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partnership
In 2018-2021, partner schools from Hungary, Lithuania, Portugal and 
Turkey implemented the Erasmus+ School Exchange Partnership 
project “Strengthening an Interdisciplinary Approach for an Effective 
Science Teaching and Learning”. The project addressed the need to 
get new ideas for both teachers and students on the interdisciplinarity 
for teaching/learning. Science subjects and increase the relation of 
educational process to the real life, develop and improve educational 
activities related to Mathematics, Physics, Biology, Chemistry and English 
through an exchange of good practices. The cooperation was related to 
the development of activities based on interdisciplinary approach and 
transnational educational opportunities for participants and provided 
them with new ways to strengthen their competencies and improve 
knowledge as well as raise their motivation to learn/teach Science.

There were short-term exchanges of groups of students and joint 
staff training events for teachers organized in Lithuania, Hungary and 
Portugal. The teaching, learning events aimed on the participating in 
a Sustainability Week, Science and English Learning Week activities, 
international virtual Science Fair, Teachers‘ Rooms for comparing 
and finding the common topics of the curricula, generating ideas for 
interdisciplinary activities - lessons (combining at least two Science 
disciplines), teaching Science subjects and English together (CLIL), 
organizing short-term projects.

Based on the workshops, using skills and knowledge from transnational 
activities, experiencing professional stimuli from one another, schools 
were enriching their educational processes in between the exchanges 
and training events. They organized their own lessons and activities 
using the methodologies discussed, shared the lesson/activity plans, 
applied them in practice and provided colleagues with feedback. 
There was also a common thematically based project “Bee Interested” 
implemented by all partners. The learnings resulted in a collection of 
interdisciplinary Science lessons and activity plans and material (video 
tutorials, handouts) for further inspiration and application in schools. 

Working transnationally gave the partners access to a greater variety 
of solutions for an educational environment that was perceived both 
by teachers and students highly motivating. This was also related to 
transforming the learning process into more relevant, less fragmented, 
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and stimulating experience. It also helped to focus on the content - the 
topics, issues, themes and problems that became subjects of learning. 
It was related to solving „real world” problems and developing skills, 
fostering thinking processes - developmentally appropriate benchmarks 
for students’ learning, such as critical thinking and analysis. The 
collection of material in this book also demonstrates that viability and 
scope of interdisciplinary activities as a pathway to better Science 
teaching and learning is a lot more credible and that success of such 
initiatives is not just limited to one country. 

PARTICIPATING SCHOOLS

MDTO  High School
Mersin, Turkey

Vocational and Technical Anatolian High School is in Mersin Province on 
the south-Mediterranean coast of Turkey. The school is situated close 
to the harbour in Akdeniz district that turned to be attractive for the 
migrant families from neighbourhood cities for better economic and 
social conditions.We have 320 students between the ages of 14-18 and  
a staff of 28 people. At MDTO High School, general studies are provided 
to the students in addition to the vocational lessons to prepare the 
students for higher education opportunities through four years. There 
are both general subjects on the curricula as well as the vocational 
ones. The graduates get into a job in accordance with their branches or 
study further for higher education. We have two separate buildings for 
education activities at school, the building of General subjects (Language, 
Maths, Physics, Chemistry, Biology, etc) and Workshop building which  
is used for practising vocational studies for our students. 

We would like to discover the other regions and will offer new 
perspectives of outside world and good school-based learning 
environments which are very important for the development of qualified 
European labour force in future. Project-based learning contributed 
towards us to develop knowledge and understanding among students 
and educational staff of the diversity of European cultures and languages 
and its value; and to help young people acquire the basic life-skills and 
competencies necessary for their personal development, for future 
employment and for active European citizenship and most of all to be 
proud of being European

As a school, we are experienced in projects. We had a Leonardo Da Vinci 
Project Partnership on Counselling - Guiding services for the students. 
(http://careforvet.eu/) Our project coordinator has participated in a 
workshop in Italy for CLIL Workshop and coordinated an EU project 
coordinated on Guidance System.. The headmaster of the school is 
experienced in carrying out projects at national level. All of the key 
persons involved in the project take the responsibility of developing 
institutional capacity via national and international projects to collect 
and report data related to the project. They have the ability to organize, 
work and cooperate in an international learning event, good command  

participating schools

Aim of the book 
This book is intended for teachers 
and provides lesson and activity 
plans and a description of success- 
fully implemented common short-
term Science projects with referen- 
ces to additional materials and  
instructables. 

We hope this publication will 
become the source for new ideas  
and inspirations to organise 
and develop more engaging 
interdisciplinary and CLIL activi-
ties for 15-18 year old students 
who learn Mathematics, Physics, 
Chemistry, Biology, and English. 
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in using English, share their personal and institutional experience at 
large, have the networking skills and open to communication. The school 
has an expertise in organizing short-term Science projects for students.

Contact details

Contact person: Özgür Ali NUR
Phone number: +90 324 2339899
E-mail: denizcilik33@gmail.com
Webpage: http://mersinadml.meb.k12.tr

Agrupamento de Escolas Daniel Sampaio
Lisbon, Portugal

AE Daniel Sampaio is a public educational organization with 7 different 
units from kindergarten to upper secondary school, with 3000 students, 
and a centralized management. For this project, we are aiming for the 
secondary school which is part of the head unit. Our school, the head 
unit, has 1000 students and 100 teachers, and it’s located in the suburban 
area of Lisbon in an administrative region of 174 000 inhabitants, working 
mainly in the sector of services.

On the general level, the school has been building their international 
program for the last 18 years through former Comenius and Erasmus+ 
KA2 multilateral partnerships, together with bilateral partnerships for 
student exchanges, having then a long and rich experience, documented 
in www.clubeuropeu.wordpress.com. 

On the specific level, being a school with a long tradition both on 
science programs and international ones, it was a success to have 
joined several E+ KA2 partnerships, which allowed the school to engage, 
science teachers and students in a science curricular projects; plus, 
the interdisciplinary dimension added to these projects will enhance 
the attractiveness of science teaching/learning, aiming more task and 
project-oriented methodologies, which are not unknown to school as 
the interdisciplinary practice a core part of its Educational Project and a 
main drive in the national curricula.

Contact details

School principal: Sara Moura
Coordinator: Fernando Rebelo
Website: https://ae-danielsampaio.pt/website/pt/

Jedlik Ányos Gimnázium
Budapest, Hungary 

General information 

Our school is a prestigious institution in Csepel, Budapest, highly 
appreciated by the local community. Generations of families come to 
this school and many colleagues have also been teaching here since the 
beginning of their careers. The number of teachers is 64. On average 
700 students attend our school and each year 78% of the school-
leavers continue their studies at universities. Most of our students take 
part in a 4-year course between the ages of 14 and 18. On the 4-year 
courses, students can specialize in Sciences, Languages, IT or Sports. 
All the students learn two foreign languages, which they can choose 
from English, German, French, Italian and Spanish. We are proud of our 
students’ great successes in both national and international competitions 
and the school’s international relations that date back to 1984. 

Sciences and languages

The school has a strong academic background in both teaching sciences 
and language acquisition which are the key areas of the INTEReST 
project. Our students participate in numerous national science and 
language competitions, furthermore, we organize a yearly contest for our 
local partner schools on physics. The science department organizes the 
Project Week of Sustainability every year and the school is equipped with 
a professional laboratory for teaching sciences. 

International experiences

International relations have always played a significant role in the 
school’s life. Some of them are regular and some take place occasionally.

We have participated in different educational programs of the EU 
(Comenius, Erasmus+)

Currently we run two student exchanges with the Gymnasium 
Holthausen, Hattingen (DE) and with the Escola Secundária Daniel 
Sampaio, Almada (PT). These programs enable 30-40 students every  
year to practice languages and get acquainted with different cultures.
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Kielce (Poland) is the twin city of Csepel, that is the reason why  
from time to time common projects are carried out, often with  
the participation of our students.  

Contact details

School principal: Bese Benő
Project coordinator: Kohut Judit
Website: www.jedlik.hu

Pakruojis “Atžalynas“ Gymnasium
Pakruojis, Lithuania

Pakruojis “ Atžalynas“ Gymnasium is providing education for  
308 students of 1-4 classes (aged 15-19). There are 12 class groups.  
Our gymnasium is the only purified gymnasium in Pakruojis district.  
39 high-qualified teachers are working in the Gymnasium. 19 of them 
have a teacher methodologist qualification category, 14 of them -  
a senior teacher category. There is also a social educator, a psychologist,  
3 headmaster’s assistants. Formal secondary and non-formal education  
is provided in the gymnasium. 

The understanding of quality in the educational process of teaching 
science is the agreement between the school community members.  
To reach better results teachers use various innovative methods and 
their experience from different projects. The participation in the 
INTEReST project for strengthening the interdisciplinarity in teaching 
Mathematics, Physics, Biology and Chemistry was a great input into their 
efforts to make the teaching and learning process a success while being 
able to learn more, share and apply the most acceptable and value-added 
approaches. 

Contact details

School principal: Rasa Bertulienė
Project coordinator: Rima Leimontienė
School website: www.atzalynas.net 
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float and surf Since the line of gravity must fall 
on the support base for stability, 
two additional factors affect body 
stability:

 • The size of the support   
 base of an object.

 • Proximity to the center of  
 mass (CM) from the base.  

Material

 • Clamp 
 • Stand 
 • Ruler 
 • Plumb line 
 • Pencil 
 • Mini surfboard (or similar) 

Stability is an important factor in 
many sports, like surf, and in human 
movement activities which depends 
on the position of the center of 
mass. The center of mass (CM) of 
a system of particles (body) is a 
point where it is considered to be 
the entire mass of the system and 
applied the resultant of the forces 
acting on the system. 

The Human body center of mass 
constantly changes according to the 
activity that is being performed. It is 
important for stability and balance. 
Since the human body is not a rigid 
body, the location of the center of 
mass depends on the position of the 
limbs and the distribution of mass 
throughout the body. To maintain 
the balance of the human body, the 
gravity line must always be on top 
of the support base (which in the 
human body is the feet). When the 
body moves and the center of mass 
moves out of the support base, the 
individual loses balance.

The most important thing for a 
beginning surfer to learn about is 
balance. If the downward force of 
gravity and the upward force of 
buoyancy are in line, they add to 
zero and the things are stable.
Now we are going to locate the 
center of mass of an irregular object 
(like a surfboard), and of the human 
body. 

ACTIVITY FOR STUDENTS
“How can surfers maintain  
balance when they stand up  
on top of their boards?” 

“What happens when a surfer 
stands near the front or back  
of the board?” 

Experimental procedure 

1.  Mark the mini surfboard three points anywhere on the border. 
2.  Choose one of the points, hang the mini surfboard by that point   

 and mark on the mini surfboard a vertical line that goes through  
 that same point. 

3.  Repeat the procedure for the other two points. 
4.  Mark the intersection point of the three lines. This point indicates  

 the position of the center of mass of the mini surfboard.  
 Mark the center of mass with CM. 

5.  Try to balance the mini surfboard on top of the universal    
 stand. 

Write down the results. 

PART A – CENTER OF MASS OF THE  
      SURF BOARD

COUNTRY: Portugal 
SCHOOL: Daniel Sampaio Secondary School
TEACHER/SUBJECT 1: Telma Rodrigues and Carla Vaz / Biology  
TEACHER/SUBJECT 2: Paula Paiva / Chemistry & Chemistry
TEACHER/SUBJECT 3: Ana Cristina Santos / Maths
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Results

 

Discussion

1. In what position does the body 
have higher balance? 

Conclusion 

Try answering the initial problem: 
“What happens when a surfer stands  
near the front or back of the board?”
 

PART B - CENTER OF MASS AND BALANCE OF 
THE HUMAN BODY 

Material 

• 2 digital or analogical scales 
• 1 wooden board 
• 1 measuring tape 

 

Experimental procedure 

1. Select one of your groupmates, measure its mass (M) and its  
height (D);

2.  With the available material elaborate the assembly according to   
the figure.

3.  Measures the mass corresponding to m1 and m2 on their scales; 
4. Calculate the position of your colleague’s center of mass using   

the next expression: 

5.  Repeat the previous experimental procedure by selecting a  
     colleague of another gender.  

2. Being aware of this experimen-
tal procedure, imagine what could 
happen when a surfer stands near 
the back of the board. 

  d =    g = 9,8 ms-2

where:  
d = position of the center of mass (distance measure from the head)
N2 = force exerced by the board on the feet

∙

∙
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In humans, the temperature considered normal for healthy adults 
comprises values close to 37 º C. Values below 35º C (hypothermia)  
or above 38º C (hyperthermia) can bring health problems and should 
be monitored and avoided, that is, the temperature acts like a limiting 
factor. 

Homeostasis literally means “same state” and it refers to the process 
of keeping the internal body environment in a steady state, when the 
external environment is changed. The importance of this cannot be 
overstressed, as it allows enzymes to be ‘fine-tuned’ to a particular set of 
conditions, and so to operate more efficiently. One of the most important 
examples of homeostasis is the regulation of body temperature. Not 
all animals can do this physiologically. Animals that maintain a fairly 
constant body temperature (birds and mammals) are called endotherms, 
while those that have a variable body temperature  
(all others) are called ectotherms. 

Discussion 

What’s the main difference between  
the center of mass in both colleagues?  
Try to explain why this happens. 

Try answering the initial problem: 
“How can surfers maintain balance when they stand up on top of their 
boards?”

Conclusion

Why do surfers use a wetsuit?” 

How does body temperature regulation in man works?

Results
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Now you are going to check some of these reactions by following this 
procedure: 

Material 

• 3 containers 
• Cold, hot and tap water 

Experimental Procedure 

1. Fill three containers, respectively, with very cold water 
(approximately 4 ° C), hot water (approximately 45 ° C) and tap 
water (approximately 20 ° C). 

2. Put your right hand in the container with hot water for 10 minutes 
and your left hand in the container with cold water (fig. 1). 

3. Remove both hands, observe and write down:  
 a. The color of the hands  
 b. The signs of sweat in the hands 

4. Repeat step 2, but only for 5 minutes. 
5. Remove your hands and place them simultaneously in the 

container with tap water. 6. Write down the sensation obtained in 
each hand. 

Results 

Discussion

How can you explain the results obtained in point 3.  

 

Being aware that in most regions the sea temperature can be 
several degrees under the body temperature, what effects could 
this prolonged exposure have in surfers?  

Conclusion 

Try answering the initial problem: Why do surfers use a wetsuit?” 

HOT WATER HOT WATERTAP WATER TAP WATERCOLD WATER COLD WATER
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“What is a wave?”
“What are the physical characteristics of a wave?”  

 

When directly generated and affected by local waters, a wind wave 
system is called a wind sea. After the wind ceases to blow, wind waves 
are called swells.

The passage of waves on the sea surface corresponds to a 
succession of crest (higher points of the surface) and trough 
(depressions of the surface). 
The representation of the propagation of a wave in the x direction can be 
illustrated like this: 

To help you answer these questions you will build a „wave machine” by 
following this procedure: 

Material 

Experimental Procedure 

1. Clamp two stands to the table and set up another two, 2 meters 
away. Place a rigid rod between the stands. The two rods should be 
at the same height. 

2. With duct tape attach each end of the tape to each of the rods. Be 
careful, the tape must be loose, not completely stretched. 

3. At each end of the kebab sticks put one of the jelly babies.  
Your wave machine is ready. 

4. Start with a single pulse. Write down what you observe. 
5. Try changing the amplitude of a wave. Write down the procedure.
6. If you oscillate the jelly babies up and down more quickly, what do 

you observe? Write down the results. 
7. Try to figure out a way to change the speed of the wave. Write 

down the procedure. 

Results 

Surface waves correspond to a 
phenomenon of interaction between 
the ocean and the atmosphere and 
whose generation is caused directly 
by the action of the wind. 
Sea waves are classified into Wind 
Sea and Swell.  

• 2 roads 
• 4 clamp 
• 4 stands 
• jelly babies 
• duct tape with 

kebab sticks



22 23

“Why do the waves break as they approach the beach?”

When waves approach to the beach they reach shallow waters and the 
wave celerity decreases because they feel the friction of the seabed 
so the wavelength decreases and the wave height increases very fast. 
The wave becomes unstable and breaks. So when the ratio between the 
height of the wave and the wavelength exceeds 1/7, the wave breaks.  
The ratio between the height of the wave and the wavelength (H/L) is 
called wave steepness (H/D). 

“What is the best wave to surf?” 

In the figure are represented three types of wave breaking as the bottom 
slope where the wave breaks. 

 

Discussion 

Looking at the table below, try to identify the factor and explain 
how it changes the wave celerity. 

1. What factor influences the wave celerity in the sea? 
2. How can you compare the energy of two different waves, for example, 
one wave twice higher than the other?

Conclusion 

Try answering the initial problem:  
What is a wave? What are the  
physical characteristics of a wave?”) 

Spilling or rolling 

Spilling breakers occur 
as waves travel across a 
gently sloping the sea floor 
near the beach. The wave 
breaks long and slow, losing 
its energy as white water 
spilling from the crest down 
the front of the wave. These 
are the ideal waves for 
initials because they break 
gently with low energy and 
don’t curl.

6. If you oscillate the jelly babies up and down more quickly, what do you observe? Write down the 
results. 

7. Try to figure out a way to change the speed of the wave. Write down the procedure. 
 
Results 
4. I see a disturbance that travels from beginning of the machine to the end because we see the marshmallows 

moving up and down but they´re clearly not moving through the machine it's the disturbance that goes from one 

side to the other side. 

5. I can change the amplitude of a wave by simply lifting the marshmallows higher. 

6. I get waves of a shorter wavelength and a higher frequency. 

7. Removing some jelly babies, a little over half. What is observed is that the waves cross the boundary from the 
part of the machine that has the jelly babies to the part without the jelly babies they speed up just like light waves 
speed up as they move from glass into air. 
 
Discussion 

 
Looking at the table below try to identify the factor and explain how it change the wave celerity. 
 

