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Foreword
This book is part of the training kit conceived by the multinational team involved in the Erasmus
Plus project “Cross-curricular Approaches to Mathematics and Sciences in Formal and Informal
contexts”. The project involves students and teachers from seven European schools and aims at
offering new learning opportunities to students, in an effort to prepare them for life. Also, the project is
an opportunity for the teachers involved to develop professionally, because it challenges them to come
up with ideas and it requires them to combine their knowledge, experience and expertise in a
methodological approach which, though not entirely new, has been less used as a method of teaching
and learning within the educational systems of the countries involved in the project.
The reasons why the cross-curricular approaches can be chosen as better or complementary
alternatives to traditional instruction based on the study of individual subjects are known and we, the
authors, only want to mention what we could find from first-hand experience. While testing and putting
different cross-curricular ideas into practice, we could see that the students were much more involved
and curious about the subject matter than in traditional learning circumstances. Moreover, we also
found that cross-curricular work is not only a very useful motivational tool, but it also develops the
thinking skills of our students, such as problem solving and reasoning, since they do not only apply
knowledge and skills learned in one subject to another, but also reinforce and synthesize information
and ideas from a range of sources.
The training kit comprises:
1. The student's book of cross-curricular activities;
2. The methodological guide of cross-curricular activities (the teacher's book);
3. Two video guides which include examples of cross-curricular activities implemented in formal and
informal contexts;
4. A test book;
5. A booklet with questionnaires for students and teachers.
The age group to whom the activities address is 15-17, since the connection between the
topics tackled from multiple perspectives and the surrounding world and real life is quite obvious and
accessible to all of our students. All the materials are elaborated in accordance with the contents of the
compulsory curriculum of all the seven partner countries for this age group.
Many thanks to all the teachers and students who contributed to the design and the
implementation of the activities presented in this book!
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Unit 1
Topic: Arts of proportions
Conceived by the Croatian partner

Page

4

Argument: Proportion is, in general definition of this noun, comparative relation between
things or magnitudes as to size, quantity, number etc. and ratio.
In order to make some decision in our life, no matter the importance of that decision,
we compare arguments for some decisions. For example, using some simple example, in the
supermarket, where are many types of chocolates, with different prices and weights, how to
make the best choice among them? One of the ways to do this is to compare price (P) to
weight (W) ratio and the select the minimal proportion or ratio P: W. The other choice can be
the best quality to price proportion, for example.
So, the concept of different quantities and their relation comes from everyday human
experiences. The same concept of quantities relation present in the form of proportion and
proportionality is present in art, mathematics and, too. In classical figurative arts and music
there are some ideal proportions. For example, ideal beauty proportions of human face or
body part, ideal proportion of musical tone duration and frequencies. There are differences
about beauty of some musical note intervals in western and eastern music, but common fact is
that some proportion of tone frequency expressed as small integer number ratio (like 2:3, 3:4,
4:5 etc.) is psychologically good to hear in music.
The concept of proportion and ratio is often more important in science. We are not
aware of that, but every map or graph, that represents some measured relation, presented in
the paper, assumes that one cm on the map or graph in x or y direction present some value q
in some units in fixed proportion.
More than that, many scientific quantities can be expressed as simple proportion,
ratio, of two different quantities like (mean) velocity that is proportion of travelled distance
and appropriate time interval or like density as a proportion between mass and volume etc.
Some quantities are inverse proportional others are of quadratic or cubic
proportionality. There is also a very important proportion between mass of different elements
in chemistry, too. In biology some physical or chemical processes depend on time and/or
linear dimension, surface or volume, but those processes are dependent, putting some size
(dimension) to shape limitation in biology.
We must conclude that understanding of proportions, proportionality, the relations
between different quantities in the mathematical form gives us better scientific understanding
of the nature in natural fields (physics, chemistry, biology), better understanding of art, as
well as in our everyday life experience and choices that we make. So, it is important to study
this general concept in the cross curricular form in different cross correlated subjects.
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1. Subject: Physics (through mathematics, chemistry, biology and music)
1.1 Objectives:
 to apply and connect knowledge from different fields (music, biology, physics, chemistry)
to mathematical concept of proportion and proportionality;
 to develop student’s skill for generalisation, exploration, discussion, argumentation,
experimentation;
 to develop team work skills , as well as interpersonal skills in solving problems;
1.2 Time available: 2 hours
1.3 Students’ age:15-16
1.4 Assumption: The students should already know (that):
 the basic knowledge and use of the concept of proportion, proportionality
 to understand and use quadratic and cubic proportionality.
 to use proportions in similar triangles.
 basic equations and their meaning and application from kinematic and dynamic.
 basic knowledge about musical scale and tone interval.
 calculation of arithmetic mean and MAD.
 to use PSE and to calculate molecular molar mass.
1.5. Materials and equipment: paper, ruler, one or more guitars, calculator, worksheets.
1.6 Methods and procedures: debate, learning by doing, experiment.
1.7 Strategy:
1.7.1. Stage 1- The teacher goes through some previously acquired theoretical concepts (5-10
minutes) by asking the following questions:
1.7.1. Answer the following questions:
1. Can you explain what proportion is? What is linear proportionality?
2. What are similar triangles? What is the relation between triangles sides?
3. Can you define and write in the equation form mean velocity, mean acceleration, mass
density, and pressure, body mass from Newton equation of motions, elasticity coefficient and
friction coefficient?
4. Can you generalise in one form all of these equations?
5. Suppose two bodies, A and B, with identical shape but with different size, in the linear
proportion LA:LB=k. Define proportions between their surfaces and volumes.
1.7.2. Stage 2 Applications
Task 1- Measuring guitar string length for C major scale tones for every of 6 strings.
The context for the implementation of the lesson: in the classroom/physics laboratory.
Objectives:
 To apply and connect knowledge from one field to other (music to physic using
measurement and mathematic)
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Aim: to help students to apply and generalize the concept of proportion and proportionality to
different subject and in everyday life, for better understanding and connecting facts and
knowledge from different fields.
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 To connect theoretical knowledge and experience to solve the task (playing C major scale
on one guitar string)
 To learn how to make precise measurement;
 To develop team work skills, as well as interpersonal skills
Time available: 20-25 minutes
Organization: group work
Old Greek philosophers tried to understand the world around us including ourselves.
Pythagoras was one of them. He discovered his famous mathematical theorem about
rectangular triangles. He also discovered irrational numbers, numbers that are not integer,
none numbers of the form a/b, form of proportion between two integer numbers a and b. He
probably discovered that music tones are some forms of mathematical proportion of small
integer numbers. Here we will repeat his discovery using guitar, connecting music, physics
and mathematics.

Fig.1
Scales are octave-repeating; meaning their pattern of notes is the same in every
octave. An octave-repeating scale can be represented as a circular arrangement of pitch
classes, ordered by increasing pitch class (see fig.). The increasing C major scale is C–D–E–
F–G–A–B–[C], with the bracket indicating that the last note is an octave higher than the first
note. The distance between two successive notes in a scale is called a scale step.
On guitar, starting from the lighter string, notes are arranged in this order: E, A, D, G,
B, E. Fields on guitar represent successive half tones. Fill in the table below measuring string
length by using this information.
C

D

E

F

G

A

H

C
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String
No.
1
2
3
4
5
6
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Task 2. Calculate the average C to every tone string length, calculate MAD and relative
error.
The context for the implementation of the lesson: formal, in the classroom/physics
laboratory
Objectives:
 To understand and apply mean and MAD experimental value from different measurement
Time available: 10 minutes
Organization: individual or group work
Procedure: Two or three students will individually calculate mean, MAD and relative error
for only one tone and later they will compare their results.
Fill in the table below with string length ratio of tone C to every tone and find the
mean values, MAD (mean absolute deviation) and MAD/mean error percentage by using data
from task 1.
String/Tone
C
1
2
3
4
5
6
Mean
MAD
MAD/Mean%

D

E

F

G

A

B

C

C
1/1
24

D
9/8
27

E
5/4
30

F
4/3
32

G
3/2
36

A
5/3
40

B
15/8
45

C
2/1
48
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A
B
C

Name/Tone
Diatonic ratio
Natural
Guitar ratio
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Task 3 Compare measured string length ratio with Ptolemy's intense diatonic scale frequency
ratio.
The context for the implementation of the lesson: formal, in the classroom/physics
laboratory
Objective: to develop team work skills, as well as interpersonal skills
Time available: 10 minutes
Organization: individual, group work
In the so called Ptolemy's intense diatonic scale tone frequency proportions are
defined in the way they are presented in table below. Using the fact that tone frequency is in
inverse proportion of string length and assuming that tone A has frequency of 440 Hz, fill the
table using results of task 2. Discuss the results!
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D
E
F
G
H

C line /A line
ID-1I*100%
MAD/mean%
B*x (Hz)
C*y (Hz)

2016

440
440

1.7.3. Stage 3. Evaluation through further practice:
Task 1. Each student will read the text below, in which the speed is plotted against time and
he will solve the following requirements:
1. Express ratios Fn/G and Fp/G using proportions of similar triangles (see fig 3.)!
The inclined plane or ramp is based on a right triangle (see fig.2). Ramp is one of so called
simple machine.

Fig 2.
The mechanical advantage (MA) of a machine is defined as the proportion of the output force
exerted on the load to the input force applied. For the inclined plane the output load force F is
just the gravitational force of the load object on the plane, its weight G=mg.
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Solution:
Fn/G=H/L,
Fp/G=V/L
Task 2. Each student will read the text below:
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MA= G / F
Friction factor μ is defined as proportion of friction force FF and force normal to the surface
between two bodies FN:
μ = FF / FN

TEACHER’S BOOK VOLUME 1

2016

Page

1. Why and how animal body shape depends on animal size (for example see fig below)?
2. Why are many organs fractal like?
3. Why are not there terrestrial animals as large as some aquatic animal, as whale?
4. Why are not there evolved dogs or elephants size of an insect?
5. Why are not there evolved insects sizes of mammals or birds?
6. Find another similar questions and discus the answers using linear, surface and volume
proportions and physical processes that are proportional to it!
Suggested solution:
1. If the body linear proportion (without leg) of animal A andB is LA:LB=k, then body mass
(assuming same body density) proportion is mA : mB= k3 So, leg bone and muscle must
have the same surface cut ratio so leg radius proportion must be at least rA : rB=k3/2 or
more.

9

Find the equation for friction factor μ using results from task 2. in the static case or in the
uniformly moving case.
Solution: In static case or in uniformly moving case friction force is equal to Fp: F=Fp, so
μFn=Fp. Using task 1 that is: μHG/L=VG/L, so: μ=V/H.
Task 3. Each student will read the text below:
Using ruler and results from task 2. determine friction factor for different body (notebook,
sponge, rubber…) on the table. Make at least 5 repeats of measurement and find mean values
and MAD.
Suggested solution: One student must incline the table all the way to the angle when the
body on it starts moving. Second student is measuring V, for example of table leg height. H
can be calculated from L, the distance of table leg using Pythagoras theorem. Friction factor
is equal to the V:H ratio.
Task 4. Each student will read the text below:
Allometric scaling is study of the relationship of species body size to shape, in contrast to
isometric scaling (same body size at different scale).
All of the animal species have similar body density. Mass and heat transfer depends
on contact area, muscle force depend on muscle cross area. Bones strength depends on bones
perpendicular area too. Using those facts explain the following questions:
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2. To change linear/surface/volume ratio. For example, bigger tree in the same scale as
smaller one has different leaf surface to tree line or volume ratio.
3. Because of the reasons expressed in 1. in water there are not things like legs that must
support all the body weight.
4. One of the reasons is hitin exo scelet that is not able to support elephant size weight. The
other reason is breathing of insect.
5. Mammals and birds have constant temperature so surface to volume ratio is limiting
factor for smallest birds or mammals size. Smaller animals have faster metabolism to
compensate the heat lost but there are other limitation to metabolism rate.
6. For example, smallest birds have proportional smaller wings than bigger using some
volume to surface to linear dimension argument.
2. Subject: Mathematics
2.1 Objectives:
 make a connection between proportionality and constructive geometric tasks
 preparation for the presentation of similarity of triangles
2.2 Time available: 1 hour
2.3 Students’ age:15-16
2.4 Assumption: the students should already know:
 how to use a ruler and divider
 how to draw parallel lines by using a ruler and a triangle
 use of elementary math operations and rational numbers
 reading from a graph
2.5 Materials and equipment: school board, paper, pen, ruler, triangle, divider
2.6 Methods and procedures: learning by drawing, comparing, study case, debate
2.7 Strategy:
2.7.1 Stage 1 – The teacher goes through some acquired concepts (10 minutes) by asking
the following questions:
 Where do we see ratio in our surroundings? Life?
 Can you give me an example of a ratio in real life?
 To which math operation do we connect a ratio? Proportion?
 What is the difference between a ratio and a proportion? Example?
2.7.2 Stage 2 Applications
Task 1 – the calculation of height of a church tower by using proportion
The context for the implementation of the lesson: in the classroom
Objectives:
 To apply theoretical concepts in solving different very
practical tasks
 To learn how to read and understand a sketch and graph
 To develop interpersonal skills
Time available: 10-15 minutes
Organization: individual work
This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

10

2016

Page

TEACHER’S BOOK VOLUME 1

TEACHER’S BOOK VOLUME 1

2016

Procedure: Each student will get a sketch of a church tower with some information. They have
to calculate the height of the church tower by a shadow of a stick of 1m length put vertical on
the ground. The length of the shadow of the stick is 1.6m.
Let us say that the length of the shadow of the church tower is 24m long. Let v be the height of
the church tower.
The proportion:

Page

3. Subject: Art
3.1 Objectives:
 Recognizing, identifying and analysing proportions in art and everyday life;
 Developing a positive attitude towards the history of art and art in general;
 To encourage activity and independence, understanding the importance and the role of
proportions in the visual arts, as well as connecting with knowledge from other subjects.
3.2 Time available: 1 hour
3.3 Students’ age:15-16
3.4 Assumption: the students should already know:
 Size relations, measuring, comparing two sizes,
 Age-old Egypt and ancient Greece.
3.5 Materials and equipment: Blackboard, projector and computer.
3.6 Methods and way of lecture: The method of oral presentation (T-S, S-S), demonstration,
group work, method of graphic works.
3.7 Strategy:
3.7.1 Stage 1 – Introductory part (5 min):
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The height of the church tower is 15m.
Suggested solution: using the proportion
Task 2 – Calculation of a height of a roof if I want to build a room in the attic
The context for the implementation of the lesson: in the classroom
Objectives:
 To apply theoretical concepts in solving different very practical tasks
 To learn how to read and understand a sketch and graph
 To develop interpersonal skills
Time available: 10-15 minutes
Organization: individual work
Procedure: Someone in the attic wants to build a room which height is 2.4m and 4m width. If
the width of the ceiling is 10m, what is the height of
the roof?
Proportion:
The height of
the roof must be 4 m.
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The introductory part repeats the knowledge about the proportions that were adopted earlier
in previous classes, other subjects or in everyday life.
Examples:
Carrot juice: 1 litre of water, 2 kilo carrots, 2 kilo sugar. Water: carrot = 1: 2. If a size is twice
as large as the other then we can say that they are in relation 1: 2.
In chemistry may be a solution in the ratio 1:50 (chemists would describe that as a 2 per cent
solution).
3.7.2 Stage 2 Main part (30 min):
Since ancient times, people have been observing the world around them which
inspired and amazed them. Imagine people in the caves who faced a totally unknown nature.
In many ways they were small, confused and helpless in front of the large, mysterious and
unattainable outside world; however their inner world was equally mysterious for them. The
first step directed towards the world using the hand, foot, elbow to try to compare and
measure things around them. The original relationship between things was somewhat
established. The ancient Egyptians knew three units that were derived from the human body.
The elbow (466 mm) was equal to the length of seven palms (66.5 mm), which in turn was
equal to the width of four fingers (measuring fingers at the top). The length of the foot was
taken as a unit of body measurement, so that the average height of a man was 7 of his feet.
While displaying the human figure as a stationary, symmetrical and very
proportionate in a sitting or standing position, the Egyptians used a mathematical grid system.
In this way they were able to connect each part of the human character that was portrayed.
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Polycleitus Spear Bearer is considered to be the
greatest achievement of classical Greek sculpture.
The scale of the statues is determined by the
relationship of the head to the height (1:7) and hands
to the entire height (1:10). The golden ratio
corresponds to the navel, whereas the shoulder
width is almost equal to the height of the torso.
The Golden Ratio is the ratio of the size in which the
shorter to the longer is in relation as the longer to the
shorter according to the sum of short and long:
a: b = b (a + b)
If in the Golden Ratio the shorter side is a=1 then
b=1.618034. This number is known under the
designation φ (fi).
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The Golden Ratio is a relationship that is often found in
nature. For example twigs of plants are branched by the
following principle: 1, 2, 3, 5, 8, 13, etc. This series of
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Leonardo da Vinci wrote “Treatise on painting” which
among other things deals with the general measures of
the human figure. He explores the nature, anatomy and
life itself, and looks how to apply this knowledge. It is
believed that in nature nothing completely resembles
one to another, and therefore it is important to take into
account the diversity of forms. One must acquire
knowledge of the measures of man and other beings
and things, and all their parts should correspond to a
unit.
The figure in Leonardo's diagram is an illustration of
the divine proportions. It shows the constitution of the
body by using pentagonal symmetry. The whole body is
framed in a square from the feet to the tips of his
fingers and the head, and arms as well which are
extended at shoulder
height. The figure is
divided according to the Golden Ratio (1: 1.618) position of
the navel to the total height, which has the length of 8 heads.
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numbers is generated when the sum of the previous two give the following number. 1 + 2 = 3,
3 + 2 = 5, 3 + 5 = 8, etc. When two adjacent numbers are divided we obtain φ: 13: 8 = 1.625.
The bigger the numbers in the series the more precise is the value φ.
It is interesting that a whole range of size relations behaves on this principle:

This series was named the Fibonacci sequence after the medieval Italian mathematician
Fibonacci.



The ancient Greeks did not only use proportions to form
statues, but also to shape ceramic vessels.
Proportionality is important in architecture as well. Ever
since the ancient Greeks we know the motto "man as the
measure of things", which should be accepted on two levels:
firstly, architecture always has a utilitarian feature, its
function is determined by its shape and dimensions. This
means that the height of the door, for example, must match
This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
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In the bee colony and hive, there are always fewer males than
females bees. If you divide the number
of females by the number of male bees you always
get the number fi.
Nautilus (cephalopod) has a spiral in its construction. If we
calculated the ratio of the diameter of each of the spiral to the
next we would
get the number of fi.
Sunflower seeds grow in opposing spirals. The number of the
mutual relations diameter is fi.
 If we measured a man's length
from the top of the head to the floor,
then we divide the number by the length
his navel to the floor, we get the number
fi.
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with the average height of the person to use that door and go through them. The grooves on
the columns of the Greek temples (fluting) had the width of a human back so that the people
who gather in front of the temple could lean into them and rest.
Secondly, the design of buildings uses ratios and dimensions of human proportions, creating
a sense of harmony and acceptance by viewers on an unconscious level who recognize the
relationship of the architectural elements in relation to their own bodies. A column, for
example, with its ratio of the capital and column stands in relation like a human head to the
body; and the room between the columns is proportional to the range of the steps of a man.

Page

15

3.7.3 Stage 3 The final part (10 minutes):
Let`s draw a head!
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Unit 2
Topic: Recursion
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Argument: The word Recursion comes from Latin recursionem, nominative recursio, with
meaning "running backward", return, and run back. In logic and maths, the word recursion is
defined as application of a function to its own values to generate an infinitive series of values.
Natural numbers, as the first infinite number set can be defined using recursion definition,
starting with number one as element of natural number set.
All of the (infinite) natural numbers can be defined using "running back" definition: If
n is natural number, so it is number n+1. There are another important definitions and
functions with the use of "running back", the recursive definition as is famous Fibbonaci
number sequences.
In programming languages, recursion is used for function of procedures that call
itself. It is also possible to have more than one, a group of recursive functions that use
recursions, so called mutually recursive. Of course, there must be some conditions in order to
stop the running of recursive functions, in order to avoid infinitive loop but, on the other
hand, as in the examples of natural number set recursive definition, there is no end of
recursion, there are not thing like "the last natural number".
Recursive procedure in the more general sense is procedure that goes and goes, with
"running backward", using previous values to make another step of recursive procedure. This
general concept of recursion and recursive function is used for numerical modelling of
different physical processes in time. Using natural physical lay, like Newton's law of motion,
numerical calculations of system evolution in time goes in minor step using calculated values
for time t as recursive input to calculate values later.
Therefore, the concept of recursion and recursive functions is important and general
concept for better understanding of at first sight different and not connected phenomena in
math, natural science, arts and everyday life. In some sense, everything around us is some
kind of recursive function. For example, in biology we can think about life and evolution as
recursive process in generations’ exchange. We are able to think about everything around us,
but we are able to think about our thinking, some kind of mental recursion and us. Our
language is full of meaning recursions too, and so on.
Using all that facts about recursion and functions in different fields like math, ICT,
physics, biology, arts, we think that this is good argument to include this topic in crosscurricular approach to science project.
1. Subject: Mathematics
Aims: to adopt the concept of a sequence (series), know to write a few members of a series
from the general term, know to write a general term of a series from a few members,
understand the idea of a recursion

17

Conceived by the Croatian partner

TEACHER’S BOOK VOLUME 1

2016

1.1. Objectives:
 By using specific tools and procedures, to form and develop the students’ skills of
exploration / investigation in order to study a sequence (series)
 To apply theoretical concepts in solving different very practical tasks in programming
 To learn how to read and understand graphs
 To develop team work skills, as well as interpersonal skills
1.2. Time available: 1 hour
1.3. Students’ age:15-16
1.4. Assumption: The students should already know (that):
 formulas
 inserting numbers in order to get output values
 making a graph in Cartesian coordinate system
 use of elementary math operations and rational numbers
1.5. Materials and equipment: paper, ruler, blackboard
1.6. Methods and procedures: learning by doing, experiment, study case
1.7. Strategy:
1.7.1. Stage 1 – The teacher goes through some previously acquired theoretical concepts (5
minutes) by asking the following questions:
 What is a series? Where do we find it in the nature? Give examples?
 Can you make a general term by exploring a few members of the series?
 Do you know any famous sequence?
 Can you draw a graph of a sequence? How?
1.7.2. Stage 2 – Applications
Task 1: Write down the first five members of a series given with the next formula:

General term of the series is
Task 2: (Fibonacci sequence) Find the general term of the next series: 1, 1, 2, 3, 5, 8, 13, 21,
34, 55...
Solution: every member of the series gets an index as following
As we see, the sum of the first two numbers makes the third member, the sum of the 2 nd and
3rd makes the fourth and so on so we can write as following:
Task 3: Draw the graph of the following series:
1

2

3

4

5

6

7

8
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The following graph:
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2. Subject: Biology
2.1 Aims and objectives:
- describe differences between sexual and monogenous reproduction in animals and explain
the basics of embryonic development and the importance of mitosis and meiosis in
developing animal organism
2.2. Time available: 1 hour
2.3. Students’ age:15-16
2.4 Student achievement and outcomes:
 describe differences between sexual and monogenous reproduction in animals and explain
the basics of embryonic development and the importance of mitosis and meiosis in
developing animal organism
 understand how both animal and human begin their life as an individual
 find out how sex cells develop, how they transmit hereditary disposition from generation
to generation and how a complex being develops from a single cell
 learn what is fertilization, how an embryo develops and the principle that directs the
embryonic development
 understand how cells specialize and why organisms age and die
 get an idea of the development of their own body and about what is going on in our
sexual glands
 understand that in the biological processes there are no important differences between
humans and animals
Key concepts: Spermatogenesis, oogenesis, zygote, differentiation, speciation, morula,
blastula, gastrula, ectoderm, mesoderm, endoderm, organogenesis
2.5 Materials and equipment: videoprojector, worksheets
2.6. Methods and forms of work: frontal, individual, discussion and answering questions
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2.7. Strategy:
2.7.1 Stage 1-Introductory part of the class (5 minutes)
Repeat the types of cell division and their role (mitosis, meiosis). From which cells do we
originate? What is the name of our first diploid cell? What happened to it after that?
Announce the goal of this class.
Student activities: students repeat the adopted knowledge of cell division and answer
questions
2.7.2 Stage 2-Main part of the class (30 minutes)
Repeat oogenesis and spermatogenesis with the help of pictures in the textbook. What is
fertilization? What actually happens during fertilization? Let us explain what happens next
with the zygote.
Use animation that depicts the process of creating a morula, blastocyst and gastrula (web
addresses attached).
Students write down the germ layers, organs and systems that develop from them. Explain by
examples the difference between differentiation and speciation cells. Highlight the difference
between plant and animal cells in connection with the possibilities of developing already
differentiated and specialized cells. Compare the ways of reproduction of plants and animals.
Highlight the term cloning (discuss what students know about it).
Emphasize the following process - organogenesis. How do we call the phases in human
development before birth? What happens to us after birth? Explain the difference between
growth and development. What is the purpose of mitosis? Are all cells that develop from
mitosis equal? In which way they are, in which way they are not.
Discuss the effects of aging.
Methods and forms of work: frontal, individual, discussing and answering questions,
discussion by presenting own experience, demonstration of video content from a web page.
Student activities: students repeat the adopted knowledge of cell division and answer
questions, share their observations and answer questions again.
2.7.3 Stage 3 Final part of the class (10 minutes)
By using, a textbook summary of the development of animal organism and with the addition
of verbs try to make a conceptual folder in pairs. Present several folders to all students.
For homework, solve the tasks in the workbook.
Methods and forms of work: frontal, in pairs, individual, elaboration of conceptual maps.
Student activities: students repeat the acquired knowledge through the development of
conceptual maps.
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Attachments
Proposed websites
http://www.youtube.com/watch?v=BTDpdPI1Imw - from fertilization to us
http://www.youtube.com/watch?v=jsFn-_SC2Q8 - from fertilization to gastrula
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3.Subject: Information technology
3.1 Aims and objectives:
Knowledge acquirement: To learn how to perceive and identify recursions in everyday life
and occurrences surrounding us. To understand the principle of recursion and programming.
Competence acquirement: To use recursive functions in programming
3.2. Time available: 1 hour
3.3. Students’ age:15-16
3.4. Assumption: The students should already know :
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Comments and suggestions on logical-cognitive sequence in learning the subject matter
Students will take more interest in this chapter than the last in which plants have been taught.
This is natural since man belongs to the animal kingdom and is interested in animals because
he recognizes the similarities with our own organism. By learning the description of
spermatogenesis and oogenesis, students will apply the knowledge of meiosis and will learn
where and when it happens.
The teacher can explain the differences between oogenesis and spermatogenesis and ask
students to compare the events and conclude why the irregularities in the development of the
embryo occur more often when the parents, especially the mother is at an advanced age.
Students will be interested in the menstrual cycle of women, although it is part of the
scheduled program.
With regard to this teaching unit, the teacher will awaken the students’ interest with
information on current discoveries in biology and their application in biomedicine. The new
findings, from the application of embryonic cells to the genome sequencing open up new
possibilities for diagnosis and treatment of hereditary diseases. At the same time fear of
commercialization and abuse of living creatures and man occurs.
New questions arise through the application of genetic tests and the development of
predictive medicine, which can detect mutations in the genes that cause the disease.
Questions about who is entitled to such information as part of an individual gene arise.
It is interesting to follow the events on the use of embryonic cells in medicine. Cells from
which an entire body can develop are called totipotent. By growing embryonic and progenitor
cells, it is possible to their differentiation and directs them towards the development of
specific tissue. If you remove the core from such progenitor cells and incorporate the core of
a patient, then the tissue will develop that genetically completely corresponds to the patient.
Consequently, the healthy tissue can replace the affected one.
It is important that the teacher closely follows the development of his profession and places
himself in the role of students, and thinks about what a student should know and understand.
It is also important to have a vision of what a citizen should know about biology, no matter
whether he is a lawyer, a construction worker, a linguist or any other profession that is not
close to the natural sciences and medical-biological field. While teaching the unit the teacher
should enable students to debate on interesting topics: sexuality, reproduction, development
of the embryo, growing up, aging and death. The teacher should answer important questions
and resolve doubts and misconceptions that students have about their own sexuality.
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Programming language JavaScript or C++, functions, argument functions, end function
statements.
3.5 Materials and equipment: computers/laptops, worksheets, internet conection
3.6. Methods and forms of work: frontal, individual, discussion and answering questions
3.7. Strategy:
2.7.1 Stage 1-Introductory part of the class (10 minutes)
In the introduction, we revise function syntax, the procedure of declaring and calling of
function and how it returns the value to the calling code.
Let us write down a function that calculates the area of a rectangle.
JavaScript:
<script>
function area(a,b){
P=a*b;
return P;
}
x=5;
y=7;
document.write(area(x,y));
</script>
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int main() {
int x=5;
int y=7;
cout << area(x,y) << endl;
return 0;
}
What differences and similarities do we notice in these two languages?
2.7.1 Stage 2-Main part ( 25 min)
Every occurrence that is based on its precursor and that has its successor can be called
recursive. For example, if we climb up the stairs, the reached stair is the value we will have to
increase to be able to reach the next stair.
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We send the function area two variables, x and y, and it accepts it as arguments a and b .Then
it calculates the area P=a*b and returns it to the main program with return P. Let us see how
this looks like in C ++.
C++:
#include <iostream>
using namespace std;
int area(int a, int b){
int P=a*b;
return P;
}
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Repeating this action:
New stair = current stair + step
Recursion is usually said to be the defining function applied within itself. For example, if I
count, the next number is the current number +1; and I achieved this by adding 1 to the
previous number.
We can note this as:
F(n)=F(n-1) + 1
JavaScript:
<script>
function count(a){
document.write(a,"<br/>");
if(a<20) count(a+1);
return a;
}
x=count(1);
</script>
From the main program, we call the function count and send number 1. The function accepts
this number in variable a (function argument) and then the instruction document.write(a)
notes it.
If the value of a is less than 20, then the function calls itself. In recursive functions, we have
to control – until when the function will call itself, otherwise, in theory, it will be doing this
ad-infinitum. However, in practice, it will be doing this until it uses up all of the available
memory. Let's see how this looks like in C++:
#include <iostream>
using namespace std;
int count(int a){
cout << a << endl;
if(a<20) count(a+1);
return a;
}
int main() {
int x=count(1);
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}
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return 0;
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Many mathematical functions are defined as recursive. For instance, such are Factorials.
A factorial is the product of natural numbers, from number 1 to another number and
identified with an exclamation mark.
For example 5!= 1*2*3*4*5=120
And factorial 4!=1*2*3*4 = 24
We can say that 5!= 4!*5
Or in general:
n!=(n-1)!*n
The program memorizes where the function was called upon the first time.

When the function calls itself the computer memorizes the place it will return to after return.

On the place of the call of function the return value will appear.
For every call, the program memorizes the place of return and the value by which the
function was called. The argument of the first call is 5, so that order could look like this:
if(5>0) return (5 * factorial(5 - 1)); ( 5 is memorized )
Now n will be 4 (4 * factorial(4 - 1)); every time the return place will be memorized : the "
red dot " , the argument number and the return value number )
then :
f(3>0) return (3 * factorial(3 - 1)); ( 3 is memorized and the function is called with argument
2)
if(2>0) return (2 * factorial(2 - 1));
if(1>0) return (1 * factorial(1 - 1));
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Therefore, the order now would look like this:
if(1>0) return (1 * 1);
Then this return returns the value 1, but at the same time as n takes the previous argument
with which the function was called, that is with 2, so the order now looks like this:
if(2>0) return (2 * 1); 1 is on the place of the function name , which was returned in the
previous step
if(3>0) return (3 * 2); now 6 will return
if(4>0) return (4 * 6); then 24 will return
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When n becomes 0 the order after else is implemented and the value 1 is returned to the
place the function was called upon, i.e its name.
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if(5>0) return (5 * 24); This is the final value , which returns to the place of the first call in
the programme , i.e in the main part of the program.
x= factorial(5); only , the value 120 is placed instead of the name of the function .
return address

n return value

in main programme 5

120

in function

4

24

in function

3

6

in function

2

2

in function

1

1

Let us see the same program in C++:
#include <iostream>
using namespace std;
int factorial(int n){
if(n>0) return(n * factorial(n-1));
return 1;
}
int main() {
cout<<factorial(5)<<endl;
return 0;
}

<html>
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3.7.3 Stage 3-Final part ( 10 min)
We have seen an example of recursion in everyday life: climbing up stairs. What other
occurrences could be defined as recursive?
They require an accomplished value that is based on the
previous one, based on which this is achieved :
 Exponents ( xn=x(n-1)*x )
 Projectile motion ( the horizontal change is
constant , and the vertical change decreases by
a certain value k)
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<script>
x=10;
y=100;
dx = 20;
dy = 20;
function fly()
{
x=x+dx
y=y+dy;
dy=dy-1;
a.style.top=(300-y);
a.style.left=x;
}
function move()
{
t=setInterval("fly()",100);
}
</script>
<body onload="move()">
<div id="a" style="position:absolute;top:200;left:10;">o</div>
</body>
</html>
In programming the recursve function calls itself , in nature it is based on its previous value,
which means that in programming we do not need to use recursion programs to display
recursive behaviour.
- Parents and children ( every parent has his/ her predecessor – a parent and successor –
children )
- A mirror reflecting another mirror
- Recursion in dictionary:
See under Recursion : )

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

Page

Anton Orzes (ICT and Art)
Zvonimir Knežević (Mathematics)
Valter Krajcar (Physics)
Martin Potnar (English)
Edita Klobučar (English)

26

Authors:
Gimnazija Gospić – Gospić, CROATIA

TEACHER’S BOOK VOLUME 1

2016

Unit 3
Topic: Nikola Tesla
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Argument: There are many reasons for proportions and recursions to be cross-curricular
tackled because these concepts are present in Maths, Physics, Biology, arts and everyday life.
But, after these two obvious units as cross-curricular topic, the question that someone can ask
for this topic is: Why we chose one historical person as cross-curricular topic? Before the
argumentations here is citation from the beginning of Autobiography of this person, Nikola
Tesla:
“The progressive development of man is vitally dependent on invention. It is the most
important product of his creative brain. Its ultimate purpose is the complete mastery of mind
over the material world, the harnessing of the force of nature to human needs. This is the
difficult task of the inventor who is often misunderstood and unrewarded. But he finds ample
compensation in the pleasing exercise of his powers and in the knowledge of being one that
exceptionally privileged class without whom the race would have long ago perished in the
bitter struggle against pitiless elements.”
Can we imagine today’s real life without cell phones, computers, internet, wireless
technology, robotics, remote control, television, radio, GPS, electricity? Can we live without
all of that modern ITC, electronics around us, without wireless communications, without new
information? Of course, the answers are negative.
The scope of school is to create future creative persons with lot of skills, knowledge
and, of course, motivations for all life learning and developing. Without the story of Nikola
Tesla’s life and work it is impossible to understand how modern 21-th century life emerged,
and probably, without Nikola Tesla’s work and visions our today life will be similar if not
then same as the life around the end of 19-th century. Tesla’s life and work is, from
pedagogical point of view, useful and for student creative, imaginative and motivating.
There are many known and unknown scientists, inventors, workers that create their
impact on progressive development of modern civilization, but Tesla is one of the greatest
among them. Tesla is also one of the most misunderstood and unrewarded among them too.
Tesla’s life and work, as cross-curricular topic can be mentioned and studied in
different subjects like Psychology (his creativity, imagination, visions etc.), History (his
impact on science and technology development history), Politics (his political thinking),
Chemistry (for example, aluminum production with electricity), Biology (his thinking about
technology impact on ecology), ITC (wireless communication an information transport,
remote sensing and control, robotics), etc., but here we limited us only to Croatian, English
language and Physics.
In ordinary Physics’ curriculum electromagnetism is included. Our students learn
Faraday’s law, for example, magnetic flux and magnetic induction, with SI unit for it named
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Tesla, in honour to Nikola Tesla that used Faradays law in lot of his famous inventions for
production, transport and use of alternate poly-phase electric current system. So, it is natural
to include the famous inventor in the course of physics when the topic is electromagnetic
induction and alternate electric current circuit, generators, transformers, motors etc., because
we are talking about Tesla’s inventions. So, we think that all of that is enough to include
Nikola Tesla life and work as cross-curricular topic.
Aim: to inspire and motivate student for learning, being imaginative and creative and to help
students’ better understanding how Tesla and other inventors influenced our everyday life.

