Current and Electricity

Materials:

· 9 volt battery (s) (depending on whether or not it’s a student activity)

· Several light bulbs (depending on how many resistive elements you want to show)

· Wire

· Wire strippers

· Multimeter or Ammeter

· Masking tape

· Chairs or desks

Make sure that the students are aware of the safety issues that working with electricity presents.  A discussion of basic safety rules would be advisable at this time especially if the students are going to be using the batteries.  Students should be reminded not to touch both terminals of the battery at once.  Although in this case the voltage is low enough not to cause harm they should still know the potential risks of completing the circuit. 

Curriculum Connections:

The concepts of current and electricity in senior years science are dealt with primarily in the Senior 1 and Senior 4 curriculums.  In the Senior 1 science curriculum the specific learning outcomes that apply specifically to current are as follows:

· S1-3-08: Demonstrate and explain the like nature of electrostatics and current electricity.

· S1-3-09: Define electric current as charge per unit time and solve related problems. Include: I=Q/t.

· S1-3-14: Use appropriate instruments and units to measure voltage (electric potential difference), current, and resistance.

· S1-3-15: Compare and contrast voltage (electric potential difference) and currents in series and parallel circuits.

· S1-3-16: Investigate and describe qualitatively the relationship among current, voltage (electric potential difference), and resistance in a simple electric circuit.

· S1-3-17: Relate the energy dissipated in a circuit to the resistance, current and brightness of bulbs.

The SLO’s that deal with the definition of voltage and resistance also apply indirectly to the topic of current since the three elements are interrelated.  In the Senior 4 Physics curriculum the specific learning outcomes that deal specifically with current are as follows:

· S4 3.1.1: Describe the origin of conventional current and relate its direction to the electron flow in a conductor.

· S4 3.1.6: Calculate the resistance, current, voltage and power for series, parallel, and combined networks.

Unit 3 in the Senior 4 physics curriculum deals with electric circuits where a thorough knowledge of the concept of current is essential for the mastery of the unit. 

Instructional Sequence:

Evidential Level

It is difficult to show students the concept of current.  The flow of electrons is not something that can be visualized by the naked eye.  It is possible however to demonstrate current using a simple electric circuit.  The lesson will start off with the construction of a simple circuit.  Depending on your resources this can be either a demonstration or an experiment performed by the students.  Obviously students learn best by actively participating but if the required amount of materials is not readily available a demonstration will suffice.  To begin with pick up a light bulb and ask the students to describe what they see.  Is the bulb lit up? Why not? Then using the battery and wire create a circuit by connecting the two terminals of the battery to the light bulb.  The bulb will now light up.  Ask the students why this happens.  The concept of current is now introduced and a basic definition is presented.  Current is defined as the flow of electrons through a conductor per unit of time.  The battery is the source of the electrons.  They are flowing from one terminal of the battery through the wire, through the light bulb and back to the battery again.  It is important for students to realize that without a completed circuit the light bulb will not light up.  As the current passes through the filament in the light bulb the filament gets very hot and begins to glow.  This produces light.  Additional light bulbs should be connected in series in the circuit.  Students will see that the more bulbs the circuit contains the dimmer the light from each bulb.  A numerical measurement for the amount of current in each circuit should be taken as well as a measure of the current in a circuit with no resistive elements.  The students will not have a good grasp of what the numbers mean at this point but the measurements can be used to emphasize the amount of current flowing in each circuit.  The students should see that the more resistive elements there are in a circuit the less current flows through the circuit.

Psychological

After the light bulb demonstration/experiment students will have seen current in action but will still not really know what it means.    I find that students (including myself) generally have a hard time visualizing in the beginning what current actually is and how it behaves.  This activity is designed to clarify what has been presented to them and explain what exactly is happening.  

To begin with you need to construct a basic circuit on the floor of the room using masking tape.  (See figure 1)  
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Figure 1

The circuit should be quite large, as the students need to be able to move around it.  To start with leave the circuit as is with no resistive elements.  The students are then told that they are going to be the charges that flow through the circuit (i.e. current).  Pick a number of students to do the demonstration, as many as your taped circuit can reasonably accommodate.  The pupils start by walking around the circuit.  Measure the time it takes for them to complete the loop, start the timer as the first one starts and end it as the last one finishes.  The amount of current flowing through the circuit can then be calculated by taking the ratio of the amount of charge (number of students x charge of each student) and the time it took for them to complete the circuit.  The students are then asked what factors they can change in order to make the amount of current greater or less.  The same circuit can be tested with more or less students and the time should be different.  You can also break the circuit and show what would happen if the charges did not continue on throughout the whole circuit.  Next the amount of students will be kept the same and a resistive element will be introduced.  Placing two chairs back to back and very close together at one point in the circuit can simulate this. (See figure 2) 
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Figure 2

It should be a little difficult for the students to get between the chairs.  If you want to make them immoveable have two students sit on the chairs during the demonstration.  The chairs are making it more difficult to move around the circuit and are slowing down the time it takes to go around once.  They are providing resistance.  In this case the chairs are analogous to the light bulb in the evidential stage.  Students see clearly why there is less current in a circuit with an element of resistance in it such as a light bulb.  It takes longer for the charges to navigate around the circuit therefore the ratio of charge to time will be smaller which means the amount of current is less.  They saw that with the light bulb and the multimeter or ammeter in the first stage.  More chairs can be added to the circuit, which will slow the students down even more. (See figure 3)  
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Figure 3

This will further emphasize that more resistive elements in a circuit results in less current.  They saw this demonstrated by the light bulbs getting dimmer in the first stage.

This activity can also be used to explain the concepts of series and parallel circuits and short-circuiting.  All you have to do is modify the configuration of the circuit and the resistive elements.

Theoretical

Current is defined as the time rate of flow of electric charge past a given point. Or in other words the rate at which charge flows through a surface (conductor).  Current is measured in Amps and is represented by the variable I.  It is defined in equation format as I=Q/t where Q is the amount of charge in coulombs passing through the conductor and t is the time it takes to flow past a certain point.   Convention dictates that we consider a flow of positive charges, however we know it is electrons that are flowing.  This means that the direction of the current will be opposite the flow of electrons.  Benjamin Franklin initiated this convention and once in place it was too difficult to change.  This will probably be very confusing for many of the students.  Emphasize that this is a matter of convention.  By this point the students should be familiar with the concept of static electricity so the progression to moving charges should be natural.  Ohms law says that V=IR where V=voltage and R=Resistance.  Therefore I=V/R which means that the greater the resistance that the charges pass through the lower the current.  The concepts of Voltage and Resistance will be discussed in more detail in a subsequent lesson.  They are introduced here merely to reinforce the idea of current.

References:

The activity and diagrams used to present the psychological level were taken from the website: 

www.ase.org.uk/sen/focus/electricity.htm

Specifically from:

Electricity Role Play, By Sue Norton.

www.ase.org.uk/sen/pdf/focus/electricty/mod_elec.pdf

Any science or physics textbook will be able to provide a good theoretical knowledge of the subject.  The ones geared to high school students will be more helpful since they are more basic and discuss the concept more in-depth.

Billie McBride