Relative Depth Wave type Wave celerity Wave energy 

 Shallow water wave  

 
 Deep water wave  

 
Intermediate depth 

wave  

 

g – gravity acceleration   ;   D – depth   ;   tanh – hyperbolic tangent   ;    – sea water density 
(1035kg/m3) 

 
1. What factor influence the wave celerity in the sea?  
 The factor that influences the wave celerity is the depth. 
 In deep water the velocity of wave propagation depends on the characteristics of the wave that is depend 

on its lenght (L):    Wave velocity is proportional to the square root of the wavelength. 

 In shallow water the velocity of propagation depends on the depth of the water (D):    

Wave velocity is       proportional to the square root of the depth. 

 
2. How can you compare the energy of two different waves, for example, one wave twice  higher 

than the other? 
    The energy of the wave is proportional to the square of its 

height. 
So a wave twice as high as another wave has four times more energy. 
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float and surf

Stability is an important factor in 
many sports, like surf, and in human 
movement activities which depends 
on the position of the center of 
mass. The center of mass (CM) of 
a system of particles (body) is a 
point where it is considered to be 
the entire mass of the system and 
applied the resultant of the forces 
acting on the system. 

The Human body center of mass 
constantly changes according to the 
activity that is being performed. It is 
important for stability and balance. 
Since the human body is not a rigid 
body, the location of the center of 
mass depends on the position of the 
limbs and the distribution of mass 
throughout the body. To maintain 
the balance of the human body, the 
gravity line must always be on top 
of the support base (which in the 
human body is the feet). When the 
body moves and the center of mass 
moves out of the support base, the 
individual loses balance.

TEACHERS GUIDELINE
“How can surfers maintain 
balance when they stand up 
on top of their boards?” 

“What happens when a surfer 
stands near the front or back 
of the board?” 

Plunging or dumping 

Plunging breakers occur as waves approach moderate to steep bottoms. 
The wave becomes steeper than a spilling breaker and the crest falls as 
a well-defined curl, falling forward with considerable energy. The tube 
that forms as these waves hit the shore at an angle and progress across 
the shoreline. These waves are preferred by professional surfers because 
the crest falls with a well-defined curve and with considerable energy 
forming a tube that progresses along the coast. 

Surging

Surging breakers occur when long wave period, low amplitude waves 
approach moderately steep shores. The wave doesn’t break or curl; it 
builds up and then slides rapidly up the beach with less foam than the 
other two breakers. These are the most dangerous waves because they 
break against the shore and roll with a lot of energy.

COUNTRY: Portugal 
SCHOOL: Daniel Sampaio Secondary School
TEACHER/SUBJECT 1: Telma Rodrigues and Carla Vaz / Biology  
TEACHER/SUBJECT 2: Paula Paiva / Chemistry & Chemistry
TEACHER/SUBJECT 3: Ana Cristina Santos / Maths



26 27

Since the line of gravity must fall 
on the support base for stability, 
two additional factors affect body 
stability:

 • The size of the support   
 base of an object.

 • Proximity to the center of  
 mass (CM) from the base.  

Material

 • Clamp 
 • Stand 
 • Ruler 
 • Plumb line 
 • Pencil 
 • Mini surfboard (or similar) 

The most important thing for a 
beginning surfer to learn about is 
balance. If the downward force of 
gravity and the upward force of 
buoyancy are in line, they add to 
zero and the things are stable.
Now we are going to locate the 
center of mass of an irregular object 
(like a surfboard), and of the human 
body. 

PART A – CENTER OF MASS OF THE  
      SURF BOARD

Experimental procedure 

1.  Mark the mini surfboard three points anywhere on the border. 
2.  Choose one of the points, hang the mini surfboard by that point   

 and mark on the mini surfboard a vertical line that goes through  
 that same point. 

3.  Repeat the procedure for the other two points. 
4.  Mark the intersection point of the three lines. This point indicates  

 the position of the center of mass of the mini surfboard.  
 Mark the center of mass with CM. 

5.  Try to balance the mini surfboard on top of the universal    
 stand. 

Write down the results. 

Results

When we try to balance  
the mini surfboard off this  
center of mass point, it  
loses stability and falls. 

Discussion

1. In what position does the body 
have higher balance? 

A body has higher balance when 
supported by its center of mass.

Conclusion 
 

As soon as the surfer moves to the 
back her gravitational force now 
shifts away from the center and 
points downward from the back 
edge. This shift in the location of  
the force creates a torque (any 
force that creates a tendency to 
rotate) and rotates the back of 
the board into the water. As this 
happens, more of the back of 
the board is submerged, which 
completely changes the strength 
of the buoyancy force and shifts it 
back to the newly submerged part 
of the board. This readjustment 
continues until the gravitational 
force and buoyant force generally 
balance out, removing the torque 
but now leaving a new form of 
equilibrium—with the back end 

2. Being aware of this experimen-
tal procedure, imagine what could 
happen when a surfer stands near 
the back of the board. 

of the board submerged and 
the front part out of the water. 
This setup is helpful for braking, 
since the board is now dipping 
vertically into the water, which 
increases resistance to water 
flow, and helps to slow the surfer 
down. 
The same idea can be applied if 
the surfer moves to the front of 
the board. In this case, the force 
of buoyancy will shift forward to 
balance the gravitational force at 
the front edge. Similar principles 
would allow for turning by 
shifting weight to the left or right 
side of the board. 

Try answering the initial problem: 
“What happens when a surfer stands near the front or  back of the board?”
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PART B - CENTER OF MASS AND BALANCE OF 
THE HUMAN BODY 

Material 

• 2 digital or analogical scales 
• 1 wooden board 
• 1 measuring tape 

 

Experimental procedure 

1. Select one of your groupmates, measure its mass (M) and its  
height (D);

2.  With the available material elaborate the assembly according to   
the figure.

3.  Measures the mass corresponding to m1 and m2 on their scales; 
4. Calculate the position of your colleague’s center of mass using   

the next expression: 

5.   Repeat the previous experimental procedure by selecting a  
      colleague of another gender.  

Results

Discussion 

1. What’s the main difference between the center of mass in both 
colleagues? Try to explain why this happens.  
The center of mass is different for males and females; females’ 
centers of mass are lower than those of males; the man has the 
biggest mass in the trunk and the females in lower limbs. 

• A person’s center of mass is slightly below his/her belly button, 
which is nearly the geometric center of a person. 

• Males and females have different centers of mass- females’ centers 
of mass are lower than those of males. 

• If the surfer is in the center of the board, then gravity pulls him 
down from her center of mass and he is stable. 

In humans, the temperature considered normal for healthy adults 
comprises values close to 37 º C. Values below 35º C (hypothermia)  
or above 38º C (hyperthermia) can bring health problems and should 
be monitored and avoided, that is, the temperature acts like a limiting 
factor. 

Homeostasis literally means “same state” and it refers to the process 
of keeping the internal body environment in a steady state, when the 
external environment is changed. The importance of this cannot be 
overstressed, as it allows enzymes to be ‘fine-tuned’ to a particular set of 
conditions, and so to operate more efficiently. One of the most important 
examples of homeostasis is the regulation of body temperature. Not 
all animals can do this physiologically. Animals that maintain a fairly 
constant body temperature (birds and mammals) are called endotherms, 
while those that have a variable body temperature  
(all others) are called ectotherms. 

Try answering the initial problem: 
“How can surfers maintain balance when they stand up on top of their 
boards?”

Conclusion

Why do surfers use a wetsuit?” 

How does body temperature 
regulation in man works?

  d =    g = 9,8 ms-2

where:  
d = position of the center of mass (distance measure from the head)
N2 = force exerced by the board on the feet

∙

∙
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Now you are going to check some of these reactions by following this 
procedure: 

Material 

• 3 containers 
• Cold, hot and tap water 

Experimental Procedure 

1. Fill three containers, respectively, with very cold water 
(approximately 4 ° C), hot water (approximately 45 ° C) and tap 
water (approximately 20 ° C). 

2. Put your right hand in the container with hot water for 10 minutes 
and your left hand in the container with cold water (fig. 1). 

3. Remove both hands, observe and write down:  
 a. The color of the hands  
 b. The signs of sweat in the hands 

4. Repeat step 2, but only for 5 minutes. 
5. Remove your hands and place them simultaneously in the 

container with tap water. 6. Write down the sensation obtained in 
each hand. 

Results 

     3. a. The hand in cold water is whitish and the other is redish. 
 b. Only the hand placed in the hot water shows signs of sweat 
     6.  The hand that was in the cold water when placed in the tap water  
 felt it warmer. The hand that was in the hot water when placed in  
 the tap water felt it colder. 

HOT WATER HOT WATERTAP WATER TAP WATERCOLD WATER COLD WATER

Discussion

How can you explain the results obtained in point 3.  

• Vasoconstriction/vasodilation 
• Sweating. The sweat has the function of carrying water out of the 

body and as this liquid is a good conductor of heat, its evaporation 
causes the cooling of the organism  

Being aware that in most regions the sea temperature can be 
several degrees under the body temperature, what effects could 
this prolonged exposure have in surfers?  

When exposed to cold temperatures, the body of the surfer will start 
to lose more quickly heat than the one that can be produced, resulting 
in hypothermia. The body temperature that is too low, affects the 
brain, causing the person to be unable to think clearly or move. The 
cardiovascular apparatus reacts immediately by elevating blood pressure, 
the blood vessels are contracted, decreasing the flow of blood to the skin 
and other organs, while the pulsation (heart rate) decreases rapidly and 
progressively. This can cause a heart attack. 

Conclusion 

Try answering the initial problem: Why do surfers use a wetsuit?” 

Surfers use a wetsuit to prevent their body temperature to go under 
certain limits. If the body is constantly subjected to low temperatures 
he doesn’t have the capacity to develop mechanisms to reestablish 
homeostasis and that would lead them to hypothermia.  
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“What is a wave?”
“What are the physical characteristics of a wave?” 

 
When directly generated and affected by local waters, a wind wave 
system is called a wind sea. After the wind ceases to blow, wind waves 
are called swells.

The passage of waves on the sea surface corresponds to a 
succession of crest (higher points of the surface) and trough 
(depressions of the surface). 
The representation of the propagation of a wave in the x direction can be 
illustrated like this: 

To help you answer these questions you will build a „wave machine” by 
following this procedure: 

Material 

• 2 roads 
• 4 clamp 
• 4 stands 
• jelly babies 
• duct tape with kebab sticks 

Experimental Procedure 

1. Clamp two stands to the table and set up another two, 2 meters 
away. Place a rigid rod between the stands. The two rods should be 
at the same height. 

2. With duct tape attach each end of the tape to each of the rods. Be 
careful, the tape must be loose, not completely stretched. 

3. At each end of the kebab sticks put one of the jelly babies.  
Your wave machine is ready. 

4. Start with a single pulse. Write down what you observe. 
5. Try changing the amplitude of a wave. Write down the procedure.
6. If you oscillate the jelly babies up and down more quickly, what do 

you observe? Write down the results. 
7. Try to figure out a way to change the speed of the wave. Write 

down the procedure. 

Results 

      4.  I see a disturbance that  
 travels from the beginning  
 of the machine to the end  
 because we see the marsh- 
 mallows moving up and  
 down but they’re clearly  
 not moving through the  
 machine. It’s the disturban- 
 ce that goes from one side  
 to the other side. 
      5.  I can change the amplitude  
 of a wave by simply lifting  
 the marshmallows higher. 
      6.  I get waves of a shorter wavelength and a higher frequency. 
      7.   Removing some jelly babies, a little over half. What is observed is  
 that the waves cross the boundary from the part of the machine  
 that has the jelly babies to the part without the jelly babies; they  
 speed up just like light waves speed up as they move from glass  
 into air. 

Surface waves correspond to a 
phenomenon of interaction between 
the ocean and the atmosphere and 
whose generation is caused directly 
by the action of the wind. 
Sea waves are classified into Wind 
Sea and Swell.  
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Discussion 

Looking at the table below, try to identify the factor and explain 
how it changes the wave celerity. 

 

1. Which factor influences the wave celerity in the sea?  

• The factor that influences the wave celerity is the depth. 
• In deep water the velocity of wave propagation depends on  

the characteristics of the wave that is depend on its lenght (L):  
  
 C ≈                  = 1,25√L  
 
Wave velocity is proportional to the square root of the 
wavelength. 

• In shallow water the velocity of propagation depends on the 
depth of the water (D): C = √gD = 3,1√D 
Wave velocity is proportional to the square root of the depth.  

How can you compare the energy of two different waves, for 
example, one wave twice higher than the other?  
 
  E =                     H2                                   E ≈ 634   H2 
 
The energy of the wave is proportional to the square of its height.  
So a wave twice as high as another wave has four times more 
energy.

Conclusion 

Try answering the initial problem:  
What is a wave? What are the physical characteristics of a wave?”) 

• Wave is a disturbance that spreads over time carrying energy.
• Wave height (H) is the vertical distance between a crest and  

a trough and its 
• Amplitude (a) corresponds to half the height.  
• The horizontal distance between two consecutive crests (or two 

trough) is called the wavelength (L). 
• The time required for the wave to travel the distance of a 

wavelength is defined by Period (T).
• The inverse of period is called frequency (f = 1/T). 
• The propagation velocity of the wave is called the wave  

speed or celerity (c=L/T). 

6. If you oscillate the jelly babies up and down more quickly, what do you observe? Write down the 
results. 

7. Try to figure out a way to change the speed of the wave. Write down the procedure. 
 
Results 
4. I see a disturbance that travels from beginning of the machine to the end because we see the marshmallows 

moving up and down but they´re clearly not moving through the machine it's the disturbance that goes from one 

side to the other side. 

5. I can change the amplitude of a wave by simply lifting the marshmallows higher. 

6. I get waves of a shorter wavelength and a higher frequency. 

7. Removing some jelly babies, a little over half. What is observed is that the waves cross the boundary from the 
part of the machine that has the jelly babies to the part without the jelly babies they speed up just like light waves 
speed up as they move from glass into air. 
 
Discussion 

 
Looking at the table below try to identify the factor and explain how it change the wave celerity. 
 

Relative Depth Wave type Wave celerity Wave energy 

 Shallow water wave  

 
 Deep water wave  

 
Intermediate depth 

wave  

 

g – gravity acceleration   ;   D – depth   ;   tanh – hyperbolic tangent   ;    – sea water density 
(1035kg/m3) 

 
1. What factor influence the wave celerity in the sea?  
 The factor that influences the wave celerity is the depth. 
 In deep water the velocity of wave propagation depends on the characteristics of the wave that is depend 

on its lenght (L):    Wave velocity is proportional to the square root of the wavelength. 

 In shallow water the velocity of propagation depends on the depth of the water (D):    

Wave velocity is       proportional to the square root of the depth. 

 
2. How can you compare the energy of two different waves, for example, one wave twice  higher 

than the other? 
    The energy of the wave is proportional to the square of its 

height. 
So a wave twice as high as another wave has four times more energy. 

 
 

gL
2π

1035×9,8
16 ∙ ∙
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“Why do the waves break as they approach the beach?” 

When waves approach to the beach they reach shallow waters and the 
wave celerity decreases because they feel the friction of the seabed 
so the wavelength decreases and the wave height increases very fast. 
The wave becomes unstable and breaks. So when the ratio between the 
height of the wave and the wavelength exceeds 1/7, the wave breaks.  
The ratio between the height of the wave and the wavelength (H/L) is 
called wave steepness (H/D). 

“What is the best wave to surf?” 

In the figure are represented three types of wave breaking as the bottom 
slope where the wave breaks.  

 

The physics of surfing
www.youtube.com/watch?v=5nCcE-jABSo

Spilling or rolling 

Spilling breakers occur 
as waves travel across a 
gently sloping the sea floor 
near the beach. The wave 
breaks long and slow, losing 
its energy as white water 
spilling from the crest down 
the front of the wave. These 
are the ideal waves for 
initials because they break 
gently with low energy and 
don’t curl.

Plunging or dumping 

Plunging breakers occur as waves approach moderate to steep bottoms. 
The wave becomes steeper than a spilling breaker and the crest falls as 
a well-defined curl, falling forward with considerable energy. The tube 
that forms as these waves hit the shore at an angle and progress across 
the shoreline. These waves are preferred by professional surfers because 
the crest falls with a well-defined curve and with considerable energy 
forming a tube that progresses along the coast. 

Surging

Surging breakers occur when long wave period, low amplitude waves 
approach moderately steep shores. The wave doesn’t break or curl; it 
builds up and then slides rapidly up the beach with less foam than the 
other two breakers. These are the most dangerous waves because they 
break against the shore and roll with a lot of energy.
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neutralization reaction

Country: Turkey
School: MERSİN	DENİZ	TİCARET	ODASI	MESLEKİ	VE	TEKNİK	ANADOLU	LİSESİ
TEACHER/SUBJECT 1: FERDA	ÜLKÜ	YAVUZ	/	Chemistry
TEACHER/SUBJECT 2: Taylan	ÇİFTÇİ	/	Maths

LESSON PLAN

Title and topic Neutralization Reaction

Level (age of 
students/form) 10th grade (15-16 years old)

ICT support, 
equipment needed

• Information	Book
• Idea	development	book
• Product development book
• Erlenmeyer (1 for each group)
• Burette (1 for each group)
• Indicator	(phenolphthalein)
• Vernier pH sensor
• Millimeter graphic paper
• 0.2 M HCl
• 0.2 M NaOh

Teaching aims

CHEMISTRY
• This lesson shows the reactions 

between acids and bases. Learns 
acidity and basicity with PH 
concept(notion). Allows data to be 
shown in the table. Observes the 
effects of mineral water and acidic 
beverages(drinks) on the digestive 
system.

MATHS 
• Displaying data in graphs.
• Interprets	the	data	groups	that	reflect	

the real life situation by representing 
the appropriate graph types.

• A comparison of more than two data 
groups is also included.

• Spread and box graphics are not 
included.

Learning outcomes

Students will be able to:
• The meaning of safety signs that 

must be followed in the laboratory 
knows and implements.

• Can work in group.
• Knows	and	applies	a	series	of	steps	in	

the production process.
• Applier a mathematical knowledge or 

modeling to everyday life.

