HARVEY MUDD COLLEGE

PHYSICS DEPARTMENT

LIST OF DEMONSTRATIONS USING THE PIRA SCHEME

The PIRA Demonstration Classification Scheme



The goal of the PIRA Demonstration Classification Scheme is to create a logically organized and universally inclusive taxonomy giving a unique number to every lecture demonstration. The structure of the classification system is as follows: 
  

Example: 1C10.25 – Glider on Air Track  

	1
	Area
	(mechanics)

	C
	Topic
	(motion in one dimensions)

	10
	Concept
	(velocity)

	.25
	Demonstration
	(Glider on Air Track)


PIRA CLASSIFICATION SCHEME
Mechanics

1A - Measurement 
1C - Motion in One Dimension 
1D - Motion in Two Dimensions 
1E - Relative Motion 
1F - Newton's First Law 
1G - Newton's Second Law 
1H - Newton's Third Law 
1J - Statics of Rigid Bodies 
1K - Applications of Newton's Laws 
1L - Gravity 
1M - Work and Energy 
1N - Linear Momentum and Collisions 
1Q - Rotational Dynamics 
1R - Properties of Matter 

Fluid Mechanics

2A - Surface Tension 
2B - Statics of Fluids 
2C - Dynamics of Fluids 

Oscillations and Waves

3A - Oscillations 
3B - Wave Motion 
3C - Acoustics 
3D - Instruments
3E – Sound Reproduction

Thermodynamics

4A - Thermal Properties of Matter 
4B - Heat and the First Law 
4C - Change of State 
4D - Kinetic Theory 
4E - Gas Law 
4F - Entropy and the Second Law 
Electricity and Magnetism

5A - Electrostatics 
5B - Electric Fields and Potential 
5C - Capacitance 
5D - Resistance 
5E - Electromotive Force and Current 
5F - DC Circuits 
5G - Magnetic Materials 
5H - Magnetic Fields and Forces 
5J - Inductance 
5K - Electromagnetic Induction 
5L - AC Circuits 
5M - Semiconductors and Tubes 
5N - Electromagnetic Radiation 

Optics

6A - Geometrical Optics 
6B - Photometry 
6C - Diffraction 
6D - Interference 
6F - Color 
6H - Polarization 
6J -The Eye 
6Q - Modern Optics 

Modern Physics

7A - Quantum Effects 
7B - Atomic Physics 
7D - Nuclear Physics 
7E - Elementary Particles 
7F - Relativity 


Astronomy and Astrophysics

8A - Planetary Astronomy 
8B - Stellar Astronomy 
8C - Cosmology 

Electronics


9B - Electronics 

AVAILABLE DEMOS ARE IN BOLD

I.  MECHANICS

Measurement – 1A00.00

1. Basic Units – 1A10.00

2. Error and Accuracy – 1A20.00


a. Catch a Meter Stick – 1A20.60 (Jacobs B122-285)
CATCH A METER STICK – 1A20. 60

- Hold a meter stick up and have a student volunteer hold his fingers beside the 50cm point. 

-Ask the student to grab the meter stick the instant he sees you drop it.

-Drop the meter stick.

-After the student catches the meter stick, measure the distance from the 50cm mark to the point where he caught the meter stick.

-Convert distance to reaction time: t = square root of (2d/g).
3. Coordinate Systems – 1A30.00

4. Vectors -1A40.00

5. Math Topics – 1A50.00

6. Scaling – 1A60.00 
Motion In One Dimension – 1C00.00


1. Velocity - 1C10.00


a. Glider on Air track – 1C10.25
 (Galileo F)
GLIDER ON AIR TRACK 1C10.25

- To demonstrate velocity in one dimension set a glider in motion on an air track


2. Uniform Acceleration – 1C20.00


a. Inclined Air Track – 1C20.30 (Galileo F)
INCLINED AIR TRACK – 1C20.30

- Air track will be leveled. Place aluminum blocks under single leg of air track to create desired incline.

- Turn on the air supply.

- To find the average velocity by using two photo gates.

.
3. Measuring g – 1C30.00

Motion In Two Dimensions – 1D00.00


1. Displacement in Two Dimensions – 1D10.00


2. Velocity, Position, and Acceleration – 1D15.00



a. High Road Low Road - 1D15.20 (Galileo F) ;Small Version Jacobs B122-276)
HIGH ROAD LOW ROAD – 1D15.20

- First ask the class to predict which ball will win

- Both tracks are the same angle, except for the transition segments.

4. Central Forces – 1D50.00



a. Pail of Water – 1D50.40 (Jacobs B122-374)
PAIL OF WATER – 1D50.40

- Swing pail in a large vertical circle

b. Rolling Chain - 1D50.70 (Galileo F)
ROLLING CHAIN – 1D50.70

- The chain is mounted on the motor.

- Start the motor by turning on the switch

- Abruptly push the chain away from the motor

- Chain will roll to a distance before it collapses.


5. Deformation by Central Forces – 1D52.00



a. Flattening the Earth – 1D52.10 (Jacobs B122-283)
FLATTENING THE EARTH – 1D52.10

- Hang the Hoberman Sphere.

- Rotate the sphere and, like the Earth, it becomes oblate.

- Its equator moves outward and its poles draw together.

- Central forces push the sphere’s center outwards, narrowing it’s radius.


a. Water Parabola – 1D52.20 (Jacobs B122-279)
WATER PARABOLA – 1D52.20
- A rectangular flat glass container mounted on ball bearings is filled with colored water and spun.
- As the setup rotates, one can observe the parabolic curve formed by the water's surface.

6.  Centrifugal Escape – 1D55.00


a. Broken Ring on Overhead Projector – 1D55.10 (Jacobs B122-286)
BROKEN RING (OHP) – 1D55.10

- Place the ring near the edge of the table so that the ball will roll parallel to the edge.
- Roll a steel ball around the inside of the ring.
- Hold the ring securely while the ball is rolling around the ring.
- Have the class vote which way the ball will roll when it reached the gap.

7. Projectile Motion - 1D60.00



a. Funnel Cart Trajectory – 1D60.10   (Galileo F)
FUNNEL CART TRAJECTORY – 1D60.10

- A ball fired vertically from a cart moving horizontally falls back into the cart



b. Simultaneous Fall – 1D60.20 (Jacobs B122-279)
SIMULTANEOUS FALL – 1D60.20

- A Spring loaded device drops one ball and projects the other horizontally.

- Listen for the sound of balls striking the floor. Only one click should be heard.



c. The Monkey and the Hunter – 1D60.32  (Galileo F)
THE MONKEY AND THE HUNTER – 1D60.32

- Aim the cannon at the monkey when 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.

d. Projectile Launcher (Pasco) - 1D60.70 (Keck B127)
PROJECTILE LAUNCHER – PASCO – 1D60.70

- Shoot balls at different angles.

Relative Motion – 1E00.00


1. Moving Reference Frames – 1E10.00


2. Rotating reference frames – 1E20.00


3. Coriolis Effect – 1E30.00

 Newton’s First Law – 1F00.00


1. Measuring Inertia - 1F10.00


2. Inertia of Rest – 1F20.00 


a. Smash Your Hand – 1F 20.20  (Jacobs B122 – 352) 
SMASH YOUR HAND – 1F20.20

-  Place a lead brick on a hand or on a piece of fruit.
-  Hammer the brick, give it a good whack.
-  The person doesn’t howl with pain.

3. Inertia of Motion – 1F30.00


a. Persistence of Motion – Cart on Air Track – 1F30.10  (Galileo F)
PERSISTENCE OF MOTION (AIR TRACK) – 1F30.10

- Air track is leveled. Turn on the air supply

- Push cart and allow it to bounce back and forth long the track

- Nearly all energy loss occurs during the collisions at the ends of the track

Newton’s Second Law  - 1G00.00


1. Force, Mass and Acceleration – 1G10.00


2. Accelerated Reference Frames – 1G20.00
a. Dropped Slinky – 1G20.45 (Jacobs B122-163)
DROPPED SLINKY – 1G20.45

- Hold a slinky so some of it extends downward, and then drop it to show the contraction


3. Complex Systems – 1G30.00

Newton’s Third Law – 1H00.00

1. Action and Reaction- 1H10.00

a. Push Me Pull You Carts – 1H10.10 (Jacobs B 122- 231A )
PUSH ME PULL YOU CARTS – 1H10.10
- Hold Ask two students to stand on two different carts and hold a rope between them.

- Have only one student pull on the rope.

- Observe that they both move toward each other.

- Have the other student pull on the rope, observe the same effect.

- Use a stick instead for pushing.
- Both carts move away from each other as only one student pushes on the stick.

2. Recoil – 1H11.00

Statics and Rigid Bodies – 1J00.00


1. Finding Center of Gravity – 1J10.00



a. Map of State - 1J10.10 (Jacobs B122-370)
MAP OF STATE – 1J10.10

- Hang map of your state on a peg through the desired hole. 

- Hand a plumb bobbin front

- Mark plump line with marker.

- Repeat with other holes.

- Where the lines cross is the center of gravity.


b. Fingers Find CG - 1J10.20 (Jacobs B122 171)
FINGERS FIND CG – 1J10.20

- Hold a 2m meter-stick horizontally, with one finger under each end.
- As the fingers slowly draw together, the meter stick slides so as to remsin balanced.
- Try different starting points or add a small mass to one end of the stick.