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

Page

1.7 Strategy:
1.7.1. Stage 1 (warm up) - The teacher reads some parts of Tesla
Autobiography starting with the following sentence (From the end of
“The Magnifying Transmitter”):
“My project (“World-System” from 1900) was retarded by laws
of
nature. The world was not prepared for it. It was too ahead of
time. But the same laws will prevail in the end and make it a triumphal
success.”
In 1900, as Tesla says, this project was retarded because nobody
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1. Subject: Physics
1.1 Objectives:
 To investigate and discover Nikola Tesla’s work, projects, visions, and inventions and his
influence to today’s ICT and other technology from physical point of view.
 To understand Faradays law and how Tesla used that law in his inventions of AC system
(production, transport and the use of it).
 To understand and use basic physical concept and equations for Tesla AC inventions (e.g.
generator, transformer, electromotor)
 To understand conceptually some of Tesla’s visions and projects (e.g. “world system”,
remote control, resonations, AC, rotating magnetic field etc.)
 To develop critical thinking, creativity, discussion using arguments.
 To develop team work skills, as well as interpersonal skills.
1.2 Time available: 2 hours
1.3 Students’ age:15-16
1.4 Assumption: The students should already know (that):
 Basic physical laws of electromagnetism in mathematical form, the meaning of used
symbol and units in electromagnetism.
 Some basic knowledge about Tesla’s life and work.
1.5. Materials and equipment: paper, worksheets, Tesla’s Autobiography, internet,
computers
1.6 Methods and procedures: The lesson will take place in the Memorial Centre Nikola
Tesla in Smiljan – Nikola Tesla’s birthplace and in the classroom.
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1.7.2. Stage 2 Applications
Task 1- Comparison of Tesla “World-System” and modern ITC, similarity and differences.
The context for the implementation of the lesson: informal/ indoors, in the
classroom/physics laboratory.
Objectives:
 To apply theoretical concepts in physics to understand similarity and differences of
modern ICT and Tesla “World-System”;
 To understand on conceptual level physical contents of Tesla inventions, ideas and
realizations in modern technology;
 To develop critical thinking, discussion, scientific and logic argumentation for someone
opinions.
 To develop tolerance for different opinions.
 To understand Tesla’s concept of the “laws of nature”.
 To develop team work skills, as well as interpersonal skills.
Time available: 20-25 minutes
Organization: group work
Procedure: The student will read following text. They can ask about unclear parts of the text
and after answering questions they will discuss the questions after reading the text in groups.
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in that year understands what it is about, what Tesla “World-System” project is? Here are 12
technical achievements of Tesla’s “World-System”:
1. The inter-connection of the existing telegraph exchanges or offices all over the world.
2. The establishment of a secret and non-interferable government telegraph service.
3. The inter-connection of all the present telephone exchanges or offices on the Globe.
4. The universal distribution of general news, by telegraph or telephone, in connection with
the Press.
5. The establishment of such “World-System” intelligence transmission for exclusive private
use.
6. The inter-connection and operation of all stock tickers of the world.
7. The establishment of “World-System” of musical distribution, etc.
8. The universal registration of time with astronomical precision.
9. The world transmission of typed or handwritten characters, letters, checks etc.
10. The establishment of “World-System” to determine exact location, hour and speed.
11. The inauguration of a system of world printing on land and sea.
12. The world reproduction of a system of photographic pictures and all kinds of drawings or
records.
Questions for discussion:
Do you understand Tesla’s visions from 1900 today, 116 years later?
Do you understand why nobody understands this project 116 years ago?
Do you understand why Tesla said that the project was too ahead of time?
Can you determine approximately how many years that project was ahead of time?
Discuss your answer!
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The Tesla transformer is apparatus that produces high frequency electric current with high
voltage that is not dangerous based on Faradays law and resonance.
Magnifying Transmitter is a device capable to excite the Earth using the physical fact that
Earth with its ionosphere is one big electric device (e.g. Earth energy that produces thunder
lighting all over the world can be used by Magnifying Transmitter)
Tesla Wireless System is list of Tesla’s inventions for sending and receiving signals and
energy using high frequency electric devices.
The “Art of individualization” is Tesla’s invention that, as he said, is primitive radio
frequency “tuning” that refines language to unarticulated expression.
The Terrestrial Stationary waves are discovered by Tesla (as well as similar natural waves he
detected from Jupiter using his devices, but no one believed him that he discovered signals
from Jupiter) as electrical vibrations of defined pitch, as a tuning fork to certain waves of
sound.
If you have some physical question about the text, you can ask before you answer (in group)
following questions.
Answer and argument the following question:
1. Do you agree or not that modern ITC (internet, www, mobile cell phone, GPS, radio and
TV) is realization of Tesla “World System”? Discus the question for each of 12 proposed
Tesla usage of his WS!
2. What are the similarity/differences between Tesla vision and ITC?
3. What is NOT included in Tesla’s inventions that are basic for modern ITC?
4. Why we don’t we have Tesla “Word-System” of free wireless electric energy today?
Discuss your opinion from physical, economical/political, social, ecological point of
view.
5. If you can vote for future Free World System energy, will you vote YES or NO? Discuss
your opinion from physical, economical/political, social, ecological point of view.
6. Try to explain what Tesla “Art of individualization“ is. If you don’t have idea, think
about question how your cell phone “knows” that someone is calling you or about remote
control (opening and closing car) work on parking! Can you find some examples of “Art
of individualization” in natural world?
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After that the groups will explain their answers with their argumentations. Finally the groups
will discuss different opinions using their scientific (including natural, social and humanistic
sciences) and logical argumentation pro and contra different opinions.
Text from Tesla’s Autobiography:
“The World-System” is based on the application of the following important
inventions and discoveries:
1. The “Tesla transformers”
2. The “Magnifying Transmitter”
3. The “Tesla Wireless System”
4. The “Art of individualization”, Tesla inventions
5. The Terrestrial Stationary Waves, discovered by Tesla
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7. Tesla is inventor of the first remote wireless control; Tesla used word teleautomatic boat
(see fig.)
He believed that like his boat is influenced with
his remote control, in similar way, all of us are in
some sense automats with known and unknown
influences from surroundings to us. He also
believed that using this fact, that we are some
sophisticated natural automats, that it is possible
to construct remote control teleautomat capable of acting as if possess their own intelligence
and their improvement will create a revolution.
Discuss Tesla’s vision from point of modern examples of remote controlled Tesla
“teleautomat”, and argument if you agree with Tesla that we are automats?
8. Explain, knowing this Tesla’s point of view why he said that his project was retarded by
“natural laws”, not by society misunderstanding? What is your opinion, are there different
natural, psychological, social, economic etc. laws or you agree with Tesla’s opinion that all
the nature, including humans and our society are only individual part of nature?
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Tesla was in the second year of his studies when he spotted one problem looking to
the work of Gramme dynamo how the brushes of dynamo sparks. Then he observed that it
may be possible to operate a motor without these appliances. His prof. Poeschl remarked:
“Mr Tesla may accomplish great things, but he certainly never will do this. It would
be equivalent to converting a steadily pulling force, like that of gravity, into a rotary effort...”
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1.7.3. Stage 3. Evaluation through further practice: Tesla rotating magnetic field and AC
electrical system
Task 1. Each student will read the following text and then answer the questions.
Tesla becomes famous for his discovery of the rotating magnetic fields that was basic idea for
his wired system for production, (wired, high voltage) transport and use of alternate electrical
current energy. All over the world today we use this form of electric energy that Tesla
created. Figures below are some example of his patents.
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First we must understand prof. Poeschl point of view, but for physical understanding
of this, we must understand and review some physical laws that prof. Poeschl used as
argument for his remark.
Ampere force F on string with current I and length L in the magnetic field with
magnetic induction (in unit Tesla, on honour to Tesla) perpendicular to string orientation is:
1. F=BIL
On the other hand, inside string coil with N turns and with length L, with electric
current I inside string there is magnetic induction:
2. B=μNI/L, where μ is permeability that depend on material inside coil, for iron, for
example, permeability is many times bigger than for air, so, isolated coil string around metal
can be strong magnet with strong magnetic induction.
Magnetic flux Φ is equal to:
3. Φ=BS, where S is surface (of coil cross section, for example) and B is magnetic
induction in that surface.
Faraday law of electromagnetic induction is:
4. U=ΔΦ/Δt where U is induced voltage in coil, ΔΦ is change of magnetic flux in
time interval Δt.
If the Coil has N turns, induced voltage will be N time bigger.
Dynamo is device that uses electric current, from battery, for example. That current
from battery goes in stator coil around metal and on second coil on the rotor by the use of the
brushes. In this way, stator and rotor are like two strong magnets. When rotor comes to the
position parallel to the stator the only way, as prof. Poeschl mentioned, is to change direction
of current in one of magnets in order to repel two magnets and the story repeats every half of
rotor turn. Try to answer next questions one by one:
1. Explain why it is possible to use ordinary magnets, but on stator, not on rotor?
2. Imagine Dynamo with fixed magnet as rotor. Can you turn the rotor around with the use of
another magnet?
3. What must you do with magnet in hand?
4. If you know the answer to question number 3 you understand what Tesla rotating magnetic
field is! Congratulations!
5. You can make rotating magnetic field by the use of magnet that rotates around rotor, but
how to make rotating magnetic field with the use of fixed coil in stator?
6. If you do not know the answer to the question 5, think about equation 2!
7. If you do not understand question 6 think about μ, N, I, L in the right part of equation 2,
what can we change in order to change magnetic field orientation?
8. Obviously, the easiest way to change magnetic field orientation is to change direction of
current in the string but we are again on the brushes and we do not have rotating magnetic
field!
9. Imagine (as Tesla did) two pairs of orthogonal (at right angle) coils around rotor with fixed
magnet and try to imagine horizontal and vertical component of magnetic field produced by
wave like change of current intensity (like sine and cosine functions) If you are able to do
this, congratulation! If not, don’t worry! You are not alone that don’t understand Tesla!
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2. Subject: English
2.1 Objectives:
 To investigate and discover “the man who invented the 20th century”, one of the greatest
scientists Nikola Tesla, whose contribution to mankind is simply immeasurable;
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10. Look at the figures of Tesla patent. Today we usually use tree-phase alternate current
(usually 6 coils or 3 pairs at the angles of 120 degree and 3 waves like alternate currents that
produce rotating magnetic field.
Task 2. Each student will read the following text and then answer the questions.
OK, if you understand that alternate current, for example tree-phase alternate current in 6
coils around fixed magnet rotor with wave like oscillations can make rotating magnetic field
that rotate rotor, there must be tree-phase wave like current alternate current that come to the
coil! But, if Tesla wants to use tree-phase current for his “dynamo” without brushes he must
again invent new strange device that produce tree-phase!
Try to answer following questions one by one:
1. Tesla must not invent another device again! Do you understand why and how?
2. If you don’t understand first question, try to think of Tesla dynamo as Tesla generator!
Explain this!
3. If you have trouble in understanding how the same thing can be motor and generator, look
at the equation 4!
Rotation of magnet, with the use of external force, changes its magnetic flux in coil
and produces alternate wave like voltage that produces alternate wave like tree-phase current
that will produce, with the use of six strings appropriate connected rotating magnetic field in
other similar devices. But, now we must have 6 strings that connect generator with electromotor. Tesla found solution to this problem (see figures above) in the form of star
connection.
Is it possible to have strong magnet as rotors? Tesla found the solution using again
Faradays low. There are coils on rotor but without brushes. As that coil rotates in rotating
magnetic field voltage that make current that make magnet is induced in the coils… don’t
worry if you don’t understand that strange games of few physical laws that Tesla used in his
devices.
Why is AC better than DC? Tesla again used Faradays law! It is easy to change
voltage using AC current and two strings around the same metal shape. This Tesla’s device is
called transformer, but “Tesla transformer” is another type of high frequency transformer.
Alternate current in the first string produces (formula 2) changeable field B with changeable
flux that induces changeable voltage (formula 4) in second string. Voltage proportion is
proportional to coil turns proportions: U1/U2=N1/N2. High voltage means less energy drop
in transport of electric energy from source to user, but high voltage is dangerous (except high
frequency AC) so it must be transformed to usual 220 effective voltages. Effective voltage,
like effective current is (absolute) mean of wave like U and I with maximal (minimal) values
I(max)=I(eff) sqr(2), U(max)=U(eff)/2
Answer why the same logic is not applicable to DC!

 To learn and use vocabulary related to different Tesla’s inventions;
 To practice oral skills in communication and presentation;
 To develop the skills of team work.
2.2 Time available: 2 hours
2.3 Students’ age:14-15
2.4 Assumption:
Students are able to search about a specific topic and talk about it in English in front of their
classmates.
2.5. Materials and equipment: computers, mobile phones, worksheets, notebooks,
encyclopedias, brochures, cameras, etc
2.6. Methods and procedures:
The lesson will take place in the Memorial Centre Nikola Tesla in Smiljan – Nikola Tesla’s
birthplace and in the classroom. The aim of the first unit is to learn and search for some
important and unusual facts from Nikola Tesla’s life. Then, the students have to talk about
that in the classroom introducing and practising some of the vocabulary.
2.7 Strategy:
2.7.1 Stage 1 Questions /Warm up (5 minutes)
Objectives: To see students' knowledge about the most famous scientists in different
countries. To practice oral skills
Organization: with the whole class.
Procedure: The teacher asks the students several questions orally. Let's discuss these
questions.
a) How many famous scientists do you know? What is their contribution to our society?
b) Do you know some facts about Nikola Tesla’s work and life?
2.7.2 Stage 2 –Discussion (10-15 minutes)
Objective: - to practice oral skills.
Organization: with the whole class.
Procedure: The teacher will give quotes to students to discuss them
2.7.3 Stage 3 – revising new words connected to Tesla’s life and inventions (10-15 minutes)
Objectives:
 to see students' knowledge about words related to Tesla’s inventions;
 to revise the topic in an attractive way in order to catch the students' attention;
 to practice oral skills.
Organization: with the whole class.
Procedure: The teacher will give the task to make the list of Tesla’s inventions.The students
will do the task in groups and then share it with the whole class.
2.7.4 Stage 4- Match the phrases to their definition ( 10-15 minutes)
Objective: to practice the meaning of these items;
Organization: in pairs/groups
Suggested solution: The teacher first asks the students to do the activity by themselves. After
they finish the activity, they compare their answers with other group members and then the
questions are answered with the whole class. The answers are below:
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1-e;2-g; 3- h; 4-d; 5-a; 6-f, 7-b; 8-c; 9-j; 10-i
2.7.5 Stage 5 Evaluation through further practice (45 minutes)
Objectives: - to be able to look for the information, summarize the main ideas and practice
the students' oral skills.
Organization: groups of 5 students.
Procedure: The students have to choose which spot at the museum they are going to visit.
Then, they have to look for the information about the inventions/life. After getting this
information, each group has to summarize and present this information orally to the rest of
their classmates.
2.7.6 Stage 6 Presentations
Choose the way how to present this information orally and visually to the rest of their
classmates.
Subject: Croatian language (translated)
1) Objectives and tasks
Familiarize students with the life and work of Nikola Tesla. Briefly present the life of the
famous genius, and then say something about his inventions and his contribution to mankind.
Tesla as a man who loved to read, who valued education, and hated profit and everything
related to the financial benefit of the individual.
Tesla was one genius in science and technology. Tesla as an unconventional man who hardly
socialized in society.
Assignments: to interest students to study the life and work of Nikola Tesla
Inspire the pride in their native land Lika.
Croatia was the birthplace of such a man.
Arouse desire for science as well as the general good and usefulness for the community, not
just for the individual.
His interesting life as an inspiration for the individualization of their desires and possibilities.
2) Student achievements and outcomes:
After completing the class students should understand Tesla's personality and his contribution
to mankind.
Students should create some interesting facts from his life that border on reality.
Students should get an idea of the scientific branch and the work objectives of Nikola Tesla.
Students should understand the size of genius and appreciate his work as a role model for
their future life, because Tesla did what he loved, and he was so until the end. He dedicated
his personal life to science.
3) Key terms:
Key concepts are incorporated into the complete learning process and are associated with the
name Nikola Tesla.
Methodical development
1) The introductory part of the class (5 min.)
The methods and forms: frontal, individual, answers to questions.
Student activities: students participate in the learning process with their already acquired
information about Nikola Tesla. Students answer questions.
This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

35

2016

Page

TEACHER’S BOOK VOLUME 1

TEACHER’S BOOK VOLUME 1

2016

In the five-minute introductory part of the class the teacher announces the topic, asks students
questions what they know about the life and work of Nikola Tesla.
Where was he born?
His cooperation with Edison?
What did he do?
Interesting fact about his life?
His field of work?
The teacher shows the big picture of Nikola Tesla; with that begins the main part of an hour.
2) The main part of the class – textbook (30 min.)
Methods: frontal, individual
Student activities: directly and actively participate in the creation of the class.
In the main part of the class the teacher talks about the interesting biography of Tesla. The
unusual relationship with his mother, the death of his elder brother and Tesla's intuition about
the events that followed in his life should interest students of Tesla as a genius and a specific
person who did not follow the usual conventions of behavior and life but their innate instinct
and ingenuity. Students on sub-questions and the possible discussion on his life and way of
the same keep the class active. After the CV the teacher talks about Tesla's work, compared
with Edison, compared to the money and the equipment that was created and entrusted to
humanity. At the end of the main part of the class interesting facts from his life are addressed
and brought forward.
3) The final part of the class – (10 min.)
Methods: argumentative approach to the subject
The last ten minutes of the class gives space for the student questions, stating opinions and
repeating the learned. The teacher gives the students homework based on the interests of the
students for certain work fields of Tesla.
Reminder for the teacher – One class is not enough to study this great man but serves only as
a brief overview and a reminder of one of the great minds of the 20th century.
The teacher thanks the students for their cooperation and invites them to study individual
topics.
Sources:
1. Moji pronalasci – My inventions, Nikola Tesla, Znanje d.o.o. Zagreb, 2015.
2. Zbirka riješenih zadatak, Vladimir Šips, Vladimir Paar, Školska knjiga, 2009.
3. Elektroenergetika (1334-8590) 3 (2006), 1; 63-73
4.Tesla, Nikola, [1], "Hrvatska enciklopedija", Leksikografski zavod Miroslav Krleža,
www.enciklopedija.hr, 2015.
5. Nikola Tesla u hrvatskom obiteljskom leksikonu od LZMK Miroslav Krleža
6. Nikola Tesla, [8] "Our Future Motive Power"
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Marijana Musić-Mašić (Croatian language)
Valter Krajcar (Physics)
Edita Klobučar (English)
Martin Potnar (English)
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Unit 4
Topic: Protein synthesis
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Argument: Protein synthesis is only small part of the flow of genetic information inside
cells, from molecular approach to the cell that is the basic unit of all of life forms, so question
is why we put that topic as CCA unit? There are many reasons for that.
In the first sentence we find words: Protein, Synthesis, Flow, Genetic, Information,
Molecular, Cell, Basic unit, Life form. Those words are used in Biology, Chemistry, Physics
and Informatics. In order to understand proteins synthesis there are another words, like Code,
Transcription, Translation, Reading, Copying, words that are used in Informatics and
Languages.
This is not by accident! Really, understanding of protein synthesis is at the heart of modern
biotechnology as interdisciplinary part of technology with huge use of STEM fields and
collaborations of many different scientists, and high educated workers that participate in
modern development of technology, including literally all of the STEM fields.
So, from pedagogical point of view, it is important to “attack” this topic from different point
of view, to expand and use knowledge, understanding and creativity from one filed and
expand it to the other, as a model for future interdisciplinary team work.
Also, very important for our students, is to develop more abstract and creative level of
thinking in detecting, comparing, understanding and using knowledge abstract structure in
different fields in order to develop skills for tomorrow interdisciplinary team work at some
problem that can be understood and solved only interdisciplinary, simultaneously from
different fields.
So, learning, understanding and solving some problems in different subjects, like language,
Informatics, Biology, Chemistry and Physics connected with protein synthesis is excellent
example of cross curricular approach to this topic.
In short, Protein synthesis understanding is possible only in cross curricular approach.
Learning, understanding and solving some problem examples in informal and formal way, as
a toy models for real problems in protein synthesis will develop student’s basic knowledge
and understanding of Mathematics, Physics, Chemistry, Biology, Informatics, English.
This is a two way approach. Understanding and solving different problems from different
fields will improve students understanding of protein synthesis. In the opposite direction,
better understanding of protein synthesis that is at first sight far from real life experience, will
improve students knowledge and understanding of different subject and real life experiences
too.
The above mentioned reasons are in our opinion, more than enough to include the topic of
protein synthesis to be cross-curricular studied by our students.
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1.1 Objectives:

By using student creativity and logical thinking to solve and understand specific
problems, to form and develop the students’ skills of exploration / investigation in order to
understand biology problems and solutions from logical, informatics and physical point of
view.

To develop theoretical concepts, discussion in group with argumentation for solving
different tasks;

To learn how to apply and logically connect knowledge from Physics, Chemistry and
Biology and other fields to solve and understand some problems.

To develop team work skills, as well as interpersonal skills
1.2 Time available: 2 hours
1.3 Students’ age:15-16
1.4 Assumption: The students should already know (that):

The concept of energy, energy conservation and energy transformation from one form
to the other.

The concept of chemical reactions, molecules, atoms;

The formula for the arithmetic mean;

Basic knowledge of thermodynamics;

The basic concepts from Biology

Theory of evolution

Basic concept of information
1.5. Materials and equipment: paper, worksheets
1.6 Methods and procedures: problem solving, study case, debate
1.7 Strategy:
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1. Subject: Physics (through Chemistry and Biology)
Aim: to help students understand that our life, as well as all life forms, are deeply connected
with the fact that we are part of nature, and that the same biological, chemical and physical
lays and our knowledge of those lays govern the way we live our everyday life.
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Task 1- Discuss one cell life, as Nano-factory, capable to grow and to divide to two similar
cells from logical, technical and physical point of view.
The context for the implementation of the lesson: informal/ indoors, in the
classroom/physics laboratory.
Objectives:

To apply knowledge from different field in solving theoretical problem;

To learn how to reduce one complex problem to different number of smaller
problems;

To be creative and systematic, to be capable for search for different solutions,

To be capable for inventing and developing new concepts

To develop team work skills as well as interpersonal skills
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1.7.1. Stage 1- The teacher goes through some previously acquired theoretical concepts
(10 minutes) by asking the following questions:
You can know what the topic of this lesson is by asking me questions. But the only answers
to your questions will be only yes and no!
Why, from physical point of view we must eat food, why we must drink water, why we need
oxygen, how we grow?
What is nanotechnology?
Imagine miniature automatic and robotized factory that produces Nano-robots for different
purposes. What is the minimal number of different Nano-robots that can make every type of
Nano robots? Does that Nano factory exist?
Explain why Morse invented his alphabet before telephone invention?
What is ASCII code?
1.7.2. Stage 2 Applications
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Time available: 20-25 minutes
Organization: group work with teacher assistance and guidance.
Procedure: The students are told to debate about one cell life form, as Nano-factory, capable
to grow and to divide into two similar cells with the same properties as first one, from logical,
technical and physical point of view. Using answers from stage 1 as models. Divide this big
problem in different number of smaller problems.
Suggested solution and guidance:
If two daughter cells are of the same scale and density, total mass must be two times
bigger than at the beginning. Using the fact of mass conservation, that extra mass must enter
in the cell from outside. Surface of two cells are also two times bigger than at the start, so,
Nano-robots must import matter from outside to inside, and probably in opposite way, so
there must be Nano-robots that transport matter through cell surface. There must be Nanorobots that construct cell surface from taken matter. Nano-robots use energy in doing their
job, so cells have the need for energy, too.
There are two ways how to take energy: In the form of light energy, like Nano-solar
panel or in the form of chemical energy. There also are probably Nano-robots that control
other Nano-robots in cell factory. In order to construct next generation cells with same
velocity, there must be the two timer bigger number of Nano-robots with conclusion that
Nano-robots must be capable to make new Nano-robots from imported matter.
So there must be at least only one type of Nano-robot for producing all of other Nanorobots from Nano-robots parts produced by imported materials. There must also be
instructions for construction of every type of Nano-robot, including instruction for Nanorobot that make other Nano-robots. All of the instructions must be written in two copies, one
for every daughter cell. There must be Nano-robots that make instruction copies.
Task 2. How this Nano-factory relay work in the cell?
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Explain and connect from that nanotechnology point of view the questions from stage 1:
1. You can know what the topic of this lesson is by asking me questions. But my only
answers to you questions will be only yes and no! (Think about this task from life evolution
perspective!).
2. Why, from physical point of view we must eat food, why we must drink water, why we
need oxygen, how we grow?
3. What is nanotechnology?
4. Imagine miniature automatized and robotized factory producing Nano-robots for different
purposes. What is the minimal number of different Nano-robots that can make every type of
Nano robots?
5. Do those Nano factories exist?
6. Explain why Morse invented his alphabet before telephone invention?
7. What is ASCII code?
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The context for the implementation of the lesson: formal, in the classroom/Physics
laboratory/outdoors/indoors
Objectives:

To understand protein synthesis from physical point of view;

To apply the theoretical concepts in solving different practical tasks.
Time available: 30 minute
Organization: group and individual work
Procedure:
Every cell is from physical point of view chemical Nano-factory with large number of
Nano-robots that are proteins and that works all of work inside and on the cell membrane in
order to duplicate all of the part of one cell to produce two daughter cells. Lots of proteins
transform one molecule from outside to different molecule as a Nano-robot part of cell
membrane or part as a letter in instructions for producing Nano-robots. Other proteins use
chemical energy to produce energy in the chemical form that is used as energy source for
protein work. Some proteins participate in information copy, and the information is stored as
four letter linear string in double DNA helix. Each of the DNA string is complimentary to the
second. Every protein is produced as linear 20 different letter strings like letters in sentences
that can be further processed as real 3D Nano-robot capable of doing his job inside cell.
Nano-robot that produces proteins is called ribosome and has two parts of long four letter
string together with added proteins folded in 3D structure. Information for producing some
protein is in the form of long four letter linear string that code the 20 letter protein string. All
of the needed information of proteins and ribosomes are present and copied in long double
linear DNA that is divided with the use of special proteins that use every DNA string as
template for copy of the second before cell division. Evolution is driven by small step by step
mutations in DNA that changes nucleotide sequence of some proteins thus giving some more
adapted abilities or even new abilities of that protein that changes shape and behavior of that
mutant organism.
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Task 3- How protein syntheses really work from physical point of view?
The context for the implementation of the lesson: informal, indoors activities
Objective: to develop team work skills, as well as interpersonal skills, creativity and logical
thinking
Time available: 20 minutes
Organization: pair work, group work, individual work, discussion with teacher
Procedure: The students will read following text and then they will discuss four answers to
the questions.
All of the proteins inside cell and on cells surface are controlled by other proteins and
some signaling molecules that are usually chemical that some protein use as input molecules
or output product. High or low concentration of some chemical activate cascade of protein
reaction and many step control, with possible result as cascade of events that activate
production of RNA copy of part of DNA, that code instruction for production of specific
proteins type that will do the needed job. Ribosome assemble on that messenger RNA at the
start of message (with code AUG) and moving by three letter step assemble new one
dimensional string of protein parts that later fold in right 3D Nano-robot, protein.
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Suggested solution:
1. It is possible to evolve knowledge bit by bit, with enough time. This game is a simple
model how life has evolved, with a lot of trial and wrong DNA copies, some of them were
better solution (proteins with better or new properties that improved probability to cell
survival in changing environment)
2. We must eat food for two reasons, first as chemical energy source for protein work inside
our body cells, including muscles contraction and second as source of materials for protein
construction. We drink water because all of the processes inside cells are in water and we
loose water together with product of our metabolism so we must compensate water lost by
drinking. We need oxygen for controlling a lot of steps of oxidation of organic molecules in
order to produce energy for protein work inside our cells.
3. Nanotechnology is our human technology at the Nano scale by the use of modern STEM
disciplines.
4. There can be a big number of different Nano-robots like, for example, modern robots in
factory that produces cars, but every Nano-robot can be produced by only one type of
universal robot with different program, instructions for robot production.
5. Nanotechnology really exists naturally more than two billion years, because every cell
protein is a real Nano robot.
7. Using only short and long BEEP in telegraph, with different code for every letter, it is
possible for person that knows that code to transform that code in, for example text in English
letters. That code is a model how to transform two different signals in English letters.
8. ASCII code is similar to Morse code. It is one way to transform usual letters and other
symbols to eight byte string of zeros and ones. This is analog to universal genetic code that
connects (translates) four letter DNA information to 20 letter protein “language”.
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This auto-control inside cells is basic for cell surviving in ever changing environment.
Comparing this information about protein synthesis and some modern robotized factory, find
all of the needed part of that mechanism of protein synthesis using logic and knowledge from
Biology, Physics, Informatics and Logic.
Suggested discussion:
In order to produce specific product, workers or robots must know how to assemble
part of it in order to make products in some form of manual or programs. In cell the
information of proteins construction is as simple as possible, in the form of one dimensional
string of (genetic) code of only 20 different parts of every protein (amino-acids). That
information is coded in double DNA helix in only one string (the other string is
complementary to the first). Universal worker in protein synthesis is ribosome, Nano-robots
that use information in the form of single strand RNA copied from DNA. So, there must be
proteins aggregates called RNA replicas that make RNA copy from DNA template. This
process is known as transcription. On ribosome the RNA string of nucleotides is translated to
string of amino-acids, proteins. Robot or workers must understand instructions how to
assemble part of products (cars, for example). In protein synthesis there must be similar
mechanism of translation of instruction of genetic code to appropriate amino-acid. There are
specific RNA molecules, transfer RNA (tRNA) that chemically, with hydrogen bonds
recognizes genetic code of nucleotide triplets on one side and with appropriate amino-acids
on other side. But, there must be about 20 different proteins called aminoacil-tRNA
sinthetase that connect free tRNA with appropriate amino acids. There are also different
proteins connected to ribosome small and large subunit, so called ribosomal proteins. There
are a lot of proteins that transform different chemicals in amino acids, sugars, nucleic acids as
building blocks for DNA, RNA and proteins. There are other proteins that break down some
chemicals (usual sugars and their derivates) for needed energy, proteins that transport
different chemicals etc. In short, literary every protein is in some way included in this main
process inside cell.
Biological protein synthesis
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Key concepts:
- Doubling (replication)
- mRNA, tRNA, rRNA
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The most important is:
- Realize the principle of complementarity
- Know the role of specific RNA during protein synthesis
- Know in which part of the cells occurs each phase of protein synthesis
- Know what is a doubling (replication), copying (transcription) and translation
- Understand the genetic code or codes, and be able to determine (with the help of a chart)
codons of certain amino acids, and vice versa, to find the appropriate amino acids by default
codons
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- Copying (transcription)
- Translation
- The genetic code or codes
- Codon, anticodon
Introduction
The students are generally not familiar or only sparsely familiar with this learning material.
The teacher should take the time needed for this teaching unit to help students thoroughly
adopt the new terms, to link the already acquired of proteins and nucleic acids with new
learning material and to understand the processes in which the proteins are synthesized. As an
introduction to this teaching unit, the teacher should briefly repeat proteins and nucleic acids.
The teacher can start the class with a series of questions:
1. What constitutes a protein?
2. Do you know what determines the order of amino acids in the protein?
3. From which sub-unit are constructed nucleic acid?
4. What distinguishes nucleotides?
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Students need to understand the principle of complementarity of nitrogenous bases. They can
practice replication, transcription and translation with the examples that are given by the
teacher.
It is important that everyone gets one`s turn because only so the teacher can solve doubts and
problems that may occur in the understanding of this learning material.
1.7.3. Stage 2 Evaluation through further practice:
Task.1 A sequence of nitrogenous bases on a single chain DNA is given:
TAC GAA CCA GCA AAA TAG
a) Write down the the second complementary strand of DNA
b) Write down the base of the mRNA resulting from transcription of the DNA chain from the
previous task
c) Write anticodons that will bring at the ribosome the corresponding amino acid
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Processing and repetition
The teacher can processing (and in repetition) of this unit use the following table or create
similar.
DNA
RNA
replication (doubling)
-mRNA, tRNA, rRNA
- It is the RNA synthesized
- Directly involved in protein synthesis
- Based on the genetic code makes the
- Connecting the information mRNA
sequence of base pairs
ribosome DNA and
(Nucleotide) DNA
- Data TRNA to ribosomes, amino acids in
- Indirectly involved in protein synthesis
the synthesis of proteins
- RRNA build ribosomes
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d) Write in which order will bind the amino acids in a protein
e) Which are generally incorporated nucleotides in the synthesis of mRNAs?
Task 2. Proposal for independent homework - model of protein synthesis
Students can make posters or models that will show the protein synthesis or some parts of the
synthesis (eg. only translation). Students will have an original idea, especially if the teacher
decides to expose the best ones. As for the evaluation teachers should pre-specify the details
of evaluation - accuracy, neatness, ingenuity, respect for deadlines. Special attention should
be paid to the efforts made by the student. This independent work does not have to be
mandatory for all students.

Sources:
1.
2.
3.
4.

Inner Life of a Cell at https://www.youtube.com/watch?v=B_zD3NxSsD8
Drew Berry: Animations of unseeable biology at https://www.youtube.com/watch?v=WFCvkkDSfIU
mRNA Translation (Advanced) at https://www.youtube.com/watch?v=TfYf_rPWUdY
Molecular Visualizations of DNA at https://www.youtube.com/watch?v=4PKjF7OumYo

Authors:
Gimnazija Gospić – Gospić, CROATIA

Page

44

Valter Krajcar (Physics)
Antonija Pavelić (Biology)
Martin Potnar (English)
Edita Klobučar (English)
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Unit 5
Topic: Plitvice Lakes - Example of Natural Processes
in Dynamical Equilibrium Conceived by the Croatian partner
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1. Subject: Physics (through Mathematics, Chemistry and Biology)
1.1 Objectives:
● By using specific tools and procedures, to form and develop the students’ skills of
exploration / investigation in order to study and understand specific processes from physical

45

Argument: Literally everything is some kind of process. Our thinking is process of the mind.
Our attention, memory, language use, reasoning or problem solving – we named cognitive
process. All of our activities are process. In Biology we study processes of a living organism.
Evolution is also very complex process. In Physics we learn thermodynamical process. There
are chemical processes, physical processes, computing processes, algorithm in Math etc.
Process theory is a commonly used form of scientific research study in which events or
occurrences are said to be the result of certain input states leading to a certain outcome
(output) state, following a set process.
Equilibrium (plural: equilibria) is a state in which opposing forces or influences are
balanced as we study force and momentum equilibrium in Physic (static). But, the list of
equilibrium types is huge, the condition of a system in which all competing influences are
balanced. In Biology we find many sort of equilibrium as homeostasis, for example. In
Physics we find many sort of equilibrium too like hydrostatic or mechanical equilibrium. In
Chemistry we find: Thermodynamic equilibrium, Chemical equilibrium and so on.
Dynamical systems theory is an area of mathematics used to describe the behavior of
complex dynamical systems. This theory deals with the long-term qualitative behavior of
dynamical systems, and studies the nature of, and when possible the solutions of, the
equations of motion of systems that are often primarily mechanical or otherwise physical in
nature, as well as systems that arise in biology, economics, and elsewhere.
We can conclude that the concepts of process, equilibrium and dynamical system are
important and common in all of STEM and other subjects. Those concepts can be united to
one concept, concept of process in (near) dynamical equilibrium that we find literally in all
system.
An excellent example of such complex natural system with many processes in
dynamical (near steady-state) equilibrium is Plitvice Lakes National Park (Croatian:
Nacionalni park Plitvička jezera, colloquial Plitvice), the largest national park in Croatia that
was added to the UNESCO World Heritage register (1979)
In this topic you will learn some of this and other natural processes from physical,
chemical and biological point of view visiting Plitvice Lakes in informal way and in formal
way at classroom.

point of view including concept of (near) equilibrium (near) steady-state dynamics and
process.
● To apply this theoretical concepts in other field (Chemistry, Biology) and for solving
different very practical tasks
● To know and apply the importance of of natural environment protection in everyday life
● To develop teamwork skills, as well as interpersonal skills
1.2 Time available: 2 hours
1.3 Students’ age:15-16
1.4 Assumption: The students should already know:
● Newtons laws
● Potential and kinetic energy
● Hydrodynamic
● Concept of probability
● Connection of mean energy and temperature, basic thermodynamic concepts
● Concepts of molecules, atoms and chemical reactions
1.5. Materials and equipment: thermometer, pH meter / worksheets
1.6 Methods and procedures: learning by doing, experiment, study case, debate
1.7 Strategy:
1.7.1. Stage 1- The teacher goes through some previously acquired theoretical concepts
(5-10 minutes) by asking the following questions:
What is dynamic in physics?
What is common in candle flame, Plitvice waterfall, sleeping cat?
What is static in Physics?
If in some Plitvice lakes enters 1 m3/s of new water from lakes above, what do you expect,
how many m3/s of water go away? Explain your answer!
1.7.2. Stage 2 Applications
Task 1- Steady state - process in equilibrium
The context for the implementation of the lesson: formal/ indoors, in the
classroom/physics laboratory.
Objectives:
●
To apply theoretical concepts in solving different very practical tasks;
●
To learn how to understand and apply concept of equilibrium and steady-state;
●
To develop teamwork skills, as well as interpersonal skills
Time available: 20-25 minutes
Organization: group work
Procedure: The student will read following text after visiting Plitvice and answer the
questions:
In Physics we find many sort of equilibrium that are all around us: Equilibrant Force,
which keeps any object motionless and acts on virtually every object in the world that is not
moving, Equilibrium figures of Earth and planets (physical geodesy), Hydrostatic
equilibrium, the state of a system in which compression due to gravity is balanced by a
pressure gradient force, Mechanical equilibrium, the state in which the sum of the forces, and
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Task 2. Steady state processes – dynamical equilibrium in Physics, Chemistry and
Biology.
The context for the implementation of the lesson: formal, in the classroom/physics
laboratory/outdoors/indoors
Objectives:
●
To understand concept of steady state dynamical equilibrium;
●
To apply the theoretical concepts in solving different practical tasks.
Time available: 20 minute
Organization: individual work, discussion
Procedure: Each student will read the following text and answer the questions
Literally EVERYTHING can be understand as Dynamical System that evolve in
space and time depending on System state, “Input” and “Output” and rules that govern
evolution of the System. In order to understand the System we must know the rules that
describe System parts (subsystems) and their interactions as well as interaction of System
with System surroundings (“input” and “output”).
1. Explain, using physical example like pendulum, inflow and outflow of water at some lake
at Plitvice, seasonal changes at Plitvice Lakes, real free fall, of leaf, for example, as
Dynamical System from physical point of view.
2. Explain candle flame from physical and chemical point of view as Dynamical System.
3. Explain sleeping cat from physical, chemical and biological point of view as Dynamical
System.
4. Explain predator-prey evolution (eg. lions and antelopes) as Dynamical System.
5. Explain impact from outside input to the systems above in near equilibrium state.
Suggested answers:
1.
Pendulum in motion is system with kinetic and potential energy that transforms one to
the other in periodic way. There is also dissipation of energy and after some time the
pendulum will be at rest, in equilibrium state without energy. If water inflow from upper
lakes increases, for example, and become larger than outflow, the result will be more water in
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torque, on each particle of the system is zero, Radiative equilibrium, the state where the
energy radiated is balanced by the energy absorbed, Secular equilibrium, a state of
radioactive elements in which the production rate of a daughter nucleus is balanced by its
own decay rate. There are also other types of equilibrium:
Dynamic equilibrium, the state in which two reversible processes occur at the same rate
Quasistatic equilibrium, the quasi-balanced state of a thermodynamic system near to
equilibrium in some sense or degree;
Solubility equilibrium, any chemical equilibrium between solid and dissolved states of a
compound at saturation;
Vapor–liquid equilibrium, where the rates of condensation and evaporation of a material are
equal.
Questions: explain and discuss different types of equilibrium (physical, chemical, biological)
at Plitvice Lakes? Are that equilibria perfect? Discuss your opinion in group!
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Suggested answers:
1.
If there are N objects of type A with probability of pA to change in unit time, at t=1s
K=N*pA will change to B. So, there will be N-K objects A and K objects B. In next time
steps the number of type A transforming in type B will decrease because there are less objects
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the lake, resulting in water level rising that result in amplification of outflow until it reach
inflow in new dynamical equilibrium. Seasonal changes are caused by energy input (from
sun) and output that determines temperature near equilibrium with diurnal and annual
oscillations. Leaf fall is influenced by gravitation opposed by air friction. Near equilibrium
state is achieved when friction that depends on velocity is equal to gravitation resulting in
transformation of accelerated motion at the beginning to near uniform motion in equilibrium.
2.
Candle flame is physical and chemical dynamical system. Equilibrium state is reached
when flame heat melts the same amount of wax in unit time as is burn out. In opposite it is
possible to increase or decries flame or to oscillate near equilibrium.
3.
Sleeping cat is dynamical system in homeostatic equilibrium, eg. Oxygen and CO2
exchange through respiration, blood pressure, body temperature etc.
4.
Predator-prey evolution in near equilibrium state that is pushed toward better predator
strategy to find prey and better pray strategy to escape predator.
5.
Impact from outside can push system equilibrium in one or the other side or even
destroy the system. Eg. Pushed pendulum oscillate again around equilibrium point, rising or
lowering water level, rising or lowering temperature etc.
Task 3- Understanding chemical equilibrium from physical, thermodynamical point of view
The context for the implementation of the lesson: formal, indoors activities
Objective: to develop teamwork skills, as well as interpersonal skills
Time available: 20 minutes
Organization: pair work, group work, individual work
Procedure: The students will read following text and answer the questions.
Steady state is important concept for every system, for example:
Steady state (Chemistry), a central term in chemical kinetics.
Steady state (Physics), in fluid dynamics when the flow is time independent
Steady state (Physiology), also known as homeostasis, a system in which a particular variable
is not changing but energy must be continuously added to maintain this variable constant.
In order to understand chemical kinetics and chemical equilibrium (steady state) answer
following questions:
1. Imagine set of objects A and B. Every object A in unit time has probability pA to
transform in B. Every object B in unit time has probability pB to transform in A. If pA=pB
explain system evolution if at the moment t=0s all of the objects are of type A!
2. Explain the system evolution if at the moment t=0s all of the objects are of type B!
3. Compare result of 1 and 2. What if pA and pB decreased by the some factor?
4. What if pA is two time bigger than pB?
5. What will happen if to the system 4 we add new object of type A or of type B?

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

TEACHER’S BOOK VOLUME 1

2016

of A type and some of B type will change to A. It is obvious that equilibrium will be when
the number of A type transforming in B type will be the same as reverse, 50 to 50%.
2. Some as 1. Equilibrium state doesn’t depend on the initial state.
3. The rate of transformation decreases but the equilibrium ratio will be the same, 50 to
50%.
4. The number of A transforming to B in unit time is Ka=Na*pa and the number of B
transforming in A is Kb=Nb*pb. In equilibrium state Na and Nb are unchanged, so, the
number of A transformed to B must be equal to opposite: Na*pa=Nb*pb. If pa=2pb it follows
that 2Na=Nb
5. If we add object A in system in equilibrium, part ot objects A will change to objects B
until reaching new equilibrium.
Task 4: chemical equilibrium with more than two ingredients.
The context for the implementation of the lesson: indoor activities
Objectives:
● To connect the scientific topics from one field to other (Physics to Chemistry)
● To develop teamwork skills, as well as interpersonal skills
Time available: 20 minutes
Organization: group work
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Objects A and B a molecules at some temperature. They can form new molecule C=AB if
collision energy is over some value. On the other hand, molecule C has the probability to
disintegrate again to A and B. Using your knowledge from previous task and from
thermodynamics try to answer following questions.
1.
How is temperature connected with molecular mean kinetic energy?
2.
Are all of the molecules with the same kinetic energy?
3.
Using answers to questions 1 and 2 try to guess what will happen if we start with
equal number of A and B molecules at temperature lot below needed energy for reaction?
4.
What will happen if the temperature is increased over collision energy?
5.
How equilibrium depends on temperature if probability of C disintegration depends
on temperature or not?
Suggested answers:
1.
Ek=3KbT/2 where Ek is mean molecular kinetic energy, Kb is Boltzmann constant, T
is temperature in kelvins.
2.
No, above is mean kinetic energy but molecules have energy distributed by some
distribution over energy from zero through the more probably mean energy and up, with less
and less probability to have energy more over mean energy.
3.
At low temperature there will be very improbable for molecules A and B to fuse in C,
but occasionally this will happen at very low rate.
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Procedure: The student will read following text and answer to the questions. Teacher will
help students to find correct answers to the questions and to argument their answers.

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

TEACHER’S BOOK VOLUME 1

2016

Page

Task 2. Each student will read following text and will answer the questions.
In Chemistry, pH is a numeric scale used to specify the acidity or basicity of an
aqueous solution. It is approximately the negative of the base 10 logarithm of the molar
concentration, measured in units of moles per liter, of hydrogen ions. More precisely it is the
negative of the logarithm to base 10 of the activity of the hydrogen ion. Solutions with a pH
less than 7 are acidic and solutions with a pH greater than 7 are basic. Pure water is neutral,
being neither an acid nor a base. The rate of reaction for the ionization
2 H2O → H3O+ + OH−
depends on the activation energy. According to the Boltzmann distribution the proportion of
water molecules that have sufficient energy for ionisation, occasionally (about once every 10
hours per water molecule) break an oxygen–hydrogen bond, resulting in a hydroxide (OH−)
and hydronium ion (H3O+). When this ions meet, the opposite reaction occurs:
H3O+ + OH− → 2 H2O
1. Using results of task 4 explain why neutral pH is 7 if in dilute aqueous solutions,
equilibrium constant Kw at 25 °C is equal to 1.0×10−14?
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4.
If temperature is increased there will be more and more probability of A and B to fuse
in C and the number of C molecules will increase. Depending on probability of C to
disintegrate, some of C molecules will disintegrate, with probability Nc*pc. On the other
hand, probability of fusion of A and B depends not only on temperature but also and on
number of A-B collisions per second and that number is proportional to Na*Nb.
5.
Equilibrium will be when the number of new fused molecules C will be equal to the
number of disintegrated molecules. Nc*pc=Na*Nb*pab where Na, Nb and Nc are number of
A, B and C molecules, pc is probability per unit time for C to disintegrate to A and B and pab
is probability for A and B to fuse to C. If pc is dependent on temperature on similar way as
pab, equilibrium point will be not dependent on temperature decreasing.
1.7.3. Stage 3. Evaluation through further practice:
Task 1. Each student will read following text and will answer the questions.
Explain, using your new knowledge about dynamical system in (near) steady state
equilibrium, after visiting Plitvice lakes, why is it important to have national parks, to limit
visitors numbers, to monitor state of lakes? Why is forbidden (except some minimal
intervention) any human intervention to Plitvice lakes?
Suggested solution:
Plitvice lakes are natural dynamical system in (near) steady state equilibrium. That
equilibrium is easy to push in some unwanted direction, because that system evolved in this
equilibrium state in very long time scales, so every human activity in such fine tuned natural
equilibrium can destroy it in irreversible way. Beauty of National Park Plitvice is open to
visitors but huge number of them can be dangerous for reason explained above. Monitoring is
important for detection of unnatural changes caused by human activity in order to prevent
further activity for conservation of natural equilibrium. For the same reason it is forbidden
(except for some minimal intervention) any human intervention to Plitvice lakes.
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Task.3. Each student will read following text and will answer the questions.
The dissolution of limestone happens through alteration processes and the effects of
carbonic acid. In a natural environment, carbonic acid (H2CO3) is formed by the dissolution
of carbon dioxide (CO2) from the air or from rainwater (H2O). Limestone or dolomite
(CaMg(CO3)2) mainly consist of calcite (CaCO3), which poorly dissolves in water. Calcit,
however, is dissolved by the effect of carbonic acid, thus creating calcium hydrogen
carbonate (Ca(HCO3)2).
The quantity of calcium hydrogencarbonate dissolved in water (also called calcium
bicarbonate) depends on the quantity of dissolved carbon dioxide in the water. Generally, the
following could be said: The colder the water, the higher the quantity of dissolved calcium
hydrogencarbonate. Depending on the conditions for the alteration processes, scientists
identified limestone dissolution rates of 0,01 until 4 millimeters a year. (It is possible that by
the effect of rainwater about 1 m3 of limestone is dissolved in about 10,000 years.)
Measurements of carbon dioxide quantities in the water show that they correspond
with continuous sedimentation processes in the Plitvice Lakes area. Carbon dioxide quantities
at the springs are about twenty times higher than in the atmosphere. The quantity of carbon
dioxide decreases along the water route. The Plitvice River for example loses even up to 97
percent of its original quantity of carbon dioxide along its route.

