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	Waves
                                                                                                  Student’s Handout

	
	Topic: General Wave Properties
	
	Duration: 2 activities of 1 hour each


· Aim
This lesson develops understanding of the relationship between the wave properties   speed, frequency and wavelength and how these properties are dependent on (i) the medium in which the wave is travelling and (ii) the source of vibration that produces the wave. 

· Description of activity
There are 2 parts to this lesson: 
· Using wave machines made from commonly available materials, investigate the change in properties of a wave when it travels from one medium to another.
· A java-applet is used to further investigate the relationship between speed, wavelength and frequency of a wave. The relationship between the source of vibration and frequency of a wave is also discussed.
· Key Questions
· What changes in physical conditions could affect the speed, frequency and wavelength of a wave?
· How do changes in the wave properties of speed, frequency and wavelength affect each other?

· Materials
Part 1

Materials for wave machine:

· 1 packet of skewers / Satay sticks
· Plasticine or lumps of soft clay of equal mass             

· Sticky tape (2” wide)
· 4 retort stands (2 at each end of lab bench)

· 4 G-clamps (to secure retort stands to bench)
· Stop watch

· Refer to http://www.nationalstemcentre.org.uk/elibrary/science/resource/2096/wave-  
machine  for a video of the wave machine used in this exercise. 
Part 2

Ripple tank applet: http://www.falstad.com/ripple/
	Worksheet 1 - Prediction Exercise


1. The diagram below shows wavefronts produced in a ripple tank. A piece of glass block is placed under the surface of the water to create a shallow region. 
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What do you think will happen to each of the following quantities as the wave enters the shallow region?
a) Speed


___________________________________________________________________

b) Frequency


___________________________________________________________________

c) Wavelength 

___________________________________________________________________
2. The diagram below shows a ray of light as it leaves a glass block. What do you think will happen to each of the following quantities as light leaves the glass block into the air? 

a) Speed

      ___________________________________________________________________

b) Frequency

      ___________________________________________________________________

c) Wavelength 

      ___________________________________________________________________


3. A dipper powered by a motor is used to produce waves in the ripple tank. The frequency of the dipper was adjusted from 5 Hz (5 oscillations per second) to 15 Hz (15 oscillations per second). What do you think will happen to the following properties of the water waves?


a) Frequency

___________________________________________________________________

b) Speed


___________________________________________________________________

c) Wavelength 


___________________________________________________________________

	Worksheet 2 – The Wave Machine


Experimental or demonstration set-up:

The diagram below shows one end of a wave machine.













Questions

1. a) Predict what you would see when a skewer at one end of the wave machine is lifted 
    and then released. What do you think will happen to the plasticine spheres?
_____________________________________________________________________

_____________________________________________________________________

b) Proceed to lift and release the skewer. Record your observations below.
_____________________________________________________________________

_____________________________________________________________________

c) What is one conclusion that can be made from the above observations? 
_____________________________________________________________________

_____________________________________________________________________

2. a) If the same skewer in Question 1 is lifted at a greater height and then released, 
     will the wave travel at a greater speed? What other differences do you think you will 
     observe? 
  ______________________________________________________________________

  ______________________________________________________________________

b) Plan an investigation to find out if the speed of the wave will change when the 
     skewer used in Q1 is lifted to a greater height and then released.


  ______________________________________________________________________

  ______________________________________________________________________
  ______________________________________________________________________

  ______________________________________________________________________

c) Perform your investigation and record your observations below.  
 _____________________________________________________________________

 _____________________________________________________________________

d) What is one conclusion that can be made from the above observations? 

 ______________________________________________________________________

 ______________________________________________________________________

3. a) Remove the lumps of plasticine from the skewers in the second half of the wave 
    machine to create a second medium. Predict what happens to the wave as it moves 
    from the first half (with the plasticine) to the second half (without the plasticine). 
______________________________________________________________________

______________________________________________________________________

b) Proceed to start a wave and record your observations below.
______________________________________________________________________

______________________________________________________________________
c) What is one conclusion that can be made from the above observations?

