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Abstract. This paper shows the way in which Excel spreadsheets can be used in the
study of the translational motion on an inclined plane. Sliding friction on the inclined
plane is taken into consideration while air friction is neglected. Two didactic tools
with interactive spreadsheets have been elaborated, AMIP and MIP. These tools
explore the advantages offered by Excel, starting with an enhanced flexibility to a
rapid feedback to data change. With the help of the first tool, AMIP, we study the
motion of a body launched at an initial velocity from the base of an inclined plane.
The asymmetry of the ascent-descent motion on an inclined plane is graphically
highlighted through the law of motion and the energy transfer. With the help of the
second tool, MIP, we solve the problem of the meeting between two bodies in motion
on an inclined plane. The motion of the bodies is simulated and we find the moment
of time when the meeting takes place and the corresponding position on the inclined
plane. The problem of the meeting is analyzed in the context of the data input change.
The two tools help to understand aspects connected to the uniformly varied motion
and to clarify the significance of the angle of friction. Starting from a common
structure, the tools have been conceived on two different levels of difficulty. Thus, the
MIP tool has been developed from the AMIP tool by filling in the input data and
adding, respectively modifying, the corresponding Excel formulas. The tools
presented are useful both in teaching and in learning and they can be easily adapted in
other situations. By their use in the classroom, students can be stimulated to build
their own Excel tools to investigate certain physical phenomena or to solve problems.
Key words: Spreadsheets, Excel, inclined plane, angle of friction, didactic tools AMIP
and MIP, Physics Education.

1. INTRODUCTION

In the literature, the beneficial role of the IT technology in Physics lessons
has been demonstrated [1–3]. Research has been carried out in order to clarify the
relation between the spatial visualization capacity and the understanding of certain
concepts from Physics [4], demonstrating that computer simulations can be
employed as alternative teaching tools. Thus, simulations help students confront
cognitive restraints and develop a functional understanding of Physics. The results
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obtained have shown that students working with simulations obtain significantly
higher scores when completing learning tasks [5].
In this paper we approached the simulation of motion on an inclined plane
given the importance of addressing this topic in introductory physics courses. A
considerable number of applications of classical mechanics are dedicated to the
inclined plane, fact which represents a good example for the uniformly varied
motion. The topic has been treated in literature and we offer some examples
further. Simple laboratory experiments have been described to familiarize students
with the operation of the decomposition of a vector, concretely to the
decomposition of the weight force after the tangential and normal directions to the
inclined plane [6]. Galileo’s experiment was discussed and repeated with modern
means, with smooth spheres dropped freely along an inclined plane. In the data
processing the sliding friction was taken into account, fact which helped to explain
Galileo’s dilemma about some discrepancies between theory and experiment [7].
There have been carried out laboratory experiments and a theoretical analysis for
the motion of the sphere on an inclined plane in a stationary fluid. The resistance of
the environment was taken into consideration and the relationship between the
resistance coefficient and Reynolds’ number has been settled [8]. Using video
captures and a specialized software, the movement of cylinders on an inclined
plane was studied at different angles. The data obtained have been compared with
the theory of the rolling motion on an inclined plane without sliding. It was verified
that the acceleration does not depend on the mass of the cylinder; the role of the
inertia moment was discussed and the law of the mechanical energy conservation
was demonstrated for the rolling motion on the inclined plane [9].
The novelty brought by this article represents the utilization of spreadsheets
to study motion on an inclined plane, focusing on the graphic representation of the
involved physical measures. The graphs have a significant importance in learning
and communication, considering that most students use images to clarify scientific
concepts. In this respect, spreadsheets offer high quality graphics that allows an
increased efficiency when communicating ideas [10]. Besides graphic facilities,
spreadsheets possess other advantages. A simple, user-friendly interface, rapid
feedback to data change, a high number of functions at user’s disposal, and other
facilities such as the macro language included have been presented in a series of
papers [11–13] and need no further emphasis. Moreover, as tools for the teaching
and learning of numerical methods, spreadsheets are appreciated by students for the
immediate display of results [14]. The commercial success of spreadsheets is
largely due to the fact that many users find them easier to utilize than programming
languages specialized in solving different work tasks [15]. The literature offers
numerous examples of how to integrate spreadsheets in a large range of scientific
applications. It has been demonstrated that spreadsheets can also implement
complex 3D graphics [16] and they can be useful tools for the simulation of some
physical phenomena. Thus, the motion of a projectile in the air has been simulated,
when the drag force is proportional to the square of the velocity, comparatively to
the motion of the same projectile in vacuum [17]. Also, there has been simulated
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the motion of a charged particle under the simultaneous action of an electric and a
magnetic field [18].
This paper presents two tools created with Excel spreadsheets with which we
can study various aspects of the translational motion on an inclined plane. We take
into account the sliding friction on the inclined plane while air friction is neglected.
The first tool analyzes the motion of a single body on an inclined plane while it is
released from the base of the plane with a known initial velocity. We have a
graphic representation of the time dependence of the body coordinate on the
inclined plane as well as the time variation of the kinetic energy, potential energy
and total mechanical energy. The graph of the coordinate according to time and
diagram of the transfer energy reveals the asymmetry of the motion at ascentdescent on the inclined plane. Also, for a more detailed analysis of the motion
asymmetry, we have a graphic comparative analysis of the law of motion of the
body for three different values of the angle from horizontal. The second tool solves
the problem of the meeting between two bodies in motion on the inclined plane. At
the initial moment t = 0, body 1 is at the base of the inclined plane and body 2 is on
the plane at a certain distance from the first one which is specified in the data input.
The two bodies are simultaneously launched towards each other and it is
considered that the inclined plane is infinitely long in the direction from the base to
the initial position of body 2. On the same graph we have graphic representations
of the laws of motion of the two bodies. By modifying the values of the moment of
time in the data input we simulate the motion of the bodies on the inclined plane in
a special graph. We determine both graphically and analytically the moment in
time timing when the two bodies meet and their corresponding position on the
inclined plane. For both tools, the bodies are considered material points.