2. Exceeding Center of Gravity – 1J11.00



a. Double Cone – 1J11.15 (Jacobs B122-286)
DOUBLE CONE – 1J11.15

- Place the double cone on the lower end of the “U” and it will roll uphill.


b. Tower of Lire – 1J11.20 (Keck B127)
TOWER OF LIRE – 1J11.20
- Place wooden or metal blocks on top of each other with each progressive block hanging out farther than the last. 


3. Stable, Unstable and Neutral Equilibrium – 1J20.00



a. Nine Nails on One – 1J20.25 (Jacobs B122-371)
NINE NAILS ON ONE – 1J20.25

-Balance the set of  9 nails on one



b. Center of Gravity Paradox Stick -1J20.26 (Galileo F & Jacobs B122-274)
CENTER OF GRAVITY PARADOX STICK – 1J20.26

-This center of gravity paradox shows that a lower center of mass doesn’t always increase stability.
- Balance the stick w/ attached mass

- The weight farther away works better due to its moment of inertia.

4. Resolution of Forces – 1J30.00

5. Static Torque – 1J40.00


a. Torque Beam – 1J40.22  (Jacobs B122-285 &Galileo F)
TORQUE BEAM – 1J40.22

- Use combinations of masses and distances to show torques in equilibrium

-Distances are in integer multiples: r, 2r, 3r, 4r.

-Masses are equal

Applications of Newton’s Laws – 1K00.00

1. Dynamic Torque – 1K10.00

a. Waking the Spool – 1K10.30  (Galileo F)
WALKING THE SPOOL – 1K10.30

- 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.

2. Friction – 1K20.00

a. Friction Blocks – Surface Materials – 1K20.10  (Galileo F)
FRICTION BLOCKS – SURFACE MATERIAL – 1K20.10

- Measure 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.


b. Static vs. Sliding Friction – 1K20.30  (Galileo F)
STATIC VS SLIDING FRICTION – 1K20.30

- Pull on a block with a spring scale until just before the block moves.

- Note the reading on the spring scale.

- Pull the block slowly across the table.

- Compare the spring scale readings.
3. Pressure – 1K30.00

a. Bed of Nails and Balloon – 1K30.15 (Jacobs B122-369)
BED OF NAILS AND BALLOON – 1K30.15

- A balloon is placed on a bed of 25 nails.

- 500 g masses are placed on a board which rests on the balloon.

- The 25 nail bed is replaced with a single nail and the procedure is repeated. 


Gravity – 1L00.00

1. Universal Gravitational constant – 1L10.00


a. Cavendish Balance – 1L10.30 (Keck B127)
CAVANDISH BALANCE – 1L10.30

- Initially the balance is in equilibrium with the two large lead balls in one extreme position up against the face of the balance. 

- At the start of the lecture the balls are moved to the other extreme position.

- The suspension goes into oscillation. 

- By the end of the period the motion of the suspension approaches a new equilibrium position brought about by the change in the gravitational force on the dumbbells.
2. Orbits – 1L20.00

Work and Energy – 1M00.00

1. Work – 1M40.10

2. Simple Machines – 1M20.00

3. Non-Conservative Forces – 1M30.00

4. Conservation of Energy – 1M40.00



a. Loop the Loop – 1M40.20  (Jacobs B122-146)
LOOP THE LOOP – 1M40.20

- 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.


5. Mechanical Power – 1M50.00
Linear Momentum and Collisions – 1N00.00

 
1. Impulse and Thrust – 1N10.00


2. Conservation of Linear Momentum – 1N20.00

3. Mass and Momentum Transfer – 1N21.00


4. Rockets – 1N22.00


5. Collisions in One Dimension – 1N30.00



a. Collision with 5 Hanging Balls– 1N30.10 (Jacobs B122-011)
COLLISION WITH 5 HANGING BALLS - 1N30.10

- Observe the effects of displacing different numbers of balls.

- Try one ball first, then two and so on up to five balls at once.


b. Newton’s Cradle – 1N30.20 (Jacobs B122-011)
NEWTON’S CRADLE – 1N30.20
- Raise a ball away from the others and release it- It collides with its neighbor.
- The momentum of the ball is transferred through the system.
- The ball on the other end reacts accordingly.
- Repeat the process with two balls, or three, or four.
- This demonstrates conservation of momentum in a collision involving several bodies.



c. Large Ball and Small Ball Drop – 1N30.60 (Jacobs B122-273 & 275)
LARGE BALL AND SMALL BALL DROP – 1N30.60

- Place a small ball on top of a big ball and drop from a height of about 4 feet


d. Velocity Amplifier using Stacked Disks – 1N30.62  (Galileo F)
VELOCITY AMPLIFIER USING STACKED DISKS – 1N30.62

- Four discs (1 5/8", 3 1/8", 5", and 8") are placed on top of each other such that they stand vertically.

- The four discs are also confined to the vertical plane.

- Raising and releasing two discs will cause the smallest disc to bounce a few inches.

- Raising three will cause the smallest disc to bounce out of the apparatus a few inches. 

- Raising and releasing all four will cause the smallest disc to fly many feet into the air.

e. Double Air Glider Bounce on an Air Track – 1N30.65  (Galileo F)
DOUBLE AIR GLIDER BOUNCE – 1N30.65

- Let two air carts accelerate down an inclined air track

- Vary the mass of the first cart and measure the rebound height of the smaller cart
6. Collision in Two Dimensions – 1N40.00

a. Super Ball Bounces – 1N40.60 (Jacobs B122-280)
SUPER BALL BOUNCES – 1N40.60

- A super ball is bounced under a flat surface, such as a table.

- The super ball then bounces back.

- Bounce the ball at a 45 degree angle to the ground for good results.
Rotational Dynamics – 1Q00-00

PASCO’S Complete Rotational System provides a range of experiments in centripetal force, angular momentum and rotational motion (Galileo F)

1. Moment of Inertia – 1Q10.00



a. Inertia Wands – 1Q10.10  (Galileo F)
INERTIA WANDS – 1Q10.10

- Twirl equal mass wands, one with the mass at the ends and the other with the mass at the middle.

- The wand with the mass concentrated in the middle rotates much easier than the wand with the mass concentrated at the ends.


b. Ring, Disk and Sphere Race (rolling on incline) – 1Q10.30
RING, DISK AND SPHERE RACE – 1Q10.30




(Galileo F)
- Each item has the same diameter

- After leveling the track from side release them all at the same time and see which one gets to the bottom first.

- To release all objects at the same time, place a meter stick against the supports. With objects resting against the meter stick, remove the stick quickly with an upward motion.


2. Rotational Energy – 1Q20.00



a.   Complete Rotation Demonstration (Pasco) – 1Q20.10  
PASCO’S COMPLETE ROTATIONAL SYSTEM – 1Q20.10



(Galileo F)
- The system provides a range of experiments in centripetal force, angular momentum and rotational motion


b.   Driven Torsion Oscillation- Indian Driller – 1Q20.21

DRIVEN TORSION OSCILLATION – Indian Driller – 1Q20.21



(Galileo F)
-Indian Driller to show rotational energy.

3. Transfer of Angular Momentum – 1Q30.00



a. Passing the Wheel – 1Q30.10 (Galileo F)
PASSING THE WHEEL – 1Q30.10

- Tip the spinning tire half way and hand it to a student on a turntable

- The student tips it another half way and hands it back.

- Repeat until the spinning student is turning so fast for the hand off. 

- Add or subtract from the angular momentum depending on which way the wheel is tipped.


b. Driven Torsion Oscillation- Indian Driller – 1Q30.12 (Galileo F)
DRIVEN TORSIOAN OSCILLATION – INDIAN DRILLER – 1Q30.12

-Indian Driller to show transfer of angular momentum,
4. Conservation of Angular Momentum – 1Q40.00


a. Rotating Stool with Weights – 1Q40.10 (Galileo F)
ROTATING STOOL WITH WEIGHTS – 1Q40.10

- Start rotating with dumbbells close to your body. Or else be careful to begin with a slow spin.

- Watch the change in spin the masses are moved further away.


b. Rotating Hoberman Sphere – 1Q40.22 (Jacobs B122 - 283)
ROTATING HOBERMAN SPHERE – 1Q40.22

- Expand the Hoberman sphere by removing the small clip at the bottom.

- Give the sphere a slight push to make it spin slowly.

- As it is spinning, pull on the bottom pull ring and watch the angular velocity change.
- Do not pull hard enough to collapse the sphere completely. This damages the pulley system.


c. Pulling on the Whirligig – 1Q40.25 (Jacobs B122 - 375)
PULLING ON THE WHIRLIGIG – 1Q40.25

- Attach balls to either ends of a string that passes through a hollow tube so you can set one ball twirling and pull on the other ball to change the radius.

- Spin the ball around while holding the hollow tub.

- Move the lower ball up and down to change the radius of the circle.


d. Rotating Stool and the Bicycle Wheel – 1Q40.30 (Galileo F)

ROTATING STOOL AND BICYCLE WEEL – 1Q40.30

- Tip a spinning wheel sitting on a rotating platform.
- Tip the wheel in the opposite direction to spin to change the direction on the spinning platform


e. Suitcase Demo– 1Q40.50 (Jacobs B122 - 033)
SUITCASE DEMO – 1Q40.50
-A large fly-wheel is mounted in a suitcase.
-Start the fly-wheel a couple of minutes before the demo.

