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Introduction
Research on the concept, experiment and analy-
sis of dynamic motion is very interesting and 
has been widely studied [1, 2]. One of the basic 
concepts of motion that is interesting but not well 
explored by experiment is impulse. Impulse is an 
event when an object receives a force on short 
time intervals, so the momentum of the object 
changes rapidly (Newton’s second law) [3]. The 
collision experiment is a common example that 
one could use in learning the concept, experiment 
and analysis of the impulse-momentum relation. 
Recent research shows that researchers have been 
developed impulse (force) measurement appa-
ratus using commercial sensors [4], zero cost 
experiments [5], and an Arduino board sensor [6] 
to demonstrate the impulse-momentum relation.

Here we are learning about the concept, 
measurement and analysis of the impulse using 
a smartphone accelerometer. The acceleration 
(force) versus time curve was analysed to deter-
mine the impulse characteristics, such as the 
interval time and area of the impulse, and it was 
compared to the motion analysis using video 
(image) analysis.

Experiment overview

Apparatus

In this research, the android-based smartphone 
(Samsung J1 mini) and the ‘Physics Toolbox 
Sensor Suite Apps’ are used to measure the 
acceleration sensor of the device. The smart-
phone acceleration sensor is usually called a 
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Abstract
In this research, we will learn about the concept, measurement and analysis 
of an impulse using a smartphone accelerometer. The impulse measurements 
were performed in several experimental conditions such as free-fall objects 
hitting a sand surface, two cars in collision and straight punching (boxing 
jab). During the experimental process, the acceleration of objects (such 
as children’s toys and smartphones) is measured using a smartphone 
accelerometer application. Then, the acceleration versus time data were 
analysed to determine the impulse characteristic, such as the time interval and 
area of the impulse, and it was compared with the motion analysis using video 
(image) analysis. We hope this alternative apparatus is a valuable, low-cost 
and straightforward experiment for physics laboratories or sports science 
analysis.
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micro-electro-mechanical system (MEMS) which 
processes the mechanical system into electrical 
information. The acceleration sensor consists of 
a spiral spring that attaches a seismic mass that 
can move freely in one direction. If acceleration 
works in the x-direction, it will cause mass M 
to move in the x-direction. Capacitive, piezore-
sistive, or piezoelectric methods are commonly 
used to measure changes in mass position M 
while measuring the acceleration received [1]. 
To measure acceleration in 3D directions, three 
sensor systems must be inserted and positioned 
orthogonally in a smartphone. So, the ax , ay, and 
az accelerations of each spatial direction (x-, y-, 
and z-axis) can be measured independently.

Procedures

The schematic of the impulse measurement and 
analysis using a smartphone accelerometer is 
shown in figure  1. The impulse measurements 
were found in several collision conditions. In 
the first experiment we measured the accelera-
tion data of the free fall object (smartphone with 
a mass at 200 g) hitting the sand surface. In the 
second experiment we measured the acceleration 
data of the collision of two cars (with a smart-
phone). Furthermore, the third experiment was 
conducted to determine the impact collision by 
measuring the acceleration data of a straight 
punch (boxing jab). Then, the acceleration versus 
time data was analysed using the Newton’s sec-
ond law to determine the time of impulse by [3],

F (t) = m × a (t) (1)

the area of the impulse calculated by,

J = ∆P = mv2 − mv2 = F (t)∆t (2)

J =

ˆ t2

t1
F (t)dt (3)

or, for mass constant the area of the impulse 
equation became,

J = m
ˆ t2

t1
a (t)dt (4)

and compare it with the video image analysis.

Trials and analysis

The easiest way to measure and analyse impulse 
is by dropping the smartphone on a semi-rigid 

surface (such as a sand surface), see figure 2. In 
the experiment, the smartphone will experience 
free-all motion and then hit the sand surface [1]. 
With the help of an accelerometer application, 
this experiment will produce data acceleration 
with time as shown in figure 3. Free-fall motion 
is observed on the acceleration curve with time, 
where the gravitation acceleration is  −10 m s−2 
for almost 0.35 s, with final velocity free fall is,

vbefore = g ×∆t = 10 m s−2 × 0.35 s = 3.5 m s−1.

At free-fall motion, the potential energy of the 
smartphone turns into kinetic energy so the smart-
phone will have momentum. The smartphone 
mass is 0.2 kg, the momentum of the smartphone 
before collision is,

Pinitial = m × vbefore = 0.2 kg × 3.5 m s−1

= 0.7 kg m s−1 (Ns).
Meanwhile, when the smartphone hit the 

sand surface, the momentum of the smartphone 
decreases rapidly caused by a reaction force from 
the sand surface which is large enough to produce 
a much greater acceleration than free fall acceler-
ation. The impulse was observed in the accelera-
tion data curve, where there was a rapid change 

Experiment:

• Free fall and hit to the sand surface,
• Two cars collision, and
• Straight punching (boxing jab)

Preparation

The data analysis of the acceleration (force)
versus time

Time of impulse Area of impulse

Compared with the
video motion analysis

Figure 1. The schematic of the impulse measurement 
and analysis using a smartphone accelerometer.

