WAVE LAB MARATHON
KEY QUESTION(S):  How do waves behave in different types of media?

SCIENCE SUBJECT:  Physics

GRADE LEVEL:  6 – 8

SCIENCE CONCEPTS:  Energy transfer, wave behavior, scientific thought processes

OVERALL TIME ESTIMATE: A minimum of one 50 minute period.  The length of time will depend on how much experimentation you have time to allow.

LEARNING STYLES:  Visual, auditory, and kinesthetic.

VOCABULARY: 


Compression wave – wave in which matter in the medium moves forward and

backward in the same direction the wave travels


Transverse wave – wave in which matter moves back and forth at right

angels to the direction the wave travels


Standing wave – wave that appears to vibrate in place, does not appear to be

traveling


Wave – regular disturbance that carries energy through matter or space

without carrying matter


Wavelength – distance between a point on one wave and an identical point on

the next wave

LESSON SUMMARY:  Students rotate through 7 lab stations where they explore waves using a number of different media and origins.  Using her observations, the student forms and tests a hypothesis about waves. 

STUDENT LEARNING OBJECTIVES:


The student will be able to...


1.  form hypotheses about waves from their observations and test them


2.  recognize and create a compression wave


3.  recognize and create a transverse wave


4.  understand how waves behave in different types of media

MATERIALS:  

Per Class:



Directions sign for each lab station – located after student worksheet



Lab station 1:
Large bowl filled 2/3 with water




1 tuning fork



Lab station 2:
1 metal hanger




2 pieces of string 70cm long



Lab station 3:
1 tuning fork




1 ping-pong ball




1 eight cm piece of string




hot glue (for preparation only-not used in class)



Lab station 4:
1 stethoscope



Lab station 5:
1 small bowl with water




1 metric ruler




1 pair scissors that will cut string



Lab station 6:
2 small metal cans (soup cans work well)




1 piece of heavy string 4m long



Lab station 7:
1 Slinky


Per Student:



Lab station 5:
50cm piece of heavy string




1 paper clip




1 plastic drinking cup




1 1.5”X1” sponge  (cut it out from a larger sponge)



Wow Waves Lab worksheet – located at end of file



SUPPLEMENTAL:


Lab station 1:   A set of large and small tuning forks may also be used.


Lab station 6:  Phones made from cans of very different sizes or lengths of string are useful for testing common student hypotheses.

ADVANCE PREPARATION:  

Station 2:  With the hook on the hanger pointing away from you, tie one end of one string to the lower-right corner of the hanger.  Tie one end of the second string to the lower-left corner.

Station 3:  Glue one end of the string to the ping-pong ball.

Station 5:  Make a clucker for students to use as a model when making their own.

Station 6:  Punch a small hole in the bottom of each can.  Pass the string through the hole in each can.  Be sure the open ends of the cans are facing away from one another.  Tie a knot in each end of the string to keep the cans from falling off.

All stations:  Print and post the sheet of directions at each station.  You may want to laminate these, especially at the stations that use water.

Make copies of Wow Waves Lab Worksheet.

It is a very good idea to practice making up tests of inferences (as described below) a few times before trying to do it with you students.  It’s easy once you get the hang of it, but you may be surprised if you haven’t been through it a couple times yourself.

PROCEDURE AND DISCUSSION QUESTIONS:  

Divide the class into seven groups.  Have each group begin at a different station and follow the instructions at that station.  Rotate stations after 5-10 minutes depending on the length of your class.  Some stations will finish earlier than others.  Have those students begin to test some of their inferences, as described below.

Students will be able to test many of the inferences they make, particularly at Station 6.  Quick tests can be done in 10-15 minutes, with discussion.  If you choose to have your students test an idea, wait until most of the class has had the opportunity to work with that station, then conduct the test as a class discussion.  What follows is a general outline of such a discussion.  I provide examples generated from the common observation that, in Station 6, it is difficult to hear someone speaking into the phone if there is a “valley” in the string.  (That is, when the string is not extremely taut.)

1) Remind students of the differences between manipulated and controlled variables.  (The manipulated variable is the one you are interested in.  You change this variable from trial to trial.  The controlled variables are all the other things about the experiment that you could change, but don’t!)

2) Have students identify the manipulated and controlled variables.  (The presence of a valley in the string should be manipulated.  Which student is the listener, which is the speaker, the specific cans and string used, and the tension on the string are examples of controlled variables.)

3) Have students explicitly state how they will change the manipulated variable without changing the controlled variables.  (It may take a few tries for the students to figure this out.  In this example, they often suggest creating a valley by having someone pull the string down, thus keeping roughly the same tension.  Help students understand that this won’t work because someone is touching the string.  Even if someone holds the string without creating a valley –which students can try- the experiment doesn’t work well because the sound waves will be too dampened to hear.)  Have the students try again.  Here is one solution: Listen first with the cans held at the same level.  Listen again with the listener standing on a chair and the speaker sitting on the floor.)

4) Help the students state their inference as a testable prediction that has only one manipulated variable.  (e.g. Inference from station 6:  Waves cannot travel up an inclined plane.  Hypothesis:  I will be able to hear better when the cans are held at the same height than when the speaker’s can is held lower than the listener’s can.)

5) Have the students carry out their experiment.  I do not suggest focusing on additional particulars of data collection, experimental design, or replication at this time.  The point here is for students to be able to quickly test an idea of their own.