______________________________________________________________________

______________________________________________________________________
	Worksheet 3 – Ripple Tank


A. The Ripple Tank

1. Your teacher will show you a ripple tank or a video of a ripple tank for this activity. The ripple tank has a vibrating dipper that is used to produce water waves. The frequency which the dipper vibrates can be adjusted. As the frequency of the vibrating dipper increases, what do you notice about the waves produced?

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

B. The Ripple Tank applet

For this activity, you will need to access the Ripple Tank applet http://www.falstad.com

 HYPERLINK "http://www.falstad.com/ripple" /ripple. The diagram below shows a screenshot of the Ripple Tank Applet. 
Instructions: 

Under setup, select “Plane Wave”




Questions

2. a) Drag the “Source Frequency” bar to vary the frequency of the vibrating source. 
      Observe and record any changes in the wavelength of the waves.
_____________________________________________________________________

_____________________________________________________________________

b) What is one conclusion that can be made from the above observations?

_____________________________________________________________________

_____________________________________________________________________
3. a)
Does a change in the frequency of a wave affect the speed in which it travels? Devise 
     a plan (which involves the use of the applet) to investigate this and write your plan 
     below.
_____________________________________________________________________

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________

b) Carry out your plan and record your observations below.
_____________________________________________________________________

____________________________________________________________________

c) What can you conclude from your observations?

_____________________________________________________________________

____________________________________________________________________

**** End of Worksheet****

	Waves
Teacher’s notes

	Level:  Sec 3-4 Express/NA
	
	Topic: General Wave     
            Properties
	
	Duration: 2 activities of    
                   1 hour each


· Description of activity
This lesson addresses the misconceptions that students may have in the relationship between the wave properties of speed, frequency and wavelength and in understanding how these quantities are dependent on the medium and the source of vibration. There are 2 parts to this lesson: 
· Using wave machines made from commonly available materials; investigate the change in properties of a wave when it travels from one medium to another.

· A java-applet is used to further investigate the relationship between speed, wavelength and frequency of a wave. The relationship between the source of vibration and frequency of a wave is also discussed.

· Key Questions

· What changes in physical conditions could result in changes in the wave properties of speed, frequency and wavelength?
· How do changes in the wave properties of speed, frequency and wavelength affect each other?
· Aims
Students will understand that:

· A wave transfers energy but not the medium it is travelling in; the particles in the medium oscillate about their positions but do not move along with the wave.   
· The speed of a wave depends on the medium through which the wave is moving.

· The frequency of a wave depends on the frequency of its source of vibration.

· In the same medium, a change in the frequency of a wave will affect its wavelength but not its speed. 
· Objective/s 
· Related Syllabus Learning Outcomes 
Recall and apply the relationship velocity = frequency ( wavelength to new situations or to solve related problems.

· Skills and Processes

· Perseverance in building a workable wave machine
· Planning procedures for simple investigations

· 21CC

 
Information and Communications Skills
· Students have to share and explain to their classmates their decision to the answers of some questions. They have to communicate effectively to deliver information and ideas coherently.
· As new concepts are introduced and developed, students should have an open mind to receive, explore and respond to new information and be able to manage this information well.
Critical and Inventive Thinking
· Students are required to construct relationships between the different concepts. They have to show sound, logical reasoning and reflective thinking, based on objective analysis of available information, different perspectives and various evidences.
· Prior knowledge required 

Students should be able to:
· Describe what is meant by wave motion as illustrated by vibrations in ropes and springs and by waves in a ripple tank.
· Define speed, frequency, wavelength, period and amplitude.
· Materials

Part 1

Student’s handout (worksheet 1 and 2)
1. Materials for wave machine:

· 1 packet of Kebab skewers / Satay sticks
· Gummy candy (or lumps of soft clay of equal mass)             

· 2m of Masking Tape (2” wide)
· 4 retort stands (2 at each end of lab bench)

· 4 G-clamps (to secure retort stands to bench)
· Stop watch

· Refer to http://www.nationalstemcentre.org.uk/elibrary/science/resource/2096/wave-machine  for a video of the wave machine used in this exercise. Additional notes for teachers can also be found on this website. Registration with National Stem Centre is necessary to view the video and teachers’ notes.
Part 2

Student’s handout (worksheet 3)

1. Activity has to take place in the computer lab with internet access. The correct java programme needs to be installed on the computers.

