Basic Electricity

012-04367E
Experiment 1: Circuits Experiment Board
EQUIPMENT NEEDED:
-Circuits Experiment -Board
-D-cell Battery -Wire Leads
-Graph -Paper

Purpose
The purpose of this lab is to become familiar with the Circuits Experiment Board, to learn how to
construct a complete electrical circuit, and to learn how to represent electrical circuits with circuit

diagrams.
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 you leam

several of those symbols.

Wire  — - (Eg"g';*;'y —-I — Light @
Switch —r” Resistor _/\/\/\/_ Fuse m

@ The Circuits Experiment Board has been designed to conduct a wide variety of experiments easily
and quickly. A labeled pictorial diagram of the Experiment Board appears on page 6. Refer to
that page whenever you fail to understand a direction which mentions a device on the board itself.

@ Notes on the Circuits Experiment Board:

a) 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.

b) 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 case at the top of the board.

Keep careful track of the components and return them to the storage case following each lab
period. This way you will get components with consistent values from lab to lab.

d) 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 printed on the board. Although in
some cases the polarity may not be important, in others it may very important.

¢) Due to normal differences between light bulbs, the brightness of “identical” bulbs may vary
substantially.
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Procedure )

@ Use two pieces f wire to make connections between the springs on one of the light bulbs to
the springs on the D-cell in such a way that the light will glow. Discuss with your lab partner
before you begin actually wiring your circuit which connections you intend to make, and why
you think you will be successful in activating the light. If you are not successful, try in order:
changing the wiring, using another light, using another cell, asking the instructor for assis-
tance.

a) Sketch the connections that the wires make when you are successful, using the symbols
from the first page of this lab.

b) Re-sketch the total circuit that you have constructed, making the wires run horizontally
and vertically on the page. This is more standard in terms of drawing electrical circuits.

® Reverse the two wires at the light. Does this have any effect on the operation? Reverse the
two wires at the cell. Does this have any effect on the operation?

@ In the following steps, use a vacant spring
connection such as one of the three around the
transistor socket as shown on the right as a
“switch.” Connect one lead from the battery to
this spring and then take a third wire from the
spring to the light. You can now switch the
power “on” and “off” by connecting or not
connecting the third wire. Figure 1.1

@ Use additional wires as needed to connect a second light into the circuit in such a way that it is
also lighted. (Use a “switch” to turn the power on and off once the complete wiring has been
achieved.) 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.
Annotate your circuit diagram by making appropriate notes to the side indicating what
happened with that particular circuit. If you experience lack of success, keep trying.

T

i

» NOTE: Is your original light the same brightness, or was it brighter or dimmer that it was
during step 1? Can you explain any differences in the brightness, or the fact that it is the
same? If not, don’t be too surprised, as this will be the subject of future study.

® If you can devise another

way of connecting two lights
into the same circuit, try it / Battery Holder
out. Sketch the circuit - SAEL L m—
diagram when finished and | g E SESNAL
note the relative brightness. Storage . i 2 §r
Compare your brightness Box \ i % . ’
with what you achieved with N ’f“) B @b Springs
a single light by itself. U P ot 03
® Disconnect the wires. o
0 | im
Return the components and e = Transist
wires to the plastic case on R _ _um. N ransistor
the Circuits Experiment N Socket
Board. Return the equip- o 1d 2o A et
ment to the location indi-
cated by your instructor. Light Bulbs Resisltor (33 Q) ' Potentiometer
Figure 1.2
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Experiment 2: Lights in Circuits

EQUIPMENT NEEDED:

-Circuits Experiment Board -Two D-cell Batteries
-Wire Leads -Graph Paper.

Purpose
The purpose of this lab is to determine how light bulbs behave in different circuit arrangements.
Different ways of connecting two batteries will also be investigated.

Procedure

PARTA

» 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. (You should have completed this step in Experiment 1. If that is the case, review
what you did then. If not, continue with this step.)

® 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.

» NOTE: Is your original light the same brightness, or was it brighter or dimmer than it was
during step 1? 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? 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 have been successful. If you could characterize the circuit
as being a series or parallel circuit, which would it be? What happens if you unscrew one of
the bulbs? Explain.

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

bright, even though they may be brighter or dimmer than in step 4. Try it. When you are
successful, draw the circuit diagram. What happens if you unscrew one of the bulbs?

Explain.

® Devise a circuit which 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.

» NOTE: Are there any generalizations that you can state about different connections to a set
of lights?
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PART B

@ Connect a single D-cell to a single light as in step 1, using a spring clip “switch” to allow
you to easily turn the current on and off. Note the brightness of the light.

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?

Figure 2.1a Figure 2.1b

Figure 2.1¢c

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?

» NOTE: Determine the nature of the connections between the D-cells you made in steps
8-10. Which of these was most useful in making the light brighter? Which was least
useful? Can you determine a reason why each behaved as it did?