51

2. Explain why the ionization constant, dissociation constant, self-ionization constant, or
ionic product of water, symbolized by Kw, are all the same thing?
3. Explain how and why pH change when we put some acid in water using results from
previous tasks (dynamical equilibrium).
Solution:
1.
In dynamical equilibrium in the water, the rate of water ionization (hydroxide OH−
and hydronium ion H3O+ production) is equal to their recombination in two water molecules.
Because only small fraction of water molecule collision has enough energy to break an
oxygen–hydrogen bond, there will be only small fraction of ions in water but the number of
hydroxide and hydronium ions will be the same. Recombinations will occur every time when
that ions bunch together but the probability of that will be proportional to both concentrations
and equal to probability of water ionisation equilibrium constant Kw (at 25 °C). Using all
those facts, conclusion is that molal concentration of hydronium ions is equal to square root
of 1.0×10−14 =1.0×10−7. The negative of the base 10 logarithm of this is 7.
2.
Ions are charged molecules, dissociation means breaking one molecule to two, so we
can use both names as well as prefix self or ion product. All of that means equilibrium
constant that is equal to proportion of ion concentrations product to concentration of water
molecules squared
3.
Acid added to water will dissociate and the number of hydronium ions will increase
while the concentration of hydronium ions will rest the same as before, out of equilibrium. As
result of this, product of two concentrations will increase, so the number of ions
recombination will be bigger than their production until the ion product concentration will be
again as before.
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The precipitation of calcium carbonate, however, does not occur right at the springs of
the rivers that flow into the Plitvice Lakes. For the precipitation of carbonate chalk (calcium
carbonate) the water needs to reach a certain mineral saturation level. At the springs this
saturation level is about 1. For the precipitation, the water saturation level needs to be higher
than 3. At the same time, the pH value of the water needs to be above 8,0 (slightly alkaline).
Using text above, explain from Dynamical System in near steady state equilibrium
point of view following questions:
1. Why concentration of carbon dioxide is important for Plitvice Lakes?
2. Why is this concentration so high at the springs?
3. Explain importance of decreasing CO2 concentration along the water route?
4. Why is it important to include in National Park Plitvice vast area around lakes?
Solution:
1. Waterfalls at Plitvice, unlike other waterfalls around the world, where there are erosions
caused by water, are in process of constant sedimentation processes. This is caused by high
calcium carbonate saturation level at waterfalls. This is case in Plitvice because the quantity
of calcium hydrogencarbonate dissolved in water depends on the high quantity of dissolved
carbon dioxide in the water, about twenty times higher than in the atmosphere.
2. Water precipitated from atmosphere to the area around Plitvice lakes fall on the forests and
pass under ground where flora biological activity (respiration) and bacterial organic
decomposition produce high CO2 concentration that is partially dissolved in water.
3. As high CO2 concentration in water cause high dissolved calcium carbonate equilibrium,
lovering of CO2 concentration in water push this equilibrium (saturation) down, so water
becomes oversaturated with calcium carbonate and precipitation occurs, the same process in
opposite direction.
4. In order to preserve Plitvice Lakes, it is important to preserve vast area around Lakes that
participate in this system dynamic as explained in 2.
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2.1 Objectives:
●
To better understand concept of dynamical equilibrium and near steady state applied
to Chemistry, Physics, Biology;
●
To understand that many real life and scientific processes are interdisciplinary
connected, that Physics, Chemistry, Biology and other sciences are only different approach to
some complex processes.
●
To understand importance of preserving nature and importance of National parks;
●
To make intra-, inter- and transdisciplinary connections
2.2 Time available: 1 hour
2.3 Students’ age:15-16
2.4 Assumption: The students should already know (that) :
●
Chemical reaction, equations;
●
Chemical equilibrium;
●
Chemical concentrations etc.
2.5.Materials and equipment: paper, worksheets
2.6 Methods and procedures: study case, debate
2.7 Strategy:
2.7.1. Stage 1- The teacher goes through some previously acquired theoretical concepts
( 5-10 minutes) by asking the following questions:
● What is chemical equilibrium? What are cations and anions?
● What is water solution? What is saturation?
2.7.2. Stage 2 – Applications
Task 1 The Physics, Chemistry and Biology of dynamical processes at Plitvice Lakes, simple
model.
The context for the implementation of the lesson: formal/ indoors, within the classroom
Objective :
●
Making connections between the knowledge acquired from Physics to Chemistry and
Biology, using processes and near steady (equilibrium) states at Plitvice lakes;
●
to develop the skills of teamwork as well as interpersonal skills
Time available: 15-20 minute
Organization: group work
Procedure: The students will read following text and answer questions
Simple model that can help us to understand complex natural dynamical system of Plitvice
Lakes in near steady (equilibrium) state is plate where we put some salt (NaCl) and seawater.
1.
Using your knowledge of Chemistry, Physics and dynamical system in near
equilibrium state describe time evolution of this system.
2.
Explain near equilibrium state in air above water,
3.
at water surface,
4.
in water and in salt-water surface and changes of these equilibria with time.
5.
Dynamic equilibrium is the state in which two reversible processes occur at the same
rate
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Suggested solution:
1. Putting together seawater and salt, some proportion of salt will dissolve in water. After
some time all of the water will evaporate and dissolved salt will crystallize.
2. In the air above water there are mainly nitrogen and oxygen molecules, together with water
molecules that escape (with enough energy), from water surface and possible some water
molecules from air. Some of them will return to water.
3. In exact equilibrium the number of water molecules that from air enter to water will be the
same as the number of water molecules that comes from water. This is the case when air is
saturated with water (that depends on water concentration in air and on air temperature). If air
isn’t saturated with water, the number of molecules that goes to air from water will be bigger
than opposite and water will evaporate.
4. In sea water are dissolved Na and Cl ions and other ions, but sea water isn’t saturated with
salt, so there is large number of Na and Cl ions from solid salt in water at the beginning that
will dissolve in water than is the number of dissolved ions that will stack on salt crystals.
Equilibrium point will be when the water will be saturated with NaCl. As water evaporates,
the water will be slightly oversaturated with NaCl so the net result will be cristallisation of
NaCl in near equilibrium point until all of the water evaporates and all of the salt crystallized.
5. Dynamic equilibrium is the gain and loss of heat of water due to thermal flow and
evaporation in near equilibrium state.
Quasistatic equilibrium is the quasi-balanced state of a thermodynamic system near to
equilibrium in salt concentration in water and in evaporation rate.
Solubility equilibrium in dissolved and not dissolved salt in near equilibrium state, a small
amount of oversaturation due to evaporation.
Vapor–liquid equilibrium is in near equilibrium state when the moisture is unsaturated and
evaporation occurs.
Task 2 Chemical processes important for National Park Plitvice Lakes dynamical near
steady state equilibrium.
The context for the implementation of the lesson: formal/ indoors, within the classroom
Objective :
●
To learn about the chemical processes at Plitvice Lakes and to interpret classification
of skeletal muscles and to be able to identify them on paper/mold;
●
To use and apply previously learned knowledge for understanding and solving new
problems.;

54

Quasistatic equilibrium is the quasi-balanced state of a thermodynamic system near to
equilibrium in some sense or degree
Solubility equilibrium is any chemical equilibrium between solid and dissolved states of a
compound at saturation
Vapor–liquid equilibrium is where the rates of condensation and evaporation of a material are
equal.
Explain what processes in simple dynamical near steady model of sea water and salt represent
those equilibria or near equilibria states.

●
To develop teamwork skills as well as interpersonal skills
Time available: 15-20 minute
Organization: group work
Procedure: The students will read following text and answer the questions.
Chemical formulas that are important for Plitvice Lakes dynamical system in near
equilibrium steady state are:
1. H2O + CO2 ↔ H2CO3 ↔ H+ + HCO3− ↔ 2 H+ + CO32−
2. CaCO3 + H2CO3 → Ca(HCO3)2
3. CaCO3 + H+ + HCO3− ↔ Ca2+ + 2 HCO3− ↔ Ca(HCO3)2
1.
Name the molecules and ions in upper formulas.
2.
What is the meaning of two way arrows in upper formulas?
3.
Where this processes occurs at National Park Plitvice Lakes? In what directions and why?
4.
Explain physical, chemical and biological influences at Plitvice Lakes for these
chemical processes and their influence to the direction of equilibria changes.
Suggested solution:
1.
H2O –water, CO2 - carbon dioxide, H2CO3 – carbonic acid H+ - hydron, short
notation of the hydrated form of the hydrogen cation, the hydronium ion H3O+
(aq),+ HCO3− - hydrogen carbonate ion, CaCO3 - Calcium carbonate, a chemical compound
that is a common substance found in rocks as the minerals calcite and aragonite (most notably
as limestone, which contains both of those minerals), Ca(HCO3)2 - Calcium bicarbonate, also
called calcium hydrogen carbonate, The term does not refer to a known solid compound; it
exists only in aqueous solution containing the calcium (Ca2+), bicarbonate (HCO3−), and
carbonate (CO32−) ions, together with dissolved carbon dioxide (CO2). The relative
concentrations of these carbon-containing species depend on the pH; bicarbonate
predominates within the range 6.36-10.25 in fresh water.
2.
Two way arrows indicate that chemical processes can go in both directions,
depending on concentrations of specific components. In the case of chemical equilibrium,
both direction occurs but concentrations of components remain constant with time.
3.
First formulas describes to the right absorption of carbon dioxide in water from air in
rainwater or from ground or underground. The opposite direction occurs mainly at waterfalls
in water droplets with high surface to volume ratio. Second and third formulas describes
processes of limestone dissolution in water rich with dissolved carbonic acid to the right
direction or process of sedra barriers forming in opposite direction on the waterfalls.
4.
Process of high carbon dioxide dissolution in rainwater from air is influenced by
biological processes around Plitvice Lakes (respirations, absorption of oxygen and release of
carbon dioxide) and bacterial decompositions of organic compounds in ground wich results in
high CO2 concentration and dissolution in rainwater resulting in more than 20 time greater
concentration of dissolved CO in water than is usual air concentration of carbon dioxide.
Underground water in karst, pass through limestone or dolomite (CaMg(CO3)2) mainly
consist of calcite (CaCO3), which poorly dissolves in water. Calcite, however, is dissolved by
the effect of carbonic acid, thus creating high concentration of dissolved calcium hydrogen
carbonate (Ca(HCO3)2) at springs in the most upper Plitvice Lake. Due to biological activity
This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
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Subject: Biology (through Physics and Chemistry)
2.1 Aims and objectives:
 To know why the national parks, nature parks, reserves and other protected natural areas
are established
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(photosynthesis) in lakes water, and physical process at waterfalls (water mixing and water
droplets with high surface to volume ratio) higher concentration of CO2 dissolved in water
push the process in opposite way, causing oversaturation of dissolved CaCO3 and
crystallization of tufa (Croatian sedra) in the form of barriers that grows mainly at waterfalls,
so contrary to most of the world waterfalls where water flow physically and chemically cause
stone erosion, at Plitvice Lakes described processes works in opposite direction and tufa
barriers grows approximately one cm per year.
2.7.3. Stage 3. Evaluation through further practice
Task 1 Sedimentation processes
The previously mentioned dissolution processes are regularly occurring natural
phenomena. A unique process occurring at the Plitvice Lakes, however, is the sedimentation
of water-bound chalk at sedra barriers. With regard to other similar phenomena in the world,
at Plitvice Lakes the sedimentation of chalk and the formation of tufa happen dynamically all
along the watercourse and in various forms (fluviatile sedimentation). It is thus not a static
phenomenon occurring at only single places.
Another unique and distinctive feature are the natural factors, particularly the
influences of the vegetation in the process of sedimentation. While passing the vegetation,
barriers are being created by foaming water. These naturally created barriers decelerate and
dam the waters, thus forming lakes. At Plitvice, this constant interplay between water, air,
rock and vegetation can easily be observed. The foaming water creates ever growing and
impressive waterfalls. The thresholds grown up above the water level, create cataracts.
A distinctive feature of the Plitvice lakes is the fact that they do not represent
separated, stationary waters. The lakes altogether have always been seen as one composed
system of lakes. Due to constant changes it is not even possible to pursue individual analyses
of single lakes. The water masses reaching the lakes at the upper or lower part of the system
are continuously changing the outlook of the lakes and the surrounding landscape. They
finally exit the lakes as river Korana. On the one hand, chalk tufa is being washed away
partly. On the other hand, new sediments are continuously being formed. Thus, new
waterfalls are being formed while others run dry. Nature itself is continuously adapting to
these new conditions. As a whole, the complex of lakes represents a very sensitive and labile
ecosystem.
Discuss in group, using your new knowledge of Plitvice Lakes as complex dynamical
system in near steady equilibrium state, the importance of preserving this natural complex
system and discuss why is dangerous any human activity in the area from physical, chemical
and biological point of view. Give some examples of dangerous impact of human activity in
the area that can push some equilibrium (physical, chemical, biological) in the Park.
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 Get to know the protected nature parts of their homeland and the most important parts of
nature in Croatia.
 Adopt the rules of behavior in the nature and in man's work environment
 To develop in students the ability to see, reasoning and integration of subject matter
2.2. Time available: 1 hour
2.3. Students’ age:15-16
2.4 Student achievement and outcomes:
 The reasons which lead to the destruction of species and change of the the composition of
biocenosis
2.5. Materials and equipment: textbook, workbook, element movie Plitvice Lakes, articles:
Plitvice Lakes National Park as a World Heritage Monument (Nature, 1999, No. 860 (3), p.9.)
2.6 Methods and procedures: debate, processing materials, study case.
2.7 Strategy:
2.7.1. Stage 1- The teacher goes through some theoretical concepts (5-10 minutes) by
presenting the following information:
In Biology we find many sort of equilibrium as homeostasis, for example.
Equilibrioception, the sense of a balance present in human beings and animals, Equilibrium
unfolding, the process of unfolding a protein or RNA molecule by gradually changing its
environment, Genetic equilibrium, theoretical state in which a population is not evolving,
Homeostasis, the ability of an open system, especially living organisms, to regulate its
internal environment, Punctuated equilibrium, theory in evolutionary biology, Sedimentation
equilibrium, analytical ultracentrifugation method for measuring protein molecular masses in
solution, Equilibrium Theory (Island biogeography), MacArthur-Wilson theory explaining
biodiversity character of ecological islands. In National Park Plitvice lakes we find many type
of interrelated natural physical, chemical and biological dynamical processes in near steady
equilibrium state. The most important among them is complex process of sedra barriers
growth at lakes waterfalls that makes Lakes after the last glacial period. Plitvice Lakes are
only few percent of the National Park area where we find many species, some of them
endemic due to specific physical, chemical and biological factors in this protected natural
area.
2.7.2. Stage 2- Overview of the categories of protected natural areas
We can start the class with talking about national parks, nature parks and strict reserves in
Croatia using the students' knowledge and experience. The announcement of the class
follows.
2.7.3. Stage 3- Debate about Biodiversity and Nature Protection Act
Task 1. Processing the new material can be accessed gradually according to the order in the
textbook with the use of the said element of the film, articles and the text from the textbook.
The teacher can also use school or own images, brochures and other materials about national
parks and nature parks during class. During repetition it is recommended to use the cues from
the board relating to the articles on a given topic, which were previously prepared and
examined.
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2.7.4. Stage 4- Evaluation through further practice
It can be carried out using the questions in the workbook.
Source:
Wikipedia: Plitvice Lakes http://eskola.chem.pmf.hr/udzbenik/sedra/sedra_05.php3
Authors:
Gimnazija Gospić – Gospić, CROATIA

Page

58

Valter Krajcar (Physics)
Antonija Pavelić (Biology)
Martin Potnar (English)
Edita Klobučar (English)
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Conceived by the Greek partner

Argument: Understanding of the notion of the graph of a function and the connection with
its type.
Aim: To introduce students to graphing functions.
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worksheet I- Suggested solutions
a)
B(2,3)
b)
C(-2,-3)
c)
D(-2,3)
d)
The point that is symmetric of the point E(a,b) with respect to the x-axis is F(a,-b).
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1. Subject: Mathematics
1.1. Objectives:
 Students will be introduced to plotting functions on the Cartesian coordinate plane.
 Correlation of the function graph to everyday life.
1.2. Time available: 2 hours (~90 minutes)
1.3. Students’ age:16-17
1.4 Assumption: The students should already know:
 Cartesian coordinates.
 Finding the position of a point using its coordinates.
1.5.Materials and equipment: Board, diagrams, PC.
1.6 Methods and procedures: learning by doing, worksheets
1.7 Strategy:
1.7.1.Stage 1- theory introduction- question, brain storming - 15 minutes
1.7.2. Stage 2- Applications
Objectives:
 The students will be introduced to plotting functions on the Cartesian coordinate plane
The context for the implementation of the lesson: formal/ indoors, in the classroom
Time available: 30 minutes
Organization: in pairs
Task: worksheet I (cited in the student’s book)
The definition of a function is more restrictive than the definition of a relation. For a relation,
each input corresponds to at least one output, whereas, for a function, each input
corresponds to exactly one output. The blood-type example (for every person corresponds
just one type of blood) is both a relation and a function.
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The point that is symmetric of the point E(a,b) with respect to the y-axis is G(-a,b).
The point that is symmetric of the point E(a,b) with respect to the origin is H(-a,-b).

e)
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The abscissa of the one point is the ordinate of the other.
1.7.2. Stage 3 – Applications theory revision and consolidation - 15 minutes
Objectives:
 To recognize the types of functions from equations, tables and graphs.
The students have been familiar with several categories of functions, including lines and
parabolas.
The context for the implementation of the lesson: formal/ indoors, in the classroom
Time available: 30 minutes
Organization: in pairs
Task: worksheet II (cited in the student’s book)
worksheet II - Suggested solutions
1)
x
-3
-2
-1
f(x)
9
4
1

0
0

1
1

2
4

3
9

2)
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a) The abscissa of the point M is element of A.
b) The ordinate of the point M is element of B.
4)
For a graph of a function, it’s possible to exist two different points with same ordinate
but not with same abscissa.
5)
Yes. The set of the abscissas of all the points of the graph is the domain, and the set of
the ordinates of all the points of the graph is the range of the function.
6)
The graphs of f(x) and –f(x) are symmetric with respect of the x-axis.
7)
The graphs that represent a function are: b, d, e.
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2. Subject: Photography (through Mathematics)
2.1. Objectives:
 Correlation of the function graph to everyday life.
 Students will be introduced to plotting functions on the Cartesian coordinate plane.
2.2. Time available: 1 hour (~45 minutes)
2.3 Students’ age:16-17
2.4 Assumption: The students should already know:
 Cartesian coordinates.
 Finding the position of a point using its coordinates.
2.5 Materials and equipment: Board, diagrams, PC, photo camera.
2.6 Methods and procedures: learning by doing, worksheets
2.7 Strategy: photography workshop
Objective:
 Correlation between the images, the graphs and nature.
 To recognize the types of functions from their graphs.
 To develop team work skills, as well as interpersonal skills
 To refine the students’ visual aesthetic criterion
 To develop their abstract thinking
Organization: group work – individual work
The context for the implementation of the lesson: outdoors
Procedure:
Students will take pictures with their camera from their surroundings (or create their owns
with the “shape” of their body) that remind them the graphs of already known functions.
Students will take pictures with their camera and by using “GeoGebra”, they will find the
type of the function.
e.g. f(x)=x3

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

TEACHER’S BOOK VOLUME 1

2016

g(x)=-x2

Sources:
Anastasios Barlas, Diamantis Manesiotis, Panagiotis Kyriazis: Algebra I: Ellinoekdotiki, Athens 2003
S. Andreadakis, V. Katsargyris, S. Papastavridis, G. Polyzos, A. Sverkos, L. Adamopoulos, Ch.
Damianou: Algebra I : Diofantos pabl. Athens 2011
Mathematics with Geogebra, Kostas Gavrilis: Geogebra Org.
https://www.geogebra.org/
http://www.mathematica.gr/forum/app.php/portal
http://users.sch.gr/mipapagr/index.php
http://blogs.sch.gr/isiglavas/archives/1736
http://blogs.sch.gr/iokaragi/
Author
Spyridon Zervoudakis (Mathematics)
4th General Lyceum of Chania- Chania, GREECE
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(photos by the students: Marina Kaneli, Georgia Sinioraki, Katerina Nasopoulou)
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h(x)=-2|x|

3. Subject: Philosophy (through Mathematics)
Unit: Plato, “Politeia” (=Republic), VII 514-517, Allegory of the cave
Aim: to help students to realize that such as our world of sight allows us to "see" things that
are not real (like parallel lines and perfect circles), so we can conceive reality through the
mind, and not “trapped” by the senses, traditional beliefs and personal interest
3.1 Objectives:
 To get in touch with a famous allegory that has had an impact on almost every chapter in
the history of European intellectual thought
 To lead students to question themselves how the challenges of reading and thinking can
empower them, change their perceptions, and even alter their world.
3.2 Time available: 2 hours (45 minutes each)
3.3 Students’ age:15-16
3.4 Assumption: The students should already know:
 basic information for Plato’s life and era
 the general context of the Republic (Politeia)
3.5 Materials and equipment: students’ book, board, video
3.6 Methods and procedures: learning by thinking
3.7 Strategy
3.7.1 Stage 1- motivation - 5 minutes
Objective:
 To connect the allegory with the students’ personal experience
Procedure: The teacher writes on the board the phrase “virtual reality” and ask students to
mention when and how we use it nowadays
Organization: altogether, in groups
3.7.2 Stage 2 - the presentation of the allegory
Objective:
 To approach it as a story with a hidden meaning that needs to be revealed
Procedure:
 The teacher challenges the students to look at the sketch carefully, describe what they see
and make some suggestions for the chained prisoners’ situation - 10 minutes
 He reads aloud Plato’s quotation and ask someone to repeat the main points -10 minutes
 He adds the necessary information and challenge the kids to spot the main symbols 15
minutes
 The teacher writes the symbols on the board and organizes the kids in 5 groups
 Each group has 10 minutes to discuss and try to explain the main symbol (“cave”) plus
one secondary and reach a joint decision.
 The leader of each group writes the answers on the board.
Suggested solution: Cave- The visible, actual world, Prisoners- The human beings, ChainsThe things that keep us from the truth (as the senses and the material goods), Voices and
Shadows- Things we believe to be true, Fire – The limited human knowledge, The freed
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prisoner-The Philosopher, Out of the cave- The conceivable world, Light of the Sun- The
Idea of the “Good”
 The teacher makes the corrections and/or amendments ( 5 minutes)
3.7.3 Stage 3: the meaning of the allegory itself
Objective:
 To help the students realize that philosophy, just like mathematics and sciences, help
people to be open-minded and analyze their perceptions of reality.
Procedure:
 They all watch a video1 ( 5 minutes)
 The teacher invites the students to give their opinion on the questions:
-What is reality?” and “can we be confident in the reality we know? (15 minutes)
Suggested solution: knowledge doesn’t come from what we see and hear in the world, but by
the intellectual journey to truth and wisdom
- How can thinking and studying solve the problems of the world? (15 minutes)

1.
2.
3.
4.
5.
6.

Sources:
Annas, Julia, An introduction to Plato's Republic, Oxford: Clarendon Press; New York : Oxford
University Press, 1981.
Fine Gail, The Oxford handbook of Plato, Oxford; New York : Oxford University Press, 2008
Kraut Richard, Plato's Republic: critical essays, Lanham, Md.: Rowman & Littlefield Publishers,
c1997
McPherran, Mark L., Plato’s Republic: a critical guide, Cambridge; New York: Cambridge University
Press, 2010.
http://www.adweek.com/galleycat/ted-ed-lesson-explores-platos-allegory-of-the-cave/100626
http://www.slideshare.net/eythymia/ppt-25312457
Author
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Unit 7
Topic: Ratios, proportions and applications
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Argument: In our daily routine, when we are about to compare two sizes, we often use the
phrases “comparable sums”, “ratio”, “proportions”. We use them when we go shopping,
when we want to split something in “fair” shares, when we talk in economic terms or when
we solve physics exercises. We instinctively use them when we want to choose a shape
among others, something that artists and advertising companies seem to know very well!
It is obvious that the concept of proportionality is not only a part of maths, but also a part of
our daily communication, so the cross-curricular presentation of this area could be more than
interesting – and surely useful- to the students.
Aim : To make the students clarify the mathematical terms concerning Proportions and to
show some interesting applications in everyday life.
1. Subject: Mathematics – in the classroom
1.1. Objectives :
 Students will study the basic definitions, properties and theorems dealing with
proportions and their applications to geometry, measuring problems, art, nature
 Development of team-working skills and interpersonal skills.
1.2.Time available: 2 hours (3 hours of school schedule)
1.3. Students’ age:15-17
1.4.Assumption: The students should already know :
 The meaning of a linear segment and its length
 The definition of fraction and proportion (with terms to be numbers or linear segments ),
properties of proportions
 Similar shapes, ratio of similarity, relation of the perimeter and the area of similar shapes
with the ratio of similarity
 The meaning of a graph
 The definition of a sequence of numbers.
1.5.Materials and equipment : board, pc, ruler, right-angle triangle, calculator
1.6.Methods and procedures : learning by doing, worksheets (for working in the classroom
or/and in the computer lab), debate.
1.7.Strategy :
1.7.1. Stage 1 – A short review of the knowledge required by making questions
1.7.2. Stage 2 -A short biography of Thales (15 minutes)
In specific, we make sure that the students know what they are expected to, by making them
questions such as:
 What is a ratio (of numbers or linear segments)?
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Conceived by the Greek partner

 What is a proportion?
 Whenever we have two equal fractions, which properties can we apply to them?
 When we want to compare two different amounts of two products and make an
estimate of their values, which is safer to use: numbers or ratios?
 When do we call two shapes equal and when do we call them similar?
 If λ is the similarity ratio of two similar shapes, what is the fraction of their perimeter
and their areas equal to?
Thales of Miletus ( 624 – 546 BC, born in Miletus in Asia Minor,
current day Milet in Turkey ) was a pre-Socratic Greek philosopher, one
of the Seven Sages of Ancient Greece, who attempted to explain natural
phenomena without reference to mythology. He died around 30 years
before the time of Pythagoras and 300 years before Euclid, therefore he
is often hailed as "the first Greek mathematician. Being also a mechanic,
a businessman, a physician, a mathematician and astronomer, Thales
covered the whole phase of human intellectuality and activity. He
founded, directed and taught in the first University of the world, in Miletus. He was the first
European astronomer (using knowledge that gained from the Egyptians), who predicted with
accuracy a total eclipse of the sun.
Thales, using astronomical data, made weather forecasts, based on which he determined
his business of agricultural products. He urged mariners to use the Little Bear to gear, not the
Great Bear. According to the historian Herodotus, Thales partitioned the waters of the river
Halys to be passable by the army. Other report, from historian Jeronymus, says that Thales
taught the Egyptian priests to measure the height of a pyramid using its shadow (Application
2 in worksheet 4). Other applications of proportions’ theorems due to Thales, is the division
of a linear segment –or a piece of cloth!- in equal or analogous parts, (Application 1 in
worksheet 1), the projection of a film or slides, ( similar to Application 3 in worksheet 4) ,
zoom-in or zoom-out, and so many others.
The most popular (intersection) Theorem of Thales and its most popular consequences to
triangles are:
Thales’s theorem :
If three (or more) parallel lines
c, d, e, intersect two other nonparallel lines a,b, then c, d, e
define on a and b respectively,
line segments having the same
AB BC AC
ratio, that is
,


DE EF DF
AB DE AC
or
.


BC EF DF
Vice versa,
If three (or more) lines c, d, e, intersect two other non-parallel lines a,b and c, d, e define on
a and b respectively, line segments having the same ratio, that is
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AB BC AC
AB DE AC
, or
, then c//d//e.




DE EF DF
BC EF DF

Consequences to triangles :

I)

Let ABC be a triangle with M the middle of side AB. If a , the parallel line from
M to BC, intersects AC on E, then E is the middle of AC.
II)
Let ABC be a triangle with M the middle of side AB and E the middle of AC.
BC
Then ME is parallel to BC. Also, ME 
2
1.7.1 Stage 2- Applications
Objectives:
The students will be introduced to Thales’s theorem and its applications to:
i) triangles, ii) measuring problems, iii) similarity
The context for the implementation of the lesson: formal/ indoors, in the classroom
Organization: individually
Time available: 30 minutes

Task: Worksheet 1 (similar shapes, properties in triangle due to proportionality, applications
of Thales theorem) – Suggested solution
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WORKSHEET 1 – IN THE CLASSROOM
1) Division of a linear segment in equal or analogous parts
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1. What is the relationship between the segments ED, HF, IG, CB?
2. Using your calculator and the shape above, fill in the matrix below
AD

AE
AD

DE
AE

ED

AF

AH
AF

HF
AH

HF

AG

AI
AG

IG
AI

IG

AB

AC
AB

CB
AC

BC

DF

EH
AF

AD
AH

AE

DG

EI
AG

AD
AI

AE

DB

EC
AB

AD
AC

AE

FG

HI
FB

HC
GB

IC

3. Write down the ratios that are equal. Can you find other rations equal to them? Which
theorem comes as a conclusion?
4. Using the observations you made previously, divide segment AC

Page

69

i)
In 4 equal parts
ii)
In 4 parts AE, EH, HI, IC, such us EH=2AE, HI=3AE, IC=4AE.
iii)
In two segments with ratio 2:3.
Hint : use the auxiliary line segment BC to find the corresponding points E’, H’, I’ ,draw line
segment AB and EE’, HH’, II’ parallel to AB.
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2) Let ABCD be a trapezoid, with AB//CD, AB=5, CD=15 and line l which intersects
non-parallel sides AD and BC in E and F respectively. If O is the intersection of AD
and BC, AE=2, ED=4, BF=4, FC=8,
i)
Show that EF//AB//CD
ii)
Calculate the length of the segments OA and OB
iii)
Calculate the length of EF.
3) Let xOy an angle and A, B arbitrary points on Ox. We bring parallel lines passing
from A and B, which intersect Oy on C, D respectively. We draw BC and DE//BC (E
the intersection of Ox and the parallel line from D to BC). Show that OB2=OA.OE.
4) Let ABC a triangle, M the middle of BC, line n//AM which intersects lines AB, BC
and CA at D, E and Z respectively. Show that AB*AZ = AC*AD
5) Camera Obscura (darkroom)

The history of photography begins with a room or a box, completely dark, which at one end
has a glossy surface and just on the opposite edge a very small hole.
The rays of light, traveling in a straight line, form upside down on the shiny surface an image
of objects outside the room (inverted image).
In the picture above, if the width of the room was 1.5m, the mask’s height was 70 cm and its
image inside the room had 42 cm height, find the distance of the mask from the room.
6) Someone is thinking of buying a field. He had two offers, for two square fields (into
the same neighborhood, having the same quality of ground, say A and B, with ratio of
P
their perimeters A  2 . If the side of B is 20m and its owner sells it for 20.000 euro,
PB
while the owner of A sells it for 60.000 euro, which one is the best investment?

AB
15

 0.89
AC 16.75
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1) 1)ED//HF//IG//CB, as they all are vertical to AB
2)
AD
2
AF
5
AG
9

 0.89

 0.89

 0.89
AE 2.24
AH 5.59
AI 10.05
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AD 2
 2
DE 1
AE 2.24

 2.24
ED
1

AF
5

2
HF 2.5
AH 5.59

 2.24
HF
2.5

AG
9

2
IG 4.5
AI 10.05

 2.24
IG
4.5

AB 15

2
CB 7.5
AC 16 .75

 2.24
BC
7,5

DF
3

 0.89
EH 3.35
AF 5
  2.5
AD 2
AH 5.59

 2.5
AE 2.24

DG
7

 0.89
EI 7.81
AG 9
  4.5
AD 2
AI 10.05

 4.5
AE 2.24

DB
13

 0.89
EC 14.51
AB 15

 7.5
AD 2
AC 16.75

 7.5
AE 2.24

FG
4

 0.89
HI 4.46
FB
10

 0.89
HC 11.16
GB
6

 0.89
IC 6.7

AD AF

AE AH
AD AF


DE HF
AE AH


ED HF

3)

AG AG AB DF DG DB FG FB GB








 0.89 ,
AI
AI
AC EH
EI
EC HI HC IC
AG AB
AF AH
AB AC
,

2

 2.5 ,

 7.5
IG CB
AD AE
AD AE
AI AC
AG AI
,

 2.24

 4.5
IG BC
AD AE



Using properties of proportionality, we can also conclude that :
AD AE ED AD AE ED AD AE ED
,
,






AF AH HF AG AI
IG AB AC BC
Thales’s theorem comes as a conclusion, where ED//HF//IG//BC are parallel lines that
intersect AB and AC
We also conclude that triangles ADE, AFH, AGI, ABC are similar.
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4)
i) First we divide BC in 4 equal parts (|BC|=20, so |BD|=|DE|=|EF|=|EC|=5). We bring
AB and using the right-angled triangle we bring DD’, EE’, FF’ all parallel to AB (i.e.
all vertical to BC). Then AD’, D’E’, E’F’, F’C are the asked parts.
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ii) We notice that AC=AE+EH+HI+IC=AE+2AE+3AE+4AE=10AE, so we want to
divide AC into 10 equal parts, and choose points E, H, I as wanted (we work as
before)

AD' 2

D' C 3
We demand the same proportion on the auxiliary segment BC whose length is 20.

iii) We want AC to be divided in segments AD’, D’C such that

BD 2
BD  DC 2  3
BC 5
20 5
 


 
  60  5DC  DC  12 So
DC 3
DC
3
DC 3
DC 3
we find D on BC, having distance 8 from A and 12 from C, we draw AB and
DD’//AB and the asked segments of AC, AD’ and D”C are made (the proportion with
ratio 2:3 is still in value due to Thales’ intersection theorem)

2)

AE 2 1 BF 4 1
AE BF
, that means that AB//CD//EF (vice versa
  ,
  , so

ED 4 2 FC 8 2
ED FC
of Thales’s theorem)
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OA AB
OA
5
OA
1




  3OA  OA  6  2OA  6  OA  3
OA  2  4 15
OA  6 3
II) OD DC
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OB AB
OB
5
OB
1




  3OB  OB  12  2OB  12  OB  6
OC DC
OB  4  8 15
OB  12 3
III) Thales’s theorem
OE EF
OA  AE EF
3  2 EF
5 EF
75 25





 
 75  9 EF  EF 

OD DC
OA  AD 15
3  6 15
9 15
9
3

3)

Applying Thales’s theorem to semi-lines Ox, Oy which are intersected by the parallel
lines CA//BD, we have
OA OC
(1)

OB OD
Applying Thales’s theorem to semi-lines Ox, Oy which are intersected by the parallel
lines CB//ED, we have
OB OC
(2)

OE OD
In (1), (2), the second parts of the equations are equal and so are the first, that is
OA OB

 OA  OE  OB 2
OB OE
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Triangles ABC and CDE are similar, as they are both right-angled and they have angles
C1 and C2 equal . So, proportionality of sides due to similarity gives us
AC AB

 AC  0.42  1.5  0.70  AC  0.42  1.05  AC  1.05 : .42  2.5meters
CD DE
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5) Let a be the side of square A, PA its perimeter and EA its area,
b the side of square B, PB its perimeter and EB its area .
P
E
4a a
Since A  2 , then
  2 and A  2 2  4  E A  4  E B .
PB
EB
4b b
Now, field B has side 20m, EB =202=400m2 and is offered at 20000 euro, which means
that it is offered at 20000/400=50 euro/m2.
On the other hand, a=2b=40m, EA=402=1600m2 and is offered at 60000euro, which
means that it is offered at 60000/1600=37.5 euro/m2.
Certainly field A is a better investment, since he can buy it much cheaper (per m2)
1.7.2 .Stage 1 A short presentation of golden section, number Phi (φ) and Fibonacci
sequence. (15 minutes)
What is the golden ratio and the golden section?
A
C
B
The problem of the Golden section refers to the division of a linear segment AB by an
AC AB
2
interior point C in two non equal segments, such that

  AC   AB  CB . This
CB AC
means that the ratio of the longest of the two segments to the shortest, equals to the ratio of
the initial segment to the longest one. If |AC|=a, |CB|=b, a, b>0 and a/b =x, then the above
equation becomes
a ab
a
b
1
a 2  (a  b)b  
  1  x  1  x2  x 1  0
b
a
b
a
x
1 5
 1.618 . This ratio is
2
called The Golden Ratio (denoted by the Greek letter Φ) and the division mentioned above,
the Golden Section. Furthermore, if we draw a rectangular with sides’ lengths a and b such
that a/b = Φ, then the rectangular is called Golden.
The golden section of a linear segment or a surface, is considered to be the most symmetrical
division of greatest aesthetic satisfaction to the human eye. This harmony and aesthetic
delight that the golden section creates, was known in ancient Greek craftsmen. The
Parthenon, for example, has the proportions of α golden rectangle. In nowadays, commercial
logos invest on Φ. Here are some examples:
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This equation has two solutions, with the positive one to be x 
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Aston Martin, James Bond and the Golden Ratio
What do James Bond, Aston Martin and the Golden Ratio have in common? James Bond,
also known as 007, drove an Aston Martin DB5 in the movies Gold Finger and Golden Eye,
and Aston Martin is now boasting its application of the Golden Ratio in the design of its
latest DB9 and Rapid S automobiles. The Aston Martin Rapid S is described as:
“Breathtaking Proportions – The ‘Golden Ratio’ sits at the heart of every Aston Martin.
Balanced from any angle, each exterior line of Rapid S works in concert and every
proportion is precisely measured to create a lithe, pure form. Our engineering follows the
same principle. A near perfect weight distribution ensures Rapid S is balanced in form and
balanced in function.”
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The Aston Martin DB9 is described as:
“Perfectly Proportioned – Every inch of DB9’s form is designed for elegance and balance.
The simple beauty of nature guides the design of DB9, with the ‘golden ratio’ setting all
proportions. The result is a profile where every line, dimension and proportion works in
harmony. Combine this with the near perfect weight distribution, provided by a lower engine
placement, and you have a DB9 balanced on sight and in experience.”
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1.7.2. Stage 2 – Applications
Objectives:
 The students will deal with proportions of numbers.
The context for the implementation of the lesson: formal/ indoors, in the classroom
Time available: 30 minutes
Organization: individually
Task: Worksheet 2 (proportions of numbers, the Golden ratio, Fibonacci sequence) –
Suggested solution (20 minutes)
WORKSHEET 2 – IN THE CLASSROOM
In the 12th century, Leonardo Fibonacci wrote in Liber Abaci about a simple numerical
sequence, that is the foundation for an incredible mathematical relationship behind phi. This
sequence was known as early as the 6th century AD by Indian mathematicians, but it was
Fibonacci who introduced it to the west after his travels throughout the Mediterranean world
and North. Let’s see the problem he mentioned, referring to the reproduction of hares:
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A pair of hares one month aged, is too young to reproduce. We suppose that when they are
two months old, they give birth to a new couple of hares. If every new couple of hares
repeats the same procedure –and no hares dies in the meantime!-, how many couples will
appear at the beginning of each month?
1) At the beginning of the 1st month we have…….
At the beginning of the 2nd month we have…….
At the beginning of the 3rd month we have…….
At the beginning of the 4th month we have…….
At the beginning of the 5th month we have…….
At the beginning of the 6th month we have…….
At the beginning of the 7th month we have…….
At the beginning of the 8th month we have…….
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2) Write down the first 20 terms of the sequence of numbers formed above
…………………………………………………………………………………………
…………………………………………………………………………………………
3) How is every term of this Fibonacci sequence formed by the two previous terms?
.....................................................................................................................................
4) Express the above rule formally………………………………………………………
…………………………………………………………………………………………
5) Now make a new sequence with terms to be the ratios of every two consecutive terms
of Fibonacci sequence.
…………………………………………………………………………………………
6) Use a calculator to find the 19 first terms of this new sequence
…………………………………………………………………………………………
7) What do you observe? Express your observation as a conjecture about the relationship
of Fibonacci sequence and the Golden Ratio Φ (phi)
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1) At the beginning of the 1st month we have…….1 pair
At the beginning of the 2nd month we have…...1 pair
At the beginning of the 3rd month we have…….2 pairs
At the beginning of the 4th month we have…….3 pairs
At the beginning of the 5th month we have…….5 pairs
At the beginning of the 6th month we have…….8 pairs
At the beginning of the 7th month we have…….13 pairs
At the beginning of the 8th month we have…….21 pairs.
2) Write down the first 20 terms of the sequence of numbers formed above
…1, 1, 2,
3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610, 987, 1597, 2584, 4181, 6765 …
3) How is every term of this Fibonacci sequence formed by the two previous terms?
........Every term ifs formed by adding the two previous terms...........
4) Express the above rule formally
……av=av-1+av-2 for v≥2,
a0=a1=1……………………………………………………………..
5) Now make a new sequence with terms to be the ratios of every two consecutive terms
of Fibonacci sequence.
1 2 3 5 8 13 21 34 55 89 144 233 377 610 987 1597 2584 4181 6765
, , , , , , , , , ,
,
,
,
,
,
,
,
,
1 1 2 3 5 8 13 21 34 55 89 144 233 377 610 987 1597 2584 4181
6) Use a calculator to find the 19 first terms of this new sequence
………1, 2, 1.5, 1.666, 1.6, 1.625, 1.615, 1.619, 1.617, 1.618, 1.617, 1.618, 1.618,
1.618, 1.618, 1.618, 1.618, 1.618, 1.618, 1.618…………..
7) What do you observe? Express your observation as a conjecture about the relationship
of Fibonacci sequence and the Golden Ratio Φ (phi)
…….After the 11th term, all terms are (almost) equal to 1.618
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Conjecture: For v large enough, the ratio of every two consecutive terms of Fibonacci
sequence is equal to Φ≈1.618 (the Golden Ratio)
1.7.3 .Stage 1 – A short review of the knowledge required (for 1.7.3. Stage 2) by making
questions (10 minutes)
 What is a function?
 What is a graph of a function?
 How do we draw a graph of a function?
 How can we find the type of a function if its graph is given?
 What is the relationship between two amounts y, x that are analogous? Write the
general type that connects y and x.
1.7.3.Stage 2 –Applications
Objectives:
 The students will distinguish, read and make graphs of the function f(x)=ax.
 The students will connect proportionality with the linear function.
The context for the implementation of the lesson: formal/ indoors, in the classroom
Time available: 20 minutes

Organization: individually
Task: Worksheet 3 (graphs of analogous amounts) – Suggested solution
WORKSHEET 3 – IN THE CLASSROOM
1. Which of the following graphs correspond to analogous amounts?

b)

c)

d)

e)

f)
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2. For the graph (or graphs) you chose before, find its (their) type.
3. A) What do you notice about the vertices P, Ν, Κ, Η, D of the rectangles below?

b) Using a ruler and a calculator, calculate the ratios





 .......... .,
 .........,
 .........,
.......... ,
 ........
C

J
L
Q
What do you notice?
c) Can you write the type of function that has points P, Ν, Κ, Η, D on its graph?
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1) Graphs a) and d)
2) We already know that if two amounts y, x are analogous, they are connected with the
equation y=ax, for a specific a ϵꭆ.
For a), we notice that the graph passes through point (-2, 4), so these coordinates must
verify the equation above: 4=-a2, so a=-2.
The type of a) is y=-2x (f(x)=-2x).
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For d), we notice that the graph passes through point (2, 1), so these coordinates must
verify the equation above: 1=a2, so a=1/2.
The type of d) is y=(1/2)x (f(x)=(1/2)x).
3) A) The vertices P, Ν, Κ, Η, D of the rectangles, seem to be on the same line
b) All the fractions are equal to 1/1.618
c) f(x)=(1/1.618)x
2. Subject : Mathematics – in the computer lab
2.1. Objectives :
 Using mathematical computer programs such as Geogebra, students will get a more
attractive presentation of the lesson (comparing to the blackboard), as well as they will
practice handling pc and Geogebra
 Development of team-working skills and interpersonal skills.
2.2.Time available: 45 minutes (one or two hours of school schedule)
2.3. Students’ age:15-17
2.4. Assumption: The students should already :
 Be familiar with working on pc
 Be able –by using guidance for the basic functions of the program “Geogebra”- to make
simple constructions.
2.5. Materials and equipment : pc, a notebook and a pen to keep notes , “Geogebra”
program (it may be downloaded from http://www.geogebra.org )
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There is a manual of the program in “Help” option.
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This is the initial Geogebra window
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2.6. Methods and procedures : learning by doing, worksheets (for working in the computer
lab), debate.
2.7. Strategy :
2.7.1. Stage 1 – A short review of the main functions of Geogebra (15 minutes)
2.7.2 Stage 2- Applications
Objectives: To solve problems of Geometry using pc programs
Organization: in pairs
The context for the implementation of the lesson: formal/ indoors, in the computer lab
Task: Worksheet 4 – Suggested solution
Time available: 30 minutes

WORKSHEET 4 – IN THE COMPUTER LAB
1) Construction of similar triangles.
 Open a new Geogebra window.
a) Using the triangle-button,

make a triangle – say ABC.

b) Measure the angles A, B, C using button
, option Angle.
c) Make a new triangle –say DEF, similar to ABC, using the equality of their angles
(Hint : use button
, option AngleFixed to construct angles D=A and E=B )
 Open a new Geogebra window.
d) Using the triangle-button,

make a triangle – say KLM.

e) Measure the sides KL, LM, MK, using button
, option Distance.
f) Make a new triangle –say POQ, similar to KLM, using the proportionality of their
sides. (Hint : choose a positive number a to be the similarity ratio, use button
, option SegmentFixed to construct sides PO=a KL, and OQ=a LM, PQ=a
KM ).
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2) Following Thales calculating the height of Cheop’s pyramide.
 Open Geogebra file “Thales.ggb” .
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3) The function of the eye
 Open Geogebra file “Eye.ggb” .
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4) Let’s play billiard!!!

