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1. Introduction
The use of single-board computers in Physics 
lessons can enhance carrying out experiments 
or collecting and processing data in a measure-
ment. Lots of excellent practicals have previously 
been published in this matter, e.g. [1, 2]. Most of 
these were developed by teachers or experts with 
good computational and programming skills, 
usually using Arduino or Raspberry Pi devices. 
However, I feel it very important to make students 
involved in this cross curricular area of Physics 
and Computer Science, too. That is the reason I 
have chosen BBC Micro:bit for this purpose.

Depending on the purpose we can choose 
different microcomputers. Comparing the tech-
nical specifications of different single-board 
computers it is clear that the BBC Micro:bit is 
a competitive device among the others. I would 

like to highlight two reasons to explain why it is 
worth using the Micro:bit in activities related to 
Physics. Firstly, Micro:bit can be programmed in 
more programming languages. The most impor-
tant are JavaScript, Python and ‘Block language’ 
based on Java Script. Because students can be 
familiar with block based programming lan-
guages from their early studies (Scratch, Kodu, 
and other programming languages used in Code 
Clubs) we can build our students’ interest to this 
application of Micro:bit and provide opportuni-
ties for success in Physics lessons and in other 
cross curricular activities and clubs. Secondly, 
Micro:bit is equipped with different sensors that 
are easy to access and program with the help of 
the online code editor. The board also has several 
GPIO pins, radio and Bluetooth wireless con-
nections etc. For all the technical details see the 
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Abstract
The BBC Micro:bit is a great device to encourage students to get involved 
in Computer Science and to create their own digital projects. However, the 
design of the single-board computer (including the built-in sensors) makes 
it possible to use it in Physics lessons or in Physics related activities, too. 
Those students who are keen to take up challenges connecting to computers 
and programming can be motivated to learn Physics as well. The fact that 
Micro:bit can be programmed using a block based programming language 
enables teachers to introduce students with less programming experience 
into the world of Physical Computing. This paper presents some examples of 
how the Micro:bit can help improve students’ skills in Physics and Computer 
Science in an enjoyable and successful way.
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Micro:bit hardware website [3]. If we want our 
students to be involved in Physical Computing 
then Micro:bit can be a good device to take the 
first steps with them.

In the first part of my paper I focus on the 
in-built accelerometer and show two examples of 
how it can be used whilst learning Physics. In the 
second part I present a practical with Micro:bit 
and LEDs to measure the Planck constant.

2. Observing the components of the  
gravitational force acting on an object on 
the slope and investigating static friction
Micro:bit is equipped with a combined ultra-com-
pact 3D accelerometer and 3D magnetometer, 
called LSM303AGR, that provides 3-axis motion 
and magnetic field strength sensing. As we can 
learn from its data sheet [4], it also includes some 
on board gesture detection (fall detection) in 
hardware, and additional gesture sensing (logo-
up, logo-down, shake) via software algorithms. 
These makes the device really useful for develop-
ing experiments for Physics lessons.

The inbuilt accelerometer makes it possi-
ble to measure angles around 2 axes, figure 1(a). 
Turning the device around X or Y axes we are able 
to measure the angle of rotation in degrees with a 
short and simple set of instructions.

If we put an object and a Micro:bit attached 
to it onto a plank of wood and make a slope, the 
angle of the slope can be measured by the angle 
of rotation around X axis, as it can be seen in 
 figure 1(b). At the same time, if we read out the 
size of the acceleration along Y and Z axes from 
the accelerometer it will be easy to work out the 
WY and WZ components of the gravitational force, 
provided that we know the mass of the object. 
That makes a good opportunity to prove the theor-
etical knowledge that the mentioned components 
of the gravitational force can be calculated as

Wy = mg sin θ, Wz = mg cos θ. (1)

The program in appendix 1 (stacks.iop.org/
PhysEd/54/065021/mmedia) helps us to prove 
that the previous formulae are true. Set the slope 
with an arbitrary angle. Pressing the button A we 
can get the angle of the slope. If we press button 
B the Micro:bit will provide a number between 
0 and 1023 that can be assign to the accelera-
tion along the Y axis in milli gravities. It is easy 

to convert them into the acceleration in m s−2 if 
we consider that number 1023 is assigned to the 
acceleration of 9.81 m s−2.

Altering the angle of the slope we can recog-
nise that there is an uncertainty in the measured 
acceleration, because the output data changes in 
steps of 16. That generates an error in the meas-
ured acceleration, too. The size of the error is

δ =
16

1023
× 9.81 m s−2 = 0.15 m s−2.

So, we can get the readings with an absolute 
uncertainty of 0.15 m s−2.

Measuring the mass of the object in advance 
and storing its value in a variable makes it easy 
to work out the parallel component of the gravi-
tational force in Newtons. Pressing the buttons A 
and B together we can conduct the same experi-
ment for the Z axis. My results are presented in 
figures 2(a) and (b). (The Z axis of the acceler-
ometer points upwards so the values of Wz are 
negative.)

