnet

Magnetic Domain Models

Paramagnetism and Diamagnetism
Curie Point

Meissner Effect
Oersted's Effect
Magnet and Iron Filings

Magnetic Field Around a Wire

Solenoid and Iron Filings
Magnets and Pivot
Cathode Ray Tube
	Parallel Wires
Interacting Coils
Jumping Wire

Model Galvanometer

LR Time Constant on Scope
Series or Parallel Lamps w/Inductor
Induction Coil and Magnet

Mutual Induction Coils with Battery
Pendulum in Big Electromagnet
Magnets and Tubes
Faraday Repulsion Coil
Dissectible Transformer

Motor/Generator
RLC Resonance

EM Vectors
Induction Coil
Projected Spectrum w/Prism


	Electricity and Magnetism 
	5A10.10
	ELECTROSTATICS

	Producing Static Charge 

	Rods and Fur 
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	Rub the wool or felt cloth on the PVC rod to produce negative charge on the rod.

Rub the cellophane on the acrylic rod to produce positive charge on the rod.

The traditional charging pairs are: glass rod and silk for a positive charge, and rubber or ebonite rod with felt or fur for a negative charge.  




 

	Electricity and Magnetism 
	5A20.10
	ELECTROSTATICS

	Coulomb's Law 

	Rods and Pivot 

	

	[image: image111.png]



	Rub both ends of a rod and center it on the pivot. Rub the PVC rod (negative charge) with the felt or the acrylic rod (positive charge) with the cellophane.

Rub one end of a second rod and hold its charged end near the end of the rod on the pivot. 

See the 5A10.10 entry for other charging pairs that can be used in this demonstration.




	Electricity and Magnetism 
	5A22.25
	ELECTROSTATICS

	Electrostatic Meters

	Soft Drink Can Electroscope 
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	The tab of the soft drink can supports the electroscope leaves in this simple version.




	Electricity and Magnetism 
	5A40.10
	ELECTROSTATICS

	Induced Charge 

	Charging by Induction 

	

	[image: image113.png]Electroscope





	Charging by induction with an electroscope for a charge indicator.




	Electricity and Magnetism 
	5A40.20
	ELECTROSTATICS

	Induced Charge 

	Charge Propelled Cylinder 
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	Set an empty soda can on the table so the open end faces the students. Pull the can forward with induced charge. Switch to the oppositely charged rod and repeat. 




 

	Electricity and Magnetism 
	5A50.30
	ELECTROSTATICS

	Electrostatic Machines 

	Van de Graaff Generator 

	

	[image: image115.png]



	Have student stand on platform and place hand on top of VDG. Do not remove hand from the surface. Turn on the VDG and observe their hair.

Turn off the VDG. Use grounding wire attached to base of generator to discharge the sphere, then allow student to withdraw hand.

Place various equipment items in kit one at a time on top on the VDG and turn it on.




 

	Electricity and Magnetism 
	5B10.10
	ELECTRIC FIELDS AND POTENTIAL

	Electric Field

	Hair on End 

	

	[image: image116.png]



	Remove pointed metal items such as keys and microphones. Stand on the insulated stool. With the variable control fully counter-clockwise, turn the power on. Hold the pointed probe against the sphere while turning up the motor.

Place your other hand on the sphere before removing the probe. Do not remove your hand and stay away from anything metal. Allow yourself to charge up. Fine, clean, dry hair stands on end the best.

Try pointing at a student or the electrified strings.

To discharge without shocks, hold pointed probe against the sphere, remove other hand and turn off motor. 




 

	Electricity and Magnetism 
	5B10.40
	ELECTRIC FIELDS AND POTENTIAL

	Electric Field

	Electric Field Lines 
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	Bits of material suspended in oil align with an applied electric field. Several pole arrangements are shown.




 

	Electricity and Magnetism 
	5B20.10
	ELECTRIC FIELDS AND POTENTIAL

	Gauss' Law 

	Faraday's Ice Pail 
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	Charge the sphere several times by rubbing a charged rod on its surface. Touch the proof plane to the outside of the sphere and then to the electroscope. The electroscope charges, indicating there is a charge on the outside of the sphere.

Repeat the same test on the inside of the sphere. The electroscope does not charge.




