Physics Skills – Determining Relationships through Graphing
Purpose: to use graphing techniques to discover Kepler’s third law of planetary motion

Pretend you are a budding astronomer.  To earn your Ph.D., you are doing research on planetary motion.  You are looking for a relationship between the time it takes a planet to orbit the sun (its period) and the average radial distance of the planet’s orbit around the sun.  It is customary to express radial distance in Astronomical Units (AU’s) where one AU is the average radius of the earth’s orbit.  Using a telescope, you have accumulated the planetary data shown in the following table.

   planet
period (T)
average radius

name

(years)

(AU)
Mercury
0.241

0.39

Venus

0.615

0.72

Earth

1.00

1.00

Mars

1.88

1.52

Jupiter

11.8

5.20

Saturn 

29.5 

9.54

Uranus

84.0
           19.18

Neptune          165.0
           30.06

Pluto
           248.0
           39.44

With Graphical Analysis Software, you are not only able to plot data easily, but you are also able to plot many different relationships between the variables that make up your x and y coordinates.  For example, in addition to being able to plot period (T) versus radius (R), you can also plot T2 versus R, T versus R2, T versus R3, etc.  To discover how T and R are related, you must find the combination of powers that result in a graph that is a straight line.  A linear graph means the quantity you are plotting on the vertical axis is directly proportional to the quantity you are plotting on the horizontal axis.  Hence, the relationship between the variables is simply the ratio of the variables raised to the powers whose graph is a straight line.  For example, if T versus R2 is a straight line, T ~ R2 or T/R2 is constant.

Suppose you are plotting T versus R.  The name of the game is to get a straight line.  That’s because a straight line tells you that whatever you are potting on the y axis is proportional to whatever you are plotting on the x axis
Use the discussed procedures to straighten out your line.  If the relationship between T and R cannot easily be found by modifying the power of only one variable at a time, try modifying the power of both variables at the same time.  
If you find the relationship between T and R during this lab period, feel good.  It took Johannes Kepler (1561 – 1630) ten years of painstaking effort to discover the relationship.  Computers were not around in the sixteenth century!

___________________________________________________


On the back of this sheet are four more practice tables.  Plot the data from these tables and straighten the lines if needed.  With respect to this lab, you will need to turn in the following: 

A.
One set of graphs.  This set of graphs will include the Kepler T versus R graph from the table above before straightening and the T versus R graph after straightening.  Also, include the equation for the relationship that caused the line on the graph to straighten.  This equation should be in y = mx + b format and include the units of the slope and the y intercept, if any.  
B.
This set of graph will include the four graphs of the data tables on the back both before straightening and after straightening.  Also, include the equation for the relationship that caused the line on the graph to straighten.  These equations should also be in y = mx + b format and include the units of the slope and the y intercept, if any.

C. Overall, there should be 10 graphs and 5 equations .   

Table 1


     




Table 2 


 

time (s)   position (m) 





time (s)   speed (m/s)





  1
        4.9

 



  1
      9.8


  2
      19.6

 



  2
    19.6

  3
      44.1

 



  3
    29.4

  4
      78.4

 



  4
    39.2

  5
    122.5

 



  5
    49.0

  6
    176.4

 



  6
    58.8

  7
    240.1

 



  7
    68.6

  8
    313.6

 



  8
    78.4

  9
    396.9

 



  9
    88.2

10
    490.0





10
    98.0

11
    592.9





11
  107.8

12
    705.6





12
  117.6

13
    828.1





13
  127.4

14
    960.4





14
  137.2

15
  1102.5





15
  147.0

16
  1254.4





16
  156.8

17
  1416.1





17
  166.6

18
  1587.6





18
  176.4

19
  1768.9





19
  186.2

20
  1960.0





20
  196.0
Table 3







Table 4
force (N)    elongation (cm)




pressure (torr)     volume (ml)
  0
       0.0






  100

  800.0
  1
       1.5






  200

  400.0
  2
       3.0






  300

  267.0
  3
       4.5






  400

  200.0
  4
       6.0






  500

  160.0
  5
       7.5






  600

  133.0
  6
       9.0






  700

  114.0
  7
     10.5






  800

  100.0
  8
     12.0






  900

    88.8
  9
     13.5






1000

    80.0
10
     15.0






1100

    72.7








1200

    66.7









1300

    61.5









1400

    57.1









1500

    53.3