2. Ripple tank applet: http://www.falstad.com/ripple/
3. Ripple tank video: http://subjects.opal.moe.edu.sg/sciences/secondary-science/physics/teaching-n-learning-resources
· Suggested lesson guide 

Part 1 (1 hour) If teachers intend for students to build their own wave machines, the total time required would be about 1.5 hour.
	Assessment indicators 
	Lesson Activity
	Pedagogical Considerations

	Diagnostic assessment: Allows teachers to assess students’ understanding of the effect of changes in physical conditions on wave properties such as frequency, wavelength and velocity.
	 Lesson Introduction : Worksheet 1 – Prediction Exercise                                                .

The “Worksheet 1 - Prediction Exercise” on the student’s handout gets students to predict the effect on the frequency, wavelength and speed as a wave enters another medium, and to think about how the frequency of a vibrating dipper affects the frequency of water waves. Students can work in groups or individually. Teacher walks around the class to observe students’ predictions. Students with differing views are then asked to share and explain their ideas to the rest of the class. 
	The prediction exercise gets students to question the effect of changes in physical conditions on properties such as frequency, wavelength and velocity. At the end of each part, students will re-visit this exercise to reflect if there is a change in their understanding. 

	Evidence of learning is shown when students are able to…


conclude that a wave transfers energy without transferring any part of the medium.

Evidence of learning is shown when students are able to…

state that the speed of a wave is not dependent on its amplitude. 

Evidence of learning is shown when students are able to…

conclude that the speed of a wave is dependent on the medium in which the wave travels. 
	Lesson development:  Worksheet 2 - The Wave Machine                                              .. 
                                

1. Demonstration to show that waves transfer energy without transferring matter:

· Prediction: Teacher lifts a skewer at one end of the wave machine and asks students to predict what happens when the skewer is released. Ask students what would happen to the plasticine spheres. Students are to state their prediction in Qn 1a.
· Observation: A wave travels from the end which the skewer is lifted to the other end. However, the plasticine spheres oscillate up and down about their original positions but do not move along with the wave. Students record their observation in Qn 1b. 

· Conclusion: The spheres oscillate up and down about their original positions but do not move along the wave. Hence, a wave transfers energy without transferring any part of the medium. Students jot down the conclusion in Qn 1c.
2. Activity to illustrate that a change in amplitude does not affect speed of wave:
· Prediction: Teacher lifts the same skewer (as in Question 1a) at a greater height and asked students to predict if the wave will travel at a greater speed if the skewer is released at a greater height. Students are to state their prediction in Qn 2a.

· Planning a procedure for investigation:
Students are to devise a plan to investigate if the wave will travel at a greater speed if the skewer is released at a great height (Qn 2b). Alternatively, teacher can provide students with the following plan:
· Students start a wave with small amplitude at one end of the machine and measure the time taken for the wave to travel to the other end.
· Using the time measured and the length of the machine, they calculate an estimated value of the speed of the wave. 
· They will repeat the same procedure to obtain the speed of wave with a larger amplitude. 
· They will compare the two speeds. 

· Observation: The skewers in the second wave rise to greater heights (larger amplitude) but the speeds of both waves are the same. Students record their observation in Qn 2c. 

· Conclusion: The change in amplitude does not affect the speed of the wave. Students are to state the conclusion on the worksheet (Qn 2d). 
· Question to lead on to the next activity: 
What, then, does the speed of a wave depend on? This shall be answered by the next investigation.
3. Activity to illustrate that the speed of wave depends on the medium through which the wave is travelling:

· Prediction: Teacher is to ask students to predict what would happen if the medium through which the wave travels is to undergo a change e.g. if the plasticine or clay is removed from the skewer. Students are to record their prediction in Qn 3a. 