2. EXCEL TOOLS
2.1. THE AMIP TOOL (ASYMMETRY MOTION ON INCLINED PLANE)

The tool entitled AMIP consists of the main spreadsheet rendered in Fig. 1
with the sections “Data Input” and “Results”, plus the secondary spreadsheets in
which we can find the source tables for the graphs. In the main spreadsheet two of
the three graphs of the tool are placed next to the data input. This structure can be
found in other papers belonging to the authors and has the advantage that the
feedback to data change is easily traceable both analytically and graphically [19].
In the “Data Input” section, we introduce the following data: the gravitational
acceleration, g, in cell B4; the angle of the inclined plane, α, in cell B5; the friction
coefficient at sliding, μ, in cell B6; the mass of the body, m, in cell B7 and the
initial velocity, v0, in cell B8. In the “Results” section, there are displayed: the
angle of friction, ϕ, in cell B11, the accelerations at ascent and descent, aas, ads, in
cells B12, respectively B13, the ascent time, tas, in cell B15, the maximum distance
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traveled on the inclined plane, xm, corresponding to the ascent time, in cell B16, the
descent time, tc, in cell B17, the total time of motion, T, in cell B18 and the final
velocity, v, in cell B19. The measures which appear in the two sections are
expressed in S.I. units.
To complete the calculations in Excel we name the cells in which we introduce
data together with some cells in which results are displayed, but which constitute,
in their turn, data for to calculate other measures, as follows: “Acceleration_G” for
cell B4, “Angle_P” for cell B5, “Coeff_F” for cell B6, “Mass” for cell B7,
“Velocity_0” for cell B8, “Angle_F” for cell B11, “Acceleration_AS” for cell B12,
“Acceleration_DS” for cell B13, “Time_AS” for cell B15, “Distance_M” for cell
B16, “Time_DS” for cell B17, “Time_AD” for cell B18, “Velocity_F” for cell
B19.

Fig. 1 – Main spreadsheet of the AMIP tool with the graph of the law of motion.
The colored versions can be accessed at http://www.infim.ro/rrp/.