PART C

@D Connect the circuit shown in Figure 2.2. What
is the effect of rotating the knob on the device
that is identified as a “Potentiometer?”

Discussion

@ Answer the questions which appear during the
experiment procedure. Pay particular attention
to the “NOTED:” questions.

@ What are the apparent rules for the operation of
lights in series? In parallel?

® What are the apparent rules for the operation of
batteries in series? In parallel?

@ What is one function of a potentiometer in a
circuit?

Figure 2.2 (Not to scale)
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Experiment 3: Ohm’s Law
EQUIPMENT NEEDED:
-Circuits Experiment Board -D-cell Battery
-Multimeter -Wire Leads
-Graph Paper.
Purpose

The purpose of this lab will be to investigate the three variables involved in a mathematical
relationship known as Ohm’s Law.

Procedure
@ Choose one of the resistors that you have been given. Using the chart on the back, decode the
resistance value and record that value in the first column of Table 3.1.

g e V ;
| I n\ i = gg upl_'rhw\' m“ u

Figure 3.1a

@ MEASURING CURRENT: Construct the circuit shown in Figure 3.1a by pressing the leads
of the resistor into two of the springs in the Experimental Section on the Circuits Experiment
Board.

@ Set the Multimeter to the 200 mA range, noting any special connections needed for measuring
current. Connect the circuit and read the current that is flowing through the resistor. Record this
value in the second column of Table 3.1.

@ Remove the resistor and choose another. Record its resistance value in Table 3.1 then measure

and record the current as in steps 2 and 3. Continue this process until you have completed all of
the resistors you have been given. As you have more than one resistor with the same value, keep

them in order as you will use them again in the next steps.

® MEASURING VOLTAGE: Disconnect the Multimeter and connect a wire from the positive
lead (spring) of the battery directly to the first resistor you used as shown in Figure 3.1b. Change
the Multimeter to the 2 VDC scale and connect the leads as shown also in Figure 3.1b. Measure
the voltage across the resistor and record it in Table 3.1.

® Remove the resistor and choose the next one you used. Record its voltage in Table 3.1 as in step
5. Continue this process until you have completed all of the resistors.

@iz

Figure 3.1b
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Data Processing

® Construct a graph of Current (vertical axis) vs Resistance.

@ For each of your sets of data, calculate the ratio of Voltage/Resistance. Compare the values
you calculate with the measured values of the current.

Resistance, Q

Current, amp

Volitage, volt

Volitage/Resistance

Discussion

Table 3.1

@ From your graph, what is the mathematical relationship between Current and Resistance?

@ Ohm’s Law states that current is given by the ratio of voltage/resistance. Does your data

concur with this?

® What were possible sources of experimental error in this lab? Would you expect each to
make your results larger or to make them smaller?

Reference

Black 0

Brown 1 2nd Digit

ged 2 1t Digit \ No. of Zeros Fourth Band
iy 2 /__—Tolerance  None +20%
Green 5 Silver =10%
Blue 6 Gold =£5%
Violet 7 Red 2%
Gray 8

White 9

Figure 3.2
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Experiment 4: Resistances in Circuits

EQUIPMENT NEEDED:

-Circuits Experiment Boar
- Multimeter
-Resistors.

Purpose

The purpose of this lab is to begin experimenting with the variables that contribute to the opera-
tion of an electrical circuit. This is the first of a three connected labs.

Procedure

@® Choose the three resistors having the same value. Enter those sets of colors in Table 4.1 below.
We will refer to one as #1, another as #2 and the third as #3.

@ 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 these values

in Table 4.1.
@ Determine the percentage experimental error of each resistance value and enter it in the appropri-
ate column.
Experimental Error = [(JMeasured - Coded]) / Coded ] x 100%.
Colors Coded | Measured %
1st 2nd 3rd  4th |Resistance | Resistance | Eror | Tolerance

#1

#2

#3

Table 4.1

® Now connect the three resistors into the SERIES CIRCUIT, figure 4.1, using the spring clips on
the Circuits Experiment Board to hold the leads of the resistors 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.

'PASC( 1

.........




Basic Electricity 012-04367E

Series
F*1 Rz Rs }
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o R123
Figure 4.1 ,

® Construct a PARALLEL CIRCUIT, first using combinations of two of the resistors, and then
using all three. Measure and record your values for these circuits.

Parallel
» NOTE: Include also Rn R,
@ Connect the COMBINATION V V V
CIRCUIT below and measure —€ R, > L. R,.=
the various combinations of ‘
resistance. Do these follow R = }
the rules as you discovered | | » -
them before? | R, I
| A A A | R,;5=
RS
Combination Figure 4.2
RZ
Fi1 =
- R, -
_/\/\/\/__ R,, =
R,,=
< R 1 > Rz 3 >
-« R >
%
Figure 4.3 7

® Choose three resistors having different values. Repeat steps 1 through 7 as above, recording
your data in the spaces on the next page. Note we have called these resistors A, B and C.
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