Lab 2                                             Electrostatics
Object:

This experiment allows you to investigate the production of static charge, conservation of charge and the behavior of charges on conductors which are interacting via Coulomb forces.

Apparatus:

Power supply 30, 100, 2000 and 3000 V.D.C., charge sensor, Faraday ice pail, 2 conducting spheres, 1 irregularly shaped conductor, 1 hollow conductor,  1 pair of charge producers, a proof plane, connecting leads, 1 coaxial cable connector.

Introduction:

When a positively charged object such as a glass rod is placed near a conductor, electric fields inside the conductor exert forces on the free charge carriers in the conductor (electrons in metallic conductors), which cause them to move. Some of those negative charges redistribute themselves near the glass rod leaving the parts of the conductor furthest from the glass rod positively charged. This process occurs rapidly, and ends when there is no longer any electric field inside the conductor. The surface of the conductor ends up with regions where there is an excess of one type of charge over the other. This charge distribution is called an induced charge distribution. The process of separating positive from negative charges on a conductor by the presence of a charged object is called electrostatic induction. 

Michael Faraday used a metal ice pail as a conducting object to study how charges distributed themselves when a charged object was brought inside the pail. Suppose the ice pail has a lid with a small opening through which we lower a positively charged metal ball into the pail without touching it to the pail. When we do this, negative charges in the pail move to the inner surface of the pail, because they are attracted to the positive charge on the metal ball, leaving positive charges on the outside of the pail. If we at this point touch our hand to the outside of the pail, those positive charges on the outside of the pail will run off to infinity through our hand. If we then remove our hand from the outside of the pail, and then remove the positively charged metal ball from the inside of the pail, the outside of the pail will be left with a net negative charge. This is called charging by induction. 

In contrast, if we put the positively charged ball inside the uncharged pail and touch the inside of the ice pail, electrons flow into the ball, exactly neutralizing the positive charge on the ball. This leaves the pail with a net positive charge residing on the outer surface of

the ball. This is called charging by contact.

Finally, when a positively charged ball approaches the ice pail from outside of the pail, charges will redistribute themselves on the outside surface of the pail and will exactly cancel the electric field inside the pail. This is called electrostatic shielding.
Charge Sensor:

The charge sensor can be used to measure the size and sign of a charge on an object. Since the charge sensor is so sensitive charges which build up on you, may affect it strongly and give inaccurate measurements, it is advisable to touch a grounded piece of metal (cold water pipe or something connected to an outlet ground) frequently and avoid wearing long sleeve sweaters when making measurements if possible. 

Experiment Procedure:

Connect your Faraday Ice Pail ( the concentric mesh cylinders) to the charge sensor using the coaxial cables with the red clip connected to the inner cylinder (ice pail) and the black clip to the outer one (shield). Also connect the outer cylinder to a known ground. (This becomes a convenient ground with which to discharge yourself periodically). The sensor itself is to be connected to the lab computer through the Channel 1 ( analog) port on the LabPro unit attached to the computer. With the sensor and LabPro attached and on, open up the Logger Pro folder and select the folder “Experiments” , then the folder “Probes and Sensors”, then the “Charge” folder, then select the file “Charge 2V.cmbl” as per the instructions given in class. Make sure the sensor in the 2 volt position and push the zero button on the sensor zero it. Push the zero button before all measurements to discharge the sensor, unless instructed otherwise. If the sensor fails to return to zero between measurements zero in each of the voltage scales before setting back on the 2 volt scale. The charge producers are conducting disks with colored (blue or white) material on one side. Initially and between measurements if required remove residual charge by breathing lightly on each and touching them to the grounded outer shield screen. (You may test the charge producer’s neutrality by inserting them about 1/3 of the way into the inner cylinder without touching it and observing a zero reading.)

Figure #1 shows the effect of inserting a net positive charge into the cylinder.
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A.  Charge Measurement and Conservation

1. Click the green “collect” button to begin data collection, then lightly rub the charge producers together (two or three light strokes) and insert the blue one into the ice pail, being careful not to touch the pail with the charged disk. Note the magnitude and direction of the output of the sensor on the graph. (Note that the graph output should return to zero when the charge disk is removed).  Is the charge on the blue charge producer positive or negative?
2. After removing the blue disk insert the white one into the ice pail, being careful again not to touch the pail with the charged disk. Note the magnitude and direction of the graphed sensor output (Note that the graph output should return to zero when the disk is removed).  Is the charge on the white charge producer positive or negative?