Page

88

 Open Geogebra file “Billiard.ggb” .
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SUGGESTED SOLUTIONS FOR WORKSHEET 4
1) a) Open a new Geogebra window. With button
make triangle ABC (press 3 points A,
B, C and then again A to form (“close”) the triangle).
b) to make angles appear. Use button
, option Angle, then mark clockwise the points
which determine the angle (for example, if we want the interior angle A to appear, we
mark B-A-C
c) In order to make the similar triangle based on the
equality of the angles, we first make the first side DE using
the button

, option segment. Then we use button

, option AngleFixed, then mark E-D and when we
are asked the size of the angle, we write for example 59.19 (size of angle B) and choose
“clockwise” and we have this picture:
We then connect D and E’ with the button of segment
procedure with side DE’ and angle i.e.80.91 (size of angle A).

. We repeat the same
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movement’s button
and moving points E or
D’, we see all the candidate similar triangles. When
we decide which one we want, we draw lines DE and

90

Whenever we want, we rename point E’ by right click
of mouse and option “Rename”
Finally we make the segment DE’ as before and using
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their section is the third vertex of asked triangle.

The construction of similar triangles based on the proportion of their sides, is identical
procedure with the previous one, using button
button

, option SegmentFixed, instead of

, option AngleFixed.
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Let
 Let NE=x. Then EO = 1-x and ED = EO-DO = EO-BC = (1-x)-0,2 =0.8-x
 MNE and EDB are similar triangles: they have their angles O and N equal (right
angles) and their angles B=M (M=f as inside alternating, f=g, g=B as inside
alternating). By the proportion of their sides we get
ED BD
0.8  x 0.5



 3  (0.8  x)  0.5 x  2.4  3x  0.5 x  2.4  3.5 x
EN MN
x
3
 x  0.686m  68.6cm
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2) This exercise is guided by steps, revealed by clicking the numbered boxes.
3) This exercise is also guided by steps, revealed by clicking the numbered boxes.
When Mike’s height is asked, we use the proportion of sides of the similar triangles
LM
KL
2.094m
KL
2.094  0.00223



 KL 
m  0.203m
MN NO
0.023m 0.00223m
0.023
(we remind the students to be careful with the necessary conversions of units of
measurement!!)
4)
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3. Subject: History (through Mathematics)
Unit: The “Fibonacci Sequence” in Ancient Greek Theaters
Aim: To investigate the architecture of ancient Greek theatres.
3.1 Objectives:
 To recognize the main parts of a Greek theatre.
 To understand how the Fibonacci sequence and the Golden ratio is expressed in the
specific architecture.
3.2 Time available: 1 hour (45 minutes)
3.3 Students’ age:15
3.4 Assumption: The students should already know:
 The Greek theatre was held outside, first in the market place, then in large open-air stadiums or
theatres.
 All the actors were men and they wore masks, as they played multiple roles.
 What “Fibonacci Sequence”, “Golden Section” and “Golden Number” is

Suggested solution:
-The Fibonacci Sequence can easily be described as a series of whole numbers which progresses by
adding the previous number to present one to make the next number in the series.
(1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610, 987, 1597, 2584, 4181,...)
- The Golden Section is the division of a given unit of length into two parts such that the ratio of the
longer to the shorter equals the ratio of the whole to the longer part.
-The Golden Number Φ is 1.618033989…

3.5 Materials and equipment: board, PC, images, Students’ Book, papers and pencils
3.6 Methods and procedures: observation, making suggestions, learning by doing
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Suggested solution:
The masks were often brightly coloured with exaggerated features like large eyes and nose.
This allowed the faces to be seen by all the people in the theatre (even those sitting in the
back rows) as well to show the audience whether their characters were young or old, ugly or
beautiful and male or female. They had large open mouths to make the voices of the actors
sound louder.
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3.7 Strategy:
3.7.1 Stage1: motivation - 5 minutes
The teacher shows pictures of ancient theatre masks. He asks students to describe them.
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3.7.2 Stage 2: exploring “Theater of Dionysus”
Objective: To find out the main parts of the theatre.
Time available: 15 minutes
Organization: altogether, individually
Procedure:
 The students look at the Theater of Dionysus built in the shadow of the Acropolis in
Athens, at the beginning of the 5th century and try to point out its parts.

Sug
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Suggested solution:
theatron (koilon): the auditorium where the members of the audience sat
diazomata: the tiers
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gested solution:
They can easily point out the banks of seats and the circular orchestra for the chorus.
 The teacher presents the following diagram, so that the students can find out the rest parts.
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prohedria: seats at the front for the VIPs
orchestra: the circle-shaped area where the chorus performed at ground level
thymele: the altar of Dionysus placed in the middle of the orchestra
Dionysus was the son of Zeus, the god of wine, fertility and revelry. He could liberate and
inspire men. So, he came to be considered patron of the arts.
proscenium: a stoa with columns in the front of the stage
skene: the raised platform for the actors (=stage)
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4. Subject: Arts (through Mathematics)
Unit: Linear perspective in Leonardo da Vinci’s “Last Supper”
Aim: to familiarize students with Linear perspective, originated in Florence, Italy in the early
1400s.
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3.7.3 Stage 3: let’s check the ratios
Time available: 10 minutes
Organization: altogether, individually
Procedure:
 The teacher provides the students with the necessary information for the Theater of
Dionysus: the first tier has 13 rows of seats and the second one 21.
 The students will check out these numbers according to the Fibonacci Series and find the
ratios that approach the Golden Number Φ.
Suggested solution:
 The numbers 13 and 21 are Fibonacci numbers.
 The whole 13+21=34 is a Fibonacci number, too.
 The ratio of the rows of the tiers is:
21 / 13 = 1,615… ~ Φ (the larger part to the shorter part)
34 / 21 = 1,618…= Φ (the whole to the larger part)
3.7.4 Stage 4:
Time available: 10 minutes
Organization: altogether, individually
Procedure:
 The students do the same for the Theatre of Epidaurus. Photos and necessary information
are cited in the Students’ Book.
 In this case the first tier has 34 rows of seats and the second one 21.
 The numbers 21 and 34 are Fibonacci numbers.
 The whole 21+34=55 is a Fibonacci number, too.
 The ratio of the rows is:
34 / 21 = 1,618… = Φ (the larger part to the shorter part)
55 / 34 = 1,618… = Φ (the whole to the larger part)
Conclusion: The ancient Greeks explored the possibilities and found the “ideal proportion”
which they have implemented in architectural design in artistic and aesthetic terms.
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4.1 Objectives:
 To become aware of perspective.
 To get in touch with a famous painting representative of the Linear perspective.
 To help the students imagine the picture surface as an “open window” through which to
see the painted world.
 To develop IT and drawing skills.
4.2 Time available: 1 hour (45 minutes)
4.3 Students’ age:15
4.4 Assumption: The students should already know:

 the meaning of horizon line, vanishing point, orthogonal lines
Suggested solution:
The horizon line runs across the canvas at the eye level of the viewer.
The vanishing point is the single point in a picture where all parallel lines that run from the
viewer to the horizon line appear to come together. It is generally placed at the viewer's eye
level.
Orthogonal lines are straight diagonal lines drawn to connect points around the edges of the
picture to the vanishing point. They represent parallel lines receding into the distance and
help draw the viewer's eye into the depth of the picture.
4.5 Materials and equipment: PC, individual copies of Leonardo’s picture (without
perspective lines), students’ book, red, yellow and blue mark pens, rulers, erasers
4.6 Methods and procedures: learning by doing, workshop

4.7 Strategy:
4.7.1 Stage1: motivation - 5 minutes
Objective: to spot the meaning of the word perspective in art
 The teacher presents to the students two pictures using “linear” and “aerial” perspective
and ask them to name the differences.
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Suggested solution:
Linear perspective is a mathematical system for creating the illusion of space and distance on
a flat surface such as a canvas or wall.
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Aerial (or atmospheric) perspective is to create a sense of depth in painting by imitating the
way the atmosphere makes distant objects appear less distinct and more bluish than they
would be if nearby.
4.7.2 Stage 2: looking at Leonardo da Vinci’s Last Supper
Objective: to find the Linear perspective
Time available: 40 minutes
Organization: altogether, in pairs
Procedure:
 The teacher distributes the photocopies, he asks the students to look at the picture
carefully and describe what they see - 5 minutes
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 The students working in pairs try to reproduce the perspective. One of them works on Pc
(Program “Drawing”) and the other one by using rulers and blue mark pens for the obvious
lines and red for the perspective lines -25 minutes
 He asks questions and assign tasks in order to help them reach to the following draft:
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-

Mark the straight lines that you can point out by using the blue mark pen.
Suggested solution: The lines of the table, of heads (9 of them), of many hands (on the table
and in the air), of bread pieces, of the windows, of the openings on the walls.
-Where is the “horizon line” in your picture? Mark with yellow pen.
Suggested solution: The line that comes across the painting horizontally through Jesus’
head.
-Can you find any lines or pieces of lines coming closer together as they approach the
“horizon line” (Orthogonal lines)? Mark them with the red mark pen.
-Can you find the “vanishing point”?
Suggested solution: At Christ’s right eye.
 Each pair compares its work (both in paper and PC) with the relevant image cited in the
student’s book and mark the wrong lines with red stars -5 minutes
 Discussion about the mistakes that have been made -10 minutes
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Unit 8
TOPIC: Acids, Bases and Salts in our Lives

Page

Argument: Acids and bases are found in foods, in the environment and in chemicals
including pharmaceuticals. We couldn’t live in a world that is either too acidic or too basic.
The pH levels in the blood are required to be slightly basic (7.35-7.45), acids and bases are
functioning to regulate the pH levels in the body. When we eat acidic foods, the body uses a
buffering system to neutralize the positive hydrogen ions released from acids. Conversely,
bases are also controlled to keep the body from becoming too alkaline. Only a narrow range
of pH change can be sustained by a living organism, any further change in pH can make the
living difficult. Our stomach contains hydrochloric acid which helps in the digestion of food.
When stomach produces too much of hydrochloric acid during indigestion, we feel a lot of
pain and irritation. Hence, we generally use antacids or mild base which increases the pH of
acidic stomach and thus decreases the pain.
Bacteria present in our mouth sometimes lower the pH of our mouth by producing acids
through degradation of food particles. Acids and bases are compounds that have a great deal
of importance in both chemistry, biochemistry, medicine, agriculture, environment and
economy. Acids are used in industries to manufacture fertilizers, paints, dyes and man-made
fibers, while bases are used in the production of fabrics, cleaning agents and paper. They are
important because everything in our world is affected by them.
Aim: to help students to understand the effect of acids, bases and salts in every day life.
1. Subject: Chemistry
1.1 Objectives:
 Obtaining scientific management
 Developing scientific attitude
 Learning the properties of acids and bases and the pH scale
1.2 Time available: 2 hours
1.3 Students’ age:16-17
1.4 Assumption: The students should already know:
 A compound is made of atoms of two or more elements chemically joined together.
 Some compounds (like salts and the strong acids and bases) dissolve in water and they are
separate into ions.
 An ion is a charged particle and that ions can have a positive or negative charge.
 The oxidations states
 How to write an inorganic compound, first the positive ions is placed and then the
negative.
1.5 Materials and equipment: Board, paper.
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Conceived by the Greek partner
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Sour / bitter /
Sour / bitter /
Sour / bitter /
Sour / bitter /

slippery
slippery
slippery
slippery

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

Page

white vinegar
tomato juice
tonic water
shampoo
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1.6 Methods and procedures: Debate, experimentation, independent observation, controlled
or independent discovery, brainstorming
1.7 Strategy:
Motivation: The teacher goes through some previous acquired theory and tries to find the
common misconception (10 minutes) .
1.7.1. Stage 1
 Open the session by asking students to recall the definition of a compound.
 Ask students how many compounds they think exist.
 Tell students that is easier to classify all these compounds based on their properties.
 Ask if they know of some substances that are acids and some substances that are not acids.
 Ask if they have heard of a chemical base
 Ask students what the term neutral means to them.
 Tell students that compounds can be classified as acids, bases, or neutral substances. Some
neutral substances are called salts.
 Many students believe that acids (and perhaps bases) are dangerous, exotic chemicals
found only in chemistry labs. Many common substances, however, are acids and bases.
1.7.2. Stage 2- Introduction
Objectives:
 To list and identify the names for the common strong acids and strong bases.
 To distinguish and classify acids from bases
 Students will identify and define the concepts of acid, base, indicator
Time available: 20 minutes
Methods and procedure: groups of 4 students
Materials and equipment: lemon juice, white vinegar, tomato juice, shampoo, facial
cleansers, alcohol, water, bleach, diluted ammonia milk, salt, baking soda, Maalox
blue bromothymol, phenolphthalein, 250mL beaker
We bring as many household items as we can and place these items in front of the
students. We ask students to write down which of the items are acids, bases or salts. While
they indentify the items we write down the formula (name) of each acid. We repeat the same
procedure for bases. After writing down the formula of acids and bases we ask them to find
the common component the acids and bases have.
The teacher will fix the below table ask if the students identify some of the properties of
acids and base.
Household substances
Properties
Circle the correct answer (sour, bitter, slippery)
lemon juice
Sour / bitter / slippery
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If they find difficult to complete the gaps we help them with small experiments. First we
pass them out lemons pieces. Students will use their sense of taste and taste the lemon. They
will conclude that an acid is a chemical compound that tastes sour. On the basis of this
activity the teacher will ask the students, why these are sour in taste. Most of the students
might be unable to give an answer. The teacher will inform the students that the term “acid”
is derived from Latin word “acidus” which means sour. Acids are those chemicals substances
which are sour in taste, for example citric acid is present in lemon, oxalic acid in tomato,
acetic acid in vinegar and formic acid in sting of ants. Next a wet bar of soap will be passed
out to each of the students and they will use the sense of touch. One student will be selected
to sip from a glass of black coffee (sense of taste). They will conclude that a base is a
chemical compound which is slippery and tastes bitter, as example baking soda, tooth paste
.We inform them that we should never touch or taste an acid or base because strong acids and
bases can be poisonous and corrosive to skin.
The next step is to help students define indicators. We ask them a simple question; suppose
you are driving a car and your gas is low, how you will realize if you are running out of gas?
They will answer: when the needle reaches past the red mark. We then ask how do we call
the device that monitors the low fuel (=low fuel indicator light). Then the students are given a
250mL beaker with phenolphthalein and a 250mL beaker with blue bromothymol. In first
beaker they will put a drop of lemon and in the second beaker a drop of bubble soap. What
happened? Why the color of the solution has changed? They are asked to write down their
thoughts and their conclusions. From those questions and the experiments, students should
elicit the definition of the indicator as a substance that changes colors when acids and bases
are present.
1.7.3. Stage 3- experiment 1
Objective(s): students will be able to:
Understand the importance of pH levels in their day to day lives
 Illustrate the meaning of pH.
 Explain the differences between indicators, pH paper and cabbage juice.
 Compare acids and bases and their properties.
 Use supporting evidence to predict if common household substances are acids or bases
 Show that plant extracts are indicators for acids and bases
Time available: 20 minutes
Organization: groups of 4 students
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peroxide
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We divide students into groups of four and provide each group with the materials needed for
the experiment. We fix diluted solutions from the household substances and ask students to
get a sample of each solution in beakers. They should get enough solution in cups to dip the
end of pH strips. Each group cuts some pieces of universal paper and dip the end of the strip
into each solution for 5 seconds then pull out and record color on data sheet. Then they
compare the color on the strip of universal paper to the color scale of pH meter. They
determine the pH of each material and record the pH on the worksheet. We encourage them
to find the pH scales of acids solution and basic solution according to the results of the
experiment. The students will come to realize that the solutions with a pH lower than 7 are
acids, those with a pH higher than 7 are bases and a substance with a pH of 7, like water, is
neutral.
At this point we try to help students with some misconception they might have. We
inform students that acids don’t contain only H+ ions but in fact, acids contain both H+ and
OH- ions. Acids simply contain more H+ ions than OH- ions and bases alike contain more
OH- ions than H+ ions.
Sometimes students might think that strong acids will always have a low pH in solution but in
reality if the solution contains a small amount of hydrochloric acid (it is dilute), it will have a
pH close to seven.
Then we ask them if the acids and the bases react with the metals. We provide them with
Zinc and Magnesium and tell them how we can realize that the reaction takes place. The
student can see the bubbles which are created and we inform them that the bubbles are the
gas which is released.
Stage 3- experiment 2
Time available: 10 minutes
Methods and procedure: groups of 4 students
A simple and interesting experiment that students often like is to prepare their own test
strips. The simplest way to do that is by heating red cabbage leaves with a very small amount
of water either in a microwave or else over a burner until the leaves are soft and their color is
transferred into the water. Allow the cabbage to cool and then score the leaves with a knife
and press coffee filters onto the cabbage to absorb the juice. Now the students will use their
own test strips which they can make even at their home and become little chemistry teachers.
Now using their own test trips we encourage the students to find the pH of the same
homemade materials and compare their results with the results they have find with the
universal paper. Throughout this experiment students will indeed have a better understanding
for acids and bases, especially for those that they themselves use.
1.7.4 Stage 4- experiment 3
Objectives:
Students will learn:
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Materials and equipment: lemon juice, white vinegar, tomato juice, water, shampoo,
facial cleansers, bleach, alcohol, diluted ammonia milk, salt, baking soda, universal paper,
Maalox, zinc, red cabbage, magnesium, coffee filters, 250mL beaker

 How to write the chemical equation for a neutralization reaction including the formula (and
name) of the salt that is produced
 Ions are present during this titration.
 Acids and bases are electrolytes.
 No ions are present at the end point of this titration.
 A precipitate and water are made from ions in this reaction.
 Electrical conductivity depends on the presence of ions in a solution.
Time available: 20 minutes
Methods and procedure: groups of 4 students
Materials:
1.0Μ hydrochloric acid solution
1.0M sodium hydroxide
burette
funnel
conductivity tester
beaker
blue bromothymol
We prepare two solutions, a 1.0 M hydrochloric acid solution and 1.0M sodium hydroxide.
We fill the burette with the solution of ΗCl using a funnel. We attach the conductivity tester
to the rings and position its electrodes hanging inside the beaker. We use a glass stirring rod
to manually stir the beaker's contents. Then we fill the beaker with enough of the NaOH
solution to submerge partially the conductivity tester's electrodes. At the start of the lesson
draw the attention to the apparatus and advise the students to observe closely everything that
happens. We plug in the conductivity tester and ask a student to describe what he or she
notices. We add 3 to 5 drops of blue bromothymol to the beaker. Then we ask the students to
describe what happens, why the color changed into blue and what kind of substance we
should drop into the solution. Then we deliver acid solution by turning the stopcock and we
try to obtain a steady drip of individual drops. We ask the students some questions about the
experiment.
What changes do now occur?
Why might they be occurring?
Why does the color change from blue to yellow when we put some drops of acid solution?
Why was the blue bromothyl added?
We try to lead the discussion into the concepts of acids, bases, neutralization, indicators, and
electrolytes.
We divide students into groups of four (4) and we help them to repeat this experiment. We
give them some pieces of universal paper so they can check the pH changes when they add
acid solution into the beaker which contains the NaOH solution. We ask them to write down
the color of the solution, the pH and the indication of the conductivity tester's electrodes, at
the beginning as well as and when we drop acid solution. Discuss the results. Be sure that
the students understand the following points:
 Solutions shall contain ions in order to conduct electrical current. Therefore, NaOH and
HCl solutions contain ions, but water does not.
 ‘Blue bromothymol’ is blue in alkaline solution but yellow in acids ones. This suggests
that the solution in the beaker changes color just when no more base is present. Be sure to
identify this at the end point and stress that there is no acid present either when this happens.
This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
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Na + OH- + H+ + Cl- ↔ H2O + NaCl
BASE
ACID
WATER SALT
 At the end point, there are only water and salt left in the beaker and no ions, that’s why the
solution does not conduct electricity. The color of the solution is green. As we continue to
add more HCl, we add more hydrogen ions and the solution turned into yellow. The solution
has become acid and is able to carry electrical current.
With the help of students we reach the conclusion that:
Neutralization takes place when an acid and a base react in a neutralization reaction. The
products of neutralization reaction are water and salt.
1.7.5 Stage 5- applications
Objectives:
 Determine the effectiveness of various antacids on an acidic stomach
 To understand the importance of those substances
 To make students aware of the importance of pH levels in their lives.
Time available: 20 minutes
Methods and procedure: groups of 4 students
Apparatus needed: 3 250 mL Erlenmeyer flasks, baking soda, 3 balloons, methyl
orange indicator, 600 mL 0.1 M hydrochloric acid, Milk of Magnesia, Maalox tablets
Recommended strategy:
We prepare 3 flasks with HCl with the same concentration as our stomach has
(preparation takes place before the class start). Each Erlenmeyer flask contains 100 mL of 0.1
M HCl and a few drops of methyl orange indicator. We put an empty balloon over the mouth
of the control flask. Crush one dose of each antacid and place in a balloon. Label the bottom
of each flask to correspond to the antacid in the balloon. Place the balloons over the necks of
the flasks, but do not allow the antacids to fall into the flasks.
We tell the students that you have an upset stomach from eating too much food last night.
Ask what you could take to get relief from the "sour stomach." Place samples of antacids on
the desk.
Tell them to read the ingredients of each antacid and write down which substance
they have common and their price per dose.
After explain the little stomachs setup what it contains and why we put the balloons. Shake
the balloons so the antacids fall into the flasks. Record student observations and explanations
on the board.
Ask them which ingredient of the antacids is common and how it could neutralize
an acid. Help them reach the conclusion that the bases are the ingredients that could relieve
gas pains because they react with acid of the stomach. Students work in groups in order to
decide which antacid is the best. Each group shares its decision and the criteria used to find
their conclusion.
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At that point the hydroxylic ions of the base are paired with the hydrogen ions from the acid,
according to the following equation:
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2. Subject: Biology
2.1 Introduction
Acids and salts play a significant role in digestive procedure. During this lesson
the students will recognize the importance of acids and salts in the digestive system.
Stomach produces gastric acid which is responsible for chemical digestion. More
digestion takes place in stomach than in the mouth. Three layers of stomach muscles churn
the food and continue the process of mechanical digestion. Chemical digestion is very
important as the stomach with the help of gastric acid continues to break down foods into a
form that the body can use. Gastric solution is composed of hydrochloric acid (HCl) 0,50,1M, potassium chloride (KCl) and sodium chloride (NaCl). The hydrochloric acid plays a
key role in the digestion of proteins, by activating digestives enzymes. Pepsinogen is an
inactive form of the protein digesting enzyme, pepsin. Hydrochloric acid converts pepsinogen
into pepsin. Gastric acid is produced by cells lining the stomach when needed. Τhe pancreas
produces a liquid containing several enzymes that break down the fats and the proteins of the
food into fat acid and aminoacids. Amino acids probably are the most important substances
of in the human organization. As it is acid, it reacts with basic substances and creates a large
amount of compounds. The liver produces bile acid and salts which assist the digestion and
absorption of the fats. The bile salts break up and coat the fat to form much finer droplets.
The enzymes low the energy needed to activate a biochemical reaction (such as digestion).
Consistent conditions such as pH and temperature are important for enzymes to function
properly. In acidic environment the enzymes would become denatured or change shape and
could not work properly.
2.2 Objectives:
By the end of the lesson, students will be able to do the following:
 Understand the presence of macromolecules in food and their digestion into monomers.
 Explain why food must be broken down
 Describe how the mechanical forces help digest ion of the food in the mouth and stomach
 Describe the ability of enzymes to break down food into more simple parts
 Detect the presence of organic macromolecules using color change indicators
 Learn how to communicate scientific findings
 Explore chemical digestion in the stomach
 Discover the roles of gastric acid, hydrochloric acid (HCl) and pepsin in the chemical
digestion in the stomach.
 Inreach their vocabulary releated with digestion procedure
 Explain why we need proteins.
2.3 Time available: 1 hour
2.4 Students’ age:16-17
2.5 Assumption: The students should already know:
“Digestion” is the process of breaking down the organic macromolecules of food into simpler
fragments. Most of the food can’t be absorbed from the organism; it must be digested into
small basic parts. Our body uses these small chemical substances to prepare our own proteins
and fats which are essential for the correct function of our organism.
This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
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2.6 Methods and procedures: debate, experimentation, independent observation
2.7 Strategy:
We help students to learn through experimental procedure. The basic procedure of digestion
can be separated into three basics procedures:
1) dissolving procedure, 2) enzyme action, 3) nutrient absorption.
2.7.1 Stage 1:
Εxperiment: Dissolving procedure
Materials: Beakers (2) for water heating, hard candy (produced from sugar), towel, heavy
object like a textbook used as pestle (All these materials are for each group)
Introduce the lesson by discussing how that food gets to the cells in the body. We let students
think for some minutes. The students are encouraged to express their opinion about the
subject. With our help they reach to the conclusion that blood takes nutrients to the body, and
blood can only carry nutrients as specific molecules. The nutrients in food are broken down
first by mechanic digestion and secondly by chemical digestion.
Το understand mechanical digestion they are given hard candy. They put one hard candy
whole into a glass of warm water to represent a piece of unchewed food. The other piece of
candy is wrapped in a paper towel and crushed by the students. The smashed hard pieces of
candy are immersed into the other glass with warm water. The third piece of hard candy is
given at each student and it is written down the average time it takes students to dissolve the
candy in their mouths without chewing it. At the end of class compare which has been easier
dissolved.
2.7.2 Stage 2 :
Εxperiment: Enzyme action on protein activity
Materials Dropper bottle of HCl , dropper bottle of artificial gastric juice, Dropper bottle of
pepsin, graduated cylinder, test tubes, marker, whites eggs,water bath
Artificial gastric juice: prepare 2% HCl and add a small amount of pepsin.This is not a
standard artificial gastric acid, it is only adapted to our experiments
Before beginning the experiment, we must lead students to form an hypothesis. The
hypothesis can be based on the answers of the following questions. If you place a piece of
food (lettuce, liver, cracker) into your mouth without chewing, would it be completely
dissolved? Can the body absorb the nutrients from food? Are there some substances which
can easily converted into sugar? Does the digestion of the macromolecules happen in specific
conditions? What do you think will happen in the experiment?
Enzyme action:
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 Fats are digested into fatty acids and glycerol.
 Proteins are broken down into amino acids
 Carbohydrates and starch are digested into simple sugars
Digestion includes mechanical and chemical processes. Enzymes are proteins and catalyze a
specific chemical reaction; digestive enzymes speed up the breakdown of a food. The
digestive system consists of the gastrointestinal tract plus the accessory organs of the
digestion (the tongue, salivary glands, pancreas, liver and gallbladder).
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We explain to the students that simple sugars like candy are easily dissolved in water. Sugar
requires little digestion and is quickly absorbed into the bloodstream. Starches are also easily
converted to sugars by amylase. An easy experiment to prove how quickly starch is converted
into sugar is to give to students a piece of cracker and place it into their mouth. The cracker
can be converted into sugar with the help of the enzymes in saliva without chewing. Students
will notice a slightly sweet taste after a few moments, this is the starch converted to sugar.
The presence of sugar into student’s mouth can experimentally be proven with Benedict’s
solution. We put one or two students to spit into a beaker until they produce 0,5 mL of saliva.
They will pipette a small amount of saliva into a beaker which contains Benedict’s solution.
The color of the indicator will turn yellowish orange when heated due to the present of sugar.
While sugars and starches require only a small preparation to be absorbed into the
bloodstream, most foods need more complicated procedure. Proteins are broken down into
amino acids by proteases like pepsin in appropriate conditions. We explain that proteins are
digested into aminoacids which are used to create new proteins that the body needs.
The students accomplish the following experiments in order to understand the chemical
digestion. First the students will label their test tubes with the marker writing the numbers
1,2,3, and 4. They will measure 4mL of pepsin with the graduated cylinder and pure the
solution in the test tube 2. After the procedure of the graduated cylinder they must rinse it
with water. They repeat the same procedure for artificial gastric solution and hydrochloric
solution. We ask students to transfer 4mL of liquid white egg into the marked test tubes 1,2,3
and 4 with the help of a pipette. The solution in the test tubes must cover white egg. Each
group writes their names on the test tubes. The labeled test tubes are given to the teacher,
who will put them in a water bath at 37o C for at least 45 minutes. The students are asked to
examine the test tubes after they are removed from the water bath. Following teachers
instructions the students will write down their conclusions and complete the “Digestion
worksheet”. After they finish their experiment, they clean up their work area and return their
materials.
2.7.3 Stage 3 :
Εxperiment: Absorption Activity
Materials: Shallow plate for water, paper towels for table cleanup for each group
Nutrient absorption:
We explain to students that food is broken down into nutrients that can be absorbed by the
body and they are transferred into the blood. Absorption takes place mainly, in the intestines.
The intestine’s surface area is shaped to allow as much as possible contact with the passing
through. We ask students how we can make a surface absorb as much material as possible.
Students add water to the shallow dish. They take one paper towels for table cleanup and
lay it flat over the water in the dish for just a second. As we can observe a portion of the
paper towel will absorb water. Take a second paper towel and challenge students to form it so
that it will be absorbed as much water as possible. Students may think to tear the paper towel
apart or cut it into pieces. We explain that it must not be cut. We let them explore ways in
which it can be folded to absorb more water. Explain that the same principle works in the
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3. Subject: History (through Chemistry)
Unit: Mummification in ancient Egypt
Aim: to help students understand how the mummification process works
3.1 Objectives: to help students learn
 What a mummy is and why it was made
 How mummies were made
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body. In the small intestines, the shape is irregular. The organ twists and turns around
between the stomach and the large intestine.
2.7.4 Stage 4: presentation of video-documentary
The students view a documentary about the digestion procedure for 5 minutes. We repeat
the same video and stop it when the documentary refers in each organ that has important role
in digestion procedure. We ask students to describe the role of the specific organ. We repeat
the same procedure for each organ. When the procedure is completed, we ask students to
describe with details the chemical digestive procedure that takes place into a stomach. We
discuss about the chemical digestion; many questions are created:
 Why doesn’t hydrochlorid acid destroy the walls of stomach?
 Why doesn’t pepsin digest the cells that produce it?
 How digested food is released from stomach into the small intestine?
The following web site contains the video:
Digestion in Human Beings 3D CBSE Class 7 Science ( www.iDaaLearning.com )
The students watch a 5 minutes video which explains with details the digestive procedure of
stomach and they are asked to find the answers of the above questions. The video text is
given bellow:
«As food reaches the stomach, an expandable muscular sack capable of holding from 2-4 L of
food and liquids, a number of effects happen. Food is mechanically broken by the
contracting/churning movements. Pepsinogen is an inactive form of the digesting enzyme,
pepsin. Pepsin must be secreted in the inactive pepsinogen form in order to prevent it from
digesting the cells that produce it. It is the highly acidic conditions in the stomach created by
the release of HCl that converts pepsinogen into pepsin. Once pepsinogen is converted into
pepsin it breaks proteins down into shorter amino acid chains called peptides. So the stomach
itself isn’t digested by HCl and pepsin, cells lining the stomach produce a very thick mucus
that coats the stomach. However, the protection is not perfect and cells lining the stomach
must be replaced every few days due to damage. The result of the mechanical and chemical
processes in the stomach is a thick acetic liquid called chyme consisting of partially digested
food. Peristaltic waves occurring at about 20 second intervals propel the chyme toward the
small intestine. The circular ring of muscle, called the pyloric sphincter, at the base of the
stomach allows only about a teaspoon of chyme to be released into the small intestine with
each wave. Depending on the size of the meal, it takes 2-6 hours to empty the stomach into
the small intestine».
The following web site contains the previous video:
Stomach Digestion (https://www.youtube.com/watch?v=URHBBE3RKEs )
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 How chemistry and anatomy had been developed in ancient Egypt – 3.000 years B.C.
3.2 Time available: 1 hour
3.3 Students’ age:15
3.4 Assumption: The students should already know:
 Where Egypt is.
 Where and how ancient Egyptians were buried.
Suggested solution:
 Egypt is a transcontinental country spanning the northeast corner of Africa and southwest
corner of Asia, via a land bridge formed by the Sinai Peninsula.
 Most ordinary ancient Egyptians were probably buried in the desert. Their relatives would
wrap their body in a simple cloth and bury it with some everyday objects and food.
Nobles and very wealthy people were often buried in tombs called 'mastabas'. This kind
of tomb has an underground burial chamber and an above ground offering chapel. These
tombs would contain the person's mummified body, as well as food, jewelry and special
objects.