We give a few examples of calculations in Excel. Thus, the angle of friction,
ϕ, is given by the relation (1) [20]:
.

(1)

Consequently, the Excel formula to calculate the angle of friction in cell B11
is:
“=DEGREES(ATAN(Coeff_F))”.
For the acceleration at ascent, aas, on the inclined plane, we utilize the
relation (2):
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(2)

while for the acceleration at descent, ads, on the inclined plane, we utilize the
relation (3):
.
(3)
The Excel formula written in cell B12 for the acceleration at ascent
becomes:
‘’=Acceleration_G*(SIN(RADIANS(Angle_P))+Coeff_F*COS(RADIANS(An
gle_P)))’’.
The Excel formula to calculate the acceleration at descent on the inclined
plane in cell B13 uses the logical function IF to display the message “NO” when
the angle of the inclined plane is smaller than the angle of friction:
“=IF(Angle_P>Angle_F;Acceleration_G*(SIN(RADIANS(Angle_P))Coeff_F*COS(RADIANS(Angle_P)));“NO”)”.
In this case the body remains at rest after traveling the maximum distance.
Taking into account the law of motion and the coordinate in a uniformly decreasing
motion, we obtain the expression for the ascent time [21]:
,

(4)

while for the maximum distance traveled on the inclined plane:
.

(5)

The Excel formulas in cells B15, B16 are written: “=Velocity_0/Acceleration_AS”, respectively “=-(Velocity_0^2)/(2*Acceleration
_AS)”. If α > ϕ, analogously, we can write the formulas for the descent time and
the final velocity at the base of the inclined plane in cells B17 and B19, and if
α < ϕ in cell B17 we have the message “NO”, and in cell B19 the value zero. The
total time of motion is equal to the ascent time if α ≤ ϕ, and equal to the sum
between the ascent time and the descent time, if α > ϕ.
The source table for the graph of the law of motion is placed in a secondary
sheet and is partially presented in Fig. 2. We have rendered the first five lines of
values and, respectively, the last five, plus the supplementary lines to mark on the
graph the ascent time and the corresponding distance on the inclined plane. The
table comprises column A, necessary to generate the moments of time, column B
of the values of the time moments, column C of the coordinate plus columns D and
E associated with the supplementary lines. The generation the moments of time has
been done with an increasing number, n, with a unit step in column A and a time
quantum equal to the 100th part of the total time of motion.

6

Didactic tools created with excel spreadsheets to study motion on an inclined plane

445

Fig. 2 – Source table for the graph of the law of motion. The colored versions can be accessed
at http://www.infim.ro/rrp/.

To calculate the coordinate in column C we take into account the law of motion of
a body on an inclined plane:
• If t ≤ tas, then the body has a uniformly decreasing motion:
.
•

(6)

If t > tas, we have the following two cases:
¾ If α > ϕ , then the body has a uniformly accelerated motion:
.

(7)

¾ If α ≤ ϕ, then the body remains at rest and therefore x(t) = xm.
Considering the previous relations, the Excel formula to generate the first value of
the time moment in cell B2 is written:
“=IF(Angle_P>Angle_F;A2*(Time_AD/100);A2*(Time_AS/100))”.
To calculate the coordinate, in cell C2 we write the Excel formula:
“=IF(B2<=Time_AS;Velocity_0*B2+(1/2)*Acceleration_AS*B2^2;Distance_M(1/2)*Acceleration_DS*(B2-Time_AS)^2)”
The two formulas are propagated along columns B and C up to the line
corresponding to n = 100 from column A.
Marking with a dotted line the ascent time and the corresponding distance
traveled on the inclined plane is done with the help of the data series from cells
B103, B104 with D103, D104 and B105, B106 with E105, E106. Thus, in cells
B103, B104 we write the formula “=Time_AS” and in cells D103, D104 value
zero, respectively the formula “=Distance_M”. In cell B105 we write the value
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zero, in cell B106 the formula “=Time_AS”, while in cells E105, E106 we write
the formula “=Distance_M”.

