Science Design Kit

Tutorial
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DRIVE THE FUTURE



NGSS

5-PS1-3 Matter and Its Interactions : Make observations and

measurements to identify materials based on their properties.

Science - Grade 3-5

Observe a phenomenon in daily life, explore the question---"Why are
electrical wire covered in plastic?” to lead out the concept of
conductivity, and help students get to know conductor and insulator by
experimenting so as to understand the principle of electrical wire and

learn the electrical safety basics.

BOSON Module Image Function




Battery Holder

( 3x AAA batteries

installed)

4.5V Power Supply

MainBoard-110 (m?2)

Supply power for

other modules

Conductivity  Switch

(i112)
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Use with alligator
clips to detect the
conductivity of

objects




Display Module(o11)

Provide visual effect
for users to check

experiment results

BOSON cable *2

Use with 3Pin
Foolproof connector
to connect other

modules

Additional Materials

Image

Function

Electric wires

Experimental Subjects

Wire stripper

Used to peel off the
electrical wire. If you
don’ t have such a
tool, find scissors or

other suitable tools.



https://cn.bing.com/dict/search?q=wire&FORM=BDVSP6&mkt=zh-cn
https://cn.bing.com/dict/search?q=stripper&FORM=BDVSP6&mkt=zh-cn

Please be careful

during the operation.

If we observe the electrical equipment in our home, we can find that the
electrical wires for household appliances are all wrapped in plastic, but
their power plugs are bare metal. Why is that? What is inside an electrical

cord? Why does it have plastic coverings? Take a guess!

After making a supposition about an unknown question, we have to

prove it by performing experiments.

This experiment consists of two parts: 1. Find the component of an
electrical wire; 2. Explore the properties of all component parts and then

explain why electrical wires are covered in plastic.



Part 1 What are the components of an electrical wire?

Preparation

To explore the composition of electrical wire, we have to prepare

electrical cables, and wire stripper (or scissors).

Electrical Wire (Dupont wires are

Wire Stripper used here)

Step

Cut the end of the Dupont wire and peel off its electric skin.

Conclusion

From the above, we can see that the electrical wire mainly has two parts:

wire core, and plastic coverings.



Take a guess, what are the functions of each part of the electrical wire?

Question 1: What is the function of | Supposition 1:

the electrical wire core?

Question 2: What is the function of | Supposition 2:

electrical wire plastic coverings?

We know that an electrical cable is used to transfer power. But which part
of the electrical wire does the work, wire core or plastic coverings? Can
the human body transfer power too? Let’ s look for the answers one by

one through experiments, and record the results in the form below.

Object Can it transfer power?

Wire Core

Plastic Coverings

Human Body

Take out the following module blocks from BOSON Science Design Kit.




Battery Holder (3x AAA

Display Module(o11) MainBoard-110 (m2) batteries installed)
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Conductivity Switch (i12) BOSON cable *2

Step

1. Build an experimental circuit to detect if the wire core, wire plastic

coverings and human body can transfer power?

1-1 Connect the Battery Holder i

ry The cable’s pin header should be plugged in
completely so that it is not easy to pull it out.

and two Module Cables to the

Main Board.




1-2 Connect the Display Module to
the output side of the Main Board

with a Module Cable.

1-3 Clip two alligator clips onto the
two sides of the conductivity switch

respectively.

™Y

1-4 Connect the Conductivity
Switch to the input side of the Main

Board with a Module Cable.

1-5 Switch the Main board “On”

1-6 Press the black button on the
module several times until the

“i12 Conductivity” is displayed.

i12

Conductivitf:




1-7 When the two alligator clips are

connected, if the OLED module

displays a lightning bolt symbol,

the circuit is connected.

2. When the circuit building is finished, make the two alligator clips
contact each other, then there is a lightning bolt symbol
appearing on the screen, which indicates that the electrical power
can be transferred; Separate the two alligator clips, the lightning
bolt sign disappears, which means the power transmission fails.
Therefore, we can clip the two alligator clips onto electrical wire
core, plastic coverings, and human body to test whether they can

transfer power.