Methodologies/
methods

• Getting information
• İdea	development
• Product development
• Testing
• Sharing
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Lesson/activity 
phases and timing  
teacher’s activities/
action
students’ activities/
action

• First, examines the effectiveness of 
the main drug substances sold as 
antacids. 

• Examines the acid-base reactions 
of molecules used as the main 
ingredient of antacid tablets 

• The information is distributed to 
the students as a worksheet in the 
classroom and allows them to be 
read. 

• In	this	way,	students	perceive	the	
problem. 

• The students learn the reactions, the 
effects of acids and bases on metals 
and the information about them from 
previous course teachers.  

• In	order	to	attract	the	attention	of	the	
students and increase their abilities, 
the following question is asked. 

• Through the question, students 
are provided with control of the 
preliminary information about the 
subject.

Evaluation/
Evaluation tool 
Assessment Options

Assessment Options 

1. Have students learn about acids
and bases.

2. Create mixed questions,

including acid or base states of
substances.

3. Have students solve the
questions with the laboratory
materials used.

4. By using laboratory materials,
students should solve their
questions and learn about the
acidity and basicity of the
substance.

Materials, resources, 
worksheets

• lab materials
• books about chemistry
• worksheets

Additional 
information (if any) 

Annexes (evaluation tools, handouts, etc.)
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Question
Image	of	a	statue	made	of	limestone	between	1975-1985.
What is the reason for this change in the statue?
Define	on	the	basis	of	acid	base.

Title and topic The length of daylight in  
INTEReST	cities

Level (age of 
students/form) 11th grade (17 years)

ICT support, 
equipment needed calculator, computer-projector

Teaching aims

• data set representation as a function
• function curve recognition, analysis, 

special points interpretation 
(inflection	point,	maximum,	minimum,	
frequency, amplitude,)

• effect of light on living organisms

Learning outcomes

• building the need to write down 
everyday	experiences	scientifically

• so	students	will	be	able	to	find	
relations between seemingly different 
parts of life

Methodologies/
methods group work, frontal work

COUNTRY: Hungary
SCHOOL: Jedlik Ányos Gimnázium
TEACHER/SUBJECT 1: Réka	Kulinyi		/	Math
TEACHER/SUBJECT 2: Tamás Radnai / Physics
TEACHER/SUBJECT 3: Tamás Hidvégi / Biology

LESSON PLAN

length of daylight
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Lesson/activity 
phases and timing  
teacher’s activities/
action
students’ activities/
action

0-15’: represent data on premade 
worksheets (group work)

15-17’:	find	similarities	and	differences	of	
the city’s different datas (group work)

17-22’:	find	the	mathematical/physical	
parameters of the curve (frequency, 
amplitude, mean)

22-25’: match these mathematical 
parameters with geographical data

25-30’: conclude (one person per group 
presents their results)

30-35’:	Illustration	of	Earth	motion	around	
Sun causing strange shape of lit parts 
of Earth

.
35-40’: Discuss The paradox of same 

average amount of sun during the 
year, but not the same amount of 
sunshine => tilt angle of the sun

Lesson/activity 
phases and 
timing  
teacher’s 
activities/
action
students’ 
activities/
action

40-45’: Biological Effects => Plants react 
to the amount of light during the 
year. CO2 concentration depends 
on trees falling their leaves. 

Bonus: Considering the main topic of our 
Erasmus+ project (sustainability) after the last 
picture, we should show the main graph of this 
kind that shows the concentration since the 
60’s.
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Evaluation/
Evaluation tool  on worksheet

Materials, 
resources, 
worksheets

worksheet,	file	(Daylight)

Additional 
information (if 
any)

• Visualisation of daylight changes:
• https://www.timeanddate.com/worldclock/

sunearth.html

Annexes (evaluation tools, handouts, etc.)

ja
n

fe
b

m
ar

ap
r

m
aj

ju
ni

ju
li

au
g

se
pt

ok
t

no
v

de
c

C
ity

s/
w

ee
ks

0
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18
19

20
21

22
23

24
25

26
27

28
29

30
31

32
33

34
35

36
37

38
39

40
41

42
43

44
45

46
47

48
49

50
51

52

B
ud

ap
es

t

5 0 8

5 1 1

5 1 8

5 3 0

5 4 6

5 6 3

5 8 3

6 0 4

6 2 6

6 5 0

6 7 3

6 9 7

7 2 2

7 4 6

7 6 9

7 9 3

8 1 6

8 3 9

8 6 1

8 8 2

9 0 2

9 1 8

9 3 3

9 4 5

9 5 3

9 5 8

9 5 8

9 5 4

9 4 7

9 3 6

9 2 2

9 0 5

8 8 6

8 6 6

8 4 5

8 2 3

8 0 0

7 7 7

7 5 3

7 2 9

7 0 6

6 8 2

6 5 8

6 3 5

6 1 3

5 9 1

5 7 2

5 5 5

5 3 8

5 2 5

5 1 5

5 0 8

5 0 8

Li
sb

on

5 6 9

5 7 0

5 7 5

5 8 4

5 9 5

6 0 7

6 2 1

6 3 7

6 5 3

6 6 9

6 8 5

7 0 3

7 2 1

7 4 2

7 5 9

7 7 7

7 9 5

8 1 1

8 2 6

8 4 1

8 5 4

8 6 6

8 7 8

8 8 6

8 9 1

8 9 4

8 9 4

8 9 1

8 8 6

8 7 8

8 6 8

8 5 7

8 4 4

8 2 9

8 1 4

7 9 8

7 8 2

7 6 5

7 4 8

7 3 0

7 1 2

6 9 5

6 7 8

6 6 1

6 4 5

6 2 9

6 1 5

6 0 2

5 9 0

5 8 1

5 7 4

5 7 1

5 6 9

P
ak

ru
oj

is

4 2 3

4 2 3

4 3 4

4 5 2

4 7 4

5 0 0

5 2 8

5 5 8

5 8 9

6 2 1

6 5 4

6 8 6

7 1 8

7 5 1

7 8 5

8 1 8

8 5 0

8 8 2

9 1 2

9 4 2

9 7 0

9 9 6

1 0 1 7

1 0 3 5

1 0 4 9

1 0 5 6

1 0 5 6

1 0 4 9

1 0 3 5

1 0 1 7

9 9 6

9 7 0

9 4 2

9 1 2

8 8 2

8 5 0

8 1 8

7 8 5

7 5 1

7 1 8

6 8 6

6 5 4

6 2 2

5 9 1

5 6 1

5 3 3

5 0 7

4 8 5

4 6 7

4 5 0

4 3 4

4 2 6

4 2 3

M
er

si
n

5 8 1

5 8 1

5 8 6

5 9 4

6 0 3

6 1 5

6 3 0

6 4 5

6 5 9

6 7 4

6 9 0

7 0 6

7 2 4

7 4 0

7 5 6

7 7 2

7 8 8

8 0 3

8 1 8

8 3 3

8 4 5

8 5 6

8 6 7

8 7 4

8 8 0

8 8 3

8 8 3

8 8 1

8 7 6

8 6 9

8 6 0

8 5 0

8 3 8

8 2 6

8 1 2

7 9 7

7 8 2

7 6 5

7 5 0

7 3 5

7 1 9

7 0 2

6 8 5

6 6 8

6 5 4

6 3 9

6 2 6

6 1 3

6 0 3

5 9 4

5 8 6

5 8 2

5 8 1

Ta
sk

1:
 R

ep
re

se
nt

 d
at

a 
w

ith
 a

 c
on

tin
uo

us
 c

ur
ve

, f
or

ea
ch

 c
ity

. T
as

k2
: F

in
d 

th
e 

pr
op

er
tie

s 
of

 th
e 

ob
ta

in
ed

cu
rv

es
, f

in
d 

si
m

ila
rit

ie
s 

an
d 

di
ffe

re
nc

es
.



48 49

Title and topic Bacteria World

Level (age of 
students/form) 9th grade (14-15 years old)

ICT support, 
equipment needed

• Dry chickpeas x15
• Dry beans x15 
• Dry cowpea x15
• Dry beans x15 
• Dry Lentil x15  
• Dry Peas x15 
• 720ml glass jar x6
• Boiled Fresh Cow Milk 

• Electron Microscope
• Gram stain 
• Lamella (cover glass) 
• pH meter 
• Thermometer 
• Agar medium
• Needle x3 
• Glove 
• Pipette

bacteria world

COUNTRY: Turkey 
SCHOOL:	MERSİN	DENİZ	TİCARET	ODASI	MESLEKİ	VE	TEKNİK	ANADOLU	LİSESİ	
LESSON/SUBJECT 1: Biology 
LESSON/SUBJECT 2: Chemistry 
LESSON/SUBJECT 3 : Maths

LESSON PLAN
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Teaching aims

 BİOLOGY 
• Explains the realms used in the 

classification	of	living	things	and	the	
general characteristics of these 

• realms. 
• Students learn some types of living 

bacteria. 
• Observes the availability of bacteria in 

yoghurt production and fermentation.
• Can understand and explain the 

relationship between bacteria and 
human health.  

CHEMISTRY 
• Explains the issues to be considered 

when choosing and consuming ready 
foods.

• The health effects of using 
preservatives,	colorants	and	artificial	
sweeteners are addressed. 

 MATHS 
• The amount of increase can be 

calculated	at	the	end	of	the	first,	
second and third days of the bacteria.

Learning outcomes

Compatible studies within the group. 
Carrying out the tasks in accordance 
with the stages.  
Learning the path to be followed in 
problem solving stages. 
Uses	different	mathematical	concepts	
and methods to analyze the problem.

Methodologies/
methods

• Group work 
• Idea	development

Lesson/activity 
phases and timing  
teacher’s activities/
action
students’ activities/
action

• Students are asked to think that 
they are microbiologists working 
in	Chobani	Yogurt	Factory	and	to	
obtain a natural milk yeast by using 
the information about the world 
of bacteria and using the whole 
legumes. 

• Students are informed about 
fermentation. 

• The samples collected after 24-48 
hours are transferred to the agar 
medium. 

• The samples are counted and one of 
them is painted with gram paint.

• Study questions are prepares for 
students. 

• Study questions are gives to four 
grouped students on paper.

Evaluation/
Evaluation tool

Answers to questions Success of the 
study	Using	materials	appropriately

Materials, resources, 
worksheets worksheet, jars

Additional 
information (if any)

Annexes (evaluation tools, handouts, etc.)

EVALUATION QUESTIONS
1. What is fermentation? 
2. What are the temperature values  to be applied for 

fermentation?
3. What is phytic acid? 
4. What is the characteristic of phytic acid? 
5. What are the types of lactic acid bacteria? 
6. What is the difference between yoghurt and homemade 

natural yoghurt? 
7. What are the negative impacts of additives in ready-made 

yoghurts on human health? 
8. What is probiotic?
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Title and topic Function explored and motion analysis

Level (age of 
students/form) 11th grade (16 years old)

ICT support, 
equipment needed

Graphic	Calculator	(TI-Nspire)
Sonic Motion detector – CBR 2

Note:	If	the	CBR	2™	is	used	with	a	
computer,	a	mini-standard	USB	adaptor	
to	plug	the	CBR	2™

Teaching aims

• To make position-time plots to match 
various plots. 

• To make connections between types 
of movements and characteristics of 
position-time graphs. 

• To describe the motion by analyzing 
the position-time graph.

• To calculate distance, velocity, 
acceleration.

• To	write	the	expression	of	an	affine	
function in the form f (x) = m x + b with 
m,b ∈ R.

• To calculate the value of m.
• To calculate the value of b.

LESSON PLAN

Teaching aims

• To write the expression of a quadratic 
function in the form f (x) = ax2 + bx + c 
with a,b,c ∈ R, a ≠ 0.

• To calculate the zeros of a quadratic 
function.

• To graphically identify the maximum 
of a function.

• To write the analytic expression of a 
function	defined	by	branches.

Learning outcomes

As a result of these activity students will 
be able to:
• Analyze graphs.
• Describe movements.
• Characterize functions by branches 

(domain and analytical expression).
• Physical interpretation of the values 

obtained.
• Relate the expression f (x)= mx + b to 

the expression v = v0 + a t.
• Relate the expression f (x) = ax2 + bx +c  

to the expression = v0 + v0t + 1/2 at2.

Methodologies/
methods

Group work (3-4 students)
Three lessons of 45 minutes.

Lesson/activity 
phases and timing  
teacher’s activities/
action
students’ activities/
action

In	the	first	20	minutes	the	students	will	
experiment the calculator with the 
motion sensor.
In	the	remaining	time	the	students	will	
perform the activity, and must spend:
Exp. 1 - 20 minutes
Exp. 2 - 45 minutes
Exp. 3 - 45 minutes
Self-evaluation – 5 minutes

Evaluation/
Evaluation tool

Self-evaluation included in the 
worksheet.

match the graph

COUNTRY: Portugal 
SCHOOL: Secondary School Daniel Sampaio
TEACHER/SUBJECT1: Ana Cristina Santos / Math
TEACHER/SUBJECT1: Paula Paiva / Physics
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Materials, resources, 
worksheets Tutorial vídeo and Worksheet

Additional 
information (if any)

The students could try a velocity match, 
in which they match a velocity – time 
plot.

Annexes (evaluation tools, handouts, etc.) 

COUNTRY: Portugal 
SCHOOL: Secondary School Daniel Sampaio
TEACHER/SUBJECT1: Ana Cristina Santos / Math
TEACHER/SUBJECT1: Paula Paiva / Physics

ACTIVITY
Using a motion sensor and a  
graphic calculator, perform  
the following experiments: 

Exp.1: Plot the graph of  
your movement, following 
the steps:

1. Stand in front of the sensor. 
2. When you start the experiment move away from the sensor trying 

to keep the same speed. 
3. Stop and stay in the same position for a few seconds. 
4. Get closer to the sensor again trying to maintain a constant speed 

again. 
5. Plot the time-position graph of the movement performed. 
6. Calculate the average speed in the course considered. 
7. Indicate the movement types that are represented in your graph.

match the graph
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Exp.2: The graph represents  
the student's movement  
within the classroom. 

Try to reproduce this motion  
using the motion sensor as a  
reference. Describe how you  
would need to walk in order  
to match that graph with your  
motion.

Exp. 3 Observe and analyze the next graph. 

1. Describe the movement.
2. Knowing that:  

  A(4;16)  
  B(5;16) 
  C(7;2)

3. a = -2 ms-2

4. Write the analytical  
expression of functions,  
x = f(t).

5. Calculate the zero’s  
function and what they  
represent physically.

6. Indicate the maximum  
value of the function  
and what it represents  
physically.

7. Calculate the velocity  
in the instant t = 6,5 s.

1. Draw the graph obtained in the graphic calculator.
2. Compare the obtained graph with the original one. Are they 

similar? If not, describe the parts of your graph that were difficult 
to match and how you made adjust-ments, based on your graph  
of your walk, to make a better match in your next attempt.

3. Write the analytical expression of functions: x=ft and v=ft.
4. Identify the zeró s function and what they represent physically.
5. Calculate the total distance walked in this movement.
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Learning outcomes

Pupils will be able to:
• Determine nitrate concentration in 

water with a sensor and colorimetric 
method.

• Process data in Excel and display 
them in diagrams.

• Explain the damage caused by 
nitrates to health.

Methodologies/
methods

Group work, practical work, individual 
work, discussion.

Lesson/activity 
phases and timing  
teacher’s activities/
action
students’ activities/
action

Duration 90 min.:
20 minutes the tests and data of water 
samples will be drawn up in a table.
30 minutes for calculations, drawing 
diagrams, conclusions.
20 minutes discussion in groups.
20 minutes delivery of results in 
groups, summarizing and formulating 
conclusions.

Evaluation/
Evaluation tool

The assessment sheet is given in the 
Annex.

Materials, resources, 
worksheets task sheets

Additional 
information (if any)

Tutorial - video 
www.youtube.com/watch?v=iHCOVvey2sY
www.vernier.com/ga4

Annexes (evaluation tools, handouts, etc.) 

Title and topic Determination of nitrate concentration in 
drinkable water

Level (age of 
students/form) 10th grade (16-17 years old)

ICT support, 
equipment needed

‘Visocolor ECO Analysenkoffer’ nitrate 
test reagents, computer, Vernier sensor 
for nitrate detection crystallizer, washing 
vessel with distilled water, paper napkins, 
tubes, tube stand, test water samples.

Teaching aims

• Determine the concentration of 
nitrates in the wells of Pakruojis 
district settlements.

• Calculate averages of data received.
• Display the resulting data in 

diagrams.
• Assess whether the results meet 

the Lithuanian Hygiene Norm HN 24: 
2003”Drinkable water safety and 
quality requirements”

• To deepen knowledge of the health 
damage caused by nitrates.

• Inform	the	owners	of	the	wells	
about the determination of nitrate 
concentration in their water sample.

nitrate concentration in 
drinking water

COUNTRY: Lithuania 
SCHOOL:	Pakruojis	‘Atžalynas’	Gymnasium
TEACHER/SUBJECT 1:	Danutė	Stočkūnienė	/	Chemistry	and	Biology
TEACHER/SUBJECT 2:	Aušra	Vasilevičiūtė	/	Mathematics

LESSON PLAN
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The nitrates, which we get with 
food and drinking water, turn easily 
to nitrites and then they join with 
blood protein hemoglobin. Then 
methaemoglobin forms, which 
cannot transport into the tissues 
the amount of oxygen you need 
and then develops the hypoxia 
(oxygen hunger). Permissible norm 
of methaemoglogin in the blood is 
1,5%. When methaemoglobin norm 
is more than 10% clinical symptoms 
occur: nausea, vomiting, infirmity, 
headache, diarrhea and others. 
For babies (especially up to 4 

months) appear dysponea, licking 
the mucous membrane, in severe 
cases they might die. 
The water polluted with nitrates 
has no specific taste, smell or 
colour. We can‘t remove these 
substances by boiling or filtering 
water with household filters. 
About the water pollution we 
can only find out when we do 
laboratory tests, so that‘s why we 
examined Pakruojis district water 
of wells.