 

	Electricity and Magnetism 
	5B20.35
	ELECTRIC FIELDS AND POTENTIAL

	Gauss' Law 

	Radio in a Cage 

	

	[image: image119.png]Radio Doesn't Play
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	Turn on a fluorescent light and the radio. You should hear static that the radio picks up from the fluorescent light source. Place the Faraday cage over the radio and you hear nothing.




 

	Electricity and Magnetism 
	5B30.35
	ELECTRIC FIELDS AND POTENTIAL

	Electrostatic Potential 

	Point and Ball with Van de Graaff
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	Hold a ball close to a VDG and then bring a point close. 




 

	Electricity and Magnetism 
	5C10.20
	CAPACITANCE

	Capacitors

	Parallel Plate Capacitor 
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	Connect a parallel plate capacitor to an electroscope.  Charge the capacitor with a power supply and then disconnect the positive lead of the power supply.  Change the spacing of the parallel plates and observe the electroscope.




 

	Electricity and Magnetism 
	5C20.10
	CAPACITANCE

	Dielectrics

	Capacitor with Dielectrics 
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	Place a dielectric between the plates and push the plates against the dielectric. Turn on the power supply to charge the plates. Disconnect the positive lead BEFORE turning the supply off. Slide the dielectric out of the plates and observe how the electroscope changes. Insert other dielectrics. 




 

 

	Electricity and Magnetism 
	5C30.20
	CAPACITANCE

	Energy Stored in a Capacitor 

	Short a Capacitor 
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	Turn on the power supply to charge the 5600 microfarad capacitor through the power resistor. Remove the leads from the capacitor without touching the binding posts. Short the posts with the shaft of a screw driver (not the tip).  Caution:  You must wear safety glasses when discharging as there are numerous sparks and metal fragments blown off the capacitor electrodes and screwdriver.  



 

	Electricity and Magnetism 
	5C30.30
	CAPACITANCE

	Energy Stored in a Capacitor

	Light the Bulb 

	

	[image: image124.png]DPDT
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	Turn on the power supply to charge the capacitor through the power resistor. Turn off the power and disconnect the power supply. To discharge the capacitor, connect to the light bulb only. Do not short the capacitor. The 60W bulb lights for about 3 seconds. A 7.5 W bulb lights for about 20 seconds.  
A DPDT switch may also be used as shown to simplify the demonstration.




	Electricity and Magnetism 
	5D10.40
	RESISTANCE

	Resistance Characteristics

	Resistance Model 
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	Ball bearings are rolled down an inclined bed of nail to simulate current flow in a wire.




 

	Electricity and Magnetism 
	5D20.10
	RESISTANCE

	Resistivity and Temperature 

	Wire Coil in LN2 

	

	[image: image126.png]



	Set up as shown. Place the coil into the LN2. Watch the light bulb get brighter as the coil cools.




 

	Electricity and Magnetism 
	5D20.60
	RESISTANCE

	Resistivity and Temperature 

	Conduction in Glass 
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	Two light bulbs are connected in series to a power supply.  One of the light bulbs is smashed with a mallet and the filament is cut off. Then, the glass stem is heated with a blow torch. 




 

	Electricity and Magnetism 
	5D40.10
	RESISTANCE

	Conduction in Gases

	Jacob's Ladder 
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	This is a step up transformer.                                        CAUTION: LETHAL VOLTAGE
Turn on the power and the discharge will travel up the wires. The distance between the wires is the critical adjustment. The wires should not be moving.

This does not work well on humid days. Unplug after use so that students don't inadvertently play with it.




 

	Electricity and Magnetism 
	5E40.25
	ELECTROMOTIVE FORCE AND CURRENT

	Cells and Batteries

	Lemon Battery 

	

	[image: image129.png]



	Copper and Zinc electrodes in a lemon are connected to a digital meter.  A piezo buzzer can be run directly off the lemon battery.




	Electricity and Magnetism 
	5E50.10
	EMF AND CURRENT 

	Thermoelectricity

	Thermocouple
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	A voltmeter is connected to the iron wires of two copper-iron wire junctions hanging from a stand. Light the Bunsen burner and heat one of the junctions, watching the voltmeter. You can also immerse a junction in ice.