Mastaba at Saqqara, close to Memphis and the temple of Re at Heliopolis.
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The pharaohs and their queens were buried in pyramids of many different shapes and sizes.
There are about eighty pyramids known today from ancient Egypt. The three largest and bestpreserved of these were built at Giza at the beginning of the Old Kingdom (c.2686 B.C. - c.
2181 B.C.)
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3.5 Materials and equipment: a world map, pictures (Tutankhamen's mummy, sarcophagus,
coffins, death mask), PC with Internet access
3.6 Methods and procedures: brainstorming, debate
3.7 Strategy:
3.7.1 Stage1: motivation - 10 minutes
Objective: To recall their basic knowledge about ancient Egypt.
 The teacher presents to the students a world map and asks them to spot Egypt and the Nile.
 He shows the class pictures of different mummies, such as Tutankhamen, and asks them to
describe what they can see.
Suggested solution:

Tutankhamen's mummy has never left the Valley of the Kings and remains in the tomb today,
where it is protected by climate-control.
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Tutankhamen Coffins and Sarcophagus with Mummy
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The Tutankhamen Sarcophagus is made of red quartzite. It contains three gold Anthropoid
coffins nested within each other, like Russian dolls. The first two coffins are made of gilded
wood. Inside the final coffin, made of solid gold, is the mummy which is directly covered by
his fabulous death mask.
3.7.2 Stage 2: presenting the mummification process by using PC and/or PowerPoint
Time available: 35 minutes
Organization: altogether
 The mummification process took seventy days.
 First, the body was taken to the tent known as 'ibu' or the 'place of purification'. There the
embalmers washed it with good-smelling palm wine and rinsed it with water from the
Nile.
 One of the embalmer's men made a cut in the left side of the body and removed many of
the internal organs.
 The stomach, liver, lungs, and intestines placed in special boxes or jars - today called
“canopic jars”. Each was carefully dried in salts, anointed with oils, and then wrapped.

the Tutankhamen’s canopic jar
 The brain was removed through the nostrils with a long metal hook.
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 The heart was left in place or removed, dried out, and put back into the chest cavity.
 The body was laid in a bed of “natron”, a combination of salt and baking soda that
naturally occurs in Egypt, to dry out the flesh. They placed additional “natron” packets
inside the body. The internal organs were washed and packed in “natron”, too.
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 After forty days the body was washed again with water from the Nile and covered with
oils.
 The dehydrated internal organs were wrapped in linen and returned to the body. The body
was stuffed with dry materials such as sawdust, leaves and linen so that it looked lifelike
(even false eyes were added). Finally it was covered again with good-smelling oils.
 Next the wrapping began. Each mummy needed hundreds of yards of linen.
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At several stages the form was coated with warm resin and the wrapping resumed once
again. At last the priests wrapped the final cloth or shroud in place and secured it with
linen strips.
 The mummy was complete.
2.7.2 Stage 3: Thinking about what they have heard / learned so far by answering to the
following questions:
a. What is called “mummification”?
b. “The brain was removed” and “The heart was left in place” – can you think why?
c. Why did the embalmers remove many of the internal organs?
d. Why did the body have to dry out completely?
e. Why did they cover the body with oil?
f. What does mummification tell us about the culture or religious beliefs of the people who
made it?
Suggested solution:
a. Over many centuries, the ancient Egyptians developed a method of preserving bodies so
they would remain lifelike. The process included embalming the bodies and wrapping them
in strips of linen. Today we call this process “mummification”.
b. The brain was not believed to be important. The heart is not taken out of the body because
it is the centre of intelligence and feeling and the man will need it in the afterlife.
c. It is important to remove these because they are the first part of the body to decompose.
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d. Normally when a person dies, the skin and other soft tissues decay, or break down, leaving
only the bones behind. The process of mummification includes drying the body very quickly,
so decay-causing bacteria can't grow, and soft tissue and hair remain.
e. To help the skin stay elastic.
f. The Egyptians believed that the mummified body was the home for this soul or spirit. If the
body was destroyed, the spirit might be lost. The idea of "spirit" was complex involving
really three spirits: the ka, ba, and akh. The ka, a "double" of the person, would remain in the
tomb and needed the offerings and objects there. The ba, or "soul", was free to fly out of the
tomb and return to it. And it was the akh, perhaps translated as "spirit", which had to travel
through the Underworld to the Final Judgment and entrance to the Afterlife. To the Egyptian,
all three were essential.
Sources:
1. S. Liodakis et al., Chemistry textbook for the 1st Lyceum Class of Greece, ISBN 960-06-0831-8
2. Ch. Valanidou and M. Nikolaou, Laboratory Chemistry for the 2nd Lyceum Class of Cyprus, ISBN
9963-0-4399-2
3. S. Liodakis, Applied Inorganic Chemistry, ISBN 960-394-190-5, Athens 2003
4. G. Pnevmatikakis, C. Mitsopoulou and C. Methenitis, Basic Principles of Inorganic Chemistry,
Stamouli editions, Athens 2006
5. National Museum of Natural History. Eternal Life in Ancient Egypt.
http://www.mnh.si.edu/exhibits/eternal-life/
6. http://www.bbc.co.uk/history/ancient/egyptians/pyramid
7. The British Museum. Ancient Egypt. http://www.ancientegypt.co.uk/menu.html
8. Egyptian Museum in Cairo. Rigby's World of Egypt.
http://homepage.powerup.com.au/~ancient/museum.htm
9. National Geographic Classics. At the Tomb of Tutankhamen.
http://www.nationalgeographic.com/features/98/egypt/
10. Aldred Cyril, Egyptian Art, World of Art Series, Thames and Hudson, 1985.
11. Dr. Zahi Hawass, Tutankhamun and the Golden Age of the Pharaohs, National Geographic Books,
2005.
Authors
4th General Lyceum of Chania- Chania, Crete, GREECE
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Unit 9
Topic: Conic SectionsCircle, Parabola, Ellipse, Hyperbola
Conceived by the Greek partner
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1. Subject: History of Mathematics
1.1. Objectives:
 Students will follow step by step the history of conic sections: the problem which brought
the necessity of their creation , the evolution of definitions of conic sections through time
and some of their applications from ancient times to today
 Development of team-working skills and interpersonal skills.
1.2. Time available: 1 hour ( 2 hours of school schedule)
1.3. Students’ age:16-17
1.4. Assumption: The students should already know:
 The concepts of cone, ellipse, parabola, hyperbola and circle and the graph of them
1.5. Materials and equipment: board, pc, ruler, compasses, notebook
1.6 .Methods and procedures: observations, making speculations, learning by doing, debate.
1.7.Strategy :
1.7.1. Stage 1– A short review of the definitions of parabola-ellipse-hyperbola-circle (without
many details, this will take place during the Subject of Math) and a connection with the cone.
(10 minutes)
In specific, we make sure that the students know what they are expected to, by making them
questions such as:
 What is a parabola? Can you draw one- approximately-? Have you noticed a movement/
subject/ phenomenon looking like a parabola?
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Argument: If you asked someone how often he meets a parabola or a hyperbola in his daily
life, he might laugh at you! He would probably be more polite if you asked him the same
question about an ellipse or a circle… The truth is that every day we come across each one of
the four concepts: when we use our car lights, our heater, a telescope, a solar panel, when we
see a radar, specific bridges, ceilings and buildings, when we watch the orbit of a bullet,
when we imagine the motion of the planets, when we kick a ball, when someone has a
lithotripsy…
So, a subject which historically came out from an algebraic problem, continued to be faced as
a geometrical issue and combining vision and algebra found many applications, surely
deserves to be cross-curricular presented to students.
Aims: To make the students:
 connect history and science: how a specific need leads to the research with different
equipment and background knowledge through centuries
 clarify the basic definitions and properties of each conic section
 be able to explain many interesting applications of conic section
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What is an ellipse? Can you draw one- approximately-? Have you noticed a movement/
subject/ phenomenon looking like an ellipse?
 What is a hyperbola? Can you draw one- approximately-? Have you noticed a movement/
subject/phenomenon looking like a hyperbola?
 What is a circle? Can you draw one- approximately-? Have you noticed a movement/
subject/phenomenon looking like a circle?
 Why do we call them “conic sections”? What has a cone- which is a solid- to do with
those plane shapes?
1.7.1 Stage 2- Travelling in time through the world of conic sections
Objectives: The students will follow step by step the history of conic sections, from the first
appearance to nowadays.
The context for the implementation of the lesson: formal/ indoors, in the classroom
Organization: individually – in groups - altogether
Time available: 1⅓ hour of school schedule
Procedure: The teacher presents the material to the students. A worksheet will follow.
Although conic sections bring Geometry – Euclidean or Analytical –in our mind, it all began
with a ostensibly different structural and a pure algebraic problem, in ancient Greece: the
Delian2 problem, or else the problem of doubling the cube. It was one of the three most
important and most famous problems of ancient times, which battered the Greek geometers
for many centuries (the other two were the trisection of the angle and the quadrupling of the
circle). In specific, the problem of doubling the cube asked:
“ …to construct with ruler and compasses edge x of a cube , which has volume twice the
volume of a given cube of edge a”.

Delos is a Greek island
Part of this letter exists in B. L. Van Der Waerden’ s book “The awakening of science”, p.186. It is refered
there that although this letter was not genuine, it contained very important material.
3
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For the origin of the problem, there are two important testimonies. The first comes from
Eftokio, the commentator of Archimedes, who, without indicating his sources, cites a letter3
from Eratosthenes to King Ptolemy. That letter begins:
“It is said that during the performance of a tragedy-play, King Minos of Knossos in Crete,
had ordered to construct a tomb for his son Glaucus. When he learned that the tomb had
volume of one hundred feet, he said: " Small is the capacity of the royal tomb. Double this
quickly, doubling each side, but without the tomb losing its elegant shape ". It seemed that
he was wrong. Because, when the sides are doubled, the surface is quadrupled, the volume
gets eightfold. So it was requested by geometers to find, how a given solid would double
without losing its shape and this problem was called doubling the cube (as the solid was a
cube).
The Delian problem resurfaced when, around 430 BC, an oracle of Apollo Delion required
residents of Delos to construct a new cubic altar of Apollo, twice the existing one, in order to
save the inhabitants of the island of Delos from the scourge of famine. The Delians sent
representatives asking the geometers of Plato's Academy to solve the problem. Plato replied
that God gave this prophecy to them, not because he needed a double altar, but to criticize
and scold the Greeks because they neglect and despise math and geometry
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According to Eratosthenes, the first who dealt with the solution of the problem was
Hippocrates of Chios4.
He found that the cube would be doubled if two
mean proportional were found between the given segments a and 2a. More specific, if two
segments x , y were found such that
3

a x
y
 x
 
, then    2 , that is x3=2a3.
x y 2a
a
So Hippocrates turned the cube’s doubling problem into a problem of construction of two
mean proportional. But, although the construction of one mean proportional between two
known segments using ruler and compasses was easy5, the new construction seemed
impossible, as it used curves different from circle and straight line.
One of the many solutions found in antiquity is of Menaechmus (c. 350 BC ) with the help
of conic sections . The Menaechmus’ solution described in modern algebraic notation, goes
as follows:
a x
y
 
From relationship
, we have
x y 2a
two cases that satisfy the requested:
1st case y2 = 2ax (2) and xy = 2a2
2a 2
, which means y 
(3)
x
Therefore the segment lengths x, y can be
regarded as the coordinates of the
common point M of curves with formulas
(2) and (3), which are respectively a
parabola and a hyperbola, or
2nd case y2 = 2ax (2) and x2 = ay
(4)

5

Chios is a Greek island
“Euclid’ s elements”, Proposition 13, book 6
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As before, the segment lengths x,
y can be regarded as the
coordinates of the common point
M of curves with formulas (2)
and (4), which are both
parabolas.
In the first geometrical
construction of Menaechmus,
portions x, y are made up from
the projections of the two curves’
interception on the asymptotes of
the hyperbola (one of which is
both the parabola’s axis of
symmetry) , after having made
point by point the curves in
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accordance with the geometric equivalent of ( 2 ) and ( 3). That means point M, regarded
as point of parabola, is determined such that the square of side MK would have the same area
as a rectangle with sides 2a and x
(y2 = 2ax). On the other side, point M, regarded as a
point of hyperbola is determined such that the rectangle with sides MK and ML would have
the same area as a rectangle with sides 2a and a (xy = 2a2 ). Similarly he worked case 2.
More information on the steps Menaechmus followed on his construction someone can
find in:
http://www-history.mcs.st-and.ac.uk/Biographies/Menaechmus.html
or
http://www.mlahanas.de/Greeks/Conics.htm
This is the first known appearance of conic sections in ancient Greek Mathematics However,
it should be emphasized that both the term " conic section " , and the specific names "
parabola ", " ellipse " and " hyperbola " are post- Menaechmus.

gives ellipse

Rectangular cone
gives parabola

Obtuse angled cone
gives hyperbola
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These curves, around 300 BC were first identified with the intersections created by the
surface of a cone and a plane perpendicular to its generator. Depending on the angle of the
apex of the cone , these curves were defined as " acute-angled cone -section " (meaning the
ellipse ) , " rectangular cone section " ( meaning parabola ) and " obtuse-angled cone section
" ( hyperbola ) . These terms were used by Archimedes ( 287-212 BC ) in projects of "
Squaring the rectangle sectional cone " and "On the conical and spheroids "
The new definitions had enabled a theoretical study of the three curves, culminating in the
famous "Conical" of Apollonius (c. 262-190 BC). This work was divided into eight books,
containing a flawless geometrical theory of conic sections and an endless number of new
results. In the first 7 books that have survived, there are 387 theorems and in the 8th,
according to the testimony of Proclus, there were other 100. A key innovation of Apollonius
was the definition of the three curves through three different sections of one single cone,
as well as the introduction of the terms "parabola" "ellipse" and "hyperbola."
These names are directly related to the way that Apollonius introduced the definition of conic
section. According to that, each section of the cone by the plane corresponds to a fixed length
(parameter, in Greek “παράμετρος”). Apollonius showed that for each curve, the hatched
areas in each of the following figures are equal. One of these is a square with side vertical y
of a point of the curve to the symmetry axis; the other is a rectangle with one side of the
distance x of the trace of the vertical from the top of the curve.
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Acute angled cone
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Hyperbola

The relationship of the other side of the rectangle to the
fixed incision parameter is the one that defines the
format and the name of the curve. If the other side is
equal "παραβάλλεται" in Greek, sounds “parabalete” )
to the parameter, then the curve is a parabola
(“παραβολή” in Greek, sounds “paraboli”). When the
other side is smaller ("ελλείπει " in Greek, sounds
“ellipi”) of the parameter, the curve is an ellipse
(«έλλειψη» in Greek, sounds “ellipsi”) , while when it is
greater ( " υπερβάλλει " in Greek, sounds “hyperbali”) ,
the curve is an hyperbola (“υπερβολή” in Greek, sounds
“hyperboli”).

You can watch the film “Agora” (2009) with Rachel Weisz playing the role of Hypatia !
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Hypatia ( 370-415 or 416 AC ) was a Greek Neoplatonist philosopher , astronomer and
mathematician , director of the Neoplatonic school in
Alexandria. She taught philosophy and astronomy in
Alexandria , where she was murdered violently by a mob
composed of fanatical Christians. Hypatia wrote a treatise
On the conical Apollonius in eight books. Apollonius of
Perge was an Alexandrian geometer of the 3rd BC
century, he tried to explain the unusual orbits of the
planets. The text of Hypatia was a popularization of his
work. As Greek ancestors, Hypatia was fascinated by
conic sections. After her death, the conic sections were
ignored until the beginning of the 17th century when
scientists (Vietta, Fermat) realized that many natural
phenomena, including planetary orbits, was described in
the best way with the curves derived from conic sections.
Hypatia, picture from Wikipedia
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Do you want to see the plain moving, intersecting the
cone and forming conic sections?
Visit…..http://2.bp.blogspot.com/d1OZWnGX5u4/VBsdwSyhLAI/AAAAAAAAATQ/9g0lr
R1fXzo/s1600/conic_sections.gif%E2%80%9D,%20your%20search%20will%20be%20restri
cted%20to%20.gif%20files.
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Specifically, the first law of Kepler says: "The orbits of the planets are ellipses, in one focus
of which is the sun."
Do you want to see the Earth and the Moon moving around the sun?
Visit…..https://media.giphy.com/media/3oGRFp3BoNO08pvHUI/giphy.gif
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The solution of Delian problem involved also
Archytas , Eudoxus , Nicomedes, Diocles , Heron ,
Pappus and much later Descartes and Longchamps
.The solutions they offered led to curves and
surfaces of degree greater two .
The study of conic sections was continued by the
Arabs and especially by European mathematicians
of Renaissance. From a purely mathematical point
of view, the most significant development was the
application of algebraic methods, as it led
gradually to the release of these curves from the
cone and in its definition as locus, the coordinates
of which satisfy a second degree formula of 2 variables.
Rene Descartes (1596-1650), connecting plain Euclidean geometry with algebra via the
Cartesian plane, proved that every equation of the form ax 2  bxy  cy 2  dx  ey  f  0
(1), with | a |  | b |  | c | 0 , (not all of a,b,c equal to zero), corresponds to a conic section.
Specifically, let D  b 2  4  a  c . If
 D<0, then (1) represents an ellipse
 D=0, then (1) represents a parabola
 D>0, then (1) represents a hyperbola.
But what especially characterizes the modern era are many applications of conic sections in
various branches of science , arts, architecture and technology. In astronomy, Kepler, with his
" Astronomia nova " ( 1609 ), gave a simple interpretation of the motion of planets , replacing
the complex system of cyclical movement with elliptical orbits .
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Ellipse was also used in painting for the perspective representation of the circle, which led to
the invention of new methods of construction of the Renaissance painters. There were also
important applications of the conic sections in architectural design of major projects as
churches domes , bridges etc.
Another area which used the theory of conic sections was ballistics, namely the problem of
determining the trajectory of projectiles . Μany scientists involved with this problem in the
16th and 17th century. Galileo, using properties that had been proved by Apollonius in
"Conical" proved that the trajectory of a projectile is a parabola. He proved experimentally
that each body is challenged upwardly at an angle to the vertical or horizontal challenged
moves in a parabolic orbit.
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Galileo’s device for studying the orbit
of a ball
Leaving a ball to roll he remarked that, when released, to be exercised only by the force of
gravity, the orbit approaches the parabola.
The centroid of each body which is ejected at an angle to the vertical line, follows a parabolic
orbit.
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Another chance to meet the precious reflective property of parabola, is studying telescopes,
from the first one till nowadays.

Do you want to watch a very interesting presentation about lenses and telescopes?
Visit….. http://slideplayer.com/slide/5818018/

1.7.1 Stage 3 : Let’s practice
Task: Worksheet 1

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

Page

7) "Archimedes heat ray"
The 2nd century AD author Lucian wrote
that during the Siege of Syracuse (c. 214–
212 BC), Archimedes destroyed enemy
ships with fire. Centuries later, Anthemius
of
Tralles mentions “burning-glasses as
Archimedes' weapon”. Can you imagine
how this device-called the "Archimedes
heat ray" -worked? Search in web if this
experiment was repeated in present
history!
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WORKSHEET 1 – IN THE CLASSROOM
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SUGGESTED SOLUTIONS FOR WORKSHEET 1
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2. Subject: Mathematics – in the classroom
2.1 Objectives :
 Students will study the basic definitions and properties dealing with conic sections and their
applications to physics, medicine, architecture…
 Development of team-working skills and interpersonal skills.
2.2 Time available: 5⅓ hours (8 hours of school schedule)
2.3 Students’ age:16-17
2.4 Assumption: The students should already know:
 The definition of a locus
 The definition and the graph of parabola, ellipse, hyperbola, circle.
 The definition of a tangent line on a point of a graph/shape.
 The meaning of reflection property
2.5 Materials and equipment: board, pc, ruler, compasses, pencil, notebook.
2.6 Methods and procedures: learning by doing, worksheets, debate.
2.7 Strategy:
2.7.1 Stage 1 – Circle. A short review of the knowledge required for 2.7.1. Stage 2 by
making questions (15 minutes)
In specific, we make sure that the students know what they are expected to, by making them
questions and getting/ correcting the following answers:
 A locus is a set of points satisfying a given condition
 A tangent line to a circle/parabola/ellipse/hyperbola is a line which has exactly one
common point with the circle/parabola/ellipse/hyperbola respectively.
 Two plane shapes:
 tangent one to the other of the system of their equations has exactly one solution.
 intersect if the system of their equations has more than one-but finite number of
solutions
 are identical if the system of their equations has infinite solutions
 have no common points if the system of their equations has no solution at all.
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1. Mirrors were placed in such a way that they formed a parabolic reflector.
Using the reflection property of parabola, the mirrors were used to focus sunlight onto
approaching ships, causing them to catch fire. It needed only a few seconds when the ship
approached the imaginary focus of the parabola!!!
In recent history…
A test of the Archimedes heat ray was carried out in 1973 by the Greek scientist Ioannis
Sakkas. The experiment took place at the Skaramagas naval base outside Athens. On this
occasion 70 mirrors were used, each with a copper coating and a size of around five by three
feet (1.5 by 1 m). The mirrors were pointed at a plywood mock-up of a Roman warship at a
distance of around 160 feet (50 m). When the mirrors were focused accurately, the ship burst
into flames within a few seconds. The plywood ship had a coating of tar paint, which may
have aided combustion. A coating of tar would have been commonplace on ships in the
classical era.
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 A circle is the locus of a point which moves on a plane so that it always has the same
distance(called radius r of the circle) from a fixed point of the same plane (called the
center C of the circle)
 Eccentricity denoted e or ε, is a parameter associated with every conic section. It can be
thought of as a measure of how much the conic section deviates from being circular. As
we will see below,
 For eccentricity = 0 we get a circle
 for 0 < eccentricity < 1 we get an ellipse
 for eccentricity = 1 we get a parabola
 for eccentricity > 1 we get a hyperbola
 for infinite eccentricity we get a line
 If A, B, C are real numbers with A2+B2-AC> 0 the equation x2+y2+Ax+By+C=0
denotes a circle with center C(-A/2, -B/2) and radius r 

A 2  B 2  4C
2
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 In the following circle:
 The formula –in Cartesian coordinates- of the circle is x2 + y2 =r2, where M(x,y) is
an arbitrary point of it.
 The center C has coordinates (0.0)
 x-axis and y-axis are both axes of symmetry of the circle
 The center C is point of symmetry of the circle
 The formula of the tangent line to a given point M(x1, y1) of the circle is xx1 + yy1 =
r2
 The radius of the circle which leads to the point M of the circle is vertical to the
tangent on M.
 The distance from an arbitrary point M(x,y) to the center C equals to r (from the
definition of the circle), otherwise each radius has length equal to r.
 Every linear segment which has its ends on the circle is called a chord.

Every chord which passes through the center of the circle is called diameter d.
Every diameter is axe of symmetry of the circle. Each diameter has twice the length
of the radius, d=2r

Eccentricity of the circle equals to 0.
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 Similarly, in the following circle:
 The formula –in Cartesian coordinates- of the circle is (x-x0)2 + (y-y0)2 =r2, where
M(x,y) is an arbitrary point of it.
 The center C has coordinates (x0,y0)
 Radius is equal to r.
 Every diameter is an axe of symmetry of the circle
 The center C is point of symmetry of the circle.
 The formula of the tangent line to a given point M(x1, y1) of the circle is (x-x0)(x1x0) + (y-y0)(y1-y0) =r2
 The segment from the center C of the circle to the point M is vertical to the tangent
of the circle on M.
 The distance from an arbitrary point M(x,y) to the center C equals to r (from the
definition of the circle)
 Eccentricity of the circle equals to 0.

Center

x2 + y2 =r2

C(0.0)

2

2

(x-x0) +(y-y0)
= r2

C(x0,y0)

Formula of
tangent line at
M(x1,y1)
xx1 + yy1 = r2

(x-x0)(x1-x0) +
(y-y0)(y1-y0) =
r2

Graph

Area

Eccentricity

A=πr2

ε=0

2.7.1 Stage 2- Applications
Objectives:
The students will have a revision of the circle, as it is a geometrical scheme already studied
from the early school years and its applications to sciences, art, architecture.
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Briefly……
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The context for the implementation of the lesson: formal/ indoors, in the classroom
Organization: in pairs
Time available: 30 minutes
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Prague astronomical clock. It has an amazing story and combination of functions! Want to
read about it? Visit…. https://en.wikipedia.org/wiki/Prague_astronomical_clock
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To start the conversation, we ask students to mention objects having the figure of a circle. We
complete some interesting examples, such as:
 Pizza, pies and cakes!
 Lenses of a camera
 Wheels and tires of vehicles
 Rings
 Buttons
 Ferris wheel
 Clocks (see Prague Astronomical Clock below)
 Lids of manholes in the streets
 Entrances of tunnels
We observe that if we know the radius of a circular item, we determine it completely, as
diameter and circumference have only to do with it:
 The radius of curvature of a camera lens can be used to determine its focal length,
which is the distance from the lens where light rays will focus
 Pizza and cake sizes are determined by the diameter of the pan in which they are
baked
 The distance travelled by a person sitting on a Ferris wheel can be determined by
calculating the circumference of the wheel
 Tires of different vehicles can have different radii
 The circumference of a ring needs to match the circumference of the finger on which
it is worn for a good fit
But, really, have you ever wondered why this geometric shape has maybe the most
applications of all shapes?
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The glass ceiling of the galleria Vittorio Emanuele in Milan,
Visit…. http://www.science4all.org/article/ellipses-parabolas-hyperbolas
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Well, it’s time to give an answer to questions like “why do lids for street manholes have
circular shape?”
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The answer is hidden in -perhaps the oldest- problem of maximization which says “Among
all level closed curves that have the same perimeter, which one has the maximum area?” The
answer is: the circle! That means that if we want to get the maximum capacity using the
least materials and having the least cost, we use circles!
Tradition links this problem to the myth of Dido, Princess of Carthage, placed around 9th
century BC.
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Cherchez la femme…
In Greek mythology, Dido was princess of Tyre, he went to North Africa and founded
Carthage. Dido had inherited the throne of Tyre by her father, Matta or Mytto, along with her
husband Sichaio, rich Hercules priest. However, the youngest brother of Dido, Pygmalion,
murdered Sichaio and seized power. Once learned, Did, received the treasures of her
deceased husband and boarded a ship with some devoted Tyrians and slaves. The ship was
transferred to Cyprus and from there to the coast of Libya, the country or Getoulia or
Numidia, where she asked the locals and their king Iarvas to let her build a city on the shore.
Iarvas initially refused. Then Dido offered him rich gifts and asked Iarvas such extent , as
much could be circled by a fleece of an
Ox!. The terms were accepted and the deal closed . Then Brilliant Dido cut the skin in very
narrow strips , tied every strip to each other and thus managed to encompass an enormous
piece of land , where she built fortress Vyrsa (“vyrsos” = skin, pelt-in Greek ) and into that,
the city of Carthage . Iarvas then requested her in marriage, but Dido, faithful to the memory
of her dead husband refused. And, in this embodiment, to avoid the consequences of the
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Aeneid, Book IV, Death of Dido. From theVergilius Vaticanus (Vatican Library, Cod. Vat.
lat. 3225).
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barbarian king, ascended to a fire and committed suicide with a knife. After her death he was
honored as a goddess: the church was built in the port of Carthage.
The isoperimetric theorem primarily occupied the ancient Greeks, with Zinodoros, the first
geometrician of the ancient Greek civilization to demonstrate, Euler, Lagrange and Steiner in
17th century to evolve and Weierstrass to complete it.
To be more precise, the second reason why lids of street manholes have circular shape, is
because in that way there is no danger for the lids to fall in the hole, as if for example they
had rectangular or square shape, if we put it diagonally, it would fall inside (diagonal as
hypotenuse is longer than the two other sides!)

2.7.1 Stage 3- Practice
Organization: individually
Time available: 40 minutes- 1 school hour
Task: Worksheet 2 (Circle) – Suggested solution
WORKSHEET 2 – IN THE CLASSROOM
1. Division of a circle in equal parts
The circle below has radius r=5. Calculate the area of each colored part

2. Fill the matrix below
Formula of circle

Center

Radius

C(5/2, 0)

3

Formula of tangent
line at M(x1,y1)

x2+(y-2)2=4
2

2

x +y =7
x +y +5x-3y+4=0
(x-1)2+(y+6)2=25
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(x+3)(x1+3)+yy1=121
2
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3. A. How many common tangent lines have the two circles below? Draw them.

B. Let F, G be the points of tangency of the two circles with one of the common tangent of
them as below.

If FG=55, AF=25 and CG=20, calculate the distance AC of the circles’ s centers
4. How can you draw a circle without a caliper? You have only a pin and a piece of stringor a piece of thread!
5. In Ancient Greece, landholders used to sell their land properties according to the
perimeter of them. Was it a fair transaction?
6. Let circle c: x2+y2=2x+4y-4=0 and line l: ax-4y+4=0. Find a so that c and l:
a. Intersect
b. Are tangent to each other
c. Have no common points
SUGGESTED SOLUTIONS FOR WORKSHEET 2
Division of a circle in 5 equal parts
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Green area consists of an upper(over x’x axis) and a lower part (under x’x axis).
Lower green part is a semi-circle of radius r1 =1, so area G1 =1/2 π 12 = π/2
Upper green part is the difference of two semi-circles of radius r2 =5 and r3=4, so area G2
=1/2 π 52 - 1/2 π 42 = 25π/2 – 8π = 9π/2.
Thus, green area G= G1 + G2 = π/2 + 9π/2 =5π.
Similarly,
Lower blue part is the difference of two semi-circles of radius r4 =2 and r5=1, so area B1
=1/2 π 22 - 1/2 π 12 =2π- π/2 = 3π/2
Upper blue part is the difference of two semi-circles of radius r6 =4 and r7=3, so area B2
=1/2 π 42 - 1/2 π 32 = 8π – 9π/2 = 7π/2.
Thus, blue area B= B1 + B2 = 3π/2 + 7π/2 =5π.
Lower orange part is the difference of two semi-circles of radius r8 =3 and r9=2, so area
O1 =1/2 π 32 - 1/2 π 22 =9π/2-2 π = 5π/2
Upper orange part is the difference of two semi-circles of radius r10 =3 and r11=2, so area
O2 =5π/2 (as before).
Thus, orange area O= O1 + O2 = 5π/2 + 5π/2 =5π.
Brown area is identical with blue area, so its value is B=5π
Pink area is identical with green area, so its value is P=5π
Conclusions :
 All the above areas are equal to 5π.
 The area of the initial circle of radius 5 is C=π 52 = 25π, so the above construction
divided the area of the circle in 5 equal parts!!
Formula of
Center
Radius Formula of tangent line at
circle
M(x1,y1)
2
2
x +(y-2) =4
C(0,2)
2
xx1+(y-2)(y1-2)=16
2
2
(x-5/2) +y =9
C(5/2, 0)
3
(x-5/2)(x1-5/2)+yy1=9
x2+y2=7
C(0,0)
xx1+yy1=7
7
(x+3)2+y2=121
C(-3,0)
11
(x+3)(x1+3)+yy1=121
2
2
x +y +5x-3y+4=0 C(-5/2,3/2)
18 / 2 (x+5/2)(x1+5/2)+(y-3/2)(y13/2)=9/2
2
2
(x-1) +(y+6) =25
C(1,-6)
5
(x-1)(x1-1)+(y+6)(y1+6)=25
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2. A. There are 4 common tangents, two interior and two exterior:
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B.

Since F and G are points of tangency, radii (plural of radius) AF and CG are vertical to FG,
so angles AFG and CGF are right.
Let CH be the vertical segment from center C to radius AF. Then CH//FG , thus CHFG is a
parallelogram and CH=FG=55, HF=CG=20, HA=AF-HF=25-20=5
Applying Pythagorean theorem on triangle AHC we get:
AC2= AH2+CH2 = 52+552= 25+3025= 3050, so
AC  3050  5 122
3. piece of cake!!

Put the pin in a board, make a loop of string/ or of thread and
put it around the pin. Insert a pen into the loop and roll it
keeping the string stretched.
4. No, because if two different shapes have the same perimeter, it doesn’t mean that they

have the same area- which is the characteristic the buyer is interested in. In that case
only the circular land properties would be advantageous among the others with the
same perimeter!!
5. We begin to solve the system of c ‘s and l ’s equations:
2

ax  4
 ax  4 
x 
 2x  4
 4  0

2
2
x  y  2 x  4 y  4  0

4
 4 


ax  4 y  4  0
ax  4


y

4
2


a 2 x 2  8ax  16
 2 x  ax  4  4  0 16 x 2  a 2 x 2  8ax  16  32 x  16ax  0


16


ax  4
ax  4
y


y
4


4


a) C and l intersect if their system of equations has more than one but finite number
of solutions – in the case of a line and a circle we are talking for two solutions. So
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the first equation must have two solutions, that is its’ discriminant must be purely
positive:
D>0
 (24a  32) 2  4(16  a 2 )16  0  576a 2  1536a  1024  1024  64a 2  0
 512a 2  1536a  0  512a(a  3)  0  a(a  3)  0
Thus α>3 or α<0 ( α ϵ (-∞,0)U(3,+∞) )
b) l will be tangent to c if the above system has exactly one solution. As before, D=0
so α=0 or α=3
c) l and c will have no common points if the above system has no solutions at all,
that is D<0 so α ϵ (0,3).
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Similarly, In each of the following
parabolas:
 The formula –in Cartesian coordinatesof the parabola is x2=4py, where M(x,y) is an
arbitrary point of it.
 The focus F has coordinates (0,p)
 The directrix is the line with formula
y=-p
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2.7.2. Stage 1 – Parabola. A short review of the knowledge required for 2.7.2. Stage 2 by
making questions (15 minutes)
In specific, we make sure that the students know what they are expected to, by making them
questions and getting/ correcting the following answers:
 A parabola is the locus of a point which moves on a plane so that it always has the same
distance from a fixed point (called the focus of the parabola) and a given line (called the
directrix of the parabola), both being on the same plane.
 In each of the following parabolas:
 The formula –in Cartesian coordinates- of the parabola is y2=4px, where M(x,y) is an
arbitrary point of it.
 The focus F has coordinates (p.0)
 The directrix is the line with formula x=-p
 x-axis is the axis of symmetry of the parabola
 The origin has coordinates (0.0)
 The focal distance (distance from the origin to the focus and from the origin to the
directrix) is |p|.
 The formula of the tangent line to a given point P(xo, yo) of the parabola is
yyo=2p(x+xo).
 The distance from an arbitrary point M(x,y) to the focus F equals to the distance from
M to the directrix (from the definition of the parabola)
 Eccentricity of the parabola equals to 1.
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 y-axis is the axis of symmetry of the parabola
 The origin has coordinates (0.0)
 The focal distance (distance from the origin to the focus and from the origin to the
directrix) is |p|.
 The formula of the tangent line to a given point P(xo, yo) of the parabola is
xxo=2p(y+yo).
 The distance from an arbitrary point M(x,y) to the focus F equals to the distance from
M to the directrix (from the definition of the parabola)
 Eccentricity of the parabola equals to 1.

Briefly……
Formula
of
parabola
x2=4py

Focus

Directrix/
Eccentricity

F(0,p)

y=-p

Axis of
Formula of Graph
symmetry tangent line
at M(x0,y0)
y-axis
xx0=2p(y+y0
)

/
ε=1
y2=4px

F(p, 0) x=-p

x-axis

yy0=2p(x+x0
)

/
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ε=1
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 The reflective property of parabola

According to the Reflective property of parabola, if
o M(x,y) is an arbitrary point of a parabola y2=4px (or x2=4py)
o Line k is parallel to the axis of symmetry passing through M
o Line v is vertical to parabola on M (that means v is vertical to the tangent line t on M)
Then angles a1 and a2 are equal, where a1 is the angle formed by MF and v, while a2 is the
angle formed by k and v.
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This property has the opposite function as well: if we have a source of light/heat placed on
focus F, then the rays will heat the surface of the parabola and leave it on lines parallel to the
axis of symmetry (the previous picture with the opposite arrows)
2.7.2 Stage 2- Applications
Objectives:
The students will get familiar to a parabola and its applications to sciences, art, architecture.
The context for the implementation of the lesson: formal/ indoors, in the classroom
Organization: individually
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That means that, since the angle of incidence equals
to the angle of reflection, every ray parallel to the
axis of symmetry of the parabola, gets reflected off
the surface straight to the focus F – and that’s why
that dot is called “focus” : because that’s where all
the rays get focused!!
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Time available: 40 minutes (1 hour of school schedule)
Τhe lighting ceremony of the Olympic flame - opening of the Olympic Games

The touch of the Olympic flame always takes place in the temple of Hera in Ancient
Olympia, using a special parabolic solar mirror, which is permanently on the site of Ancient
Olympia. The High Priestess approaches the parabolic mirror and says
\\\\But what is really happening there? A miracle? No!! It’s all about the reflection property of the parabola described previously. The sun

The touch of the Olympic flame always takes place in the temple of Hera in Ancient
Olympia, using a special parabolic solar mirror, which is permanently on the site of Ancient
Olympia. The High Priestess approaches the parabolic mirror and says
“…Holy silence! Let the ether sound, the earth, the sea and the breaths of the winds.
Mountains and Tempe be silent. Birds’ sounds and voices pause . Because Phoebus will
accompany us , the phosphor King ! Apollo , god of the sun and god of idea’s light, send your
rays and lit the sacred torch for the welcoming ( host city ) . And thou, Oh Zeus, give peace to
all the world's people and crown the winners of the Holy War.”
But what is really happening there? A miracle? No!! It’s all about the reflection property of
the parabola described previously. The sun rays come parallel to the parabolic mirror (due to
the long distance from the sun). When they hit the surface of the mirror they get focused on
the (imaginable) focus of the parabola. On that spot is where the High Priestess holds the
torch and after a few seconds the torch gets fire because of the extreme temperature of the
focus.
Do you want to watch the “miracle” of the lighting using a parabolic mirror?
Visit…http://www.vega.org.uk/video/programme/174
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According to this property and the law of reflection, the light rays coming from a remote
source such as a star (and are therefore almost parallel), after reflection at a parabolic surface
facing the source will gather around the focus. This concentration results in a significant
increase of patients light signals. So the principle is also used in giant mirrors in reflecting
telescopes and satellite dishes used to collect radio waves, light waves and radio waves from
space.
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The telescope with the largest parabolic mirror at the top of Mauna Kea in Hawaii.
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Conversely, placing a light source at the focus of a parabola surface, has the effect of
creating a beam of parallel rays. That’s how a lamp diffuses light or a heater heat.
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2.7.2 Stage 3- Practice
Task: Worksheet 1 (Parabola) – Suggested solution
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(30 minutes)

WORKSHEET 3 – IN THE CLASSROOM
1.

Using a ruler, continue the routes of the rays

2.

Fill the matrix below
Formula of
parabola

Focus

Directrix

Axis of
symmetry

Formula of
tangent line at
M(x0,y0)

x2=2y
F(5/2, 0)
X=4
F(0,-3)
2

3.

Page

4.

Find the equation of the tangent of the parabola k: y2=6x which passes through the
point M(0,1).
Let the parabola m: y2=4ax and the point A(a,2a)
a. Show that A is a point of the parabola
b. Find the tangent line of the parabola on A
c. Calculate a so that the area of the triangle which is formed by the previous tangent
line and the axes equals to 3a/2 -1.
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y =-0.5x
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SUGGESTED SOLUTIONS FOR WORKSHEET 3
1.

2.
Formula of
parabola

Focus

Directrix

Axis of
symmetry

x2= 2y
y2= 10x
y2= -16x
x2= -12y
y2= -0.5x

F(0, 0.5)
F(5/2, 0)
F(-4, 0)
F(0,-3)
F(-0.125, 0)

y=-0.5
x= -5/2
x=4
y= 3
x=0.125

y-axis
x-axis
x-axis
y-axis
x-axis

Formula of
tangent line at
M(x0,y0)
xx0= y+y0
yy0= 5(x+x0)
yy0= -6(x+x0)
xx0= -6(y+y0)
yy0= -0.25(x+x0)

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

Page

2
x0  0 or x0  
y02  6 x0 
9 x02  6 x0  3x02  2 x0  0



3



y0  3x0 
y0  3x0 
y0  3x0

y0  0 or y0  2 
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3. Since the parabola k: y2=6x has equation of the formula y2=4px, that means that 6=4p or
p=3/2.
The tangent line of the parabola on the point of tangency A(x0, y0) is yy0=2p(x+x0) , or
yy0=3(x+x0). (*)
Since it passes through the point M(0,1), the coordinates of the point must verify the
equation, thus 1y0=3(0+x0) or y0=3x0. (1)
On the other hand, the point of tangency is both a point of the tangent line and the
parabola, so it verifies both of them : y0 2=6x0 (2)
(1) and (2) form a system with the point of tangency to be the solution of it, so
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So we have two possible tangent points: A(0,0) or A’(2/3,2) and from (*) the equations of
the tangent lines requested are respectively
y0=3(x+0) , 0=3x that is x=0, or
y2=3(x+2/3), 2y=3x+2 that is 2y-3x-2=0.
4. a. If A(a, 2a) is a point of the parabola m: y2=4ax, it must verify its equation : (2a)2=4aa
that is 4a2=4a2, which is true.
b. Since the parabola m: y2=4ax has equation of the formula y2=4px, that means that is p=1.
The tangent line of the parabola on the point of tangency A(x0, y0) is yy0=2p(x+x0) , or
y2a=2.1.(x+a) or 2ay=2x+2a or ay=x+a (1)
If a=0, then (1) becomes x=0
If a≠0, then (1) becomes y=1/a x+1.

c.
If a=0, there is no triangle formed by the tangent line and the axes, so a≠0.
In order to find the points the tangent line meets the axes, we set
x=0 and y=1/a/ 0+1 =1, so point B(0,1)
y=o and 0=1/a x+1, or a=-1, so point C(-1,0)
The third vertex of the triangle is O(0,0)
The area of the triangle is given by A=1/2 |OB| |OC| = 1/2 |1| |-1| =1/2.
So, if we want that area to be equal to 3a/2 -1.
Then 3a  1  1  3a  2  1  3a  3  a  1.
2
2
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 In the following ellipse:
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2.7.3 .Stage 1 Ellipse. A short review of the knowledge required for 2.7.3. Stage 2 by
making questions (15 minutes)
In specific, we make sure that the students know what they are expected to, by making them
questions and getting/ correcting the following answers:
 An ellipse is the locus of a point which moves on a plane so that the sum of the distances
from two given points of the same plane (called foci of the ellipse- plural of focus) is
constant and equals to a given (positive) number
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The foci C, C’ have coordinates C (c,0) and C’(-c,0), that means that the focal distance
(distance between the two foci) is C’C=2c.
The vertices have coordinates A’(-α,0), A(α,0) (on the major axis) and B’(0,-b), B(0,b)
(on the minor axis), which means that the length of the major axis is A’A=2α and the
length of the minor axis is B’B=2b.



The formula –in Cartesian coordinates- of the ellipse is




x2 y2

 1 , where M(x,y) is an
b2 a2

arbitrary point of it and b  a 2  c 2 , a>c>0.
x-axis and y-axis are both axes of symmetry and O(0,0) is point of symmetry of the
ellipse (also called the center of the ellipse)
The distance between an arbitrary point of an ellipse M and its symmetrical to O point
M’ is called diameter of the ellipse, thus 2b  M ' M  2a .

xx0 yy0
 2 1
a2
b



The formula of the tangent line to a given point P(xo, yo) of the ellipse is



The distance from an arbitrary point M(x,y) to the focus C adding the distance from M
to focus C’ equals to MC’+MC=2α.
The area enclosed by the ellipse equals to A=πab




a2  b2
, so in this case 0<ε<1
a

Similarly, in the following ellipse:
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c
Eccentricity of the ellipse equals to   
a
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The foci C, C’ have coordinates C (0,c) and C’(0,-c), that means that the focal distance
(distance between the two foci) is C’C=2c.
The vertices have coordinates A’(0,-α), A(0,α) (on the major axis) and B’(-b,0), B(b,0)
(on the minor axis), which means that the length of the major axis is A’A=2α and the
length of the minor axis is B’B=2b.



x2 y2
The formula –in Cartesian coordinates- of the ellipse is 2  2  1 , where M(x,y) is
b
a




an arbitrary point of it and b  a 2  c 2
x-axis and y-axis are both axes of symmetry and O(0,0) is point of symmetry of the
ellipse (also called the center of the ellipse)
The distance between an arbitrary point of an ellipse M and its symmetrical to O point
M’ is called diameter of the ellipse, thus 2b  M ' M  2a .

xx0 yy0

1
b2 a2



The formula of the tangent line to a given point P(xo, yo) of the ellipse is




The distance from an arbitrary point M(x,y) to the focus C adding the distance from M
to focus C’ equals to MC’+MC=2α.
The area enclosed by the ellipse equals to A=πab



Eccentricity of the ellipse equals to  

a2  b2
, so in this case 0<ε<1
a
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Briefly……
Formula of
ellipse
2

2

x
y

1
a2 b2

Foci

C(c,0)
C’(-c,0)

b  a2  c2
x2 y2

1
b2 a2

Area
O(0,0)

Eccentri
city



c
1
a

Formula of
tangent line at
M(x1,y1)
xx1 yy1
 2 1
a2
b



c
1
a

xx1 yy1

1
b2 a2



c
1
a

( x  x 0 )( x1  x 0 )
a2
( y  y 0 )( y1  y 0 )

b2
1

C(0, c)
C’(0,-c)

O(0,0)



c
1
a

( x  x 0 )( x1  x 0 )
b2
( y  y 0 )( y1  y 0 )

a2
1

A=πab
C(c+x0,
y0) C(c+x0,y0)

P(x0,y0)
A=πab

( x  x0 ) 2 ( y  y0 ) 2

1
b2
a2

C(x0,
c+y0)
C(x0,c+y0)

P(x0,y0)
A=πab

The reflective property of ellipse
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Graph

A=πab

b  a2  c2
( x  x0 ) 2 ( y  y0 ) 2

1
a2
b2

Center
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According to the Reflective property of ellipse, if
2
2
o P(x0,y0) is an arbitrary point of an ellipse x 2  y 2
a

b

1

-or

2016

x2 y2

1
b2 a2

o Line v is vertical to ellipse on P (that means v is vertical to the tangent line t on P)
o C, C’ are the foci of the ellipse
Then angles α and β are equal, where α is the angle formed by PC and v, while β is the angle
formed by PC’ and v.
That means that, since the angle of incidence equals to the angle of reflection, every ray
leaving one of the foci, gets reflected off the surface straight to the other focus.
2.7.3 Stage 2- Applications
Objectives:
The students will get familiar to an ellipse and its applications to sciences, art, architecture.
The context for the implementation of the lesson: formal/ indoors, in the classroom
Organization: individually
Time available: 30 minutes
Cut a cylinder, get an ellipse…
Any cylinder sliced on an angle will reveal an ellipse in cross-section, as seen in the Tycho
Brahe Planetarium in Copenhagen, or when tilting a glass of water and the surface of the
liquid acquires an elliptical outline. (or even when we want to cut a loaf of bread in bigger
slices!!!)
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Don’t shout, just whisper…
The reflective property of the ellipse is used in manufacturing halls with great acoustics, the
Whispering Galleries. These are rooms with elliptical roof, where if someone whispers in a
corner, he can be heard in another corner. Typical examples of such buildings is the
Cathedral of St. Paul Cathedral in London, created by architect Sir Christopher Wren and the
hall of the Capitol statues in Washington
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There are 259 steps leading up to the spectacular Whispering Gallery of St. Paul Cathedral
in London which runs round the dome at a height of 100 ft. So-called because of its
remarkable acoustic properties, it's possible to hear a whisper from across the dome's total
width of 112 ft.