Preparation for water testing

1. We take 5 water samples from different Pakruojis district villages. 
2. We fill in the well description paper ( well passport), which has 

information about the condition of wells and possible reasons why 
there might be pollution with nitrates.

3. We bring water samples to school.

Workflow 

We examine the water during a chemistry lesson, using two methods of 
measuring nitrate concentration in water: colorimetric and with a sensor.

1. Measuring nitrate concentration using the colorimetric method.
2. We use the “Visocolor ECO Analysenkoffer” nitrate test reagents.
3. We put 5 ml of water which we want to examine into a test tube, 

which is used for this test.
4. We add 5 drops of the first reagent which is NO3- -1.
5. We add 1 micro spoon of the second reagent NO3- - 2.
6. We shake the solution and leave it for five minutes.
7. We compare the new colour of the sample with the colour scale, 

which is used for measuring nitrate concentration.
8. We write down the data in the table.

COUNTRY: Lithuania 
SCHOOL:	Pakruojis	‘Atžalynas’	Gymnasium
TEACHER/SUBJECT 1:	Danutė	Stočkūnienė	/	Chemistry	and	Biology
TEACHER/SUBJECT 2:	Aušra	Vasilevičiūtė	/	Mathematics

Water – life source. We heard 
this in biology lessons and read in 
various articles. Nobody described 
it nicer and more accurate than a 
famous writer Antoine de Saint-
Exupery: “Water! You don‘t have 
either taste or smell – we can’t 
describe you, we delight you, 
without knowing you. We can’t say 
that you are necessary for life, you 
yourself are life. You are the biggest 
wealth in the world”.

The water on Earth is a usual 
material with its unique properties, 
which is in all living organisms and 
which is necessary to support life. 
In adult organism there is about 
2/3 of water, this is the reason why 
we have to drink it every day. One 
kilogram of human body needs 30-
35 ml of water per day.

Fresh water stocks on Earth are 
limited, moreover the increasing 
number of people, farm activities 
consume a lot of water and 

contaminate water. Water quality 
when we use shallow wells 
depends on the well location, 
installation and care. If the soil 
which is near the well is fertilized 
with manure, slurrry or if barns 
are nearby then it can cause water 
pollution with nitrates and nitrites.

The nitrate concentration in 
the well water is changing as 
the seasons change. The biggest 
nitrate concentration is in spring 
and in early summer, the lowest – 
in late autumn and winter.

In the Lithuanian hygiene norm 
HN 24:2003 „Drinking water 
safety and quality requirements“ 
the nitrate marginal value of 
the indicator can’t be more than 
50 mg/l, and for babies and 
pregnant women it’s up to 10 
mg/l.

MEASURING NITRATE CONCENTRATION IN  
DRINKING WATER

nitrate concentration in 
drinking water
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Address The well 
number

There is no 
safety zone 
with slope 
from the well

The well is 
in the living 
area in the 
low place

Near the 
well there 
is a barn

Near the 
well there is 
a farmland

Near the 
well there 
is a garden

The nitrate 
concentration 
using 
,„Visocolor 
Eco“ (mg/l)

The nitrate 
concentration 
using Vernier 
sensor

Average

1. Jovarai 
village

2. Linksmučiai 
village 

3. Pakruojis 
village 

4. Mažeikoniai 
village 
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This method of nitrates concentration determination isn’t very accurate 
so that’s why we examine the same samples with the help of Vernier 
sensor. We calculate the averages, draw diagrams. 

Nitrates determination with the help of Vernier sensor

1. We plug in the sensor through USB to the computer
2. We choose the frequency of measuring, for example 1 

measurement, per second and the time of measuring, for example 
30 sec.

3. We put the sensor into the test-tube with the water we’re 
examining

4. In the computer screen, we see a graph that is being pdlotted and a 
table of the measurement results.

5. When the measuring time ends, we take a look at the statistics and 
at the average of nitrates concentration. We write down the data in 
a table. 

6. We draw diagrames.
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Make conclusions.
Inform well owners about the nitrate concentration in the water.

SELF- ASSESSMENT
Each student has to finish the sentences:

In this lesson I learned 
It would be more intresting if 
My attitude has changed because
I would like to know more about
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ANNEX NO.1

Date of sampling

Name and surname 
of the well owner

Phone, Email 

Address

INVESTIGATION CONCLUSION: 
1. We recommend to test water at least once or twice a year, 

as the quality of well water usually deteriorates in spring and 
autumn.	In	spring,	due	to	melting	snow,	flooding,	and	autumn	
rain, all surface contamination penetrates the ground and 
enters the groundwater.

2. Lithuanian Hygiene Norm HN 24: 2003 “Requirements for Safety 
and Quality of Drinkable Water” limit value for nitrate is not 
more than 50 mg / l and for infants and pregnant women up 
to 10 mg / l.

3. The well water you investigated meets / does not meet the 
drinkable water safety and quality requirements (s) because 
the nitrate concentration in water is........... mg / l.
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osmosis phenomenon

COUNTRY: Lithuania 
SCHOOL:	Pakruojis	‘Atžalynas’	Gymnasium
TEACHER/SUBJECT 1:	Daiva	Makauskienė	/	Biology
TEACHER/SUBJECT 2:	Rita	Vinskūnaitė	/	Mathematics

Title and topic Investigation	of	Osmosis	Phenomenon

Level (age of 
students/form) 11th grade (17 years old)

ICT support, 
equipment needed

Multimedia, materials of the experiment 
specified	in	the	description	of	work,	
blackboard, chalk.

Teaching aims

1.  To determine how salt solutions of 
different	concentration	influence	the	
change of animal and plant tissue 
mass and volume. 

2. To systematize the acquired 
knowledge about the calculation 
of volume, graph drawing, solution 
concentration calculation. Determine 
why and how the geometric volume 
of the objects under investigation 
is different from the volume of 
the desplaced water amount, to 
determine	and	explain	what	influence	
is made by osmosis on the amount 
of salt in solutions and how their 
concentration changes during the 
experiment.

LESSON PLAN
Learning outcomes

1. Students will be able to produce salt 
solutions of different concentration 
and explain why the volume 
and mass of the objects under 
investigation changed during the 
experiment.

2. Students will be able to produce 
the required amount of a certain 
concentration salt solutions, to 
calculate the volumes of the objects 
under investigation in two ways, to 
explain	what	influence	is	made	by	
osmosis on the amount of salt in 
solutions and to calculate the change 
of solution concentration during the 
experiment and the concentration 
of their mixture at the end of the 
experiment.

3. Students	will	be	able	to	fill	in	the	
table according to the data found, 
to convert the data into a graph and 
make concusions.

Methodologies/
methods

• Discussion – stating the problem, 
defining	of	the	themes	and	learning	
aims and goals.

• Group work – production of 
solutions, calculations, summarising, 
presentation of graphs and 
conclusions.

• Pratice – investigation of osmosis 
phenomenon.

• Individual	work	–	collection	of	data,	
filling	the	description	form	of	practice	
work, formulating conclusions, self-
assessment.
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Lesson/activity 
phases and timing  
teacher’s activities/
action
students’ activities/
action

Lesson 1/ 45 min.

1. To make calculations and produce 
not less than 1 l 9%, 18% and 23% 
concentration solutions and pour 
them into 3 separate laboratory 
vessels of 250 ml. each.

2. Every group cuts out 3 pieces of an 
assigned investigated object, each 
of which must be of the same form 
(rectangular parallelepiped, cylinder 
or triangular prism) and size.

3. After having measured and 
calculated according to the 
table given at the beginning of 
the experiment, students put the 
investigated objects into solutions of 
different concentration. 

Lesson 2/ 45 min.

1. After having summarised the work of 
the previous lesson, students make 
measurements and calculations and 
finish	completing	the	tables	of	the	
description of the work.

2. Draw graphs. 
3. Make conclusions, perform 

controllling	tasks,	fill	in	self-
assessment sheets.

4. Every group draw their graph line 
of the data found related to their 
investigated object in the common 
graph.

5. Formulated conclusions and 
observations are presented in a 
discussion.

Evaluation/
Evaluation tool Self-assessment	sheet	“Snowflake“

Materials, resources, 
worksheets

Description of practice work  
“Investigation	of	osmosis	phenomenon“

Additional 
information (if any)

Annexes (evaluation tools, handouts, etc.) 
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COUNTRY: Lithuania 
SCHOOL:	Pakruojis	‘Atžalynas’	Gymnasium
TEACHER/SUBJECT 1:	Daiva	Makauskienė	/	Biology
TEACHER/SUBJECT 2:	Rita	Vinskūnaitė	/	Mathematics

INVESTIGATION OF OSMOSIS PHENOMENON
Work problem 
salted products shrink; is mathematics the queen or servant of science?

The aim of work 
to determine what influence different concentration salt solutions have 
on the volume and mass changes of animal and plant tissues. 
to determine why and how geometric volume of the objects under 
investigation is different from volume according to the amount of 
displaced water, to determine and explain what influence osmosis has 
on the amount of salt in solutions and how their concentration changes 
during the experiment.

Hypothesis:

The materials of work
• Edible salt
• Distilled water
• Potatoes, carrots,  

eggs, meat
• Foil
• Laboratory glasses
• Scales

• Tweezers
• Flasks
• Knives
• Paper napkins
• Gloves
• Rulers
• Thread

osmosis phenomenon The process of work

1. To calculate and produce not less than 1 l 9%, 18% and 23% 
concentration solutions and pour them into 3 separate laboratory 
vessels, 250 ml. into each. 

2. To cut out 3 pieces out of a potato, carrot and meat each of the 
same form (rectangular parallelepiped, cylinder, triangular prism) 
and size.

3. To measure and write down the length, width and height of the 
pieces.

4. To weigh the pieces of the potato, carrot and meat. 
5. To calculate the volume of the investigated object as the geometric 

body.
6. To put each of the investigated objects into water and measure 

their volume according to the amount of the displaced water.
7. To put all the investigated objects into the same amount of 

different concentration solutions.
8. To write down the quantity of content of every vessel with an 

investigated object. 
 

9. To take out and dry the investigated objects and weigh them.
10. To measure the length, width and height of the investigated 

objects.
11. To calculate the volume of the investigated objects as geometric 

bodies.
12. To put every investigated object into a vessel with water and 

measure their volume according to the amount of the displaced 
water.

13. To measure the volume of every remaining solution.
14. To calculate the concentration of every remaining solution.
15. To pour all the used solutions into one vessel and calculate the 

concentration of the obtained solution.
16. To draw the graphs of the changes of mass and volume.
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Potato

At the 
beginning

At the end

From 9% From 18% From 
23%

Length (cm)

Width (cm)

Weight (cm)

Mass (g)

Potato

H2O 9% 8% 23%

Vsolution without investigated o. (cm3)

VH2O (cm3)

VH2O + investigated object (cm3)

V investigated object (cm3)

Vgeometric volume of investigated o.(cm³)

Vsolution + investigated object (cm³)

Results

Data and calculations at the beginning of the experiment     

Potato

H2O 9% 8% 23%

Vsolution without investigated o. (cm3)

VH2O (cm3)

VH2O + investigated object (cm3)

V investigated object (cm3)

Vgeometric volume of investigated o.(cm³)

Vsolution + investigated object (cm³)

The amount of 
solution in glasses 
at the beginning of  
experiment

Concentration The amount of salt (g)

157,6 g 9%

166,1 g 18 %

171,2 g 23%

Solutions at 
the end of 
experiment

Quantity The amount of salt 
(g) Concentration

Iš	9%

Iš	18%

Iš	23%

Mixture of 
solutions

Data and calculations at the end of the experiment     
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Results Data and calculations at the end of the experiment     

Meat

At the 
beginning

At the end

From 9% From 18% From 
23%

Length (cm)

Width (cm)

Weight (cm)

Mass (g)

Meat

H2O 9% 8% 23%

Vsolution without investigated o. (cm3)

VH2O (cm3)

VH2O + investigated object (cm3)

V investigated object (cm3)

Vgeometric volume of investigated o.(cm³)

Vsolution + investigated object (cm³)

Meat

H2O 9% 8% 23%

Vsolution without investigated o. (cm3)

VH2O (cm3)

VH2O + investigated object (cm3)

V investigated object (cm3)

Vgeometric volume of investigated o.(cm³)

Vsolution + investigated object (cm³)

The amount of 
solution in glasses 
at the beginning of  
experiment

Concentration The amount of salt (g)

157,6 g 9%

166,1 g 18 %

171,2 g 23%

Solutions at 
the end of 
experiment

Quantity The amount of salt 
(g) Concentration

Iš	9%

Iš	18%

Iš	23%

Mixture of 
solutions

Data and calculations at the beginning of the experiment     
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Results Data and calculations at the end of the experiment     

Carrot

At the 
beginning

At the end

From 9% From 18% From 
23%

Length (cm)

Width (cm)

Weight (cm)

Mass (g)

Carrot

H2O 9% 8% 23%

Vsolution without investigated o. (cm3)

VH2O (cm3)

VH2O + investigated object (cm3)

V investigated object (cm3)

Vgeometric volume of investigated o.(cm³)

Vsolution + investigated object (cm³)

Carrot

H2O 9% 8% 23%

Vsolution without investigated o. (cm3)

VH2O (cm3)

VH2O + investigated object (cm3)

V investigated object (cm3)

Vgeometric volume of investigated o.(cm³)

Vsolution + investigated object (cm³)

The amount of 
solution in glasses 
at the beginning of  
experiment

Concentration The amount of salt (g)

157,6 g 9%

166,1 g 18 %

171,2 g 23%

Solutions at 
the end of 
experiment

Quantity The amount of salt 
(g) Concentration

Iš	9%

Iš	18%

Iš	23%

Mixture of 
solutions

Data and calculations at the beginning of the experiment     
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Solution concentration 
influence	on	volume of 
investigated object

Solution concentration 
influence	on	mass of 
investigated object

Conclusion:

Controlling questions:

1. What phenomenon did the students investigate?
2. Explain why the volume and mass of the investigated 

objects changed during the experiment.
3. How did the concentration of the solutions change 

after he experiment? Why?
4. The algorithm of the calculation of solution 

concentration.
5. Does the volume of an investigated object as a 

geometric body differ from the volume according to 
the amount of displaced water? Why?

Data and calculations at the beginning of the experiment     

COUNTRY: Hungary 
SCHOOL: Jedlik Ányos Gimnázium
TEACHER/SUBJECT 1: Beke-Szabó Lajos / Mathematics 
TEACHER/SUBJECT 2: Horváth	Zoltán	/	Physics

Title and topic Sink or Float

Level (age of 
students/form)

The activity aims students between 
the ages of 16 - 17 who attend grade 
11th. However, the last two tasks can be 
applied, with changes and/or additions 
to students between the ages of 14 – 16, 
who attend grade 9th or 10th.

ICT support, 
equipment needed

• Calculators, 
• PC/laptop,  

projector/smart-board 
• Scientific	calculator

Teaching aims

Students must be able to: 
• to enunciate the Archimedes’ law 
• find	the	scale	factor	of	similar	shapes	
• work together to complete the tasks 
• participate in the engineering, 

modeling, designing, prototyping, and 
testing the life-size cardboard boats.

LESSON PLAN

sink or float
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Learning outcomes

During this lesson students will have the 
opportunity	to	review:	∙	
• Similarity of Solids. 
• Rules of powers and roots. 
• Mathematical skills like:  

 - Measuring with ruler, protractor 
and measuring-tape,  

 - Using	scientific	calculator	to	
determine cube-roots 

 - Construction with compass and 
ruler. 

As a result of studying this topic students 
will be able to: 
• realize that Mathematics is strictly 

linked to the Science subjects as well 
as all the other Sciences are strongly  
connected to each other. 

• understand that Similarity is often 
used to describe real life situations; 

• recognize cube-roots and their 
operations from its algebra. 

• build a life-size cardboard boat and 
succeed the Rowing Race.

Methodologies/
methods

• Individual	work	-	questions	and	
discussion; reading information. 

• Cooperative learning groups. All tasks 
are made in small groups of 4-5 
students each. 

• Finally they have to apply the 
concepts in building and testing a 
life-size cardboard boat.

Lesson/activity 
phases and timing  
teacher’s activities/
action
students’ activities/
action

The activity was developed for three 
lessons (phases) 
• Phase 1 (45 min): Archimedes’ 

principle 
• Phase 2 (45-60 min): Engineering a 

life-size cardboard boat 
• Phase 3 (120-180 min): Building and 

testing the life-size cardboard boats

Evaluation/
Evaluation tool

Each team of four get up to maximum 20 
points (4x5marks), which they distribute 
among themselves according to the 
energy invested and the work done.  
All members can receive a maximum of 
5	points,	which	will	be	his/her	final	grade.	
At the end of the lesson students have 
to	fill	a	self-assessment	diagram	(‘Skills	
snowflakes	diagram’).

Materials, resources, 
worksheets

• Printed worksheets (annex 1&3) 
• A4 sized colored cardboard (annex 2), 

glue stick 
• Ruler, scissor, cutter utility-knifes 
• Spring scale/ weighting scale and 

measuring cylinder 
• Cardboards and packing tape/hobby 

glue-gun

Additional 
information (if any)

If	there	are	no	suitable	conditions	for	
designing and/or sailing a cardboard 
boat in the school, the last activity should 
be replaced with the construction of a 
hot air balloon (indoor activity)

Annexes (evaluation tools, handouts, etc.) 
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PHASE 1 (45 MIN): ARCHIMEDES’ PRINCIPLE 
Warm up (5-10 min): Pronouncing the problem and formulating 
the Learning Objectives.
L.O: Archimedes’ principle – measure the buoyant force on a 
number of objects. 

Archimedes is one of the greatest scientist of the ancient world. Born 
in Syracuse, Greece, in 287 BC, Archimedes was equally adept at 
Mathematics, Physics and Astronomy, besides being a prolific inventor 
and engineer. Many of his inventions, theories and concepts are still 
in use nowadays. However, Archimedes is best remembered for his 
discovery of the principle of buoyancy. The moment when he discovered 
it has gone down in history as the “Eureka” moment. 
 

