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Lesson Planning
Topic:


 Energy, Work and Power 

– Energy Conversion and conservation
Class:


 Secondary 3 Express (Pure Physics)
Lesson Objectives:
 At the end of lesson, students should be able to:

a) define and memorise the principle of conservation of energy
b) apply the principle of the conservation of energy to new situations or to solve related problems through convergent thinking.
c) state that kinetic energy 
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 and gravitational potential energy 
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 (for potential energy changes near the Earth’s surface)
d) apply the relationships for kinetic energy and potential energy to new situation
Prior Knowledge
:
Sources of energy and storage of energy, Physical quantities and Units, Speed, Velocity and Acceleration, Mass, Weight, Dynamics, identify different forms of energy
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Concept Map

:
Learning Aids & Resources:

Set Induction:
Newton’s cradle
IT:

i)
2 students to 1 PC terminal

ii) PowerPoint slides

iii) Simulation applets or shockwave from Internet websites
Worksheets:
Lecture Notes, Worksheet A, B, C, D (Appendices)

Hands-on:
Two balls of different mass, an inclined plane, two photogates and Science Workshop interface. (Three sets)
Set Induction:

· Step into classroom with a Newton’s cradle and start rocking it to get the students’ attention.

· Ask the students have they wondered whether the Newton’s cradle will stop rocking.

· Ask students to vote to see whether the Newton’s cradle will stop rocking by the end of the two periods of lessons.

· Introduce the sub-topic of Energy Conversion and Conservation by asking students to recall previous lesson on Energy and the examples of its different forms.
Lesson Development:

1) Everyday applications

The trigger activity set the students thinking how the concept of energy is related to a popular, common desktop toy such as the Newton’s cradle

2) Student participation

The lesson will be conducted in a student-centred manner whereby there will be constant interaction between teacher and students.. Lecture notes with blanks will be given out to each student at the beginning of the lesson, to engage their attention in learning new concepts through scaffolding, during teaching of new concepts. After learning the new concepts, the class will be divided into 3 groups of four or five students. Each group will investigate a task given to them in the worksheets (Appendixes). Group A will conduct a hands-on experiment to investigate the conservation of energy in a ball rolling down the inclined plane and compare it with  the theory. Java applets simulation will be used for Group B to investigate and identify the conversion and conservation of energy in a pendulum system, and for Group C will attempt to design a virtual roller coaster using their knowledge of conversion and conservation of energy between kinetic and gravitational potential energy.
3) Experimental activities

The experiment conducted by Group A give them an opportunity to verify the formula for kinetic and potential energy through a real-life movements of objects, thus allowing the students to feel and manipulate the various parameters to enhance their understanding of the concept of conservation of energy. A laboratory lesson can also be conducted to the whole class at the end of teaching energy, work and power to enhance their understanding of this abstract concept.
4) Collaborative learning

Each group will be asked to present their findings after completing their respective group activities. During presentation of each group, the other two groups will pose questions to test the concept by changing variables and viewing the results.
5) IT – Interactive simulation task

The lesson will be conducted in a computer laboratory; to make use IT tools such as Microsoft Words to do their worksheet, Excel to assist in their computation, PowerPoint to present their findings to the class and Internet website link to Java applets to facilitate the 3 groups of students in their group activities.
Lesson Closure:
Instruction to each group to complete their activities, and present their findings in the next lesson. Recap on the lesson objectives for the 2 periods. Pose a question that will link them to the next sub-topic of Work and Power.
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Summary of lesson plan
	Time Frame
	Activities
	Resources
	Rationale

	5 mins
	Set Induction

· Step into the classroom and wait for students to switch on the computers and get ready their textbook.

· Take out Newton’s cradle and ask the students whether they have seen it before or own one of it.
· Start swinging the Newton’s cradle and ask the students whether they have wondered if the swinging will stop or it will swing forever.
· Ask students to vote if they think the swinging will stop by the end of the lesson.