2-1 Clip the two alligator clips onto
the two ends of the electrical wire
core, record the result in the form.

(Lightning Bolt Sign Appear/Not)




2-2 Clip the two alligator clips onto
the two ends of the electrical wire
coverings, record the result in the
form.  (Lightning  Bolt  Sign

Appear/Not)

2-3 Hold the two alligator clips
with your bare hands, record the
result in the form. (Lightning Bolt

Sign Appear/Not)

Conclusion

The experiment results are shown below:

Object Can it transfer power?
Electrical Wire Core Yes
Electrical Wire
Coverings No
Human Body Yes

It can be seen from the experiment that only the electrical wire core and

human body can transfer electrical power. Did you guess correctly about

the previous two questions? Let’ s check the right answers.




Question 1: What is the function of

electrical wire core?

Answer: The electrical wire core is

used to transfer electrical power.

Question 2: What is the function of

electrical wire plastic coverings?

Answer: The electrical wire plastic
coverings cannot transfer power,
but electrical power can pass
through our bodies. So, the plastic
coverings can insulate the metal
wire core from human body so as
to protect our safety. (When the
electricity reaches a certain range,
it will cause damage to human
body. We only use a very small
of the

amount electricity in

experiments, so no worries.)

Now you must have known why the electrical wires are always covered in

plastic.

By the experiment we get known that electrical power can pass through

some objects like metal wire core, human body. Actually, objects with

such properties are called conductors. Conversely, objects that cannot




conduct electricity, like plastic, are insulators. Let’ s get to know more

details about the conductor and insulator!

Conductors——Some materials let electricity pass through them easily.

These materials are known as electrical conductors.

Insulators——Some materials do not allow electricity to pass through

them. These materials are known as electrical insulators.

What makes a material a conductor or an insulator? Simply put, electrical
conductors are materials that conduct electricity and insulators are
materials that do not. Whether a substance conducts electricity is

determined by how easily electrons move through it.

Electrical conductivity is dependent on electron movement because
protons and neutrons don't move—they are bound to other protons and

neutrons in atomic nuclei.



5 Electrical Conductors

, ¢ /4 % %

silver gold copper steel sea water

5 Electrical Insulators

[}
rubber glass oil diamond dry wood

*https://www.thoughtco.com/examples-of-electrical-conductors-and-in

sulators-608315

How the Body Conducts Electricity

So why is electricity so dangerous? Electricity flows from one point to
another along anything that will conduct it. One of the better conductive
substances for electricity is water, which happens to represent about 70
percent of the human body. But even with all of that water inside of us,
electricity doesn't flow through the human body unobstructed. It
encounters resistance along the way, which causes some of the energy
from the electric current to turn into heat. That heat from resistance

causes one of the dangers of electricity: burns.

According to the industry regulations, the safe voltage should not be

higher than 36V, and the safe current is TOmA.



Conclusion

In this project, we explored the question about a common
phenomenon—- “Why are electrical wire covered in plastic?” , and
learned what the conductors and insulators are. In fact, there are tons of
scientific principles behind our various daily life phenomenon. Go and

observe things in your everyday life carefully, you will learn more!

That' s all for this lesson. Put all Boson modules in the original box.

Extend

The electrical wires we used at home are always wrapped in plastic
coverings, but why are the high-voltage transmission lines not wrapped

and insulated?




NGSS

4-PS4-2 Build a physical model to explain that when the light reflected

by an object enters our eyes, the object can be seen.

5-ESS1-2 Present data in charts to illustrate how the length and direction
of shadow changes throughout the day, the alternation of day and night,

and seasonal changes of stars.

Science - Grade 3-5

Introduce the light of reflection principle to students starting from the
question “Why does the Moon shine at night?” , then lead them to
observe the phenomenon of light reflection by experimenting to

recognize the nature of light.

