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Graphical Data Analysis
MCTC Chemistry  v.1.22
Objective: To practice measurement skills and use graphical analysis to 
                    derive the relationship between a steel ball’s diameter and mass.
Prelab Questions:  Read through this lab handout and answer the following questions before
                    coming to lab.  There will be a quiz at the beginning of lab over this handout and its contents.

1. How many uncertain digits are there in any measurement?

2.   What range of possible values does the measurement 10.54 km represent?


3.   What are the units for diameter in today’s activities?


4.   How are extrapolation and interpolation different?  Which is better for predicting unknown values?


5.   How will you know which of your many graphs best fits a straight line?


6.   How is the radius of a sphere related to its diameter?


7.   A sphere has a diameter of 12.44 cm.  What’s the volume of the sphere?


8.   In a graph of km vs seconds, what are the units of the slope? (Hint: slope = rise/run)


9.   How should calibration points be selected before using them and graphical
      analysis to determine an unknown?
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10. How do you determine the diameters of the two unknown ball bearings?


11. If the diameter of an object is measured in units of mm, 
      what are the units of diameter4? 


12.  For a graph of diameter3 vs mass, what goes on the Y axis?


13.  In the graph at right, four different linear trendlines are drawn 
      through the data points.  Which trendline fits the data best?

14. Taking the square root of a number is the same as raising the number to what power?

15.   Do the Vernier caliper practice measurements found on page  4


16.   Where can you find Excel graphing help for this experiment?

Experimental Measurements

All experiment measurements consist of one or more exact numbers that contain no uncertainty and a last, single digit that is uncertain.  For example, consider the following centimeter ruler:
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The arrow is at a position greater than 2 cm but less than 3 cm.  Thus, the position of the arrow is noted as " 2 ._ _"  where each blank represents a decimal digit to be determined.  The first decimal digit is determined by noting the position of the arrow between 2.6 and 2.7.  We record  “2 .6 _” .   
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To determine the second decimal place, we estimate the arrow’s position between 2.6 and 2.7 (Figure at right).   Although there are no graduations or lines to help us, we “estimate” the position of the arrow between the 2.6 and 2.7 lines.  
The position of the arrow is slightly left of the middle point separating the 2.6 and 2.7 lines at approximately 2.63.  This is the complete measurement and it is made up of two exact digits and a single, last uncertain or estimated digit.  

We will assume the uncertainty of all measured numbers to be +/- 1  in the last digit of the measurement.  Thus, 2.63 represents a range of possible values from 2.62 to 2.64.
Top Loading Balances   
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The top loading balances we use in the lab are capable of measuring mass to the nearest hundredth of a gram.  That is, they measure mass to within +/- 0.01 gram.  When recording a mass measurement, you should include the appropriate  +/- value in your notebook next to the measurement.  

For example, the mass at left would be recorded as 77.16 +/- 0.01 grams

Analytical Balances
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You will not be using an analytical balance in this activity.  
However, you will use them in the future.

As you’ll note in the figure at left, analytical balances have glass doors that must be kept closed at all times.  This is to prevent dust from entering the balance and to keep drafts from affecting the mass measurement.

Analytical balances are the most accurate (…and most expensive) measurement devices we have in the lab.  They measure to the nearest mg (+/- 0.001 g) or 1/10 mg (+/-0.0001 g)
                               In the figure at right, the mass would be recorded as 4.4942 +/- 0.0001 g
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The Vernier Caliper
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In today’s experiment, you will use the vernier caliper pictured at right to measure the diameter of steel ball bearings.   The diagram at right  highlight the caliper’s important features:


· Jaws: Closed around measured object.

· [image: image13.png]


Release button: pushed before opening or closing jaws

· Main Scale: Provides the initial measurement (cm) with one decimal place

· Vernier Scale: provides the measurement’s second decimal digit.
When the jaws are completely closed the “0” lines on the Main and Vernier scales line up as circled in the figure at right. 
To measure the width of an object, first open the jaws, insert the object to be measured and then gently close the jaws of the caliper around the object. Below show the caliper measuring the diameter of a metal disk.
[image: image14.png]||||4|||||

1

[ I e e

0

2 8 9 10 11 1, 13 6 17 cm
ot el b Hmﬂuhuunlm Hu Hmuu|n mlmunhnun\ln bttt ot e A e




[image: image15.png]



To read the caliper, first locate the "0" on the lower vernier scale and determine where its "0" mark intersects the upper main scale (letter A).  Read the main scale to the nearest tenth of a cm.  

In this example, the "0" indicator is located between 2.6 cm and 2.7 cm.  We record 2.6_ cm. 
The lower Vernier scale is used to determine the second decimal digit.  Carefully inspect the Vernier scale and find the one place where it lines up best with the main scale above it.  This alignment is indicated by the letter “B”  above and corresponds to the number “3” on the Vernier scale (Circled).  

Thus, the correct measurement is 2.63 cm   +/- 0.01 cm
Practice your Vernier caliper measurement skills with the examples and answers below.  
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Graphical Analysis and Straight Line Equations
After a series of measurements are recorded they are studied to determine if relationships exist within the data. Such relationships may be used to confirm or deny a hypothesis or as an experimental tool.  

	Known T ((C )
	Measured T ((C )

	10.0
	10.0

	20.0
	20.5

	30.0
	31.0

	40.0
	42.0


Consider an experiment designed to measure the accuracy of a thermometer.  The thermometer is immersed in water baths of four known temperatures, allowed to stabilize and then read to the nearest 0.1 (C.  The results are reported in the table at right.
  