 

	Electricity and Magnetism 
	5F10.10
	DC CIRCUITS 

	Ohm's Law 

	Ohm's Law 
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	Digital meters measure the current and the voltage in a simple circuit of a battery and resistor. The rheostat is adjusted so that the meters read the same, differing only by a factor of 1000. The battery pack contains six 1.5 volt batteries in series. Change the number of batteries in the circuit OR change the resistance and observe that the meters change proportionally.




 

	Electricity and Magnetism 
	5F15.35
	DC CIRCUITS

	Power and Energy

	Fuse with Increasing Load 
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	 A fuse wire will eventually fail when the load on the circuit is increased.  




	Electricity and Magnetism 
	5F20.10
	DC CIRCUITS 

	Circuit Analysis 

	Kirchhoff's Voltage Law 
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	Measure the voltage at different places in the circuit and show that the sum of the voltage gains equals the sum of the voltage drops. If you measure current around the circuit you will find that the algebraic sum of the currents to any point equals zero.  There are many possible combinations of components.




 

	Electricity and Magnetism 
	5F20.50
	DC CIRCUITS 

	Circuit Analysis 

	Series and Parallel Circuits 
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	If the combined series and parallel boards are confusing, try the separate boards. 




 

	Electricity and Magnetism 
	5F30.10
	DC CIRCUITS 

	RC Circuits

	Capacitor and Light Bulb
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	A 5600 microfarad capacitor, a light bulb, and a 120 V dc supply in series show a long time constant.  The bulb dims as the capacitor charges.




 

	Electricity and Magnetism 
	5G10.20
	MAGNETIC MATERIALS

	Magnets

	Break a Magnet 
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	A broken magnet still exhibits north and south poles.




	Electricity and Magnetism 
	5G20.30
	MAGNETIC MATERIALS 

	Magnetic Domains and Magnetization

	Magnetic Domain Models 
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	There are two types of arrays: 1) Coplanar to show domains and 2) non-coplanar (random orientation). Bring a magnet near each array. 




 

	Electricity and Magnetism 
	5G30.10
	MAGNETIC MATERIALS 

	Paramagnetism and Diamagnetism 

	Paramagnetism and Diamagnetism 
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	Paramagnetic and diamagnetic crystals are inserted between the poles of a large magnet or electromagnet.




 

	Electricity and Magnetism 
	5G50.10
	MAGNETIC MATERIALS 

	Temperature and Magnetism 

	Curie Point
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	Iron under magnetic attraction is heated until it falls away. Upon cooling it is again attracted.




 

	Electricity and Magnetism 
	5G50.50
	MAGNETIC MATERIALS 

	Temperature and Magnetism 

	Meissner Effect 
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	Place a magnet on warm superconducting disk to show how nothing happens, then remove. Add LN2 to the Styrofoam container holding the super conducting disk. When the boiling stops, the disk is cold. Use the plastic tweezers to place one of the magnets on the disk.  The magnet will float above the disk. 




 

	Electricity and Magnetism 
	5H10.20
	MAGNETIC FIELDS AND FORCES 

	Magnetic Fields 

	Oersted's Effect 
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	Turn the compass needle so it is approximately parallel to the wire. Close the switch to send the current through the wire for about 5-10 sec. The compass will align itself with the magnetic field. 




 

	Electricity and Magnetism 
	5H10.30
	MAGNETIC FIELDS AND FORCES 

	Magnetic Fields 

	Magnet and Iron Filings
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	Sprinkle iron filings on a magnet under a Plexiglas plate. Tap the Plexiglas to encourage alignment of the iron filings.




 

	Electricity and Magnetism 
	5H15.10
	MAGNETIC FIELDS AND FORCES 

	Fields and Currents 

	Magnetic Field Around a Wire 

	

	[image: image143.png]Switch





	Sprinkle iron filings on a Plexiglas plate with a wire coming up through it. Hold down the switch briefly while tapping the Plexiglas to encourage alignment of the iron filings.




 

	Electricity and Magnetism 
	5H15.40
	MAGNETIC FIELDS AND FORCES 

	Fields and Currents 

	Solenoid and Iron Filings 

	

	[image: image144.png]



	Sprinkle iron filings on a Plexiglas plate with a solenoid wound into it. Hold down the tap switch briefly while tapping the Plexiglas to encourage alignment of the iron filings.




