A Slinky Graph

The Motion of a Slinky and Trigonometry

Teacher Guide

Introduction

In this activity you will be investigating the sine curve produced by the spring in a slinky. Trigonometric functions are often used to describe periodic phenomena such as the spring in a slinky, sound waves, the motion of a pendulum and the ebb and flow of tides.  The definition of periodic is the reoccurrence of a pattern over a certain period of time.  There are four important factors in graphing trigonometric functions: amplitude, period, phase shift, and vertical displacement. Amplitude refers to the shrinking or stretching of the curve. Period is how ling it takes the curve to complete one full cycle.  The sine function has a period of 2(. If the functions period is changed the period can be written as 2(/b where b is a factor of x.  The phase shift refers to the shifting of the graph horizontally.  The phase shift is denoted by –c/b.  The vertical displacement refers to any vertical shifting of the graph and is denoted by d.  Using these four factors we can write our transformation of the sine function using the equation y = a sin(bx + c) + d where a is the amplitude, the period is 2(/b, -c/b is the phase shift and d is the vertical displacement. 

Materials Needed Per Group

CBR unit 

TI-8X graphics calculator with a unit-to-unit link cable and Ranger program

Slinky and a small piece of cardboard.
Equipment Setup Procedure

1.  Connect the CBR unit to the TI-8X calculator with the unit-to-unit cable using the I/O ports located on the bottom edge of each unit.  Make sure the cable ends are firmly in place.

2.  Set the CBR on a table of the ground facing up.

3.  Place the slinky through the cardboard with about 1/3 of the slinky on top of the cardboard and 2/3’s of the slinky below the cardboard. The cardboard will allow you to hold onto the slinky without interfering with the graph.
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Introduction

In this activity you will be investigating the sine curve produced by the spring in a slinky. Trigonometric functions are often used to describe periodic phenomena such as the spring in a slinky, sound waves, the motion of a pendulum and the ebb and flow of tides.  The definition of periodic is the reoccurrence of a pattern over a certain period of time.
Experiment Procedure:

1.  Set the CBR (motion detector) on the table or ground facing up.

2.  Turn on the CBR unit and the calculator.

3. Start the program Ranger on the calculator.  This is done by pressing the APPS  key on the calculator then selecting  2: CBL/CBR , then press ENTER twice, select 3:Ranger and press ENTER twice.
4.  From the Main Menu select 1: Set Up/Sample. Arrow down to REALTIME: This needs to be set to NO.  If it is set on yes press the ENTER button to change it to no. Once realtime is set to no arrow down to TIME(S): and set this to 5.  After these two values have been set arrow up to START NOW and press ENTER.
5.  Place your slinky through the cardboard so that about 2/3’s of the slinky falls below the cardboard. Hold the slinky about 3 feet above the CBR unit.  You will want to release the slinky while holding onto the cardboard once you press enter on the calculator. Press ENTER to collect the data.

6. The graph produced by the bouncing slinky should appear sinusoidal(as pictured 

below).  If not, press ENTER followed by 5: Repeat Sample and repeat the data collection (steps 4 and 5).
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Experiment Analysis: Round all answer to the nearest thousandth.

1.  Use the trace button and arrow keys on the calculator to find the x-coordinates of two adjacent maximums (peaks). Determine the period of your sound wave. (The difference between these x- values.)



      
Period =
_________________

2.  Determine the amplitude (one-half the height) of your sine wave. (The difference between the y-values of an adjacent maximum and minimum value divided by 2)
Amplitude = ________________
3. Find the x and y-value of a point half way between the first minimum value (low point) and the first maximum value (peak).  This represents the beginning of the first full cycle in the viewing window (see figure below for an example of a cycle) for your sine wave. The x-coordinate represents the phase shift (horizontal displacement) of your sine wave and the y-coordinate represents the vertical displacement of your sine wave.
Cycle of sine wave starts at (x, y)
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  x = Phase Shift = 
____________






 y = Vertical displacement =    ___________

4.  Determine a sine equation representing your curve. Use y = a sin(bx + c) + d where

 a is the amplitude, the period is 2(/b, -c/b is the phase shift and d is the vertical displacement. 
Use the answers above to determine a, b, c, and d.

a = ___________
b = ____________
   c = ___________
   d = __________

5. Graph your equation and compare this equation to the data collected. Please leave both the equation and the original data collected on your calculator. Do not clear the calculator.















Equation  _______________________________

A Slinky Graph
Scoring Guide

The graph of the bounce in the slinky should look similar to the following graph.
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Answers will vary depending on the bounce in the slinky and the distance above the CBR.
Example.

1.  The period of the sine graph is 0.699. The period in a sine function is equal to 2(/b.  Therefore b = 8.989
2.  The amplitude of this sine wave is 0.087.
3.  The phase shift for the sine curve is -c/b.  Thus if b = 8.989 we can solve for c given the beginning of any cycle of the sine curve.  For example if the sine curve began its cycle at x =1.183 and y = .883 then the phase shift would be 1.183 and c = -10.661, and the vertical displacement d = .883.
4. With the example above the equation for the sine curve is 

y =.087sin(8.989x – 10.661) = .883.