Note that the data indicates the thermometer reads more accurately at temperatures near 10 (C but is mostly reading too high. Furthermore, the error increases as the temperature increases.  
This is an example of a systematic error that we can predict if the relationship between the two temperatures can be determined.  Random error (not the case here), cannot be corrected for in this way and instead requires a better and more expensive measurement device.
Below, we’ll use Graphical Analysis to determine the relationship between the measured and known temperature values.  
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The graph at right is constructed in Microsoft Excel from the temperatures in the table above.  Note the 4 data points in blue.
Excel also let’s us draw the best straight line through the data points.  This line, known as a trendline, is shown along with its slope intercept equation:

         y = 0.938843 x  +  0.101438
         y  =        m      x   +        b
where:

· 0.938843 is the slope (rise/run) 
· 0.101438 is the y intercept

· x is the independent variable (Measured T)
· y is the dependent variable (Known T)
Replacing x with” Tmeasured ”  and y  by “Tknown  ”  we have:
Tknown =   0.938843 ×  (Tmeasured)    +     0.101438
This equation can now be used to convert measured temperatures into more accurate values (Tknown).

For example, if a student uses the thermometer and records the temperature of hot water to be 35.1 (C, then the actual temperature of the water is: 





Actual T   =   0.938843 ×  (35.1 (C)    +    0.101438





Actual T   =   33.0548 (C   =  33.1 (C
It’s also important to note that the measured temperature (35.1) falls in the range of temperatures used to calibrate the thermometer.  It is always a good idea to calibrate any measurement device using calibration points that “embrace” or surround the expected measurement (s) as tightly as possible.
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 Interpolation vs. Extrapolation

Once experimental data has been fit to a trendline, the trendline equation makes it is possible to make predictions both inside and outside of the experimental data set.  
For example, in the graph at right, 5 distance time data points are plotted.  A polynomial trendline analysis is performed that generates the dotted line and trendline equation. 

As you can see, the data fit is good with the trendline passing cleanly through all five data points.  This is confirmed by the R2 value which is equal to 1.00 (…a perfect fit!). 
Using this graph and trendline, we attempt to determine a distance value corresponding to time  = 2.5 seconds.  Using this as the “X” value in the trendline equation we find that the distance is 3.125 m.  (y = 0.500000 x (2.5)2)
This process is known as Interpolation and utilizes the trendline equation to make predictions between known experimental data points.  It is generally regarded as a safe thing to do if the data appears predictable (wiggle free) and the data points are relatively close together.  
Extrapolation involves making predictions outside of the experimental set of data points.  In the situation above, experimental data points don’t exist beyond 4.0 seconds.  However, an extrapolated prediction is made for 4.5 seconds (Blue). Using this as the “X” value in the trendline equation we find that the distance is  10.125 m.

However, extrapolation can be unreliable.
Small variations in the trendline equation can lead to large errors especially for predictions far away from the experimental data set.  
In the example at right, slightly different distance and time measurements were fitted to a trendline.  As you can see, points are missed by the trendline as Excel attempts to find the best line.
When used to extrapolate the distance at 4.5 seconds, a value of 12.4 meters is obtained which is quite different from the 10.1 meter value obtained above.  Extrapolation errors would become even more significant for greater times.

Moral to the story:  Be suspicious of extrapolated results.  Why?  Because they make predictions outside of the measured data points and assume that the data pattern doesn’t change.


    Experimental Procedure 1:
· You will be working individually.  
You may have to share some equipment.  
Share nicely.
· Having your own laptop (with Excel) to work on will be helpful.  
Laboratory laptops will also be available.
· Record the number of your ball bearing kit and caliper in your notebook’s data table.
· Measure the diameter and mass of each ball bearing using a top loading balance.  Record this information in your notebook’s data table.
· Re-enter the mass and diameter measurements in an Excel spreadsheet and label the data columns appropriately with units.  Remember, Excel expects “X” data in a left column and “Y” data in a right column
· Label 5 more columns in your spreadsheet as…
· diameter2
· diameter3
· diameter4
· 1/diameter 
· (diameter (square root) 
Square root is the same as x½ 

· Write Excel equations to calculate the above quantities within the spreadsheet.


· Use Excel to create the following 6 graphs:
                 Y   vs.  X
· diameter   vs.  
mass 
· diameter2  vs.   
mass 

· diameter 3 vs.   
mass
· diameter 4 vs.   
mass
· 1/diameter vs.  
mass
· (diameter  vs. 
mass
            Note: Refer to aluminum disk video on the lab  

                        website for Excel help and suggestions.


· Create a professional looking graph.

Refer to the Computer Survival exercise for details.
· Drag on the plot area handles and expand the displayed graph.


· Create a 2 line graph title.

· Label all axis and include appropriate graph titles

· Delete the legend to maximize the space available for the graph.

· Change the axis scales as necessary to maximize the used graphing space.

· For each graph perform a trendline analysis.  Be sure to show both the equation of the straight line and the R squared value on each graph with at least 8 decimal places.


· Use the R-squared value to order the six graphs starting with the best straight line fit to the worst.  

· Measure the mass of the two unknown ball bearings and record them in your data table.  Use your best trendline equation to determine the diameter of the unknown ball bearing with the correct significant figures.  



	Ball #
	Diameter (cm)
	Mass (g)

	Ball #1
	
	

	Ball #2
	
	

	Ball #3
	
	

	Ball #4
	
	

	Ball #5
	
	

	Ball #6
	
	

	Ball #7
	
	

	Unknown Ball #8
	Predicted
	

	Unknown Ball #9
	Predicted
	

	
	
	


