Simple Circuits by Laureen Vermette and Kelsey Beaudry
Materials required:

· Coated copper wire (approx. 10)

· AA batteries (approx. 10)

· D batteries (approx. 10)

· Light bulbs (Table top and regular approx 5 of each)

· Name Tags (approx. 10)

· Clamp wires (approx. 10)

· Several pennies (10-15)

Safety Considerations:

· If students are holding the copper wire on both ends of the battery it could burn the tips of the fingers.

· Students should never experiment with electricity from a wall outlet because it could be fatal.

Curricular Outcome:

6-3-06 – Develop a definition of an electrical circuit, based on classroom explorations.  Include: an electrical circuit is a continuous path for charges and must contain a power source and a conductor.
	Initiating:
	6-0-1A. Formulate specific questions that lead to investigations.

6-0-1C. Identify practical problems to solve.

	Researching:
	6-0-2A. Access information using a variety of sources.

	Planning:  
	6-0-3B. Identify variables that have an impact on their experiments and variables to hold constant to ensure a fair test.

	Implementing a Plan:


	6-0-4A. Carry out procedures that comprise a fair test.

6-0-4C. Work cooperatively with group members to carry out a plan, and troubleshoot problems as they arise.

6-0-4E. Use tools and materials in a manner that ensures personal safety and the safety of others.

	Observing, Measuring, And Recording:


	6-0-5C. Select and use tools and instruments to observe, measure, and construct.

6-0-5F. Record and organize observations in a variety of ways.

	Analyzing and Interpreting:


	6-0-6A. Construct graphs to display data, and interpret and evaluate these and other graphs.

6-0-6D. Identify and make improvements to a prototype and explain the rationale for the changes.

	Concluding and Applying:


	6-0-7B. Base conclusions on evidence rather than preconceived ideas or hunches.

6-0-7D. Propose and justify a solution to the initial problem.

	Reflecting on Science and Technology:


	6-0-8B. Identify examples of scientific knowledge that have developed as a result of the gradual accumulation of evidence.

6-0-8E. Describe hobbies and careers related to science and technology.

	Demonstrating Scientific and Technological Attitudes:


	6-0-9C. Demonstrate confidence in their ability to carry out investigations in science and technology.

6-0-9D. Appreciate the importance of creativity, accuracy, honesty, and perseverance as scientific and technological habits of mind.


Questions I am asking in my planning to ensure my lesson is ‘authentic’:

1. Does the lesson start through engagement? Is the context relevant to students’ lives?

2. Am I using this phase as an opportunity to find out where students are ‘at’ in their thinking?

3. Is there an emphasis on first-hand experiences-an evidential phase?

4. Am I helping students to make sense of these experiences-a psychological phase? Do I ensure my explanations are assisting students in learning? Am I using models illustrations as necessary?

5. Is there a theoretical phase where the essential science knowledge is articulated and consolidated?

6. Is there opportunity for student initiate questions ad follow-up investigations?

7. Is the science lesson a collaborative effort-do we work in group and offer our outcomes to the class as a group? 

Teacher Notes:

· Batteries use chemical energy to make energy.  When the chemical energy is exhausted the battery is dead.

·  Conductor:  It is a material that contains a moveable charge.

· Insulator:  Is a material that does NOT contain a moveable charge.

· Analogy:  Conductor = pipe full of water

· Analogy:  Insulator = pipe plugged with ice

· Electricity is a flow of electric charge and matter.  It is an electric current of charged particles.

Student Engagement/ Assessing Prior Knowledge:

Hands on Exploration:

· Have table top bulbs, clamps and batteries on the table. Have students explore with the materials.

· Ask stimulating questions, after they have made a circuit:

What do you think you just made?

How do you think it works?

Could you make the light bulb light up attaching both wires from the positive end or the negative end of the battery?

Visual Engagement

· Show students a basic picture of a simple circuit and ask if they know what it is?  What it represents? Give clues as necessary (on front of student booklet)
Brainstorming and making connections to our world:

· What kinds of things do you think uses electric circuits with batteries? (brainstorming activity)

 Introductory Phase:

Using a Human Model, kinaesthetic experience, to explain electric circuit:

 Human Electric Circuit demonstration:

· Ask students to demonstrate an electric circuit using pennies. Guide students if needed to : choose a member from the group to be the battery, to form a circle, join hands and pass  pennies around. 