 

	Electricity and Magnetism 
	5H20.10
	MAGNETIC FIELDS AND FORCES 

	Forces on Magnets 

	Magnets and Pivot 
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	One magnet is centered on a pivot. Hold one end of the second magnet near one end of the magnet on the pivot. Repeat with the opposite end. 




 

	Electricity and Magnetism 
	5H30.10
	MAGNETIC FIELDS AND FORCES 

	Force on Moving Charges 

	Cathode Ray Tube 

	

	[image: image146.png]Electron Deflection

Gun Plates -
: =
¥ N —
T Screen
Horizontal | ——
Amplitude





	Plug in the cathode ray tube. Deflect the beam of the CRT by holding a permanent magnet near the edge of the tube. If the beam disappears, you are holding the magnet too close.

OR, deflect the beam by attaching a battery to the binding posts and adjusting the variable control knob.

OR connect the battery directly to the deflection plate terminals. 




 

	Electricity and Magnetism 
	5H40.10
	MAGNETIC FIELDS AND FORCES 

	Forces on Current in Wires 

	Parallel Wires 
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	Two insulated wires hang from a frame. Turn on the switch. The wires will attract or repel each other. Turn off the switch and reverse the leads in the binding posts. Turn the switch on. The wires will do the opposite of what was observed before. 




 

	Electricity and Magnetism 
	5H40.15
	MAGNETIC FIELDS AND FORCES 

	Forces on Current in Wires 

	Interacting Coils 
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	Hang two coils from a support rod. Connect the DC power supply so that the current is in the same direction in both coils and watch them attract. Connect the DC power supply in opposite directions in the coils and watch them repel. A good storage battery can be used instead of the power supply.




 

	Electricity and Magnetism 
	5H40.30
	MAGNETIC FIELDS AND FORCES 

	Forces on Current in Wires 

	Jumping Wire 
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	A long wire is coiled around one pole of a permanent magnet. Close the switch. The wire collapses into the magnet. Turn the coil over and repeat. The wire "jumps" out of the magnet. 




 

 

	Electricity and Magnetism 
	5H50.10
	MAGNETIC FIELDS AND FORCES 

	Torques on Coils

	Model Galvanometer
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	A crude galvanometer with a large coil and magnet demonstrates the essentials.




	Electricity and Magnetism 
	5J20.10
	INDUCTANCE

	LR Circuits

	LR Time Constant on Scope 
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	A plug in circuit board with a make before break switch for showing slow RL time constants on the oscilloscope.




 

	Electricity and Magnetism 
	5J20.20
	INDUCTANCE

	LR Circuits

	Series or Parallel Lamps w/Inductor 
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	Two lamps are used to indicate voltage across and current through a large electromagnet.  Do this with the iron core in and then with the iron core removed.




 

	Electricity and Magnetism 
	5K10.20
	ELECTROMAGNETIC INDUCTION

	Inducted Current and Forces 

	Induction Coil and Magnet 
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	Move the magnet in and out of the coil connected to the galvanometer.




 

	Electricity and Magnetism 
	5K10.30
	ELECTROMAGNETIC INDUCTION

	Inducted Current and Forces 

	Mutual Induction Coils with Battery 
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	Two coils face each other, one attached to a galvanometer, the other to a battery and tap switch.  Coupling can be increased with various cores.  Aluminum, laminated iron, and other solid iron cores are available. 




 

	Electricity and Magnetism 
	5K20.10
	ELECTROMAGNETIC INDUCTION

	Eddy Currents 

	Pendulum in Big Electromagnet 
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	Show that a solid copper plate swings between the poles of the electromagnet when the power is off. Turn on the power. Displace the pendulum and let it swing. It stops dead between the poles. Repeat with the slotted plate, ring and slit ring. Much heating or damage of the electromagnet will take place if the power is left on. 




 

	Electricity and Magnetism 
	5K20.25
	ELECTROMAGNETIC INDUCTION

	Eddy Currents 

	Magnets and Tubes 
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	Drop magnets simultaneously down the copper and stainless steel tube. It takes approximately 3 seconds for the magnet to fall through the three foot copper tube. Dummy magnets are also available.  Aluminum tubes will also show damping.




 

	Electricity and Magnetism 
	5K20.26
	ELECTROMAGNETIC INDUCTION

	Eddy Currents 

	Faraday Repulsion Coil
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	A magnet is inserted and withdrawn from a solid and split ring on a bifilar suspension.  It is possible to "pump" the solid ring.