-Have a student carry the suitcase around the corner.


f. Hero’s Engine – 1Q40.80
HERO’S ENGINE – 1Q40.80

- Put an amount of liquid nitrogen in the bottle and tighten the bottle to the cap and PVC pipe assembly.

- Hold the other end of the PVC firmly and lower the bottom of the bottle into a container (Nalgene beaker) 1/3 full of water.

- As soon as the bottom of the bottle touches the water the liquid nitrogen will begin to boil and pressurize. 

- The nitrogen gas escaping will cause the bottle to run at a high rate of speed.

5. Gyros – 1Q50.00



a. Precessing Gyro – 1Q50.50 (Galileo F & Small Gyros Jacobs B122-280)
PRECESSING GYRO – 1Q50.50

- A gyroscope with a counterweight is used to show the fundamental precession equation.


6. Rotational Stability – 1Q60.00


a. Lazy Suzan with Spring Scales - Sparks – 1Q60.01 (Galileo F)
 LAZY SUZAN – 1Q6001

-Lazy Suzan to show rotational stability.
b. Stacking Wooden Blocks - Sparks – 1Q60.02 (Galileo F)
STACKING WOODEN BLOCKS – 1Q60.02

- Stacking wooden blocks to show rotational stability.
Properties of Matter – 1R00.00


1. Hooke’s Law



a. Stretching a Spring – 1R10.10 (Jacobs B122 - 168)
STRETCHING A SPRING – 1R10.10

- A 50 gram mass hanger hangs on a spring

- Begin with 50 grams on the hanger. This brings the spring into its linear range.

- Mark the position of the bottom of the hanger on a meter stick positioned next to it with a clamp.

- Add 100 gram masses to the hanger marking the positions after each addition.

- Compare the end positions of masses that are multiples, such as double or triple.

2. Tensile and Compressive Stress – 1R20.00

3. Shear stress – 1R30.00

4. Coefficient of Restitution – 1R40.00


a. Happy and Sad Balls – 1R40.30 (Jacobs B122 - 166)
HAPPY AND SAD BALLS – 1R40.30

- 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.

5. Crystal Structure – 1R50.00
II. FLUID MECHANICS

Surface Tension – 2A00.00


1. Force of Surface Tension – 2A10.00



a. Floating Metals – 2A10.20 (Jacobs B122 - 022)
FLOATING METALS – 2A10.20

- 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.



b. Surface Tension Bottle – 2A10.60 (Jacobs B122 - 280)
SURFACE TENSION BOTTLE – 2A10.60
-  A flask has a screw top cork with a small hole.

-  Insert a slender object through the hole to show that a hole indeed exists,

-  Fill the flask with water and insert the cork and invert it.

-  No water will exit through the hole.

2. Minimal Surface – 2A15.00



a. Soap Film – 2A15.10 (Jacobs B122 - 022)
SOAP FILM – 2A15.10

-Dip a frame with a loop of thread in soap. Pop the film in the center of the thread by blowing on it. The formula for the solution is: ½ gallon (1890 ml) distilled water, 1/3 cup (80 ml) Dawn, 1Tablespoon (7.5 ml) Glycerin.

3. Capillary Action – 2A20.00


4. Surface Tension Propulsion – 2A30.00

Statics of Fluids – 2B00.00


1. Static Pressure – 2B20.00


2. Atmospheric Pressure – 2B30.00



a. Crush the Soda Can – 2B30.10 (Jacobs B122 - 022)
CRUSH THE SODA CAN – 2B30.10

- Put a small amount of water in a soda can.

- Partially fill the bowl with water.

- Bring water in the can to a boil.

- Using tongs, flip the can over into bowl of cold water

- Watch the can immediately collapse.


b. Magdeburg Vacuum Plates – 2B30.25 (Jacobs B122 - 273)
 MAGDEBURG VACUUM PLATES – 2B30.25

- Use a hand pump to evacuate the Magdeburg plates.

- About 140 pounds of force are needed to separate them.


c. Vacuum Cannon -2B30.70 (Galileo F & Jacobs B122 – 149 and 281)
VACUUM CANNON – 2B30.70

- Place the vacuum cannon on the table and clamp the pop can holder directly in front of the cannon muzzle. 

- Place a 40mm Ping-Pond ball into the muzzle and roll it all the way down to the stop provided by the vacuum inlet.

- Place 3-M packing tape onto each end of the cannon taking care to insure that the tape is flat so that it does not have any air leaks.

- Pump the air out of the cannon with the vacuum pump.

- When desired vacuum is reached, shut the valve on the cannon and turn off the vacuum pump.

- Using a sharp object, puncture the tape at the rear end of the cannon.

- The Ping-Pong ball will be driven out the other end of the cannon by the inrushing air and will puncture several soda cans.


3. Measuring Pressure – 2B35.00

4. Density and Buoyancy – 2B40.00


a. Weigh Submerged Block – 2B40.10 (Jacobs B122)
WEIGH SUBMERGED BLOCK – 2B40.10

- Weigh a 3 Kg. block in air and then in water.

- Use a 40 Newton scale.


5. Siphons, Fountains, Pumps – 2B60.00

Dynamics of Fluids – 2C00.00


1. Flow Rate – 2C10.00


2. Forces in Moving Fluids – 2C20.00



a. Bernoulli’s Tube – 2C20.10 (Jacobs B122 - 286)
BERNOULLI’S TUBE – 2C20.10

- Blow across the top of the transparent vertical tube with Styrofoam plug.

- Observe how the Styrofoam plug rises demonstrating how the Bernoulli effect causes the pressure in moving air to become less than atmospheric.


a. Wind Bags – 2C20.22 (Jacobs B122 - 280)
WIND BAGS – 2C20.22

- Blow into a long tubular plastic bag known as a “Wind Bag.”
- If the bag is placed right over the mouth, it will barely inflate when blown into.

- If the bag is held a few inches away from the mouth and blown into, it will inflate a much greater amount, as air in the region is pulled into the stream of air entering the bag.


b. Bernoulli’s Funny Car– 2C20.35 (Jacobs B122 - 281)
BERNOULLI’S FUNNY CAR 2C20.35

- Demonstrate Bernoulli’s principle by supporting a Styrofoam ball in a stream air.

- Put Styrofoam ball on smokestack.

- Move switch to GO position.



c. Singing Boogle Tube – 2C20.36 (Jacobs B122 - 275)
SINGING BOOGLE TUBE- 2C20.36
- Hold at one end and swing the tube to hear the not. Adjust the speed of the tube to obtain higher or lower pitch.


3. Viscosity – 2C30.00



a. Falling Bodies Air Resistance – 2C30.65 (Jacobs B122)
FALLING BODIES AIR RESISTANCE – 2C30.65

- A flat piece of paper is dropped and the time to fall a specified distance is noted.

- The paper is then crumpled and dropped again.

- Coffee filters can be used to fall without tumbling and by stacking them mass is added without increasing the effective surface area.

4. Turbulent and Streamline flow – 2C40.00


5. Vortices – 2C50.00



a. Smoke Ring – 2C50.10 (Jacobs B122 - 275)
SMOKE RING USING ZERO BLASTER – 2C50.10
- Fill tank with super Zero Fog Fluid

- Gently hold in power lever until Light in fog chamber indicates Zero Blaster is on, wait 5 seconds. 

- Pull pump lever to fill fog chamber with fog.

- Pull firing trigger back until plunger is released.

- To make large fog rings push the Zero Blaster forward, about 12 inches, with a smooth constant speed.

6. Non Newtonian Fluids – 2C60.00

III. OSCILLATIONS AND WAVES
OSCILLATIONS – 3A00.00 

1. Pendula – 3A10.00



a. Simple Pendulum – 3A10.10 (Galileo F & Jacobs B122)
SIMPLE PENDULUM – 3A10.10

- The length of the pendulum is adjustable.

- A timer can be used to measure the period.


2. Physical Pendula – 3A15.00



a. Sweet Spot– 3A15.50 (Galileo F & Jacobs B122-286)
SWEET SPOT– 3A15.50

- A baseball bat hangs from a pin that can slide along the horizontal support rods.

- The forked end of the pivoting arrow straddles the pin.

- Start with the arrow straight up. When the bat is struck above or below the sweet spot the arrow indicates the direction the end of the handle moves.

- The arrow remains stationary only when the bat is struck at the marked sweet spot.

3. Springs and Oscillators – 3A20.00



a. Mass on a Spring – 3A20.10 (Galileo F & Jacobs B122 – 168 & 178A)
MASS ON A SPRING – 3A20.10

- Place a hooked mass on a 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.


b. Air Track Glider and Spring – 3A20.30 (Galileo F)
AIR TRACK GLIDER AND SPRING – 3A20.30

- An air track cart oscillates on a stiff spring.

- The cart oscillates. Change the period by adding weights on the cart.



c. Air Track Glider Between Springs – 3A20.35 (Galileo F)
AIR TRACK GLIDER BETWEEN SPRINGS – 3A20.35

- An air track cart is between two light extension springs.

- Add mass to the glider to change the period.


4. Simple Harmonic Motion – 3A40.00



a. Arrow on the Wheel – 3A40.30 (Galileo F)
ARROW ON THE WHEEL – 3A40.30

- An arrow is mounted on a rotating wheel or a timer.

- The arrow’s shadow is projected onto a wall.


