
Mr Bit Experiments with sensors and devices

Mr Bit experiments are designed to help younger pupils get started with connecting
sensors and devices to the BBC micro:bit.  They are useful 'warm-up' activities before
attempting Mr Bit Projects involving building and controlling models. The
experiments use a temperature sensor, a light sensor, a buzzer and a triple set of
LEDs. Connections are made to the pin sockets on the micro:bit using leads with 4mm
plugs.  All the components are inexpensive and easily assembled using the
instructions given here.

Inputs and outputs
Pins 0, 1 and 2 may be used as inputs or outputs, according to the program code
that has been flashed to the micro:bit. A sensor provides an electrical signal,
and should be connected to a pin configured as an input.  In contrast, a device
is expected to take electrical power from the micro:bit, and as such should be
connected to a pin configured as an output.

Connecting leads
Leads with 4mm plugs are recommended, since they fit
snugly in the pin sockets and provide more secure
connection than do crocodile clips.  The stackable
variety of plug is desirable, to allow multiple
connections to the pins, particularly important for the
3V and GND pins.   Leads purchased with moulded plugs
at each end may be cut in half to provide two
connectors.
The following colour convention is suggested to facilitate
correct connections and minimise errors:
● RED to 3V
● BLACK to GND (0V)
● YELLOW to input pin
● GREEN to output pin.

Buzzer
This output device is a piezo electric crystal
incorporating a circuit for producing a single
frequency sound when a voltage is applied. It
is necessary to observe the polarity with the
black lead connected to GND.

Pins   P0    P1    P2

DIY tip: Mount the buzzer on a small block of wood and
connect the leads with a terminal block as shown. This
makes a more robust device for classroom use and helps
to protect the rather fragile wires emerging from the
buzzer. It is important to purchase the device with a
built-in 'driver' circuit.
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RYG LEDs
This output device with red, yellow and green LEDs, is
an integrated unit containing the required current
limiting resistors.  It simplifies the number of
connections when two or three LEDs are used.  For all
uses the black lead must be connected to GND.

Light sensor
This uses a light dependent resistor
(LDR) in series with a resistor. When
the full 3 volts is connected across
the combination, the voltage across
the resistor varies as the incident
light level changes, and this may be
used as an analogue input signal.
There are three connecting leads:
red to 3V, black to GND and yellow
to P0, P1 or P2. The micro:bit shows
the light level as a percentage of a
maximum.

Temperature sensor
The temperature sensitive
component is a thermistor, but it is
always used in series with a resistor
to create a potential divider circuit.
The voltage across the resistor varies
as the temperature changes, and
this may be used as an analogue
input signal. There are three
connecting leads: red to 3V, black to
GND and the yellow to P0, P1 or P2.
N.B. This simple sensor construction is
not suitable for immersion in water.
However, in order to achieve cooling,
the thermistor bead might be touched
against a moistened sponge or tissue
paper.

Programming methods
The descriptive briefings for Mr Bit experiments are independent of the programming method used,  In
the case of the Insight language of Mr Bit, the program script consists of instructions in simple English
sentences which closely match the briefing. Solutions are also offered for the JavaScript Blocks and
Micropython methods.

DIY tip: The connecting leads may be secured
by threading the bare wires through each
socket hole and twisting. Cover the sockets
on both sides with insulation tape to secure
the connections.

DIY tip: The resistor most conveniently fits
into the end terminals of the 3-way terminal
block. Connect the leads as shown here.

DIY tip: Using the recommended components
(see Appendix), the micro:bit shows a
Celsius value at normal room temperatures.
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EXPERIMENTS WITH A BUZZER

The piezo electric buzzer will be connected between P0 and GND.  Since it can only behave in an on-off
(digital) manner, experiments in controlling it mainly involve producing short beeps and timed signals.
Programs may use repetition and counting algorithms to control the number of beeps.  Later experiments
will use temperature and light sensors to control the buzzer, but to start with, the micro:bit buttons are
used.  Programming decisions may be based on the status of a button (is it in a 'pressed' or 'unpressed'
state?), or the event of a button being pressed or released ('gets' pressed or 'gets' released).