The Story behind the Principle (awakening interest):
Hieron II, king of Syracuse ordered 
a solid gold crown to be made. 
But when the piece was delivered, 
although its weight was right, 
Hieron suspected that his jeweler 
had substituted silver for gold in 
the hidden interior. Archimedes was 
given the challenge of determining 
the truth without damaging the 
royal treasure. After pondering the 
problem for some time, its solution 
came to him while he was musing 
in a warm tub at the public baths. 
The distracted philosopher leaped 
from the water and ran home 
naked, shouting through the streets, 
“Heureka! Heureka!” I have found 
it! I have found it! What he found, 
as we shall soon see, was far more 
valuable than Hieron’s crown. 

sink or float A completely submerged body displaces a volume of fluid equal to its 
own volume. Experience also tells us that when an object is submerged, it 
appears lighter in weight; the water buoys it up, pushes upward, partially  
supporting it somehow. That much would be obvious to anyone who ever 
tried to submerge an inflated tire tube or a beach ball.  
Archimedes quantified the phenomenon. His Principle states that an 
object immersed in a fluid will be lighter (that is,it will be buoyed up) 
by an amount equal to the weight of the fluid it displaces. The upward 
force exerted by the fluid is known as the buoyant force. A 50 N heft (5 
kg) that displaces 20 N (2 kg)of water will “weigh” only 30 N (3 kg) while 
submerged. It is important to remember that fluid includes liquids and 
gases. 

Theory/Experimental proof (20-25 min)

To rediscover the Archimedes’ principle students will perform the below 
experiment. In this experiment, the buoyant force will be measured two 
ways and the results compared (use annex 01). 

Procedure: 
• Suspend objects of various sizes and masses from a spring scale. 
• Note the reading of the scale in air for each object. 
• Note the level of the water in the beaker. 
• Lower the objects into the beaker, record for each object the new 

reading on the spring scale and the new level of the water in the 
beaker. 

• Calculate the weight of water displaced by the object.  
• Find a rule relating the change in the reading of the scale and the 

weight of the displaced water. 

Archimedes’ principle: a body wholly or partially submerged in a fluid 
is buoyed up by a force equal in magnitude to the weight of the fluid 
displaced by the body. This force is given by: 

where ρ (rho) is the density of the fluid, Vfluid is the volume of fluid 
displaced and g is acceleration due to gravity. It is the buoyant force that 
keeps ships afloat in water and hot air balloons floating in air.

Fbuoyant = ρ ∙ g ∙ Vfluid
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Questions: (10-20 min) 

1. A 1000 cm3 gold brick (ρ = 19,3 g / cm3, so mass = 19,3 kg) and 
a 1000 cm3 aluminum brick ρ = 2,7 g/cm3, so mass = 2,7 kg) are 
immersed in water. Which brick experiences the greater buoyant 
force? Justify your answer. 

2. A 0,5 kg gold brick (ρ = 19,3 g/cm3) and a 10 000 cm3 aluminum 
brick ρ = 2,7 g/cm3) are immersed in water. Which brick 
experiences the greater buoyant force? Justify your answer. 

3. A hot air balloon has a volume of 6000 liter. Determine the 
maximum mass of the object the balloon can support if the density 
of the hot air inside the balloon (80 oC) is ρinside = 1 kg/m3 and the 
density of the air outside (20 oC) is ρoutside = 1,2 kg/m3.

PHASE 2 (45-60 MIN): ENGINEERING A  
LIFE-SIZE CARDBOARD BOAT 

Warm up (5 min): Pronouncing the problem and formulating the 
Learning Objectives.  
L.O: to design and sail a cardboard boat that would hold a two-
person team who have to row out to the other bank of the smallest 
branch of river Danube. 

• Short review of Archimedes’ Law:   
One or two students have to formulate and phrase the 
Archimedes’ principle than the class should sing the 
Archimedes’ Song in Hungarian & English (+other) languages.  

Main activity (30-40 min) Practices: 

In the first part of the lesson students have to solve two problems 
individually. The problems (questions and tasks) should be presented 
using a projector or a smart-board (presentation 2). The students have 
to work out the questions on the previously given worksheet (annex 
02). The main role of the teacher is to support the individual work of 
the students by clarifying the occurring problems. The solutions will be 
explained by students. 

Question 1: (5-10 min) 

An object weighs 36 g in air  
and has a volume of 8 cm3.  
What will be its apparent weight when  
a) immersed in water? (ρwater = 1 g/cm3) 
b) immersed in alcohol? (ρalcohol = 0.8 g/cm3) 

Question 2: (5 min) 
An object weighs 4.9 kg in air and it is placed in a box with dimensions 
40cm x 20 cm x 10cm. Will it sink or float when it is placed on the water? 
The box weights 100 grams. Justify your answer! 

In the second part of the lesson two more tasks will be solved in small 
groups of 4-5 students. The teacher has to sort out the prepared material 
(annex 03 & annex 04). 

Task 1: (15-20 min) 
Design a paper-boat using the prepared net of the boat (Annex 03), 
scissors and glue. Determine the volume of the boat and work out the 
maximum mass of the object the boat can support without sinking. Find 
the optimal (safety/suitable) mass of the object the boat can support 
during a safety float. Use a Safety Factor of S = 2. Check your calculation 
by testing your results in a basin.  
 
Task 2: (10 min) 
Use the data collected from the previous task and the 3D Similarity to 
determine the size (length, width and height) of a life size boat that would 
hold a two-person crew of amateur sailors. 
Fill in the given table (annex 04) 
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TEACHER GUIDELINES
The main role of the teacher in this activity is to support the work 
of each student/group by asking suitable questions and making 
clarifications to prevent any mistakes and overcome obstacles. For e.g. 

What is buoyant force? 
The buoyant force is an upward force exerted on objects submerged in 
fluids. 

What is Archimedes' principle? (State the Archimedes' law) 

Archimedes' principle states that the buoyant force on an object 
submerged in fluid is equal to the weight of the fluid displaced by the 
object. Thus: 

What is confusing about the buoyant force and Archimedes' principle? 
Sometimes people forget that the density ρ in the formula for buoyant 
force is referring to the density of the displaced fluid, not the density of 
the submerged object. 

Solution for question 1: 

 a) if immersed in water: 
  m = 36 g 
  V = 8 cm3 
  ρwater= 1 g/cm3 

  M = ? (the apparent mass) 

Archimedes' principle states that any submerged object has an apparent 
weight loss equal to the weight of the fluid displaced.

 M × g = m ∙ g  −  ρwater ∙ g ∙ V      /divide both sides by g = 10 m/sec2 
 M = m − ρwater ∙ V 

Thus the apparent mass is: M = 36 − 1 ∙ 8 = 28 g 

 b) if immersed in alcohol:  
  M = m − ρalcohol ∙ V 

Thus the apparent mass is: M = 36 − 0.8 ∙ 8 = 29,6 g 
Note: since we have the same kind of units, we do not have to change 
them!!

Fbuoyant = ρ ∙ g ∙ Vfluid

Solution for question 2: 

If the buoyant force 
• is greater than the object’s weight, the object will float.  
• is less than the object’s weight, the object will sink.  
• equals the object’s weight, the object will remain suspended at that 

depth.  

The buoyant force is always present whether the object floats, sinks, or is 
suspended in a fluid. Let’s work out the maximal buoyant force (when the 
box remains suspended at a certain depth): 

 m = 4,9 kg + 100 g = 4,9 kg +0,1 kg = 5 kg  
 ρwater = 1 g/cm3= 1000 kg/m3 
 g = 10 m/sec2 
 Vbox = a ∙ b ∙ c = 40 ∙ 20 ∙ 10 = 8000 cm3 = 0,008 m3 
 Fbuoyant = ρ ∙ g ∙ Vfluid = ρ ∙ g ∙ Vbox = 1000 ∙ 10 ∙ 5 ∙ 0,008 = 400 N 
 Fgravity = m ∙ g = 5 ∙ 10 = 50 N 

Since the buoyant force is much larger (8 times more) than the force of 
gravity, the box will float. Moreover only 1/8 part (1 cm) of the box will be 
under the water, and 7/8 lefts above (7 cm) the water level. 

Note: it is very important to change the units!! 

Task 1: 
Instructions for the task: (Watch the tutorial video) 

• Cut out the three nets of the boats (annex 2) 
• Fold the left and right edges, than unfold. 
• Fold the front and rear parts, than unfold. 
• Glue the shaded parts. 
• Finish the boat. 

What is the easiest way of measuring the volume of the 
boat? 

To measure the Volume: fill one of the boats with water than measure 
the volume of the water (or the mass of the water). After the proper 
measurement, the volume of the boat is approximately 72 cm3. 
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How can we compute (work out) the maximum mass of 
the hefts the boat should support? 

To find the maximal mass: use one of the below methods: 

Method 1: Archimedes’ principle. Suppose that the boat displaces the 
maximal volume of fluid which equals the volume of the boat. In this case 
the buoyant force equals (more precisely opposes) the force of gravity: 

  ρwater = 1 g/cm3 
  Vboat = 72 cm3 
  Fbuoyant = Fgravity 

  ρ ∙ g ∙ Vfluid = m ∙ g / divide both sides by g 
  ρ ∙ Vfluid = m thus:  
  mmax = ρ ∙ Vfluid = ρ ∙ Vboat = 72 g 

Method 2: Use Archimedes’ principle: any submerged object has an 
apparent weight loss equal to the weight of the fluid displaced. In this 
case the maximal mass (and weight) the boat should support is equal to 
the mass (weight) of the fluid displaced:  
  mmax = mfluid displaced = ρ ∙ Vfluid = ρ ∙ Vboat = 72 g 

What is the Safety Factor and why is it necessary? 

In engineering the Safety Factor (SF) expresses how much stronger 
a system is than it needs to be for an intended load. It is a margin of 
security against risks (in naval industry it is marked by a load-line). The 
load-line should be previously marked by students on the nets of the 
model-boats. 

What is the suitable (optimal) mass the boat should 
support? 
To find the suitable mass: divide the maximum mass by the Safety Factor 
(S = 1.5).  
  m = mmax ÷ S = 72 ÷ 2 = 36 g 

Check your calculation by testing the results in a basin. Put the suitable 
amount of heft in the boat. 

Task 2: 
Teacher guideline and suitable questions to help students in their work: 

We have to fill in the blanks on the given worksheet. 

Follow the next steps to fill in the blanks: 
1. V1 is the volume of the model boat 
2. M1 is the mass of the heft, the suitable/optimal mass the boat 

should support 
3. M2 is the mass of the crew expressed in grams 
4. Since the Volume and the Mass are directly proportional  

(M = ρ × V), we will use direct proportionality to find the volume of 
the life sized boat (V2). The result is given in cm3. If the mass of the 
crew is 120 kg     M2=120000 g, M1= 36 g, V1 = 72 cm3 thus:  

  72 cm3 .....................36 g 
  V2 .................... 120000 g 

  V2 =  

Find the Scale Factor (k):  
The model and the life sized boat are similar. What does similar 
mean?   
 
When are two objects similar? What is a Scale Factor?  
Two objects are similar if they have the same shape but different 
size. The ratio of the corresponding length is called Scale Factor 
or Ratio of Similitude and is denoted: k. It is often marked on maps 
like Scale = 1:20 000.   
 
How can we find the ratio of the Areas of two similar Objects? 
The ratio of the Areas of two similar objects equals the square of 
the S.F thus:     
      A2 

    A1 
 
How can we find the ratio of the Volumes of two similar Objects? 
The ratio of the Volumes of two similar objects equals the cube of 
the S.F thus: 
    V2 

    V1

72 ∙ 120000 
36

= 240000 cm3

= k2

= k3
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 How can we find the S.F. if we know the Volumes? 
 Given the Volumes we are able to find the Scale Factor by changing  
 the subject of the previous formula: 

 Now we can fill the cell with the note on the given worksheet   
 with the above formula as well as the ratio of the Volumes and the  
 Scale Factor (k). 

5. Use a ruler to measure the lengths (parameters) denoted a, b, 
c and d on the net of the model boat. Write your data in the 
corresponding cells of the worksheet. 

6. Knowing the Scale Factor k and the values for a, b, c and d we 
should find the parameters (lengths denoted a′ , b′ , c′ and d′) of 
the life-size boat.  

 How can we find the lengths of the life-size boat?  
 We just have to multiply (times) a, b, c and d by the Scale Factor k.  
 Thus:
 
 a′ = k ∙ a = 14,94 ∙ 9,8 = 146,4 cm
 b′ = k ∙ b = 14,94 ∙ 3,4 = 50,8 cm 
 c′ = k ∙ c = 14,94 ∙ 2 = 29,9 cm 
 d′ = k ∙ d = 14,94 ∙ 4 = 59,76 cm

k =         =        = 14,94
V1      72 

V2 240 000
3 3

TEACHING AIMS: 
Physics: 

• Archimedes' Principle 
• Concept of mass, weight volume and density 
• Use	of	experimental	tools	

Mathematics: 
• 3D Similarity 
• Scale factor of similar shapes 
• Geometrical construction/ engineering 

Mass 
(g)

Weight 
(N)

Volume 
(ml)

Fluid 
displaced

(ml)

Fbuoyant

(N)

In air

submerged 
in fluid

1/4

1/2

3/4

100%

submerged 
in fluid

1/4

1/2

3/4

100%

submerged 
in fluid

1/4

1/2

3/4

100%

Archimedes’ principle 
Experimental proof

Name:
Group/Year:	

Observations:
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Name:
Group/Year:	

Question 1: 

An object weighs 36 g in air and has a volume of 8 cm3.  
What will be its apparent weight when  

 a) immersed in water? (ρwater = 1 g/cm3) 
 b) immersed in alcohol? (ρalcohol = 0.8 g/cm3) 

Question 2: 

An object weighs 4.9 kg in air and it  
is placed in a box with dimensions  
40cm x 20 cm x 10cm. Will it sink or  
float	when	it	is	placed	on	the	water?	 
The box weights 100 grams.  
Justify your answer!
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s COUNTRY: Portugal 
SCHOOL: Daniel Sampaio Secondary School
TEACHER/SUBJECT 1: Telma Rodrigues / Biology  
TEACHER/SUBJECT 2: Paula Paiva / Chemistry 
TEACHER/SUBJECT 3: Fernando Rebelo / English

Title and topic DNA – Biological function and chemistry

Level (age of 
students/form) 10th grade (15-16 years old)

ICT support, 
equipment needed

Projector, Lab material, Salt (NaCl), 
Washing soap and Ethyl Alcohol 
(CH2H5OH)

Teaching aims

Students will be able to: 

• Extract DNA from their cells using 
common materials (Biology and 
Chemistry); 

• Understand	the	biological	function	of	
DNA (Biology); 

• Characterize DNA structure based on 
chemical aspects - functional groups 
and chemical bounds – (Chemistry). 
- Choose the right prepositions 
(English). 

• Acquire	new	scientific	vocabulary	
concerning the subject (Biology, 
Chemistry and English).

dna

LESSON PLAN
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Methodologies/
methods

Group work (3 or 4 students). 
A lesson of 45 minutes to introduce the 
subject and the vocabulary. 
A lesson of 90 minutes for practical work.

Lesson/activity 
phases and timing  
teacher’s activities/
action
students’ activities/
action

• Introducing	the	topics	through	a	PPT	
presentation (annex 1) – 30 minutes 

• Acquiring new vocabulary through 
a crossword game (annex 2) – 15 
minutes 

• Choosing	the	right	prepositions	filling	
in the blanks in the experimental 
procedure (annex 3) – 10 minutes 

• Doing the experimental work and 
discussion (annex 3) – 80 minutes

Evaluation/
Evaluation tool

Self-evaluation included in worksheet 
(annex 3)

Materials, resources, 
worksheets

Lab material, Salt (NaCl), Washing soap 
and Ethyl Alcohol (CH2H5OH),  
PPT presentation (annex 1), Crossword 
game (annex 2) and Lab protocol  
(annex 3)

Additional 
information (if any)

The	first	phase	(45	minutes)	is	optional	in	
case students had already studied the 
subject.

Annexes (evaluation tools, handouts, etc.) 

PPT PRESENTATION - DNA

Link: https://docs.google.com/presentation/d/1SkL7E2n8Di_
QvnWA87yb9eVVL_k8dhN4/edit#slide=id.p5
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The twisting tale of DNA - Judith Hauck

Daniel Sampaio Secondary School 

Biology/Chemistry activity for Students 
10th Grade 

 

Name: ______________________________________________ Date: __ / __ / ___ 

 

Daniel Sampaio Secondary School 

Biology/Chemistry activity for Students 
10th Grade 

 

Name: ______________________________________________ Date: __ / __ / ___ 
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Daniel Sampaio Secondary School 

Biology/Chemistry activity for Students 
10th Grade 

 

Correction 
 
 

 

Daniel Sampaio Secondary School 

Biology/Chemistry activity for Students 
10th Grade 

 

Correction 
 
 

 

“HOW CAN WE EXTRACT DNA FROM OUR 
CELLS?” 
DNA, or deoxyribonucleic acid, is the hereditary material in humans and 
almost all other organisms. 
Most DNA is located in the cell nucleus (where it is called nuclear DNA), 
but a small amount of DNA can also be found in the mitochondria or in 
the chloroplast (only in plants) in eukaryotes.  
In prokaryotes, DNA is located in the cytoplasm. 

Now you are going to extract DNA from your own cells. 

Material
• Plastic cup  
• 20 ml Tap water 
• Salt (NaCl) 
• Washing soap 
• Test tube 
• Ethyl Alcohol (C2H5OH)  
 previously in the fridge  

Experimental Procedure

Fill in the blanks with the right prepositions:
 
after / about / for / in / into / of / out / to / up / with / without

 1. Pick        a plastic cup and use it to prepare a very concentrated saline 
solution, adding a teaspoon         salt        20 ml        water. 
 2. Place a portion        the saline solution        the mouth and chew it 
vigorously           1 minute,                     swallowing it, then throw away the 
remaining solution. 
3.                chewing, place the solution back             the cup. 
4. Place 2 cm        washing soap        a test tube. 
5. Pour          the saline solution        the test tube together            the 
detergent. Cover the test tube             your finger and gently shake the 
mixture. 
6. Finally, add a bit        the cooled alcohol (               4 cm). 
7. Let it rest          a while and see the results.