5. Damped Oscillations – 3A50.00


6. Driven Mechanical Resonance – 3A60.00



a. Tacoma Narrows Film/ Video – 3A60.10

TACOMA NARROWS FIL M – 3A60.10

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


b. Resonance in Rods – 3A60.51 (Jacobs B122 - 284)
RESONANCE IN RODS – 3A60.51

- Three pairs of spring-steel wires are affixed to a horizontal rod.
- A brightly colored mass is affixed to the end of each wire.

- When any wire is “plucked”, its equal-length counterpart of the opposite side of the device oscillates with large excursions while the other four wires and weights remain relatively motionless.


7. Coupled Oscillations – 3A70.00



a. Coupled Pendula – 3A70.20 (Galileo F & Jacobs B122)
COUPLED PENDULA - 3A70.20

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


b. Spring Coupled Pendula – 3A70.25 (Galileo F & Jacobs B122)
SPRING COUPLED PENDULA – 3A70.25

- Two simple pendula are connected only by a very light spring.
- Displace one pendulum perpendicular to the spring and observe the coupling that occurs.

8. Normal Modes – 3A75.00


9. Lissajous Figures – 3A80.00


9. Non-Linear Systems – 3A95.00


a. Chaos Pendulum (Math Dept. Demo) – 3A95.50 (Jacobs B110) 
CHAOS PENDULUM – 3A95.50

- Two identical pendulums are released at what appear to be the same point.

-  As the release points of the pendulums are slightly different, the behavior of the pendulums will soon diverge noticeably from each other.
WAVE MOTION – 3B00.00


1. Transverse Pulses and Waves – 3B10.00



a. Wave Model by Wave Machine – 3B10.30 (Galileo F)
WAVE MODEL BY WAVE MACHINE (Shive Apparatus )  – 3B10.30

- Thin rods are mounted on a fine wire that twists easily;

- Displace the rod at one end to create a torsion pulse or wave.

2. Longitudinal Pulses and Waves – 3B20.00


a. Hanging Slinky – 3B20.10 (Jacobs B122 - 163)
HANGING SLINKY – 3B20.10

- 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.


3. Standing Waves – 3B22.00



a. Vibrating String – 3B22.10 (Keck B127 & Jacobs B122 - 279)
VIBRATING STRING – 3B22.10

- A string is held under tensions and driven by a variable frequency oscillator.

- Changing the frequency will change the number of modes. 

- Also increasing or decreasing the tension will change the number of modes.


b. Standing Waves on the Over Head Projector – 3B22.11 










(Jacobs B122 - 285)
STANDING WAVES, OHP – 3B22.11

- Place the standing wave apparatus on the overhead projector.

- Plug in the apparatus and overhead and turn them both on.

- Slowly turn the knob on the apparatus until wave patterns appear on the screen or the wall.

- The apparatus will show clear patterns of one to seven nodes.


c. Resonance in Glass Pipe Filled with Kerosene – 3B22.15 
RESONANCE IN GLASS PIPE FILLED WITH KEROSENE – 3B22.15       (Galileo F & Jacobs B122-175)

- The air inside a very large glass pipe partially filled with kerosene is acoustically excited into standing waves.

- Once resonating, the locations of the velocity antinodes inside the pipe are dramatically made evident by vigorous agitation of the fluid, resulting in fabulous foaming frothing fountains of fluid.

- The velocity of sound can also be determined by nothing the resonance frequency and measuring the distance between antinodes.

4. Impedance and Dispersion – 3B25.00



a. Impedance with the Wave Machine – 3B25.10 (Galileo F)
IMPEDENCE WITH THE SHIVE WAVE MACHINE – 3B25.10

- Thin rods are mounted on a fine wire that twists easily.

- Displace the rod at one end to create a torsion pulse or wave.

- Sets of rods of different lengths are connected to show reflection and refraction with matched or unmatched impedances


b. Reflection with the Wave Machine – 3B25.20 (Galileo F)
REFLECTION WITH THE SHIVE WAVE MACHINE – 3B25.20

- Send a single pulse down to the wave machine

- Watch the reflected pulse.

- Repeat with the end clamped.

5. Compound Waves – 3B27.00



a. Wave Superposition with Wave Machine – 3B27.15 (Galileo F)
WAVE SUPERPOSITION WITH THE SHIVE WAVE MACHINE – 3B27.15

- Attach two Shive models to make a long unit.

- Start pulsed from both ends simultaneously.

6. Wave Properties of Sound – 3B30.00



a. Speed of Sound – 3B30.10 (Jacobs B122 - 275)
SPEED OF SOUND – 3B30.10

- A metal surface is hit with a hammer and a flash light is activated instantly.

- Two students half a mile away with stop watches; one registers the time when he hears the sound and the other one when he sees the flash light.


b. Helium Talk – 3B30.50 (Jacobs B122)
HELIUM TALK – 3B30.50

- Talk or laugh while breathing helium.

7. Phase and Group Velocity – 3B33.00


8. Reflection & Refraction (Sound) – 3B35.00


9. Transfer of Energy in Waves – 3B39.00


10. Doppler Effect – 3B40.00



a. Doppler Buzzer – 3B40.10 (Galileo F)
DOPPLER BUZZER – 3B40.10

- 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.

11. Shock Waves – 3B45.00


12. Interference and Diffraction – 3B50.00



a. Ripple Tank – Single Slit – 3B50.10 (Jacobs B122 - 163)
RIPPLE TANK – SINGLE SLIT – 3B50.10

- The shadows from a shallow water tank are reflected on a screen.

- Use a plane wave generator with barriers to show single slit diffraction.


b. Ripple Tank – Two Points – 3B50.20 (Jacobs B122 -163)
RIPPLE TANK – TWO POINTS – 3B50.20

- The shadows from a shallow water tank are reflected on a screen.
- Use two point sources to show interference.


c. Ripple Tank – Double Slit – 3B50.25 (Jacobs B122 -163)
RIPPLE TANK – DOUBLE SLIT – 3B50.25
- The shadows from a shallow water tank are reflected onto a screen.

- Use the plane wave generator and barriers to make two slits.

13. Interference and Diffraction of Sound – 3B55.00



a. Interference with Two Speakers – 3B55.10 (Jacobs B122 -165)
INTERFERENCE WITH TWO SPEAKERS – 3B55.10

- Two speakers 2m apart are driven from the same oscillator.
- The students move their heads around to hear the interference pattern.

14. Beats – 3B60.00



a. Beats with two Speakers – 3B60.10 (Jacobs B122 -165)
BEATS WITH TWO SPEAKERS – 3B60.10

- The frequencies of the two function generators are adjusted sot that you can hear clear beats from the interaction of the pitches that are coming from the speakers.

- An oscilloscope can be used to display the resultant waveform of the beats.


15. Coupled Resonators – 3B70.00


a. Sympathatic Resonance with Tuning Forks – 3B70.10









 (Jacobs B122 -166)
SYMPATHETIC RESONANCE WITH TUNING FORKS – 3B70.10

- Use two matched tuning forks on boxes, the open ends facing one another.
- Strike one, bring the other close, and then stop the first.
ACOUSTICS – 3C00.00


1. The Ear – 3C10.00


2. Pitch – 3C20.00



a. Range of Hearing – 3C20.10 (Jacobs B122 -166)
RANGE OF HEARING -3C20.10

- 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 hearing range.
- At subsonic frequencies you can see the speakers vibrate.

3. Intensity and Attenuation – 3C30.00


4. Architectural Acoustics – 3C40.00


5. Wave Analysis and Synthesis – 3C50.00


6. Music Perception and the Voice – 3C55.00
INSTRUMENTS – 3D00.00


1. Resonance in Strings – 3D20.00


2. Stringed Instruments – 3D22.00


3. Resonance Cavities – 3D30.00


a. Resonance Tube – 3D30.15 (Jacobs B122)
RESONANCE TUBE – 3C30.15

- Use two nested cardboard tubes, open speaker and sine wave generator

- Using the plunger tube see the effects of length on the resonant frequencies of closed tubes.

- Vary sound source frequency to show open tube resonant frequency pattern.


b. Singing Pipe – 3D30.40 (Jacobs B122 – 271 & 175)
SINGING PIPE – 3C30.75

- An open ended metal or cardboard tube has a metal screen attached inside of one end.

- The pipe is heated by putting it up to a to a blow torch with the end that has the metal screen closest.

- After 20-30 seconds of heating, the pipe is moved away from the heat source.

- If held vertically with the metal screen on the bottom, the pipe will hum as hot air rushes through the tube after being heated while passing through the screen.

- Holding the pipe horizontally will stop the sound, but the sound will return if the pipe is returned to vertical while still hot enough.


4. Air Column Instruments – 3D32.00


a. Organ Pipes – 3D32.10 (Galileo F)
ORGAN PIPES – 3D32.10
- There are metal organ pipes of several different lengths with plungers to vary the lengths of the tube or caps for an open or closed pipe.

5. Resonance in Plates, Bars, Solids – 3D40.00



a. Singing Rod – 3D40.20 (Jacobs B122 -286)
SINGING ROD -3D40.20

- 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 vigorously stroke the rod.

- You will need to squeeze hard. Also try holding the rod at a point 1/3 or ¼ of its length to excite higher harmonics.


b. Chladni Plate – 3D40.30 (Jacobs B110 –Keck B127)
CHLADNI PLATE – 3D40.30 (click for image)
- A square plate is clamped at its center. 

- Sand is sprinkled on it and place is excited with a mechanical vibrator and a frequency generator.

- The sand will show the nodal lines of the excited pattern.

