
Lab #2
Graphical Analysis

1. Objectives
• To learn how to use Excel to perform mathematical calculations
• To learn how to use Excel to perform graphical analysis of data.
• To calculate the uncertainties on the parameters of a linear regression

2. Material
• A computer with Microsoft Excel installed.

3. Necessary readings
• http://www.remi.poirier.com/Labs/excel.html

4. Theory
Just as it  is important to learn to use a microcomputer to do graphical analysis, it  is also 
important to understand the algorithm it uses to calculate the best fit to your data points.
Given n data points (xi, yi), we want to find the equation for the “best” curve for this set of data. 
If the data is linearly related, then the process is called linear regression. In general, data points 
are not  linearly related and the process of obtaining the equation for the best curve is called 
nonlinear regression. Software packages like Microsoft Excel can calculate for you the best 
fitting curve. A good scientist  must know how this calculation is achieved, and must also be able 
to evaluate the uncertainties of such a calculation. In this lab we will see how it is done for a 
linear regression.
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Figure 1: Typical data points and best fit line. Minimizing the least-
squares sum gives the equation for the best straight line.
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Given n data points (xi, yi) (e.g. xi could be the time and yi the speed of a falling object), we 
would like to find the equation for the best straight line through these data points. Typical data 
points and the equation of the line, which we want to determine, are shown in figure 1.
The technique to be used in determining the best-fitting curve is the method of least  squares. This 
method will try to find the curve which minimizes the sum of the squares of the distances 

between each point and the curve. That is, we want to minimize a function of ∑[yi ! (mxi +b)]2 . 
You will see how to minimize functions in your Mathematics classes. Here, it is sufficient to 
know that the parameters m and b which minimizes the least  square sum for a set of n data points  
(xi, yi), can be found with the following equations:

Slope:  m =
n∑xiyi− (∑xi)(∑yi)

n∑x2
i − (∑xi)2  (1)

Intercept: b =
(∑x2

i )∑yi− (∑xi)(∑xiyi)
n∑x2

i − (∑xi)2  (2)

The equation for the best fitting line is obtained by  substituting m and b into y = mx +b. These 
parameters are calculated using experimental data points. Each yi has an uncertainty 1 and, hence 
m and b will both have uncertainties. Excel does not calculate these uncertainties for you 
automatically when you select  the “trendline” option in a graph. How can we calculate these 
uncertainties? The answer is through the use of statistics. Again, it will be sufficient here to use 
the following equations, which will be discussed in greater detail in Mathematics.
The quantity we need to define is called the standard deviation (Sy). It is a measure of the spread 
of your data around the best line or average value:

sy =

√
1

n−2

n

!
i=1

(yi−mxi−b)2

 (3)
It is important to check whether the estimated uncertainties ∆y , recorded during data taking are 
consistent with the calculated statistical uncertainties Sy. A standard deviation Sy, which is much 
larger than the estimated errors, ∆y , would indicate estimated errors that are unaccounted for. 
Experimental uncertainties ∆y , which are much larger than Sy suggest a too conservative error 
estimate, that is, the ! y should have ben estimated as smaller values. 
In order to find the uncertainties on m and b, which we will note as ∆m  and ∆b , one should use 
the following equations:

∆m=

!
nS2

y

n∑x2
i − (∑xi)2

,  such that the slope is m±∆m  (4)

∆b =

√
S2

y ∑x2
i

n∑x2
i − (∑xi)2

,  such that the intercept is b±∆b (5)
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1 We assume the uncertainties on xi to be negligible. 



NOTE:
The previous method describes the algorithm microsoft Excel uses to evaluate the uncertainties on the parameters 
extracted from a best fit line or linear regression of a list of data. This is a simple algorithm, which is not 
statistically exact, and tends to overestimate the uncertainties of the slope and intercept. Better analysis can be done 
in order to find a more statistically accurate evaluation of the uncertainties. It  is sufficient here that you are aware 
of this fact, and we will take as accurate the algorithm used by Excel.

5. Experiment
For this experiment, consider the following data representing the speed of an object as a function 
of time. This data was recorded using an automated device, and even though the speed is given 
with two decimal points, you know from experience that it has an uncertainty of ± 2 m/s.

Using Microsoft Excel, plot a graph of the speed of the object as a function of time. Use the 
following guidelines to plot your graph:

• Plot the graph on a full page. A compressed graph will reduce its accuracy.
• Give the graph a concise and descriptive title.
• Label axes and include units.
• Select a scale for each axis. Your data should cover at least 80% of the graph area.
• Use error bars to indicate uncertainties in measurements.