· Students are to work on this activity using their own machine:
· Students are to remove plasticine spheres from half of the segment of the machine. 
· They are to create a disturbance on one end and observe the wave movement across both segments. 

· Observation: The speed of the wave is faster in the segment without plasticine spheres. Students enter their observation in question 3b.

· Conclusion: Speed of the wave is dependent on the medium in which the wave is travelling. The end with plasticine travels slower than the end without. Students write down their observation in Qn 3c. 

· Extension: Teacher can get students to discuss the different media that other waves (e.g. light and water waves) can travel in to experience different speeds.
	The Wave Machine is an effective visual tool that allows students to observe how the disturbance travels without the skewers and plasticine moving along the wave. 

An effective visualization to convince students that a change in the amplitude of the wave does not affect its velocity. 

Students will be able to observe very clearly how the speed of the wave changes as it rolls from the section with plasticine to the section without. This is to impress on students that speed of the wave depends on the medium.

The discussion here explains how the above observation applies to other forms of wave such as light and water waves.


	
	Lesson conclusion                                                                                                                      ..                                 
· Teacher summarises the learning points:

· It is the disturbance or energy that travels along the wave. 
· The change in amplitude does not affect the speed of the wave.

· Speed of the wave is dependent on the medium.
· Students re-visit Qn 1(a) and 2(a) in Worksheet 1 (Prediction Exercise) to check if there is a change in their ideas and if so, to reflect why. 


	Principles of Learning #3: Self-monitoring is an important component of effective learning. 




Part 2 (1 hour)

	Assessment indicators 
	Lesson Activity
	Pedagogical Considerations

	
	 Lesson Introduction                                                                                                                  .
Recap of concepts learnt from previous lesson:
· It is the disturbance or energy that travels along the wave. 
· The change in amplitude does not affect the speed of the wave.

· Speed of the wave is dependent on the medium.

Objectives of the lesson:

· What does frequency depend on? 
· Which variable, speed or wavelength (or both), changes with frequency?
	

	Evidence of learning is shown when students are able to…

explain that the frequency of a wave is dependent on the frequency of the source of vibration.
conclude that the wavelength of a wave changes inversely with its frequency.
conclude that the speed of a wave is independent of its frequency.
	Lesson development: Worsheet 3 –  Ripple Tank                                                              ..                                 

1. Demonstration or video to illustrate that the frequency of a wave is dependent on the source of vibration:
Teacher uses a ripple tank or a video of a ripple tank (http://subjects.opal.moe.edu.sg/sciences/secondary-science/physics/teaching-n-learning-resources) to illustrate to students that wave frequency is dependent on the frequency of the source. Students jot down their observations in the worksheet (Qn 1).

2. Activity to illustrate that a change in frequency affects the wavelength:
· Students are to access a ripple tank applet at http://www.falstad.com/ripple/ Select “Setup: Plane Wave”.
· Students are to use the “Source Frequency” bar to vary the frequency of the dipper and observe the effect on the wavelength.

· Observation: As the frequency increases, the wavelengths are observed to decrease. Students are to record their observations in Qn 2a.

· Conclusion: The wavelength changes inversely with the frequency. Students are to state the conclusion in Qn 2b. 

3. Activity to illustrate that a change in frequency does not affect speed of wave:
· Planning a procedure for investigation:  
· Teacher is to recap from the previous question that a change in frequency causes a change in the wavelength. Now, students are to investigate if a frequency also affects the speed of the wave. 
· Students are to devise a plan which involves the use of the applet (Qn 3a). Alternatively, teacher can provide students with the following plan and ask them to solve the problem using the applet:

· Students measure the time taken for a wavefront to move from the start to the end of the wave window. 

· Change the frequency of the wave by shifting the “Source Frequency” bar. Repeat the above step.

· Observation: The time taken for the wave to travel across the same distance from one end of the wave window to the other end should be the same for different frequencies. Students are to record their observations in Qn 3b.