- The pattern will change depending on the frequency applied to the mechanical vibrator.


c. Shattering the Beaker/ Wine Glass – 3D40.55 (Jacobs B122 -283)
SHATTERING THE BEAKER/ WINE GLASS – 3D40.55

- Laboratory beakers or wine glasses are shattered in a chamber when large amplitude sound at the resonant frequency is directed at a beaker or a wine glass.


6. Percussion Instruments – 3D42.00


7. Tuning Forks – 3D46.00



a. Tuning Forks – 3D46.15 (Jacobs B122 -166)
TUNING FORKS – 3D46.15

- Strike two tuning forks. Hold one against the table and the other in the air.

- When the first is no longer audible, hold the second on the table.

8. Electronic Instruments – 3D50.00

SOUND REPRODUCTION – 3E00.00


1. Audio System – 3E10.00


2. Loudspeakers – 3E20.00


3. Microphones – 3E30.00


4. Amplifiers – 3E40.00


5. Recorders – 3E60.00


6. Digital System – 3E80.00
IV. THERMODYNAMICS

THERMAL PROPERTIES OF MATTER – 4A00.00


1. Thermometry – 4A10.00


2. Liquid Expansion – 4A20.00


3. Solid Expansion – 4A30.00



a. Bi-Metal Strip – 4A30.10 (Galileo F)
BI-METAL STRIP – 4A30.15

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

- When heated the strip curves toward the steel side.


b. Ball and Ring – 4A30.20 (Galileo F)
BALL AND RING – 4A30.20

- Try putting the ring around a ball.

- At room temperature the ring is slightly smaller than the ball.

- Heat the ring and try again.


4. Properties of Materials at Low Temperature – 4A40.00



a. Solder Spring – 4A40.15  (Jacobs B122)
SOLDER SPRING – 4A40.15

- Use solder to make a spring like coil.

- Test it with small masses and observe that the coil does not have spring like properties.

- Use some extra solder to make another identical coil.

- Cool the coil in liquid nitrogen.

- After the boiling of liquid nitrogen subsides hang small masses (10Kg) from the coil and observe the spring’s properties the coil has now.


b. Smashing a Rose in LN2 – 4A40.30 (Jacobs B122)
SMASHING A ROSE IN LN2 – 4A40.30

- Cool a rose in a Dewar of Liquid Nitrogen and smash it.


c. Viscous Alcohol – 4A40.40 (Jacobs B122)
VISCOUS ALCOHOL – 4A40.40

- A small beaker of alcohol is cooled in a liquid nitrogen bath.

- Before the alcohol freezes, it becomes quite viscous.

- Observe the viscous alcohol by pouring it into another beaker.


5. Liquid Helium – 4A50.00
HEAT AND THE FIRST LAW – 4B00.00


1. Heat Capacity and Specific Heat- 4B10.00


2. Convection – 4B20.00


3. Conduction – 4B30.00


4. Radiation – 4B40.00


5. Heat Transfer Applications – 4B50.00



a. Boiling Water in a Paper Cup - 4A50.20 (Jacobs B122)
BOILING WATER IN A PAPER CUP – 4A50.20

- Use a torch to heat an empty paper cup. It catches fire in no time.
- Fill another paper cup 1/8 full with water.

- Heat the paper cup again and observe that the water boils before the cup catches on fire.

6. Mechanical Equivalent of Heat – 4B60.00


7. Adiabatic Processes – 4B70.00
CHANGE OF STATE – 4C00.00


1. PVT Surfaces – 4C10.00


2. Phase Changes: Liquid – Solid – 4C20.00


3. Phase Changes: Liquid – Gas – 4C30.00


4. Cooling by Evaporation – 4C31.00



a. Drinking Bird – 4C31.30 (Jacobs B122 - 279)
DRINGING BIRD – 4C31.30

- Soak the bird’s head in the water and let him “drink”.


5. Dew Point and Humidity – 4C32.00


6. Vapor Pressure – 4C33.00



a. Hand Boiler – 4C33.50 (Jacobs B122 - 279)
HAND BOILER – 4C33.50

- Hand boiler apparatus filled with colored methyl alcohol fluid.

- Cup hand around the bottom chamber.

- Note that heat from the hand evaporates the liquid, raising the pressure in the bottom chamber, forcing the liquid into the upper chamber.

- Cup hand around the upper chamber.

- The same effect applies to send the liquid into the opposite chamber.


7. Sublimation – 4C40.00


8. Phase Changes: Solid – Solid – 4C45.00


9. Critical Point – 4C50.00



a. Critical Opalescence – 4C50.20 (Jacobs B122 - 279)
CRITICAL OPALESCENCE – 4C50.20

- To show the refractive index with phase change.

- A mixture of hexane and methanol is heated above 42.4 degrees C.

- The mixture is clear and appears as one liquid.

- Let the mixture cool to 42.4 degrees C and observe the critical opalescence at the transition temperature by shining a laser beam to the mixture.

- As the mixture continues to cool the two liquids will separate into distinct layers.

KINETIC THEORY – 4D00.00


1. Brownian Motion – 4D10.00


2. Mean Free Path – 4D20.00



a. Crooke’s Radiometer – 4D20.10 (Jacobs B122 - 279)
CROOKE’S RADIOMETER – 4D20.10

- Approach a light source near the radiometer and watch the rotation of the vanes.


3. Kinetic Motion – 4D30.00


4. Molecular Dimensions – 4D40.00


5. Diffusion & Osmosis – 4D50.00
GAS LAW – 4E00.00


1. Constant Pressure – 4E10.00


a. Balloon in LN2 – 4E10.20 (Jacobs B122 - 279)
BALOON IN LIQUID NITROGEN – 4E10.20

- An air-filled balloon sits in a dish.

- Pour liquid nitrogen over the balloon and watch it shrink.

- Take the balloon out and it “blows” back up.

2. Constant Temperature – 4E20.00


3. Constant Volume – 4E30.00

ENTROPY AND THE SECOND LAW – 4F00.00


1. Entropy – 4F10.00


2. Heat Cycles – 4F30.00



a. Hero’s Engine with LN2 – 4F30.01 (Jacobs B122 - 285)
HERO’S ENGINE WITH LN2 – 4F30.01

- Pour LN2 into the plastic drinking bottle.

- Tighten bottle to the cap and PVC pipe assembly.
- Hold the other end of the PVC firmly and lower the bottom of the bottle into a Nalgene container 1/3 full of water.

- As soon as the bottom of the bottle touches the water, LN2 will begin to boil and pressurize.

- The nitrogen gas escaping will cause the bottle to turn at a high rate of speed.


b. Stirling Engine – 4F30.15 (Jacobs B122 - 273)
STERLING ENGINE – 4F30.15

- A sterling engine is placed over a hot or a cold water bath.

- The engine rotation will reverse when the direction of the heat flow is reversed.


c. Thermoelectric Converter (Pasco) – 4F30.80 (Jacobs B122 - 160)
THERMOELECTRIC CONVERTER – 4F30.80

- Place one leg of the Thermoelectric Converter into cold water, the other into hot.

- The fan turns as the converter draws energy from the hot source (typically a 50 degrees C temperature differential is required)

V. ELECTRICITY AND MAGNETISM 

ELECTROSTATICS – 5A.00


1. Producing Static Charge – 5A10.00



a. Electroscopes – 5A10.10 (Galileo F)
ELECTROSCOPES – 5A10.10

- Rub friction rods PVC pipes and acrylic using fur, silk, or wool to give it a charge. 

- Glass rubbed with silk takes on a positive charge as the silk removes electrons from the glass. Amber becomes negatively charged as it strips electrons from fur.

- Hold rod close to the electroscope receiver and watch the leaves separate.


2. Coulomb’s Law – 5A20.00



a. Electroscope a la Van De Graaff – 5A20.30







 (Jacobs B122 – Middle Table)
ELECTROSCOPE A LA VAN DE GRAAFF – 5A20.30

- Attach two Mylar balloons to the Van de Graaff generator with a fine wire.

- Turn on the generator and watch the balloons separate as they take on like charges.


3. Electrostatic Meters – 5A22.00


4. Conductors and Insulators – 5A30.00


5. Induced Charge – 5A40.00



a. Electrostatic Can Roll – 5A40.20 (Galileo F)
ELECTROSTATIC CAN ROLL – 5A40.20

- Charge a PVC rod with a paper towel and bring it near can and observe the can rolling.


6. Electrostatic Machines – 5A50.00
ELECTRIC FIELDS AND POTENTIAL – 5B00.00


1. Electric Field – 5B10.00



a. Hair on End – 5B10.10 (Jacobs B122 – Middle Table)
HAIR ON END – 5B10.10

- Remove pointed metal items such as keys and microphones.

- Stand on the insulated stool.

- Turn the power on.

- Hold a pointed probe against the sphere. 

- 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.

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


b. Electric Field Lines – 5B10.40 (Galileo F)
ELECTRIC FIELD LINES – 5B10.40

 - Iron filings suspended in oil align with an applied electric field.


2. Gauss’ Law- 5B20.00



a. Radio in a Cage – 5B20.35 (Jacobs B122 - 374)
RADIO IN A CAGE – 5B20.35

- Turn on a transistor radio taped to a pie pan and turn on a 7W fluorescent light source.

- You hear static which the radio picks up from the fluorescent light source.

- Place the Faraday cage over the radio and cover it with another pie pan and you hear nothing.


