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Capacitors in

Series and Parallel

Equipment Needed

Power Supply, Fisher-EMD S44175-1 Battery Eliminator
Capacitance Board, Clear Plastic 100µF, 220µF, 470µF
LCR Meter, Digital Extech 380193
Lead Set, Lab Tables 4 short/3 long (Banana/Banana)
Multi-meter, Digital (DMM)

Resistance Decade Box, TENMA 72-7270
Introduction

Capacitors store energy by keeping opposite charges separated.  The energy stored is a potential energy similar to the gravitational energy stored by an object hanging above the ground.  The energy in the capacitor can also be thought of as being stored in the electric field that exists between the plates of the capacitor.

Procedure

I. Single Capacitors—read with no wires attached.
1. Read the capacitors with the LCR meter to determine if they are within tolerance of the nominal value.  Don’t forget to discharge each capacitor before measuring.  This should also be done before energizing every circuit throughout the lab.
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Most of the capacitors we have are code M.  This means that the tolerance is ±20%.  If your capacitor is out of tolerance notify your instructor or the lab technician.

2. Wire the 100
[image: image7.wmf]m

F capacitor as shown in Figure 1.  Note:  Make sure the capacitor is oriented so that its negative end will be connected to the negative end of the battery eliminator.
Figure 1 Initial Experimental Hookup
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3. Set the Resistance Decade Box for 20
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s.  By including the 20
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 resistor in series with the capacitor we insure that the current flowing into the capacitor will be limited in value.

4. Set the battery eliminator at the 6VDC setting.  Measure the voltage across the terminals of the battery eliminator, using the DMM set in VDC (volts dc).

5. Measure the voltage across the capacitor.  Record on data sheet.
6. Disconnect the battery eliminator and measure the voltage across the capacitor once again.  Record on data sheet.
7. Compute the energy stored in the capacitor using the formula:
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Record on data sheet.
8. Repeat steps 2 - 7 with the 220
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F capacitor.  Record on data sheet.
9. Repeat steps 2 - 7 with the 470
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F capacitor.  Record on data sheet.
II. Capacitors in series

1. Wire the three capacitors in series as shown in Figure 2.  Make sure each capacitor is oriented so that the negative end is at the lower potential.
Figure 2  Schematic for Series Capacitor Test 
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2. Compute the capacitance which is equivalent to the three capacitors in series using the formula:
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Equation 2
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Record on data sheet.
3. Set the Resistance Decade Box for 20
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.

4. Make sure each capacitor is individually discharged, by shorting its terminals with a wire before powering the circuit!
5. Set the battery eliminator at its 6vdc setting.
6. Exercises and questions for series capacitors.

i. Measure the voltage across the terminals of the battery eliminator, using the DMM.  Record on data sheet.
ii. Measure the voltage across each capacitor.  Record on data sheet.
iii. Compute the energy stored in each capacitor.  Record on data sheet.
iv. What voltage is across the equivalent capacitance?  Record on data sheet.
v. Compute the energy stored in the equivalent capacitance.  Record on data sheet.
vi. What charge is stored on the equivalent capacitance?  Remember
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Record on data sheet.

vii. Compute the charge stored on each individual capacitor from 
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Record on data sheet.

viii. Theoretically we expect each capacitor to have the same charge as the effective series capacitor.  How much error do you observe?  Record on data sheet.
III. Capacitors in Parallel:  Use the same three discharged capacitors from Steps I and II.

1. Connect the three capacitors in parallel as shown in Figure 3.

Figure 3    Capacitors in Parallel
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2. Charge them using the 6-volt setting on the battery eliminator.

3. Measure the voltage across the whole circuit.  Record.

4. Measure the voltage across each capacitor.  Record.

5. Discharge all capacitors carefully.

6. Exercises and questions for parallel capacitors.

i. Draw a circuit diagram for the parallel configuration.  Label the polarity of each capacitor accurately with (+) and (-).

ii. For each individual capacitor, calculate the charge.

iii. Calculate the equivalent capacitance for the three capacitors in parallel.  (Hint:  What is the value of a single capacitor that will replace the three capacitors in the circuit?)

iv. Do you notice if there are any relationships between the charges and voltages on the three different capacitors in the circuit?

IV. Capacitors in Series-Parallel Combination

1. Using the Capacitance Board, wire the three capacitors in series and parallel as shown in Figure 4.

Figure 4 Schematic for Series-Parallel Capacitor Test
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Hint:  Physical of Figure 4 is at the end of the write-up.

2. Make sure each capacitor is oriented so that the negative end is at the lower potential!  (See schematic.)

3. Compute the capacitance which is equivalent to the three capacitors in series using the formula
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for parallel capacitors and the formula:
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for series capacitors.

Record on data sheet.

4. Set the Resistance Decade Box for 20
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.

5. Make sure each capacitor is individually discharged, by shorting its terminals with a wire before powering the circuit!

6. Set the battery eliminator at its 6 vdc setting.
7. Exercises and questions for series parallel capacitors.

i. Measure the voltage across the terminals of the battery eliminator using the digital multimeter.  Record on data sheet.
ii. Measure the voltage across each capacitor. Record on data sheet.
iii. Compute the energy stored in each capacitor. Record on data sheet.
iv. What voltage is across the equivalent capacitance?  Record on data sheet.
v. Compute the energy stored in the equivalent capacitance.  Record on data sheet.
vi. What charge is stored on the equivalent capacitance?  Remember capacitors in series have the same charge across them (assuming they are initially uncharged) and capacitors in parallel will have the same voltage across them.  Record on data sheet.
vii. What charge is stored on each individual capacitor?  Use:
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for each individual capacitor.  Record on data sheet.
Conclusions

1. Did you verify the formula for equivalent series and equivalent parallel capacitances?  Explain
2. What sources of error did you encounter?
3. Were the capacitor tolerances a major source of error?
4. Was the energy stored in the equivalent capacitances the same as the sum of the energies stored in each capacitor?

Data Work Sheet
Show your work!!!!
	Step
	100µF
	220µF
	470µF

	I-4
	
	
	

	I-5
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IV-7-viii

Don’t forget to answer Conclusions on Page 6!!!
Figure 4 Physical
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