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Teaching free-falling motion with LibreOffice Calc
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The aim of this work is to demonstrate how to useLibreOffice Calc , a freeware spreadsheet, to teach physics of free-falling motion.
Although free-falling motion is experienced in our daily lives, students often misunderstand the calculations, mainly because of the use of
signs for related physical parameters. For example, the velocity can be positive, negative, or even zero, depending on the direction of motion.
To help students learn, we have used the embedded VLOOKUP function inLibreOffice to create a simulation of the object’s trajectory.
We have found that the software can be used to create snapshots of consecutive vertical motions of the object. The direction of the object’s
movement can be determined using the IF function. Moreover, the software can be used to solve equations that are often found in problems
in this class. By using the Goal Seek function, the numerical value of the parameter of interest can be obtained.
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1. Introduction

Currently, computer software has been used in teaching
physics at all levels of education because it has the abil-
ity to do mathematical calculations, analyse data, and create
visualizations. Some of these software programs require a
fee, while others are free to use. Spreadsheet software is a
class of software that has tables and built-in functions to per-
form calculations. Experts can even write codes within this
software to perform more complex calculations. One of the
most famous spreadsheet software programs isMicrosoft
Excel .

Microsoft Excel has been used in teaching physics
since 1988 [1]. Many researchers have suggested using
Microsoft Excel in many areas of physics [2-22]. How-
ever, this software is requiring the payment. This makes it
suitable for institutional or commercial usage. For personal
use, especially for learning purposes, it is worth considering
an alternative software that is free to use.

LibreOffice Calc is a freeware spreadsheet soft-
ware program in theLibreOffice suite. It has math-
ematical calculation and graphing capabilities similar to
Microsoft Excel. A very recent article has demonstrated
LibreOffice Calc ’s ability to simulate the two-body
pursuit problem using the Goal Seek function [18]. This
opens up the opportunity for the software to be used in many
other physics problems.

The study of vertical motion without considering the
effect of air, which is called free-falling motion, is one of
the important physics concepts for the introductory univer-
sity physics course. In the author’s experience, students of-
ten misunderstand the calculations for this topic. The most
common mistake is about the sign of vector quantities such
as initial velocityu, final velocity v, vertical displacement,
and gravitational acceleration(g). Most textbooks specify
the direction ofg as negative because it is inward to the Earth.
Therefore, any vector quantities that have the opposite direc-
tion tog will have a positive value. Vertical displacement can
be negative if the object’s final position is lower than its initial

position. Students often assign a negative value tog, but all
other quantities are considered positive. The author usually
prepares exams to test students’ understanding of sign con-
ventions, and has found that most students are incorrect. One
explanation is that students cannot visualize the trajectory of
a vertically moving object.

In physics, if we cannot visualize the problem, it is nearly
impossible to solve it. Another issue is that some students
struggle to solve equations due to a lack of mathematical
skills. In certain problems, they are required to work with
quadratic functions, which can be challenging for some stu-
dents to solve.

In the article, we propose the use of the freeware spread-
sheetLibreOffice Calc to simulate the vertical mo-
tion of an object without considering the effects of air and
to use the Goal Seek function to solve common equations
found in this topic.This approach can be applied in both sec-
ondary school and introductory physics courses at the univer-
sity level.

2. LibreOffice for studying free-falling
motion

LibreOffice was used to simulate the vertical motion of
an object from the top of the building. The Goal Seek func-
tion was also utilized to solve the equation and find the time
the object travels in the air before hitting the ground.

2.1. Vertical motion simulation

The situation of interest is the vertical motion of an object
from the top of a building. This situation was chosen because
most students confuse the signs of velocity, gravitational ac-
celeration, and vertical displacement. The sign of an object’s
velocity can be positive, negative, or even zero (when the
object has reached its maximum height), depending on the
direction of motion. The vertical displacement can also be
positive, negative, or even zero, depending on the object’s
relative position with respect to the starting point (the top of
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FIGURE 1. Layout of the worksheet for simulating the vertical motion of the object.

FIGURE 2. Free-falling motion of the object at 0, 1, 2, 3, 4, 5, 5.4, and 5.8 seconds, respectively.

the building). Therefore, simulating the motion is worthwhile
to help students learn about these concepts.