· Introduce the sub-topic on Energy conversion and conservation. 

· Distribute the lecture notes handouts to the class and instruct them to fill in the blanks as the lesson progress.
	Newton’s Cradle
Lecture Notes
	Trigger activity to capture students’ attention, arouse their curiosity and ownership of the lesson by getting them to vote. 
Prepare their mindset on sub-topic of Energy conversion and conservation.
Lecture notes with blanks were given out so to capture the students attention and for them to make comments alongside each slides if necessary. This will also help them to learn through scaffolding

	10 mins
	Review

· Recall students’ prior knowledge on energy and the different forms of energy. Pose the question: “What have we learn from the last lesson?”
· Get students to recall the definition of energy and review the different forms of energy 

· Get students to play matching game by the definitions and examples to kinetic energy, gravitational potential energy, chemical potential energy and elastic potential energy.

· Pose question to class, “Can an object or system possess more than one form of energy?”
	PowerPoint slides and Lecture notes
	Help students to recall their prior knowledge through students’ participation.

Prepare students mindset by asking leading question to new concepts in sub-topic.

	
	Introduction and development (first objective)
· Introduce learning objectives for the lesson.

· State the principle of conservation of energy by dividing the definition into 3 key points.

· Show a diagrammatic representation of conservation of energy.

· Get each student in the class to memorise and take turn to read aloud the definitions based on the three key points without referring to their lecture notes.

· Illustrate energy conversion through daily examples that can bee seen.

· Use teaser to introduce the concept that energy can be converted to more than one form. Use David Beckham picture to arouse interest.

· Get each student to complete task 1 on conservation of energy and invite or get 3 students to come out and present his/her answer on the white board.

· Give teaser to lead to next part of lesson on kinetic and potential energy
	PowerPoint and Lecture Notes
	Stating lesson objectives clearly will let the students know what they will be able to learn and apply after the lesson.

Rote learning and visual diagram helps students to remember the important principle of conservation of energy by heart and ‘imprint’ the principle of conservation of energy in their mind.

Promote critical thinking through teaser.

Consolidate first learning objective through individual exercise and facilitate peer learning and teaching.

Prepare students’ mindset for next lesson objective through teaser

	15 mins
	Development (2nd objective)

· Recap on definition of kinetic and gravitational potential Energy.
· State the formulas for kinetic energy and gravitational potential energy
· Give simple example to illustrate applications of formulas.
· Get students to complete task two and three and get a student each to come out and present his/her answers on the white board.
· Pose a problem scenario of a person falling down a mountain to lead in the discussion of application of kinetic and potential energy to the conservation of energy.
· Introduce the application of kinetic and potential energy to problems related to conservation of energy by using examples and posing teaser.

	PowerPoint and lecture notes.
	Promote student learning and interest through constant interaction during lesson.
Encourage peer teaching and learning through individual exercise.

Problem scenario and teaser engage students in critical thinking by tapping on their prior knowledge of conservation of energy and linking them to their new knowledge of KE and PE.

	30 mins
	· Group Activities

· Divide the class into 3 main group, A, B, and C

· Each main group comprise of three sub-groups of 4 or 5 students. (Total 9 sub-groups of students)
· Group A will investigate and verify the conservation of energy of a ball rolling down an incline plane through hands-on experiment

· Group B will use Java applets from internet to investigate and identify the conversion of energy in a pendulum system

· Group C will use Java applets to design a virtual roller coaster.
· Instruct every students to hand-in hardcopy of the worksheet and each sub-group submit one softcopy using Microsoft Words.
· One sub-group from Group A, B and C will be selected through drawing lots to present their findings in the next lesson.

· Groups selected to present are to prepare their presentation in PowerPoint and other IT tools if necessary.