If we modify the program in appendix 1 we 
will be able to measure the coefficient of static 
friction between the object and the slope. It is 
well known that if an object of weight W is at rest 
on a slope and we vary the angle of the slope until 
the object starts moving, the coefficient of the 
static friction µ can be worked out with the help 
of the formula

µ = tan θ, (2)

where Θ is the critical angle where the object 
starts sliding down the slope. Moreover, the tan-
gent of the angle can be calculated as

tan θ =
Wy

Wz
, (3)

as can be found e.g. in [5]. The program that is 
listed in Appendix 2 is an extended version of the 
previous program.

Put the object with the Micro:bit onto the 
slope and increase the angle while the object is 
at rest. Fix the slope at the position in which the 
body starts moving. Put the object back and run 
the program. Pressing button A we can obtain the 
angle of the slope, while button B the 2 comp-
onents of the weight. If we press button A and B 
together Micro:bit will work out the tangent of 
the angle (µ1) and the ratio of the comp onents 
as mentioned above (µ2). Students have the 
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opportunity to compare the values calculated by 
the two different methods. The relative difference 
is about 4%.

3. How to investigate the motion of an 
object in real time?
The most exciting application of an accelerom-
eter is to observe a moving object in real time 
and to collect numerical data of its motion. 
Unfortunately, the Micro:bit does not have an 
internal permanent memory where the gained data 
could be stored. However, there are some simple 
solutions to gain the data collected by Micro:bit 
and to record them. One of them is the Excel Data 
Streamer. Data Streamer [6] is a freely download-
able application for Microsoft Excel that enables 
the user to read out data from a sensor through a 
microcontroller or send out data to an actuator in 
real time. BBC Micro:bit is also suitable for help-
ing data transfer from a sensor to the Excel work-
sheet making it possible to visualize and analyse 
the gathered data. One of the Micro:bit’s advan-
tage is that we can collect data from the inbuilt 
sensors, in this example from the accelerometer.

It is not difficult to connect the Micro:bit to 
the extended Excel application, all the instructions 
have been published in previous articles [7, 8].  
It is important to set the Baud Rate to 115 200 
otherwise Excel will not communicate with the 
Micro:bit. If we use the block-based code editor 
the resolution of the data streaming is low, we can 
collect data in every 200 ms, so this method is 
only suitable for the observation of slow motions. 
Interestingly, creating the same code in Python 

enables us to increase the resolution from 200 ms 
to 12 ms, so faster motions can be investigated. 
Because in this paper I focus on the use of block-
based programs as the starting point of getting 
students involved in Physical Computing, I pre-
sent an example of a slower motion.

In my example I observed the motion of 
a long (l  =  2.36  m) pendulum with Micro:bit 
and Data Streamer. I attached the single-board 
comp uter to the top of the moving object and 
programmed it to measure and stream via radio 
connection the value of az during the time of the 
observation. The streamed data was captured by 
a receiver Micro:bit which sent it to the Excel as 
seen in figure 3. The programs for both devices 
can be seen in Appendix 3 and a portion of the 
results in figure 4.

Despite the low resolution, the periodic and 
sine-like curve of acceleration-time graph is 
remarkable. Observing the graph enables us to 
make a deeper discussion with students. As it can 
be seen in figure  3, the Z axis of the Micro:bit 
points upwards so in first instance it is obvious 
that the values of the acceleration are negative. 
However, the object takes circular motion there-
fore it must accelerate towards the centre of the 
circle. How can we solve the contradiction?

The solution can be found in the different 
frames of reference. If we say the object must 
accelerate towards the point of suspension, we 
state it from an external frame of reference. The 
accelerometer moves with the object together 
so it measures the acceleration and provides 
data from an internal frame of reference. Riding 
a swing everybody can feel the acceleration 
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Figure 1. (a) The axes of the inbuilt accelerometer. (b) The components of the weight of an object lying on a 
slope.
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pointing downwards in their body. The situation 
is the same for the accelerometer. The device 
detects the acceleration due to the inertial force 
and measures it along the negative direction of the 
Z axis. If the string is vertical, the acceleration is 
the highest, so the values are the lowest (greatest 
absolute value with a negative sign).

It is not difficult to prove that the largest ten-
sion force when the string is vertical can be cal-
culated as

T = m (az + g) .

Using the Excel worksheet it is easy to find the 
lowest and the greatest values among the data. To 
work out the largest tension we need to find the 
greatest value of acceleration. For my example 

Wy=4.675sinθ−0.025
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Figure 2. (a) The parallel component of the weight against the sine of the angle of the slope. (b) The perpendicular 
component of the weight against the cosine of the angle of the slope.
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Figure 3. Experimental investigation of the moving 
pendulum in real time.
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the object had a mass of 10 kg, the acceleration 
with the highest absolute value was 11.21 m s−2, 
so the maximum tension was 210.2 N.