Fig. 3 – The graph of the law of motion at ascent-descent for three different values of the angle
from horizontal, α1=15°, α2 = 25°, α3 = 80°. The colored versions can be accessed
at http://www.infim.ro/rrp/.

Figure 3 renders the graph which overlays the graphs of the laws of motion
for three angles of the inclined plane, namely for α1 = 15°, α2 = 25°, α3 = 80°.
These values of the angle from horizontal have been settled in the secondary sheet
containing the graph. For each value of the angle from horizontal we calculate the
acceleration at ascent, the acceleration at descent, the ascent time on the inclined
plane, the maximum distance traveled and the descent time. It can be observed that
the asymmetry of the law of motion is all the more prominent when the angle from
horizontal is closer to the angle of friction. It can be easily verified that, if we
neglect friction, then the graph for the law of motion becomes symmetric for any
value of the angle from horizontal. In this case, the acceleration at ascent and the
acceleration at descent become equal in the module, and then the ascent time is
equal to the descent time. To verify this aspect we settle the zero value for the
friction coefficient at sliding, in cell B6 from the main sheet.
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Fig. 4 – The energy graph associated to the motion of the body on the inclined plane for α1 = 15° and
α2 = 80°. The colored versions can be accessed at http://www.infim.ro/rrp/.

Figure 4 presents the energy graphs associated with the motion of the body
on the inclined plane for two values of the angle from horizontal, namely α1 = 15°
and α2 = 80°. On the same graph we overlayed the graphs of the kinetic energy, the
gravitational potential energy and the total energy according to time. It is
considered that the potential energy is zero at the base of the inclined plane. The
curve of the kinetic energy is marked in blue, the curve of the potential energy in
green, and curve of the total mechanical energy in red. The source table is in a
secondary sheet and is built starting from the source table of the law of motion for
which we add columns for the time dependence of the velocity, kinetic energy,
potential energy and total energy. It can be observed how the asymmetry of the law
of motion is also reflected in the energy graphs. As the plane angle is closer to the
angle of friction, the kinetic and potential energy curves become more asymmetric
and the total mechanical energy decreases more and more compared to the initial
value. It can be observed how the graph of the total energy closely follows the
graph of the potential energy at descent on the inclined plane. In this case the
sliding friction plays an important role and most of the initial energy goes to the
mechanical work of the friction force. By increasing the angle of the plane far
above the friction angle, the total energy decreases less and less compared to the
initial value. In this case the kinetic and potential energy curves are nearly
symmetrical with respect to the ascent time. In this situation the role of friction is
greatly reduced and only a small part of the initial energy goes into the work of the
friction force. If we neglect friction, the kinetic and potential energy curves become
symmetric and the total energy is conserved.
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2.2. THE MIP TOOL (MEETING ON INCLINED PLANE)

The tool entitled MIP is obtained by the reorganization of the spreadsheets
of the AMIP tool previously presented. The main spreadsheet together with the
graph of the law of motion for the two bodies is rendered in Fig. 5. Taking into
consideration that we must solve the problem of the meeting of the two bodies on
the inclined plane, we have introduced some extra measures.

Fig. 5 – The main spreadsheet of the MIP tool with the graph of the laws of motion.
The colored versions can be accessed at http://www.infim.ro/rrp/.

