 PHYSICS 4B

Experiment 1:  Some Properties of Charge 

Introduction:  Electrical phenomena were studied extensively during the eighteenth century by scientists and amateurs alike including Benjamin Franklin.  Among Franklin’s achievements were contributions to the understanding of electrical behavior beyond his famous (and dangerous) work with lightning.  During this time, there was a certain social prestige attached to anyone who undertook such studies, and much of what passed for research was really no more than parlor magic designed to impress.  The cumulative result of this activity though led to a large amount of empirical information from which Coulomb was able to formulate his electrical force law in 1789.  This laboratory exercise is designed to give you some of this empirical experience with electric charge.  You may want to read through sections 21.1 and 21.2 of Young and Freedman before beginning.

Part 1: Charging an Object

 A. Procedure:

1. Blow up a balloon and place it against a smooth, vertical surface and let go.    What happens? 

Now rub the balloon vigorously across some part of your dress and place it against the vertical surface.  You can also rub it against your hair.  What happens now when you let go? 

Results:
You have probably seen this behavior before, but now you can attempt to explain it below in detail. 

B. Procedure:

1. Using the plastic adhesive tape dispenser, quickly pull out approximately 30 cm of tape and tear it off.  Be careful that it doesn't become tangled.  Repeat this keeping the two strips far apart (1 m) and with one piece of tape in each hand hanging vertically, slowly bring them together.  What happens?


2. With the help of your partner, pass each strip of tape lightly between your fingers one at a time.  You have now discharged them.  Carefully place one of the strips on top of the other so that the sticky side of the top strip adheres to the plastic (or dry) side of the bottom piece for the entire 30 cm.  Leave about 2 cm of the ends apart.  Now quickly pull them apart and allow them to hang vertically as you did above and slowly bring them together.  What happens now?


3. After discharging the strips as before, bring the two sticky sides together and repeat #2 and note what happens.   

Finally, while you hold the two strips, have your partner obtain two identical strips, and each of you repeat #2.  Now you have four charged strips.  Bring these four strips together two at a time in all possible combinations and note what happens. 

Results: (You may want to use a table for your results.  Please enumerate in your explanation)  If you thought the balloon was charged by friction, the tape behavior surely convinced you otherwise.  What role does friction play?  Explain all that you have observed in detail below. 

Part 2: Rubber, Glass and Electroscope

Procedure:

1. Suspend a PVC rod by a string so that the rod can pivot about its midpoint. Charge this rod and a second PVC rod (pointed ends; rubbed in wool), and hold the second rod near to the suspended one. What happens? Why?

2. Without disturbing the suspended rod, replace the second PVC rod with a charged glass rod (charge on the clear end and rubbed with silk, always), and move it near the suspended rod. What happens? Compare and contrast with the previous case, what can you say about the charge on the rods in both cases?

3. Repeat steps 1 & 2, but this time make sure that the suspended PVC rod is electrically neutral, by slightly rub it with your hand. Determine and observe whether a charged PVC or glass rod will attract or repel the neutral suspended rod. Explain your results.

4. Replace the suspended PVC rod with an uncharged metallic rod and repeat step 3. 

5. Now let the charged PVC and glass rods touch the metallic object. What happens? Explain.

6. Charge up the PVC rod and bring it near a top plate of an electroscope.  Observe and interpret what happens. Show in a diagram the position of the electroscope indicator and the induced charges on the top plate and indicator of the electroscope. What happened when you removed the PVC rod?
7. Charge the PVC rod and bring it close to the top plate of the electroscope as before, but this time get closer. While holding the rod in position, touch the plate with your finger, remove the finger, and finally remove the rod. What have you seen? Is it same as in step 6? Describe and interpret your observations. 

8. What would you do to determine the polarity of the charge on the electroscope in step 7? Try it. Describe what you did and what happened. Assume that a charged glass rod is positively charged and a charged PVC rod is negatively charged.

9. Discharge the electroscope by simultaneously touching the terminal and the case with your fingers. Does it work? Explain what happens.

 Results: Observations and explanations for 1-9 (please enumerate) above in detail.
Part 3: The Electrophorus, Charging by Induction

Procedure:
1. Obtain the electrophorus, fur, a patch cord (alligator/alligator) and a fluorescent light bulb.

2. While your partner holds the base of the electrophorus, remove the metal plate and rub the surface of the red wax vigorously and with a swirling motion for 10-20 seconds.  After your partner lets go, slowly and carefully replace the metal plate (via the insulated handle) back on the wax surface.

3. Now, briefly touch the top of the metal plate with a finger of one hand while holding the metal water faucet with the other hand.


4.  Attach a fluorescent light bulb to the metal handle of the compressed air source with the alligator/alligator patch cord.  Connect the cord to one of the bulb's electrodes.

5.  Position the bulb vertically over the electrophorus with the patch cord attachment at the top, and slowly bring it down and touch the bulb's electrodes to the top of the metal plate.  What happens? 

6.  Lay the bulb down flat on the table with the unconnected end extending off the table.  Carefully pick up the metal plate (via the handle), and touch the plate to one of the unconnected electrodes.  Compare this result to that obtained in step 5.

Results:

Step 6 should have produced a brighter flash and/or a louder snap.  You may have to repeat this several times to verify this result, and it may help to turn the room lights off.  As usual, explain all of this in detail below.  It is interesting to note that once the wax surface has been rubbed, step 3 followed by step 6 can be repeated indefinitely.  Doesn't the wax surface run, out of charge?  Also explain this in detail.


Part 4:  The Van de Graaf Generator

(And now, some real ZAP!)

Procedure:

1. Locate the generator, the smaller isolated metal sphere, a banana/spade patch cord, and a fluorescent light bulb.


2. Position the smaller sphere approximately 2 cm from the generator sphere, and connect the two with the patch cord.  This is done by attaching the spade end of the patch cord to the bottom of the smaller sphere (use the threaded stud and secure with the nut), and then plugging the banana end into the base of the generator.

3. Turn the motor speed knob counterclockwise as far as it will go, plug the generator into a power strip and turn the power strip on. 

4. Turn the generator on, and slowly increase the motor speed until a ....................... Well, you tell me what happens??  As you move the smaller 

sphere farther away, you will notice that you have to increase the motor speed to produce the same result.  What is the maximum distance?  Consider that a PD of 100,000 volts are required per inch for dry air.  How many volts can the generator produce?  Please minimize the use of the generator for the belts wear quickly and are expensive and difficult to replace. 

The remaining procedure for this part is optional and forbidden for those with a heart condition. 

5.    Disconnect the smaller sphere and turn on the generator to a low speed.  Bring the light bulb   up close.  What happens?  You may have to slowly increase the motor speed.


If one of the members of your group has dry, straight hair (Its best to have this 
    person shampoo his hair and dry it with a hair dryer before coming to lab.), stand this person on the insulated platform placing both hands (palms down) onto the generator's sphere.  Now turn on the generator and increase the motor speed to a maximum and stand back (way back).  Poor fellow!  After 10 seconds or so, this fool should start shaking his head.  What happens?  When you are satisfied, turn the generator off.  The trick now is to get this guy off the generator.  Good luck! 

Results: Explain in detail how the generator works. 

Part 5:  The Kelvin Generator

Procedure:

1.   Your instructor will show you how to set the generator up.  Draw a detailed diagram of this setup on the back of this page.
                                                               

2.    Pour water into the funnel almost to the top, and observe what happens.


 3.     Empty the catch beakers and wipe the table dry when you are through.

 Results: Explain how the Kelvin generator works (in detail).
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