 

	Electricity and Magnetism 
	5K30.20
	ELECTROMAGNETIC INDUCTION

	Transformers 

	Dissectible Transformer
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	Voltages can be shown on the primary and secondary coils of a dissectible transformer.




	Electricity and Magnetism 
	5K40.40
	ELECTROMAGNETIC INDUCTION

	Motors and Generators 

	Motor / Generator
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	Use the double throw switch to connect the battery to the motor. The 500 gram mass will rise. Switch to neutral and let the mass fall halfway down to build up speed. Switch to light bulb and bulb will light. 




 

	Electricity and Magnetism 
	5L20.20
	AC  CIRCUITS

	RLC Circuits - AC 

	RLC Resonance 
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	The light bulb in a RLC circuit glows when the inductor core is moved through resonance.

Also, RLC resonance shown on an oscilloscope.




 

	Electricity and Magnetism 
	5N10.80
	ELECTROMAGNETIC RADIATION 

	Transmission Lines and Antennas 

	EM Vectors 
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	A dynamic model for demonstrating electric and magnetic vectors in an electromagnetic field. 




 

	Electricity and Magnetism 
	5N20.10
	ELECTROMAGNETIC RADIATION 

	Tesla Coil 

	Tesla Coil / Induction Coil 
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	Turn on the Tesla coil. Take the spectra tube and hold it within 2 feet of the Tesla coil. Vary the distance. Do the same thing with the fluorescent tube. Using a grounding wire on the end of the tube can help avoid unpleasant shocks.  Discuss shocks vs. burns and high frequency AC.  




 

	Electricity and Magnetism 
	5N30.10
	ELECTROMAGNETIC RADIATION 

	Electromagnetic Spectrum

	Projected Spectrum w/Prism 
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	White light is projected through a high dispersion prism and onto a screen.
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	OPTICS
	6A01.10
	GEOMETRIC OPTICS 

	Speed of Light 

	Speed of Light 
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	A fast pulser is used to demonstrate speed of light by the path difference method.




  

	OPTICS
	6A20.10
	GEOMETRIC OPTICS 

	Reflection from Curved Surfaces

	Concave and Convex Mirrors 
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	Shine parallel beams at convex and concave mirrors.



	OPTICS
	6A40.30
	GEOMETRIC OPTICS 

	Refractive Index

	Disappearing Beaker 
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	Use Johnson's baby oil or Wesson oil to make a small beaker disappear when immersed.  If the beaker has graduations or words they will appear to be floating in the liquid.  




	OPTICS
	6A42.20
	GEOMETRIC OPTICS 

	Refraction at Flat Surfaces 

	Big Plastic Refraction Tank 
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	The light source can be rotated through 270 degrees to show refraction and total internal reflection for both air/plastic and plastic/air interfaces. 




 

	OPTICS
	6A44.10
	GEOMETRIC OPTICS 

	Total Internal Reflection 

	Blackboard Optics 
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	Rotate the semicircular slab of Plexiglas with the light ray entering the exiting through the curved surface. Rotate the semicircular slab until the critical angle is reached and total internal reflection is obtained. 




 

	OPTICS
	6A44.40
	GEOMETRIC OPTICS 

	Total Internal Reflection 

	Laser and Fiber Optics 

	

	[image: image169.png]Curly Pipe

Bent Pipe
Fiber Optic
Cable

TARE:

Cylindrical
Pipe




	You are provided with a Plexiglas rod, Plexiglas curly Q and a section of fiber optic cable. Hold their ends in the beam of the laser. Vary the number of reflections in the rod by changing the angle. 




 

	OPTICS
	6A60.30
	GEOMETRIC OPTICS 

	Thin Lenses 

	Projected Filament w/Lens 
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	Turn on the light bulb. Move the light bulb to focus the image on the side wall. The focal lengths are marked on the lenses. Show the effect of aperture size on the sharpness on the focus by placing different sized stops in front of the lens. 




 

	OPTICS
	6B10.15
	PHOTOMETRY

	Luminosity

	Inverse Square Model 
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	Place pointed end next to a light source. As the light crosses the first plane, we see a square area that is equal to one unit of light. At the next level we notice that the same amount of light now covers four times the area. Therefore, it is 1/4 as bright per unit area as the first level. At the bottom level, we notice it covers nine times the area or it is 1/9 as bright. 