· Ask students to explain the human model: battery (pump- power source), wires (conductor –flow of charged particles), pennies (charged particles)

· Explain that the circle represents a circuit or a path. (Note: The word circuit comes from the Latin circuitus, which means "to go around.") . An electric circuit therefore is a continuous path of charged particles. 

Verbal-Linguistic Analogy to explain electric circuit:

· Give students this analogy:

· Conductor = contains charged particles and is like a pipe full of water

· Insulator= does NOT contain charged particles and is like a pipe plugged with ice

Continue to explain Human Model and the flow of electric charges:

· Ask students if they think the flow of particles is coming from the positive or negative end of the battery.

· Explain to students that as the pennies/ charged particles were circulating, they would be moving from the negative end of the battery to the positive end of the battery. 

· Explain that there are more charged particles in the negative end of a battery than the positive end of the battery and this creates a pump or force. Charged particles move out of the battery, pushing along the existing particles in the wires and move along the circuit entering into the positive end of the battery.

· This would continue till all particles are the same on both the negative and positive sides of the battery if the circuit remains intact. At that point the battery is dead and no longer acts like a pump. It no longer has any force. 

· As long as the circle stays together, the charged particles will continue to flow with the help of the battery. This is referred to as a closed circuit. 

· Explain that what we just created is a short circuit and that the battery would go ‘dead’ quickly as the battery would equalize quickly. When we use the charged particles to ‘power’ something it slows the equalization down.

Continue to explain Human Model and the stop of electric charges:

· To demonstrate what happens when a circuit breaks, or opens, create a gap in the circle of students that is too wide across to pass electrons. The current will stop as a result. 

Electric Circuit Booklet: 

· Hand out the Narrative booklets. 
Construction Phase

· Read a-loud, with students following along as you read, the narrative from the booklet entitled Lost without a Guiding Light.

· Ask interactive questions from the narrative as you go along. 
· Put materials out for students to make a flashlight. 

· Use guiding questions from booklet to help students construct a flashlight. 

 Explaining light bulb circuit using human model and visuals

· Explain theory using human model, refer to attachment one.
· Ask students to refer to explanation of a light bulb circuit in booklet and review
Electric Circuits and Electromagnetic Fields using a demonstration
· Explain to students that circuits also create an electromagnetic field. Use a balloon and a tissue.     
· Explain that when we disturb the particles on the balloon, by rubbing them this creates a charge. This is static electricity. The Kleenex is attracted to the balloon. This attraction is a magnetic field. The circuit has a magnetic field too. 
· Tell students we will be exploring this magnetic field next class. 
Formative Assessment:
· Check in with all students to ensure that they have had a chance to demonstrate they can create a simple circuit. Ask lots of engaging questions to check for understanding of terminology and concepts. Circulate and check student work to see if group members are on task and are learning. Have students demonstrate, for their peers, their understanding of how to create a circuit, draw a circuit and or write a definition for a simple circuit. 
Summative Assessment:

· Refer to attached outcome based assessment rubric. Students will be assessed as to whether they have achieved meeting the curricular objective by demonstrating they can create a simple circuit, by drawing a diagram of a simple circuit and by labelling it and by having them write out a definition in their own words of what a simple circuit is.  
Further Investigations
· Return to the narrative and read the last paragraph. This completes the narrative and moves students into the assessment of the makeshift flashlight. 
 Initial Assessment Phase

· Generate discussion about the construction of the flashlight, using probing questions from narrative booklet, under the section assessment of the Makeshift Flashlight.  (consider talking about a switch, brighter light, containing the parts, wires, batteries, bulbs, etc.)

 Investigative Phase

· Have students identify variables they could alter to improve their flashlight and record in booklet in section under Investigations.
· Students will make modifications to their flashlight to determine brightness of light using variables such as wire, and batteries. 

· Students will do approx. 3 trials for each modification and rate the light as either dim or bright. This will have to be done through observations. They will determine out of 3 how bright the light is and compare between their investigation models.

· Students will create a table in their booklet, plan to investigate and will record all their information in a table.
· Formatively assess students and ensure they are on task. Help students to prepare to investigate and investigate as necessary.
 Reporting Phase

· Students will summarize their results under the section Recording Results
· Have students share results with others in the group. 
· Students will try to explain what makes the light bulb light up and draw their circuit. 
· Have students share diagrams and explanations
Final Assessment Phase
· Have students apply what they know answering the 5 Bloom’s Taxonomy questions from the booklet. 