The worksheet layout for this problem is shown in Fig. 1.
There are four main portions of the worksheet. The first is
about identifying the values of initial velocityu, gravitational
accelerationg, and the height of the buildingD. Note that the
units of the quantities are shown in columnD. The building
and the axes can be drawn by specifying their coordinates in
the second panel. The third panel is about calculating the
vertical position of the object measured from the top of the
building and the corresponding velocity. The formulas used
are shown in Table I. The simulation is displayed in the fourth
panel. In this panel, a user has to enter the value of time from
the third panel. The height of the object at that time will be
presented in cell L3 using the VLOOKUP function (see for-
mula in Table I). The object is represented by the black dot,
which is plotted using the coordinates in cells K3 and L3.
Note that the object is drawn on the right side of the build-

ing for simplicity in viewing. The direction of motion can
be found in cell N3. Snapshots of the vertical motion of the
object are shown in Fig. 2a)-h). From these figures, we can
see that the object was moving upward until it reached its
maximum height and then moved downward to the ground.

2.2. Use of goal seek function

The use of the Goal Seek function can be shown in solving
the time interval from the top of the building to the ground.
To do this, one may use the equation:

S = ut +
1
2
gt2, (1)

whereS is the displacement,u is the initial velocity of the
object, g is the gravitational acceleration and t is the time.
From our experience, there are two main difficulties for this
problem. First, most students are confused by the sign of
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FIGURE 3. Layout of the worksheet for solving the time interval before reaching the ground.

FIGURE 4. The use of the Goal Seek function in calculating the time interval before reaching the ground.

each parameter. Second, some students cannot solve Eq. (1).
If the building height isD, Eq. (1) can be solved as follows:

1
2
gt2 − ut−D = 0. (2)

The steps for solving for t and using the Goal Seek
function are shown in another worksheet ofLibreOffice
Calc , see Fig. 3. Equation (2) can be solved using the Goal
Seek function. To do this, type the equation to be solved into
a cell. In our worksheet, we put the left side of Eq. (2) in cell
Q5.

The function is accessed by choosing the menu
Tools > Goal Seek. A popup window will appear, see
Fig. 4a). The goal of the Goal Seek function is to find the pa-
rameter that makes the equation true. In the popup, we must
identify the cell containing the equation we need to solve in
the formula cell box. In the worksheet, we chose cell Q5.
In the target value box, we put zero because the right side of
Eq. (2) is zero. The variable cell box is the box for the cell
containing the value of the parameter we need to adjust to
make the equation true. In our worksheet, it is time and the
cell is N5, see Fig. 4a). Values of the other parameters are
shown in cells N2-N4. To use the Goal Seek function, we
must guess a value of time that is close to the answer and put
it in cell N5. This can be done by inspecting the object’s sim-
ulation in panel 4 of Fig. 1. Then click OK. A popup window
will appear, see Fig. 4b). This popup tells us about the value
of time that fits our condition.

TABLE I. Displays the cells, terms, descriptions, and com-
mand/values of parameters used in worksheets.

3. Results and discussion

The snapshots of the object’s motion at various times are
shown in Fig. 2. From these figures, we can see that
LibreOffice Calc is able to perform a simple simula-
tion for the free-falling motion without requiring intensive
programming skills. The use of the VLOOKUP function to
search through the table of pre-calculated heights can plot
the object at a particular time. By plotting the object at con-
secutive times, a simulation picture of the trajectory is easily
created. The direction of motion can be determined by in-
specting the sign of the object’s velocity. By applying the IF
function to the value of the velocity, the direction of motion
is also obtained. This would help students to understand the
characteristics of the motion.
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The other worksheet shows an example of calculating the
time the object travels until reaching the ground, which is a
common problem to test understanding of the theory. This
worksheet shows a process of calculation from choosing the
starting equation to solving the equation by using the Goal
Seek function. To demonstrate the use of the Goal Seek func-
tion, the problem of throwing an object from the top of a
building of height 50 m at an initial velocityu = 20 m/s
was used. These parameters were obtained from a physics
textbook [23]. In order to find the time that the object travels
before hitting the ground, we have to solve Eq. (2). To use the
Goal Seek function, a time of 5 s was guessed, as shown in
Fig. 4a). By setting the value in the popup window as shown
in Fig. 4b), a numerical value of time of about 5.83 s was
obtained. This method bypasses the mathematical procedure
to quickly obtain the answer. In our view, this spreadsheet is
a tool to help students in learning, but solving equations like
this by hand is still necessary.

4. Conclusion

In this article, we have presented a method for using the free
spreadsheet software LibreOffice Calc to teach free-falling
motion. By applying a few available functions, such as
VLOOKUP and Goal Seek, we created a simulation of the
object’s trajectory. Additionally, the software can be used to
solve related equations to obtain the numerical value of the
time that the object travels before reaching the ground. In-
structors can use this worksheet in teaching or preparing tests
by varying the values of the parameters. The results will be
automatically calculated by the software. Students can also
use the worksheet to help their learning.
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