BOSON Module Image Function




Battery Holder

( 3x AAA Dbatteries

installed)

4.5V Power Supply

MainBoard-110 (m?2)

for

Supply  power

other modules

Light Sensor (i4)

Detect the intensity of

ambient light

Display Module(o11)

*1

Provide visual effect

for users to check

experiment results

BOSON cable *2

Use with 3Pin
Foolproof connector
to connect other




modules

Additional Materials

Image

Function

Flashlight

Light source

White foam ball

Simulate the moon.

Recommended diameter:

8-12cm

Paperboard Box

Provide a dark
environment for the

experiment




Provide  Mirror and
Mirror / plastic reflective surfaces

for experiments

We often see the moon shining in the dark sky. The moon itself does not
produce any light of its own, but why does it seem bright at night? And if
we observe it carefully enough, we can find that the moon is not

uniformly bright and there are dark shades all over it. Why is that?

Take a guess!

After making suppositions about the unknown question, let’ s test them

by experimenting.




The first part of the experiment will mainly explore the question

"why

does the moon shine at night?” . Then we will move on to the second

part to discuss “why the moon is not uniformly bright?” .

Part 1 Why does the moon shine at night?

Preparation

Use a flashlight (can emit light) to simulate the sun, take a white foam

ball (cannot emit light) as the moon, and the BOSON light sensor as the

human eyes to detect the intensity of light. Observe and think about why

the moon shines at night in the experiment.

Light Sensor (i4)

Display Module(o11)

MainBoard-110 (m2)

Paperboard Box

Flashlight

White foam ball




Battery Holder (3x AAA batteries installed)

BOSON cable *2

Step

1. Build an experimental circuit to detect the intensity of light using

the light sensor.

1-1 Connect the Battery Holder
and two Module Cables to the

Main Board.
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The cable’s pin header should be plugged in
completely so that it is not easy to pull it out.

1-2 Connect the Display Module to
the output side of the Main Board

with a Module Cable.




1-3 Connect the Light Sensor to the
input side of the Main Board with a

Module Cable.

1-4 Build a socket with Lego to fix

the light sensor.

1-5 Switch the Mainboard to ON”

1-6 Press the black button on the

module several times until the “i4

Analog Data” is displayed.

2. After the circuit is built, put it in a big paperboard box (if you can
complete it in a dark environment, then the box is not necessary),

point the round detector of the light sensor at the inner side of




the box, as shown below. It is suggested to fix the light sensor

onto the box with adhesive tape to ensure the accuracy of the

experimental results.

Carry out the three experiments below, and record the results in the

form.

2-1 Record the
light value
displayed on the

OLED module.

Light value:

(Test result: 23)




2-2  Put the
flashlight behind
the light sensor
(do not let the
flashlight  shine
directly on the
light sensor). Turn
on the flashlight
and record the

light value.

Light value:

(Test result: 228)

2-3 Put the white
ball in front of the
flashlight, and
record the light

value.

Light value:

(Test result: 593)

Activity Conclusion

Imagine, if we do this experiment in a very dark environment, then we

can’ t see anything before the flashlight is turned on.

When turning on the flashlight, the light emitted from the flashlight

enters our eyes so we can see it. The foam ball does not produce light,




but it reflects the light of the flashlight into our eyes so it can be seen by

us too.

We can see objects that do not produce light because they can reflect

light.

For instance, at night, we turn on the lamp for reading. The light from the
lamp enters our eyes so we can see it. The book cannot shine, but the
lamp’ s light shines on the book and is reflected into our eyes by the

book, as a result, the book can be seen by us.

Likewise, the moon itself does not emit light, but its surface reflects light

from the sun, so we are able to see it.

Now, you must have known why the Moon shines at night!



In the experiment above, the detected light data becomes larger

gradually from the first to the third group.

When the flashlight is turned on, the paperboard box can be seen,
indicating that the box can reflect light. After putting the white foam ball
inside the box, the detected light value gets larger and the ball looks
brighter than the box, from which we can infer that the white foam ball

can reflect more lights than the paperboard box.

Do different objects has the same ability to reflect light? In the
environment with a same light source, does the object with stronger

reflection look brighter?