3. Ground out each charge producer and zero the meter and yourself.

4. Repeat step 1, but this time touch the blue charge producer to the inside of the ice pail before removing it. Record observations.
5. Without grounding the ice pail, now insert the white charge producer into the ice pail, and touch it to the inside. Record your observations. 

Questions:

1. What can you conclude about the charge induced on the ice pail compared to the charge on the object?

2. Have you evidence in your readings to support the law of charge conservation? Explain what your think happens when you rub the charge “producers” together?

3. Is charge actually “produced” or are plus and minus charges only separated?

B.  Induced Charge on a Conductor

1. With the power supply turned off, connect one of the aluminum spheres to the +3000 volt D.C. terminal output of the power supply. Manipulate the spheres only by lifting the base, being careful not to touch the metallic sphere or the insulating support rod with your hands in the process.

2. Place the other sphere (isolated) about one cm from the first one - not touching it. Then

turn on the power supply (a device which removes negative (-) charges from the sphere giving it a net positive charge).

3. Using the proof plane (the uncoated aluminum disk on an insulated handle) touch the

isolated sphere at various places (not touching the charged sphere) with the flat surface of the proof plane and measure the charge that is transferred to the proof plane from each point of the sphere (which is proportional to the local charge on the sphere). Do not touch the pail or ground with the proof plane between measurements.
4. Sketch the charge distribution on the sphere using (+) and (-) symbols and the

Charge sensor graph reading to indicate magnitude for all points marked “x” on the isolated sphere as indicated in Fig.2.
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Fig.2 

5. Move the isolated sphere well away from the charged sphere and touch the isolated

sphere to the electrical ground to remove any residual charge. (Check to be sure its net charge is zero using the proof plane and ice pail.)

6. Now move the isolated sphere close to the charged sphere without touching

it. Assuming the charge distribution to be similar to that of 4, choose a point that has the maximum positive charge and touch it with momentarily with a wire connected to ground.
7. Turn off the power supply and, without allowing them to touch,  move the spheres well apart again.

8. With the proof plane and the ice pail, measure the sign and magnitude of any residual charge on the isolated sphere.

Questions:

1. How did you place a charge on the isolated sphere without contacting the charged  

                  sphere? If charge is conserved, where did this charge come from?

2.          Explain the charge distribution of the isolated sphere in steps 3 and 4.

3.         Explain the results obtained for step 8.

B. Charge Distribution on Irregularly Shaped Charged Conductor and of a Hollow Charged Conductor.

1. Turn on the +3000 volt connected to the aluminum charging sphere
2. Charge the oblong conductor by touching it momentarily to the +3000 volt

            aluminum sphere, then breaking contact.

3. Turn off the +3000 volt power supply and remove the charging sphere far from 

            the charged oblong conductor.

4. Using the proof plane and the ice pail – measure and record the sign and amount 
            of charge sampled from the flat middle portion, the large rounded end, and then 

            the small rounded end of the oblong charged conductor.
            Do not ground the proof plane between measurements, and do not contact   

            the ice pail with the proof plane when performing the measurements.
7.          Repeat steps 1 through  3 for the hollow spherical conductor.
8.
Using the conductive knob on the back of the proof plane and the ice pail – measure and record the sign and amount of charge sampled from the bottom interior surface of the charged hollow sphere and then from the exterior surface of the charged hollow sphere. Be sure not to touch the edge of the access hole on the top of the hollow sphere with any part of the proof plane when you are retrieving a sample from the interior surface of the sphere.


Do not ground the proof plane between measurements, and do not contact   

            the ice pail with the proof plane when performing the measurements.
Questions:
1. Rank the sampled surface charge densities for the sampled surfaces of the oblong

conductor, and for the inner and outer surfaces of the charged hollow conductor. 
2. Try to express the results of the observations in terms of simple rules that might be true in more general circumstances.   