· Presentation format will covers, learning objectives, findings and conclusion

· As each group present, the rest of the class will pose questions and discuss on the groups’ findings


	2 balls of different mass, inclined plane, photogate and Science Workshop Interface for Worksheet A activity
PC connected to Internet. 
PowerPoint, Words.
Java applets from Internet for Worksheet B and C activities

Worksheets A,B,C
	These group activities will guide students to construct their knowledge uniquely and in multiple ways, tapping on their prior knowledge and new concepts that they have just learned.

The activities also provide the students an opportunity to learn through action and reflection, as they examine their data, and reflect upon the findings through group discussion.

Students will be able to use the simulation and experiments to test the theory by to changing the variables and viewing the result

Through working as in groups, and presenting their findings to the class, the students will learn from each other as they introduce multiple perspectives through social interaction, collaborative and peer learning.
Use of ICT amongst students for their presentation will help the students build up their presentation and ICT competency level, and encourage them to do research over the internet.


	10 mins
	Lesson Closure
· Ask student to wrap up group activities and distribute individual worksheet D to all students to be done as homework.
· Recap on learning objectives.
· Relate back to Newton’s cradle and ask students for their response to earlier question in the beginning of lesson. “So will the Newton’s cradle stop swinging?”
· Solicit responses from students and clarify that if there is no friction and air resistance, the Newton’s cradle will swing forever, however, in reality it is not the case due to loss of energy.
· Ask students a leading question to the next lesson on the sub-topic of Work: “What happen when the brakes were applied to a car traveling at a constant speed?”
	Worksheet D

PowerPoint
	Individual worksheet helps the students consolidate and apply what they have learnt through questions that require critical thinking.
Recapping will summarise what the students have learn over the 2 periods, bridge their prior knowledge to new concepts that they have learn.

Relating back to the trigger activity will help the student “see” the application of kinetic and potential energy in a daily object.

Posing questions for next lesson will sustain the students’ interest in the topic and encourage them to do research.


Reflection
After the microteaching session, the following refinements are made to manage the time better:
· A better Newton’s cradle can be used to demonstrate that it will swing for a very long time without stopping.

· Recap and review of last lesson on energy can be done at a faster pace, by going through the definition, SI units and different forms of energy for the students instead of asking students to remember.

· However, the matching activity to remember the definition of kinetic energy, gravitational potential energy, elastic potential energy and chemical potential energy are still useful as it is emphasized more under the ‘O’ level syllabus.

· Visual diagram to represent principle of conservation of energy is especially useful to help students memorise the 3 key points of the principle.
· The activity of getting every student to memorise and regurgitate the principle of conservation of energy is useful to help him or her remember this important concept. However, due to a big class size of 40 students, it might take up substantial amount of time. A better way of managing this activity is to divide the class into 5 groups of 8 students, and run a small contest to see which group can recite the principle in the shortest time. This will create urgency in the students to recite the principle of conservation of energy as quickly as possible and thus help to shorten this activity.
The following suggestions are made to anticipate possible classroom management issues.

· For the group activities in the second period, 6 groups of students will be using PC to access java applets to solve the worksheets while 3 groups will be conducting a hands-on experiment. As the lesson will probably be conducted in the Computer Lab, another teacher or a teaching assistant is needed to bring the 3 groups of students doing experiment to the science laboratory to do their activity. This issue is common in most secondary school in Singapore as most of the science laboratory is not well equip with PC at each workstation.
· Ideally, the 2-period lesson should be conducted in a science laboratory with 40 PCs, so that the whole class can conduct their activity together regardless whether it is hands-on or using simulation.

· Teaching assistant might still be needed in the second period to help with facilitation and to control the noise level of the students during group activities.
Appendix A
Worksheet A (Group Activities)
Name:___________________(
)


Date:________________

Name:___________________(
)

Name:___________________(
)

Name:___________________(
)

Name:___________________(
)

Class:___________________

Rolling Ball on a Inclined Plane

PURPOSE

The purpose of this experiment is to investigate and verify the principle of conservation of energy for a ball rolling down an incline plane. (Ignore air resistance for this experiment)


[image: image3]
PROCEDURE

1. Set up an incline plane as shown in the diagram above.

2. Set up photogate at position B (at height h2) and C (at ground level)

3. Place a 0.2kg ball and released it from rest at location A, as it passes through a photogate at location B, and another photogate at location C. The speed of the ball can be determined from the width of the ball and the photogate times, and the data will be captured in the Data Studio program through a Science Workshop interface. 