Phys .  Educ .  54  (2019)  015024



Impulse measurement and analysis using a smartphone accelerometer

3January 2019

in acceleration from  −10 to 45 m s−2. The mag-
nitude of the impulse due to collisions with the 
surface of the sand is 45 m s−2 for 0.08 s. Using 
equation  (4), we can calculate the impulse (J) 
received by smartphones,

J = F ×∆t = m × a ×∆t = 0.2 kg × 45 m s−2

× 0.08 s = 0.72 kg m s−1 (Ns).

So, this collision experiment shows that the 
impulse (J) is proportional to the change in 
momentum, by

∆P = |Pfinal − Pinitial| =
∣∣0 − 7.0 kg m s−1∣∣ = 7.0 kg m s−1.

Figure 4 shows video (image) analysis for 
the the two car collision experiment. At initial, 
the first car (blue) moves with constant speed 
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Figure 3. Acceleration measurement of the smartphone 
in free-fall and hitting the sand surface.

Preparation Free fall Hit the sand

Figure 2. Image analysis of the smartphone free-fall and hitting the sand surface.
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Figure 4. Video (image) analysis of the two car 
collision experiment.
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Figure 5. Acceleration measurement of the two car 
collision for second car (blue-yellow).
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and the second car (yellow–blue) is motionless. 
Then, collisions occur between the two cars, so 
the second car recieves an impulse and moves. 
The video analysis shows that there is a collision 
contact time called the time interval of impulse. 
The acceleration versus time analysis is shown 
in figure 5, its shows that the time interval of the 
impulse and the acceleration at the impulse are 
0.03 s and 35 m s−2, respectively. By utilizing 
equation (2) and/or (4), the calculation shows that 
the second car speed after a collision (vafter) is,

vafter = acollision ×∆t = 35 m s−2 × 0.03 s = 1.05 m s−1.

The total mass of the second car and smartphone 
is 0.4 kg. The impulse of the collision is propor-
tional with a change in momentum of the second 
car (and smartphone), and calculated by:

J = ∆P = m × vafter − m × vbefore = 0.4 kg

× 1.05 m s−1 − 0 = 0.42 kg m s−1(Ns).

A simple example of the concept of impulse 
application in sports science is the straight punch 
(boxing jab), with focus on the hand movement 
acceleration [7]. Figures  6(a)–(e) describes the 
straight punching steps which consist of initial 
position, forward force, impulse (surface contact), 

and hand pulling force (reverse), and then moving 
back to the initial position. The data acceleration 
of the straight punch was found with a smart-
phone attached to the right arm using a rope/tape, 
as shown in figure 6(e). The acceleration versus 
time data in the Y-direction is shown in figure 7, 
with the inset for a repeat of the straight punch. 
The acceleration data and video (image) analysis 
compared for all punching steps shows zero accel-
eration in the initial position, positive accelera-
tion in the forward force, high acceleration with 
a fast time interval is the impulse, and negative 
acceleration is the hand pulling force (reverse) 
for the move back to the starting position. On the 
other side, the result shows that the forward force 
is higher than the hand pulling force so that the 
forward force produces great momentum, and the 
hand pulling force is only for repositioning the 
hand back to the initial position.

By assuming hand mass is 5.33% of the aver-
age of human body mass [8], the time interval and 
maximum acceleration are 4 kg, 0.1 s and 40 m s−2,  
respectively. The magnitude of the impulse trans-
ferred to the pillow is approximately:

J = F ×∆t = m × a ×∆t = 4 kg × 40 m s−2

× 0.1 s = 16 kg m s−1 (Ns).

(a) (b)

(c) (d)

(e) (f) Y-direction

Figure 6. Video (image) analysis of a straight punch on a pillow with (a) initial position, (b) force (forward), (c) 
impulse, (d) force (reverse), and (e) back to initial position; (f) smartphone attached to right arm.
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The perceived magnitude of the impulse is quite 
large, for some conditions, this large impulse 
could damage the body’s tissues [7].

Conclusion
The impulse measurement and analysis using a 
smartphone accelerometer has been investigated 
and studied. The impulses of the collision experi-
ment were measured using a smartphone acceler-
ometer. Then, the acceleration data was analysed 
to determine the impulse characteristics, such 
as the time interval and area of the impulse, and 
it was compared with the simple video (image) 
analysis. This collision experiment shows that 
the impulse magnitude is proportional to the 
change in momentum. Furthermore, the simple 
straight punch (boxing jab) analysis shows that 
the impulse magnitude transferred to the pillow is 
16 kg m s−1 (Ns), this large impulse could dam-
age the body’s tissues.
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Figure 7. Acceleration (force) versus time data of the 
straight punch on a pillow in a body-like shape.
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