Physics Inquiry on DC Motor through use of Effective Demonstrations & Simulations

SUBJECT


:
Physics
LEVEL / CLASS

:
Secondary 4 Express/ 5 Normal
TOPIC


:
DC Motor
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 DC motor
B. Conceptual understanding of how moment is produced in a DC motor.
C. Understanding of how the design of an AC generator produces alternating current.

D. Understanding of the function of split ring.

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

(a) 
state the properties of magnets

(b) 
describe induced magnetism

(c) 
describe electrical methods of magnetisation and demagnetisation

(d) 
draw the magnetic field pattern around a bar magnet and between the poles of two bar magnets
STUDENTS’ LEARNING DIFFICULTIES IN DC MOTOR
Students have difficulty visualizing the components of a DC motor.
Students have difficulty visualizing the interaction of magnetic field from a current carrying conductor and the permanent magnet.
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 DC MOTOR
Students often think that the wire, rather than the current, is the cause of magnetic effect, and only an uninsulated wire in a circuit would show a magnetic effect.
MATERIALS REQUIRED
· Recall prior knowledge
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), and interaction of magnetic field simulation by MOE/ETD (http://iwant2study.org/lookangejss/05electricitynmagnetism_21electromagnetism/ejss_model_MagneticField2Wirewee4/MagneticField2Wirewee4_Simulation.xhtml)
· Collaborative constructivism
Worksheet, X10 Singapore Science Centre (SSC) DC Motor physical models and DC Motor Simulation by MOE/ETD (http://iwant2study.org/lookangejss/05electricitynmagnetism_21electromagnetism/ejss_model_DCmotor10wee1/DCmotor10wee1_Simulation.xhtml)
	Timeframe
	Activity
	Resources

	5 min
10 min

25min

5 min
20 min

2min
	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 DC Motor
Trigger Curiosity: Teacher operates a DC motor set to show the rotating effect of the coils this is to demonstrate the turning effects of the invisible magnetic force

2.1  Teacher uses SSC DC motor models to unpack the various components of a DC motor.
2.2 Teacher links up all components.

2.3. Activity One:  In groups of 4 students got to use the mini SSC DC models provided to help them visualize the structure of the D.C motor.

Section 3: B Conceptual Understanding of How and where a magnetic force is produced in the coil of a DC motor.
The following activities are conducted using the SSC DC motor models and ETD DC Motor Simulation. 
3.1 Teacher guides student to focus on a moving charge on one side of the coil.
3.2.  Teacher prompts students about the magnetic field due to the motion of charges.

3.3. Teacher asks students to use interaction of magnetic field to deduce the direction of resultant magnetic force acting on one side of the DC motor coil.

3.4 Teacher asks students to use Fleming’s Left Hand rule to verify the direction of this resultant magnetic force.

3.5.   Teacher highlights this is the magnetic force that generate the turning effect of the coil.
3.6. Activity two:  In groups of 4, students use the mini SSC DC model/ETD DC motor  Simulation provided to explain how a magnetic force is produced in position 2 (see worksheet question 3) and deduce the direction of magnetic force using Fleming’s Left Hand rule.  Repeat process for orientation 3 and 4. (Draw magnetic forces in Figure 3.2).  Teacher goes around facilitating construction of learning.
Students are expected to state
(1) The interaction of magnetic field generates a resultant magnetic force.

(2) This magnetic force produces the induced current which can be determined using FLHR.
Teacher shared the link to the ETD DC motor simulation with the students and get students to recap the concepts of working principles of DC motor 3.1 to 3.6. 
Section 4:  Seatwork to reinforce understanding: This question is chosen to consolidate learning.  Question 4(a) and 4(b).

Q4(a) required understanding of inertia and the structure of split ring.

Q4(b) students are required to see that a reverse in the direction of current produces a reverse in the direction of the magnetic force.

Section 5:  Use the model/simulation provided to explain why the DC motor is able to turn in the same direction for one complete revolution
5.1.  Teacher uses SSC DC motor demo set with direction of current to help students visualize how the current direction along CB is parallel to the magnetic field.  Since there is no interaction of magnetic fields in two different plane there will be no magnetic force acting along CB.
5.2. Teacher uses ETD DC motor simulation to repeat the explanation. When using simulation please note that there are a handful of students who cannot see 3D simulation that is the reasons for using model.

5.3. Teacher gives time for students to complete question 5 and allows clarification.
Students are expected to 

(1) Use FLHR to deduce the direction of magnetic force 
(2) Aware of the position where the change in the direction of current takes place as the split crosses from one carbon brush to the next.
(3)  Know that when current is parallel to magnetic field there will be no magnetic force.
Section 6:  Function of Split Rings
6.1. Teacher shows demo that a direct connection of the wire to the coil of the DC motor will produce magnetic forces that  will always be acting in the same direction (always vertically up or down). This will cause the coil to eventually come to rest when the moments due to the forces are zero.

	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
DC motor with

DC power source
DC motor model by SSC, magnets, wiring, 
Mini demo items for group visualization
Using the SSC DC motor Mini models 
Using ETD DC motor Simulation: http://iwant2study.org/lookangejss/05electricitynmagnetism_21electromagnetism/ejss_model_DCmotor10wee1/DCmotor10wee1_Simulation.xhtml
Using the SSC DC motor Mini models
Using ETD DC motor Simulation: http://iwant2study.org/lookangejss/05electricitynmagnetism_21electromagnetism/ejss_model_DCmotor10wee1/DCmotor10wee1_Simulation.xhtml


	3 min
	Section 7: Closure 
Teacher sumnarises the key learning points:
(a) The interaction of magnetic fields:  between the magnetic field from permanent magnets and magnetic field from current flowing through the coil produces resultant magnetic forces.  It is these resultant magnetic forces that produce the turning effect.
(b) The change in the direction of current as the split rings crosses from one carbon brush to another as change the direction of the magnetic forces so as to allow the coil to turn continuously in the same direction.

	


Conceptualized by Mr Yap Boon Chien (MTT/Physics), Academy of Singapore Teachers
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