· Conclusion: Speed does not vary with frequency. Students are to state the conclusion in Qn 3c.
	The ripple tank is another visualization tool that allows students to observe that the frequency of the waves produced is dependent on the frequency of the source of vibration.  

It can be observed clearly from the applet that wavelength changes inversely with the frequency of the source and hence the wave. 

Measurement of the time taken will show that the speed does not change with frequency. This exercise also gets students to make connections with the concept of speed where lesser time taken to travel the same distance implies higher speed. 

	
	Lesson conclusion                                                                                                         ..                                 

· Teacher summarises the learning points:

· The frequency depends on the source of the vibration.
· When frequency changes due to a change in the source of disturbance, the wavelength changes inversely but the speed is unaffected. 

· Students re-visit the rest of the questions in Worksheet 1 (Prediction Exercise) to reflect on changes in their understanding. 


	Principles of Learning #3: Self-monitoring is an important component of effective learning. 




· Suggested answers to activity

	Worksheet 2 – The Wave Machine


1. b) Record your observations below.

     A wave travels from the end which the skewer is lifted to the other end. However, the plasticine spheres oscillate up and down about their original positions but do not move along with the wave. 

c) What is one conclusion that can be made from the above observations? 
     A wave transfers energy without transferring any part of the medium.
2.  c) Perform your investigation and record your observations below.  
     The skewers in the second wave rise to greater heights (larger amplitude) but the speeds of both waves are the same (or the time taken for the wave to travel from one end to the other is the same). 

d) What is one conclusion that can be made from the above observations? 

The change in amplitude does not affect the speed of the wave. 

3. b) Record your observations below.

The speed of the wave is faster in the segment without the plasticine spheres. 

c) What is one conclusion that can be made from the above observations?

Speed of the wave is dependent on the medium. 
	Worksheet 3 – Ripple Tank


A. The Ripple Tank


1. Your teacher will show you a Ripple Tank or a video of a Ripple Tank for this activity. As the frequency of the vibrating dipper increases, what do you notice about the waves produced?

As the frequency of the vibrating dipper increases, water waves will be produced at a 
          faster rate.

B. The Ripple Tank Applet


2. a) Drag the “Source Frequency” bar to vary the frequency of the vibrating source. Observe 
     what happens to the wave as the frequency increases. Record your observations below.


             As the frequency increases, the wavelengths are observed to decrease. 

b) What is one conclusion that can be made from the above observations?

The wavelength changes inversely with the frequency 

3.   b)   Record your observations below.
The time taken for the wave to travel across the same distance from one end of the wave window to the other end should be the same for different frequencies. 
c) What can you conclude from your observations?

             Speed does not vary with frequency.
· Additional notes for teacher
Refer to http://www.nationalstemcentre.org.uk/elibrary/science/resource/2096/wave-machine  for the video of the wave machine that is to be used in this exercise. More teachers’ notes can also be found on this website. (Registration with National Stem Centre is necessary to view the video and teachers’ notes).
· References

Video on Wave Machine from National Science, Technology, Engineering and Mathematics (STEM) Centre
 http://www.nationalstemcentre.org.uk/elibrary/science/resource/2096/wave-machine  

Ripple Tank applet from Paul Falstad’s Homepage
       http://www.falstad.com/ripple/
· Acknowledgement 

The Ripple Tank video was filmed using equipment from Dunman High School.
   Glass block





Glass block





Dipper powered by a motor











Sticky tape goes around a metal bar clamped to retort stands





Sticky tape





Plasticine or soft clay attached to both ends of a skewer stuck to the sticky tape. 





Retort stands could be clamped to the table with G-clamps to secure the wave machine. 
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Select “Plane Wave” under Setup.





Ideally, there should be 8 – 10 sets of these for students to conduct group work in groups of 4 – 5. However, if it is difficult to obtain sufficient sets, 1 set of these for lesson demonstration also suffices. If teachers intend for students to build their own wave machine, more time would have to be factored in than one hour.
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