 

	OPTICS
	6C10.10
	DIFFRACTION

	Diffraction Through One Slit 

	Single Slit and Laser 
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	Turn on the laser. The pattern appears on the wall. The slit widths are printed on the slide. To select a different slit, slide the holder sideways. We also have the Cornell slitfilm card, which includes a slit of gradually increasing width. 




 

 

	OPTICS
	6D10.10
	INTERFERENCE

	Interference From Two Sources 

	Double Slits and Laser
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	Turn on the laser. The pattern appears on the wall. The slit widths and spacings are printed on the slide. To select different slits, slide the holder sideways. We also have the Cornell slitfilm card, which includes double slits of increasing width and spacing. 




 

	OPTICS
	6D20.10
	INTERFERENCE

	Gratings

	Number of Slits 
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	Turn on the laser and place the slit slide in front of the beam so the beam hits one of the many slits on the slide. View the results of the interference pattern on the wall. The lights in the room may need to be darkened. 




 

	OPTICS
	6D30.10
	INTERFERENCE

	Thin Films

	Newton's Rings 
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	Turn on the light. The interference pattern is projected onto the side wall. Change the pattern by tightening a screw on the edge of the glass disk. 




 

	OPTICS
	6D30.20
	INTERFERENCE

	Thin Films

	Soap Film Interference 
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	Turn on the light. Dip the wire frame into the soap solution and secure with the clip. Adjust the angle until the pattern appears on the side wall. 




 

	OPTICS
	6D40.10
	INTERFERENCE

	Interferometers

	Michelson Interferometer 
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	Turn on the laser. Read the initial position of the micrometer. Count the number of fringes while turning the micrometer slowly in one direction only. Read the final position. This can also be done with white light.




 

	OPTICS
	6F40.10
	COLOR

	Scattering

	Sunset
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	A beam of light shines through a tank of water and onto the side wall. Add a capful of solution (cedarwood oil in alcohol or Lysol) to the water and stir with the stick. The "sun" will begin to turn orange. To increase the scattering, add more solution.




 

	OPTICS
	6H10.10
	POLARIZATION

	Dichroic Polarization

	Polaroids on the Overhead 
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	You get two sheets of Polaroid and a pair of Polaroid sunglasses. Rotate one sheet of Polaroid over the other or the sunglasses over one sheet of the Polaroid. 




 

	OPTICS
	6H10.20
	POLARIZATION

	Dichroic Polarization 

	Microwave Polarization 
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	Hold a grid of parallel wires in a microwave beam and rotate the grid.




	OPTICS
	6H20.10
	POLARIZATION

	Polarization by Reflection 

	Brewster's Angle 
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	Light is reflected from a sheet of black glass onto the wall. Rotate a sheet of Polaroid in the path of the reflected light. We set the light at Brewster's Angle. Vary the incident angle by rotating the light. A metal triangle can be used to set the incident light back to Brewster's Angle.




 

	OPTICS
	6H30.10
	POLARIZATION

	Circular Polarization 

	Three Polaroids 

	

	[image: image182.png]



	Three sheets of Polaroid are provided with an overhead projector.




 

	OPTICS
	6H30.40
	POLARIZATION

	Circular Polarization 

	Karo Syrup 
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	Place the Karo syrup between the disks. Place the light source behind the rear polarizer disk and turn the lamp on. Rotate the front disk and watch the syrup change colors. 




	OPTICS
	6J10.10
	MODERN OPTICS 

	The Eye

	Eye Model
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	The standard take-apart eye model.

 


 

	OPTICS
	6Q10.10
	MODERN OPTICS 

	Holography

	Holograms
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	Turn on the light. Rotate the cylinder or walk by the hologram. A woman throws a kiss and winks at you. 
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	MODERN PHYSICS 
	7A10.10
	QUANTUM EFFECTS 

	Photoelectric Effect 

	Discharging Zinc Plate 
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	A polished zinc plate sits atop an electroscope. Charge the electroscope with a rod. Turn on the UV light. Removed the protective glass plate to expose the zinc plate to the UV rays. Replace the glass plate. Do not turn the UV light towards the students.




