Physics Inquiry on AC generator through Effective Demonstrations


SUBJECT


:
Physics
LEVEL / CLASS

:
Secondary 4 Express Pure Physics
TOPIC


:
A C Generator
DURATION


:
1hr 10 minutes

DATE



:
-
VENUE


:
Computer Labs / classroom with laptops(Mobile Cart)
TEACHING STRATEGIES
:
Teacher Demo (Using Models & Simulations), POE, 

       

Visualization based learning collaborative learning

LEARNING OUTCOMES 
A. Components of AC generator

B. Conceptual understanding of how current is induced in an AC Generator.
C. Understanding of how the design of an AC generator produces alternating current.

D. Understanding of the function of slip ring.

PRIOR KNOWLEDGE OF STUDENTS
Students would have the following background knowledge: 

(a) deduce the relative directions of magnetic force, magnetic field and conventional current when any two of these quantities are at right angles to each other using Fleming’s left-hand rule

(b)deduce from Faraday’s experiments on electromagnetic induction or other appropriate

experiments:

(i) that a changing magnetic field can induce an e.m.f. in a circuit

(ii) that the direction of the induced e.m.f. opposes the change producing it

(iii) the factors affecting the magnitude of the induced e.m.f.
STUDENTS’ LEARNING DIFFICULTIES IN AC Generator
Students have difficulty visualizing the components of an AC generator.
Students have difficulty understanding the relative motion of charges due to rotating coil generates magnetic field.
Students have difficulty differentiating the Mechanical force from the magnetic force.

Students have difficulty understanding the inter-relationship of these 3 forces, the (1) mechanical force acting on the charges generate magnetic field due the relative motion, the(2) 1st Magnetic Force acting on the charges induce current, (2) the 2nd Magnetic Force due to the induced current opposes the mechanical force.

Students not able to apply their understanding of Electromagnetism (Fleming’s Left Hand Rule) to understand how current is induced in the coil of an AC generator.

Students find it difficult to decide which perspectives of a 3D model to view in order to better understand the concepts and to describe in words what they observed from what they see in the selected perspective view.
STUDENTS’ COMMON MISCONCEPTIONS IN AC Generator
Students often think that:

• the slip ring helps to reverse the direction of current;

· charges at rest can experience magnetic forces;

• magnetic flux, rather than change of magnetic flux, causes an induced emf;

· The 2nd Magnetic force must be equal and opposite to the mechanical force (due to Newton’s third Law)
MATERIALS REQUIRED
· Recall prior knowledge
Kicking wire experiment, interaction of magnetic field superposition transparencies. PPT, Kicking wire experiment, interaction of magneticfield superposition transparencies. Kicking Wire Simulation by MOE/ETD (http://iwant2study.org/lookangejss/05electricitynmagnetism_21electromagnetism/ejss_model_MagneticBarFieldanswirewee/MagneticBarFieldanswirewee_Simulation.xhtml)

· Collaborative constructivism
Worksheet, X10 Singapore Science Centre (SSC) AC Generator physical models and AC Generator Simulation by MOE/ETD
 http://iwant2study.org/ospsg/index.php/interactive-resources/physics/05-electricity-and-magnetism/09-electromagnetic-induction/414-acgenerator07wee
	Timeframe
	Activity
	Resources

	5 min
10 min

25min

25 min

5min
	Section 1: Recap of Prior Knowledge (Teacher Demo only) 
1.1 Teacher demonstrates the kicking wire experiment.

1.2 Teacher uses interaction of magnetic field simulation to deduce the resultant magnetic force.  (Interaction of magnetic field simulation by MOE/ETD, http://iwant2study.org/lookangejss/05electricitynmagnetism_21electromagnetism/ejss_model_MagneticField2Wirewee4/MagneticField2Wirewee4_Simulation.xhtml)
1.3 Teacher shared the link to the simulation with the students and get students to recap the concepts of interaction of magnetic field using this simulation.

1.4 Teacher gets students to deduce the direction of magnetic force using Fleming’s Left Hand Rule.

Section 2: A Components of AC Generator
Trigger Demo: Teacher rotates an AC Generator demo set to show the deflection of the galvanometer which is an indication of induced current.
2.1  Teacher use SCC AC generator models to unpack the various components of the AC generator.

