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Instructions for importing data into an MS Excel spreadsheet 

 

Open the CSV file and launch Excel, which should import your data: 

 

It may happen that Excel uses a comma instead of a full stop as the decimal separator, in which case we can quickly adjust our data. 

 Use the Excel function to find the full stop and replace it with a comma. 

Below is what the Excel window looks like after importing data with the wrong decimal point format. 
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We find the Excel function find and replace: 
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We indicate that we want to replace every decimal point with a comma. 
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We obtain data in the format 1) No., 2) Time_from_the_start_of_the_sensor_operation, 3) measured_distance. 

1. The first step we take is to change the time values so that they start from 0. To do this, we subtract the time from position 

1 from each subsequent measurement time. We do this using the formula shown in cell F5, we write =B5-b$4   (we 

subtract the value from position B4 from each cell in column B) 

 

2. We change the format of the displayed distance in G5 by writing:   =C5 and set the general number format for the entire 

column  

 

3. We calculate delta t as the end time – start time, taking into account two consecutive measurements. 

Where the end time is time_n+1 and the start time is time_n, and n is the consecutive ordinal numbers of column A 

 



  
                                                                     

6  
This material is provided by the EMPE Team, responsible institution: UKEN University of Krakow  

Unless otherwise noted, this work and its contents are licensed under This work is licensed under a Creative Commons Licence CC BY-NC-SA 4.0  Excluded 
are funding logos and CC icons / module icons.   

  
The European Commission's support for the production of this publication does not constitute an endorsement of the contents, which reflect  the views only of the authors, and the Commission cannot be held 
responsible for any use which may be made of the information contained therein.   

  

4. In a similar way, we calculate delta_X where: delta_X = X_n+1 – X_n, where n is the consecutive values of column A 

5. First, we draw a graph of distance changes over a dozen or so seconds. To do this, we select the same number of rows in 

the time and distance columns and choose the insert graph option  

 
 

6. To draw a series of data contained in columns located in different places, select them by holding down the CTRL key. 

 

7. We create a graph of the position and speed of the pendulum so that they have a common time axis. An example graph 

for a random series of measurements for the EMPE suitcase as a pendulum is presented below: 
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Graph of the relationship between the velocity coordinate and time: 

 
 

 

 

After creating the graphs, we begin a discussion with the students.  

 

Questions for students that we answer during the discussion based on the prepared graphs: 
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1. Why is the graph of the changes in the distance between the pendulum and the sensor shifted => "raised" and the 

resting position point is not on the X-axis? 

 

2. Discuss and indicate where the following are located on the graphs: 

 

- the resting position (equilibrium) 

 

- the point of maximum amplitude of deviation from the equilibrium position / the point of maximum deflection from 

the equilibrium position 

 

- how do you read the period and frequency of the pendulum's oscillations from the graph? How do you define them? 

/ How do you define these physical quantities? 

 

- Can such a pendulum be considered a mathematical pendulum? Justify your answer. 

 

- Can the value of Earth's acceleration / gravitational constant be determined using such a set? 

 

3. Discuss the position of the pendulum when its velocity is zero. 

 

4. Based on the graph, discuss the position of the pendulum when its velocity is at its maximum. 

 

5. How does the speed change as the pendulum moves from its equilibrium position towards the point of maximum 

deflection? 
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6. Based on the graphs, discuss how the speed of the pendulum changes as it moves from the point of maximum 

deviation towards the point of equilibrium. 

 

7. Draw a graph of the pendulum's acceleration / a graph of the relationship between the value (or coordinate) of 

acceleration and time. 

 

8. Discuss at which point the acceleration of the pendulum is maximum / Discuss at which position of the pendulum the 

acceleration of the pendulum is maximum. 

 

9. Discuss at which points the acceleration of the pendulum is zero. Discuss at which position of the pendulum its 

acceleration is zero. 

 

 

10. Discuss in which area the acceleration values are greater than zero. Discuss in which area the acceleration coordinates 

are positive.  

In the case of such a command, it is still necessary to specify the axis and the direction of the axis. 

 

11. How to determine the resistance to motion? What are damped vibrations? What resistance to motion occurs when the 

position of the pendulum changes? 
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Experiment.  

Determining gravitational acceleration using a mathematical pendulum. 

Introduction: 

Do you think it is possible to determine the value of gravitational acceleration using a mathematical pendulum? 

Below, we present the possibility of using an EMPE case (by changing its mass, e.g. by adding additional weight inside) as a 

pendulum. 
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Teacher: 

If the period of oscillation of a mathematical pendulum (T) moving within a small angle range is: 

  

then, using the above formula and knowing that, approximately, for small amplitudes of oscillation, the period of 

oscillation does not depend on the mass of the pendulum or the amplitude of its oscillations, but only on its length and the 

value of gravitational acceleration.  

Therefore, when the length of the pendulum and its period of oscillation are known, it can be used as a tool to determine 

the value of the acceleration due to gravity. 

Transforming the above formula, we obtain: 
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We discuss with the students the most optimal way of measuring and preparing the pendulum in order to obtain the most accurate 

result possible. 

We discuss how the length of the pendulum will affect the accuracy of the results obtained, and whether a greater mass of the 

pendulum will affect the accuracy of the results obtained. Students perform several measurements for different values of mass and 

length, checking how they affect the accuracy of the results obtained.   

 

 

Students can use the table below or export data directly from the EMPE programme to a spreadsheet. 

 

Discuss how the length and mass of the pendulum affect the accuracy of the results obtained.  

 

 

Teacher: 

 Use a series of measurements and different pendulum lengths and masses to determine the value of the acceleration due 

to gravity. 

 Determine the influence of other factors on the measurement result obtained.  

 How can you determine the resistance to motion? 

 What are damped vibrations? What resistance to motion occurs during the motion of a pendulum? 

 What is the centre of mass and how can its position be determined? 

 Does the method of determining the position of the centre of mass affect the accuracy of the results obtained? 

 Sample table for measurements and calculations: 
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