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RC Circuits

Resistance-Capacitance

Equipment Needed

Dell Laptop Computer (for graphs)
AC Adapter, Dell Laptop

Power Supply, Fisher EMD S44175-1 Battery Eliminator
Stopwatch, Mychron #261
Capacitor, 1.0F NEC
Leads, Banana Jack w/ Alligator clips

Multimeter, Digital (DMM)
Resistance Decade Box, TENMA 72-7270
Figure 1 Typical Charging Setup
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Introduction

Circuits containing only a resistor and capacitor are generally known as RC circuits.  These circuits have the ability to produce a time dependent voltage and current starting from a DC signal.  During charging, the charge Q and potential difference V are increasing while the current I is decreasing.  This will continue until the capacitor is fully charged, i.e., the Q and V will level off and the I will go to zero.  We will explore the time dependent voltage of a charging and discharging capacitor.  The larger the resistance the longer it takes for the capacitor to charge or discharge.  By observing the voltage change across the capacitor for known resistance values we can arrive at a value of the capacitance of the capacitor that is independent from the manufacturer’s specification of the capacitance.  The characteristic time that indicates how fast a capacitor charges or discharges is called the ‘time constant.’  When charging, it is the time it takes the potential difference V and charge Q to reach 63.2% of full value.  When discharging it is the time it takes the potential difference V and charge Q to reach 36.8% of full value.  The time constant depends on the values of capacitance and the resistance in the circuit as shown by:
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A capacitor needs approximately 5 time constants to charge up to 99.3% of maximum value.  At this point the capacitor is assumed to be fully charged.

Procedure

Case 1

1. Set up the circuit as shown in Figure 2 with the power supply turned off.  Note:  Make sure that the wire from the negative side of the power side of the power supply connects to the lead of the capacitor marked with two black lines.  This particular capacitor is rated at 5VDC.
Figure 2  Simple charging RC Circuit with Resistor Substitution Box
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2. Set R at 60Ω on the Resistance Decade Box.  Note:  You can use the ohmmeter function of the DMM to see what the actual resistance is in the nominal setting.  (This should be done with the Resistance Decade Box disconnected from the circuit.)  Set the power supply at 1.5 VDC.  Set the DC voltmeter in the 2VDC range.

3. Discharge the capacitor.

4. Turn on the power supply and start timing with the stopwatch simultaneously.  Record the voltage in the data table every 20 seconds.
5. End timing and recording when the voltage has stabilized.  (Approximately 5 time constants.)
Case 2

1. Preliminary—the capacitor must be at full charge to do Case 2.
a. If you just completed Case 1, and the capacitor is fully charged—go to Step 2.

b. If starting from scratch follow these directions.
i. Set up like Figure 2 except, set the Resistance Decade Box to 20Ω.  This will charge the capacitor in approximately 100sec.

ii. When the capacitor is fully charged go to Step 2.

2. At this point the capacitor should be fully charged.  You can verify this by the voltmeter in the circuit.  It should read the maximum leveled off voltage you reached in Case 1.

3. Verify the Resistance Decade Box is reset to 60Ω.

4. Turn off the power supply and quickly---

a. Remove the negative lead (-) from the power supply.
b. Simultaneously, stack the negative (-) lead onto the positive (+) lead at the power supply while starting the timing sequence.  Record the voltage in the table every 20 seconds.  Shown in Figure 3.
Figure 3 How to Discharge Capacitor
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To discharge, 

remove this lead 

from B and 

connect to A.


Data and Analysis
1. Use Vernier Graphical Analysis software.  Plot V vs t for both charging and discharging cycles.

2. Curve Fitting:  Click and drag the cursor covering the data.  It should mark your entire curve.  Click the ‘Analyze’ menu and select ‘Curve Fit.’  In the dialog box that appears, click the ‘Define Function’ button.  Fill in the ‘F(x)=’ field with the equation describing the potential across a charging capacitor.  Click ‘Try Fit’ and then press ‘OK.’
Note:  The first equation is for the math in LoggerPro.  Compare it to the second ‘standard’ equation.
	Charging Capacitor
	Discharging Capacitor
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Questions
1. What is the form of the current vs time?
Charging _______________
Discharging _______________
2. What is the significance of the RC product in this experiment?


3. What is the value [image: image10.png]


 for both the charging and discharging circuits?
Charging _______________
Discharging _______________
4. How do they differ?

5. How does one find the correct value of R to use in the RC product?
6. What is the significance of the 36.8% vs time?

7. What is the significance of the 63.2% vs time?


8. Where does the energy stored in the capacitor go when it is being discharged?

Data

	Time (sec)
	Voltage Charging (VDC)
	Voltage Discharging (VDC)

	0
	
	

	20
	
	

	40
	
	

	60
	
	

	80
	
	

	100
	
	

	120
	
	

	140
	
	

	160
	
	

	180
	
	

	200
	
	

	220
	
	

	240
	
	

	260
	
	

	280
	
	

	300
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