4. The speed and mass can be used to determine the kinetic energy (Ek=1/2(mv2)) of the ball at each of the three locations. 

5. The heights of the ball above the tabletop at each of the three locations were measured and can be used to determine the potential energy (Ep = mgh) of the ball.

6. Record the height and speed at the three locations in the table below, and calculate its potential energy and kinetic energy.

	Location
	Height 
	Speed 
	Ep
	Ek
	Total Mechanical Energy 

	A 
	0.40 m 
	0 m/s 
	0.8 J 
	0 J 
	0.8 J 

	B 
	0.25 m 
	1.70 m/s 
	0.5 J 
	0.29 J 
	0.79 J 

	C 
	0 m 
	2.84 m/s 
	0 J 
	0.81 J 
	0.81 J 


QUESTIONS

1. What happened to the form of energy in the ball it rolls down the inclined plane from A to C.

Ans: As the ball roll down from A to C, its height above the ground decreased and thus it lost potential energy, but gain kinetic energy.

2. What did you observe about the total mechanical energy of the ball, and explain why? Thus, derive the relationship between potential energy, kinetic energy and total mechanical energy.

Ans: The total mechanical energy remains approximately 0.8 Joules. It is because the potential energy is transformed into kinetic energy. The mechanical energy changes its form as the ball passes from location A to B to C. Yet the total mechanical energy should remain relativity constant.

Total Mechanical Energy = Potential Energy + Kinetic Energy

Now use a ball of bigger mass, 0.4 kg and repeat the experiment.

	Location
	Height 
	Speed 
	Ep
	Ek
	Total Mechanical Energy 

	A 
	0.40 m 
	0 m/s 
	1.6 J 
	0 J 
	1.6 J 

	B 
	0.25 m 
	1.71 m/s 
	1.0 J 
	0.58 J 
	1.58 J 

	C 
	0 m 
	2.83 m/s 
	0 J
	1.60J
	1.60 J 


3. What did you observe and explain why?

Ans: The total mechanical energy of the ball increases due to the increase in mass of the ball. However, the speed of the heavier ball is the same as that of the lighter ball as it rolls downs the inclined plane. Thus, the mass of the ball does not affect the speed at which the ball roll down, as long as they are released from the same height.

4. Do you think varying the angle of the slope with the same height will have any significant effect on the reading in the two tables above?
Ans: No, the varying of angles will not affect the reading significantly, because as long as the height is the same, it will not affect the potential energy (Ep = mgh). Speed of the ball measured by the photogates at the same height, h2, will also not be affected much, because the loss of potential energy is still the same although the angle of inclined is different.

Appendix B
WORKSHEET B (Group Activities)
Name:___________________(
)


Date:________________

Name:___________________(
)

Name:___________________(
)

Name:___________________(
)

Name:___________________(
)

Class:___________________

The Energy of Pendulum
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Access the Java applets above by clicking on the following website: http://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=390&. Login with the following: username: 521qcp password: password

1. Investigation of Principle of conservation of energy in a pendulum:

Click on the play button to start swinging the pendulum. Take note of the fluctuation in the bar chart as the pendulum swing.

1.1. Take note of the starting position of the pendulum and the bar chart, what do you observe?

Ans: Potential energy is maximum and kinetic energy is zero.