ALARM TEST
If you have a smoke alarm, from time to time you need to test it to make sure that it
still works and the battery is not flat.
Create a program to sound continuous beeps after a button gets pressed.  The beeps
should stop when you press the button for a second time.

Mr Bit program script:

Experiments: Try altering the duration of each beep and the number of beeps per second.

TIME SIGNAL
News broadcasts on the radio often start with six short 'pips' as a time signal to indicate
the hour.
Create a program to sound six short beeps when a button gets pressed.

Mr Bit program script:

Experiments: Add to the program to make button B produce a different number of beeps.

TELEPHONE CALL
When you make a telephone call, you can tell if the number its ringing by the sound of
pairs of repeated tones.
Create a program to sound pairs of short beeps while a button is pressed.

Mr Bit program script:

Experiments: Think of different tone patterns you could make to indicate that the phone you are ringing
is engaged or disconnected.

  When button A gets pressed, pulse the buzzer until button A gets pressed again.

  When button A gets pressed, pulse the buzzer 6 times.

When button A is pressed, repeat until button A is free.
Pulse the buzzer twice.
Wait for 2 seconds.
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The low current consumption of LEDs makes them well suited as output devices to the micro:bit, offering
an advantage over torch bulbs which demand sources of higher current.  LEDs are widely used as
indicators in machines such as washing machines, photocopiers, audio equipment, telephones and
controllers of many kinds.  The recommended unit offers a choice of three colours, red, yellow and
green, with a common connection for GND (the black lead).  The colours are useful for colour coding
such  as that used in traffic lights.  Programming involves creating timed events which can make the
LEDs flash or light up in sequences.  Later experiments will use temperature and light sensors to control
the colours.

HAZARD WARNING
All road vehicles use flashing yellow lights as signals for turning.  Very large vehicles
often display extra flashing lights as a hazard warning.
Create a program to make a yellow LED flash on and off continuously.
Mr Bit program script:

Experiments: Try adding the red and green LEDs to make a sequence of flashing colours.

COLOUR CODE
A washing machine has various buttons for controlling the actions of washing, rinsing
and spinning, each of which is often indicated by coloured LEDs.
Create a program to light up each LED when one or both buttons are pressed:
Make button A light up the red LED; button B light up green; buttons A and B
together to light up yellow as well.

Mr Bit program script:

Experiments: Try altering the program so that one or more LEDs flash when a button is pressed.

TRAFFIC LIGHTS
With three LEDs (red, yellow, green) connected to the micro:bit pins:
Create a program to light up each LED in the correct sequence for traffic lights.
Make button A change the lights to red and button B change the lights to green.

Mr Bit program script:

Switch on the yellow LED for 0.5 seconds.
Wait for 0.5 seconds.

When button A is pressed, switch on the Red LED until button A is free.
When button B is pressed, switch on the Green LED until button B is free.
When button A is pressed and button B is pressed, switch on the Yellow LED until
    button A is free or button B is free.

Switch on the Red LED until button A gets pressed
Switch on the Yellow and the Red LED for 2 seconds.
Switch on the Green LED until button B gets pressed.
Switch on the yellow LED for 2 seconds.

EXPERIMENTS WITH LEDS
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This sensor provides an analogue signal with a range 0 to 100% indicating the level of brightness of
incident light.  Similar sensors are commonly integrated into photographic devices, and are often found
in automatic gates and in systems for detecting door closure and the presence of objects.  Since the
sensor provides an analogue value, programming may involve a variety of testing conditions such as 'is
less than', 'is equal to' and 'is greater than', etc.  However, it is also possible to obtain a digital 'high-low'
signal by defining a threshold value, above which is regarded as 'bright' and below which is regarded as
'dark'.  This is useful for 'true-false' conditions.