Compared to the main sheet of the tool AMIP, the section “Input Data” of
the MIP tool is filled in with a few new measures. Thus, besides the measures
already existing in the AMIP tool, we introduce:
• The initial velocity of body 2, v02, in cell B8;
• The initial coordinate of body 2, x02, in cell B9;
• The meeting distance, ε, in cell B10. With the help of these measures we
analyze the meeting between the bodies on the inclined plane in the section
“Results”.
The significance of the meeting distance is the following: it is considered
that the meeting of the bodies happens when the distance between them becomes
smaller than ε. Actually, the two bodies are not material points and then we set the
value of ε according to their dimensions and the initial coordinate of body 2 on
inclined plane. For example, if the two bodies have a rectangular shape, with
dimensions around a few tens of centimeters, for a initial coordinate of body 2 on
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inclined plane x02 = 20 m, we can well approximate ε = 0,10 m, as considered for
the input data presented in Fig. 1.
In the “Results” section, besides the angle of friction and the accelerations at
ascent and descent, in cells B15, B16, B17 are displayed the coordinates x1, x2, and
the velocities of the two bodies, v1, v2, in cells B20, B21, respectively B22, B23, at
a certain moment of time t, specified in the input data in cell B12. The coordinates
are measured along the inclined plane from the base, where body 1 is launched,
towards the point where body 2 is launched. For all the specified measures the
same measurement units are used as in the previous tool. The section “Results”
also comprises a sub-section in which the analysis of the meeting of the two bodies
is performed. In the rubric “Close to meeting” the message “YES” is displayed if
the distance between the two bodies is smaller than the meeting distance set in the
data input, and the message “NO” is displayed in a contrary situation. The rubric
“Time of meeting” displays the moment of time when the meeting of the two
bodies takes place with a margin of error determined by the value of the meeting
distance set in the data input.

Fig. 6 – The graph of the simulation of the motion of bodies on an inclined plane.
The colored versions can be accessed at http://www.infim.ro/rrp/.

To complete the calculations in Excel we utilize cell names that are similar
to those from the AMIP tool, with the following differences: “Velocity_01” for cell
B7, “Velocity_02” for cell B8, “Distance_02” for cell B9, “Distance_12” for cell
B10, “Time” for cell B12, “Distance_1” for cell B20 and “Distance_2” for cell
B21.
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To calculate the coordinate of body 1 at the moment in time t introduced in
the data input, we take into account relations (5) and (6). We will consider the fact
that α ≤ ϕ, then the body remains at rest and therefore x1(t) = x1m. The stopping time
for body 1, t1as, the corresponding maximum distance traveled on the inclined
plane, x1m, as well as the descent time at return are all calculated in a secondary
sheet. The cells in which the respective calculations are done are entitled
“Time_1AS”, “Distance_1M” and “Time_1DS”.
By using the logical function IF to consider the situations previously
described, the Excel formula to calculate the coordinate of body 1 in cell B20
becomes:
“=IF(Time<=Time_1AS;Velocity_01*Time+(1/2)*Acceleration_AS*Time^2;IF(A
ngle_P<=Angle_F;Distance_1M;IF(Time<Time_1AS+Time_1DS;Distance_1M(1/2)*Acceleration_DS*(Time-Time_1AS)^2;0)))”.
In an analogous manner we calculate the coordinate of body 2, x2, in cell
B21, taking into account that it has a uniformly accelerated motion with the
acceleration ads if α > ϕ, uniform with the velocity v02 if α = ϕ and uniformly
decreasing if α < ϕ. The acceleration of body 2 is given by relation (3). Also, by
using the velocity equations we calculate the velocities of the two bodies at the
moment of time t in cells B22 and B23.

Fig. 7 – The main spreadsheet with the graph of the motion simulation for the bodies on an inclined
plane in a meeting situation. The colored versions can be accessed at http://www.infim.ro/rrp/.

The moment of meeting of the bodies and the distance from the base of the
inclined plane at the meeting point are given by the coordinates of the intersection
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point of the graphs for the laws of motion in Fig. 1. At the same time, from an
analytic point of view, the information regarding the meeting of the bodies is
displayed in cells B25 and B26 of the sub-section “Meeting Analysis”. Thus, in
cell B25 the message “YES” is displayed if the following condition is met:
(8)
and the message “NO” contrarily. In relation (8), x1, x2 represent the coordinates of
the bodies on the inclined plane, while ε the meeting distance set in the data input.
With the logical function IF, in cell B25 we write the Excel formula:
“=IF(ABS(Distance_1-Distance_2)<Distance_12;“YES”;“NO”)”.
The graph from Fig. 5 renders the laws of motion of the bodies. The curve
colored in red represents the law of motion for body 1, while the curve colored in
blue represents the law of motion for body 2. Also, with the help of the dotted lines
and the dots colored in red and blue, on the two curves we mark the positions of the
two bodies at the moment of time set in the data input. By modifying the moment
of time, t, the two points travel along the two curves.