1.2. Varies the length of the pendulum, what do you observe?
Ans: The potential energy increase with decrease in the length of the pendulum and decrease with the increase of the length of the pendulum

1.3. Swing the pendulum and take note of the position of the pendulum for the 3 conditions listed below:

· When potential energy (PE) drop to zero

· When kinetic energy (KE) drop to zero

· When potential energy (PE) is almost equal to kinetic energy (KE)

Sketch the position of the pendulum for the above three condition in the space below labeling KE and PE at each position. Indicate the height, h, to be used to compute the PE of the pendulum, PE = mgh.


[image: image4]
2. What can be observed about the total energy of the pendulum, TE?

Ans: TE is constant, which prove the principle of conservation of energy.
3. Explain why PE decreases as the pendulum swing from the highest to the lowest position?

Ans: As the pendulum swings toward its lowest position, the height of the pendulum bob decreases and its speed increases. Potential energy is dependent on the height of the bob. Therefore, the PE is decreasing. Kinetic energy is dependent upon the speed of the bob. Therefore, the KE is increasing

4. The bar chart below shows the distribution of the potential, kinetic, and total energies for a pendulum in the position shown
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Sketch the new position of the pendulum, when the distribution chart is as follow and explain why.
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Ans:
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OR

The second bar chart shows that the potential energy of the pendulum has increased, and the kinetic energy has decreased. This means the pendulum must be further from the ground.

5. Compute the following values of a swinging pendulum, given that mass of the pendulum is 0.5 kg and g = 9.81 m/s2
[image: image6.png]



Using formula, PE = mgh, KE = ½(mv2)

A =  6/(0.5(9.81)) = 1.22 m
B = 3/((0.5)(9.81)) = 0.611 m

C = √(3 X 2 /0.5) = 3.46 m/s

D = 0

E = 4.90 m/s

F = 1.22 m
Appendix C
WORKSHEET C (Group Activities)

Name:___________________(
)


Date:________________

Name:___________________(
)

Name:___________________(
)

Name:___________________(
)

Name:___________________(
)

Class:___________________

The Roller Coaster Designer

Try your hand at designing your own roller coaster using the java applet above at http://www.funderstanding.com/k12/coaster/.[image: image15.png]



You will be building a conceptual roller coaster using the physics concepts that are used by real coasters designer.

You will decide the following - the height of the first hill, the height of the second hill, and the loop. 

Assumption: 

i. Your coaster is a single-car coaster running on a frictionless track. 

ii. An electric motor will pull the coaster to the top of the first hill. After the coaster has been pulled to the top, no more external energy will be added to it, i.e.: v = 0
The following steps will guide you in designing your roller coaster:

a) Select the height of the first hill 1.

b) Select the height of the second hill 2, remember it should help to maintain the thrill

c) Select the height of the loop.

A) Design a roller coaster for maximum chill and thrill

1. Based on your experience of riding a roller coaster, which parameter is most important to achieve maximum thrill?

Ans: Fastest speed and maximum height.

2. Explain your choice for your height setting for hill 1, hill 2 and the loop.

2.1. Hill 1: Hill 1 should be set to maximum height to give the coaster maximum gravitational potential energy (GPE), which will give it maximum kinetic energy (KE) and thus velocity for the rest of the ride. 

2.2. Hill 2: Hill 2 should be set at a height slightly lower than hill 1, so that it can achieve as much GPE as possible, and yet allow the coaster to have enough KE to reach the top of hill 2.

2.3. The loop: The height of the loop should be set as low as possible without letting the coaster fly off the track. This is so that the there is minimum loss of KE (and thus speed) to GPE as the coaster climb over the loop. This will in turn preserve the high speed of the coaster round the loop for a thrilling finish!

3. Now based on the same setting as chosen above, varies the mass of the coaster, will it affect the extend of the thrill? Explain why? (Hint: observe the speed reading)
Ans: The ride will be equally thrilling as there is no change to the speed of the coaster. Using principle of conservation of energy, 

Loss in GPE = Gain in KE
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Mass, m will cancel out, thus it will have no effect on the speed of the coaster.