References:

Beaty, W. ELECTRICITY MISCONCEPTIONS IN K-6 TEXTBOOKS. Retrieved on February 06, 2010,
 from:   http://www.eskimo.com/~billb/miscon/eleca.html
Grade 5-8 Manitoba science curriculum (2008).  Retrieved October 10, 2008 from: 


http://www.edu.gov.mb.ca/k12/cur/science/outcomes/5-8/clusters/grade5_prop.html
Teacher’s Domain - Electric Circuits.  Retrieved on February 06, 2010, from:

http://www.teachersdomain.org/search/?mode=refined&query=Electric+circuits
Attachment #1:

Human model for how a flashlight works

· 6 students will line up in a straight line

· 2 students will stand side by side about ten feet in front of the 6 students.  These 2 students represent the filament inside the light bulb.

· A desk will be placed on either side of the 6 students. The desk will represent the battery. There will be a positive and a negative sign on the desk to indicate different battery terminals. There will be less pennies (charges) in the positive area and more in the negative area. 
· Students lined up will pick up one penny (charge) from the negative end of the battery.  

· They will walk quickly (because they are charged) to the 2 students standing side by side (filament or resistor).  

· The filament is a very thin wire; it is thinner than the wire from the battery to the light bulb.  

· The filament is also known as the resistor, the thinner the resistor the higher the resistance or the brighter the bulb will be. 

· The students representing the resistor need to hold hands and the charged particle students need to gently break through the resistor. The student resistors can raise their hands and shake them to show they have been lit up. 
· Once the student with the charged particle has passed through the resistor, they will slowly walk back to the battery (the desk) and drop their penny on the positive end of the battery (designated spot on desk).
· Have a student count pennies on both the positive and negative end of the battery. When the pennies are equal, the battery has been equalized and it is now dead. 

· The last student can try to break through the resistors but this time there isn’t enough power and the resistors do not light up. 
· What is good about this model is that you can see how the battery pushes charged particles through the filament, except that when the students break through, it may give the impression that the filament on a bulb also breaks when lighting up. This would need to be clarified. 
· What is bad about this model is that it doesn’t show you the conductors and students have to understand that they charged particles that are following a pathway through a wire. 

Lesson 1 – Simple Circuit
	Dimension
	Underdeveloped understanding of concepts
	Developing an understanding of concepts
	Developed understanding of concepts

	Evidential - Experiential
	Unable to or poorly performs practical experiences.
	Performs activities and experiences with acceptable skill and accuracy.
	Performs activities with skill, confidence and accuracy.


	Name:
	Level of Achievement
	Evidence

	
	· Underdeveloped

· Developing

· Developed
	· Completed accurate diagram

· Completed accurate definition

· Applied knowledge  in constructing a simple circuit

	
	· Underdeveloped

· Developing

· Developed
	· Completed accurate diagram

· Completed accurate definition

· Applied knowledge  in constructing a simple circuit

	
	· Underdeveloped

· Developing

· Developed
	· Completed accurate diagram

· Completed accurate definition

· Applied knowledge  in constructing a simple circuit

	
	· Underdeveloped

· Developing

· Developed
	· Completed accurate diagram

· Completed accurate definition

· Applied knowledge  in constructing a simple circuit

	
	· Underdeveloped

· Developing

· Developed
	· Completed accurate diagram

· Completed accurate definition

Applied knowledge  in constructing a simple circuit

	
	· Underdeveloped

· Developing

· Developed
	· Completed accurate diagram

· Completed accurate definition

· Applied knowledge  in constructing a simple circuit


Simple Circuits
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Electric Circuits


Name:_______________________________
Lost Without a Guiding Light

It was a hot, humid summer’s day, and the sun was beating down. Jackson ran to the end of the dock and did a cannon ball into the lake.  On days like this, Jackson was so happy to be spending the summer at his cottage at West Hawk Lake.  West Hawk Lake is a large lake and is surrounded by thick forests and rolling hills of rock. Jackson enjoyed the water, and spent the whole day swimming and floating around on his giant tube.  The day went by quickly and Jackson could smell a wonderful whiff of burgers sizzling on the barbecue. Soon it would be dinner time.  The sun was now off in the horizon and the heat of the day was moving out. 

