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Circuits

Lab 1: What happens in the wires?

I.
THE CAPACITOR

1.
We will use a voltmeter to measure changes in electric potential and thus indirectly electric fields (remember: changes in electric potential only occur along or against field lines).  We can only get a qualitative feel for field strength (it is proportional to the difference in potential), but we will be able to quantify changes in potential.  For consistency, let’s use the following conventions:

A.
When we measure changes in potential, we’ll move our voltage probes around the setup.  Place the BLACK probe on the starting point and lead with the RED probe as you move around the circuit.

B.
A positive voltmeter reading indicates an increase in electric potential between the two probes; a negative reading represents a decrease in electric potential between the two probes.

C.
A positive voltmeter reading indicates that a field exists that is directed from the red probe to the black probe.  A negative voltmeter reading indicates the opposite field, directed from the black probe to the red probe.

D.  For simplicity, let’s assume that only one type of charge is mobile in the conductors.  Bowing to the historical convention, let’s assume it is the positive charge that moves.
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Charge the capacitor by briefly connecting it to the three battery pack.  For consistency, connect the “+” post (B) on the capacitor to the “+” terminal of the battery, and the "-" post (A) to the “-“ terminal of the battery (see figure 1a).  

3.
The charged capacitor and the two wires are shown in figure 1b above.  Use the voltmeter to systematically move around the setup, and look for evidence of an electric field between points A and B, B and C, C and D, and D and A.  If you get a “zero” reading, try a more sensitive scale (millivolts instead of volts).  You may have to change scales occasionally.
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a.
In which segments do you find evidence of a field?  How do the fields compare in strength and direction?

b.
The diagram below represents the system you just examined.  On the diagram you should sketch the surface charge distribution and show electric field vectors whose length are an indication of the field strength anywhere you found evidence for a field. If there was no evidence of an electric field, write 
[image: image8.png]


.

[image: image3.wmf]
4.
Start your real-time data collection device.  Set the data collection rate at 250 pts/sec, change the time scale to 5 s.  (Go to setup on top, choose data collection, sampling, and change the rate to 250pts/sec.)  Charge the capacitor, connect the voltage probes across the poles of the charged capacitor (red lead to B, black lead to A), and start collecting data.  You should see a horizontal line ≈ 4.5 V.  Start the voltmeter again and watch carefully as you touch the ends of the wires (C and D) together.

a.
Zoom in on the portion of the curve in which the potential is changing. (To zoom, use the cursor and mouse to draw a box around the area you wish to zoom in on. Go to view up on top and choose Zoom in.)
b.  On the graph below sketch a graph of potential from A to B vs time during the discharge of the capacitor. Include values on both axes.
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c.
What happened to the electric field between A and B?  How much time did this take?  

5.
Recharge the capacitor, and repeat the process in step 4, this time with the probes connected from B (black) to C (red).  

a.
Zoom in on the portion of the curve in which the potential is changing.  What do you see? 
b.
To get a better view of how the potential is changing, increase the data collection rate to 
2000 pts/sec and perform another trial.  (Go to setup on top, choose data collection, sampling, and change the rate to 2000.)  In this mode, you will not see the graph until the run is complete. Sketch a graph of potential vs time for this event.  Include values on both axes.
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c.
What happened to the electric field between B and C?  How much time did this take?  

d.
On the left diagram below, sketch the charge distribution in the system immediately after you connect the wires, and on the right diagram, after the capacitor has discharged. Show electric field vectors whose length are an indication of the field strength anywhere you found evidence for a field. If there was no evidence of an electric field, write E = 0.
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II.
THE CAPACITOR AND THE BULB
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1.
Put a long light bulb in a socket.  Make a circuit as shown below.  Connect C and D to the battery and charge the capacitor.  Connect D to the bulb holder. Connect the voltage probes across the poles of the charged capacitor (red lead to B, black lead to A).  Change the sampling rate back to 250 pts/sec.
a.
Start collecting data and monitor the change in potential and bulb brightness as you connect C to the bulb holder. Store the latest run so that you can record another experiment on the same graph.

b.
On the graph below sketch a graph of potential from A to B vs time during the discharge of the capacitor. Include values on both axes.  Compare the time for the field to disappear with and without the light bulb (4b) in the circuit.


c. 
Qualitatively describe what happens to the electric field in the bulb during the time the bulb is lit.  What is the field in the bulb after the bulb goes out?

2.
Repeat this experiment, this time using a round bulb instead of a long one. Print a graph of potential vs time for both events on the same graph.  How does the time for the field to disappear with the round bulb compare to that for the long bulb?  (Attach graph to lab.)
3.
With the round bulb in the holder, charge the capacitor, then connect the leads of the voltage probe to the wire ends (black to C, red to D). Connect D to the bulb holder.  Start collecting data and monitor the change in potential and bulb brightness as you connect C to the bulb holder. Contrast your graph of potential vs time to the graph you obtained in steps 2.


 4.
Look at the filaments with a magnifying glass, compare the thickness of the filaments in the long bulb and in the round bulb.  Come up with an explanation for the different behaviors of the two bulbs.
a.
The long bulb’s filament is much, much narrower than the connecting wires, as represented in the diagram below.  Use this diagram to indicate what you think would be a reasonable charge distribution for the electric field midway through the discharge of the bulb.  Pay special attention to the region around C and D.
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