KEY
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Results 
(make a sketch correctly labeled of the observation) 

Discussion: 

1. Why is DNA soluble in water? 

2. What is the role of Salt? What was it for?  

3. Why was the washing soap used?  

4. What was the alcohol required at the end of the procedure? And why 
alcohol had to be putted in the fridge before the procedure? 

5. How is it possible to observe DNA in a test tube if it is a molecule of 
such small size? 

Conclusion 

“HOW CAN WE EXTRACT DNA FROM OUR 
CELLS?” 
DNA, or deoxyribonucleic acid, is the hereditary material in humans and 
almost all other organisms. 
Most DNA is located in the cell nucleus (where it is called nuclear DNA), 
but a small amount of DNA can also be found in the mitochondria or in 
the chloroplast (only in plants) in eukaryotes.  
In prokaryotes, DNA is located in the cytoplasm. 

Now you are going to extract DNA from your own cells. 

Material
• Plastic cup  
• 20 ml Tap water 
• Salt (NaCl) 
• Washing soap 
• Test tube 
• Ethyl Alcohol (C2H5OH)  
 previously in the fridge  

Experimental Procedure

Fill in the blanks with the right prepositions:
 
after / about / for / in / into / of / out / to / up / with / without 

1. Pick up a plastic cup and use it to prepare a very concentrated 
saline solution, adding a teaspoon of salt to 20 ml of water. 

2. Place a portion of the saline solution in the mouth and chew it 
vigorously for 1 minute, without swallowing it, then throw away the 
remaining solution. 

3. .After chewing, place the solution back into the cup. 
4. Place 2 cm of washing soap in a test tube. 
5. Pour out the saline solution in the test tube together with the 

detergent. Cover the test tube with your finger and gently shake 
the mixture. 

6. Finally, add a bit of the cooled alcohol (about 4 cm). 
7. Let it rest for a while and see the results.



110 111

Results 
(make a sketch correctly labeled of the observation) 

Discussion: 

1. Why is DNA soluble in water? 
DNA is a polar molecule with the net negative charge on the backbone of 
DNA (PO3

-). Water is also a polar molecule with partial negative charge 
near the oxygen atom and partial positive charge near the hydrogen 
atom. So polar molecules like DNA can easily interact with water, 
electrostatically, free H+ of water and PO3

– of DNA react with each other 
and makes DNA soluble in water. Additionally, DNA is hydrophilic in 
nature, is easily dissolved in water because it attracts water. 

2. What is the role of Salt? What was it for?  
The role of the salt in this procedure is to neutralize the charges on 
the sugar phosphate backbone. In DNA precipitation, the salt (sodium 
chloride) reacts with DNA and breaks up into Na+ and Cl–, then the 
positively charged sodium ion neutralize the negatively charged PO3

– of 
the DNA, which makes the DNA chains to get closer to each other.

3. Why was the washing soap used?  
The washing soap was used to breakdown the cell membranes which 
are made up mainly by lipids. When the washing soap gets in touch with 
the cell and nuclear membranes, its molecules penetrate the membrane 
structure and separate the lipidic macromolecules generating the protein 
denaturation, which causes the breaking of the nuclear enclosure and the 
dissolution of the genetic material to the environment.

4. What was the alcohol required at the end of the procedure? And why 
alcohol had to be putted in the fridge before the procedure? 
The role of alcohol (ethanol) in DNA extraction is to precipitate DNA 
into a visible form as it does not dissolve in alcohol. Ethanol has both 
polar (OH-) and non-polar (C2H5) groups, after adding it to the solution 
it neutralizes the charge of the water, making it much easier for Na+ to 
interact with PO3

-, making the nucleic acid less hydrophilic causing it to 
precipitate in the solution. 
The solubility of substances depends on the temperature; in this case, 
the solubility of DNA in alcohol decreases at lower temperatures, making 
it easier to precipitate.

5. How is it possible to observe DNA in a test tube if it is a molecule of 
such small size? 

We can observe DNA in a test tube, at naked eye, because the salt and 
the alcohol enable the small DNA molecules to precipitate and come 
together; actually, we see millions of DNA molecules.

Conclusion 

We can extract DNA from our cells using washing soap, salt and ethanol. 
The washing soap allows to split the cell membranes and release the 
DNA from the cell, and the action of the salt and the ethanol causes DNA 
precipitation, allowing us to see it at naked eye.

TEACHING AIMS: 

Biology 
Chemistry 
and  
English

• Extract DNA from their cells using common 
     materials (Biology and Chemistry); 
• Understand	the	biological	function	of	DNA	 
     (Biology); 
• Characterize DNA structure based on chemical  
     aspects - functional groups and chemical   
     bounds – (Chemistry). 
• Choose the right prepositions (English). 
• Acquire	new	scientific	vocabulary	concerning	the	 
     subject (Biology, Chemistry and English).
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COUNTRY: Hungary 
SCHOOL: Jedlik Ányos Gimnázium
TEACHER/SUBJECT 1:	Kulinyi	Réka	/	Mathematics	
TEACHER/SUBJECT 2: Radnai Tamás / Physics

Title and topic Measuring heights and depths

Level (age of 
students/form)

The activity aims students between the 
ages of 15 - 16 who attend grade 10th. 
However, the tasks can be applied, with 
changes and/or additions to students 
between the ages of 14 – 15, who attend 
grade 9th.

ICT support, 
equipment needed

• Calculators, PC/laptop,  
     projector/smart-board. 
• Scientific	calculator

Teaching aims

Students must be able to: 
• state and use the equations of free fall. 
• find	the	trigonometric	ratios	of	 

     different angles 
• work together to complete the tasks

Learning outcomes

During this lesson students will have the 
opportunity to: 
• review the trigonometric ratios. 
• review the rules of motion with 

     constant acceleration. 
• improve Mathematical skills like 

					using	scientific	calculator	to 
     determine trigonometric ratios.

measuring heights and 
depths

LESSON PLAN

Learning outcomes

As a result of studying this topic students 
will be able to: 
• realize that Mathematics is strictly  

     linked to Physics as well as all the  
     other Sciences are strongly connected  
     to each other. 
• understand that Trigonometry is often  

     used to describe real life situations;

Methodologies/
methods

• Individual	work	-	questions	and	 
     discussion; reading information. 
• Cooperative learning groups. 
• All tasks are made in small groups of  

     4-5 students each.

Lesson/activity 
phases and timing  
teacher’s activities/
action
students’ activities/
action

The activity was developed for one 
lesson (two phases) 
• Phase 1 (30 min): 
• Phase 2 (35-min):

Evaluation/
Evaluation tool

At the end of the lesson students have 
to	fill	a	self-assessment	diagram	(‘Skills	
snowflakes	diagram’)	and	have	to	
complete	a	gap	filling	test.

Materials, resources, 
worksheets

• prepared worksheets 
• rulers

Additional 
information (if any)

the lesson will be taught by one or two 
older students

Annexes (evaluation tools, handouts, etc.) 
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PHASE 1: (30 MIN): PHYSICS – FREE FALLS’ 
LAW 
 
Learning Objectives:  

• To determine heights and depths with the use of Physics (free falls’ 
law) and Mathematics (Trigonometry).

• To acquire new learning strategies and CLIL methods (use of 
mnemonics, vocabulary building, comic strips…) 

Warm up (8 - 10 min): 

In Newtonian physics, free fall is any motion of a body where gravity 
is the only force acting upon it. All objects free fall at the same rate of 
acceleration g = 9.8 m/s2 regardless of their mass. Free fall is when 
something falls just straight down.  
For a better understanding a review of the laws of motion with constant 
acceleration is needed.

Introduction (review): Students have to complete their first task 

Task_1: 

Students will match the basic concepts (expressions) and their definitions 
(annex_1). 

Our goal in this section, is to review the  
equations that can be used to describe  
the motion of an object in terms of its  
variables: velocity (v), position (s), and  
time (t). There are three ways to pair  
them up: velocity-time, position-time,  
and velocity-position. In this order, they 
are also often called the first, second,  
and third equations of motion.
 
1st equation (velocity-time): v = v0 + at 
2nd equation (position-time): s = s0 + v0t + ½at2 
3rd equation (velocity-position): v2 = v0

2 + 2a(s − s0) 

Main activity (10- 15 min) Practices: 

Theory: 

How can we calculate the free fall distance (without air resistance) from 
the free fall time? Let’s apply the above rules. The rate of acceleration is  

 a = g = 9,8 m/s2≈ 10 m/s2 

To find the height or depth of something using free falls we have to apply 
the second equation with suitable variables: 

 s0 = 0   s = h  and  a = g   results  h = 1/2 gt2 

The students have to work out the below questions on the previously 
given worksheet in small groups of 3-4 (annex_2). 

Question 1: (5 min) 
If a stone falls into a well, it will reach the bottom in 5 seconds. 
Determine the depth of the well. 

Question 2: (5 min) 
We drop a stone from a 45 m high tower. How many seconds are needed 
to reach the ground?

PHASE 2: (30 - 35 MIN):  
MATHEMATICS - TRIGONOMETRY 
Introduction: before looking at the problem from another perspective, 
let’s try something new: a new learning strategy – The use of Mnemonics 

Mnemonics: 
What are mnemonics?  
Mnemonics are memory devices 
that help learners recall larger 
pieces of information. For example 
the order of the planets orbiting 
the Sun can be remembered by 
representing them as strings of 
letters, for instance: MVE-MJS-UNP. 
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The first letter of each word gives you the first letter of the names of 
planets, in order: Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, 
Neptune, Pluto.

One way to remember the letters is to expand them into a sentence, such 
as: My Very Easy Method Just Speeds Up Naming Planets 

In Trigonometry, it is common to use mnemonics to help remember 
trigonometric identities and the relationships between the various 
trigonometric functions. For example, the sine, cosine, and tangent ratios 
in a right triangle can be remembered by representing them as strings of 
letters, for instance SOH-CAH-TOA in English: 

   Sine = Opposite ÷ Hypotenuse 
   Cosine = Adjacent ÷ Hypotenuse 
   Tangent = Opposite ÷ Adjacent 

One way to remember the letters is to expand them into a sentence, such 
as: Some Officers Have Curly Auburn Hair Till Old Age. 

Main activity (15-20 min) Practices: 

In the first part of the lesson the leader (performer) has to introduce 
terms like angles of elevation and depression. 

The Angle of Elevation is the  
angle between the horizontal  
and the line of sight of an object  
above the horizontal.

The Angle of Depression is the  
angle between the horizontal and  
the line of sight of an object below  
the horizontal. The students have  
to work out the questions on the  
previously given worksheet in groups 
of 3-4 (annex_2). The main role of the leader (performer) is to support 
the group-work of the students by clarifying the occurring problems. 
The solutions will be explained by students. 

Question 3: (5 min) 
At a point 423 meter from the base of a tower, the angle of elevation of 
the top is 5o36’. Find the height of the building. 

Question 4: (5 min) 
A bird sits on top of a lamppost. The angle of depression from the bird 
to the feet of an observer standing away from the lamppost is 35,12o. 
The distance from the bird to the observer is 25 meters. How tall is the 
lamppost? 

Homework: 
Choose one of the exercises: 

1.  Prepare a comic strip to illustrate what Free Fall is. 
2. Your little cousin (5 years old) asks you what Free Fall is. Explain it 

in 4-5 simple sentences.

Match Each Word to Its Definition, Notation and SI Unit 
 

 

 

 

Acceleration 
Velocity 

Gravitational 
Acceleration 

Time Distance 

a 

g 

t 

s 

v 

m/sec 

m/sec2 

It is the rate of 
change of velocity 
of an object with 
respect to time. 

 

It is the rate of 
change of its 
position with 

respect to 
time. 

 

It is the 
acceleration 

for any object 
moving under 

the sole 
influence of 

gravity. 

 

It is a 
numerical 

measurement 
of how far 

apart objects 
are. 

 

It is a fundamental 
quantity what a 

clock reads. 
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Fill in the gaps! 

In Newtonian physics, free fall is any motion of a body where 
is the only force acting upon it. All objects free fall at the same rate of 
acceleration. Acceleration is the rate of change of                     of an object 
with respect to time. The SI unit of acceleration is 
Velocity is the rate of change of its position with  respect to 
The SI unit of velocity is

The Angle of Elevation is the angle between the horizontal and the line of 
sight of an object                     the horizontal. 

The Angle of Depression is the angle between the horizontal and the line 
of sight of an object                     the horizontal. 

To define the trigonometric functions for the acute angle α, start with 
any right triangle that contains the angle α. The three sides of the 
triangle are named as follows: 

1. The                     is the side opposite the right angle 
2. The opposite side is the side opposite to the angle we are interested in.  
3. The                     is the side having both the angles of interest (angle α 
and the right-angle). 

The                     of the acute angle α is the ratio of the length of the 
opposite side to the length of the hypotenuse. 
The                     of the acute angle α is the ratio of the length of the 
adjacent side  to the length of the hypotenuse. 
The                     of the acute angle α is the ratio of the length of the 
opposite side to the length of the adjacent side. 

SOLUTIONS
Question 1: (5 min) 
If a stone falls into a well, it will reach the bottom in 5 seconds. 
Determine the depth of the well.  

 t = 5 sec
 h = ?   
 h = – gt2 = – ∙ 10 ∙ 52 = 125m 
 
Question 2: (5 min) 
We drop a stone from a 45 m high tower. How many seconds are needed 
to reach the ground? 
 
 h = 45 m  
 t = ? sec 

 h = – gt2   →   2h = gt2   →    t2 =     →  t =  

 t =            = √9 = 3 sec 

Question 3: (5 min) 
At a point 423 meter from the base of a tower, the angle of elevation of 
the top is 5o36’. Find the height of the building.
 
 Which trigonometric ratio is suitable to solve 

the problem? 
SOH-CAH-TOA 

Let’s use the tangent ratio in the triangle: 

1
2

1
2

2h
 g

2h
 g

2 ∙ 45
  10

1
2

h=?

d=423m α = 5o36’

tan α =

tan α = 5o36’

opposite h

h

h = 423 ∙ tan 5o36’ = 41,48 m

adjacent d

123

=

=



120 121

Question 4: (5 min)

A bird sits on top of a lamppost. The angle of depression from the bird 
to the feet of an  observer standing away from the lamppost is 35.12o. 
The distance from the bird to the observer is 25 meters. How tall is the 
lamppost? 

  There are no enough data in the triangle.  

What is the size of angle β? Why? 

  β = α = 35.12o because they are Z-angles. 

Which trigonometric ratio is suitable to solve the problem? 
SOH-CAH-TOA 

Let’s use the sine ratio in the triangle: 

   sin β = 
 

   sin 35.12o =

   h = 25 ∙ sin 35.12o = 14,38 m

Fill in the gaps!

opposite
hypotenuse

h

h

d

25

=

1. hypotenuse 
2. gravity 
3. above 
4. m/sec 
5. below 
6. velocity 
7. m/sec2 
8. time 
9. sine 
10.cosine 
11.tangent 
12. adjacent side

COUNTRY: Lithuania 
SCHOOL:	Pakruojis	„Atžalynas“	Gymnasium
TEACHER /SUBJECT 1:	Daiva	Makauskienė	/	Biology
TEACHER/SUBJECT 2:	Aušra	Vasilevičiūtė	/	Mathematics
TEACHER/SUBJECT 3:	Rasa	Stravinskienė	/	English

Title and topic How much oxygen does a student need 
during a lesson?

Level (age of 
students/form) 9th grade (14-15 years old)

ICT support, 
equipment needed A calculator, a measuring roulette

Teaching aims

Having repeated the composition 
of inhaled and exhaled air, the 
volume of spatial bodies and units 
of measurement, students  will know 
how to calculate their breathing rate, 
amount of air and oxygen demand in 
the classroom. Having discussed the 
definitions	of	the	key	words	students		will	
learn new English words related to the 
topic.

oxygen

LESSON PLAN
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Learning outcomes

1. On the basis of the calculations 
students will determine whether they 
have enough oxygen during the lesson in 
the biology classroom.

2. Students will repeat room volume 
calculation,  proportions, units of 
measurement.

3. Students will learn new English words 
related to the topic.

Methodologies/
methods

Integrated	lesson.
Discussion
Practical work.
Individual	work.

Lesson/activity 
phases and timing  
teacher’s activities/
action
students’ activities/
action

1. Students repeat the composition and 
amount of inhaled and exhaled air, the 
vital capacity of the lungs.(5 min.)

2. Students repeat the volume 
calculation, proportions, units of 
measurement. (10-15 min.)

3. Practical work. (25-30 min.)

4. Conclusion. (2-3 min.) 

Evaluation/
Evaluation tool

Teacher’s self-assessment.
Students	fill	in	the	snowflake.

Materials, resources, 
worksheets Description of practical work.

Additional 
information (if any)

Annexes (evaluation tools, handouts, etc.) 

HOW MUCH OXYGEN DOES A STUDENT NEED  
DURING A LESSON?
Practice work was performed by

Aim

Having repeated the composition of inhaled and exhaled air, the volume 
of spatial bodies and units of measurement, you will know how to 
calculate your breathing rate, amount of air and oxygen demand in the 
classroom.

Measures

A clock, a calculator, a measuring roulette.

Hypothesis

Course

Introduction of key words in the English language 

Giving the definition of such words and phrases;  
inhaled air, exhaled air, breathing rate, oxygen, class volume, 
proportions, units of measurement, determine, consume.

1. Set your breathing rate to a certain amount of time while sitting 
quietly, count how many times you will inhale during the lesson. 

2. Knowing the average amount of breathable air of a calm breathing 
person, calculate the amount of inspired air during the lesson. 

3. Count how much oxygen a pupil consumes during a lesson and 
how much oxygen is consumed by all students in the classroom. 
Write the results on the board. 