4. Measuring the Planck constant with 
Micro:bit and LEDs
If we want to measure the Planck constant in the 
classroom the use of LEDs seems to be obvious. 
Previous authors have explained the use of LEDs 
for such measurements [9]. The crucial steps 
are: measuring and determining the threshold or 
activation voltage (Va) for LEDs with different 
colours, finding out or measuring the wavelength 
of the emitted light, plotting the graph Va against 
1/λ and working out the gradient of the straight 
line of best fit (m) to calculate the Planck constant 
with the help of the following equation:

h =
em
c

. (4)

(See the detailed explanation later in this article.) 
This method is useful and accurate enough but 
requires more time to carry out. I developed an 
other method using the Micro:bit to make the 
measurement faster so it can be used as a class 
demonstration, too. The arrangement of the 
experiment can be seen in figure 5.

The working principle is that Micro:bit 
increases the potential difference V across pin 
P0 and GND gradually, in small steps, from an 
initial voltage to the maximum. After every step 
Micro:bit measures the voltage V′ across pin P1 
and GND to check if there is a current through the 
resistor R1 and the LED. If V’ is 0 then Micro:bit 
increases V by 1 unit and this process happens 
until current starts flowing through the LED. 
When Micro:bit stops increasing V the program 
stores the number of the last step and works out 

the activation voltage (Va) of the LED. Because 
without current the voltage across the LED must 
be the same as V, the voltage belonging to the 
last step can be considered to be the activation 
voltage.

The Micro:bit has no digital analog converter 
so if we program a pin to be an analog output 
the provided signal will be a PWM (Pulse Width 
Modulation) signal. This signal is not suitable for 
the measurement because the frequency of the 
signal is high and we see the LED lighting for 
voltages lower then activation voltage too. In fact, 
in this case the LED blinks faster then we were 
able to distinguish it from the continuous lighting. 
Therefore, we need to power the LED by a proper 
DC voltage, so we have to apply a low pass filter 
made of the resistor R0 and the capacitor C, as 
seen in figure 5. The circuit in the red rectangle 
behaves as a DC power source with adjustable 
output voltage.

Micro:bit has a 10  bit analog digital con-
verter, so in theory the resolution of the output 
voltage is

3.1 V
210 = 3 mV.

If we check the output voltage increasing N from 
0 to 1023 we will realise that the analog output 
of the Micro:bit is not linear. A part of the volt-
age versus N graph (400  <  N  <  600) is shown in 
figure 6.

Fortunately, the linear section of the graph is 
in the range of 1.1 V–2 V which is the theoretical 
range of the activation voltage of the LEDs. So, 
if we change the output voltage by one unit, the 
increase of the voltage is 11.4 mV.

This program is listed in appendix 4. If 
we run the program and press button A of the 
Micro:bit, N and the activation voltage Va will be 
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Figure 4. The result of the investigation is a sine-like curve.

Phys .  Educ .  54  (2019)  065021



A Teiermayer 

6November 2019

known in a few seconds. If we record the results 
in a well-prepared Excel worksheet we will be 
able to carry out the entire practical and gain the 
value of the Planck constant in 5 min. My results 
can be seen in figure 7. I used LEDs with differ-
ent colours of the LED series Kingbright L7113. 
Although these are not monochrome LEDs, their 
emitted light has a dominant wavelength that can 
be found out in their datasheets. I applied them 
for my calculations.

Using the gradient of the linear graph 
the calculated value of the Plank constant 
is 4.8  ×  10−34Js, the relative uncertainty is 
27.6%.

If we want to carry out a quick measurement 
to determine the Planck constant the experimenter 
can run the code in appendix 5. This program is an 
extension of the code in appendix 4. Depending 
on the colour of the LED we can type the domi-
nant wavelength into the program, upload it to the 

Pin P0

GND

Power source with continuously
altering output voltage

Pin P1

R0 = 330 Ω

R1 = 330 Ω

C = 4700 µF

Figure 5. The Micro:bit and the law pass filter as a power source.

V = 0.0114N−4.2824

0

0.5

1

1.5

2

2.5

400 450 500 550 600 650

V  (V)

N

Figure 6. The middle part of the output voltage over N graph (0  <  N  <  1023).
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Micro:bit and run it. The algorithm is based on the 
equation

eV =
hc
λ

+Φ,
 (5)
where Φ is a constant that describes the energy 
loss in the pn junction due to the forward current, 
and we assume that this is the same value for all 
kinds of LEDs. Equation (4) can be derived from 
equation (5) as

V =
hc
e

1
λ
+

Φ

e
= m

1
λ
+

Φ

e
. (6)

Φ
e  can be obtained from the graph in figure  7. 
The program works out the value of the Planck 
constant which can be read on the LED display 
screen of the Micro:bit in a few seconds.

5. Summary
In this paper I have introduced the BBC Micro:bit 
as a suitable device for conducting classroom 
practicals and experiments in Physics educa-
tion. All these practicals can be carried out and 
completed with students who are interested both 
in Physics and Computer Science. Using the 
block-based programming language enables us to 
reach out students with less experience in more 

formal text-based programming languages and 
to make them successful with activities related to 
Physics and Computing. According to my experi-
ence students enjoy carrying out experiments and 
measurements with the BBC Micro:bit and they 
can be motivated to immerse themselves in these 
sciences.
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