The ability of the ellipse to rebound an object starting from one focus to the other focus can
be demonstrated with an elliptical billiard table. When a ball is placed at one focus and is
thrust with a cue stick, it will rebound to the other focus. If the billiard table is live enough,
the ball will continue passing through each focus and rebound to the other.
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The orbits of the moon and of artificial satellites
of the earth are also elliptical as are the paths of
comets in permanent orbit around the sun.
Halley's Comet takes about 76 years to travel
abound our sun. Edmund Halley saw the comet
in 1682 and correctly predicted its return in
1759. Although he did not live long enough to
see his prediction come true, the comet is named
in his honor.
Do you want to see the orbit of Halley’s cornet?
Visit…http://cse.ssl.berkeley.edu/SegwayEd/lessons/cometstale/frame_orbits.html
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Fly me to the moon and let me play among the
stars…
The early Greek astronomers thought that the planets
moved in circular orbits about an unmoving earth,
since the circle is the simplest mathematical curve. In
the 17th century, Johannes Kepler eventually
discovered that each planet travels around the sun in
an elliptical orbit with the sun at one of its foci.
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On a far smaller scale, the electrons of an atom move in an
approximately elliptical orbit with the nucleus at one focus.
A very important application of the reflective property of ellipse is met
in medicine: the method of lithotripsy, for the treatment of renal and
biliary stones.
In the lithotripsy device, there is a half ellipsoid, which is made of such
material
that
permits
reflectance of various energy
waves. The ellipsoid is the three-dimensional
version of the ellipse. Shock waves are emitted
from the first focus of the half ellipsoid, which are
reflected on the surface of it, arriving to the second
-imaginary- focus, where the stone to be dissolved
is placed on. The device is also covered with a 'pad,
comprising water, and which covers the respective
stone. The density of water is less than that of the
stone and as a result, the crushed stone gets
shuttered immediately when the shockwave hits it.
The chips resulting from the continuing divisions
are so small that are excreted naturally from the
body. Indeed the case of renal or biliary stones
does not require surgery, reducing any risks.

2.7.3 Stage 3- Practice
Task: Worksheet 2 (Ellipse) – Suggested solution (30 minutes)
WORKSHEET 4 – IN THE CLASSROOM
1.

How can you draw an ellipse? All you have are
 Two pins
 A piece of string or a piece of thread
 A pen
2. Find the locus of the points of the plane for which the sum of the distances from the
points C(0,3) and C’(0,-3) equals to 8
3. Let the ellipse C: 4x2+9y2=144. Find:
a. Its foci
b. The major axis and the minor axis
c. Its eccentricity
d.
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5.

4 2
).
5
Find the equation of the ellipse that has foci C(3,0), C’(-3,0) and is tangent to the line l:
x+y-5=0
Find the equations of the ellipses that come through points N(3,2) and K (4,
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The equation of the tangent line at point K ( 27 ,2) .
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WORKSHEET 4 – SUGGESTED SOLUTIONS
1. Put two pins in a board, make a loop of string and put it around them, Insert a pen into the
loop and stretch the string so it forms a triangle. Roll the pen and ... there it is: an
ellipse!

2. From the definition of the ellipse we have:
 2c=6 0r c=3
 2a=8 or a=4


b  a 2  c 2  4 2  32  16  9  7

x2
x2 y2
so


1

,
7
b2 a2
4x 2 9 y 2
2
2

1
3. We have C: 4x +9y =144 
144 144
So the equation requested is

y2
1.
16
x2 y2
x2 y2

 1  2  2  1 , so
36 16
6
4

a=6 and b=4 and 4  6 2  c 2  16  36  c 2  c 2  20  c  2 5
a. The foci are C ' ( 2 5 ,0) and C (2 5 ,0)
b. The major axis is 2a=12 and the minor axis is 2b=8, so the vertices of the ellipse is
A(6,0), A’(-6,0), B(0,4), B’(0,-4).

c 2 5
5


a
6
3

d. The equation if the tangent line at point K will be

xx K y K
 2 1
62
4
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c. Eccentricity equals to  
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4. Since the requested ellipse- let’s say

K (4,
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x2 y2

 1 passes through points N(3,2) and
a2 b2

4 2
) , it must be verified by their coordinates, so:
5

32 2 2
9
4
 2  1  2  2  1  9b 2  4a 2  a 2 b 2 (1)
2
a
b
a
b

42


a2

(

4 2 2
)
16
32
5
1 2 
 1  400b 2  32a 2  25a 2 b 2 (2)
2
2
b
a
25b

Multiplying (1) with 2e we get 225b 2  36a 2  25a 2 b 2 (3).
(2) And (3) have equal second parts, so 400b 2  32a 2  225b 2  36a 2 
175b 2  4a 2 

175 2
b  a 2 (4).
4

175 4
Replacing (4) to (1) we get 9b 2  4 175 b 2  175 b 2 b 2  9b 2  175b 2 
b
4
4
4
736
736 15
175 4 b  0
and from (4), a 2 
  184 , so the requested
 184b 2 
b   b2 
4
175
175 4
x 2 175 y 2
ellipse is

 1.
184
736

5. Let

x2 y2

 1 be the requested ellipse. Since C(3,0), C’(-3,0) are its foci, c=3 and
a2 b2

b  a  c  a  9 , so the above equation becomes
2

2

2

2

y2
x2

 1 (1)
a2 a2  9

Since the requested ellipse is tangent to line x+y-5=0, the system of the two equations must
have exactly one solution, so:


x2 y2
 2 1
2
a
b

x  y  5  0


x 2 25  x 2  10 x 
x 2 (5  x) 2

 1

 1
b2
a2
b2
  a2



y 5 x
y 5 x


2 2
2
2 2
2
2 2
2
2
2
b x  25a  a x  10a x  a b 
(a  b ) x  10a x  a 2 b 2  25a 2 



y 5 x
y 5 x


The second-degree equation of the system must have one solution, so D=0
 (10 a 2 ) 2  4  (a 2  b 2 )( 25 a 2  a 2 b 2 )  0 
2 2
2
2
 100a 4  100a 4  4a 4 b 2  100a 2 b 2  4a 2 b 4  0  4a b (b  25  a )  0 
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1.
the requested ellipse is
17
8
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2
2
2
a 2  b 2  25  0 (since α,b≠0). Thus, a  (a  9)  25  0  a  17 and b2=17-9=8 and
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2.7.4 .Stage 1 Hyperbola. A short review of the knowledge required for 2.7.4. Stage 2 by
making questions (15 minutes)
In specific, we make sure that the students know what they are expected to, by making them
questions and getting/ correcting the following answers:
 A hyperbola is the locus of a point which moves on a plane so that the absolute value
of the deference of the distances from two given points of the same plane (called foci
of the hyperbola) is constant and equals to a given (positive) number.
 An asymptote is a line that continually approaches a given curve but does not meet it
at any finite distance.
 In the following hyperbola:

 The foci C, C’ have coordinates C (c, 0) and C’ (-c, 0), that means that the focal
distance (distance between the two foci) is C’C=2c.
 The vertices have coordinates A’(-α,0) and A(α,0), that means that the distance
between the two vertices is 2a.
 The absolute difference of the distances from an arbitrary point
M(x, y) to the
foci C, C’ equals to |MC’-MC|=2α.
 The formula – in Cartesian coordinates- of the hyperbola is

x2 y2

 1 , where
a2 b2

M(x, y) is an arbitrary point of it and b  c 2  a 2 .
 x-axis and y-axis are both axes of symmetry and O(0,0) is point of symmetry of
the hyperbola
b
b
x and y   x
 The formulas of the two asymptotes are y 
a
a
 The formula of the tangent line to a given point P(xo, yo) of the hyperbola is

 Eccentricity of the hyperbola equals to  

c

a

a2  b2
, so in this case ε>1
a
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 A hyperbola is called isosceles when a=b.

148

xx0 yy0

1
a2 b2
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 Similarly, in the following hyperbola:









The foci C, C’ have coordinates C (0, c) and C’ (0,-c), that means that the focal
distance is C’C=2c.
The vertices have coordinates A’(0,-α) and A(0,α), that means that the distance
between the two vertices is A’A=2a.

x2 y2
The formula – in Cartesian coordinates- of the hyperbola is 2  2  1 , where
a
b
M(x, y) is an arbitrary point of it and b  c 2  a 2 .
x-axis and y-axis are both axes of symmetry and O(0,0) is point of symmetry of the
hyperbola
b
b
x and y   x
The formulas of the two asymptotes are y 
a
a
The formula of the tangent line to a given point P(xo, yo) of the hyperbola is

xx0 yy0

1
a2 b2



The absolute difference of the distances from an arbitrary point
foci C, C’ equals to |MC’-MC|=2α.
A hyperbola is called isosceles when a=b.



Eccentricity of the hyperbola equals to  

a2  b2
, so in this case ε>1
a
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c

a

M(x, y) to the
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Briefly……
Formula
of
hyperbola
y2
x2

1
a2 b2

Foci /
Eccentri
city
C(c,0)
C’(-c,0)

Formula of
tangent line
at M(x0,y0)
xx0 yy0
 2 1
a2
b

Formula of
asymptotes

y

b

c
  1
a
x2 y2

1
b2 a2

C(0,c)
C’(0,-c)

xx0 yy0

1
b2 a2

y

a

x

x

b
a
b

x

c
1
a

The reflective property of the hyperbola

According to the Reflective property of hyperbola, if
o
M(x0,y0) is an arbitrary point of hyperbola

x2 y 2

1
a2 b2

-or

y 2 x2

1
a2 b2

Page

o
Line t is tangent to hyperbola on M
o
C, C’ are the foci of the hyperbola
Then angles formed by MC and t, MC’ and t are equal
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a

y

Graph
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2.7.4 Stage 2- Applications
Objectives:
The students will get familiar to a hyperbola and its applications to sciences, constructions.
The context for the implementation of the lesson: formal/ indoors, in the classroom
Organization: individually
Time available: 30 minutes
Hyperbola: The most special, double curve.
The appearance of a hyperbola might occur under natural conditions, as simple as scratching
of a pencil with a polygonal cross-section or watching the shadow on the wall of a lampshade
hat.
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(from Eucledes magazine)
Suppose that a gun is hidden in a
valley and we want to locate it. We set
three observers with chronometers at
appropriate selected positions A, B, Γ,
who will note the time they hear the
sound of the gun firing. If t, t + b, t + c
are the three moments that each
observer heard the sound, the
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A sonic boom shock wave has the shape of a cone, and it intersects the ground in part of a
hyperbola. It hits every point on this curve at the same time, so that people in different places
along the curve on the ground hear it at the same time. Because the airplane is moving
forward, the hyperbolic curve moves forward and
eventually the boom can be heard by everyone in its path.
Construction: Nuclear power plant smoke stacks have a
hyperbolic cross section as illustrated above. Such 3dimensional objects are called hyperboloids. Cooling towers
for a nuclear power plant have a hyperbolic cross-section.
Positioning systems: Loran system- G P S
Let’s see a mathematical problem of finding position using
the definition of hyperbola:
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difference of the distances ΒΠ-AΠ (= b.u) will be known (and fixed) ,as well as the
difference ΓΠ-ΑΠ (= c.u) where the Π is the position of the gun, u the speed of sound in air
per second, and b, c time in seconds.
So Π is both a point of a hyperbola with foci A, B and also point of a hyperbola with foci A,
Γ. That is, the gun will be located in one of the sections Π or Π’ of the above hyperbolas and
of course the farthest from our own position, namely point Π.
Ηow does this problem apply to the position detection and navigation systems;

Page

Do you want to see the satellites moving on their orbits?
Visit…https://upload.wikimedia.org/wikipedia/commons/2/27/GPS24goldenSML.gif
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If the centers of each of two sets of concentric circles are sources of radio waves, the
synchronized waves intersect each other at associated hyperbolas.
This is the basis of a radio navigation based on the definition of hyperbola, known as Loran
(Long Range Navigation). A LORAN system consists of a main transmitter A and two
secondary transmitters B, Γ, operating at a
frequency of 100 kHz. The secondary transmitters
are synchronized to the master transmitter and
transmit a sequence of pulses separated in time so
as not to overlap each other.
The time difference between the signal from the
transmitters A and B positions the subject to any
point of hyperbola TAB. The time difference
between the signal from the transmitters A and Γ
places the subject to any point of hyperbola TΑΓ.
Thus, the position of the object is located at the
intersection of TAB and TΑΓ.
Similar to the Loran system, GPS works
successfully with the transmission of signals,
traveling at the speed of light.
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Space segment – The satellites are the heart of the Global positioning system which helps to
locate the position by broadcasting the signal used by the receiver. The signals are blocked
when they travel through buildings, mountains, and people. To calculate the position, the
signals of four satellites should be locked. You need to keep moving around to get clear
reception.
User segment – This segment includes military and civilian users. It comprises of a
sensitive receiver which can detect signals (power of the signal to be less than a quadrillionth
power of a light bulb) and a computer to convert the data into useful information. GPS
receiver helps to locate your own position but disallows you being tracked by someone else.
Control segment – This helps the entire system to work efficiently. It is essential that the
transmission signals have to be updated and the satellites should be kept in their appropriate
orbits
Also similar to the Loran, three satellites are needed to find the altitude, longitude, and
latitude of a GPS receiver on earth. The satellites send signals that are picked up by the GPS
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The original purpose of the GPS was purely military. It started by initiative of US President
Ronald Reagan and was called "War of the Stars". But as the system evolved and people got
acquainted with the idea of satellites, thoughts for exploiting this system to civilian
applications began to appear. With the official announcement of President Reagan, in 1989
the GPS system was made available to the public for use.
GPS is a stigma finding system on a global scale. The system consists of 21 satellites and 3
spare, moving in fours to a height of about 20,000 kilometers (11,000 nautical miles) in 6
different orbits and each one of them completes an orbit around the Earth every 12 hours.
Each satellite emits a signal at approximately 1227 MHz for military use and one in
approximately 1575 MHz for civilian use.
The whole system is also based on ground
stations. This system provides continuous worldwide coverage enabling determining the
longitude, latitude and height with accuracy of about 30m. Due to their possibility for data
storage to be reused in the future, GPS devices have become another efficient tool available
to the sea navigation and all kinds of navigation in general.
The GPS system consists of three main areas: user segment, handling segment and space
segment.

2016
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receivers, just like the Loran system. The receiver is then able to find the distance from each
of the three satellites to the receiver. Because we know how fast the signals are traveling (the
speed of light), the simple distance formula provides us with
this information (distance = speed x time). Instead of using
the hyperbola, each of the three satellites becomes the
centre for a sphere; with a radius equal to the distance we
calculated using the formula. The three spheres will
intersect at two points, one of which is usually unrealistic,
perhaps below sea level. If there are two plausible points, a
fourth satellite distance calculation may be needed. The
appropriate point of intersection is the location of the
receiver
Do you want a short review?
Visit… https://www.youtube.com/watch?v=pX6PcRN6Kow
2.7.4 Stage 3- Practice
Task: Worksheet 5 (Hyperbola) – Suggested solution (30 minutes)
WORKSHEET 5 – IN THE CLASSROOM
1.
Find the equation of hyperbola when it
a) has focus C (-5.0) and a vertex is the point A (4,0)
b) has focus E (0.13) and eccentricity 13
12

c) has focus E (0.5) and passes through the point M (3,4 2 )
d) passes through the points M ( 2 , 1) and N (-2, 3 )
e) has vertex A(0,3) and passes through the point P (2, 3 2 )
f) has asymptotes the lines y = 3 x and y = - 3 x, and passes through the point (2
2

3,

3)

2

g) has main axis x’x, focal distance 4 and asymptotically the lines y =
h) has eccentricity 5 and common foci with the ellipse
4

2x
3

and y = -

2x
3

x2 y2

1
9
4

i) is isosceles and has the same foci with the ellipse 2x2 + 3y2 = 5.
WORKSHEET 5 – Suggested solutions
1.a) Since it has focus C (-5.0) and a vertex is the point A (4,0), then c=5 and a=4, so

b  c 2 a 2  25  16  3 , thus the requested hyperbola has equation

x2 y2

 1.
16
9

c 13
= , thus a=12 and
a 12
y2
x2
2
2

1.
b  13 12  169  144  5 thus the requested hyperbola has equation
25 144

then c=13 and ε=

154

13 ,
12
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b) Since it has focus E (0.13) and eccentricity
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C) Since it passes through the point M (3,4 2 ), it must be verified by its coordinates, so
9
32
 2  1 (1).
2
b
a
Since it has focus C(0,5), c=5 so b 2  c 2  a 2  25  a 2 (2)
Combining (1) and (2) we get
9
32
2
2
2
2
 2  1  9a  800  32 a  a (25  a )  16a 2  800  a 4  0
2
25  a
a
2
 16  24 6 a  0
2
a

D=162-4 800=3456,
  8  12 6 and
2
b 2  25  8  12 6  33  12 6 thus the requested hyperbola has equation
y2
x2

 1.
33  12 6  8  12 6
d)
Since it passes through the points M ( 2 , 1) and N (-2, 3 ), they must verify it, so:
2
1
o 2  2  1  2b 2  a 2  a 2 b 2
a
b
4
3
o 2  2  1  4b 2  3a 2  a 2 b 2
a
b
o Since the second parts are equal, we get  2b 2  a 2  4b 2  3a 2  2a 2  2b 2  a 2  b 2 ,
so
 2b 2  b 2  b 2 b 2  b 2  b 4  b 2  1 , since b≠0 and a 2  1
2

thus the requested

2

y
x

 1 or x2-y2=1 (isosceles hyperbola)
1
1
x2 y2
1
Since it has vertex A(0,3) , a=3 and the requested equation is 2 
9
b

hyperbola has equation
e)

Since it passes through the point P (2, 3 2 ), the coordinates must verify the equation, so
4
4 18
4
4

 1  2  2  1  2  3   b 2 thus the requested hyperbola has equation
2
9
3
b
b
b
2
2
y
3x

1
4
9
b 3
3
f) Since it has asymptotes the lines y = 3 x and y = - 3 x, then
(or
 b a
a 2
2
2
2
a 3
3
  a  b ) so
b 2
2

hyperbola has equation

and b 2 

9 2 9
a  8  18 thus the requested
4
4

x2 y2

1
8 18
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 2  1  2  1  α2=8
2
a
a
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x2 4y2
x2 4y2

 1 (or

1)
a 2 9a 2
b 2 9b 2
Since it passes through the point (2 3 , 3), we get
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9
9
8
12 4  9
 2  1  2  1  b2=8 and a 2  b 2  8  18 thus the requested
2
4
4
b
9b
b

x2 y2

 1 !)
8 18
g) Since it has main axis x’x, focal distance 4 , 2c=4 so c=2.
hyperbola has equation

b 2
2
  b  a and
a 3
3
4
13 2
36
36 16
and b 2  4 
b2  c2  a2  a2  4  a2 
a  4  a2 
 , thus the
9
9
13
13 13
13 x 2 13 y 2

1
requested hyperbola has equation
36
16

Since it has asymptotes the lines y =

2x
3

and y = -

2 x,
3

it means that

2
2
h) The ellipse x  y  1 has α=3, b=2 and c 2  a 2  b 2  9  4  5 , so the foci of the

9

4

ellipse are C ( 5 ,0) and C ' (  5 ,0) .
Since the hyperbola has common foci with the ellipse, that means that c  5 for the
hyperbola as well.
c
5 5
4 5
 a
Since it has eccentricity 5 , that means   
and
a
a
4
5
4
16
9
b  c 2 a 2  5 

thus the requested hyperbola has equation
5
5
5x 2 5 y 2

1
16
9
i) Since it is isosceles , it means that a=b.

y2
2x 2 3y 2
x2


1


 1 , so α2=5/2 and
The ellipse 2x2 + 3y2 = 5 is written also as
5
5
5/ 2 5/3
b2=5/3, so c 2  a 2  b 2  25 / 4  25 / 9  125 / 36 ,so the foci of the ellipse are
C ( 125 / 6,0) and C ' ( 125 / 6,0)
Since the hyperbola has the same foci with the ellipse 2x2 + 3y2 = 5, it means that
c  125 / 6 for the hyperbola as well.
a b

Page

3. Subject : Mathematics – in the computer lab
3.1. Objectives :
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So b 2  c 2  a 2  125/36 –b2 and 2b2=125/36, so b2=125/72 =a2
72 x 2 72 y 2
125

 1 , or x 2  y 2 
thus the requested hyperbola has equation
125
125
72
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 Using mathematical computer programs such as Geogebra, students will get a more
attractive presentation of the lesson (comparing to the blackboard), as well as they will
practice handling pc and Geogebra
 Development of team-working skills and interpersonal skills.
3.2.Time available: 45 minutes (one or two hours of school schedule)
3.3. Students’ age:16-17
3.4. Assumption: The students should already:
 Be familiar with working on pc
 Be able –by using guidance for the basic functions of the program “Geogebra”- to make
simple constructions.
3.5. Materials and equipment : pc, a notebook and a pen to keep notes , “Geogebra”
program (it may be downloaded from http://www.geogebra.org )
3.6. Methods and procedures : learning by doing, worksheets (for working in the computer
lab), debate.
3.7. Strategy :
3.7.1. Stage 1 – A short review of the main functions of Geogebra (15 minutes)
3.7.2 Stage 2- Applications
Objectives: To deal with problems of conic sections using pc programs
Organization: in pairs
The context for the implementation of the lesson: formal/ indoors, in the computer lab
Task: Worksheet 6 – Suggested solution
Time available: 30 minutes
WORKSHEET 6 – IN THE COMPUTER LAB
5)

Sections of a cone
 Open Geogebra file “CONE-1.ggb” .
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 Move cursor a. What do you notice?
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 Open Geogebra file “CONE-2.ggb”
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 Move cursor e. What do you notice?
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 Open Geogebra file “CONE-3.ggb”
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Move cursor g. What do you notice?
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 Open Geogebra file “CONE-4.ggb”
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Move cursor d. What do you notice?
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Now gather all the notices you made above and write down conclusions such as:
If I cut a cone with a plane which forms an…………………angle with the horizontal
plane of cone’s base, I get a…………………….as a cone section.
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2. Lithotripsy
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3. Let’s make a piece of art!!!
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Visit… http://www.mathplayground.com/equation_creations_spiromath.html.
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Select the “drawing” option
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Move purple, orange and pink cursors to arrange the radius of the purple circle, the orange
circle and the distance of the pen respectively. Then select “pen” and…..…here you are!!!
These are just some of the hundreds of different drawings you can make using only two
circles and a pen!!

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

2016

Page

164

TEACHER’S BOOK VOLUME 1

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

TEACHER’S BOOK VOLUME 1

2016

Now experiment with the buttons, change colours and let’s make a competition about the best
drawing. The class will decide about the prize!!
4. Yin-Yang : the sunny and the shady side of the mountain
Open a Geogebra file.
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Construct a circle of radius r=5. Then construct the yin-yang
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What is the value of the black and the white area?
A good chance to have a touch with what Yin-Yang means in Chinese philosophy …
Visit.....https://en.wikipedia.org/wiki/Yin_and_yang
SUGGESTED SOLUTIONS FOR WORKSHEET 6
1. If I cut a cone with a plane which forms an…acute…angle with the horizontal plane of
cone’s base, I get an…ellipse….as a cone section.
If I cut a cone with a plane which forms an…obtuse…angle with the horizontal plane of
cone’s base, I get a…hyperbola….as a cone section.
If I cut a cone with a plane which forms an…zero…angle with the horizontal plane of cone’s
base (the plane parallel to cone’s base), I get a…circle….. .as a cone section.
If I cut a cone with a plane which forms an…zero…angle with the generator of the cone (the
plane parallel to cone’s generator), I get a…parabola….. .as a cone section.
2.
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3.
4.

Me, doctor……name of student…………made my first operation today. I used a device
which had the shape of a ……ellipse…….. and I used the ……reflective… property of it.
There are no suggested solutions- every scheme is acceptable!!!
The area of the initial circle is π52=25π. Black and white areas are equal to half the
initial, that is 25π/2.
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Sources:









http://www.mathsisfun.com/
http://www.wikipedia.org
http://www.mathplayground.com
http://www-history.mcs.st-and.ac.uk/Biographies/Menaechmus.html
http://www.mlahanas.de/Greeks/Conics.htm
http://slideplayer.com/slide/5818018/
http://www.science4all.org/article/ellipses-parabolas-hyperbolas
http://cse.ssl.berkeley.edu/SegwayEd/lessons/cometstale/frame_orbits.html

4. Subject: History of art (through Mathematics)
Unit: Conic sections in Architecture: the domes from ancient to modern times
Aim: to help students understand how the conic sections have inspired some of the greatest
buildings in the world
4.1 Objectives: to help students learn
 What a dome is and its religious function.
 How domes are built.
 The different types of conic structure used to famous buildings from antiquity till present.
 To be familiar with great monuments and modern constructions and their famous domes.
4.2 Time available: 1 hour (45 minutes)
4.3 Level and number of students: 16-17 years old – 22
4.4 Assumption: The students should already know:
 Who and when was the first to write about conic sections.
 The conic sections: names and shapes.
Suggested solution:



The conics are intersections of a cone with a plane. Depending on how the plane is
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Appolonious of Perga, a 3rd century B.C. Greek geometer, wrote the greatest treatise on
the curves. His work "Conics" was the first to show how all three curves, along with the
circle, could be obtained by slicing the same right circular cone at continuously varying
angles.
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located with regards to the cone, you either obtain an ellipse, a parabola or hyperbola.
4.5 Materials and equipment: a world map, pictures of the monuments, pins, board and
markers, PC with Internet access
4.6 Methods and procedures: brainstorming, debate
4.7 Strategy:
4.7.1 Stage1: motivation - 10 minutes
Objective: To get familiar with the “domes”.
The teacher presents to the students famous buildings and asks them to find the common
ground in their shapes. He encourages them to find their position on the map and mark it with
a pin of a different color. All the monuments have domes with vaults. Specific mention has to
be given to the different eras and the
religious character of the buildings.
Suggested buildings (where, when, architect):

-

Pantheon, Rome, Italy, 125 AD, Apollodorus of Damascus (?)
Hagia Sophia, Istanbul (Constantinople), Turkey, 537, Isidore and Anthemius
Dome of the Rock, Jerusalem, Israel, 691
San Carlo alle Quattro Fontane, Rome, Italy, 1640, Borromini
The Taj Mahal, Agra, India, 1653, Ustad Ahmad Lahauri
Santa Maria del Fiore, The Duomo, Florence, Italy, 1436, Brunelleschi
St Paul's Cathedral, London, England, 1708, Sir Christopher Wren
Metropolitan Cathedral of Our Lady of Aparecida, Brasilia, Brazil, 1960, Oscar Niemeyer

“Treasury of Atreus”, Mycenae, Greece, 1250 BC
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Saint Anselm Church, Creve Coeur, Missouri, 1962, Hellmuth, Obata and Kassabaum
4.7.2 Stage 2: presenting the interior of the domes
Time available: 10 minutes
Organization: altogether
The oldest dome is considered to be a tomb for the king of Mycenae – known as “Treasury of
Atreus” (1250 BC). With an interior height of 13.5m and a diameter of 14.5m, it was the
tallest and widest dome in the world for over a thousand years until construction of the
Pantheon in Rome.
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1. Pantheon, Rome, Italy, 125 AD

2. Hagia Sophia, Istanbul (Constantinople), Turkey, 537

Page

169

3. Dome of the Rock, Jerusalem, Israel, 691
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4. Santa Maria del Fiore, The Duomo, Florence, Italy, 1436

5. San Carlo alle Quattro Fontane, Rome, Italy, 1640
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6. The Taj Mahal, Agra, India, 1653
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7. St Paul's Cathedral, London, England, 1708

8. Metropolitan Cathedral of Our Lady of Aparecida, Brasília, Brazil, 1960
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4.7.2 Stage 3: Thinking about what they have heard / learned so far by answering to the
following questions:
a. What is a “dome”?
b. What do you think is the role of domes in religious architecture?

171

9. Saint Anselm Church, Creve Coeur, Missouri, 1962
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4.7.2 Stage 3: It can be very interesting for the students if the teacher talks about modern
buildings all around the world in which conic sections offer the basic architect’s inspiration.
Here are some proposals.
Time available: 10 minutes
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c. How are domes built?
d. What types of conic structure has been used to the representing above domes?
e. Can you draw them by using the intersections of a cone with a plane? (one student draws
on the board with the teacher’s assistance).
Time available: 15 minutes
Suggested solution:
a. The dome is simply a three-dimensional arch, which distributes the load of the entire dome
to its edges. In regards to proportion, a more conical dome allows it to be higher than one of
an equal width. A triangular or planar roof would likely collapse.
b. Domes in religious architecture have two aspects: aesthetic and functional. The need for an
uplifting experience is combined with the need to create a huge space for a huge number of
worshippers. The form of the dome recalls the dome of the sky, or that it is in the direction of
heaven.
c. Domes, although self-supporting and structural, are built on some form of temporary
support (centring). Like an arch, the intermediate forms are not structurally sound until the
keystone, the central uppermost piece, is put into place. However, depending on whether they
sit on the ground or on walls, domes may need reinforcing to deal with lateral loads - loads
that push outward.
d. The monuments 1-4 and 6-7 use the “circle”. The no 5 uses the “ellipse”. The no 8 is
hyperbola and the no 9 is parabola.
Some information could be given for no 8 and 9, as the students are not familiar with such
structures.
For no 8: The shape of the roof is based in a hyperboloid of revolution with asymmetric
sections. The hyperboloid structure consists of 16 identical concrete columns assembled on
site. These columns, having hyperbolic section and weighing 90 tonnes (99 tons), represent
two hands moving upwards to heaven.
For no 9: The building circular facade consists of three tiers of whitewashed, thin-poured
concrete parabolic arches, the top one forming a bell-tower.
e.
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The Lotus Temple Bahá’í House of Worship, New Delhi, India, 1986 (Fariborz Sahba)

National Center for the Performing Arts, Beijing, China, 2007 (Paul Andreu)

L’Hemisfèric at the City of Arts and Sciences, Valencia, Spain, 2009

ARC River Culture Pavilion, Daegu, South Korea, 2012 (firm Asymptote)
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ARC River Culture Pavilion, Daegu, South Korea, 2012 (firm Asymptote)
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The Foundation Louis Vuitton, Paris, France, 2014 (Frank Gehry)

Pacific Visions wing at the Aquarium of the Pacific, Long Beach, California,
(will open in 2018, firm EHDD)

1.
2.
3.
4.

Page

5.
6.
7.
8.
9.
10.
11.
12.
13.

Thomas Health, “A history of Greek Mathematics”, Oxford, The Clarendon Press, 1921
Paris Pamfilos , “Geometricon”, Crete University Press, Foundation for research and Technology,
2016
Eucledes magazine, Greek Mathematical Society
Asher, Catherine B. Architecture of Mughal India, New Cambridge History of India I.4, Cambridge
University Press, 1992
Blunt, Anthony, Borromini. Cambridge: Harvard University Press, 1979
Campbell, James W. P., Building St Paul's, London: Thames and Hudson, 2007
Peterson, Andrew, Dictionary of Islamic Architecture. London: Routledge, 1994
Wittkower, Rudolf. Art and Architecture in Italy 1600-1750, Pelican History of Art, 1958
https://en.wikipedia.org/wiki/Hypatia
http://medical-dictionary.thefreedictionary.com/lithotripsy
http://mathdemos.org/mathdemos/conic_via_locus/
https://www.youtube.com/watch?v=pX6PcRN6Kow
https://upload.wikimedia.org/wikipedia/commons/2/27/GPS24goldenSML.gif
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14. https://eclass.teiath.gr/modules/document/file.php/TOP129/Texnikes_kai_systimata_ploigisis_201
0_Apr.pdf
15. https://en.wikipedia.org/wiki/Global_Positioning_System
16. https://sites.google.com/site/oikologikespraktikes2g/archike
17. http://www.science4all.org/article/ellipses-parabolas-hyperbolas/
18. http://mathforum.org/mathimages/index.php/Parabola
19. https://en.wikipedia.org/wiki/List_of_celebrated_domes
20. https://en.wikipedia.org/wiki/List_of_hyperboloid_structures
21. https://www.inverse.com/article/13523-8-futuristic-buildings-that-evoke-their-purpose
22. http://www.waymarking.com/waymarks/WM2WWN_Saint_Anselm_Parish_Abbey_of_St_Mary_an
d_St_Louis_Church_Creve_Coeur_Missouri
23. http://journal.utarts.com/articles.php?id=2&type=paper#_ftnref28
24. https://www.quora.com
25. http://catedral.org.br/
26. https://www.patriarchate.org/ecumenical_patriarchate/chapter_4/html/hagia_sophia.html
Authors
4th General Lyceum of Chania- Chania, Crete, GREECE
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Part A
Argument: Learning the distance and the midpoint formula
1. Subject: Mathematics
1.1. Objectives:
 Find distance between two points in the Cartesian Plane (Distance Formula, Geometry
and real-life problems).
 Find the Midpoint of the segment joining two points in the Cartesian Plane.
1.2. Time available: 1,5 hours (~70 minutes)
1.3. Students’ age:16-17
1.4. Assumption: The students should already know:
 Cartesian coordinates.
 Finding the position of a point using its coordinates.
 The notion of the graph of functions.
1.5.Materials and equipment: Board, diagrams, PC.
1.6 Methods and procedures: learning by doing, worksheets
1.7 Strategy:
Motivation: Introductory question (2 minutes)
How can lines be described mathematically?
The Cartesian Plane helped us to develop a branch of mathematics that brings together
algebra and geometry in a unified way. In this way we can visualize numbers as points on a
graph, and equations as geometric figures. In these lessons we will be working extensively
with the Cartesian coordinate system locating points, finding the distance between points and
graphing equations of lines.
Warm up discussion: (5 minutes)
Draw two perpendicular lines. Have the students identify the axes, the quadrants and the
origin. Then plot some points and have the students identify the coordinates.
Make a game, such as Treasure Hunt or Find My Location, that requires finding points on the
4-quadrant grid.
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Distance formula
Warm up example or activity: (5 minutes)
Plot two points A and B. Inform the students of the
goal: finding the distance between them. Ask the
students where to plot a third point C, so that a
right triangle is formed. Derive the distance using
the Pythagorean theorem.
Formal concept: (3 minutes)
Draw two generic points ( x1 , y1 ), ( x2 , y 2 ) and have
the students derive the general distance formula.
Midpoint formula
Warm up example or activity: (5 minutes)
Plot two points on a vertical line. Have the students identify the coordinates of the midpoint
between them. Have them discover that we are just averaging coordinates. Do the same for
points on a horizontal line. Draw two random points A and B. Have them tell you the
coordinates of the midpoint.
Formal concept (3 minutes)
Plot two generic points ( x1 , y1 ), ( x2 , y 2 ) and have the students derive the general midpoint
formula
WORKSHEET (I)
(45 minutes)
Suggested solutions
1.

The distances between the points A, B, C, are:

AB= 1-1 +  2+1 =3
2

BC=

2

1+1 +  -1-1
2

2

= 8

AC= 1+1 +  2-1 = 5
2

2

2.

 2  0

CD=

 0  2

` OE=

2

2

  3  1 
2

20

+  1  2  = 13
2

 0  2  +  0  3
2

2

= 13
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3.
Two caravans leave oasis at the same time. Caravan A travels east at 4 km per hour.
Caravan B travels north at 6 km per hour. How far apart are they after 1.5 hour?
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AB=
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AB=

 6  0 + 0  9

4.

A(1, 1),

2

2

= 117

2016

10.8 km

B(0, -1), and C(2, -2).

AB=

 0  1

BC=

 2  0

AC 

 2  1

2

+  1  1 = 5
2

2

+  2  1 = 5

2

  2  1  10

2

2

AB2 +BC2 =AC2
So ,the points A, B, C are vertices
of a right triangle.
5.
A(1,3) , B(2,-1)
The midpoint of AB is:
M(3/2, 1).

C(-1, 4) , D(1/2, 2)
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The midpoint of CD is:
N(-1/4, 3).
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The midpoint for each of the following pairs of points AB, BC and AC is

for AB is K(0, 3/2)
for BC is L(0, 0)
for AC is M(1, -1/2)
7.

We will use the midpoint formula.
In 2014 the revenue was (560,000 + 480,000)/2= 520,000 euro.

Part B
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1. Subject: Mathematics
1.1. Objectives:
(what will your students be able to do)
 Write a linear function from a set of data.
 Interpret the meaning of the slope and y-intercept and then use the slope-intercept
equation to find other values of x and y.
1.2. Time available: 2 hours (~90 minutes)
1.3. Students’ age:16-17
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Argument: Understanding of the notion of the line equation.
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1.4 Assumption: The students should already know:
 Cartesian coordinates.
 Finding the position of a point using its coordinates.
 The notion of the graph of functions.
1.5.Materials and equipment: Board, diagrams, PC.
1.6 Methods and procedures: learning by doing, worksheets
1.7 Strategy:
Connection to the goal (how does the objective connect with the goal)
Students need to understand how functions work, and what they are. They need to be able to
conceptually understand how to use function data to write the equation.
Motivation: (7 minutes)
The notion of slope enters into real life in many ways. Whether noticing the value
depreciation of a car, viewing the change in the value of an investment, assessing the
difficulty of climbing a mountain path or estimating the time required driving from one city
to another, slope comes into play.
Essential Questions:
How does the equation of a line affect its graphical representation?
How can we use a graphical representation of a linear relationship in order to help understand
real life situations?
Warm up discussion: (8 minutes)
Dimitris bought a car for 11,000 €. The value depreciates linearly. After four years, the value
is 7,600 €. What is the amount of yearly depreciation? (correct answer 850€)
Write the linear function of this problem.
What is the y intercept in this equation and what does it represent?
What does the yearly depreciation represent?
Key points (15 minutes)
i) You can calculate the slope of a line if you know two points (x 1, y1) and (x2, y2) using the
(y  y )
a 2 1
( x2  x1 )
following equation;
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ii) The y-intercept is where the graph crosses the y axis, i.e., it’s the value of y when x
equals zero.
iii) The slope-intercept form of a linear equation is y= ax + b, where a is the slope and b is the
y-intercept.
iv) The horizontal line has zero slope and the vertical line has undefined slope.
v) Lines with equation y = ax + b, with the same gradient (a), are parallel.
vi) If a line has a gradient of a, a line perpendicular to it has a gradient of -1/a.
vii) The equation of the line through the point (x0,y0) which slope is y-y0=a(x-x0).
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WORKSHEET (II)
(60 minutes)
Suggested solutions
1) Find the equation of the lines

x=2

y= -x
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y= x

y= -3
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y= -x+1

Graph the following:

x=1

y=2x

y=-2x
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y=-2
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y=x-2

3)

The student will make up his/her own linear
equation.

4)

a) for (2,4) and (3,7) the slope is a=3

2016

y= -2x-1

b) for (-1, 2) and (2,-5) the slope is a= -7/3
c) for (-2, 3) and (5, 3) the slope is a=0
d) for (2, 3) and (2,-5) the slope is undefined.