4.  Calculate the average oxygen consumption of classroom students.
5.  Measure and calculate the volume of the classroom.
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6.  Calculate how much air can fit in the classroom and how much 
oxygen is in that air.

7.  Calculate how long it would be enough of oxygen for the whole 
class, if we wouldǹ t ventilate the classroom.

8. Predict how the respiratory rate and oxygen demand in the non-
ventilated classroom will change during the lesson.

Conclusion

MATERIAL FOR TEACHERS – ANSWERS AND 
EXPLANATIONS
 
Practice work was performed by

Aim

Having repeated the composition of inhaled and exhaled air, the volume 
of spatial bodies and units of measurement, you will know how to 
calculate your breathing rate, amount of air and oxygen demand in the 
classroom.

 
Measures

A clock, a calculator, a measuring roulette.

Hypothesis

Course

Pre – practice work activity. 
Giving the definition of such words and phrases: inhaled air, exhaled air, 
breathing rate, oxygen, class volume, proportions, units of measurement, 
determine, consume (use MATCH IT activity sheet)

1. Set your breathing rate to a certain amount of time while sitting 
quietly, count how many times you will inhale during the lesson.  
 
Vital lung capacity - 4500 cm³,mostly a person can exhale / inhale 
- 3500 cm³, and if a person breathes calmly he inhales / exhales 
about 500 cm³ of air. 
 
We inhale about 16 times per minute. During a lesson (45 min.) we 
inhale 720 times.  
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2. Knowing the average amount of breathable air of a calm breathing 
person, calculate the amount of inspired air during the lesson.  
 
During one inhalation 500 cm³ (0,5l).  
During a lesson – 360000 cm³ (360l). 

3. Count how much oxygen you consume during a lesson. Write the 
results on the board and calculate what is the average of consumed 
oxygen  per lesson by one student. 
 
Composition of inhaled air: O2 - 21%; CO2 – 0,03%; N - 78%. 
Composition of exhaled air : O2 - 16%; CO2 –4%; N - 78%. 
 
A student while breathing  uses 5% of oxygen : 21% - 16%=5% 
 
100%  air-  5% oxygen;  
360 l inhaled air during a lesson –  x l of oxygen. 
 
x = (360 ∙ 5) / 100 = 18 l O2. 
 
Students calculate how much oxygen one student uses during a 
lesson (on average). 
 
(18 l+17 l+ 17 l+ 21 l+17 l+18 l+.....) / 23 (number of students in the 
classroom) = 18 l O2 
 

4. Calculate the average oxygen consumption of classroom students. 
 
23 ∙ 18 l= 414 l O2    23 students use   414 l O2  in a class during a 
lesson. 

5. Measure and calculate the volume of the classroom. 
 
a – length of the classroom – 10 m 
b – width of the classroom – 7 m 
c – hight of the classroom - 3 m 
 
V= a ∙ b x ∙ c;  V= 210 m³  

6. Calculate how much air is in the classroom and how much oxygen 
is in the classroom. 
 
In the classroom fits 210000 l of air. 
100 % air - 21%  O2 
210000 l  air – x l O2 
 
x = (21 ∙ 210000) / 100= 4410 l O2 

7. Calculate how long it would be enough of oxygen for the whole 
class, if we didǹ t ventilate the classroom   
 
In the classroom there is  210000 l of air, in it is 4410 l O2.   
4410 l O2 / 414l O2=10,65  lessons 
 
There would be enough of oxygen for 23 students for more than 10 
lessons. 

8. Predict how the respiratory rate and oxygen demand in the non-
ventilated classroom will change during the lesson. 
 
The breathing rate would increase in non-ventilated room, because 
in the air would be more CO2 and the quantity of oxygen would 
decrease. Breathing rate depends on CO2 concentration in the 
blood.  
 
Note: we make calculations by assuming that in the classroom the 
composition of the air doesǹ t change during the whole lesson, 
there is no change in respiratory rate. 
It is possible when explaining the amount of air and oxygen to 
calculate the density. 

Conclusion
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MATCH IT 
The activity for giving the definitions 

inhaled air, exhaled air, breathing rate, oxygen,  volume, proportions, 
units of measurement, determine, consume – PAIR WORK. 

Cut out the definitions and the words so that each pair of students has a 
set of mixed cards
Ask the students to match definitions with the words highlighted in blue.
After the activity give them the answer key (the table below) so that they 
can check their answers. 

Inhaled	air it is air a human breathes in

Exhaled air it is air you breathe out

Breathing rate

breathing is the action of taking air into 
the lungs and sending it out again; rate – 
is a measurement of the speed at which 
sth happens

Oxygen  (symbol O)
a chemical element; it is a gas that is 
present in air and water and necessary for 
people, animals and plants to live

Volume
the amount of space that an object or a 
substance	fills;	the	amount	of	space	that	a	
container has

Proportions
the measurements of sth, its size and 
shape; in mathematics it is the equal 
relationship between two pairs of numbers

Measurement the	act	or	the	process	of	finding	its	size	or	
quantity

Determine to discover the facts abot sth, to calculate 
sth exactly

Consume to use sth
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The importance of breathing 

All the cells in your body need oxygen. Without it, they could not move, 
build, reproduce, and turn food into energy. In fact, without oxygen, they 
and you would die! How do you get oxygen? From breathing in air which 
your blood brings to all parts of the body. 
In addition to food, the human body constantly needs oxygen. 
Breathing is a vital process of continuous metabolism between the 
body and the environment. Breathing out air, a human being takes 
oxygen while emitting carbon dioxide. Oxygen is essential for many 
chemical reactions in our body. No metabolism can occur without it. 
The metabolism produces carbon dioxide in the cells and tissues, which 
must be removed, because the accumulated amount of it is dangerous 
to the body. Blood collects carbon dioxide from tissues and takes it to 
the respiratory organs, where it is exhaled. Every cell needs energy 
constantly. It is formed in the body by decomposition and oxidation of 
organic compounds. Oxygen is involved in these processes, so that‘s why 
cells need it constantly. There are no oxygen reserves in the human and 
animal body and therefore it must be obtained from the environment 
continuously.

Lung capacity 

Volume of inhaled and exhaled 
 air changes according to the  
needs of our body. It has been 
found that, when breathing  
calmly, an adult inhales about  
500 cm3 of air, and most can  
exhale about 3500 cm3. All the  
air that you can exhale (breath  
out) is called the vital capacity  
of the lungs. Even after you  
exhale as much as you possibly 
can, there is still some air left  
in your lungs This air that stays  
in the lungs is called the residual  
volume. The residual volume  
for most people is about 1200  
ml (or 1200 cm3). This amount  
is important because it supplies  

Inhaled air Exhaled air

Oxygen NitrogenCarbon dioxide

Picture 1. Composition of inhaled and exhaled air

air to the blood even between 
breaths. Together the vital capacity 
(all the air you can breath out) and 
the residual volume (air that is still 
in the lungs) make up the total lung 
capacity.

Gas exchange in lungs 

The composition of inhaled and 
exhaled air varies. Air that enters the 
lungs contains almost 21 % of oxygen, 
about 79 % of nitrogen, about 0.03% of 
carbon dioxide and some water vapor 
and inert gases. Only 16 % of oxygen 
remains in the exhaled air, the amount 
of carbon dioxide increases by 4%. 
There is also more water vapor. Only 
the amount of nitrogen and inert gases 
does not change. Oxygen and carbon 
dioxide levels are so different because 
of the gas exchange in lung alveoli. They 
contain more oxygen than the blood  
in the capillaries.
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Title and topic Distance measure of stars with parallax 
method in Astronomy

Level (age of 
students/form) 10th grade (15-16 years old)

ICT support, 
equipment needed

calculators, PC/laptop,  
projector/smart-board. 
scientific	calculator

Teaching aims

Students will be able to: 
• to estimate the distance with thumb 

using parallax effect.(Maths and 
Physics) 

• find	the	trigonometric	ratios	of	
different angles work together to 
complete the tasks

Learning outcomes

Students will be able to: 
• Review the trigonometric ratios 
• Can work in group. Apply a 

mathematical knowledge or 
modeling  to everyday life. 

• Improve	Mathematical	skills	like	using	
scientific	calculator	to	determine	
trigonometric ratios (Maths). 

• Learn the mathematical and 
astronomical  terms in English 
(English).

COUNTRY: Turkey 
SCHOOL:	MERSİN	DENİZ	TİCARET	ODASI	MESLEKİ	VE	TEKNİK	ANADOLU	LİSESİ
TEACHER /SUBJECT 1:	TAYLAN	ÇİFTÇİ	/	MATHS

parallax method

LESSON PLAN

Learning outcomes

As a result of studying this topic students  
will be able to: understand that using 
the same mathematical method 
or modelling, one can measure the 
distance of close and distant objects 
around him or her.

Methodologies/
methods

• Getting information by watching the 
video 

• Idea	development		
• Experiment (Experiencing parallax 

with your thumb)

Lesson/activity 
phases and timing  
teacher’s activities/
action
students’ activities/
action

1. Motivation, lesson task – 2 min. 
2. Educational material for teaching: 

Watching  the video abour Parallax 
Effect - 3min 

3. Experiencing parallax with your 
thumb - 5 min.  

4. To calculate distance - 5 min. 
5. Why it works ? Why parallax exists? 

– 5 min. 
6. Parallax method in Astronomy  

– 5 min. 
7. Parsek (unit of distance) - 8 min. 
8. Evaluation questions (4 examples) - 

12 min.

Evaluation/
Evaluation tool annexes and homework

Materials, resources, 
worksheets

video website 
worksheets

Additional 
information (if any)

A crossword puzzle for the vocabulary 
will be given  to the students in advance 
(annex4).

Annexes (evaluation tools, handouts, etc.) 
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PARALLAX METHOD - ANNEX 1
Distance measure of stars with parallax method in Astronomy

What is the PARALLAX? 
https://youtu.be/iwlMmJs1f5o 

Have you ever traveled down  
a road in a car and looked at  
the mountains or hills in the  
distance if you have you’ve  
probably noticed that while  
nearby trees quickly fly past  
the window the mountains  
move much slower and in  
the far distance the moon  
and the stars don’t seem to  
move at all as you move ob- 
jects closer to you such as  
the trees seem to shift posi- 
tion relative to more distant objects like the mountains, this effect is 
called parallax. The size of this shift depends on the distance you travel 
along the road and how far away the trees are the closer they are to the 
road the bigger the shift the same thing happens as the earth moves 
around the Sun over the course of a year some stars appear to move a 
very small amount relative to other stars like the trees along the side of 
the road these stars are just closer than those that don’t seem to move 
actually all stars are moving through space but much more slowly than 
parallax so we don’t notice now if we measure how much a star moves 
when the earth does one complete trip around the Sun we can use this 
to work out this angle called the parallax angle if we observe a star when 
the earth is at one spot in its orbit and then wait six months for the earth 
to move around  the Sun to the opposite point along its orbit and observe 
the star again we can measure the parallax angle since we already know 
the distance from the earth to the Sun we can now use this parallax 
angle and some trigonometry to work out exactly how far away the star 
is this is really useful because it allows us to calculate the distance to 
nearby stars very accurately this can then be used to check the distance 
measured by different methods even more distant objects out in space. 

Experiencing Parallax With Your Thumb 

You can see the parallax effect in action by holding your thumb out at 
arm’s length and following the simple instructions below. 
Stretch your arm out in front of your face with your thumb extended 
upwards. Part 1: Leaving your arm still, close your left eye and note where 
your thumb appears in relation to fixed objects in the distance. 

Now close your right eye and open  
the left. Note that even though you  
have not moved your thumb, the  
position of your thumb with respect  
to the background has shifted slightly  
to the right compared to where it was  
when only your right eye was open.  
Repeat several times, shifting your  
view from your left eye to your right  
eye, and then to your left, back and  
forth. This apparent shift in position  
is known as parallax, and your brain  
uses this information to figure out  
how far away things are from you. 

Repeat Part 1. 
Now move your thumb so that it is very close  to your face, and repeat 
Part 1 again. What do you notice? The closer your thumb (the object 
you look at), the more it seems to shift when you switch eyes. Thus the 
amount of shift (parallax) is related to the distance to the object. 

Estimating Distance with your Thumb 

Estimating distance is important in daily life, hiking, and survival 
situations. It helps you to maintain your sense of direction, calculate 
distance and height, and estimate travel time while hiking relative to your 
pace. 

Estimating distance by using only your finger is based on this known 
fact about human anatomy: Your arm is about ten times longer than the 
distance between your eyes. The distance between your eyes is about 2” 
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apart and the distance from your eye to your extended finger is about 20” 
apart. How can this be useful for estimating distance? 

 

Scenario: You are standing on a hill and want to estimate the approximate 
distance to where the foot trail disappears into a thicket of blueberry 
bushes. There is a nearby red barn, which you estimate is about 100 feet 
wide. 

PARALAX METHODS 

To calculate the distance: 

• Hold your right arm out directly in front of you, elbow straight, 
thumb upright. 

• Align your thumb with one eye closed so that it covers (or aligns) 
the distant object. Point marked X in the drawing. 

• Do not move your head, arm or thumb, but switch eyes, so that 
your open eye is now closed and the other eye is open. Observe 
closely where the object now appears with the other open eye. 
Your thumb should appear to have moved to some of her point: no 
longer in front of the object. This new point is marked as Y in the 
drawing. 

• Estimate this displacement XY, by equating it to the estimated size 
of something you are familiar with (height of tree, building width, 
length of a car, power line poles, distance between nearby objects). 
In this case, the distant barn is estimated to be 100’ wide. It 
appears 5 barn widths could fit this displacement, or 500 feet. Now  
multiply that figure by 10 (the ratio of the length of your arm to the 
distance bet ween your eyes), and you get the distance between 
you and the thicket of blueberry bushes — 5000 feet away (about 1 
mile). 

Why does it work ? 

When you hold out your thumb and view it with one eye open, then 
with the other eye open, your finger seems to shift relative to the object 
background. This makes it appear that the object has “moved” from side. 
This phenomenon is known as parallax. The parallax of a distant object is 
the angle between its directions of view from the two ends of a baseline. 
To accurately measure the distance to a far-away object, it has to be 
viewed from at least two points. The baseline is the line connecting those 
points. You can then use simple trigonometry to estimate the distance. 
In the illustration, notice the thumb forms the tip of two identical 
proportional triangles. The base of the first triangle is the distance 
between the eyes (about 1/10 of the distance of the thumb and the eyes). 
The same ratio holds for the second triangle, between the thumb and 
two distant points it covers, when viewed from either eye. 
Even though humans vary in height, the proportion of our anatomy is 
similar. The angle of the line between our eyes (XY) to the thumb is about 
6 degrees, a ratio of 1:10. The smaller triangle XYZ has same portion as 
the larger triangle XYZ; If the distance YZ to thumb is 10 times distance 
XY between the eyes, the distance XZ to the far object is also 10 times 
distance XY. 

Why parallax exists? 

Humans, like other animals, have two eyes located in different positions 
on the head, to present different views simultaneously. This feature 
allows the eye to gain depth perception and estimate distances. Not all 
animals function in this manner. Some animals use motion parallax, in 
which they move their head to gain different viewpoints. For example, 
most birds (whose eyes do not have overlapping fields of view and thus 
cannot see depth) have eyes on the sides of their heads, making their 
vision mostly monocular. Pigeons make use of motion parallax by bobbing 
their heads up and down to see depth. Owls, on the other hand have 
binocular vision. Their eyes are spaced apart similar to humans. 

Parallax method in Astronomy 

Parallax is a method of measuring distance to an object. Similar to how 
our binocular vision helps us determine distance, the direction to a 
distant point is slightly different from two separate observation positions. 
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If the distance between the observation positions is known, and the angle 
between them can be measured, it is a matter of simple geometry to 
calculate the distance to the object. It is a relatively simple concept but is 
one of the most important for making astronomical observations. 

In astronomy, the parallax method is a means of measuring the distance 
between our solar system and a star up to 1600 lightyears away. This 
method is not limited to astronomy; it can in fact be applied to many 
situations on Earth. Before radar-mapping by  satellite, the parallax of a 
mountaintop relative to the horizon was used by surveyors to determine 
its elevation when the distance to the summit was known. This is also 
the method used to focus rangefinder cameras. This method can be 
used from Earth-bound observatories, or from Earth satellites (artificial 
or natural) to minimize atmospheric effects. The Hipparcos satellite, 
launched in 1989 and discarded in 1993, was specifically designed to 
perform highly accurate parallax measurements. 

The method is based on elementary geometry:  
if the length of the line AB is known, the length  
of AB divided by the distance (d) equals the  
tangent of the parallax angle (γ). 
In other words: ||A-B|| / d = 2tan(γ) where  
||A-B|| and γ are known.

A star’s motion relative to our solar system must  
be established by observing it at the same time  
each year. First, one must choose a day on which  
the star-Sun-Earth angle is roughly ninety degrees.  
The first measurement will be made on  this day. 
Exactly half a year later the second measurement  
will be made. Half a year after that a third measure- 
ment will be made, and this cycle is repeated at  
half-yearly intervals. 

Multiple measurements are made for two reasons: firstly, to allow the 
distance to be calculated more accurately and secondly to prove the star 
does not move radially, relative to our solar system (this is the case if 
the same distance is found every cycle.) In this case ||A-B|| is the average 
distance between the Earth and the Sun; this is one astronomical unit 
(AU), or roughly 146 million kilometers. 

According to our point of view, close stars displace more than distant 
stars, along a year. By observing this displacement throughout the year, 
the parallax angle, half of the displacement, is found. Two of the sky 
pictures taken at certain intervals during the year are selected with 6 
months intervals. The angle between two stars in the sky is measured  
by an instrument used by sailors, called sextant, to calculate the angle  
at which 1 mm corresponds in the photograph. 

Sextant 

Sextant is an instrument consisting of  
a mirror and lens. The two images ap- 
pears side by side when viewed from  
the monocular section. Two images are  
set to the first destination. Then, the  
second part of the image is brought to  
the second object from the adjustment  
part of the tool. Then reading the angle  
on the arc, relative angles findout.  

