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gather all the items needed to accomplish one or more of the 
proposed experiences. In light of this, students could retrieve 
experimental data related to the various experiments, which 
we collected previously in the laboratory, from the IOL re-
pository. The data were similar to those each student could 
acquire at home, allowing them to compute, for instance, the 
values of gravity acceleration, light wavelength, and other 
physical quantities related to the experiments. Nevertheless, 
being conscious that a mere data manipulation is not really 
useful for the understanding of nature, we strongly encour-
aged students to perform their own experiments and not to 
simply rely on the available data.

Slow-motion video with a mobile phone and 
measurement of the gravitational acceleration

A simple yet fundamental experience of kinematics is the 
measurement of the uniformly accelerated motion of a falling 
body near Earth’s surface. In order to reproduce this experi-
ment, students were asked to ascertain the position of a small 
mass falling from about 1 m in height as a function of time. 
The body can be a metallic sphere, a glass marble, or even a 
rubber ball. The only constraint is having a negligible air drag. 
Using the acquired data, it is possible to verify that the body 
speed increases linearly in time and to compute the gravity 
acceleration, g. However, this is a difficult task because of the 
high g-acceleration (g = 9.804 m/s2 is the accepted value for 
Bologna), which does not allow for the perception of the lin-
ear speed increase with the naked eye and easily timing it. The 
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The pandemic triggered by the SARS-CoV-2 virus has 
produced worldwide interruptions of face-to-face 
teaching activity in both schools and universities. In It-

aly, the quarantine began in the second half of February 2020 
and lasted for all the second semester of lectures. The Univer-
sity of Bologna, where all the authors of the present article are 
based, developed and activated several interfaces necessary 
to efficiently deliver online teaching courses with the utmost 
speed.  The framework used by the authors is based on a com-
mon platform, Microsoft TEAMS, available to all teachers at 
Bologna University.

The sudden migration from face-to-face classes to online 
lectures caused many problems for teachers and many more 
arose for laboratory classes. A key issue was organizing labo-
ratory activities without accessing the labs. In this paper, we 
describe how we overcame this problem by enabling the stu-
dents of an introductory physics course in biology to perform 
various physics experiments at home. Simple experiments, 
analogous to those that they would have done in the labora-
tory, were individually conducted by each student, with the 
online supervision of teachers and tutors. The experiences 
are characterized by the use of equipment that is commonly 
available at home or that can be purchased at a low price both 
in stores and online.1

Two basic ideas guided us into formulating engaging home 
experiences for the students. The first one is to encourage 
them to use an everyday object younger people are really 
familiar with: the mobile phone, which is indeed a powerful 
computer equipped with many types of sensors, including 
pressure, temperature, acceleration, and magnetic field. The 
second idea is that the use of expensive equipment is not al-
ways required in order to study nature.2-4

As a matter of fact, the well-known physicists of the 17th 
century, Galileo Galilei and Isaac Newton, achieved important 
results using relatively simple measuring instruments or even 
rudimentary with respect to those currently available. Fur-
thermore, doing physics with simple tools can prove useful al-
so in ordinary teaching conditions. A longstanding issue with 
understanding physics is the apparent lack of a relationship 
between theory and everyday life. “Doing” physics with every-
day objects is a means to overcome this difficulty and to make 
physics less abstract.

In this paper, we describe two examples regarding kine-
matics and optics. For each experience, the students were pro-
vided with a written description and a link to videos present-
ing the experiment. Furthermore, they were given a list of the 
required items. All instructional material could be retrieved 
from IOL (Insegnamento OnLine), the online repository of 
Bologna University.5

Due to the lockdown, we had to take into consideration 
that a number of students would probably not be able to 

Fig. 1. A frame of the slow-motion video of a 
free-falling metallic sphere taken by one of 
the students with his mobile phone and used 
to compute g.
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DVD as diffraction grating and the wave nature 
of light

In this experiment, students were required to verify the 
wave-like nature of light by sending laser light through a 
diffraction grating and observing how, on a screen placed 
beyond the grating, a central light spot is produced along 
with at least two other symmetric spots (on its left and right 
side). Measuring the position of these maxima also allows the 
light wavelength to be computed. This kind of experiment is 
similar to that first performed by Thomas Young in 1801, as a 
demonstration of the wave behavior of light, the main differ-
ence being that he observed the interference pattern produced 
by a “slip of card” splitting the light passing through a hole in 
a window shutter. Only later the experiment was done with a 
double slit.9,10

The double-slit interference experiment is relatively dif-
ficult to perform, mainly because of the lack of coherence of 
ordinary light. In order to be able to perceive interference 
effects, a point light source must be used together with a lens 
and very thin slits. Nowadays it is possible to remedy these 
problems using the light emitted by a common and inexpen-
sive laser pointer. Commonly available pointers may have red, 
green, or blue light (wavelength in the range of 620-650, 530-
540, 470-480 nm, respectively).11,12  

In the proposed experiment a CD (compact disk) or DVD 
(digital versatile disk) were used as a diffraction grating (see 
Fig. 3).13,14  While it is possible to use the grating both in re-
flection and transmission, we asked the students to work in 
transmission alone for safety reasons (in order to avoid laser 

question we are confronted with is therefore how to “reduce” 
the acceleration so that it becomes feasible to measure.

