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AP Physics C – Testing the discharging a capacitor theory to determine the time constant
Purpose: To graphically determine the time constant for an RC-Circuit and compare it to its actual value.
Materials: Pasco RC circuit board, Lab Pro, Logger Pro, Graphical Analysis, Voltage Probes
Prelab Question: (Show all work)

1. In this lab, we are using a basic 1.5-V battery. By convention, the time constant for an RC circuit is the amount of time it takes for the capacitor to store 63% of the voltage. Based on this fact, at what voltage reading will we reach one time constant?

2. The time constant is found by multiplying the resistance and the capacitance or
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. Read the values for the resistor and the capacitor off the RC board and calculate the time constant below.

Theory
Equation for discharging a capacitor
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, V(t) = terminal voltage,  = EMF (maximum voltage), t = time, R = resistance, C = capacitance

 = time constant = RC
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What this basically says is that if you plot the natural log of the ratio of potentials versus the time the slope will equal the inverse of the time constant for this particular RC circuit.

Procedure:

1. Using the Pasco RC circuit board, attach a LabPro to the USB port on the computer.

2. Plug in a VOLTAGE sensor to the LabPro using the channel 1 port

3. Attach the leads of the voltage sensor to prongs 5 & 6 which are marked to measure the voltage across the capacitor.

4. Make sure the RC board settings are set for BATTERY and DISHCARGE.

5. Use the small wire provided to discharge any charge that may be on the capacitor by touching the outside leads of the capacitor with the wire.

6. Once the capacitor has completely discharged, place the wire between points A and B to complete the circuit.

7. On the computer load up Logger Pro. Choose File, then Physics with Computers. Look for a file called Capacitors then open it.
8. Choose EXPERIMENT from the top menu then DATA COLLECTION.

9. For experiment length enter in 180 seconds and for the sample rate set it for 10 samples/sec.

10. On Logger Pro click the green COLLECT button and then quickly move the switch on the board to CHARGE. Allow the capacitor to charge for 90 seconds.
11. Then quickly move the switch on the board to DISCHARGE. Allow the capacitor to DISCHARGE for 90 seconds.

12. After the experiment is over, choose ANALYZE then STATISITICS. This will give you your maximum voltage, which is basically your emf (we have to assume the battery has no internal resistance). Measure and record this value in the data section.

13. Then choose ANALYZE then EXAMINE. This will allow you the read the voltage and time for any point on the graph.
14. Measure and record at least TEN voltage/time data points on the DISCHARGING part of the curve. 

Data

EMF = _____________________

	Terminal Voltage (Vt)
	Time
	Ln(ε/Vt)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Procedure continued’

15. Now open up Graphical Analysis and plot the natural log ratio on the y-axis and time on the x-axis.

16. On the graph box in the entire line using the mouse and then choose ANALYZE then REGRESSION.

17. Your slope is the inverse of the time constant.

SLOPE = ___________________

Time constant = ________________________

Determine the % error between the experimental time constant and the actual time constant

What are some factors which may have introduced error into this experiment?

What would the time constant be if you had two capacitors in SERIES? PARALLEL?

In the box below, sketch the ENTIRE CHARGING/DISCHARGING Graph for a 180 second time period. 


What percentage of voltage would you have after TWO time constants? Show work.

Using the examine tool on the CHARGING portion of the graph, find the time constant. Calculate a percent difference between this voltage and the one you found in PRE-LAB question #1
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