The angular height of the Sun or of the  
Polar Star (Polaris) is found by sextant  
in order to locate the current position  
on the map. Displacement angle found  
by overlapping the photos. Half of the  
angle found is the parallax angle of the  
star. 

https://www.wikihow.com/Use-a-Sextant 
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Parsek

A unit of distance used in astronomy, equal to about 3.26 light years 
(3.086 × 1013 kilometres). One parsec corresponds to the distance at 
which the mean radius of the  earth’s orbit subtends an angle of one 
second of arc. 

Limitations of Distance Measurement Using Stellar 
Parallax 

Parallax angles of less than 0.01 arcsec are very difficult to measure from 
Earth because of the effects of the Earth’s atmosphere. This limits Earth 
based telescopes to measuring the distances to stars about 1/0.01 or 100 
parsecs away. Space based telescopes can get accuracy to 0.001, which 
has increased the number of stars whose distance could be measured  
with this method. However, most stars even in our own galaxy are much 
further away than 1000 parsecs, since the Milky Way is about 30,000 
parsecs across. First parallax observed 1837 by Friedrich Bessel for the 
star 61 Cygni. 

1° = 3600” 
 
1” = 

1 light year = 9,4605284 ∙ 1012 km 1AU = 
= 149 597 871 km ≈ 150 ∙ 106 km 

cot1” = cot                  = 206265 = 

d = 206265 1AU 
d = 206265 ∙ 150 ∙ 106 km 
      
                     =                                        =  3,26  

1 parsec = 3,26 lightyear  

There is a simple relationship between a star’s distance and its parallax 
angle:  d = 1/p 

   1      °       
3600

   1      °       
3600

   d       
1AU

(   )

(   )

lightyear
d (     ) 206265 ∙ 150 ∙ 106 km

9,4605284 ∙ 1012 km

The distance d is measured in parsecs and the parallax angle p is 
measured in arcseconds. This simple relationship is why many 
astronomers prefer to measure distances in parsecs. 

  p = parallax angle in arcseconds 
  d = distance in “Parsecs” 

Writing our parallax formula in this way allows us to define a new 
“natural” unit for distances in astronomy: the Parallax-Second or Parsec.
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PARALLAX METHOD  - ANNEX 2 

Example 1 : 

The nearest star, Proxima Centauri, has a parallax of 0.768”  
(the largest parallax observed for any star). 

  d =      =             = 1,302 pc 

  1pc = 3,26  lightyear 

  (1,302) ∙ (3,26) = 4,24  lightyear 

Example 2: 

Alpha Centauri has parallax angle of 0.742′′. Using the parallax formula, 
we find  that the distance to Alpha Centauri is 
  
  d =      =             = 1,347 pc

  1pc = 3,26  lightyear 

  (1,347) ∙ (3,26) = 4,39  lightyear 

Example 3: 

Procyon has parallax angle of 0.286′′. Using the parallax formula, we find 
that the  distance to Procyon is 

  d =      =             = 3.49 pc
 
  1pc = 3,26  lightyear 

  (3,49)∙(3,26) = 11,39  lightyear
  

1         1
p      0,768

1         1
p      0,742

1         1
p      0,286

Example 4: (Estimate How Far Away) 

Here is a clever method to estimate how far away something is: 

Hold your arm straight out, thumb up.
Close one eye, align your thumb with distant object.
Switch eyes (don't move your thumb!).
Your thumb will seem to change position. 

Now... estimate how far it moved side- 
ways (you could imagine the length of  
a car or something). Multiply that by 10  
and you have an estimate of how far  
away. Here your thumb seems to jump  
about half a car length. Half a car length  
is about 2,5 meters. The car is about  
25 meters away. 

How does it work? 
The distance from your eyes  
to your thumb is about 10 times  
the distance between your eyes. 

And so the distance to the far  
object is also about 10 times the  
width your thumb seems to move  
at the far object.

This works because triangles are  
smilar and so the relative lengths  
are the same. 
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PARALLAX METHOD - ANNEX 3
Example 5 (your turn now) HOMEWORK 

To be useful you need to know how long, wide or tall things are! 

• Small cars are 4 m long 
• Large cars are 5 m long 
• Cars are about 1,8 m wide 
• A normal doorway is 2 m high and 0,8 m wide 
• A truck and trailer is about 20 m long 
• The width of a small house is about 8 m 
• The width of a large house is about 12 m 
• The height of a single-storey house is about 5 m 
• The height of a two-storey house is about 8 m 
• Tall buildings have about 3,5 m for every storey 

(Note: to use this method for height, tilt your head and thumb 90° to the 
side.) 

Go outside and stand on a high spot where you can see lots of things 
(roads, building, etc). 

Write down what you see and estimate how far away: 

Object “Thumb move” 
distance

×10 =
How far away

Name Date
(Key # 1 - 823335)

7 S

T

6 E

T

A

2

I

R
8

S

E

4

R

1

R

5 T

9

10

3

SEXTANT
MEASURE
THUMB

PARALLAX
LIGHTYEAR
DISTANCE

PARSEC
TRIGONOMETRY
ORBIT

ESTIMATE
STELLAR
OBSERVE

Across

3 the curved path of a celestial object or
spacecraft round a star, planet, or moon,
especially a periodic elliptical revolution.

5 the branch of mathematics dealing with the
relations of the sides and angles of triangles and
with the relevant functions of any angles.

7 relating to a star or stars.
9 the length of the space between two points.

10 ascertain the size, amount, or degree of
(something) by using an instrument or device
marked in standard units.

Down

1 a unit of distance used in astronomy, equal to
about 3.26 light years (3.086 Ã— 1013
kilometres).

SEXTANT	•	MEASURE	•	THUMB	•	PARALLAX	•	LIGHTYEAR	•	DISTANCE	 
PARSEC	•	TRIGONOMETRY	•	ORBIT	•	ESTIMATE	•	STELLAR	•	OBSERVE
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3     The curved path of a celestial object or spacecraft round a star,  
       planet, or moon, especially a periodic elliptical revolution. 
5     The branch of mathematics dealing with the relations of the   
       sides and angles of triangles and with the relevant functions of  
       any angles. 
7     relating to a star or stars. 
9     the length of the space between two points. 
10   ascertain the size, amount, or degree of (something) by using  
       an instrument or device marked in standard units. 

Across 

1     a unit of distance used in astronomy, equal to about 3.26  
      lightyears (3.086 Ã— 1013 kilometres). 
2    a unit of astronomical distance equivalent to the distance that  
      light travels in one year, which is 9.4607 Ã— 1012 km (nearly 6  
      million million miles). (2 words) 
4    the effect whereby the position or direction of an object appears  
      to differ when viewed from different positions, e.g. through the  
      viewfinder and the lens of a camera. 
5    the short, thick first digit of the human hand, set lower and apart  
      from the other four and opposable to them. 
6    roughly calculate or judge the value, number, quantity, or extent of.
7    an instrument with a graduated arc of 60° and a sighting  
      mechanism, used for measuring the angular distances between  
      objects and especially for taking altitudes in navigation and  
      surveying. 
8    notice or perceive (something) and register it as being significant.

Down 

be
e 

in
te

re
st

ed
pr

o
je

c
t
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bee interested
PRESENTATION OF THE PROJECT

Why are bees so important? 

• Pollination is a fundamental process in natural and human-
managed terrestrial ecosystems. It is an essential contributor to 
food production and establishes a direct link between natural 
ecosystems and agricultural production systems. 

• The vast majority of flowering plant species do not produce seeds 
if pollinating animals do not transport the pollen from the stamen 
to the stigmata of the flowers. 

• Without this service, many interdependent species and many 
processes operating within the same ecosystem would disappear.

“On the day the Bees are extinct, mankind will only survive for four 
more years.”

Albert Einstein

Main Questions:

• What is the importance of bees in maintaining biodiversity? 
• What are the main causes of the decline of bee populations in 

various regions of the globe? 
• What can we do to preserve them?

Subjects involved: 

• Biology
• Mathematics
• Chemistry
• Physics

BIOLOGY: 

• Importance of pollination for biodiversity conservation and 
ecosystem sustainability; 

• The life cycle of bees – sexual and asexual reproduction;
• Biotic and abiotic characteristics necessary for bees survival;
• Main causes of the decrease in the number of bees.

MATHEMATICS: 

• Honeycomb Geometry;
• Visualization of regular mosaic and its internal angles;
• Mathematical demonstration of honeycomb construction by bees;
• Mathematical model that allows to determine the edge and volume 

of each honeycomb;
• Ideal angle of a honeycomb;
• Application of mathematical modeling in bee populations through 

the study function.

CHEMISTRY: 

• The chemical language of bees;
• Honey chemical composition;
• Analysis of some physical and  

chemical parameters of honey:  
color, flavor, total ash, electrical  
conductivity, reducing sugars,  
free acidity, water content,  
density, pH and diastatic activity.

PHYSICS: 

• Importance of the electric field  
in the pollination phenomenon  
performed by the bees.
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1st STEP

• Introduction to the theme
• Movie session: “Bee movie”
• Debate

2nd STEP
 
Research work:

• The importance of bees in the maintenance of ecosystems.
• The bees species existing in the areas surrounding the schools 

participating in the project.
• The causes of the decline of bee populations in these regions.
• Sharing the results obtained between students from different 

schools (Google classroom, Skype)

3rd STEP

• Activity: Study of the Geometry  
of honeycombs (Maths)

4th STEP

• Field activity: Visit to a local  
beekeeper; collect samples of  
honey for analysis.

5th STEP

• Laboratory activity: Analysis of chemical parameters of the honey 
of each country (chemistry, physics).

• Laboratory activity: microscopic analysis diastatic activity of honey 
enzymes (biology)

• Sharing the results obtained between students from different 
schools (Google classroom, Skype)

6th STEP

• Activity: How the electric field  
influences the pollination  
performed by the Bees (Physics).

7th STEP

• Activity: Study of the life cycle  
of bees (sexual and asexual  
reproduction) and biotic  
relationships in bee populations  
(Biology).

8th STEP

• Practical activity: Construction of  
flowerbeds in participating schools.

9th STEP

• Participation in a Science Fair:
• Posters Exhibition showing the  

results in the different countries;
• Practical demonstrations of the  

activities carried out in different  
countries;

• Sharing of recipes/products made  
with honey from different countries;

• Honey tasting session from different  
countries.

• Beehives construction Workshop.
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STEPS TASK	/	STRATEGY DURATION TIME
SCHEDULE

TEAM/
CLASS TEACHER(S) SUBJECTS EVALUATION DISSEMINATION

1ST Introduction to the theme
Movie session: “Bee movie”

Debate

2nd

Research work: 
The importance of bees 
in the maintenance of 
ecosystems. 
The bees species existing  
in the areas surrounding 
the schools participating in 
the project.
The causes of the decline 
of bee populations in these 
regions.

Students bring up several questions 
about the theme project and with the 
research try to answer them theme 
project

Sharing the results 
obtained between 
students from different 
schools

• Fotos and videos can be shared in 
google classroom 
• List of the different bee species  in 
each country should be posted in 
google classroom

3rd
Activity: Study of the 
Geometry of honeycombs 
(Maths)

Why hexagon in honeycomb? How do 
the hexagonal parts meet each other? 
If	hexagon	is	the	perfet	shape	in	two	
dimensions what´s the best at tree 
dimensions? What is the best angle to 
close the honeycomb?

Paving	with	flat	figures	
Planning and construction of 
geometric solids 
Calculation of areas and volumes

4th
Field activity: 
Visit to a local beekeeper; 
collect samples of honey 
for analysis.

PROJECT PLANNING



154 155

STEPS TASK	/	STRATEGY DURATION TIME
SCHEDULE

TEAM/
CLASS TEACHER(S) SUBJECTS EVALUATION DISSEMINATION

5th

Laboratory activity: 
Analysis of chemical 
parameters of the honey of 
each country.

• Laboratory activity: color analysis; 
determination of electrical 
conductivity; 
density and viscosity.

• Laboratory activity: 
determination of total ashes  
and moisture content; test for  
the	presence	of	K,	Ca,	Mg	and	
Fe,	quantification	of	Vitamin	C	
(Chemistry).

• Laboratory activity: 
diastatic activity of honey

Sharing the results 
obtained between students  
from different schools 

• Fotos and videos can be shared  in 
google classroom

• Lab results should be posted in 
Google classroom

6th

Activity: How the 
electric	field	influences	
the pollination 
performed by the Bees 
(Physics).

Activity: Physical analisys of the 
navigation of bees

7th

Activity: Study of 
the life cycle of bees 
(sexual and asexual 
reproduction) and  biotic 
relationships in bee 
populations (Biology).

Activity: Resolution of a Worksheet

8th Flowerbeds 
Construction

9th Beehives construction
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TASKS FEEDBACK

STEPS TASK	/	STRATEGY

BEFORE DURING AFTER

Were 
instructions 
enough/clear?

Did	it	fit	your	
curriculum?

Was English 
used during 
the task?

Was it easy 
to pass the 
information 
onto students 
and putting 
up the task?

Did the 
students 
accomplish 
the task?

How did 
you do the  
evaluation?

Was the 
methodology 
and materials 
suitable for 
the activity?

What was 
student’s 
reaction/
feedback?

1ST
• Introduction to the theme:
  - Movie session; 
  - Debate

2nd

Research work in Biology, 
Chemistry, Math’s and Physics: 
students brought up several 
questions about the theme project 
and with the research try to answer 
them

3rd

Activity: Study of the Geometry of 
honeycombs: 
• Paving	with	flat	figures	
• Planning and construction of 

geometric solids 
• Calculation of areas and 

volumes 3D model building of a 
honeycomb 

• Differential calculation in 
deduction of the best angle to 
close a honeycomb

4th
Field activity: Visit to a local 
beekeeper; collect samples of 
honey for analysis.
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5th

Laboratory activity: Analysis of 
chemical parameters of the honey 
of each country: 
determination of pH, free acidity, 
total ashes and moisture content; 
test	for	the	presence	of	K,	Ca,	Mg	
and	Fe,	quantification	of	Vitamin	C

Laboratory activity: diastatic 
activity of honey enzymes

Laboratory activity: microscopic 
analysis

6th
Activity: How the electric field 
influences the pollination 
performed by the Bees

7th
Activity: Study of the life cycle  
of bees (sexual and asexual 
reproduction) and biotic 
relationships in bee populations

8th 
and 
9th

Flowerbeds Construction Beehives 
construction

STEPS TASK	/	STRATEGY

BEFORE DURING AFTER

Were 
instructions 
enough/clear?

Did	it	fit	your	
curriculum?

Was English 
used during 
the task?

Was it easy 
to pass the 
information 
onto students 
and putting 
up the task?

Did the 
students 
accomplish 
the task?

How did 
you do the  
evaluation?

Was the 
methodology 
and materials 
suitable for 
the activity?

What was 
student’s 
reaction/
feedback?
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AT THE END OF THE PROJECT

Did	your	school	develop	all	the	tasks	planned?	If	not,	explain	why.

In	which	extent	did	you	reach	the	predicted	aims	and	outcomes?

What was student’s reaction/feedback?

Was the methodology and materials suitable for the development of 
the project?

Did teachers exchange ideas and results with teachers from other 
countries during the project?

Did students exchange ideas and results with other students from other 
countries during the project?

Could	the	project	plan	be	improved?	If	so,	how	would	you	improve	it?

Other remarks

FINAL FEEDBACK
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LET’S MAKE A BEE HIVE!
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EASY ORIGAMI BEE

1. 2.

3.

5.

7. 8. 9.

6.

4.

10.

12.

11.
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SUMMARY OF INTERDISCIPLINARY ACTIVITIES

LET IT BEE - Hungary

The students analyzed the amount of iron in 
commercial honey and producer honey. The result 
of much work: honey contains very little iron.

Honey is a wonderful 
substance, but not the 
best source of vitamin C. 
We really found vitamin C in honey, albeit in a very 
small amount: 2.18 mg / cm3.

After studying the shape 
and structure of the cells, 
hard-working hands created our own hive. 
Our experience is that it is not easy at all to create 
the same things.

We created a digital spatial model of the cells used to store 
honey. The change in the surface-to-volume ratio was 
determined by calculating the area of the planar portions, 
and the general formula was used to find the minimum 
surface area of the hexagon based prism-cristals of the 
same volume.

Students measured the viscosity, using the Höppler 
method. They measured the size and density of an 
iron ball and its velocity while sinking in honey. Then 
they calculated the viscosity, the result was:  honey 
= 16 Pas.

Students measured the density of honey using two 
methods. Dividing the mass by volume: the result was: 
ρ=1460 kg/m3 ; Using hydrometer: the result was: 
ρ=1410 kg/m3. The difference between the two results 
comes from the error of measuring the exact volume (not 
counting the honey that sticks to the wall of the cylinder). 

The students studied how to measure the quality of 
honey by its enzymatic activity. The presence of the 
amylase enzyme was tested with Lugol's and starch 
solutions. If the honey contains amylase, it refers to 
good quality. Commercial honey is excellent!

Students extracted pollens from diluted and 
centrifuged honey (lime honey, mixed flower honey, 
rapeseed honey). Pollens was examined under a 
microscope and identified using the pollen atlas. 
There was no counterfeit honey.

RESULTSRESULTSRESULTSRESULTS

RESULTSRESULTSRESULTSRESULTS

TEST  FOR   IRON

TEST  FOR  VITAMIN  C

BUILDING BEEHIVES FROM   CLAY

WHY A HEXAGON

MEASURING THE VISCOSITY   OF HONEY

MEASURING THE DENSITY OF HONEY

ENZYME   ACTIVITY

POLLENANALISYS
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SUMMARY OF INTERDISCIPLINARY ACTIVITIES

PROJECT ACTIVITIES - Lithuania
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SELF-EVALUATION
Fill the diagram below
(5 – best; 1- worst)

annexPARTICIPATION IN A SCIENCE FAIR: 
• Posters Exhibition showing the results in the different countries; 
• Practical demonstrations of the activities carried out in different 

countries; 
• Sharing of recipes/products made with honey from different countries; 
• Honey tasting session from different countries; 
• Beehives and flowerbeds construction Workshop