3. Electrostatic Potential – 5B30.00

CAPACITANCE – 5C00.00


1. Capacitors – 5C10.00



a. Sample Capacitors – 5C10.10 (Jacobs B122 - 143)
SAMPLE CAPACITORS – 5C10.10

- Show capacitors and capacitor parts and explain.

- A capacitor is a device consisting essentially of two conducting surfaces separated by an insulating material or dielectric such as air, paper, mica, glass, plastic film, or oil. It stores electrical energy, blocks the flow of direct current, and permits the flow of alternating current to a degree dependent upon the capacitance and the frequency.


2. Dielectric – 5C20.00


3. Energy Stored in a Capacitor – 5C30.00



a. Light a Bulb with a Capacitor – 5C30.30 (Jacobs B122 – 213, 286, 300)
LIGHT A BULB WITH A CAPACITOR – 5C30.30

- Connect the power supply to 5600uf capacitor and charge it up.

- After the capacitor is fully charged, disconnect the power supply.

- connect the capacitor with a light bulb (<60W).

- The bulb lights up for about 10 seconds before the capacitor is completely discharged.
RESISTANCE – 5D00.00


1. Resistance Characteristic – 5D10.00


2. Resistivity and Temperature – 5D20.00



a. Wire Coil in Liquid Nitrogen – 5D20.10









 (Jacobs B122 – 158, 213, 228, 300)
WIRE COIL IN LIQUID NITROGEN – 5D20.10

- Measure the initial resistance of a resistor (a coil of copper wire) at room temperature.

- Hook the resistor with a 12V light bulb in series powered by a 30 Volt DC power supply.

- The bulb lights dimly or not at all.

- Disconnect the circuit and hook it up again with the multi-meter.

- Immerse the coil in a cup of liquid nitrogen.

- Observe the dramatic drop in the resistance.

- Connect the coil with the light bulb and cool it with liquid nitrogen.

- Turn the power on and the light bulb glows brightly due to reduced resistance of the coil at a very low temperature.


3. Conduction in Solutions – 5D30.00


4. Conduction in Gases – 5D40.00
ELECTROMOTIVE FORCE AND CURRENT – 5E00.00


1. Electrolysis – 5E20.00



a. Electrolysis of Water – 5E20.10 (Jacobs B122 - 234)
ELECTROLYSIS OF WATER – 5E20.10

- DC passed through slightly acidic water.

- Hydrogen and Oxygen gases are formed at the electrodes.

- Hydrogen can be collected in a test tube and ignited.

2. Plating – 5E30.00


3. Cells and Batteries – 5E40.00


4. Thermoelectricity – 5E50.00


5. Piezoelectricity – 5E60.00
DC CIRCUITS – 5F00.00


1. Ohm’s Law – 5F10.00


2. Power and Energy – 5F15.00


3. Circuit Analysis – 5F20.00

4. RC Circuits – 5F30.00



a. Glowing Pickle – 5F30.30 (Jacobs B122 - 281)
GLOWING PICKLE – 5F30.30

- Two nails wired through a variac to 120V household current.

- A pickle is placed across the nails.

- The pickle will emit a yellow glow.


5. Instruments – 5F40.00
MAGNETIC MATERIALS – 5G00.00


1. Magnets – 5G10.00



a. Break a Magnet – 5G10.20 (Galileo F)
BREAK A MAGNET – 5G10.20

- Show that the magnet attracts iron filings and nails.

- Show that an identical broken magnet does the same thing. 


b. Gauss Rifle – 5G10.80 (Jacobs B122 - 275)
GAUSS RIFLE – 5G10.80

- A series of cube magnets are placed 2.5” apart from each other.

- Two steel balls are placed to one side of each magnet

- A lone ball is then slowly rolled toward the first magnet, coming in from the opposite side of the sphere pairs. The lone ball will strike the first magnet causing a sphere to be ejected from the opposite side.

- This sphere rolls toward the next magnet and s on.

- The last ball will fly off with a speed of a few metes per second. Place a soda can in front of it and see it flying.


2. Magnet Domains & Magnetization – 5G20.00 



a. Compass Arrays – 5G20.30 (Jacobs B122 - 276)
COMPASS ARRAYS – 5G20.30

- Set out the compass array plates on a table and place a magnet around the edge of plates or in the middle of the plates.

- Observe how each of the pieces of steel move when the magnet is moved.


3. Paramagnetism and Diamagnetism – 5G30.00



a. Para/Diamagnetism of Several Samples – 5G30.10









 (Jacobs B122 - 285)
PARA/DIAMAGNETISN OF SEVERAL SAMPLES -5G30.10 (click for image)
- Place pivot base and place the swing arm over the bearing.

- Place two samples on the pivot arm- bismuth, water, or cupric sulfate.
- Hold magnet very close to the sample but not touching it.

- There will be an attraction of cupric sulfate and a repulsion of water or bismuth.


b. Paramagnetism of liquid Oxygen – 5G30.20 (Jacobs B122 - 157)
PARAMAGNETISM OF LIQUID OXYGEN – 5G30.20
- A metal cone is partially filled with liquid nitrogen and placed over the parallel pole faces of a strong magnet.

- Liquid oxygen collects at the point of the cone and drips between the pole faces.

- The liquid is attracted to the closest pole face and eventually bridges the gap between the faces.

- This demo is small, so a camera is used to display it.


4. Hysteresis – 5G40.00




5. Magnetostriction and Magnetores – 5G45.00


6. Temperature and Magnetism – 5G50.00



a. Curie Point – 5G50.15 (Galileo F)
CURIE POINT – 5G50.15 (click for image)
-  Put a piece of metal near a magnet to show that it is attracted by it.

- Heat the metal with a torch until the metal loses its ferromagnetic property and is not attracted by the magnet when put near it.

- Once cooled, the metal will again be attracted to the magnet.


b. Meissner Effect ( Super Conductivity) – 5G50.50









 (Jacobs B122 - 281)
MEISSNER EFFECT – SUPERCONDUCTIVITY – 5G50.50

- Place a magnet on warm disk to show how nothing happens, then remove.

- Add liquid nitrogen to the Styrofoam container holding the super-conducting disk.

- When the boiling stops, the disk is cold.

- Use the plastic tweezers to place the magnet on the disk. 

- The magnet floats over the disk due to magnetic repulsion.
MAGNETIC FIELDS AND FORCES – 5H00.00


1. Magnetic Fields – 5H10.00



a. Dip Needle – 5H10.15 (Jacobs B115)
DIP NEEDLE – 5H10.15

- The dip needle is used to show the local direction of the Earth’s magnetic field.

2. Fields and Currents – 5H15.00



a. Magnetic Field Demonstrator – 5H15.10 (Jacobs B122 - 276)
MAGNETIC FIELD DEMONSTRATOR – 5H15.10

- Place a cylindrical bar magnet in the center of the 4D Magnetic field Demonstrator. 

- The Iron filing will align with the magnetic field.


3. Forces on Magnets – 5H20.00



a. Levitation Magnets – 5H20.20 (Jacobs B122 - 279)
LEVITATION MAGNETS – 5H20.20

- Ring magnets sit around a large wood dowel.
- The top magnet is pushed down and oscillations are observed.

4. Magnet/Electromagnet Interactions – 5H25.00


5. Force on Moving Charges – 5H30.00



a. Cathode Ray Tube – 5H30.10 (Jacobs B122 - 274) 
CHATODE RAY TUBE – 5H30.10

- Plug in the cathode ray tube.

- Deflect the beam of the CRT by holding a permanent magnet

- If the beam disappears you are holding the magnet too close.

6. Force on Current in Wires – 5H40.00



a. Current Coil, OHP – 5H40.20 (Jacobs B122 - 280)
CURRENT COIL, OHP – 5H40.20

- Connect a piece of slinky to a one terminal of a power supply, about 10-20 volts.

- Place the coil on OHP

- Tough the other connection from the power supply to the coil momentarily. (Don’t attach it–just touch it). Watch the coil of wire quickly contract as current flows through it.


b. Homopolar Motor – 5H40.53 (Jacobs B122 - 276)
HOMOPOLAR MOTOR – 5H40.53

-A spherical magnet hangs from a deck screw attracted to the negative terminal of a D cell battery (forming a low-friction bearing).

- A wire is used to complete the circuit between the positive terminal of the battery and the magnet. This causes the magnet to spin.


7. Torques on Coils – 5H50.00
INDUCTANCE – 5J00.00


1. Self Inductance – 5J10.00


2. LR Circuits – 5J20.00


3. RLC Circuits – DC – 5J30.00
ELECTROMAGNETIC INDUCTION – 5K00.00


1. Induced Currents and Forces – 5K10.00



a. Induction Coil with Magnet Galvanometer – 5K10.20









 (Jacobs B122 - 274)
INDUCTION COIL WITH MAGNET, GALAANOMETER – 5K10.20

- A coil of wire is connected to a galvanometer.

- A bar magnet is moved in and out of the coil.

- The galvanometer deflects; depending on the direction of the motion of the bar magnet or which pole enters first.


2. Eddy Currents – 5K20.00



a. Eddy Current with a Strong Horseshoe Magnet – 5K20.10 
EDDY CURRENT WITH A STRONG HORSESHOE MAGNET – 5K20.10                      (Galileo F)
- An aluminum plate is passed through a strong horseshoe magnet. 


b. Levitation Magnets – 5H20.20 (Jacobs B122 - 279)
LEVITATION MAGNETS – 5H20.20

- Ring magnets sit around a large wood dowel.