B) Calculation
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4. Assuming no friction, calculate the value in the diagram above, using the principle of conservation of energy. Assume that the mass of the coaster is 1000 kg, g = 9.81 m/s2
Using formula, PE = mgh, KE = ½ mv2 and principle of conservation of energy

A = 45.87 m

B = 0

C = 450 000-200 000 = 250 000J

D = 20.39m

E = 22.36 m/s

F = 450 000 J

G = 0

H = 30m/s

If the angle of the initial drop in the roller coaster diagram above were 60 degrees (and all other factors were kept constant), would the speed at the bottom of the hill be any different? Explain.

The angle of the initial drop does not affect the speed at the bottom of the hill. The speed is dependent on the initial height of the incline according to the principle of conservation of energy, i.e.: 

Loss in PE = Gain in KE
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A greater angle of incline will only lead to a higher acceleration of the coaster along the incline over a shorter period of time, speed at the bottom still remain the same.

Appendix D

WORKSHEET D (Individual Homework)

Name:___________________(
)


Date:________________

Class:___________________)
Complete the following worksheet.
1) If you fire a pellet from a catapult, what energy change happens as you let the catapult go?

a) Chemical energy to elastic potential energy

b) Kinetic energy to thermal energy

c) Elastic potential energy to kinetic energy



( c )
Answer Qns 2 and 3 with the diagram below. This is what a tennis ball looks like for a short time when the racket hits it: 
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2) What kind of stored energy does the racket give to the ball?

a) Kinetic energy

b) Chemical

c) Elastic Potential Energy





(c)

3) After the ball is hit, it has energy in which forms?

a) EPE and KE

b) GPE and KE

c) GPE and EPE







(b)
Answer the below questions, assuming that friction and air resistance is zero
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4) As the object moves from point A to point D across the frictionless surface, the sum of its gravitational potential and kinetic energies will

a) decreases, only. 

b) decreases and then increases. 

c) increases and then decreases. 

d) remains the same






(d)

Explain your answer:

Ans: Due to principle of conservation of energy, if friction is zero, 

Gain/loss in potential energy = loss/gain in kinetic energy

Total energy of the system remains constant, thus TE = GPE + KE

5) The object will have a minimum gravitational potential energy at point 

a) A.

b) B.

c) C.

d) D.








(b)

Explain you answer:

Ans: GPE depends upon height based on the formula, GPE = mgh, the GPE is at its minimum when the height is minimum, at point B, the height is the lowest.

6) The object's kinetic energy at point C is less than its kinetic energy at point 

a) A only.

b) A, D, and E.

c) B only.

d) D and E.








(c)

Explain your answer

Ans: Applying conservation of energy, kinetic energy is greatest when potential energy is the least. Point C being higher than Point B will have more potential energy, thus it will have lesser kinetic energy than when it is at point B

7) An object, which weighs 10 N, is dropped from rest from a height of 4 meters above the ground. When it has free-fallen 1 meter its total mechanical energy with respect to the ground is

a) 2.5 J

b) 10 J 

c) 30 J

d) 40 J








(d)

Explain:

Ans: Due to conservation of energy, The total mechanical energy anywhere is the same as its initial energy at rest.

Its initial energy at rest = GPE = mgh = 10 X 4 = 40J

8) During a certain time interval, a 20-N object free-falls 10 meters. The object gains _____ Joules of kinetic energy during this interval.

a) 10

b) 20

c) 200

d) 2000







(c) 
Explain:

Ans: As the object falls 10 metres, it lost gravitational potential energy, which is converted to kinetic energy.

Thus, loss in GPE = Gain in KE

Gain in KE = mgh = 20 X 10 = 200J

Gravitational Potential Energy, 


Ep = mgh





Elastic Potential Energy





Kinetic Energy,� EMBED Equation.3  ���





S.I. Unit = Joule (J)





Principle of the conservation of energy





Energy conversion and conservation
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Electrical Energy





Nuclear Energy
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