5)

a) 2x + y = 4 , y=-2x-1
a1= -2 = a2 so the lines are parallel.
b) 2x + y = 4 , -x + 2y = 5
a1= -2 , a2= ½ , the lines are perpendicular.
c) 2x + y = 4 and 3x - y = 5
a1= -2 , a2= 3 , the lines are neither parallel nor perpendicular.
d) 8x + 4y = 16  2x +y =4
2x + y = 4 and 8x + 4y = 16 are the same line.

b) perpendicular to the line 2x - y = 7
y-3= -1/2(x-1)
2y+x= 7

a= -1/2

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

183

Write the equation of a line through the point (1, 3) and
a) parallel to the line 2x + y = 2
a= -2
y-3= -2(x-1)
y= -2x+5
Page

6)

TEACHER’S BOOK VOLUME 1

2016

Sources:
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2. Subject: Philosophy – History of Sciences (through Mathematics)
Unit: René Descartes
Aim: to let the students be familiar to René Descartes, who is considered the father of
analytical geometry and of modern philosophy, and he redefined how we think of and
practice science.
2.1 Objectives:
 To give a historical basis so that the students realize the profound significance of how
Descartes' new geometry was able to unite the previous separate fields of algebra and
geometry.
 Analyze the significance and lasting impact of the philosophy of René Descartes
2.2 Time available: 1 hour (45 minutes)
2.3 Students’ age:16
2.4 Assumption: The students should already know:
 The life and work of René Descartes such as the biography demonstrates that one's life
can have a central purpose to fulfill for humanity.
Suggested solution:
I entirely abandoned the study of letters, resolving to seek no knowledge other than that
which could be found in myself or else in the great book of the world. I spent the rest of my
youth travelling, visiting courts and armies, mixing with people of diverse temperaments and
ranks, gathering various experiences, testing myself in the situations which fortune offered
me, and at all times reflecting on whatever came my way so as to derive some profit from it.
(Discourse on the Method, 1637)
 His position in history: significant events, personalities and accomplishments of science
during his era
Suggested solution:
• Power is shifting from Southern Europe to Northern Europe
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Anastasios Barlas, Diamantis Manesiotis, Panagiotis Kyriazis: Algebra I: Ellinoekdotiki, Athens 2003
S. Andreadakis, V. Katsargyris, S. Papastavridis, G. Polyzos, A. Sverkos,
L. Adamopoulos, Ch. Damianou: Algebra I : Diofantos pabl. Athens 2011
Mathematics with Geogebra, Kostas Gavrilis: Geogebra Org.
https://www.geogebra.org/
http://www.mathematica.gr/forum/app.php/portal
http://users.sch.gr/mipapagr/index.php
http://blogs.sch.gr/isiglavas/archives/1736
http://blogs.sch.gr/iokaragi/
Author
Spyridon Zervoudakis (Mathematics)

• Trade is starting to pick up, but society is still largely agrarian. Factories are still nonexistent.
• Cities are getting crowded.
• Many illnesses are common; infant mortality is high; and terrible plagues come every 100
years or so (1344-1351 kills ¼ to ⅓ of Europe; also 1550 and 1665).
• The reformation (16th century) has divided Christianity.
• Guttenberg’s printing of the Bible was 1455
• Martin Luther dies in 1546 and Henry VIII (England) dies in 1547.
• The Inquisition is in full swing with Galileo being tried in 1633.
• France. Henri IV 1589-1610. Louis III 1610-1643. Louis IV 1643-1715
• England. 1616: Shakespeare dies. 1603: Elizabeth I (Henry VIII’s daughter) dies 45 year
rule.
• Descartes was 32 years younger than Galileo, and 25 years younger than Kepler. He was
almost the same age as Fermat. He was 27 years older than Pascal, 47 years older than
Newton and 50 years older than Leibniz.
• Descartes lived at the beginning of the 17th century "mathematical revolution". It went from
algebra being developed as a language to the development of calculus by Newton and
Leibniz.
2.5 Materials and equipment: colored papers, pens, students’ book, board
2.6 Methods and procedures: learning by thinking
2.7 Strategy
Stage 1- motivation - 10 minutes
Objective:
 To make students think about the world around them.
Procedure: The teacher writes on the board the phrases
“How do you know what you know?”
“How do you know anything for certain?”
He has to take into consideration that the social status and the religion beliefs of the families
will impact on the answers. This is exactly the point that gives the opportunity to approach
science more “scientifically”!
And trickier: “Observation and experiments can give all the right answers”?
Organization: altogether, in groups
Stage 2: Descartes as a philosopher – 15 minutes
Objective:
 To be informed about the most famous Descartes’ book in which he provides a
philosophical groundwork for the possibility of the sciences.
Procedure:
The teacher distributes colored papers to the students. On each of them is written one of
Descartes' Meditations on First Philosophy6:
1. Of the Things that we may doubt
2. Of the Nature of the Human Mind
6

Meditationes de Prima Philosophia, published in 1641.
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In this system a grid of evenly spaced horizontal and vertical lines is drawn, a center or "origin" is chosen, and
horizontal and vertical scales are chosen.
This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

Page

7

186

3. Of God: that He exists
4. Of Truth and Error
5. Of the Essence of Material Things
6. Of the Existence of Material Things
7. Of the Real Distinction between the Mind and the Body of Man.
The students have 5 minutes to write a phrase as an answer or comment to their “Meditation”
Suggested solution:
1. doubt of what we see, hear, feel…
2. it is the perfect creature
3. He is everywhere in the nature
4. “my” truth can be “your” error and the opposite
5. they are consumable
6. they are tools for the human life
7. the mind has the power over the body or vice versa?
NOTICE: The real point is not to get “right or wrong” answers but to encourage the students
to meditate in the nature of the man and the things. To feel proud for their existence and their
mind and to realize that “the doubt” is the healthiest and safest way to approach the truth – in
life and in science.
Stage 3: Descartes as a mathematician, The Cartesian coordinate system– 15 minutes
Objective:
 To inform the students about Descartes’ application of algebra to geometry. Descartes'
appendix on mathematics was called La Géometrie. Many modern algebraic conventions
come from this book: for example, Descartes used letters from the beginning of the alphabet
for constants and known quantities, and letters from the end of the algebra for variables. So
Descartes is the reason we solve for x, and not some other symbol!
o The Cartesian coordinate system was formalized by Descartes to help visualize functions
via plotting function values as ordered pairs7.
o The story of how the system was developed is that Descartes was sick. As lay in bed, he
saw a fly buzzing around on the ceiling. His ceiling was made of square tiles. As he watched,
he realized that he could describe the position of the fly by the ceiling tile he was on. After
this experience, he developed the Cartesian coordinate
system.
Procedure:
The teacher draws on the board a coordinate grid where a
fly is sitting on! He makes simple questions and statements
just to connect the previous story of Descartes’ life with the
students’ experience and understanding.
Sam, the chameleon wants to eat the fly. Sam knows that
the fly is at point (4, 3). What should he do?
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Sam starts at the origin. So far, he has not moved along the x-axis or the y-axis, so he is at
point (0, 0).
Because he wants to find (4, 3), Sam moves four units along the x-axis.
Next, Sam turns around and shoots his tongue three units. Sam's tongue goes straight up, in
the same direction that the y-axis travels.
Sam has found point (4, 3). He eats the fly happily!



Stage 4: Descartes’ thought – 5 minutes
The teacher reads loudly from the students’ book the quotes assigned to Descartes and
asks the kids to choose one of them and write a small paragraph about it as homework.
Sources:

Brown, Deborah, Descartes and the Passionate Mind, Cambridge: Cambridge University Press, 2006
Glass Julie, The Fly on the Ceiling, a Math Reader, Paperback, 1998
Richard Watson - David R. Godine, Cogito Ergo Sum, Publisher, 2002
http://www-history.mcs.st-and.ac.uk/Biographies/Descartes.html
http://plato.stanford.edu/entries/descartes-works/#Med
http://themathworksheetsite.com/
http://mathforum.org/cgraph/cplane/coordinate.html
https://www.britannica.com/biography/Rene-Descartes
http://www.shodor.org/interactivate/activities/GeneralCoordinates/
http://www.iep.utm.edu/descarte/
Author

Page

187

Evangelia Manavaki (Ancient and Modern Greek Language, History, History of Art)

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

2016

Page

3. Subject: History of Art (through Mathematics)
Unit: Piet Mondrian (1872-1944) and the Cartesian grid
Aim: to let the students be familiar to Piet Mondrian, one of the most important painters of
the 20th century such as Mondrian's grid-work effectively began by using modular grids. It
is this modular grid that may rightly be regarded as the emblem of Modernism.
3.1 Objectives:
 To connect mathematics with art (grids)
 To connect the Cartesian geometry with the modern art by using geometrical terms
 To show how influential in design and familiar in popular culture to this day have been
Mondrian’s grids
3.2 Time available: 1 hour (45 minutes)
3.3 Students’ age:16
3.4 Assumption: The students should already know:
 The life and work of Piet Mondrian such as the biography demonstrates that one's life can
have a central purpose to fulfill for humanity – His era by the artistic view
Suggested solution:
o He was born in the Netherlands. He lived also in Paris, London and finally New York.
o For Mondrian, art and philosophy were deeply intertwined. He was a prolific writer and
theorist, and was drawn to spiritual and philosophical studies.
o “the key period”: 1914-1919
In 1914, Mondrian was visiting his sick father in Holland when World War I broke out. He
was unable to return to Paris until 1919. Despite being separated from the avant-garde in
Paris, Mondrian developed his style toward pure abstraction. Curved lines gradually
disappeared from his paintings along with all references to objects or nature.
 Mondrian's paintings of the 1920s are the clearest expression of his ideal of purity and
universal harmony.
o He used masking tape to create the straight-edged lines of his paintings. He also used the
walls of his house and studio as experimental spaces where he could compose shapes and
lines in preparation for his paintings.
 His fundamental ideas for art
Suggested solution:
o Mondrian believed that art reflected the underlying spirituality of nature.
 He simplified the subjects of his paintings down to the most basic elements, in order to
reveal the essence of the mystical energy in the balance of forces that governed nature and the
universe.
 He always thought of the grid as a figure of the most extreme dynamism, in fact, as the
first sign of dynamic relations, built, as it is, on the fundamental opposition between the
vertical and the horizontal - the opposition that he refused to mediate with the use of
diagonals - just as the grid normally changes its appearance with the compositional variations
of a work.
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3.5 Materials and equipment: white papers, markers, rulers, students’ book, board, PC with
Internet access
3.6 Methods and procedures: learning by thinking and by doing
3.7 Strategy
Stage 1- motivation - 10 minutes
Objective:
 to make the students wonder about basic principles of the modern art
Procedure: The teacher writes on the board the words

colour

line

MODERNISM
composition
subject matter

scale
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He asks the students to try to definite the term “modernism” and think about the choices that
an artist has to make about the rest.
Organization: altogether, in groups
Stage 2: talking about the Cartesian grid and Mondrian’s masterpieces– 10 minutes
Objective: To be understood how the Cartesian grid became an inspiration for some
masterpieces of the Abstract Art
Procedure:
The teacher explains that the grid
o as the sign of Cartesian space, it is characterized by its quantitative features of regularity,
uniformity, anonymity, homogeneity, repetition, lack of hierarchy, unlimited expansion and,
most of all, its own kind of predetermination.
o It is the sign of a prefabricated order, although not that of a natural harmony but of a
mathematical coordinate system.
o It provides the apriori structure of an empty space that has been released from the things
themselves.
o For Modernism, this is the space of another kind of representation, mental representation,
in which space is regarded as a framework that must precede the things that are represented in
it if they are to be subject to representation irrespective of their qualitative features.
The teacher shows the kids some of the Mondrian’ masterpieces made with grids (Internet
sources but mainly the student’s book).
Tableau No. IV, 1925
Composition II in Red, Blue, and Yellow, 1930
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Composition with Red, Yellow and Blue, 1942

Page

190

Stage 3: Drawing as Mondrian used to paint– 15 minutes
Objective:
 To give the kids the opportunity to use their drawing skills
 To make them feel as “an artist who has to make (difficult?) choices
Procedure:
The teacher shows on the board Mondrian’s painting
Lozenge Composition with Yellow, Black, Blue,
Red, and Gray, 1921
He asks the students:
 To draw a square (preferably using a straight
edge) in the middle of their piece of blank paper.
 To rotate the paper so that the square is oriented
in the same diamond shape as Mondrian’s canvas.
 To duplicate the lines that they see on their own
“canvas.”
 To imagine that the lines extend beyond the
canvas. So they have to extend as many they like to
fill the entire piece of paper.
 To colour the same shapes, as Mondrian did, but by using different colours.
 How about trying to colour two more shapes? Now, is the composition “balanced”?
 Then to try to understand and tell the others about their choices.
Stage 4: Mondrian’s impact – 5 minutes
 The teacher shows the kids some images of modern design objects influenced by
Mondrian’s pictures with grids. He uses Internet sources but mainly the student’s book.
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Sources:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Deicher, Susanne. Piet Mondrian, 1872-1944: Structures in Space. Taschen, 1999.
Lynn, Greg. Animate Forms. New York: Princeton Architectural Press, 1999.
Manning, Erin. Relationscapes: Movement, Art, Philosophy. Cambridge, MA: MIT Press, 2009.
Pickering Andrew, Guzik Keith. The Mangle in Practice: Science, Society, and Becoming, Duke
University Press, 2008.
http://www.piet-mondrian.org/
https://www.moma.org/momaorg/shared/pdfs/moma_learning/docs/MAI4_1.pdf
http://www.focusing.org/apm_papers/schuf.html
https://books.google.gr/books?id=OB5pPtGQuZgC&dq=mondrian+cartesian&hl=el&source=gbs_n
avlinks_s
http://www.theartstory.org/artist-mondrian-piet.htm
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Unit 11
Topic: Science and Sport
Conceived by the Italian partner
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Argument: Uniform motion; waste of nutrients and energy during motion, functions of
nutrients.
Aim: Outlining the scientific implications of a sports activity such as flat racing (1000m),
realizing the correct diet for the teenager sportsman
1. Subjects: Physical Education, Maths, Physics, Sciences, English Language
1.1 Objectives:
 Studying principles of a correct diet nutritional needs during teenage years
 Nutritional needs of a sportsman.
 Development of a program to outline a correct diet for a sporty teenager
1.2 Time available: 8 hours
1.3 Students’ age:15-16
1.4 Assumptions regarding previous knowledge:
 scalar and vector quantities;
 International System of Units;
 linear equations, proportions;
 graphic representation of data;
 structure and functions of biological macromolecule;
 nutrients.
1.5 Materials and equipment: sports center and facilities, measuring devices, computer with
available software ( excel, word, geogebra, powerpoint,) LIM.
1.6 Methods and procedures: getting data in the field, traditional lectures, problem solving,
cooperative learning
1.7 Strategy:
1.7.1.Stage 1- Applications:
 Computing the time of the race of the students
 Realization of a board
 Realization of a space-time diagram (EXCEL)
 Computing the average speed
 Computing the energetic balance of a teenager according to the selected sport
1.7.2.Stage 2 -Evaluation -2 tests of 10 questions
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Selected Subjects

Contents

Physical Education

Collection of data
related to the 1000m
race.

Maths

Physics

Science and Sport

Sciences

English Language

Skills

Keeping the speed as constant
as possible in order to obtain an
excellent performance.
Getting to measure lengths and
time
Direct proportionality. Getting able to recognize the
different types of proportionality
Employing Excel to
among quantities.
realize tables and
Getting able to realize a graph
graphs.
starting from the table and
viceversa
Kinematics : average Finding out the rules through
speed,
the observation of a set of data.
uniform motion,
Being able to calculate the
various motion
average speed.
Being able to change the unit of
measure of velocity from km/h
into m/s and viceversa
Getting able to understand a
distance-time diagram.
Function of biological Analysis of one’s feeding habits
macromolecule.
related to what you learned.
Nutrients.
Assessment of food proprieties.
Food Table.
Activate necessary correction if
needed.
Outlining a correct diet for a
teenager sportsman.
CLIL:
Explain the meaning of
- Uniform motion
keywords.
- Teen-agers’ diet
Pronounce formulae and
definitions.

Time
1 hour

1 hour

2 hours

3 hours

1 hour

Science and sport PPT:
https://drive.google.com/file/d/0B_boFlXCSw5vUVFCcTZqMmtEc3c/view?usp=sharing
Menu instructions:
https://drive.google.com/file/d/0B_boFlXCSw5veVNOdVJkc1ZRR00/view?usp=sharing
Weekly menu:
https://drive.google.com/file/d/0B_boFlXCSw5vSlNGczM1Q3lBaHc/view?usp=sharing
Tutorial menu:
https://drive.google.com/file/d/0B_boFlXCSw5vYm50MnlxanA3cWs/view?usp=sharing
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Deriu Nicoletta (Mathematics and Physics)
Nobile Monica (Science)
Moretti Mauro (Science)
Benedetti Loredana Cinzia (Science)
Storcè Maria Grazia (English)
Coletta Maria Matilde (English)
Ubertini Laura (ITC)
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Unit 12
Topic: Kinematics and Road Safety

Page

Argument: Safety distance (reaction distance + braking distance). Alcohol metabolism,
blood alcohol levels and effects on CNS
Aims: Being able to calculate the safety distance, as the sum of reaction distance and braking
distance; understanding and calculating how alcohol affects the reaction time
1.Subjects: Physics, Science, English Language, Citizenship, ICT
1.1 Objectives:
 Creation of a Java Script program which allows us to calculate the safety distance starting
from the initial velocity, individual reaction, road and tyres conditions
 Gathering information on alcohol limit rules in all the partners’ states.
1.2 Time available: 8 hours
1.3 Students’ age:15-16
1.4 Assumptions regarding previous knowledge:
 International System of Units,
 linear and quadratic equations,
 equations of kinematics,
 kinetic friction force,
 organic molecules,
 metabolism
1.5 Materials and equipment: computer with available software ( excel, word, geogebra,
powerpoint,) LIM
1.6 Methods and procedures: attracting the attention of the students engaging them in physics
through a real-world scenario, specialized website, problem solving, cooperative learning, peer
education.
1.7 Strategy:
1.7.1.Stage 1- The teacher goes through a Power Point Presentation (CTRL + click to
open file): road_safety.pptx
1.7.2. Stage 2- Applications: Calculus of blood alcohol levels (CTRL + click to open file):
Blood alcohol levels.xlsx
1.7.3. Stage 3- Evaluation through further practice: 2 tests of 10 questions
Task 1: produce an Excel spreadsheet where Δsf (m) is function of v0 (km/h) and report data
on a graph.
Task 2: produce an Excel spreadsheet where Δsf (m) is function of μ and report data on a
graph
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Let’s use following values for μ:
• dry road: 0,7
• wet road: 0,4
• muddy road: 0,2
• icy road: 0,1
Authors:
Liceo Scientifico Statale "Paolo Ruffini"- Viterbo, ITALY
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Deriu Nicoletta (Mathematics and Physics)
Nobile Monica (Science)
Moretti Mauro (Science)
Coletta Maria Matilde (English)
Ubertini Laura (ITC)
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Unit 13
Topic: Science and Orienteering
Conceived by the Italian partner
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Argument: Orienteering rules. Map reading. Use of compass
Aims: to interpret map scales, to learn how to calculate a slope grade, to know the name, the
origin and the particular features on the species of the trees you can find in the park of your
town.
1.Subjects: Physical Education, Maths, Sciences, English Language, ICT
1.1 Objectives:
 be familiar with the map and with the concept of map scaling
1. be familiar with IOF ( International Orienteering Federation) symbols
2. be able to use a compass
1.2 Time available: 7 hours
1.3 Students’ age:15-16
1.4 Assumptions regarding previous knowledge:
 Proportions
 IOF ( International Orienteering Federation) symbols
 compass use
1.5 Materials and equipment: computer with available software (excel, word, powerpoint),
LIM
1.6 Methods and procedures: getting data in the field, researching data in web, traditional
lectures, problem solving, cooperative learning, peer education.
1.7 Strategy:
1.7.1.Stage 1- Practice
Task 1 : We have chosen the public park in our town and we had its orienteering map (fig.1).

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
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a. We took pictures of some of the trees there.
https://drive.google.com/file/d/0B_pM3LrQWBB7bzE1cTZEdFJTd1k/view?usp=sharing
https://drive.google.com/file/d/0B_pM3LrQWBB7emZydngzaUIxREU/view?usp=sharing
https://drive.google.com/file/d/0B_pM3LrQWBB7eDhHRVdnYjlGVTA/view?usp=sharing
https://drive.google.com/file/d/0B_pM3LrQWBB7aGNYUmJfdFd6VVE/view?usp=sharing
b. We paired up the students and each pair chose at least two pictures of the trees which we
had previously uploaded on the platform GOOGLE CLASSROOM
c. Each pair searched for some information on the chosen species and their work was
published and shared on the following table:

Image / Immagine

Name, origin and
particular features
SOPHORA JAPONICA
PENDULA

Nome, origine e
caratteristiche particolari
SOPHORA JAPONICA
PENDULA

Origin: China and Korea.

Origine: Cina e Corea.

Characteristic features:

Caratteristiche:






Dimension: 4x3 m,
slowly reached.
Flowers: terminal
panicles, usually
long up to 30 cm,
and small scented
white flowers.
Berries: pods.

MAGNOLIA OBOVATA
PURPUREA






Dimensioni: 4x3m
raggiunti
lentamente.
Fiori: pannocchie
terminali, lunghe
fino a 30 cm, e
piccoli fiori bianchi
profumati.
Bacche: baccelli.

MAGNOLIA OBOVATA
PURPUREA

Origin: Eastern Asia.

Origine: Asia orientale.

Characteristic features:

Caratteristiche:








Fiori: rosa/viola
all’esterno, bianchi
all’interno.
Fase di fioritura:
aprile/maggio.
Non sempreverde.
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Flowers:
pink/purple outside,
white inside.
Flowering phase:
April/May.
Not evergreen.
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Nome, origine e
caratteristiche particolari
AESCULUS
HIPPOCASTANUM

Origin: Eastern Europe

Origine: Europa orientale

Characteristic features:

Caratteristiche:






Foliage: regular and
roundish, can achieve
a diameter of 10-12
metres.
Leaves: palmate,
composed of 5-7 little
green-yellow leaves.
Growth: slow, it can
reach and exceed 25
metres of height.







Chioma: regolare o
rotondeggiante, che
raggiunge un
diametro di 10-12 m.
Foglie: palmate,
composte da 5-7
foglioline e di colore
verde-giallo.
Crescita: lenta,
raggiunge e supera i
25 metri di altezza.

ARAUCARIA ARAUCANA
also known as
MONKEY PUZZLE TREE

Origine: Nuova Caledonia

Origin: New Caledonia

Caratteristiche:

Characteristic features:




Evergreen coniferous.
Flowers: green or
brown, 10 cm long.
Growth: up to 30 m.

ARAUCARIA ARAUCANA





QUERCUS ILEX

Conifera
sempreverde.
Fiori: verdi o
marroni, lunghi 10
cm.
Crescita: fino a 30 m.

QUERCUS ILEX

Origin: Mediterranean
regions.

Origine: regioni
mediterranee.

Characteristic features:

Caratteristiche:





Flowers: yellow
catkins.
Leaves: elliptical or
oval, 7.5 cm long.
Growth: from 5 up to
20 metres.





Fiori: amenti gialli
Foglie: ovali o
ellittiche, lunghe 7.5
cm circa.
Crescita: da 5 a 20
metri.

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

199

Name, origin and particular
features
AESCULUS
HIPPOCASTANUM

Page

Image / Immagine

2016

TEACHER’S BOOK VOLUME 1

Name, origin and particular
features

Nome, origine e
caratteristiche particolari

LAURUS NOBILIS

LAURUS NOBILIS

Origin: Mediterranean
regions.

Origine: regioni
mediterranee.

Characteristic features:

Caratteristiche:



Flowers:light yellow.
Flowering phase:
spring.
Growth: up to 10
metres.

BUXUS
SEMPERVIRENS





Fiori: giallo chiaro.
Fase di fioritura:
primavera.
Crescita: fino a 10
metri.

BUXUS
SEMPERVIRENS

Origin: Europe, Western
Asia, Northern Africa.

Origine: Europa, Asia
occidentale, Nord Africa.

Characteristic features:

Caratteristiche:








Evergreen bush plant.
Foliage: thick and
abundant.
Leaves: small, with a
strong scent.
Bark: dark and
rugged; greyish brown
in adult plants and
lighter in younger
plants.
Growth: up to 6
metres.








Arbusto sempreverde.
Chioma: folta e
abbondante.
Foglie: piccole, con
un forte aroma.
Corteccia: scura e
rugosa; marrone
grigiastra nelle piante
adulte e più chiara
nelle piante più
giovani.
Crescita: fino a 6
metri.

1.7.2. Stage 2- Evaluation through further practice:
The P.E. teacher held a class on orienteering, showing the students the necessary material;
students were then asked to practice using the compass and the orienteering map.
https://drive.google.com/file/d/0B_boFlXCSw5vNWRVS1liNjJhM1k/view?usp=sharing
https://drive.google.com/file/d/0B_boFlXCSw5vU08ydmdYNF9jWjg/view?usp=sharing
https://drive.google.com/open?id=0B_boFlXCSw5vUW1wMEhFY2RTYzg
https://drive.google.com/open?id=0B_boFlXCSw5vYmw1WWppbEtSRDA
https://drive.google.com/open?id=0B_boFlXCSw5vTGI0NjllVlRaS0k
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https://drive.google.com/open?id=0B_boFlXCSw5vRVBaeFo3XzJYNDg
https://drive.google.com/open?id=0B_boFlXCSw5veER1SFIxcTB2TTg
https://drive.google.com/open?id=0B_boFlXCSw5vSlhFWkZDU0tTZWM
Power Point:
https://drive.google.com/open?id=0B_boFlXCSw5vVEl1NjNNWENTWnc
Authors:
Liceo Scientifico Statale "Paolo Ruffini"- Viterbo, ITALY
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Deriu Nicoletta (Mathematics and Physics)
Nobile Monica (Science)
Di Paolo Stefania (Science)
Coletta Maria Matilde (English)
Neri Massimo (P.E.)
Ubertini Laura (ITC)
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Unit 14
Topic: Arsenic and Drinking Water
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Argument: The province of Viterbo (Italy) features a large amount of arsenic in drinking
water, which has clashed with European regulations. That’s the reason why the topic
"Arsenic and Drinking Water" is important in order to raise students' awareness of local
environment.
Moreover the present topic offers the opportunity of planning a course which alternates
theory and hands-on experience for students. These activities will encourage cooperative and
independent study.
Aims: To understand the importance and the role of the water in our life and in the
environment .
1.Subjects:
1.1 Objectives:
 To identify the peculiar properties of water in physics
 To understand the biological consequences of the peculiar properties of water
 To be able to find the answer at the question “Where does arsenic come from?”
 To explain the hydrological cycle
1.2 Time available: 7 hours
1.3 Students’ age:15-16
1.4 Assumptions regarding previous knowledge:
 The physical quantity
 Temperature temperature scales,
 Heat
1.5 Materials and equipment: computers provided with application software (Word,
PowerPoint), Interactive Board, scientific journals, website by the Regional Environmental
Protection of Lazio (ARPA Lazio)
1.6 Methods and procedures: researching data in web, traditional lectures, problem solving,
cooperative learning, peer education.
1.7 Strategy:
1.7.1.Stage 1- The teacher starts through a short theoretical explanation.
A WATER MOLECULE
A water molecule is made up of two
hydrogen atoms bound to an oxygen atom;
the two bonds form an angle of 104,5°. The
bond polarity and the layout of the molecule
make the water molecule POLAR.
Because of their polarity, water molecules
tend to join. The negative part of a water molecule, oxygen, tends to

202

Conceived by the Italian partner

TEACHER’S BOOK VOLUME 1

2016

approach the positive part of another water molecule, hydrogen, and so on…
This kind of bond is called “HYDROGEN BOND”.
1.7.2 Stage 2 - Study the peculiar properties of water in physics and their biological
consequences
The unusual density curve and the lower density of ice compared to that of water are two
vital features for life under water.



Great thermal capacity of water and its biological consequences
C=

(J/K) ; C = c·m

“c” is the specific heat of the material.
Thermal equilibrium
The equilibrium temperature:
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A sea breeze is a gentle wind blowing from sea
toward land, whereas a land breeze, blowing from
land to sea, is the reverse effect; both are due to
differences in air pressure created by the different
heat capacity of sea and land. Both are important
factors in the climate of coastal regions.

1.7.3 Stage 3 – Debate. Where does wather come from?
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WATER AS A RENEWABLE RESOURCE
The hydrological cycle
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WATER DISTRIBUTION ON THE PLANET
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ARSENIC IS A REAL PROBLEM FOR HUMANS
Exposure to arsenic inorganic compounds (listed by IARC- International Agency for
Research on Cancer, in category 1: definite cancerogenic agents in humans) has been
associated to the onset of different kinds of cancer: skin, bladder, kidney, lung, liver, colon,
prostate.
We’ve looked up on the internet the level of arsenic in water sources in our town, Viterbo
(tests conducted by the Regional Environmental Protection of Lazio - ARPA Lazio) on
samples taken by company staff:
ARSENIC
Viterbo – Serbatoio Grotticella μg 9 per litro
Viterbo – Serbatoio 480 μg 9 per litro
Viterbo – Serbatoio Monte Jugo μg 6 per litro
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1.7.4 Stage 4 – Study case. What water are we drinking?
It is important to know the differences between drinking water and mineral water.
Drinking water is constantly checked for its physical, chemical and microbiological standards
such as hardness, total dissolved solids (i.e. the amount of mineral salts left after the
evaporation of one litre of water at 180°C), pH, temperature, content of nitrates and other
substances, including arsenic.
Regulations are meant to avoid any risk for users’ health, enforcing daily checks with stricter
limits for many different standards.
Task 1. Identify where does arsenic come from. Is arsenic a real problem for humans?
Solution:
FROM NATURAL ELEMENTS
•
The geological features of the ground
•
Sedimentary rocks
FROM HUMAN CAUSES
•
Intensive crops
•
Burning of fossil fuel
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Viterbo – Serbatoio Settecannelle μg 9 per litro (valore medio)
Fontanelle alimentate: viale Trieste, strada Capretta, via del Lavatoio (La Quercia), Campo
Graziano (La Quercia)
Viterbo – Serbatoio 3000 μg 10 per litro
Fontanelle alimentate: fontana Settecannelle, F.P. Grotticella, Area pic-nic forestale
Viterbo – Acquedotto Stazione Porta Fiorentina μg 8 per litro
Bagnaia – Serbatoio Votamare Chiesuola μg 8,5 per litro (valore medio)
Fontanelle pubbliche alimentate: via Zuccari, strada Romana, via Pontevejano, piazza XX
Settembre, via Malatesta, Indipendenza, via card. de Gambara, via Schizzaloca, via
Gianbologna, via Tondi, piazza del Santuario (La Quercia)
Serbatoio Pratoleva – Montanciano (Fastello – Strada Teverina) μg 6 per litro
Serbatoio Magugnano (Grotte S. Stefano – Vallebona) μg 6 per litro
Serbatoio Montesecco (Roccalvecce – S. Angelo di Roccalvecce) μg 7 per litro
Serbatoio Montecalvello μg 8 per litro
Castel d’Asso – Rete Pidocchio μg 9 per litro
S.Martino al Cimino – Serbatoio Campo sportivo μg 4 per litro
S.Martino al Cimino – Serbatoio Colonia μg 6 per litro
S.Martino al Cimino – Serbatoio Balletti (F.P. Strada Campolongo) μg 5 per litro
Serbatoio Canale - Rete Tobia μg 3 per litro
Serbatoio Carlini - Rete Carcarelle μg 5 per litro
Rete Rio Trai μg 10 per litro
In base al D.Lgs.31/2001 il valore limite per l’arsenico è pari a μg 10 per litro
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2.7.5. Stage 5. Evaluation through further practice
Task 1. Collect samples from different water sources in our city and check water quality
using lab-kits;
Task 2. Look up on the internet the level of arsenic in water sources located in different
towns situated in the province of Viterbo;
Task 3. Look up chemical and physical properties of water from local thermal springs;
Task 4. Measure the specific heat of some materials.
Click on for power point presentation “ARSENIC AND DRINKING WATER”:
https://drive.google.com/file/d/0B_boFlXCSw5vSFoyeUtVdmpxemlsaW5VNUt2cjdTTVZtU2
NF/view?usp=sharing
Authors:
Liceo Scientifico Statale "Paolo Ruffini"- Viterbo, ITALY
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Unit 15
Topic: Action and Reaction:
examples from animal movement
Conceived by the Italian partner
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Argument: Third law of Motion; working of locomotion apparatus in some animal classes,
taken as examples.
Aim: highlight physics basic principles of motion and give examples from the animal world.
1. Subject: Physics, Science, English
1.1 Objectives:
 Recognizing applications of the Third Law in animal movement;
 Recognizing the complementary role of muscles and bones in different kinds of
movement, with special attention for structure-functional relationships.
1.2 Time available: 7 hours
1.3 Students’ age:15-16
1.4 Assumption: The students should already know (that) :
 Types of forces
 Pressure
 First and second laws of Motion
 Animal locomotion system (muscles and bones)
 Physical properties of water and air.
1.5 Materials and equipment: computers provided with application software (Word,
PowerPoint), Interactive Board, videos, scientific journals.
1.6 Methods and procedures: lectures, problem solving activities, cooperative learning, peer
education.
1.7 Strategy:
1.7.1.Stage 1-The teacher goes through presenting documentary films on movement for some
animal classes. Approaching the action-reaction law as one of the motion governing laws in
Physics, making use of the interactive board.
Task 1. student activity: browsing of paper and online scientific journals find examples of
motion governed by the action-reaction law.
Task 2. Students looking up on the WEB examples of motion governed by the actionreaction law.
Task. 3 Developing a PowerPoint presentation to accompany peer education activities where
students will show parallel classes their project
1.7.2. Stage 2. Evaluation through further practice:
Solve two 10 question tests
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Multidisciplinary
work

Subjects
involved

Contents per
subject

Solicited Competences

Time

Action and
Reaction: examples
from animal
movement

Physics

Third law of
Motion.

Recognizing applications of
the Third Law in animal
movement.

2
hours

Science

Working of
locomotion
apparatus in some
animal classes,
taken as
examples.

2
hours

English

CLIL:
-Third Law of
Motion
-Locomotion
apparatus

Recognizing the
complementary role of
muscles and bones in
different kinds of
movement, with special
attention for structurefunctional relationships.
Explaining the meaning of
key terms.
Being able to pronounce
formulae and definitions
correctly.
Understanding videos in
the English language or
with English subtitles.

3
hours

PowerPoint Presentation:
https://drive.google.com/file/d/0B_boFlXCSw5vMkVZcFd3c2RuMjg/view?usp=sharing
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Unit 16
Topic: Mitochondria as the place of production
of the energy consumed by organisms
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Argument: In order to live every organism requires energy. Within every living cell, whether
a bacterium or a part of a complex organism of a plant or an animal, certain reactions occur in
order to either produce or consume energy. In the animal kingdom, which includes humans
too, the only way to supply power is to eat another organism. Animals cannot use solar
power, as autotrophic plants do. Thus, any of their activities begins with obtaining food.
Every bite of food enters the gastrointestinal tract, where enzymes gradually break large
molecules into smaller ones: proteins into amino acids, fats into fatty acids and carbohydrates
into simple sugars, for example glucose. The degraded nutrients get to individual cells of the
body, wherein in the catabolic processes they are decomposed into the simplest inorganic
compounds, such as carbon dioxide, water and ammonia. This degradation is accompanied by
the production of energy, which is then "trapped" mainly in the molecules of adenosine
triphosphate, or ATP. This relatively simple relationship - abundant in all organisms on Earth
- is used to power all life processes.
The above mentioned reasons are, in our opinion, more than enough to include the topic of
„Mitochondria as the place of production of the energy consumed by organisms” among the
subjects which deserve to be known and, consequently, to be cross-curricularly studied by
our students.
Aims:
 Understanding the world of organisms at different levels of the organization of life.
 Reading, selecting and processing information obtained from a variety of sources.
 Broadening knowledge of construction and operation of living organisms, including
human.
 Explanation of cause-and-effect relationships, drawing conclusions, formulating and
presenting opinions on the biological topics discussed.
 The conviction of materiality and know ability of the world.
1. Subject: Biology (with elements of chemistry)
1.1 Objectives:
A student will be able to:
 describe the construction of mitochondria
 substantiate the role of mitochondria as an energy source
 explain what determines the number and arrangement of mitochondria in the cell
 enumerate arguments in support of the validity of the theory of the endosymbiosis
 explain why mitochondria are called semi-autonomous organelle
 describe high-energy compounds illustrated with an example of ATP.
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record the aggregate reactions of breathing with the participation of ATP, select
substrates and products of these reactions
 point out how energy produced in the mitochondria may be exploited both in a cell and an
organism
 recognize the relationships between the structure and the functioning of the body
1.2 Time available: 1 hour
1.3 Students’ age:15-16
1.4 Assumption: The students should already know (that):
 building blocks of animal cells and show them on the diagram, picture or
photomicrograph,
 similarities and differences between prokaryotic and eukaryotic cells, as well as between
plant, fungal and animal cells.
 the concept of metabolism and its types
 identify substrates and products of aerobic respiration
 enumerate types of energy used by living organisms, and how to exploit it
1.5 Materials and equipment:
teaching aids:
 computer, whiteboard, marker, worksheets, projector
 diagrams, printed out microscopic photos (copies) or their electronic version: the
construction of animal cells, mitochondria, the construction of the ATP
 source texts
1.6 Methods and procedures:
 Forms of work: individual, in pairs, group or collective
 Work with a source text, analysing diagrams, filling in worksheets, debate
1.7 Strategy
1.7.1 Stage 1- The teacher goes through some previously acquired theoretical concepts
( 5-10 minutes)by asking the following questions:
 What is the organizational structure of organisms?
 How is an animal cell constructed?
 How are biological membranes constructed?
 What is metabolism? What types of transformations occurring within the cells can be
differentiated?
 Which part of the cell is responsible for energy production?
1.7.2. Stage 2 Application
Task 1
The context for the implementation of the lesson: formal/ indoors, in the classroom
Objectives - a student will be able to:
 describe the construction of mitochondria;
 improve reading skills based on the source text
 develop team work skills, as well as interpersonal skills
Time available: 15 minutes
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Source text no. 1
Mitochondria are cellular organelles, in which the process of aerobic respiration takes
place. Their task is to gradually capture the energy released during the decomposition of food
particles and to use it to synthesize ATP (adenosine triphosphate), the universal energy
carrier, useful for the cell. Mitochondria are large in size (usually 2 to 8 microns) and can be
observed even under a light microscope. There are present in almost all eukaryotic cells excluding erythrocytes. The different cells of mitochondria can have different shapes: round,
oval or less commonly slender and branched. Their number varies. In unicellular organisms
often only one mitochondrion is present. In plant cells, undifferentiated animal cells,
regenerative cells, lymphocytes and epithelial cells several hundred such organelles are
present. Especially many, approx. 1-2 thousand mitochondria, are present in hepatocytes,
cells of gastric glands, renal tubular winding and adrenal cells or the heart muscle tissue type
cells. The number of mitochondria can grow as
they are capable of cell division.
The location of mitochondria in a cell is
not permanent. As a result of the movements of
cytoplasm, or through binding to cytoskeletal
elements, mitochondria have the ability to move
in the direction of increased power consumption.
Mitochondria are also capable of temporarily
storing calcium, as a part of the processes
responsible for the maintenance of calcium
balance in the cell. Mitochondria are surrounded
by two membranes constructed with a double layer of protein-lipid. The inner mitochondrial
membrane, as opposed to the outside one, is strongly folded in a multiple mitochondrial
crests directed towards the interior of the organelle. Both mitochondrial membranes are
divided into two compartments: a large internal space filled matrix (or mitochondrial matrix)
and a narrow intermembrane space. A matrix comprises a circular molecule of mitochondrial
DNA (mtDNA), a set of specific tRNA, ribosomes (70S - as opposed to cytoplasmic 80S
ribosomes), and various enzymes. The inner mitochondrial membrane contains significantly

211

Organization: work in pairs, individual filling in worksheets
Procedure: Short animation about mitochondria Powering the Cell: Mitochondria - YouTube
(https://www.youtube.com/watch?v=RrS2uROUjK4)
Students analyse sources (texts and pictures).
Following the analysis of the text, students answer questions:
a. How is a mitochondrion constructed? 2. What size and shape is it?
b. Complete the diagram of the mitochondrion by naming the highlighted elements and
other items not presented on the diagram.
c. What determines the number of mitochondria in the cell? Give an example of tissue
whose cells are rich in mitochondria.