6) Have the students make a new inference based on their results or confirm that their original inference was correct.  (We were able to hear just as well whether or not the cans were level with one another.  Thus, waves must be able to travel up an inclined plane.  Something else must make it difficult to hear when there is a valley in the string.)

SUNSHINE STATE STANDARDS:  


SC.B.1.3.6 – knows the properties of waves (e.g. frequency, wavelength,

and amplitude); that each wave consists of a number of crests and trough;

and the effects of different media on waves.


SC.C.1.3.2 – knows that vibrations in materials set up wave disturbances

that spread away from the source (e.g. sound and earthquake waves).


SC.H.1.3.5. – knows that a change in one or more variables may alter the

outcome of an investigation.

Name: _______________________________________

Mod:  ________________________________________

Wow Waves Lab Worksheet

Station One:  Jumping Water

1) Step One Observations:

2) Step Two Observations:

3) Step Three Inferences (Hint:  What makes the water jump?):

Station Two:  That Loud Hanger

1) Step Two Observations:

2) Step Three Observations:

3) Step Four Inferences:

Station Three:  Swinging Ping Pong Ball

1) Step Two Observations:

2) Step Three Inferences (Hint:  What makes the ping pong ball move?):

3) Step Four Inferences (Hint:  Do you think the tuning fork would affect the air the same way it affected the ping pong ball?)

Station Four:  Stethoscope

1) How is the hanger with the string similar to using a stethoscope? (If have not done station three yet, come back and answer this question after you have visited station three.)

2) What could a stethoscope be used for?

Station Five:  Clucking Chicken

1) Step Seven Observations:

2) Step Eight Inference:

3) How is the cup similar to a bell?

Station Six:  Homemade Phone

1) Step Three Observations:

2) Were you able to hear your fellow group members whispering using the homemade phone?

3) Do you think it would work better if the string were longer or shorter?

4) Do you think it would work better using larger or smaller cans?

Station Seven:  Slinky Wave Model

1) Step Two:  Describe a Compression Wave

2) Step Three:  Describe a Transverse Wave

3) What is the wavelength of your standing wave?

Station One:

Jumping Water!

Materials:  Tuning Fork, Bowl of Water, Lab Worksheet

Procedure:

1) Bang the tuning fork against the sole of your shoe.  Write down on your lab worksheet any feelings of sensations you observe in your hand.

2) Bang the tuning fork against the sole of your shoe.  Quickly place the tuning fork on the surface of the water in the bowl.  Write down observations on your worksheet.

3) Make an inference based on our observations.  What do you think caused the waves in the water?

Station Two:

That Loud Hanger!

Materials:  Hanger with strings tied to both ends

Procedure:

1) Wrap the string on each end of the hanger around both fore fingers.

2) Swing the hanger so that it hits gently against your desk.   Record observations about any sounds made.

3) Place your fore fingers (with the strings attached) into both ears, swing the hanger so that it hits gently against the lab station.  Record observations about any sounds made.

4) Make an inference about why there were any differences in the observations you made between steps two and three.

Station Three:

Swinging Ping Pong Ball:

Materials:  Tuning fork, ping pong ball on a string

Procedure:

1) Hold the string so that the ping pong ball is hanging in the air.

2) Bang the tuning fork against the sole of your shoe.  Quickly touch the ping pong ball with the tuning fork.  Record observations.

3) Make an inference about what happened when you touched the tuning fork to the ping pong ball.

4) Make an inference about what happens to the air around the tuning fork without the ping pong ball.

Station Four:

Stethoscope!

Materials:  Stethoscope

Procedure:

1) Take turns using the stethoscope.  Try and see how softly you can whisper so that your group members can still hear you using the stethoscope.

2) Answer the questions on the lab worksheet.

Station Five:

Clucking Chicken!

Materials:  String, scissors, paperclip, sponge, cup, water, ruler

Procedure:

1) Using the scissors, carefully poke a small hole (about 1 mm in diameter) into the bottom of your cup.

2) Using the scissors, cut a piece of string about 40 cm long.

3) Pull the end of the string through the small hole.

4) Attach the paperclip to the string with a knot on the out side of the cup.

5) Tie a piece of sponge to the other end of the string.

6) Slightly dampen the sponge, just enough so that it is wet to the touch.

7) Fold the sponge around the string as close as you can to the paperclip.  Pull the sponge down the length of the string.  Refer to the model if you have problems.  Record your observations on the lab worksheet.

8) Make an inference about where that clucking chicken sound is coming from.

Station Six:

Homemade Phone!

Materials: homemade phone

Procedure:

1) Hold the ends of the homemade phone far enough apart so that the string is taut.

2) Take turns whispering into the homemade phone while someone on the other end tries to hear what is being said by holding the phone cup into their ear.  (Make sure you say positive things!)

3) Record your observations on your lab worksheet.

Station Seven:

Slinky Wave Model!
Materials:  Slinky

Procedure:

1) Hold the slinky on both ends and stretch it out.

2) Have one person on one end of the slinky pull a few coils towards them and release.  Observe what happens.  (This is a compression wave!)

3) Have one person shake the slinky from side to side or up and down.  Observe what happens.  (This is a transverse wave!)

4) Some waves will move up and down the slinky.  Try to get a wave in the slinky that does not travel along the slinky.  (This is called a standing wave.)  Estimate the wavelength of your standing wave.