LIGHT METER
Digital cameras have built-in light level measurement to give automatic exposure
control. The value is not normally displayed but this experiment shows the level
indicated by the sensor.
Create a program to show the light level value on the micro:bit LEDs.
Mr Bit program script:

Experiments: Alter the program so that the value only shows when button A is pressed.

LIGHT REPORT
Create a program to show a message on the Micro:bit LEDs:
Show “DARK” when the light level is below a certain value and “LIGHT” when
the light is above the same value.

Mr Bit program script:

Experiments: Alter the program to make the “DARK” message flash when it shows.

LIGHT GRAPH
By showing the light level as a bar graph, you can see straight away when it
changes; the bar gets bigger or smaller.
Create a program to show the light level as a bar graph on the micro:bit LEDs.

Mr Bit program script:

Experiments: Try making a graph with two bars so that you can show the levels of two sensors at the
same time.

Show the LED message (light level) until exit.

When it is light, show the LED message “LIGHT” until it is dark.
When it is dark, show the LED message “DARK” until it is light.

EXPERIMENTS WITH a LIGHT
SENSOR

Plot the LED bar graph (light level) until exit.
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SHADOW COUNTER
If you wave your fingers in front of a light sensor, you can count their shadows as they
pass the sensor.
Create a program to count the number of times light falling on the sensors becomes
blocked by a shadow.  The number is shown on the LEDs.  Use button A to reset the
number.

Mr Bit program script:

Experiments: Alter the program so that counting pauses when button B is pressed.

WHO IS THERE?
This could be an intruder alarm or a system for detecting
objects passing by.
Create a program to sound the buzzer when the light
falling on the sensors becomes blocked by a shadow.  As an
option, the light level may be shown on the LEDs.

Mr Bit program script:

Experiments: Alter the program so that buzzing pauses when a button is pressed.

PERFECT LIGHT
A perfect photograph depends upon allowing the right
amount of light into the camera – if there is too much
light, the picture is overexposed – too little light and the
picture is too dark.  As well as the light sensor, this
experiment uses a yellow LED to show when the light is
just right but a red LED at other times.
Create a program which lights up a Yellow LED when
the light level is between 50% and 60%, but lights up a
Red LED for all other light values.

Mr Bit program script:

Experiments: Try choosing different values to define the ‘perfect’ range of brightness.

Count how many times it gets darker until button A gets pressed.
Show the LED message (counter) until exit.

When it is darker than 50, switch on the buzzer for 0.5 seconds.
Wait for 1 second.

Switch on the Red LED until it is lighter than 50 and it is darker than 60.
Switch on the Yellow LED until it is darker than 50 or it is lighter than 60.

EXPERIMENTS WITH a LIGHT
SENSOR
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Temperature sensors are widely used in domestic and industrial electrical
equipment where measurement or control are required.  The thermistor is
the most common device, finding application in washing machines, heating
systems, motor cars, vending machines and so on.
These experiments explore how the signal values may be used in program code.  Like the light level
sensor, the temperature sensor provides an analogue value, and programming frequently involves a
variety of testing conditions such as 'is less than', 'is equal to' and 'is greater than', etc.  However, it is
also possible to obtain a digital 'high-low' signal by defining a threshold value, above which is regarded as
'hot' and below which is regarded as 'cold'.  This is useful for 'true-false' conditions in programs.

DIGITAL THERMOMETER
You can turn your temperature sensor into a digital thermometer with your micro:bit.
Create a program to show the temperature value on the LEDs.

Mr Bit program script:

Experiments: Alter the program so that “CELSIUS” is displayed when a button is pressed.

CLIMATE MESSAGE
Create a program to show a message on the LEDs: Show “COLD” when the
temperature level is below a certain value and “HOT” when the temperature is
above the same value.

Mr Bit program script:

Experiments: Alter the program so that the actual temperature value shows while a button is pressed.

