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Objective:
To become familiar with the Circuits Experiment Board, to construct a complete electrical circuit, and to represent electrical circuits with circuit diagrams.


To determine how light bulbs behave in different circuit arrangements.  The different ways of connecting two batteries will also be investigated.


To begin experimenting with variables that contribute to the operation of series, parallel and combinations of circuits.

Theory:  
Electric charge is measured in coulombs (C) and is designated by the letter q.  Electric charge in motion constitutes an electric current, measured in amperes (A) and designated by the letter I.  One coulomb is the electric charge delivered by a current of one ampere in one second.


Work is done on electric charge by a source of energy such as a battery.  The work done per unit charge is electric potential, measured in volts (V) and designated by the same symbol, V.  One volt is one joule per coulomb.  For instance, a six volt battery provides six Joules of energy to each coulomb of electric charge that goes through it.


The energy provided by the battery is carried by moving charge (current) through the circuit by connecting wires to some circuit component, such as an electrical resistance.  An electrical resistance is measured in ohms () and is designated by the symbol, R.


A simple electrical circuit is a means of delivering energy from a source to a user.  The source does work on electric charge; the user converts the electric energy to some more useful form: heat, light, sound, and so on.  Electric circuits are designed to deliver the correct amount of energy at the proper rate to the designated user.

Equipment:
Simple Circuit Boards


Digital Multimeter

Setup:


                                [image: image1.emf]Fig. 1


Background:


Many of the key elements of electrical circuits have been reduced to symbol form.  Each symbol represents an element of the device’s operation, and may have some historical significance.  In this lab and the ones which follow, we will use symbols frequently, and it is necessary that you learn several of those symbols.
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Notes on the Circuits Experiment Board: 

The springs are soldered to the board to serve as convenient places for connecting wires, resistors and other components.  Some of the springs are connected electrically to devices like the potentiometer and the D-cells.

If a spring is too loose, press the coils together firmly to enable it to hold a wire more tightly.  If a spring gets pushed over, light pressure will get it straightened back up.  If you find a spring which doesn’t work well for you, please notify your instructor.

The components, primarily resistors, are contained in a plastic bag.  Keep careful track of the components, and return them to the bag following each lab period.  This way you will get components with consistent values from lab to lab.

When you connect a circuit to a D-cell (each “battery” is just a cell, with two or more cells comprising a battery) note the polarity (+ or -) which is imprinted on the board.  Although in some cases the polarity may not be important, in others it may be very important.

PART A: 

Procedure: 

Note: 
Due to variations from bulb to bulb, the brightness of one bulb may be substantially different from the brightness of another bulb in “identical” situations.

Use two pieces of wire to connect a single light bulb to one of the D-cells in such a way that the 

light will glow.  Include a “switch” to turn the light on and off, preventing it from being on 

continuously.

Use additional wires as needed to connect a second light into the circuit in such a way that it is also 

lighted.  Discuss your plans with your lab partner before you begin.  Once you have achieved 

success, sketch the connections that you made in the form of a circuit diagram using standard 

symbols.  Annotate your circuit diagram by making appropriate notes to the side indicating what 

happened with that particular circuit.  Is your original light the same brightness, or was it brighter 

or dimmer than it was with just one light?  Can you explain any differences in the 

brightness or why it is the same?

If one of the light bulbs is unscrewed, does the other bulb go out or does it stay on?  Explain why 

or why not?

Design a circuit that will allow you to light all three lights, with each one being equally bright.  

Draw the circuit diagram once you are successful.  If you could characterize the circuit as being a 

series or parallel circuit, which one would it be?  What happens if you unscrew one of the bulbs?  

Explain.

Design another circuit that will also light all three bulbs, but with the bulbs all being equally being 

bright, even though they may be brighter or dimmer than in your previous circuit.  Try it.  When 

you are successful, draw the circuit diagram.  What happens if you unscrew one of the bulbs?  

Explain.

Devise a circuit that will light two bulbs at the same intensity, but the third at a different intensity.  

Try it.  When successful, draw the circuit diagram.  What happens if you unscrew one of the 

bulbs?  Explain.

Are there any generalizations that you can state about the rules concerning different connections to 
a set of lights?  Answer below.
PART B:  

Procedure:


Connect a single D-cell to a single light as in the first circuit of part A, using a spring clip “switch” 

to allow you to easily turn the current on and off.  Note the brightness of the light.
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Now connect the second D-cell into the circuit as shown in figure 2.1a.  What is the effect on the 

brightness of the light?

Connect the second D-cell as in figure 2.1b.  What is the effect on the brightness?