Your graph should show a linear relationship between speed and time. Right-Click on a data 
point and select “Add Trendline”. Follow the on screen wizard to select the type of fit (linear in 
this case) and select “Display equation on chart”. Do not force the intercept to zero.  
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Time (s) Speed (m/s)

0.25 3.43
0.5 5.16
0.75 6.60
1 8.30
1.25 9.08
1.5 11.00
1.75 12.92
2 13.70
2.25 15.21
2.5 16.33
2.75 17.80
3 20.83
3.25 21.45
3.5 22.41
3.75 25.63
4 25.59

Time (s) Speed (m/s)

4.25 26.56
4.5 29.59
4.75 29.59
5 31.60
5.25 33.58
5.5 36.29
5.75 36.63
6 37.08
6.25 38.28
6.5 39.91
6.75 44.33
7 43.65
7.25 45.05
7.5 49.24
7.75 50.48
8 48.98

Time (s) Speed (m/s)

8.25 49.61
8.5 51.63
8.75 52.16
9 58.18
9.25 60.20
9.5 56.88
9.75 57.78
10 59.03
10.25 62.28
10.5 62.26
10.75 65.41
11 66.78
11.25 71.52
Table 1: Speed as a function 
of time.



Your graph should now show the best straight line through your data points and display its 
equation on the chart. Using the equations of linear regression (1) and (2) of the theory section, 
calculate with the spreadsheet the slope and intercept of the best-fitting line.

• You will have to use the calculation functions of Excel. Here are a few tips.

• First construct the following columns:

A B C D E

1 xi (time) yi (speed) xi2 yi2 xi yi

2 =A2^2 =B2^2 =A2*B2

• When in a cell you use “=” as the first symbol, this tells Excel to calculate something. for 
example “=A2*B2” means “calculate the multiplication of cells A2 and B2”.

• To repeat the same function for several cells in a column, select the first cell you wish to 
copy and drag to select all the cells you want to fill. Then use the menu EDIT:FILL:DOWN 
to fill all the cells with the same function. Excel automatically increments the numbers of 
the cells so if the first cell is  “=A2*B2”, the following will be “=A3*B3”, and so on. To 
avoid this incremental change and point to a fixed cell, add a dollar sign in front of the cell 
column and row, (e.g. “=$A$2” instead of “=A2”).

• You have built these columns because you need to calculate the following quantities: ∑x2
i ,  

∑y2
i , and ∑xiyi . To obtain these quantities, select a cell below the appropriate column and 

choose the menu INSERT:FUNCTION... and find the function you need in the list pro-
vided. In this case it is “Sum”. Follow the on-screen instructions to select the range of cells 
to sum. Alternatively you can write something like “=sum(A2:A15)” which will calculate 
the summation of the cells A2 to A15 inclusively. Each cells in which you are doing such a 
calculation should be identified in the cell just above. This will help me understand what 
you are doing, and will help you understand yourself if you ever look at the spreadsheet 
again in a few months.

• Now, calculate the slope and intercept of the best-fitting line. Compare your results to the 
values calculated by Excel on the graph. They should be exactly the same.

• At this point, using the spreadsheet, you should be able to calculate the uncertainties on the 
slope and intercept using equations (3) to (5) of the theory section.

• Excel can also do this calculation (more quickly). To make Excel calculate the slope, 
intercept and uncertainties of the best fitting line, you must use the array function called 
LINEST. You will use this to check your results, and you may use it in future labs to obtain 
a good estimate of the uncertainties on a linear fit. Select 4 cells in the Excel spreadsheet 
where you want the calculation to be performed. Then enter the following command 
“=linest(Range(y), Range(x), True, True)”. Range(y) represents the cells containing the 
dependent variable, and Range(x) the cells containing the independent variable. The two 
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next elements are logical operator. If the first one is True, it means Excel does not force the 
slope through (0,0). If it was False, it would force it through the origin. The second True, 
tells Excel to calculate the uncertainties on the slope and intercept. The selected cells 
should look like this:

=linest(B2:B42, A2:A42, True, True)

• To evaluate an array function you must use CONTROL+SHIFT+ENTER . It will then fill 
the four cells with the following information

Slope intercept

uncertainty on slope uncertainty on intercept

• Compare the values calculated by Excel to your calculation. They should be exactly the 
same.

6. Lab report
Your lab report will be the Excel Spreadsheet used for your calculation.

• The name of your file should be the name of one of your teammates, e.g. Poirier.xls.

• The names of each team-member must be written, one below each other, in the very first cells 
of the notebook.

• Your data and graph should be on separate pages in the notebook.

• Each column of data, as well as each cell containing a calculated value, should be clearly iden-
tified using a cell just above.

• All calculations must be done using the spreadsheet.

• The final results should be presented as follow on the spreadsheet:

My calculation ExcelÕs Calculation

m b m b

! values

! uncertainties

• Pay attention to the significant figures in your final results. Intermediate results do not have to 
follow the significant figures rules.

• Send the file to the address rpoirier@champlaincollege.qc.ca before the deadline date.
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