Unit: Electricity and Magnetism

Lesson 9: Exploring Circuit Components

Summary

How do different numbers of bulbs and batteries result in
bulbs of various brightness? Students investigate by
testing different arrangements with the parts of a circuit
familiar from the last lesson, and consider a new
component: a motor. The motor again allows students to
connect electricity and magnetism, and foreshadows the
electromagnetic motor they will build in a later lesson.

With the additional circuit component, students are able to
further explore energy in the system, and how energy is
related to electrical power.
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They finally apply their understanding of electricity to making the simplest possible circuit with
the components they have.

Goal

Students create different arrangements of batteries and bulbs within a circuit. They then use
their system diagrams and data to draw conclusions about how the setup of components
impacts the flow of electric current.

Vocabulary
power
resistor
energy (review)
system/circuit (review)
series and parallel (review)

Materials

Per class:
% variety of batteries (A, AA, AAA, C, D, 9V, watch battery)
% voltmeters/multimeters with instructions (optional, for the Extension)
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Per group:

multiple batteries (at least 2 AA, C, or D; 9 V)

battery holders to fit available batteries (recommended, or tape)
3 wires (recommended: with alligator clips, or use tape)

2 small light bulbs (flashlight lamps: 4.8 V or 6.3 V)

1 or 2 small resistors (40 or 50 ohms)

1 or 2 small motors (1.5 V-3 V range or similar)

small plastic propellers to fit on motor, or paper/cardstock for students to make their own
blades

paper, scissors, and tape

permanent marker or small stickers
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Lesson 9 READING: What is a Volt? (assign for homework)

Preparation:
If you don’t have plastic propellers, cut short strips of paper or manila folders for groups to make
propellers, or give groups the materials to make their own fans (paper, scissors, and tape).

Before class, set out a variety of batteries where students can see them. If possible, provide
enough batteries so students can handle a few during the Opener as well. They will be looking
for the + and - terminal and the voltage, which are usually labeled on the battery. A 9V has a
different configuration than AA, C, and D cell batteries so it is nice if students can compare
these.

Label the voltage ratings on the bulbs and motors with permanent marker or small stickers
(recommended). These are the optimal maximum voltages that should be connected to these
components. If a much higher voltage is used, they are likely to burn out within a few minutes or
hours.

Engage (5 min.)

-> Students make observations of a variety of batteries. It is ideal if they are able to
hold and examine the batteries.

OPENER

« Examine the batteries set out by your teacher, and identify the positive
and negative ends (called terminals). How can you tell which end is
positive and which is negative? Usually the positive end has a plus
sign, (+) and the negative end has a minus sign (-).

% What do you think the 2 terminals do when a battery is connected in a
circuit? Somehow they let energy flow between them, in the form of
electrons, through the circuit.
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% Look for the voltage on each battery. (1.5 V, 9V, etc.) What do you
think this means? It's how powerful a battery is.
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- Structure and Function: Lead a class discussion on battery structure. Have
students point out the positive and negative terminals for each type of battery
students examined. For cylindrical batteries, the terminals are usually the 2 ends.
For 9 V and 4.5 V batteries, the 2 terminals are side by side on the top. (These
are where you would connect the wires.)

- Ask: What happened last time when you connected the 2 terminals of the battery
to a circuit? Why should you not connect them directly to each other? The 2
terminals allow electrons to flow through a circuit. Connecting them directly
shorts out the battery (and will probably burn your hand).

- Point out that most of the batteries are 1.5 V, except for the 9 V and 4.5 V, which
are more powerful.

. Write what you want students to locate on the batteries:
Positive/negative ends or terminals
Voltage

Explore (20 min.)

- Planning and Carrying Out Investigations: Hand out materials to students and
have them construct multiple circuit configurations. They will compare the
strength of circuits’ electrical current, based on how bright bulbs are or how fast
motors run. As needed, show students how to use a battery holder to put 2
batteries together in series, and how their voltages add up. Observations can be
qualitative.
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€ Review how to connect a light bulb. If it is a bare bulb, they connect one
wire to the tip and the other anywhere around the metal base. If the bulb
is in a holder, they connect a wire to each screw (they can wrap the wire
around the screw and tighten the screw to hold the wire in place).

€ The 2 connectors on a motor are usually tiny metal loops. Students can
pass the wire through the loop and twist it to hold it in place or, if using an
alligator clip, clip onto the tiny loop.

€ Introduce resistors, which are electrical components designed to resist, or
limit, the flow of an electrical current. The common symbol in a circuit
diagram of a resistor is zigzag lines along the wire, shown on the diagram
here.

Resistor Symbol

Fixed (regular) Resistor

LM used by permission
- PS2.B: Types of Interactions: When groups have tried a few configurations,
pause the investigation and lead a class discussion on voltage.
€4 Ask: How do you make a bulb burn more brightly? Are there any limits to
this? Have only 1 bulb in the circuit. Or you can have more batteries
connected in series to make the bulb brighter. Yes; too much voltage will
burn out the light bulb.
€ Explain that you can use batteries in series, but if the voltage of the
batteries exceeds the voltage of the bulb, the bulb gets hot and will
probably burn out. This is one use for resistors: If the battery voltage is
too high for the bulb, you can use resistors to decrease the voltage on the
bulb.

1. Record your investigations into how multiple batteries, bulbs, resistors, and
motors affect how a circuit works overall. Add voltages together for batteries
connected in series. Describe relative bulb brightness, and relative motor speed.
Fill out one row for each circuit configuration.

# batteries | # bulbs # motors | # Circuit drawing Observations
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