 

	MODERN PHYSICS
	7A50.40
	QUANTUM EFFECTS 

	Wave Mechanics 

	Vibrating Circular Wire 
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	The PASCO signal generator drives the PASCO mechanical vibrator. The three node resonance is at 20Hz. (Realize if using this as a Bohr atom model that this works out to a wavelength of 1.5.  You must pin the wire at 180 degrees from the mechanical vibrator connection to get whole wavelengths, i.e. 1, 2, 3, 4).  Turn up the amplitude after finding the resonance. Other resonances are at 60, 100, 140 Hz.  




 

	MODERN PHYSICS
	7A60.10
	QUANTUM EFFECTS 

	X-ray and Electron Diffraction 

	Electron Diffraction 
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	Rings or spots diffraction patterns can be shown to the class using a TV camera. The beam and potential will already be adjusted. Turn up the bias until the pattern appears. Do not let the current exceed rated values or you will burn out the filament and destroy the tube. Turn down the bias when you are done to extend tube life.




 

	MODERN PHYSICS
	7B10.10
	ATOMIC PHYSICS 

	Spectra

	Student Gratings and Line Sources 
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	Pass out the 1"x1" gratings to the students. These have 13,400 lines per inch. Turn on one of the light sources. There is a single filament white light source and six discharge tubes, H, He, Kr, Ar, O2 and Ne. 




 

	MODERN PHYSICS
	7D10.10
	NUCLEAR PHYSICS 

	Radioactivity

	Geiger Counter and Samples 
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	Turn on the counter and place sample under Geiger Tube. Test to see how distance from the sample affects the count. Place objects like: paper, wood, lead and other items between the source and the tube to check their shielding properties. 




 

	MODERN PHYSICS
	7D30.60
	NUCLEAR PHYSICS 

	Particle Detectors 

	Diffusion Cloud Chamber 
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	This demo requires advance notice to obtain dry ice. Tracks are most impressive if the students are allowed to view individually. The TV works quite well too.


	MODERN PHYSICS
	7F10.60
	RELATIVITY 

	Special Relativity 

	Lorentz Transformation / Time Dilation 
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	The Mechanical Universe, chapter 42, and the Hewitt film "Relativistic Time Dilation"
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	ASTRONOMY AND ASTROPHYSICS 
	8A10.10
	PLANETARY ASTRONOMY

	Solar System Mechanics 

	Orrery
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	The system is not to scale. The periods of the orbit are scaled. All the planets are on friction clutches and can be positioned by hand.




 

	ASTRONOMY AND ASTROPHYSICS 
	8A20.15
	PLANETARY ASTRONOMY

	Earth - Moon Mechanics 

	Phases of the Moon 
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	Rotate the camera in a complete circle keeping the Moon globe, or the cork ball used as the Moon, in the light. 




 

	ASTRONOMY AND ASTROPHYSICS 
	8A30.30
	PLANETARY ASTRONOMY

	Views from Earth 

	Retrograde Motion Model 
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	Use the crank on the back to move the two planets around the sun. A sliding rod shows the relative motion of the two planets.




 

	ASTRONOMY AND ASTROPHYSICS 
	8A35.10
	PLANETARY ASTRONOMY

	Views from Earth - 2 

	Celestial Sphere 
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	No instructions.




	ASTRONOMY AND ASTROPHYSICS
	8B10.50
	STELLAR ASTRONOMY

	The Sun

	Sunspots on the Overhead 
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	A light bulb on a variac is turned up to visible glow and placed on an overhead projector that is turned off.  When the overhead is turned on, the filament appears as a dark spot.




	ASTRONOMY AND ASTROPHYSICS 
	8B10.60
	STELLAR ASTRONOMY

	The Sun

	Random Walk
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	Use a Bumble Ball ( a common toy ) to illustrate the random walk of high energy photons in a star.



	ASTRONOMY AND ASTROPHYSICS 
	8B40.30
	STELLAR  ASTRONOMY

	Black Holes

	Membrane Table / Black Hole
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	Swimsuit fabric stretched over a wood frame is deformed with a weight and balls are rolled around.




	ASTRONOMY AND ASTROPHYSICS 
	8C10.30
	COSMOLOGY

	Models of the Universe

	Expanding Universe 
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	Five 10cm Styrofoam balls are threaded onto a rubber hose at equal intervals. Pull on the free end and watch the expanding intervals. 