Then let" s go back to the previous question, why doesn’ t the moon
seem uniformly bright? Would it have something to do with the surface

of the moon? Fill your supposition in the table below:

Question 1: Do different objects | Supposition 1:

has the same ability to reflect light?

Question 2: Why doesn’ t the | Supposition 2:

moon seem uniformly bright?




Part 2 Why doesn’ t the moon seem uniformly bright?

We can suspect based on the analysis above that the light and dark
patches on the moon are related to the different abilities of the moon’ s

surface to reflect light.

To test different objects’ ability to reflect light, we can use a mirror to
carry out contrast experiments. The two sides of a mirror would be the
experimental objects here since they are in the same size, which can
avoid the effect of size difference on the light reflection. Complete the

experiments below and record the result in the table.
Preparation

The circuit built in the previous experiment will be still used here. The

two sides of a mirror will be the experimental objects.

>

Mirror backside (plastic)

Mirror front side (Metal-coated

glass)




Step

2-1 Let the mirror

face the
Light value:
flashlight, record

the light value. (Test result: 708)

2-2 Let the mirror

backside face the Light value:

flashlight, record (Test result: 291)

the light value.

Conclusion

The experiments show that the mirror front side performs a stronger
ability to reflect light compared with its back side, which states that the
light reflection ability of different objects appears to be distinct, and the

metal-coated surface can reflect more lights than a plastic surface.

The moon is like a big stone that doesn't shine. The moon’ s surface had
what looked like valleys, plains and highlands much like the distinctly
unheavenly surface of the Earth. Moreover, the material composition of

these places is also various. The moon highlands are mainly composed of




light-colored rocks, and have a strong ability to reflect sunlight. So, when
the sun shines on the highlands, they seem brighter. While the valleys
areas are often covered by black volcanic rocks that have a much weaker
ability to reflect light. Then, of course, they look much dimmer by

contrast.

So now you may understand why the moon is not uniformly bright!

Science Background

In our daily life, there are a lot of objects that can make light, and we call
them light sources. On the contrary, the objects that cannot produce
light themselves are non-light sources. Through the experiments, we
learn that human beings can see objects that do not shine by the
reflection of light. Now let’ s get to know the light sources and non-light

sources!



In physics, objects that can make light are called light sources, like the

sun, fluorescent bulbs, burning candles, etc. The objects cannot emit

light are non-light sources, such as table, chair, wall, paper, etc.

Fluorescent Burning

candles

3D O

Table Chair Wall Paper

Reflection of light is the change in direction of a light ray at an interface
between two different media so that the light returns into the medium
from which it originated. It is because of the reflection of light that we

can see objects that do not emit light.



Luminous
object

Non-luminous
object

The reflection of light can be roughly categorized into two types:

specular reflection and diffuse reflection.

Specular reflection is defined as light reflected from a smooth and shiny
surface at a definite angle, for instance, when a light beam falls on a
surface like glass, water or polished metal, it reflects at the same time as

it hit the surface.

Diffuse reflection is the scattering of light that occurs when it reflects off
rough surfaces such as clothes, rocks, etc. Unlike specular reflection,
which is calculated based on the surface angle, diffuse reflection is
calculated based on the structure of the surface itself. For instance, a
rough surface will reflect light at many angles, depending on its bumps,
divots, and grain. Even a very smooth surface, like a wall, produces a
diffuse reflection at many angles, due to the molecular structure of the
material. Diffuse reflection contributes mostly to identifying the object

when compared to specular reflection.



Specular Reflection Diffuse Reflection

Specular reflection and diffuse reflection often occur simultaneously. For
example, sometimes, we may find the specular reflection on the
blackboard since it comes with a very smooth surface, which makes it
hard for us to see the contents on it clearly. But, the lights from the
diffuse reflection of other objects like, ground and wall, can help us

identify the words on the blackboard.

Think about it, when we look in the mirror, what kind of reflection
happened? Can you find some specular and diffuse reflection
phenomena in our daily life? What are the effects of specular reflection

on our everyday life?