Finally, connect the second D-cell as in figure 2.1c.  What is the effect on the brightness?

Determine the nature of the connections between the D-cells you made in the last three circuits.  

Which of these was the most useful in making the light brighter?  Which was the least useful?  Can 

you determine the reason why each behaved as it did?

What are the apparent rules for connecting batteries in series?  What are the rules for a parallel connection ?
PART C: 

Procedure:

Connect the circuit shown in figure 2.2. What is the effect of rotating the knob on the device that is labeled “potentiometer”?
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PART D:  

Procedure:  

Choose three resistors as directed by your instructor.  Enter those as sets of colors in Table 4.1 

below.  We will refer to one resistor as #1, another as #2, and a third as #3.  Using the resistor 

color code chart, determine the coded value of your resistors.  Enter the value in the column 

labeled “Coded Resistance” in table 4.1.  Enter the tolerance value as indicated by the color of the 

fourth band under “Tolerance”.  Use the multimeter to measure the resistance of each of your three 

resistors.  Enter the values in table 4.1.  Determine the percentage experimental error of each 

resistance value and enter it in the % error column.
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[image: image5.wmf]÷

ø

ö

ç

è

æ

Coded

Coded

 

-

 

Measured

X 100%


[image: image6.wmf]Colors

Coded

Measured

%

1st            2nd            3rd            4th

Resistance

Resistance

Error

Tolerance

#1

#2

#3


Table 4.1 

Resistor Color Code Chart:  



[image: image7.emf]Black        0

Brown       1

Red          2

Orange    3

Yellow       4

Green       5

Blue          6

Violet        7

Grey         8

White        9

1st digit

No.of zeros

Tolerance

2nd digit

Fourth Band(tolerance)

None     20%

Silver      10%

Gold      5%

Red        2%
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SERIES:  

Now connect the three resistors into the SERIES CIRCUIT, figure 4.1, using the spring clips on 

the board to hold the leads of the resistor together without bending them.  Measure the resistances 

of the combinations as indicated on the diagram by connecting the leads of the multimeter between 

the points at the ends of the arrows. 
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PARALLEL:  

Construct a PARALLEL CIRCUIT, first using combinations of two of the resistors, and then using all three.  Measure and record the values of these circuits (as shown in figure 4.2).
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COMBINATION:  

Connect the COMBINATION CIRCUIT below (figure 4.3) and measure the various combinations of resistance.  Do these follow the rules as you discovered before?



[image: image10]
Discussion:  


How does the % error compare to the coded tolerance for your resistors?

What is the apparent rule for combining resistances in series circuits?  In parallel circuits?  
Cite evidence from your data to support your conclusions.

What is the apparent rule for the total resistance when resistors are added up in series?  In parallel?  

Cite evidence from your data to support your conclusions.

PART E:  

Procedure:  

Connect the three resistors you used in part D into the series circuit shown below (figure 5.1), 

using the springs to hold the leads of the resistors together without bending them.  Connect two 

wires to the D-cells carefully noting which wire is connected to the negative and which is 

connected to the positive.  Now use the voltage function on the multimeter to measure the voltages 

across the individual resistors and then across the combinations of resistors.  Be careful to observe 

the polarity of the leads (red is +, black is -).  Record your readings below.

SERIES:  
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R1 = ______________________

V1 = _____________________

R2 = ______________________

V2 = _____________________

R3 = ______________________

V3 = _____________________

R12 = _____________________

V12 = ____________________

R23 = _____________________

V23 = ____________________

R123 = ____________________

V123 = ___________________

Now connect the parallel circuit (figure 5.2), using all three resistors.  Measure the voltage across 

each of the resistors and the combination, taking care with the polarity as before.

NOTE: Keep all three resistors connected throughout the time you are making your measurements.  Write down your values as indicated in figure 5.2.

PARALLEL:  

          [image: image12.emf]Fig. 5.2


Now connect the circuit below and measure the voltages.  You can use the resistance readings you took in part D for this step.

COMBINATION: 



[image: image13]
Discussion:

On the basis of the data you recorded on the table with figure 5.1, what is the pattern for how 

voltage gets distributed in a series circuit?  Is there any relationship between the size of the 

resistance and the size of the resulting voltage? 

Utilizing the data from figure 5.2, what is the pattern for how voltage distributes itself in a parallel 

circuit?  Is there any relationship between the size of the resistance and the size of the resulting 

voltage?

Do the voltages in your combination circuits (see Figure 5.3) follow the same rules as they did in? 

your circuits which were purely series or parallel?  If not, state the rules you see in operation.
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Fig. 4.3
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