[image: image1..pict]Teacher Directions: Back and Forth in Time

Synopsis

Students explore the graphs of a sine function by creating a “seismograph” type instrument.  Students develop an  understanding of amplitude, period, and phase shift.  

Main Standards

T 2.0     Students know the definition of sine and cosine as y - and x -coordinates of points on the unit circle and are familiar with the graphs of the sine and cosine functions.

T 4.0
Students graph functions of the form f(t) = A sin (Bt + C) or f(t) = A cos (Bt + C) and interpret A, B, and C in terms of amplitude, frequency, period, and phase shift.

Materials

Strips of butcher paper, cut ( 4 strips per team)

Marker (1 per team)

Stopwatch (1 per team)

1 can ( 1 per team)

Copies, Graphs of Sine and Cosine Functions

Graphing Calculators, 1 or 2 per group (notes for modification included if graphing calculator not available)

Meterstick, 1 per team

Ruler, 2 per team

Scissors, 1 per team (optional, but helpful)

Index cards, 2 per group

Teacher Notes
***May take more than 1 traditional class period****

Demonstration

Demonstrate the measuring instrument (much like a seismograph).  Have 3 student volunteers help you.  One should be the marker, the puller, and the axle.

Wrap the butcher paper around the can.  Set the can down with the paper wrapped around it and one end sticking out to pull.  Have the timer say “go” and then another student is to pull the end of the butcher paper, unraveling it at a steady pace for 4 seconds.  Practice this one more time.

Next, have the marker stand in place, ready to move the marker directly back and forth on the paper.  (like a needle on a seismograph).   Let the marker know that he/she is to keep a steady pace. (May help to think “tick/tock” in his/her head to keep the same pace.) 

When the timer says go, the puller pulls and the marker marks simultaneously for 4 seconds.  The result should be what looks like a sine curve.  Cut off the sheet of paper at the beginning and the end of the marks so that the sheet of paper only represents 4 seconds.  

Group Work

Now, hand out activity sheet Back and Forth in Time to each person and break up the class into groups of at least 4.  Pass out the necessary materials to each team.  Remind the students that even though it is a team activity, each person is to have the response to the questions noted on their own activity sheet.

Questions 1-8 has student teams set up their curve as a coordinate system directly on the butcher paper.  With the x-axis representing time in seconds and the y-axis representing distance from the center in centimeters.  Make sure as you walk around that the students are measuring from the x-axis up to the curve along a perpendicular line (using their index card as an aid).  Also, encourage them to work as a team such that more than one person is taking measurements at the same time.

Question 9 asks student teams to find the equation that models the curve.  Hopefully they chose a sine or cosine curve, and not a polynomial.  Some hints to give them as they find the sine or cosine curve is to find the period, amplitude, and phase shift.

Discuss Questions 9-12 prior to going to the back of the sheet of paper.

The back of the sheet requires the use of a graphing calculator.  If graphing calculators are not available, then modify the activity and have the student teams skip Question 8 & 12 and do only Questions 9-11 without the graphing calculator.

Discussion:  Application in Science  

A Seismograph records the movements within Earth.  It shows amplitude/time relationship.  Waves leave the focus in groups and travel at different speeds depending on their type of motion and the substances they travel through.  Seismographs show this separation of travelling rates and the arrival times of seismic waves to seismic stations (lag time).  From this data epicenters can be located. 

The difference between what we have simulated and a seismograph is that the “marker”/ needle moves according to the waves that leave the focus and travel through the ground.  The waves are not consistent, and the amplitude and frequency of the waves change depending on the distance from the epicenter and the strength of the earth’s movements (earthquakes).

Back and Forth in Time

1. Decide who will be doing the following tasks in your team (1 person per task):

· Marker - holds marker and acts as a pendulum by moving hand back and forth

· Timer - times

· Axle - holds the can in place

· Puller - pulls the paper

First have the axle, the puller, an the timer practice pulling the sheet of paper at a steady pace for exactly 4 seconds.   After you have practiced rolling the paper a few times,  conduct the experiment as demonstrated in class.  Once you are done, cut your strip of paper where you see the start of the marks to the end of the marks.

2. What time interval does the entire strip of paper represent?

3. Draw a straight line through the middle of your curve (may not be exactly in the middle of the paper).   This will be your x-axis.

4. Create your x-axis scale as follows: Fold your strip of paper in half (length wise).  Fold the paper in half again.  Do this a total of 4 or 5 times.  Open up the paper.  Mark each of the folds along the x-axis and write down the time that each mark represents.  

5. Find a few points on your curve.  What is the height of the curve at 1 second (measured from the x-axis?  Measure this in centimeters.  As a group, mark several (at least 10) point on your curve as x and y  -coordinates.  The y -coordinate will be the directed (perpendicular) distance from the x -axis in centimeters (use your index card to help you make right angle). You may want to find those the coordinates of  maximums, minimums,  and x-intercepts.   Write in your points below.
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6. What does this curve look like?  (i.e. what type of equation would best fit this curve?)  Draw a sketch of your curve below:

7. Find the equation that models your curve by using any information from the activity thus far. Show your work on a separate sheet of paper.  Write your final equation below:

8. Check your equation by using the regression capabilities on your calculator (using the points that you gathered from your graph).  Write the regression equation below.   

How does this equation compare to the equation your team came up with?  The equations are probably not exactly the same, why?

9. How do you think the look of the curve would change if the marker were to move the marker more quickly back and forth?

How would this change the equation?

10. How do you think the look of the curve would change if the marker were to make smaller strokes.

How would this change the equation?

11. Conduct both experiments described in #11 and #12. Did your original conjectures in #11 and #12 about the look of the graph hold?  What really happened?

12. Split up the groups such that half of the group figures out one of the equations and the other half figures out the other equation, both using the regression capability of the graphing calculator.   Write your equations below:
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