Conclusion

In this project, we mainly talk about the question “why does the moon



shine at night?” , and get known to the reflection of light by
experimenting, as well as have a rough understanding of the basics of

specular reflection and diffuse reflection.

Then that' s all for this lesson. Put all BOSON modules and tools back to

the original place.

1. The moon’ s shape appears to be various at different times of a

month, why does the moon change shape?

2. It seems that the moon always shows the same side to us, can we

see other sides of the moon?

In the universe, the sun is a star, the earth is a planet, and the moon is the
permanent natural satellite of the earth. The moon rotates on its axis and
revolves around the earth as the earth revolves around the sun. The
moon’ s period of rotation and revolution are identical. So, one side of

the moon always faces the earth.



Although we can only see one side of the moon, the moon may have
different "shapes” in a month. It could look like a full circle, a half circle, a

crescent, or sometimes it is even invisible. Why is that? Let’ s find out

the answer through a simple experiment.

First, find a dark room (the darker, the better) to simulate the cosmic
environment, prepare a table lamp to simulate the sun, think of our own
head as the earth, and a white foam ball as the moon. Then the

"Sun-Earth-Moon" models are corresponding to the "lamp-head-foam

ball".

Lamp White foam ball

Pencil




1. Carefully piece the ball with the pencil, and hold it with your one

hand.

2. Stand with the white ball at arm’ s length in front of the sun(lamp),
and keep turning to the left slightly to simulate that the moon(ball)

rotates around the earth (your body).

The Sun

3. The lamp is the model of the sun. Keep turning your body to the
left while observing how the lighted portion of the ball looks at

different positions.

Your

positions




* Video for reference:

https://www.youtube.com/watch?v=wz01pTvuMa0

Conclusion

We have known that the moon shines because its surface reflects light
from the sun. In this experiment, as the moon orbits the Earth, we see the
different parts of the lighted area. The revolution of the Moon around
the Earth makes the Moon look as if it is changing shape in the sky.
These are called phases of the Moon. Refer to the figure below to see if
the results of your observation are consistent with the moon phase

chart!

V:ew from First
Quarter
/ Waxmg Phases

Waxing
Gibbous

Waxing
Crescent

View from
Earth

View from
Earth

V iew from
Earth

Wamng Phases

View from
Earth

Waning
Waning Crescent
Gibbous |
iew fr

Last
Quarter



https://www.youtube.com/watch?v=wz01pTvuMa0
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NGSS

5-PS1-3 Make observations and measurements to identify materials
based on their properties.

4-PS3-2 Make observations to provide evidence that energy can be
transferred from one place to another via sound, light, heat, and current.

Science - Grade 3-5

There are many types of materials used in construction and their thermal
insulation capacities are various. What materials are best for building a
comfortable house? In this lesson,we will mainly explore the thermal
insulation performance of wood, plastic, and metal so as to introduce the
concept of heat, leading students to find out which kind of material has
better thermal insulating performance as well as get to know the basics

about heat transfer.



Materials

BOSON Module Image Function
Battery Holder
( 3x AAA batteries 4.5V Power Supply
installed)
Supply power for

MainBoard-110 (m?2)

other modules

Temperature  Sensor

(i11)

Detect environmental

temperature

Display Module(o11)

Provide visual effect
for users to check

experiment results




BOSON cable *2

Use with 3Pin
Foolproof connector
to connect other

modules

Additional Materials

Image

Function

Used for exploring the

thermal insulation

Wooden Cup
performance of wood
Used for exploring the
Plastic Cup thermal insulation
performance of plastic
Used for exploring the
Metal Cup thermal insulation
performance of metal
Fix the temperature
Blu-Tack

sensor




Cup Cap x3 Cover the cups

Temperature
Ice blocks
Experiments

Engage

Whether it's in the hot equatorial region or the cold Arctic, people all
want a very comfortable indoor temperature. Imagine that we have just
arrived at a deserted tropical island, where the scenery is beautiful, but
it's pretty hot... There are three kinds of materials on the island that can
be used to build a house: wood, plastic and metal sheet. If we want to
live in a cool and comfortable house, which one should we choose? Take

a guess!