TEMPERATURE GRAPH
By showing the light level as a line graph, you can see straight away when it
changes; the line goes higher or lower.
Create a program to show the temperature as a line graph on the micro:bit LEDs.

Mr Bit program script:

Experiments: Alter the program so that the LEDs show a bar graph instead of a line.

Show the LED message (temperature) until exit.

When it is hot, show the LED message “HOT” until it is cold.
When it is cold, show the LED message “COLD” until it is hot.

Plot the LED line trace graph (temperature) until exit.

EXPERIMENTS WITH a
TEMPERATURE SENSOR
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WEATHER REPORT
Create a program to show a message on the LEDs: Show “COLD”,
“COOL”, “NICE”, “WARM” or “HOT” according to the temperature
measurement between 10 and 30 celsius.

Mr Bit program script:

Experiments: Alter the program to show messages such as “WIND” and “RAIN” when the buttons are
pressed.

COMFORT ZONE
With a temperature sensor, red and green LEDs connected to
the micro:bit pins:
Create a program to light the red LED when it is too hot or
cold, and to light up the green LED when the temperature is
comfortable.

Mr Bit program script:

Experiments: Alter the temperatures to suit your own ideas of what feels comfortable.

EXTREME ALERT
With a temperature sensor and a buzzer connected to
the micro:bit pins: Create a program to sound the
buzzer when the temperature gets too cold or too hot.

Mr Bit program script:

Experiments: Alter the program so that the buzzer bleeps faster when it is too hot and slower when it is
too cold.

Show the LED message “HOT” until it is cooler than 30.
Show the LED message “WARM” until it is warmer than 30 or it is cooler than 25.
Show the LED message “NICE” until it is warmer than 25 or it is cooler than 20.
Show the LED message “COOL” until it is warmer than 20 or it is cooler than 10.
Show the LED message “COLD” until it is warmer than 10.

Switch on the Red LED until it is warmer than 20 and cooler than 25.
Switch on the Green LED until it is warmer than 25 or cooler than 20.

When it is cooler than 15 or warmer than 25, switch on the buzzer for 0.5 seconds.
Wait for 2 seconds.

EXPERIMENTS WITH a
TEMPERATURE SENSOR
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Coding examples

9

2. TIME SIGNAL

  When button A gets pressed, pulse the buzzer 6 times.

from microbit import *

repeats = 0

while True:
    if button_a.was_pressed():
        repeats = 6

    while repeats > 0:
        pin0.write_digital(1)
        sleep(200)
        pin0.write_digital(0)
        sleep(800)
        repeats = repeats – 1

1. alarm Test

  When button A gets pressed, pulse the buzzer until button A gets pressed again.

from microbit import *

status = False

while True:
    if button_a.was_pressed():
        status = not status

    if status == True:
        pin0.write_digital(1)
        sleep(1000)
        pin0.write_digital(0)
        sleep(1000)

The Mr Bit programming method lets you create programs in plain English.  The
decisions you make about inputs, outputs and the conditions for controlling outputs
are used to formulate program scripts like the ones illustrated here.  With Mr Bit you
can detect events, send messages, manipulate variables, measure time periods,
create sequences and loops, and much more. See www.insight-mrbit.com for more
information.

A typical program instruction has the form
 “When a condition is true, switch on an output, until another condition is true.”

The When and Until conditions are equivalent to if-then-else and while-do structures found in
conventional languages.  The following examples show how Mr Bit program scripts may be converted into
micro:bit coding expressed in JavaScript Blocks (MakeCode) and MicroPython available on the
microbit.org website.  The examples given are not the only successful methods of fulfilling the
experiment briefs; alternative equivalent coding is frequently possible.

www.insight-mrbit.com
www.microbit.org
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5. COLOUR CODE

from microbit import *

while True:
    if button_a.is_pressed():
        pin0.write_digital(1)
        sleep(10)

    if button_a.is_pressed() and button_b.is_pressed():
        pin1.write_digital(1)
        sleep(10)

    if button_b.is_pressed():
        pin2.write_digital(1)
        sleep(10)

    pin0.write_digital(0)
    pin1.write_digital(0)
    pin2.write_digital(0)

When button A is pressed, switch on the Red LED until button A is free.
When button B is pressed, switch on the Green LED until button B is free.
When button A is pressed and button B is pressed, switch on the Yellow LED until
   button A is free or button B is free.