- The top magnet is pushed down and oscillations are observed.


c. Magnets in Eddy Tubes – 5K20.25 (Jacobs B122 - 276)
MAGNETS IN EDDY TUBES – 5K20.25

- Drop magnets simultaneously down the copper and PVC tube.

- The magnet falls through the PVC pipe with no resistance.

- The magnet falling through the copper tube takes much longer time to fall.


d. Jumping Ring – 5K20.30 (Galileo F)
JUMPING RING – 5K20.30

- Two aluminum rings are placed around the core of a coin. One ring has a gap.

- The apparatus is connected to a variac.

- With a ring in place, turn on the switch. The solid ring will jump.

- Replace with the ring that has a gap and it will not jump.

- Place a coil with bulb attached over the core and note the variation in bulb brightness with position of the coil.

- Cool the metal ring with liquid nitrogen and get really a great jump.

3. Transformers – 5K30.00



a. Cathode Ray Tube – 5K30.10 (Jacobs B122 - 274)
CATHODE RAY TUBE – 5K30.10

- 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.


4. Motors and Generators – 5K40.00



a. DC Motor – 5K40.10 (Jacobs B122 - 276)
DC MOTOR – 5K40.10

- Place the battery between the uprights.

- Place the coil in the bent sections above the magnet.

- The coil should start spinning because each half turn the current is flowing through the winding and repelling off the magnet.

- As it rotates the current stops but momentum will carry the other side on around until the loop again makes connection with the current from the battery.



b. Hand Crank Generator – 5K40.80 (Galileo F)
HAND CRANK GENERATOR – 5K40.80 (click for image)
- Crank until the lamp shines.

AC CIRCUITS – 5L00.00


1. Impedance – 5L10.00


2. LCR Circuits – AC – 5L20.00



a. Puzzle Circuit – 5L20.25 (Jacobs B122 - 279)
PUZZLE CIRCUIT – 5L20.25

- A circuit that looks very much like a series circuit, but the switches and lights do not do what is expected.


3. Filters and Rectifiers – 5L30.00
SEMICONDUCTORS AND TUBES – 5M00.00


1. Semiconductors – 5M10.00


2. Tubes – 5M20.00

ELECTROMAGNETIC RADIATION – 5N00.00


1. Transmission Lines and Antennas – 5N10.00


2. Tesla Coil – 5N20.00



a. Tesla coil/induction Coil – 6N20.10 (Jacobs B122 – 243, 299)
TESLA COIL/INDUCTTION COIL – 6N30.10

- Plug in the hand held Tesla coil.

- Turn the knob at the base to turn on the coil. It starts to hum.

- Hold the coil near a metal object a spark will jump across the tip of the coil to the object.

- For added effect hold a fluorescent light bulb to the coil.

3. Electromagnetic Spectrum – 5N30.00



a. Projected Spectrum With a Prism – 5N30.10 (Jacobs B122 - 166)
PROJECTED SPECTRUM WITH A PRISM – 5N30.10

- White light is projected through a high dispersion prism and onto a screen.


b. Microwave Transmitter and Receiver– 5N30.30 (Jacobs B115)
MICROWAVE TRANSMITTER AND RECEIVER – 5N30.30

- Aim the transmitter at the receiver so the horns line up, with the separation between the two about 30 cm.

- Turn on the transmitter and the receiver.

- Move the receiver closer to the transmitter by a short distance and notice how the signal changes.

- Observe the maxima and minima of the wave.  
VI. OPTICS

GEOMETRICAL OPTICS – 6A00.00


1. Speed of Light – 6A01.00
 

a. Speed  of Light – 6A01.05 (Jacobs B122 - 275)
SPEED OF LIGHT- 6A01.05

- Show students a strip which measures the distance traveled by light in one nanosecond.


2. Straight Line Propagation – 6A02.00


3. Reflection from Flat Surfaces – 6A10.00


4. Reflection from Curved Surfaces – 6A20.00



a. Optic Mirage – 6A20.35 (Jacobs B122 - 280)
OPTIC MIRAGE – 6A20.35

-Two Concave mirrors, one with a small hole in it, face each other.

- An image of a little pig, placed on the bottom, appears to be floating in the hole.


5. Refractive Index – 6A40.00



a. Disappearing Beaker – 6A40.30 (Jacobs B122 )
DISAPPEARING BEAKER – 6A40.30

- A large beaker is filled half-way with ordinary vegetable oil.

- A small beaker is slowly lowered into the oil.

- The beaker will “disappear” as it is lowered.

- This is due to the fact that Pyrex and vegetable oil have the same index of refraction.


6. Refraction at Flat Surfaces – 6A42.00



a. Paraffin Prism and Microwaves – 6A42.55 (Jacobs B122 - 256)
PARAFFIN PRISM AND MICROWAVES – 6A42.55

- A large prism made of wax is placed between a microwave transmitter and receiver.

- The receiver is moved around the prism until a maximum signal is detected.


7. Total Internal Reflection – 6A44.00



a. Total Internal Reflection – 6A44.20 (Jacobs B122 - 374)
TOTAL INTERNAL REFLECTION PRISM – 6A44.20

- Shine a laser through one side of the prism and observe the final reflected beam leaving the prism perpendicular to the incoming beam.



b. Internal Reflection Tubes – 6A44.40 (Jacobs B122 - 168)
INTERNAL REFLECTION TUBES – 6A44.40

- Shine a laser at one end of a long curved plastic tube.

- The light travels within most of the tube due to reflection, and illuminates the other end.


8. Rainbow – 6A46.00

9. Thin Lens – 6A60.00


10. Thick Lens – 6A65.00



a. Choice Oxide – 6A65.56 (Jacobs B122 - 279)
CHOICE EXIDE – 6A65.56

- A sheet of paper has the words CHOICE OXIDE GLASS LAMP printed on it.

- When an acrylic rod is placed above the paper, CHOICE OXIDE remains “unchanged”, while GLASS LAMP is inverted and reversed.


11. Pinhole – 6A61.00


12. Optical Instruments – 6A70.00
PHOTOMETRY – 6B00.00

1. Luminosity – 6B10.00


2. Radiation Pressure – 6B30.00


3. Blackbodies – 6B40.00



a. Hole in a Cup – 6B40.20 (Galileo F)
HOLE IN A CUP – 6B40.20

- Two cups have blacker appearing holes in them. 

- Actually one box is white inside.

DIFFRACTION – 6C00.00


1. Diffraction through One Slit – 6C10.00



a. Single Slit and Laser – 6C10.10 (Jacobs B122 – 166 & 240)
SINGLE SLIT AND LASER – 6C10.10

- A laser shines on a slide containing several single slits.

- The diffraction pattern appears on the side wall.

- Two different color lasers can be used to demonstrate the wavelength dependence of the pattern.


b. Adjustable Slit and Laser – 6C10.15 (Jacobs B122 – 166 & 240)
ADJUSTABLE SLIT AND LASER – 6C10.15 (click for image)
- A laser shines on an adjustable slit.

- The diffraction pattern appears on the side wall.


c. Microwave Diffraction – 6C10.50 (Jacobs B122 - 256)
MICROWAVE DIFFRACTION – 6C10.50 (click for image)
- A single slit is placed between a microwave transmitter and receiver.

- Move the receiver around to find maxima and minima.


2. Diffraction around Objects – 6C20.00



a. Thin Wire Diffraction- 6C20.20 (Jacobs B122 - 166)
THIN WIRE DIFFRACTION – 6C20.20

- A laser shines on a thin wire.

- The pattern is displayed on the side wall.


b. Pinhole Diffraction – 6C20.30 (Jacobs B122 – 166 & 240)
PINHOLE DIFFRACTION – 6C20.30

- A laser shines on various sized circular aperture.

INTERFERENCE – 6D00.00


1. Interference from two Sources – 6D10.00



a. Double Slit and Laser – 6D10.10 (Jacobs B122 – 166 & 240)
DOUBLE SLIT AND LASER – 6D10.10

- A laser shines on slide containing several pairs of double slits.

- The pattern is displayed on the side wall.

- Two different color lasers can be used to demonstrate the wavelength dependence of the pattern.


b. Microwave Two Source Interference – 6D10.25 (Jacobs B115)
MICROWAVE TWO SOURCE INTERFERENCE – 6D10.25

- Two microwave sources are aimed at a receiver.

- The receiver is moved back and forth to find the maxima and the minima.


2. Interference of Polarized Light – 6D15.00


3. Gratings – 6D20.00



a. Multiple Slit – 6D20.10 (Jacobs B122 – 166 & 240)
MULTIPLE SLIT – 6D20.10

- A laser shines on a slide containing various set of slits: 2, 3, 4, and 5 slits.

- Two different color lasers can be used to demonstrate the wavelength dependence of the pattern.


b. Projected Spectra with Grating – 6D20.20 (Jacobs B122 – 166 & 300)
PROJECTED SPECTRA WITH GRATING – 6D20.20

- The spectrum of a source of  light is projected on the side wall using a grating.


c. Compact Disc Grating – 6D20.32 (Jacobs B122 –  240)
COMPACT DISC GRATING – 6D20.32

- Shine a laser on a CD to estimate the grooves per inch.


d. Crossed Gratings and Laser – 6D20.50 (Jacobs B122 – 166 & 240)
CROSSED GRATINGS AND LASER – 6D20.50

- Two gratings are placed one in front of the other.

- A laser shines through the gratings as one is rotated.


