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Abstract:

This article aims to describe an activity to introduce students to the scientific process using a novel situation: a 3-way light bulb.  We often introduce students to light bulbs through exercises involving simple DC circuits with batteries and miniature light bulbs.  Though these experiments have great merit in exposing students to ideas of current flow and resistance, they do not fully invoke the scientific process.  Using 3-way bulbs, we can extend these experiments to draw testable hypothesis from our students.  Using inquiry to explore 3-way bulbs allows us to turn our students into scientists.

Outline:

1. Introduction – How do 3-way bulbs work?

a. Begin lesson with a 3-way lamp in the front of the room.  Demonstrate the 4 possibilities: off, low, medium, high.

b. Challenge students to form a hypothesis about how it works.

2. Discuss “rules” of the challenge.

a. Similar to real life, they will be on a budget.  Each group of 2 will receive $5000 to experiment with.

b. They must design experiments 

c. They can not break open a 3-way bulb.  Destructive experiments are not allowed.

d. They can not look up information in print or on the internet.

e. They can earn money back by writing their experimental observations down and submitting to Electrician’s Digest, a scholarly journal within the classroom for sharing of information amongst the groups.

3. Ask the students what experiments they could perform to test their hypothesis.

a. Encourage testable hypothesis.

b. Students must construct a written hypothesis.  Drawings or diagrams are encouraged.

c. Students should design specific experiments to test various elements of their hypothesis.

4. Students perform experiments to test hypothesis.

a. When students have designed an experiment and are ready to perform it, deduct an appropriate amount from their budget.

b. Example “costs” are listed in table 1.

c. If students desire to do experiments outside the realm of experiments discussed in the table, use your judgment accordingly.  My rule of thumb was that experiments based on observation are cheaper than experiments that require action or energy.

5. Students accept or reject original hypothesis based on experimental evidence or research through Electricians Digest.

Name ___________________________
Date _________________ Period ________

Operating Budget = $5,000

_________
_________
_________
_________
_________
_________

_________
_________
_________
_________
_________
_________

	Experiments
	Cost

	Look at a regular bulb

(2 minutes)
	500

	Look at a 3 way bulb

(2 minutes)
	1500

	Look in a regular lamp with bulb removed

(3 minutes)
	500

	Look in a 3-way lamp with bulb removed

(3 minutes)
	1500

	Plug in and test a regular bulb

(1 minute)
	1000

	Plug in and test a 3-way bulb

(1 minute)
	2000

	Look at a 3 way switch

(3 minutes)  Attempted cut-away of inside the switch.  Pieces were removed in an attempt to see inside the switch mechanism.
	2000

	Using a multi-meter in conjunction with any other experiment. (2 additional minutes granted to experiment time)


	500

	Plug in and test a 3-way lamp with a regular bulb installed
	2000

	Plug in and test a regular lamp with a 3-way bulb installed
	2000

	Subscribe to “Electrician’s Digest” 


	1000

	Payment for journal submissions


	500 payment


3 Way Bulb Project Outline

Day 1

Primary Goal:  For electricity to flow, a complete circuit is required.

Secondary Goal:  Energy is converted from chemical to electrical in the battery and then to light in the bulb.

Batteries and Bulbs – Students will predict which of ten battery and bulb configurations will light up successfully.  They will then proceed to test each setup and record their results.  Students will be asked to report what the successful setups have in common and what is missing from the setups that did not work.  Lastly, students will be asked to draw what additional setups would work besides the two of ten shown on their paper.

Note – the teacher will look for groups that notice certain setups getting warm and encourage then to write down their observation for future discussion.

Day 2

Primary Goal:  Understand electrical energy is converted to heat and light energy in the filament.

Secondary Goal:  The amount of light given off can be controlled by the thickness and length of the filament.

Class discussion regarding other discoveries from the day before.  Students should become aware that setups that included a complete circuit without the bulb got warm due to a high current flowing in the wire.  Discuss electrical energy being converted to heat energy.  The wire gets warm, just not warm enough to glow “red hot” like a filament.  Next, the teacher introduces two or three thicknesses of nichrome wire with a constant voltage.  The thinnest wire glows the brightest and can even be made to break in two, leading to a discussion about the purpose of the glass to keep oxygen away from the bulb.

Day 3

Primary Goal:  Current is not “used up” in a circuit.  The amount of current “draw” in a circuit depends on the number and configuration of circuit elements.

Connect 2 bulbs in series and solicit predictions about bulb brightness compared to a 1 bulb circuit.  Ask about the amount of current flowing in each circuit.  Since the two bulbs are of equal brightness, students recognize that the current from the battery is not used up by the first bulb.

Connect 2 bulbs in parallel and solicit predictions about bulb brightness compared to a 1 bulb circuit.  Again, ask about the amount of current flowing in each circuit.  Since the two bulbs in parallel will be of equal brightness to the one bulb circuit, students recognize that the current through each bulb must be equal to the current through the lone bulb and therefore the battery must be outputting more total current.

Day 4 – Day 5
3 way bulbs

(more to follow)

You will work in groups of 2.  You must develop a hypothesis about how a 3 way bulb operates and then decide what experiments are necessary to test your hypothesis.  You must pay the appropriate amount of money to perform the desired experiment.  You may then fill out a record sheet to detail their observations/conclusions from each experiment performed to submit to the Electrician’s Digest journal.  Quality submissions will be rewarded with a $500 payment.

Groups may choose whether to subscribe or not to the class journal for a nominal fee out of their operating budget.

If your final theory correctly explains in detail how a 3-way bulb works, you will receive an grade of 25/25 for a lab.  If your final theory does not align with the correct way in which a 3-way bulb works, but your theory is well explained and backed up by evidence from experiment, you may still receive up to a 20/25.  Other grades may be awarded depending on the work produced and the how well your theory is backed up and explained by evidence.

A rich investigation could result from testing a 3 way bulb with 1 of its filaments burned out.  Of the 4 switch settings, off, low, medium and high, the bulb would now have 2 off and 2 on settings, with both “on” settings being exactly the same brightness.  This could offer more insightful data towards testing hypothesis.