4. HAZARD WARNING

from microbit import *

while True:
    pin0.write_digital(1)
    sleep(500)
    pin0.write_digital(0)
    sleep(500)

Switch on the yellow LED for 0.5 seconds.
Wait for 0.5 seconds.

When button A is pressed, repeat until button A is free.
Pulse the buzzer twice.
Wait for 2 seconds.

3. TELEPHONE CALL

from microbit import *

repeats = 0

while True:
    if button_a.is_pressed():
        repeats = 2

        while repeats > 0:
            pin0.write_digital(1)
            sleep(500)
            pin0.write_digital(0)
            sleep(500)
            repeats = repeats - 1
        sleep(2000)
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When it is light, show the LED message “LIGHT” until it is dark.
When it is dark, show the LED message “DARK” until it is light.

8. Light report

from microbit import *

while True:
    light_level = pin0.read_analog()
    if light_level >500:
        display.scroll("LIGHT")
    else:
        display.scroll("DARK")

6. Traffic lights

from microbit import *

show_red = True

while True:
    if show_red == True:
        pin0.write_digital(1)
        if button_a.is_pressed():
            pin1.write_digital(1)
            sleep(2000)
            pin0.write_digital(0)
            pin1.write_digital(0)
            pin2.write_digital(1)
            show_red = False
    else:
        pin2.write_digital(1)
        if button_b.is_pressed():
            pin2.write_digital(0)
            pin1.write_digital(1)
            sleep(2000)
            pin1.write_digital(0)
            show_red = True

Switch on the Red LED until button A gets pressed
Switch on the Yellow and the Red LED for 2 seconds.
Switch on the Green LED until button B gets pressed.
Switch on the yellow LED for 2 seconds.

7. Light meter

from microbit import *

while True:
    light_level = pin0.read_analog()
    display.scroll(str(light_level))

Show the LED message (light level) until exit.
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10. Shadow counter

from microbit import *

count = 0
previous_light_state = 1

while True:
    light_level = pin0.read_analog()
    if light_level >500: light_state = 1
    else: light_state = 0

    if light_state != previous_light_state:
        count = count + 1
        previous_light_state = light_state

    display.scroll(str(int(count/2)))

    if button_a.is_pressed(): count = 0

Count how many times it gets darker until button A gets pressed.
Show the LED message (counter) until exit.

11. Who is there?

When it is darker than 50, switch on the buzzer for 0.5 seconds.
Wait for 1 second.

from microbit import *

while True:
    light_level =
pin0.read_analog()
    if light_level < 500:
        pin1.write_digital(1)
        sleep(500)
        pin1.write_digital(0)
        sleep(1000)

9. Light graph

from microbit import *

bar1 = "00000:00000:00000:00000:99999"
bar2 = "00000:00000:00000:99999:99999"
bar3 = "00000:00000:99999:99999:99999"
bar4 = "00000:99999:99999:99999:99999"
bar5 = "99999:99999:99999:99999:99999"

while True:
    display.clear()
    light_level = pin0.read_analog()
    if light_level >50:display.show(Image(bar1))
    if light_level >200:display.show(Image(bar2))
    if light_level >400:display.show(Image(bar3))
    if light_level >600:display.show(Image(bar4))
    if light_level >800:display.show(Image(bar5))

Plot the LED bar graph (light level) until exit.
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15. Temperature graph

Plot the LED line trace graph (temperature) until exit.