The traditional solution, first used by Galileo,6 is to use an 
inclined plane. Help in this direction came from the slow-mo-
tion function of students' mobile phones in order to obtain an 
apparent falling time dilation. This is somewhat equivalent to 
reducing the g value.7

A standard video is made of a sequence of images acquired 
at 30 fps (frames per second), which is an image every  
1/30 s. The slow-motion function currently available in a 
range of mobile phones allows shooting from 120 to 960 fps. 
As an example, with a 240 fps, the time scan of images is one 
about every 4.2 ms, which complies with the required accura-
cy of this experiment.

The experiment therefore consists of marking sheets of pa-
per with even marks and hanging them on a wall with tape (10 
cm is a reasonable distance). Then the video camera is turned 
on in slow-motion mode, the body is put in front of the 
marked wall, and it is let fall, as shown in Fig. 1. By using an 
app (e.g., T.T. Video lite for iOS or KineMaster for Android) 
to play the video in slow motion, it is possible to perceive the 
speed increase during the body fall and to record its position 
and time with enough accuracy.

From this raw data set, each student can obtain the speed 
as a function of time, computed as s/ t, which is then used 
to prepare a chart like that of Fig. 2, where the points and 
linear regression presented by one of the students are shown. 
A linear fit to the data allows the g value from the slope of the 
interpolating line to be obtained. Again, the mobile phone can 
be used by the students to perform the calculus. We described 
to the students, as an example, the use of the linear fit function 
of GeoGebra.8 It is clear that it is possible to directly obtain 
the g value from the fall time and the starting height of the 
body. Students were therefore also required to compute g that 
way and to critically compare the two values. 

The relative uncertainty on g is mainly due to that of the 
slope of the interpolating line. Such an uncertainty, depending 
on the frame rate of the mobile phone, can easily be less than 
5%. Students were also required to pay attention to systematic 
errors and, in particular, those due to parallax, which is the 
effect whereby the position of the body appears different from 
the real one because it is viewed at an angle from the normal 
to the falling plane.

Fig. 2. Graph of body speed, as computed from position and 
time acquired during the fall. The slope of the interpolation line 
yields the value of the gravitational acceleration.

Fig. 3. Sketch of data storage in a CD (top) and a DVD (bottom). 
The data are encoded in the form of small pits and bumps, 
arranged as a single, continuous, and extremely long spiral track 
of data. In the DVD the spacing between adjacent grooves is 
smaller than in the case of a CD, resulting in a diffraction grating 
with a smaller d value.
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had a good level of appreciation by the students. Working in 
isolation at home, even if they were supported online by tutors 
and teachers, forced the students to think about what they 
were doing more carefully and deeply than they usually do in 
the lab. Furthermore, exactly how we had hoped, the use of 
familiar equipment resulted in a stimulating experience for 
the students. 

The final survey revealed that the large majority of the stu-
dents was satisfied with the way this course has been taught. 
Specifically, 79% of the students expressed positive or highly 
positive feedback. Interestingly, this fraction is remarkably 
close to the one obtained in the previous academic year, which 
was 81%. Despite the many difficulties in performing the ex-
periments at home, 91% of the students declared that the sug-
gested and available materials were adequate for the purposes 
of the course. Again, this percentage is statistically consistent 
with the one from the previous academic year, which was 
93%. Overall, the students stated that the main benefit of the 
adopted approach was to guarantee the possibility to perform 
physical experiments even without being able to exploit a real 
laboratory environment. Obviously, being first-year students, 
they could not directly compare this home experience with 
other standard face-to-face teaching activities. 

Nevertheless, they suffered to be obliged to work in isola-
tion, without the opportunities, advantages, and fun of work-
ing in small groups, as in previous years. This has been only 
partially alleviated by the use of remote webcam connections 
and social networks, and it has been perceived as one of the 
main weaknesses of the adopted approach. For these reasons, 
however interesting and in this case essential, online teaching 
cannot replace the “old-style teaching.” A direct human rela-
tionship with teachers and peers appeared to be an essential 
component of the teaching process. This study suggests that 
this is true for physics as it surely is for any other field of study. 
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