2.2 Teacher links up all components.

2.3. Activity One:  In groups of 4 students got to use the SCC AC Generator models / ETD AC Generator Simulation provided to help them visualize the structure of the A.C generator.

Section 3: B Conceptual Understanding How and why current is induced.
The following activities are conducted using the SSC AC generator models and ETD AC generator Simulation. 
3.1 Teacher guides student to focus on a charge on the coil. Teacher rotates the coil and asks students whether they can see the relative motion of charges.
3.2.  Teacher prompts students about the magnetic field due to relative motion of charges.

3.3.  Teacher asks students to use Fleming’s Left Hand rule to deduce the magnetic force.

3.4.   Teacher highlights this is the magnetic force that generate induced current.
3.4. Activity two:  In groups of 4, students use the SSC AC generator models/ ETD AC Generator Simulation provided to explain how a current is induced.  Teacher goes around facilitating construction of learning.
Students are expected to 

(1) state the relative motion of charges,

(2) indicate that this relative motion of charges generate magnetic field

(3) The interaction of magnetic field generates a resultant magnetic force.

(4) This magnetic force produces the induced current which can be determined using FLHR.
3.5.  Introduction of FRHR to inform students that this is a short cut of getting the direction of induced current without having to go through the stages in activity two. (Optional: FLHR is sufficient)
3.6.  Teacher highlights the important of knowing the concept but stress on Examination requirements (Faraday’s law is sufficient).  This is to avoid over answering a 2-3 Marks questions which will affect the time management.

3.7.  Seatwork to reinforce understanding: This question is chosen to consolidate learning.  It involves application of FRHR and FLHR.

Section 4:  How AC is produced?
4.1.  Teacher uses SSC AC generator demo set with direction of current to help students visualize how the current changes direction as it crosses the position where the mechanical force is parallel to the magnetic field.
4.2. Teacher uses ETD AC generator Simulation to repeat the explanation. When using Simulation please note that there are a handful of students who cannot see 3D animation that is the reasons for using physical model, but such simulation is essential during revision.
4.3. Activity three:  In groups of 4, students use the SSC AC generator demo set/ ETD AC generator Simulation provided to explain how current change direction.  Teacher moves around to facilitate construction of learning.

Students are expected to 

(1) Use FLHR to deduce the direction of induced current.
(2) Trace the path and direction of current flow all the way to the external circuit.

(3) Aware of the position where the change in the direction of current takes place.
(4) The relative position of mechanical force and magnetic force during the change in direction of current needs to be noted.

Section 5:  Function of Slip Rings
5.1. Teacher shows demo using SSC AC generator model that a direct connection of the wire to the external circuit can also produce AC, but there will be entanglement of wire.

5.2.  Teacher highlights that AC can also be produced without slip rings and carbon brushes by rotating the magnet e.g. bicycle dynamo.

	Kicking wire experiment set:  Two 1.5 volts battery, one pure copper wire, 0ne permanent magnet.

Link to the Interaction of magnetic field simulation by MOE/ETD
AC generator  and galvanometer.
AC generator model by SSC
AC Generator Simulation by MOE/ETD

http://iwant2study.org/ospsg/index.php/interactive-resources/physics/05-electricity-and-magnetism/09-electromagnetic-induction/414-acgenerator07wee
Demo set/simulation for group visualization
AC generator model by SSC
AC Generator Simulation by MOE/ETD

http://iwant2study.org/ospsg/index.php/interactive-resources/physics/05-electricity-and-magnetism/09-electromagnetic-induction/414-acgenerator07wee
AC generator model by SSC
AC Generator Simulation by MOE/ETD

http://iwant2study.org/ospsg/index.php/interactive-resources/physics/05-electricity-and-magnetism/09-electromagnetic-induction/414-acgenerator07wee


	5 min
	Section 6: Closure 
Teacher sumnarises the key learning points:
(a) The relative motion of charges creates magnetic field which interacts with the magnetic field from permanent magnets to generate a resultant magnetic force.  It is this resultant magnetic force that induces the current.
(b) The change in the direction of current as the direction of mechanical force relative to the magnetic field changes.

(c) Function of slip rings is to prevent entanglement of the wires.
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