Fig. 8 – The graph of the law of motion in a situation when the angle of the inclined plane is smaller
than the angle of friction. The colored versions can be accessed at http://www.infim.ro/rrp/.

The graph in Fig. 6 renders the simulation of motion of the two bodies on the
inclined plane. Body 1, launched from the base of the inclined plane, is rendered by
the red dot, while body 2, launched from the distance x02 towards the base, is
rendered by the blue dot. On the graph there are highlighted in red, respectively
blue dotted lines the maximum height that body 1 reaches and the initial height
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from which body 2 is launched. Modifying the time moment in cell B12 we obtain
the position of the bodies 1 and 2 on the inclined plane. In Fig. 6 we have the
positions of the bodies at the moment t = 0,80 s in the conditions from the data
input in Fig. 5. To find the moment and place where the bodies meet, we assign
values for t in cell B12 until the message “YES” is displayed in cell B25. In this
case, the value from cell B26 almost coincides with the value from cell B12 and
represents the meeting time. The Excel formula for the time of meeting in cell B26
is:
“=IF(ABS(Distance_1-Distance_2)<Distance_12;Time;”NO”)”.
In Fig. 5, with the specified input data, it can be observed that the meeting
happens after the first body reaches the maximum distance on the inclined plane.
Thus, at the moment of meeting, both bodies descend on the inclined plane. In
Fig. 7 the main spreadsheet of the tool is represented with the graph rendering the
simulation of the motion of the two bodies at the moment of meeting. In this case,
the overlapped positions of the two bodies can be observed.
The source table for the graph that shows the laws of motion of the bodies on
the inclined plane contains the column with the time moments plus the columns
with the coordinates of the bodies calculated according to time. It also contains
additional rows and columns to mark the position of the bodies at the time moment
t, which we can change in the input data. It was adapted from the source table of
the law of motion from the main sheet of the AMIP tool. The time quantum in this
case is considered the 100th part of the maximum value of the total ascent-descent
time of body 1 and the descent time of body 2 on the inclined plane, if the plane
angle is bigger than the angle of friction. If the plane angle is smaller than the angle
of friction, then the time quantum represents the 100th part of maximum ascent time
of body 1 and the maximum motion time of body 2.
In the creation of the source table for the graph simulating the motion of the
bodies on the inclined plane we took into account the equation of the straight line
determined by the points from which the two bodies were launched and also the
coordinates of bodies 1 and 2 on the inclined plane at the time moment t.
Figure 8 shows the graph of the laws of motion when the angle of the
inclined plane is modified at a smaller value than the angle of friction. With
α = 10° and keeping the other input data unchanged, it is noted that the meeting
happens after the first body stopped on the inclined plane. It is also noted that the
second body does not reach the base of the inclined plane.
By changing the input data, we obtain the situations when the two bodies do
not meet on the inclined plane. In this case, the curves for the laws of motion do
not intersect. With the option “Freeze panel” next to the input data, any of the
graphs can be brought in order to follow the feedback to data change.
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3. CONCLUSIONS

With the AMIP tool students can easily understand the significance of the
angle of friction. The graphs obtained make a clear distinction between the motion
on the inclined plane at angles close to the angle of friction, and that at angles
wider than the angle of friction. By modifying each input parameter, feedback on
results is immediately obtained. The consequences are the same if we increase the
angle of the inclined plane or decrease coefficient of sliding friction.
Both tools, AMIP and MIP, help to understand various aspects related to the
uniformly varied motion. The uniformly accelerated motion is studied in parallel
with the uniformly decreasing motion. The paper also demonstrates how to obtain
an Excel tool for solving physical problems from a simpler one by reorganizing
spreadsheets. Starting from a tool created by the teacher, students can create their
own tools to solve such problems in physics. This is a considerable advantage
showing the flexibility of spreadsheets for a wide range of applications together
with other examples from the literature [22, 23].
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