4. Thin Films – 6D30.00



a. Newton’s Rings – 6D30.10 (Jacobs B122 – 279)
NEWTON’S RINGS – 6D30.10

- Light is reflected from a thin film of air between a plane of glass and a spherical glass surface.

- The image is projected on the side wall.


5. Interferometers – 6D40.00
COLOR – 6F00.00


1. Synthesis and Analysis of Color – 6F10.00



a. Additive and Subtractive Primaries – 6F10.19 









(Jacobs B122 – 166)
ADDITIVE AND SUBTRACTIVE PRIMARIES – 6F10.19

- A slit and its negative (a slat) is placed on the overhead.

- A diffraction grating is placed in front of the overhead lens, resulting in production of two spectra: One “normal” and the other containing colors such as magenta and cyan.


b. Hand-Crank Color Mixing Spinner– 6F10.25 (Jacobs B122 - 286)
HAND-CRANK COLOR MIXING SPINNER – 6F10.25

- Chemiluminescent Light Addition is done by snapping the red, blue, and green light sticks and attaching them to the axle. Dim the lights, turn the crank, and observe a circle of white light.

- By wrapping black electrical tape on the blue light stick and spinning you can see a band of yellow at the edge of the circle. 


c. Complementary Spectrum with Slit and Inverted Slit – 6F10.26 (Jacobs B122 – 166 & 293)
COMPLEMENTARY SPECTRUM WITH SLIT AND INVERTED SLIT – 6F10.26

- A slit and “inverted slit” used with Hg and a prism produce the normal line spectra and “inverted spectrum” of complementary colors.


d. Tri-Color LED – 6F10.36 (Jacobs B122 - 281)
TRI-COLOR LED – 6F10.36

- Push each button in turn to show the 3 colors (RGB) that light up the Plexiglas triangle.
- Push each combination of 2 colors to see the resulting color (CMY).
- Push all 3 buttons at the same time to show the resulting white light from adding RGB.

2. Dispersion – 6F30.00


3. Scattering – 6F40.00



a. Sunset - 6F40.10 (Galileo F)
SUNSET – 6F40.10

- Pass a beam of white light through a tank of water with scattering centers from a solution of oil in alcohol.

- Notice the projected light on the opposite wall change from white to yellow, orange, and finally red.
OR

- Add a small amount of coffee creamer to water tank

- Shine a small flood lamp light into the tank.

POLARIZATION – 6H00.00


1. Dichroic Polarization – 6H10.00



a. Microwave Polarization – 6H10.20 (Jacobs B115)
MICROWAVE PLARIZATION – 6H10.20

- Place the microwave speaker and the receiver about half a meter apart or until a reasonable magnitude can be detected.

- Place a metal grating between the speaker and the receiver.

- Observe how the signal received respond as the grating is rotated.

2. Polarization by Reflection – 6H20.00



a. Brewster’s Angle – 6H20.10 (Galileo F)
BREWSTER’S ANGLE – 6H20.10

- Rotate a Polaroid filter in a beam that reflects at Brewster’s angle off a glass (black glass) onto a screen.


3. Circular Polarization – 6H30.00


4. Birefringence – 6H35.00


a. Stress Lines on Plastic – 6H35.50 (Jacobs B122 - 165)
STRESS LINES ON PLASTIC – 6H35.50

- Hold a piece of plexiglass between two crossed polarizing filters and squeeze it.

- The stress lines of the plastic should become visible.

- This demonstration can be done on an overhead projector to make it more visible.


5. Polarization by Scattering – 6H50.00


a. Sunset with Polarizers – 6H50.10 (Galileo F)
SUNSET WITH POLARIZERS – 6H50.10

-  Produce a sunset with using the 6F40.10 set up.

- When color changes begin, place a Polaroid sheet in front of the tank, parallel to the light beam.

- Rotating the sheet will cause the intensity of light to change.

THE EYE – 6J00.00


1. The Eye – 6J10.00


2. Physiology – 6J11.00
MODERN OPTICS – 6Q00.00


1. Holography – 6Q10.00

2. Physical Optics – 6Q20.00
VII. MODERN PHYSICS

QUANTUM EFFCTS – 7A00.00


1. Photoelectric Effect – 7A10.00



a. h/e Stopping Potential – 7A10.30 (Jacobs B115)
h/e - STOPPING POTENTIAL – 7A10.30

- Filters (450, 500, 550, 600, 650 nm) are placed on a light source shining on a PASCO phototube.

- Connected to the apparatus is a voltmeter which displays the stopping potential for a given wavelength of light. 

- Values of h can be measured within a percent or two.


2. Millikan Oil Drop – 7A15.00


3. Compton Effect – 7A20.00


4. Band Gaps – 7A30.00



a. Cooling LEDs with LN2 – 7A30.10 (Jacobs B122)
COOLING LEDs WITH LN2 – 7A30.10

- A green LED and an orange LED are placed in liquid nitrogen and are allowed to cool for 10 seconds (or so). When removed from the nitrogen, both LEDs will have shifted color to yellow.


5. Wave Mechanics – 7A50.00


6. Particle/Wave Duality – 7A55.00


7. X-ray and Electron Diffraction – 7A60.00


8. Condensed Matter – 7A70.00
ATOMIC PHYSICS – 7B00.00


1. Spectra – 7B10.00



a. Student Gratings and Line Source – 7B10.10 (Jacobs B166)
STUDENT GRATINGS AND LINE SOURCE – 7B10.10

- Spectra of various light sources are observed with gratings distributed to the class.


b. Project Spectral Lines – Hg – 7B10.20 (Jacobs B122 – 166 & 293)
PROJECT SPECTRAL LINES – Hg – 7B10.20

- The spectrum of mercury lamp is projected using diffraction gratings.


2. Absorption – 7B11.00


3. Resonance Radiation – 7B13.00



a. Fluorescence under UV Light – 7B13.50 (Jacobs B122 – 166 & 299)
FLUORESCENCE UNDER UV LIGHT – 7B13.50

- Shine a black light on various minerals causing them to fluorescence.


b. Quantum Dots – 7B13.52 (Jacobs B121)
QUANTUM DOTS – 7B13.52

- Quantum dots are small spheres (2-50nm) composed from a semiconductor.

- The size of the dots determines the wavelength of light that is emitted.

- Various LEDs are used to show that a minimum energy is required to achieve fluorescence.



c. Phosphorescence – 7B13.53  (Jacobs B122 - 274)
PHOSPHORESCENCE – 7B13.53

- Shine a blue LED on a piece of “glow-in-the –dark” phosphorescent material. 

- It absorbs the energy and “stores” it and stores it for a long time as the subatomic reactions required to re-emit the light.


4. Fine Splitting – 7B20.00


5. Ionization Potential – 7B30.00


6. Electron Properties – 7B35.00


7. Atomic Models – 7B50.00

NUCLEAR PHYSICS – 7D00.00


1. Radioactivity – 7D10.00



a. Geiger Counter and Samples – 7D10.10 (Jacobs B121 or B115)
GEIGER COUNTER AND SAMPLES – 7D10.10

-A Geiger counter, with audible beep, is used to measure the activity of various objects, as well as the background.



b. Range and Absorption – 7D10.60 (Jacobs B121 or B115 & Jacobs B120)
RANGE AND ABSORPTION – 7D10.60

- A radioactive source is placed on one side of a barrier holder and a Geiger counter on the other. Barriers (lead, aluminum, and cardboard) are added until the counts vanish.


2. Nuclear Reactions – 7D20.00


3. Particle Detectors – 7D30.00



a. Diffusion Cloud Chamber – 9D30.60 (Jacobs B122 - 280)
DIFFUSION CLOUD CHAMBER – 9D30.60

-  Cover base evenly w/ 1” layer of dry ice chunks. 
-  Set chamber on top of dry ice.
-  Soak all felt pads inside chamber with alcohol & 
pour a shallow layer of alcohol into chamber.
-  As apparatus cools down you should see
tracks of environmental radioactivity.


4. Nuclear Magnetic Resonance - (NMR) – 7D40.00


5. Models of the Nucleus – 7D50.00
ELEMENTARY PARTICLES – 7E10.00


1. Miscellaneous – 7E10.00
RELATIVITY – 7F00.00


1. Special Relativity – 7F10.00


2. General Relativity – 7F20.00
VIII. ASTRONOMY

PLANETARY ASTRONOMY – 8A00.00


1. Solar System Mechanics – 8A10.00


2. Planetary Geology – 8A20.00
STELLAR ASTRONOMY – 8B00.00


1. Miscellaneous – 8B10.00


2. Stellar Evolution – 8B30.00


a. Collapsing Star (Hoberman Sphere) – 8B30.40 (Jacobs B122 - 283)
COLLAPSING STAR (HOBERMAN SPHERE) -8B30.40

- A Hoberman sphere hangs from a pulley and swivel.

- The sphere is initially expanded and spun slowly.

- The string through the middle of the sphere is then pulled, collapsing the sphere.

- The result is a small sphere spinning quite rapidly. 

COSMOLOGY – 8C00.00


1. Models of the Universe – 8C10.00

2. Black Holes – 8C20.00

IX. ELECTRONICS
ELECTRONICS – 9B00.00


1. Lasers – 9B62.00



a. Laser Theory – Visible Laser – 9B62.10 (Keck SB28)
LASER THEORY – VISIBLE LASER – 9B62.10
- A laser has a clear case so the inner workings are visible.
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