	Have any of you spent the day at the lake? Have any of you been to West Hawk Lake before?


After dinner, Jackson decided it be fun to go for a hike in the woods.  A while back, he noticed a path that veered from the road, into the woods, not too far from his cottage. He had been curious where this path led, since he discovered it. Jackson, feeling very adventurous grabbed his flashlight, some water and an energy bar and off he went into the woods. 

	Have you ever gone hiking in woods?  What would you bring with you?  


Jackson hiked down the narrow path, whacking bush out of his way as he hiked into the forest. Along the way, he noticed all kinds of bizarre bird-made houses in the trees.  This made Jackson very curious and he went deeper and deeper into the woods to investigate these bird-made houses. Jackson had been hiking for about two hours now and he noticed that the sun had almost disappeared and it was getting really tough to see.  
	Are you afraid of the dark? What could you use to guide your path when it is dark? Do you own something like this? What does it look like?


Jackson reached into his pocket for his flashlight. At that very moment, he heard a sound coming from behind him.  He looked up and flicked on his flashlight, just in time to see a big black bat flying out of the bizarre bird-made house. It was flying directly toward his head.  Jackson quickly raised his arms to cover his head and the flashlight flew out of his hands. He heard a thump as the flashlight hit the ground. It was now dark again, except the light from the moon which filtered through the trees.  
	Have you ever seen a bat?  What would you do if a bat was flying towards you? What should Jackson do now?


 Jackson knelt down on the ground and fumbled around to find his flashlight. He felt pieces of plastic and immediately realized that the flashlight had landed on a rock and smashed to pieces.  Jackson gathered the two batteries, the light bulb and a piece of wire...  Jackson really needs his flashlight to get home, can you figure out how to build one from these materials?
	Guiding Questions for Constructing a Flashlight:

Can you identify the positive end of the battery?

Can you identify the negative end of the battery?
If you know that charged particles travel from the negative charge to the positive charge can you create a proper circuit?
If you know that the charged particles move in a continuous circle how will you connect the conductor (wire) to the light bulb and the light bulb to the battery?


Understanding Simple Circuits

	How did the light bulb light up?  Draw your simple circuit and indicate the direction that your charged particles are flowing.  Label the parts of your circuit.



In your own words define a simple circuit.

_________________________________________________________________________________________________________________________________________________________________________________________________________

Jackson was also successful at creating a flashlight. For most of the hike back, Jackson used the moonlight to guide his way home. The makeshift flashlight gave him the assurance and confidence he needed to make his way back. The additional light helped him to confirm he was taking the right path from time to time. Jackson felt proud that he could navigate his way back safely to the road and ran home to tell his parents all about his adventure. Jackson became determined to improve his makeshift flashlight into a better gadget for his future adventures in the woods. 

Reflect on the flashlight you made. What is good about it? What is bad about it? Assessment of the makeshift flashlight:

	What is good about this flashlight?
	What is bad about this flashlight?

	
	


Investigations: Try to improve the brightness of your flashlight and record the following information:
	What will you change?
Pick one variable to test at a time:
Batteries, length of wire, amount of wire...
	What will you keep the same?
	How many trials will you observe the light for each variable?

What will the categories be?

Bright/ dim

	
	
	


Recording Results from Investigations

	Inv. #1 Description                     Bright/ Trials                             Dim/ Trials

Inv.#2 Description                      Bright/ Trials                             Dim/ Trials

Which Inv.# model gives the brighter light? Why do you think?




Explanation:

Why does the bulb light up?

· The light bulb filament or resistor is the thin wire inside the light bulb.  The filament or resistor is thinner than the wire that connects the battery and the light bulb.
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· The charged particles being pushed by the battery have to go through the thinner wire of the filament.  This slows the charged particles down and also makes them bounce and move around more than usual.  This movement begins to create heat, that heat burns a white hot glow which is what give you light. (draw the filament in the box)
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Knowledge Summary
1. What is the definition of a simple circuit?

2. Draw a simple circuit and label the parts.

3. Explain why a light bulb lights up.

4. What kinds of things should one consider when buying a flashlight and why?

5. Why shouldn’t we create a short circuit, if we want to conserve the battery?
Filament or Resistor





Filament
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