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PHYS 1402 General Physics II

Charge

Equipment

Electroscope, Bar type

Rod, Hard Rubber

Rod, Glass

Rod, PVC

Fur

Silk

Empty Soda Can

Balloon

Banana

Support for Banana
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Introduction

In this lab we will conduct experiments to convince ourselves that charge comes with two signs.  We will make use of an electroscope in order to make qualitative measurements of charge under several conditions.  In the first part of this lab, we will investigate the response of an electroscope, an instrument for measuring charge, to insulated rods with different types of charge on them.  In some cases we will observe evidence of a repulsive force, and in some cases we will observe evidence of an attractive force.  In the second part of the lab, we will explore a mechanism for charging the electroscope unique to conductors known as charging by induction.  This method for charging the electroscope will produce oppositely charged conductors that we can use to further investigate the properties of charge.  We will also look at the effects of causing a polarization of charge.

A schematic of an electroscope is shown in Figure 1.  A charged object brought into contact with the knob at the top of the electroscope will result in charge being transferred to the electroscope and distributed over the metal conductive surfaces in the electroscope, i.e., the knob, the support, and the bar.  Since the support and the bar have the same charge, they repel each other and the bar undergoes a deflection.  The greater the charge applied to the electroscope, the greater the deflection of the bar.  In principle, the electroscope could be used as a quantitative instrument for the measurement of charge.  This would be an extremely difficult task, and we will simply use the electroscope as a qualitative instrument making use of the observation that the greater the deflection of the bar, the greater the charge on the electroscope.

Procedure 

1. Investigation of Charge

In the first part of this lab, we wish to demonstrate that charge occurs in two types.  Begin by rubbing your fingers on the ball on the top of the electroscope.  This will remove any charge that may remain on the electroscope from previous use.  Next, vigorously rub the piece of fur on the hard rubber rod.  Your hand should feel some heat from the friction.  This will cause a negative charge to accumulate on the rod.  Bring the rod near the electroscope, but do not touch it.

a. How does the bar of the electroscope respond?

Figure 1


b. How does the bar respond when you take the rod away?

To understand these observations we need to know two things.  First of all, the bar is attached to the ball on the top of the electroscope through the aluminum support.  Thus there is a conductor from the ball to the bar, which means that electric charge can move freely from the ball to the bar.  Second, when the rubber rod is brought near the ball, the negative charge on the rod repels the negative charge in the ball towards the bar and the support.  Consequently they both become negatively charged and repel each other.  To aid your visualization of the charge distributions in different scenarios, we have included a scratch sheet of blank electroscope diagrams for you to draw on.

c. Why then, does the bar return to vertical when you remove the rod?

Rub the rubber rod with the fur again to place a charge on it, and then rub the rubber rod on the ball.  Repeat this process several times.

d. What happens to the bar?

e. Does the bar seem to deflect more each time you rub the rod on the ball?

f. Does the bar come back to vertical when the rod is taken away from the electroscope in this case?

g. Why does the electroscope behave differently when you touch the rod to it than when you only bring the rod near it?

Rub your fingers on the ball at the top of the electroscope.

h. What happens to the bar and why?

At this point we have made two observations about the electroscope’s behavior.  First, when a charged rod is brought near the electroscope the bar deflects and then returns when the rod is removed.  Second, if the rod is rubbed on the ball of the electroscope the bar deflects and remains deflected when the rod is removed, as in this case, charge has been transferred from the rod to the electroscope.

Place a charge on the electroscope again using the same procedure you just employed.  Once you have charged the electroscope, charge the rod again and bring it near the ball without touching it.

i. What happens to the deflection of the bar?

Rub the glass rod with the piece of silk and bring it near the ball without touching it.

j. What happens to the bar?

When the silk rubs the glass rod, negative charge is transferred from the glass rod to the silk, resulting in the glass rod having a net positive charge.

k. Explain how the glass rod being positively charged, could cause the deflection of the electroscope bar to decrease when it is brought near the ball.

2. Charging by induction

After touching the knob of the electroscope to remove any residual charge, charge the rubber rod and bring it near the knob on the electroscope, but do not touch it.  While the bar is deflected, touch the support.  After touching the support, remove the rod.

a. Did the bar on the electroscope return to vertical after you removed the rod?

Bring a charged rubber rod near the electroscope.

b. How does the bar behave when the rod is brought near the knob?

c. If the rod is negatively charged, then what is the sign of the charge on the electroscope?

Bring a charged glass rod near the electroscope.

d. How does the bar behave when the rod is brought near the electroscope?

e. What do these two observations suggest about the signs of the charges on the electroscope?

Now repeat this process but use the glass rod instead.  After touching the knob of the electroscope to remove any residual charge, charge the glass rod and bring it near the knob on the electroscope, but do not touch it.  While the bar is deflected touch the support.  After touching the support, remove the rod

f. Did the bar on the electroscope return to vertical after you removed the rod?

Bring a charged rubber rod near the electroscope.

g. How does the bar behave when the rod is brought near the knob?

h. If the rod is negatively charged, then what is the sign of the charge on the electroscope?

Bring a charged glass rod near the electroscope.

i. How does the bar behave when the rod is brought near the electroscope?

j. What do these two observations suggest about the signs of the charges on the electroscope?

Lay an empty soda can on its side on the table and then bring a charged rod very close along side the can (either on the left or the right as it lies on the table), but not allowing them to touch.  Notice that you will have to move the rod in order to keep them from touching.

k. What happens to the soda can?

l. What happens to the charges in the soda can?

m. What happens to the charges as the can moves?

n. What property of the can allows this to occur?

3. Polarization of charge.

Polarization of charge occurs primarily in insulating materials rather than conducting materials.  In this process the charges in the atoms or molecules are separated so that there appears to be a charge on one end or location of an object and the equal and opposite charge appears on the other end or different location of the object.  Usually due to differences in distance one of these ends or locations will have a stronger interaction than the other.  For the suspended banana, bring a charged rod near one of the ends of the banana as far away from the string as possible.

a. What happens to the banana?

b. What happens to the charges in the banana?

c. How does this differ from what happened to the soda can?

d. Why is this different?

Blow up a balloon- then rub it either on your hair or against a piece of fur to create a net charge.  See if you can get the balloon to stick to the wall first by placing the side of the balloon that you held onto (while charging) against the wall, and then the part of the balloon that you rubbed against the fur on the wall.  Assuming the balloon and wall are both insulators, and the electrons were transferred from the hair or fur onto the balloon, thus making it negatively charged:

e. Did it make any difference which way you placed the balloon against the wall?

f. What does this imply about the charges on the balloon?

g. What happened to the charges on the wall?

h. Draw a sketch of the situation.

4. Conclusions

a. Explain, giving specific evidence, how the series of observations you have made show that there are two types of charge.

b. Explain, giving specific evidence, how your observations demonstrate that like charges always repel.

c. Explain, giving specific evidence, how your observations demonstrate that opposite charges attract.

d. Explain why the electroscopes in Part 2 obtained opposite charges.  Charging a conductor in this manner without bringing the charged rod into contact with the conductor is called charging by induction.

e. Explain the difference between the soda can and the banana, i.e., the difference between induction and polarization of charge on an object.

f. Fundamentally, what is the property that determines whether charge will be induced or polarized in an object?
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