from microbit import *

bar1 = "00000:00000:00000:00000:09990"
bar2 = "00000:00000:00000:09990:00000"
bar3 = "00000:00000:09990:00000:00000"
bar4 = "00000:09990:00000:00000:00000"
bar5 = "09990:00000:00000:00000:00000"

while True:
    reading = pin0.read_analog() #sensor
    temperature = reading / 10
    display.clear()
    if temperature > 10: display.show(Image(bar1))
    if temperature > 15: display.show(Image(bar2))
    if temperature > 20: display.show(Image(bar3))
    if temperature > 25: display.show(Image(bar4))
    if temperature > 30: display.show(Image(bar5))

14. Climate message

from microbit import *

while True:
    reading = pin0.read_analog()
    temperature = reading / 10
    if temperature > 24:
        display.scroll("HOT")
    else:
        display.scroll("COLD")

When it is hot, show the LED message “HOT” until it is cold.
When it is cold, show the LED message “COLD” until it is hot.

12. Perfect light

Switch on the Red LED until it is lighter than 50 and it is darker than 60.
Switch on the Yellow LED until it is darker than 50 or it is lighter than 60.

from microbit import *

while True:
    light_level = pin0.read_analog() #sensor
    if light_level < 500 or light_level > 600:
        pin1.write_digital(1)  #Red LED
        pin2.write_digital(0)  #Yellow LED
    else:
        pin1.write_digital(0)
        pin2.write_digital(1)

13. Digital thermometer

from microbit import *

while True:
    reading = pin0.read_analog()
    temperature = reading / 10
    display.scroll(str(temperature))

Show the LED message (temperature) until exit.
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17. Comfort zone

from microbit import *

while True:
    reading = pin0.read_analog() #sensor
    temperature = reading / 10
    if temperature > 20 and temperature <= 30:
        pin1.write_digital(0)  #red LED
        pin2.write_digital(1)  #green LED
    else:
        pin1.write_digital(1)
        pin2.write_digital(0)

Switch on the Red LED until it is warmer than 20 and cooler than 25.
Switch on the Green LED until it is warmer than 25 or cooler than 20.

18. extreme alert

When it is cooler than 15 or warmer than 25, switch on the buzzer for 0.5 seconds.
Wait for 2 seconds.
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from microbit import *

while True:
    reading = pin0.read_analog() #sensor
    temperature = reading / 10
    if temperature < 15 or temperature > 25:
        pin1.write_digital(1)  #red LED
        sleep(500)
        pin1.write_digital(0)
        sleep(2000)

16. Weather report

from microbit import *

while True:
    reading = pin0.read_analog() #temperature
sensor
    temperature = reading / 10
    if temperature > 30:
        display.scroll("HOT")
    if temperature > 25 and temperature <=30:
        display.scroll("WARM")
    if temperature > 20 and temperature <=25:
        display.scroll("NICE")
    if temperature > 10 and temperature <=20:
        display.scroll("COOL")
    if temperature <=10:
        display.scroll("COLD")

Show the LED message “HOT” until it is cooler than 30.
Show the LED message “WARM” until it is warmer than 30 or it is cooler than 25.
Show the LED message “NICE” until it is warmer than 25 or it is cooler than 20.
Show the LED message “COOL” until it is warmer than 20 or it is cooler than 10.
Show the LED message “COLD” until it is warmer than 10.
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appendix

Recommended Components

Component Part number Supplier
Buzzer 3301-01 Kitronik
Traffic lights LEDs CRTRFC 4tronix
Thermistor 10k NTC Epcos B5786  50-9581 Rapid
Resistor 3K3 1% (for thermistor) 62-7928 Rapid
LDR (Light dependent resistor) NORPS12 58-0132

NSL5112 58-0128
Rapid

Resistor 10K (for LDR) 3003-10K Kitronik
Terminal connector strip (mini) 21-0100 Rapid
4mm plug connecting leads Black  17-2836

Red  17-2839
Yellow  17-2840
Green  17-2838

Rapid
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