Series and Parallel Circuits

Purpose: To verify the formulae for  series and parallel combinations of resistors and capacitors.

Equipment: Three mounted 220  resistors, three mounted 2.2 F capacitors, multimeter, wires, alligator clips.

Discussion: In the last lab we learned that there was a relationship between the current and the resulting potential difference between the ends of a resistor: Ohm's Law, 

 In this lab we will see the effects of more than one resistor in a circuit. Resistors can be connected in series (Figure 1) or parallel (Figure 2).

Figure 1. Resistors in Series 


Figure 2. Resistors in Parallel
[image: image1.png]



[image: image2.png]




We can apply a potential difference across the series connection from point a to point c. A current will then flow and a potential difference will be set up between a and b and b and c. The current flowing through both resistors will be the same. The potential drop across the combination should be the sum of the drops across the individual resistors: 


Thus 

 This suggests that the equivalent resistance across points a and c is  

                                                       Series Resistance: 


A similar analysis can be performed for the parallel connection of resistors in Figure 2. In this case, the resistors have the same potential difference between their ends. However, the currents differ in each resistor since the electrons coming into the connection have a choice as to which resistor to go through. Afterwards, they recombine on the other side and the current coming into the combination is the sum of the individual currents: 

 Therefore, this combination offers an equivalent resistance
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 given by

                                                      Parallel Resistance:  


Another basic circuit element is the capacitor. Basically, a capacitor consists of a set of parallel plates separated with a dielectric material, which we will study further in later lectures. Capacitors store electrical charge. When a potential difference is applied across a capacitor, it will store an amount of charge given by 

 where C is the capacitance of the capacitor, measured in units of farads (F). As with resistors, one can connect capacitors in series or parallel. A similar analysis for the equivalent capacitance gives the following:

         

Series: 

            Parallel: 


Instructions: 

1. There are two types of multimeters in use in the lab. Most of the stations should have the gray Fluke 11 Multimeter. Some stations might have the older Beckman Industrial Multimeter. Determine the type of multimeter you have and read the appropriate section at the end of this lab on measuring resistance. 

2. Verify that your resistors are marked so that you can keep track of which is which.

3. Attach the leads to the each resistor separately and read the resistance on the multimeter.  Measure the resistance to three significant figures.

4. Connect R1 and R2 in series and measure the resistance of this combination. You might need to change the scale to insure the greatest number of significant digits.

5. Connect all three resistors in series and repeat the measurement.

6. Connect R1 and R2 in parallel and measure the equivalent resistance.

7. Connect all three resistors in parallel and measure the equivalent resistance.

8. Connect R1 in series with a parallel combination of R2 and R3 and measure the equivalent resistance. A schematic of such a combination is given below. [As this might take more time to think about, save the computations until last.]
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9. Read the section at the end of this lab on measuring capacitance for your multimeter.

10. Short each capacitor on the capacitor board by connecting one wire to both ends of each capacitor on at a time. This will remove any excess charge stored on the capacitors. Make sure each capacitor is marked so you can keep track of which is C1, etc.

11. Measure the capacitance of each capacitor.

12. Connect C1 and C2 in series and measure the equivalent capacitance.

13. Connect all three in series and measure the equivalent capacitance.

14. Connect C1 and C2 in parallel and measure the equivalent capacitance.

15. Connect all three in parallel and measure the equivalent capacitance.

Data:  Show all computations and turn in with your lab.

Table 1: Resistors


Given Value
Measured Value
Percent Difference

R1




R2




R3




Series Combinations





Calculated Value
Measured Value
Percent Difference

R1 and R2




R1, R2 and R3




Parallel Combinations





Calculated Value
Measured Value
Percent Difference

R1 and R2




R1, R2 and R3




Mixed Combination





Calculated Value
Measured Value
Percent Difference

Mixed Combination 




 Table 2: Capacitors


Given Value
Measured Value
Percent Difference

C1




C2




C3




Series Combinations





Calculated Value
Measured Value
Percent Difference

C1 and C2




C1, C2 and C3




Parallel Combinations





Calculated Value
Measured Value
Percent Difference

C1 and C2




C1, C2 and C3




FLUKE 11 Multimeter

Measuring Resistance
Measuring Capacitance

[image: image5.emf]
To measure resistance: 

1. Insert test leads in the COM and + jacks. 

2. Put slide switch in the ohms position. You might need to press the SELECT switch.

3. Touch the probes to resistance circuit and read the resistance on the display. You may need to change the range to get the appropriate reading.


[image: image6.emf]
To measure capacitance: 

1. First turn off any power and discharge the capacitors.

2. Insert test leads in the COM and + jacks. 

3. Put slide switch in the capacitor position[image: image7.emf].

4. Press [image: image8.emf] and the capacitance function should be selected with F displayed.
5. Touch the probes to the capacitor and read the capacitance on the display. You may need to change the range to get the appropriate reading.



Beckman Industrial Multimeter

To measure resistance:

1. Connect the black and white leads to the multimeter in the V and COM holes. 

2. Turn the knob of the multimeter to the 2K scale of the ohms section. 

3. Attach the leads to the each resistor separately and read the resistance on the multimeter.  

To measure capacitance:

1. Unplug the leads from the multimeter and locate the leads with solid wires. Plug these into the Cx holes as shown in the figure.
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2. Turn the multimeter to the 20 capacitance scale. Measure the capacitance of the capacitor.
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