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

TEACHER’S BOOK VOLUME 1

2016

more protein than the outer membranes - these are the proteins responsible for cellular
respiration, as well as carriers transporting metabolites and ions.
Task 1-a.
Complete the diagram of the mitochondrion by naming
the highlighted elements and other items not presented on
the diagram.
1 –……………………………………………………
2 –……………………………………………………
3 –……………………………………………………
4 – ……...……………………………………………
Other –………………………………………………
The size of the mitochondrion: …………………………………………………………
The shape of the mitochondrion:……………………..…………………………………
Task 1-b.
Fill in the text:
The number of mitochondria in a cell depends on
……………………………………………………….......................................................
Three examples of tissues or organs, whose cells are rich in mitochondria …………………………………………………………………………………………………
…………………………………………………………………………………………………
……………………...................................................................................................................
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Task 2
The context for the implementation of the lesson: formal/ indoors, in the classroom.
Objectives - a student will be able to:
 enumerate arguments in support of the validity of the theory of the endosymbiosis
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Exemplary solution suggested task 1a:
1 – The inner mitochondrial membrane
2 – The outside mitochondrial membrane
3 – The mitochondrial crests
4 – The mitochondrial matrix
Other items not presented on the diagram: mtDNA, tRNA,ribosomes
The size of the mitochondrion - usually 2 to 8 microns
The shape of the mitochondrion - round, oval or less commonly slender and branched
Exemplary solution suggested task 1b:
The number of mitochondria in a cell depends on cell activity.
Three examples of tissues or organs, whose cells are rich in mitochondria: cells of gastric
glands, renal tubular winding and adrenal cells

TEACHER’S BOOK VOLUME 1

2016

 explain why mitochondria are called semi-autonomous organelles
 improve reading skills based on the source texts
 develop team work skills, as well as interpersonal skills
Time available: 10 minutes
Organization: work in groups of 3-4 students
Procedure: each student analyses the text Source No. 2, and then together with colleagues
determines the validity of arguments in support of the endosymbiont theory and explains why
mitochondria are called semi-autonomous organelles

Page

1. Enumerate arguments in support of the validity of the theory of the endosymbiosis ..……………………………………………………………………………………………
………………………………………………………………………………………………
…………………………………..
2. Explain why mitochondria are called semi-autonomous organelles .................................................................................................................................................
.................................................................................................................................................
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Source text no. 2
Currently, the most widely accepted view is
that mitochondria are the descendants of
some endosymbiotic organisms, similar to
today's bacteria that somehow survived
endocytosis into another cell and have been
incorporated into the original eukaryotic
organisms. Endosymbiont theory was first
proposed by Konstantin Mereschcowsky in
the early twentieth century. This view was
popularized after some changes in the 70s of
the twentieth century by Lynn Margulis. The
ability to perform aerobic cellular respiration in mitochondria, which capacitated obtaining
more energy than other organisms from the same amount of food, was a big evolutionary
advantage and contributed to the evolutionary success of the organisms possessing
mitochondria. It also increased the number of environments in which these organisms can
thrive. It is estimated that this endosymbiotic took place approx. 2 to 1.7 billion years ago.
Mitochondria have many features in common with prokaryotes. The mitochondrion contains
a DNA which is organised in the form of several copies of a single, circular nucleoid, as is
the case in prokaryotes. Moreover, the mitochondrial genetic code is encoded in a similar
way to proteobacteria. Even ribosomes encoded by mitochondrial DNA resemble those that
can be found in prokaryotes in shape and size. They are 70S in size, same as bacterial
ribosomes, rather than 80S, which is typical of ribosomes in the cytosol of a eukaryotic cell.
This indicates that the ancestor of mitochondria was an organism belonging to proteobacteria.
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Exemplary solution suggested task 2:
1. Enumerate arguments in support of the validity of the theory of the endosymbiosis:
a. The mitochondrion contains a DNA which is organised in the form of several copies
of a single, circular nucleoid, as is the case in prokaryotes.
b. The mitochondrial genetic code is encoded in a similar way to proteobacteria.
c. Ribosomes encoded by mitochondrial DNA resemble those that can be found in
prokaryotes.
2. Explain why mitochondria are called semi-autonomous organelles:
a. Mitochondria are called semi-autonomous organelles because they have their own
DNA.

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

Page

c. What is the total record of aerobic respiration reaction? Highlight the substrates and
products of this reaction.
d. The amount of energy supplied is important for health reasons. What is the amount of
energy we get from individual nutrients? What is the energy balance of the body?
Exemplary solution suggested question b:
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Task 3
The context for the implementation of the lesson: formal/ indoors, in the classroom
Objectives - a student will be able to:
 describe high-energy compounds illustrated with an example of ATP.
 record the aggregate reactions of breathing with the participation of ATP, select substrates
and products of these reactions
 point out how energy produced in the mitochondria may be exploited both in a cell and an
organism
 recognize the relationships between the structure and the functioning of the body
Time available: 15 minutes
Organization: group work - debate
Procedure: students answer teacher's questions based on the analysis of source texts,
picture no. 3 and previously acquired knowledge:
a. What is the role of mitochondria?
b.What are the components of ATP? Where exactly is the energy bound within the molecule?
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ATP is a nucleotide molecule consisting of a nitrogenous base - adenine N-glycosidic bond to
a sugar molecule - ribose and three phosphate residues connected to one another by two
anhydride linkages. Hydrolysis of anhydride between residues phosphate is the energy source
in most biochemical processes that involve ATP.
Solution of question c:

PRODUCTS
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Exemplary solution suggested question d:
The energy value of nutrients is expressed in kilocalories (kcal) and kilojoules (kJ).
1 g of protein = 4 kcal, 1 g of carbohydrates = 4 kcal, 1 g of fat = 9 kcal
Energy balance - a form of presentation of the metabolism of living organisms; it compares
the amount of energy supplied from food with the energy expenditure of the specific
organism.
 positive: the value of energy expenditure is lower than the energy supplied to the body
with food; such balance may lead to weight gain and increase the risk for other
diseases of affluence;
 negative: the value of energy expenditure is greater than the energy supplied to the
body with food; such balance poses a risk of weakness and weight loss
 balanced: the most appropriate balance, should not lead to any diseases and
complications;
1.7.3 Stage 3 - Evaluation through further practice:
The context for the implementation of the lesson: formal/ indoors, in the classroom or
informal/ at home
Objective:
 Checking the implementation of the general and specific objectives by solving control
tasks
Time available: 10 minutes
Organization: individual work
Procedure: each student, using the knowledge acquired during the lesson, solves the
following tasks:
Task 1.
Complete sentences:
a) Mitochondria are called „energy centres of cells”
…………………………………………………...
b) The number of mitochondria in a cell depends on
……………………………………………………
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c) The erythrocytes have no mitochondria because
……………………………………………………..
Answer a: The process of cellular respiration and ATP production takes place in
mitochondria.
Answer b: On the metabolic activity of cells (the more active, the more mitochondria it has)
Answer c: Mitochondria consume a lot of oxygen in the process of respiration, hence the red
blood cells cannot have them, as they would consume the oxygen transported.
Task 2.
Brown adipose tissue is characteristic of mammals. Hibernating mammals accumulate this
tissue around shoulder blades and clavicles. It differs from the usual (yellow) adipose tissue
in rich vascularization and a large number of mitochondria in the cells (hence its brown
colour). The main function of brown adipose tissue is quick heat production during
awakening from hibernation.
1. Demonstrate with a single argument the relationship between the construction of the
brown adipose tissue and the function performed by it.
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
Exemplary solution suggested task 2:
Adipose tissue has a large number of mitochondria, where aerobic respiration occurs and a
large amount of heat energy can be produced, which is necessary to quickly raise the
temperature reduced for the duration of hibernation.
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Task 4.Enter the name of the chemical compound, the construction of which is presented in
the diagram.
…………………………………………………………………………………………………
…………………………………………………………............................................................
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Task 3.
The diagram shows the construction of the mitochondrion.
a) Name the structures indicated.
b) Taking into account the construction of mitochondria, justify with two arguments that the
ancestor of mitochondria was an organism belonging to proteobacteria
…………………………………………………………………………………………………
Exemplary solution suggested question a:
The outer membrane, the inner membrane, mitochondrial crest, matrix
Exemplary solution suggested question b:
1) mitochondrion contains a DNA which is organised in the form of several copies of a
single, circular nucleoid, as is the case in prokaryotes
2) ribosomes encoded by mitochondrial DNA in shape and size resemble those that can be
found in prokaryotes - they have a size of 70S, same as bacterial ribosomes, rather than
80S, which is typical of ribosomes in the cytosol of a eukaryotic cell.
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Mark with an arrow and name the place where the
energy is stored in this compound.
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2. Subject: Mathematics (through Biology)
2.1 Objectives:
A student will be able to:
 describe macronutrients in foods and their calorific value,
 calculate the demand of energy for the individuals,
 calculate the daily demand of macronutrients,
 calculate the amount of macronutrients and their calorific value from a given amount of
food, as well as the percentage share of macronutrients,
 calculate BMI,
 calculate the caloric content of products based on macronutrients percentage,
 draw conclusions from the calculations carried out,
 perfect the analysis of tasks and teamwork.
2.2 Time available: 1 hour
2.3 Students’ age:15-16
2.4 Assumption: The students should already know (that):
 how to calculate percentage from a given number and how to calculate percentage when
the number is provided,
 concepts related to metabolism,
 the concept of power and energy measurement units,
 the concept of BMI and its functions.
2.5 Materials and equipment: teaching aids: computer, whiteboard, marker, worksheets,
projector
2.6 Metods and procedures:
 Forms of work: individual, in pairs
 Work with a source text, analising diagrams, filling in worksheets, debate
2.7 Strategy
2.7.1 Stage 1 - The teacher goes through some previously acquired theoretical concepts
( 5 minutes) by asking the following questions:
 What is the percentage?
 Why was percentage of numbers introduced?
 What is the energy value of foods?
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Solution of task 4:
The correct name of the chemical compound Adenosine triphosphate (ATP).
The correct name of the place of energy storing - highenergy (phosphate) bond
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What is BMI and what is its function?
What is the energy requirement of the human body?
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2.7.2 Stage 2 - Application
Task 1
The context for the implementation of the lesson: formal/indoors, in the classroom
Objectives - a student will be able to:
 improve listening comprehension,
 improve ability to use information provided and apply them in practice,
 improve the ability to analyze.
Time available: 15 minutes
Organization: debate, individual filling in worksheets, watching a film, Power point
presentation
Procedure: A brief discussion on nutrition and the body's requirement of energy supplied, as
well as revision of how to calculate the percentage of a number and what percentage of one
number is the second number. A short film presenting the calculation of the daily intake of
calories and the macronutrients quantity - a Youtube film. During the film the students
perform relevant calculations on the worksheet: the daily requirement of calories and
macronutrients in the diet, each student for themselves. During the film activity coefficients
will be presented, as well as protein and fat per kg of body weight ratio, to be chosen by the
students.
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ACTIVITY COEFFICIENTS:
ACTIVITY
Inactive, sedentary lifestyle
Relatively active (walks and exercise 1 to 2 times a week)
moderately active (exercise 2-3 times a week)
Active lifestyle (heavy exercise minimum 3 times a week)
Very active – (daily heavy exercise)
Protein
Fat

COEFFICIENT
1,1
1,2
1,4
1,5
1,6

1,5 - 1,8 per 1 kg body weight
0,5 - 1 per 1 kg body weight
WORKSHEET:
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Exemplary solution suggested:
Ad 1. man weighing 85kg
2485=2040 kcal
Ad 2. active lifestyle - coefficient 1,5
1,52040=3060 kcal
Ad 3. daily requirement of protein – coefficient 1,8
1,885=153g ; 1534=612 kcal ,
Ad 4. daily requirement of fats – coefficient 1
185=85g ; 859=765 kcal ,
Ad 5. daily requirement of carbohydrates – calculating the difference
3060 - (612+765)=3060-1377=1683 kcal
Task 2
The context for the implementation of the lesson: formal/ indoors, in the classroom
Objectives - a student will be able to:
 improve reading skills and comprehension,
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1. Calculate the amount of energy required for the basic needs of the organism PPM kcal
.......................................................................................................................................................
2. Calculate the daily requirement of energy in kcal
.......................................................................................................................................................
3. Calculate the daily requirement of protein in the diet in calories
.......................................................................................................................................................
4. Calculate the daily requirement of fats in the diet in calories
.......................................................................................................................................................
5. Calculate the daily requirement of carbohydrates in the diet in calories
.......................................................................................................................................................
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develop team work skills,
improve the ability to analyze text and perform independent actions based on the
example,
 improve computation with percent values.
Time available: 15 minutes
Organization: work in pairs
Procedure: each student analyzes the text for an example of calculating the amount of
energy contained in food and the percentages of macronutrients in the diet. After that students
perform similar calculations in pairs working with another example. When calculations are
finished, the results of operations are checked and their interpretation discussed.
Text:
Human body requires energy for all processes occuring in the organism. Each muscle
contraction, heart beat, respiration, the process of secretion of digestive enzymes or
hormones, maintaining constant body temperature requires the provision of energy, not to
mention physical labor. For a man the only source of energy is the chemical energy contained
in food. Proper nutritional ration should provide approx. 12  13% of energy from proteins,
27  35% energy from fat and the rest, that is 50  60% from carbohydrates. (...) It turns out
that the human energy metabolism can be measured and the science that deals with it is called
calorimetry. In the the science of nutrition high calorie unit of energy (kilocalories) has been
adopted, which is abbreviated “kcal”. As we know from physics, the international system of
units SI, however, requires the use of energy units in joules (J). Therefore:
1kcal  4,19kJ (kilojoule),

1000kcal  4,19MJ (megajoule),

1kJ  0,24kcal

(...) Food provides energy. It was established experimentally that:

These values are called net energy values and were designated by Atwater. We use them in
order to specify the energy value of food. Knowing the amount of ingested protein, fats and
carbohydrates we can easily calculate the energy value of food.
Example:
During the day, a seventeen-year student ate 2.5 kilograms of food in four meals. The
Sanitary-Epidemiological Station determined content of the following in the food: water,
protein, fats and ashes. Corresponding values were: 67, 4, 6, and 3%. Calculate the amount of
energy supplied with food and compare the results with the standard.
Solution:
1. Calculate what was the percentage of carbohydrates:
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provides 4 kcal (17kJ)
provides 9 kcal (37kJ)
provides 4 kcal (17kJ)
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1 g protein
1 g fat
1 g carbohydrates
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100%- (67%+4%+6%+3%)=100%-80%=20%
2. Calculate how many grams of carbohydrates were in the diet:
2500g 0,2=500g
and how much energy the ingested carbohydrates produced:
5004kcal=2000 kcal =8380 kJ
3. Likewise, calculate how many grams of fat and protein were in the diet and how much
energy they produced:
fats:
proteins:
2500g0,06=150g
2500g0,04=100g
1509kcal=1350kcal=5656kJ
1004kcal=400kcal=1678 kJ
4. The total amount of energy of carbohydrates, fats and proteins constitutes the energy value
of food (ash contains only minerals that do not provide energy):
2000+1350+400=3750kcal=15712kJ
5. It can also be verified whether the shares of energy from protein, fat and carbohydrates are
correct:

400
100%  11%
3750

1350
 100%  36%
3750

2000
100%  53%
3750

Solve the following task:
Does Mark maintain an adequate diet, when in 2.4 kg of his daily food consumption the fat
content was determined at 8%, proteins at 5%, water 65%, and ash 3%.
Solution suggested:
Ad. 1 carbohydrates share: 100%  (8%  5%  65%  3%)  100%  81%  19%
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amount of proteins in grams: 2400  0,05  120g
amount of energy produced from fats: 192  9  1728kcal
amount of energy produced from proteins: 120  4  480kcal
Ad. 4 total amount of energy: 1824  1728  480  4032kcal
Ad. 5 macronutrients share:
1824
 100%  45,2% carbohydrates
4032
1728
 100%  42,9% fats
4032
480
 100%  11,9% proteins
4032
Conclusion: Mark's diet is incorrect, he consumes too much fat, which should be replaced
with carbohydrates.
Task 3
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Ad. 2 amount of carbohydrates in grams: 2400  0,19  456g
amount of energy produced from carbohydrates: 456  4kcal  1824kcal
Ad. 3 amount of fats in grams: 2400  0,08  192g
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The context for the implementation of the lesson: formal/ indoors, in the classroom
Objectives - a student will be able to:
 calculate BMI,
 solve tasks based on the prevous example,
 draw conclusions on the basis of calculations carried out,
 improves teamwork and argumentation of their thesis,
 improves the ability of self-assessment.
Time available: 10 minutes
Organization: work in pairs, debate, worksheets
Procedure: in a brief discussion about healthy eating and energy balance, the students
revise what BMI is and what is its role. They calculate their own BMI and compare the
results with the presentation, which allows them to locate the results on the diagram. The
students calculate the energy value of foods.
Calculating BMI:

Sample BMI:

69
69
weight
BMI 

 23,3
2
2
1,72  2,9584
height
weight is expressed in kilograms, height in meters

milk and 60 g of cereal .
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Exercise 1: The energy value of 100 g of cereals is 410kcal , and 100 g of 3% milk is
125kcal . Calculate the energy of one portion of cereal with milk, which consists of 200 g of
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Solution suggested:
2125+0,6410=250+246=496kcal
Exercise 2: Calculate the energy value of 100 g of ham that consists of 11,2 g of proteins,
12,5 g of fat and 0,9 g of carbohydrates.
Solution suggested:
11,24+12,59+0,94=44,8+112,5+3,6=160,9 kcal
2.7.3. Stage 3 - Evaluation through further practice:
The context for the implementation of the lesson: formal/ indoors, in the classroom
Objectives:
 Checking the implementation of the general and specific objectives by solving control tasks
Time available: 10 minutes
Organization: individual work
Procedure: each student, using the knowledge and skills acquired during the lesson, solves
the following tasks:
Task 1.
Evaluate if Kate maintains adequate diet. During the day she consumed 2.2 kg of food, on
which the fat content was determined at 4%, proteins at 7%, water at 68% and ashes at 3%.
She weights 65 kg and is a person who does little physical activity.
Solution:
Carbohydrates amount:
100-(4+7+68+3)=100-82=18%
22000,18=396g ; 3964 kcal=1584 kcal
Protein amount:

22000,07=154g
154 4 kcal=616 kcal

Fats amount:

22000,04=88g
889=792 kcal

Daily calories:

Kate's lifestyle is unhealthy. She should limit the amount of fats, reduce the amount of
calories consumed and begin regular physical activity (eg. daily walks).
Task 2.
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Macronutrients share:

1584  616  792  2992kcal
1584
 100%  52,9% Carbohydrates
2992
616
 100%  20,6% Protein
2992
792
 100%  26,5% Fats
2992
22  65  1,2  1716
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Calculate the energy value of foods using the information presented in diagrams. Estimate
how many calories does 100 g of each of these products contain. It is established that the
energy value of fat amounts to 900kcal / 100g , while proteins and fats 400kcal / 100g .

Solution:
0,5  900  0,41  0  0,08  400 
 0,01  400  450  32  4  486

Solution:
0,66  900  0,11  400  0,14  400 
 594  44  56  694
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3. Subject: English (through Biology)
3.1 Objectives:
Student:
 characterizes the construction of mitochondria
 characterizes by proper diet

224

Task 3.
Calculate BMI of a man weighing 78 kg of height 175 cm. Calculate his daily energy demand
if he has sedentary lifestyle.
Solution:
78
78
BMI 

 25,5
2
1,75  3,0625
Daily energy demand: 24  78  1,1  2059,2

 learns new vocabulary in the field of food
 explains the impact of proper diet on body
3.2 Time available: 1 hour
3.3 Students’ age:15-16
3.4 Assumption - Students should already know and I know ( that ):
 structural components of mitochondria in Polish language
 the functioning of mitochondria and their effects on the body
 basic food names in English language
 the basic principles of healthy eating
3.5 Materials and equipment:teaching aids computer, whiteboard, markers, worksheets,
projector, text source, large sheets of paper
3.6 Methods and procedures: Forms of work : individual, in pairs , in groups or collective
Working with the source text, diagrams analysis, work cards, discussion
3.7 Strategy
3.7.1. Stage 1- Teacher recalls some already known theoretical issues ( 5 minutes) by asking
the following questions:
a. What is the mitochondria and how does it look like?
b. How the action of the mitochondria affects the body?
c. What does it mean that diet is good or bad?
d. What are the rules of healthy eating?
3.7.2 . Stage 2 application
Task 1
Implementation of lesson context: formal / school, in the classroom.
Specific objectives - student:
 characterizes the construction of mitochondria in English language;
 determines the impact of diet on mitochondria ;
 recognizes the relationship between the work of he smallest cells and the work of body;
 improves listening skills and reading comprehension of the source text in English
language;
 develops communication skills in English language and ability to work in a team;
Time: 15 minutes
Organization: work in pairs, individual complement of the work cards
Process: Presentation animation mitochondria - Chalk Talk: Mitochondria (US- NSF Video) YouTube
Students analyze the source material (text and pictures).
After analyzing the text correspond to the following questions:
a) How is mitochondrion built? What are the size and shape?
b) Complete the diagram of the mitochondrion signing the selected items.
c) How our diet affects the mitochondria?
d) What are the ingredients which positively affect the mitochondria?
Source text nr 1
How does the mitochondria look like?
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The main components of the mitochondria are: the cristae, matrix, inner membrane and outer
membrane. The cristae is essentially the folded inner membrane of the mitochondria. Inside
the cristae, there is a part called the "matrix". The matrix is a fluid inside the mitochondria.
The fluid contains water (H2O) and proteins. The cristae slightly increases the inner
membranes surface area and it is the cristaes job to combine food (sugar) with oxygen to
produce ATP. The last component in the mitochondria is the outer membrane, this is the
covering of the cell or in other words it encloses the entire organelle.
Vocabulary:
components
essentially
outer

increase
fold
inner

surface
cover
enclose
slightly

Source text nr 2
Numerous functions happen here – one of the main is producing adenosine tri-phosphate
(ATP) from the food we eat primarily fats and sugars. ATP is the energy unit that our body
runs on, it drives the creation of new components like proteins and anti-bodies. It provides
energy for all the cells in our body. Some cells have a high concentration of mitochondria
because they require a lot of energy. These cells are the brain, retina, heart, tongue, liver and
then muscles.
In order to convert glucose into ATP the mitochondria require many other substances to work
as catalysts or co-factors to facilitate reactions in each step of the conversion process, for
example vitamins riboflavin (B2), niacinamide (B3), and the mineral magnesium. Co-Q10 is
required in the electron transfer chain. Antioxidants must be present to stabilize the reaction
by-products (free radicals) otherwise they damage cellular tissue.
Where do we get these nutrients? From our food. You can imagine that if we have a nutrient
deplete diet, our mitochondria simply cannot process glucose properly and the free radical
by-products will cause ongoing damage to cells and proteins, causing ill health, accelerating
the aging process, increasing the risk of cancers, auto-immune disease and other degenerative
diseases.
Vocabulary:
nutrients
deplete
properly
convert

tongue
liver
muscles
cancer

aging process
autoimmune disease

Exercise 1
Complete the sentences with the given words and put the sentences in the correct order:
properly, nutrients, energy, mitochondria, body
1. Mitochondria have problems when we get inappropriate .............................
2. Food and oxygen are used to produce ........................
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facilitate
free radicals
cellular tissue
require
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numerous
run on
provide
retina
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Exercise 2-b
Use the words to finish the sentences below:
vitamin D3, coenzyme Q10,vitamin B, chromium,
zinc, selenium,
1. Fish (mackerel), shellfish and liver are high in
...............................
2. Brocoli, grape juice and barley are high in
......................................
3. Fish, cod liver oil, eggs, are high in
............................................
4. Pumpkin seeds, garlic are high
in
.....................................
5. Mushrooms, Brussels sprout, spinach and grains
are high in .................................
6. Sardines, broccoli, liver are rich in
.............................
Answers:
1- vitamin B
2- chromium
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3. Food and oxygen enter the ................................
4. Parts of the ................ can't work ......................
Answers:
3. Food and oxygen enter the mitochondria.
2. Food and oxygen are used to produce energy.
1. Mitochondria have problems when we get inappropriate nutrients.
4. Parts of the body can't work properly.
Task 2
Implementation of lesson context: formal / school
Specific objectives - student
 learns English words of the food and minerals;
 determines which products contain certain vitamins and minerals;
 develops the ability to understand different texts in English language;
 develops the ability to analyze;
Time: 10 minut
Organization: discussion, individual work
Process: teacher leads a brief discussion about what kind of food are situated in different
ingredients which act directly on the mitochondria (B vitamins-makrele, shellfish, liver;
chrome - broccoli, grapefruit juice, barley; vitamin D3 - fish -liver oil cod, eggs; zinc pumpkin seeds, garlic, selenium - mushrooms, broccoli, Brussels sprouts, spinach, corn;
coenzyme Q10 - sardines, broccoli, liver), students learn new vocabulary and solve the task 2
- b, then watch a short video showing the balanced diet - Howcast: How to eat better - You
Tube, while watching solve the task 2 -c.
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5- selenium
6-coenzyme Q1

Task 3

Exercise 2
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3.7.3 Stage 3. Evaluation of domains as further practice:
Implementation of lesson context: formal / school , in the classroom or informal / home
Specific objectives:
Checking the implementation of the general and specific objectives by solving control tasks
Time: 10 minutes
Organization: each student individually
Process: Each student uses the knowledge and skills acquired in the classroom, solves
received tasks:
Exercise 1
Translate words:
cristaeouter membraneinner membrane-

228

Implementation of lesson context: lesson context: formal / school , in the classroom;
Specific objectives - student
 sets out the principles of a balanced diet;
 develops the ability of expression in the English language;
 develops the ability to use the information and use them in practice;
 develops the ability to work in a team;
Time: 15 minutes
Organization: work in pairs and in groups
https://pl.pinterest.com/source/miss-kindergarten.com
Process: students in pairs talk about a healthy diet - teacher monitors conversation and
corrects the possible errors, then the teacher divides the students into groups, gives the
pyramid nutrition worksheet which students must arrange and describe verbally, students in
groups perform one-day menu.
Exercise 3 -a
In pairs answer the following questions:
Why diet can be healthy or not?
How is your diet?
What should we eat to be healthy?
Exercise 3-b
Arrange the food pyramid and explain its meaning.
Exercise 3-c
Create a day menu consistent with the principles of healthy eating.
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Write correct words under each picture:
liver, garlic, mushrooms, Brussels sprout, shellfish, barley, pumpkin seeds, broccoli.

1.

2.

3.

4.

5.

6.

7.

8.

Answers:
1. broccoli, 2. shellfish, 3. liver, 4. barley, 5. garlic, 6. mushrooms, 7. Brussels sprout, 8.
pumkin seeds
Exercise 3
a) decipher the names of substances and minerals, give them translation and type it in the first
line of each column,
b) then fill the column names of food (under the table), which includes components written
by you .
atinmiv crumomhicinz-

uimslenemzyoecne-

Answers:
atinmiv - vitamn
crumomhi- chromium
kinz- zinc
vit D

.................

..................... .................

...................
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vit B

uimslene- selenium
mzyoecne- coeznyme
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Fish (mackerel), shellfish, liver, brocoli, barley, cod liver oil, eggs, pumpkin seeds, garlic,
mushrooms, spinach, sardines
Answers:
vit B - fish, shelfish
vit D - cod liver oil, eggs
chromium - broccoli, barley
zinc - pumpkin seeds, garlic
selenium - mushrooms, spinach
coenzyme Q10 - sardines, liver
Exercise 4
Draw the food pyramid and a sign its individual components.
Answers:
The pyramid should be divided into 4 levels. The base is made from cereals, the second level
is divided into 2 equal parts: fruits and vegetables. The third level is also divided into 2 equal
parts including dairy products and meat and eggs. The highest and last part are sugar and fat.
Sources:
1. „Podstawy żywienia człowieka”- podręcznik dla technikum, Hanna Kunachowicz, Elżbieta
Czarnowska-Misztal, Anna Szczepańska, Anna Ners
2. https://pl.wikipedia.org/wiki/Wartość_odżywcza
3.Solomon Eldra P., Berg Linda R., Martin Diana W., 2009, Biologia Villee 2009, Multico, Warszawa
4. Holak E., Lewioski W., Łaszczyca M., Skirmuntt G., Walkiewicz J., 2009, Biologia 1, Operon,
Warszawa
5. Guzik Marek, Jastrzębska Ewa. Kozik Ryszard i in., 2012, Biologia na czasie 1, Nowa Era,
Warszawa
6. Marciniak Iwona Cytologia
7. marcinek.poznan.pl/upload/2012/06/cytologia_mitochondrium.pdf - Mitochondrium - budowa i funkcje
- Marcinek
8. https://pl.wikipedia.org/wiki/Mitochondrium
9.http://paleozonenutrition.com/2012/02/08/a-new-experiment-dr-wahls-super-nutrient-paleo-diet-9cups-veggies-a-day/
10. http://themitochondria.weebly.com/how-it-looks-like.html
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Krystyna Herzberg ( Biology)
Monika Dobke ( Mathematics)
Martyna Grzędzicka ( English)
Translated from the national language into English: Anna Ambros
Creating and editing the document and preparing electronic versions: Wioleta Szwaba
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Unit 17
Topic: The percentages in everyday life
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Argument: In everyday life we often notice signs containing the symbol of % at displays, in
advertisements, newspapers and many other places. You know what it means, but are you
sure you wouldn't fall for the "super attractive credit"? or "almost free shopping due to the
seasonal reduction or final sale"? Can you discern in hundreds of diagrams printed in the
newspapers? The purpose of this lesson is to familiarize students with the most important
phenomena encountered in daily life and connected with the issue of percentage. I want you
to learn to make wise decisions regarding loans, savings, shopping and knew the rules on
paying taxes.
The word "percent" comes from the Latin phrase "per centum" - "a hundred". You
already know that the written symbol of one percent is 1%. It means one hundredth part of
the whole. If we say that 23% of Poles have blue eyes it means that on average 23 in every
100 Poles have blue eyes. You can also say that 23/100 of all Poles has blue eyes.
Aims:
 Improving operations on numbers (accuracy of calculations).
 Reading, selecting and processing information.
 The usage of percentages in practice.
 Explanation of cause-and-effect, formulation of conclusions on the basis of calculations
carried out, formulation and presentation of opinions related to the issues discussed.
 Informing students that calculations on percentages is mathematics.
1. Subject: mathematics
1.1 Objectives:
The student can:
 formulates conclusions on the basis of calculations carried out,
 improve the analysis of tasks and teamwork,
 analyzes the content of text tasks,
 improve reading comprehension,
 perfect calculations using percentages and various forms of recording it.
 improve the flawless carrying out of operations on numbers.
1.2 Time available: 1 hour
1.3 Students’ age:15-16
1.4 Assumption: The students should already know (that) :
a. concepts related to the calculation of the percentage of the number and how to calculate
the percentage when a number is given,
b. know the different ways of recording solutions for percentages,
c. examples of application of percentages in everyday life.
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1.7 Strategy
1.7.1 Stage 1- The teacher goes through some previously acquired theoretical concepts
(5 minutes) by asking the following questions:
 What is a “percent”?
 What was percentage introduced for?
 In what areas of life do we use calculations with percentages?
 Examples of application of percentages in everyday life.
1.7.2. Stage 2 Application
Task 1
The context for the implementation of the lesson: formal/ indoors, in the classroom
Objectives - The student can:
3. self-assess their knowledge,
4. provide examples to prove a thesis,
5. improve the form of discussion.
Time available: 7 minutes
Organization: discussion in pairs, filling worksheets in pairs, Power Point presentation –
solving exemplary tasks with percentages.
Procedure: A brief discussion on the need of a percent sign in everyday life. After a short
preparation students present their examples. The teacher then starts the presentation - during
the introduction they quote examples of application of percentages.
Task 2
The context for the implementation of the lesson: formal/ indoors, in the classroom
Objectives - The student can:
6. improve reading skills and reading comprehension,
7. improve teamwork skills,
8. improve calculations with percentages,
9. improve self-assessment.
Time available: 35 minutes
Organization: work in pairs
Procedure: The presentation (https://www.youtube.com/watch?v=7C8iE1w6jO0) includes
subsequent tasks to be solved by the students on the worksheets, in pairs. There is 7 tasks
and all the correct solutions will be presented to students. Each subsequent students' solution
will be packed into an envelope and at the end of the lesson the teacher collects them in order
to mark them for the next lesson. Each student will receive an email with the presentation as a
kind of note from the lesson. Students will work in pairs to design a solutions that the teacher
will present to other students. Students will have the opportunity to review their calculations,
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1.5 Materials and equipment:
computer, white board, marker, worksheets, projector, Power Point presentation.
1.6 Methods and procedures:
Forms of work: in pairs,
Work with text, analysing tasks, filling in worksheets, discussion.
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test their skills and validate their record. Each task scores 2 points. After each slide with the
task and its solution, there will be a slide with a score and assessment criteria. At the end of
the lesson students will be able to make a preliminary assessment of their own work and
skills in percentage calculations.
To work with presentation use the following worksheet:
Task no...........
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
Answer.......................................................................................................................................

1.7.3. Stage 3 - Evaluation through further practice:
The context for the implementation of the lesson: formal/ indoors, in the classroom or
informal/ at home.
Objectives:
 Verifying the implementation of general aims and specific objectives by solving the
control tasks
Time available: 15 minutes
Organization: individual work
Procedure: each student, using the knowledge and skills acquired in class, chooses and
creates an appropriate chart.
Task 3. The price of a certain product was increased firstly by 30% and then by 40%
more. By how many percent is the price higher than the initial price? Justify your
answer.
Solution:
Initial price - 100% : x
Increased by 30% so now it is 130% of the initial price: 1,3  x
Another increase in price, so 140% of the initial price of 1,3  x :

1,4 1,3  x

The result of multiplication: 1,4 1,3  x  1,82 x
Initially it was x , that is 100%, while finally it is 1,82 x , that is 182% of x .
Answer: The current price is 82% higher than the initial price.
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a) What percentage of the students surveyed reads dramas most often?
b) Calculate how many students participated in the survey, knowing that 21 of them
reads fantasy books most often.
c) How many percent more students reads historical books more often than biographies?
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Task 4. The diagram shows the results of a survey conducted among students who
answered the question: "What kind of books do you read most often? Choose one type."
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Solution:
2 The sum of the percentages of all kinds of books, apart from dramas:
38%+14%+22%+12%+8%=94%
The percentage of students who read dramas: 100%-94%=6%
3 Calculation of 21 students who read fantasy: 0,14 x =21
21
x
 150
0,14
The whole group consisted of 150 students.
4 Calculation of percentage points between the percentage of historical books and
biographies:
12%- 8% = 4%
4
 0,5 , to 50% .
8
Task 5. A swimsuit cost 80zł in July, in august there was a reduction of 12% , and in
September another reduction of 10% . What was the price of the swimsuit after both
reductions? How much would it cost if the price was reduced again by 22% ?
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Solution:
First reduction of the price: 0,88  80zł  70,4 zł
Second reduction: 0,9  70,4 zł  63,36zł
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Calculation of the percentage:
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2. Subject: Computer science (through Mathematics)
2.1. Objectives:
The student can:
 enumerate advantages of presenting data in the form of charts,
 distinguish chart elements (eg. data series, EIA, plot area, marker, etc.),
 creates line, pie and column charts,
 consciously select a graph depending on the type of data,
 adjust the appearance of the chart to suit their needs,
 adds trend lines to chart,
 use a logarithmic scale,
 draw conclusions from the course of diagrams.
2.2. Time available: 1 hour
2.3. Students’ age:15-16
2.4. Assumption: The students should already know (that) :
 basic operation of the spreadsheet,
 concepts related to the calculation of the percentage of the number and how to calculate
the percentage,
 concepts related to cell addresses.
2.5.Materials and equipment:
computer with spreadsheet Microsoft Excel 2010, whiteboard, marker, projector
2.6. Methods and procedures:
Forms of work: individual work with previously prepaired spreadsheet files type xlsx or xltx,
tasks, presentation with elements of a lecture.
2.7. Strategy:
2.7.1. Stage 1- The teacher goes through some previously acquired theoretical concepts
(5 minutes) by asking the following questions:
 What is a chart?
 What are the types of charts?
 What is the trend curve and what is it used for?
 What are the benefits of presenting data in a chart?
2.7.2. Stage 2 Application
Task 1
The context for the implementation of the lesson: formal/ indoors, in the classroom.
Objectives-the student can:
 create a pie chart,
 develop the ability to use the information provided and apply it in practice,
 develop the ability of analysing,
 format the chart area.
Time available: 10 minutes

235

Discount of 22% : 0,78  80zł  62,40zł

TEACHER’S BOOK VOLUME 1

2016

Organization: presentation, individual work of students
Procedure: The teacher shows the benefits of presenting data in the form of graphs. They
show a table with election results, where the first column presents names of candidates for the
student council and the second column the number of votes gained by a specific candidate.
Then the teacher shows the same data in the form of a pie chart and explain the usage of
different chart types, depending on the requirements and the type of data.
Candidate
Janek Wiśniewski (1C)
Kasia Nowak (3B)

Number of votes
45
32

Dorota Kowalska (2A)
Marek Kowalski (2A)
tab. 1. The election

116
201

pic. 2. Chart with data labels visible
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Students copy table tab. 1 and with the teacher's help create a pie chart based on the data
provided.
They format the chart area so as to obtain a graph similar to the graphs in pic.1 and pic.2.
Task 2
The context for the implementation of the lesson: formal/ indoors, in the classroom.
Objectives-the student can:
 create a pie chart,
 add logarithmic trend line,
 develop the ability to use the information and apply it in practice,
 develop the ability of analysing,
 format the chart area.
Time available: 10 minutes
Organization: presentation, individual work of students
Procedure: The teacher presents a table with the attendance from each month. Students are
asked to determine whether the presented school year characterizes with an increase or a
decrease in attendance. Then the teacher presents the same data in a graphical form and
repeats the question. In the second case, students should not have problems with the
interpretation of the data. The teacher then explains the function of the trend line.
Month
September
October
November
December
January
February
March
April
May
June

Attendance
93,6%
91,6%
88,6%
89,6%
88,6%
88,6%
85,6%
84,6%
82,6%
81,6%

Students copy table tab. 2 and with the teacher's help create a
line graph based on the data provided in the spreadsheet. They
format the chart area according to requirements, so as to obtain
a graph similar to the graph in pic.3.
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tab. 2. Attendance
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pic. 3. Line graph with a logarithmic trend curve
Task 3
The context for the implementation of the lesson: formal/ indoors, in the classroom;
Objectives-the student can:
 create a column -line chart,
 develop the ability to use the information and apply it in practice,
 develop the ability to connect and convert charts,
 format the chart area.
Time available: 10 minutes
Organization: presentation, individual work of students
Class Average marks Attendance
Procedure:
The teacher gives examples of the
1A
1,68
63%
application of the two vertical axes on graphs and shows
1B
1,55
60%
how to create them. With teacher's help, students create
1C
5,69
66%
a graph suitable for the data in the table tab. 3, as
1D
2,05
77%
similar as possible to the sample in the picture below.
1E
4,36
62%
pic. 4.
2,6
3,3
4,69
2,03
1,26

70%
54%
79%
74%
63%

pic.4. Graph with two Y axes (Column-linear)
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2A
2B
2C
2D
2E
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2.7.3. Stage 3 - Evaluation through further practice:
The context for the implementation of the lesson: formal/ indoors, in the classroom or
informal/ at home.
Objectives:
 Checking the implementation of the general aim and specific objectives by solving the
control task
Time available: 10 minutes
Organization: individual work
Procedure: each student, using the knowledge and skills acquired in class, chooses and
creates an appropriate chart.
Task 4
The following table presents results of a survey on the favorite writer of school reading,
which was conducted among students from grade one of your school. On the basis of
these data, create a graph as similar as possible to the sample presented in the picture
below.
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Suggested solution:
A student opens a previously prepared by the teacher file type: xlsx or xltx. Then selects the
data in the table including the headlines. Selects: Inserting  Charts Pie with a 3D
effect.
In order to increase readability, the author's name must be placed next to a corresponding
slice. To obtain the effect, select from the top menu: System Labels Data Labels More
options of data labels ... and then select the check boxes: Category name and Show leading
lines.
In order to extend the clipping Other, click select the chart, then clipping Other and pull it up.
Subsequently, "click" on the name of the author on the chart and move it until the leader line
shows. Repeat for each name.

239

Author
Number of votes
Mickiewicz
4
Sienkiewicz
7
Norwid
11
Orzeszkowa
21
Słowacki
21
Gombrowicz
20
Kochanowski
11
Konopnicka
16
other
13
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In order to obtain the background color, right-click in the chart area and from the context
menu select Format chart area Fill, and then check the box: Full fill and select the color
yellow from the palette.
The red color of the title of the chart may be obtained by "clicking" in the title text and
selecting from the top menu Main tools and Font color. The title should be moved into the
upper left corner of the chart.
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3.7.2 . Stage 2 - Application
Task 1
Implementation of lesson context: formal / school, in the classroom.
Objectives – The student can:
 consolidates knowledge of the names of stores and products;
 learns new vocabulary related to sales (off, discount, sales, bargain)
 student strengthens the ability of calculating the percentages
 improves reading comprehension in English language;
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3. Subject: English (through Mathematics)
3.1 Objectives:
Student:
 determines different kinds of shops,
 formulates requests and commands, obtain information and comments on shopping in a
clothing store,
 learns how to calculate percentages,
 can actively use vocabulary related to the topic of the lesson
3.2 Time available: 1 hour
3.3 Students’ age:15-16
3.4 Assumption: Students should already know (that):
 basic vocabulary connected with shopping,
 have theoretical knowledge of percentages,
3.5 Materials and equipment:
teaching aids: computer, whiteboard, worksheets, projector, tekts source,
3.6 Methods and procedures:
Forms of work : individual, in pairs , in groups or collective
Working with the source text, work cards, discussion
3.7 Strategy
3.7.1 Stage 1 - Teacher is conducting short conversation ( 5 minutes) by asking the
following questions:
 Do you like shopping?
 How often do you go shopping?
 What things do you buy most often?
 What shops do you visit?
 What is important for us as a customer?
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 develops communication skills in English language and ability to work in a team;
Time: 15 minutes
Organization: work in pairs, individual complement of the work cards
Procedure:
Students connect the names of the shops listed in the frame with the examples of articles that
you can buy from them (Ex1)
Students match the given expressions to the gaps in the dialog (Ex2)
Presentation - What are percentages? Math concept for kids – YouTube:
https://www.youtube.com/watch?v=ty12FGhxQEw
Students in pairs solve simple maths problems
Exercise 1
Connect the names of the shops listed in the frame with the examples of articles that you can
buy from them.
BAKERY__, BANK__, BOOKSHOP__, BUTCHER'S__, CHEMIST'S__, CLOTHES
SHOP__,
DEPARTMENT
STORE__,
ELECTRICAL
GOODS
SHOP__,
GREENGROCER'S__, JEWELLER'S__, NEWSAGENT'S__, POST OFFICE__, SHOE
SHOP__, SPORTS SHOP__, STATIONERY SHOP__, SUPERMARKET__
1. tennis rackets and balls
2. boots
3. medicine
4. paper and pens
5. food, drink
6. money

7. stamps
8. bread and cakes
9. meat
10. fruit and vegetables
11. novels and dictionaries
12. gold watches and rings

13. newspapers and magazines
14. fridges and washing mashines
15. shirts, tops and jeans
16. almost everything!

Answers:
BAKERY_8_, BANK_6_, BOOKSHOP_11_, BUTCHER'S_9_, CHEMIST'S_3_,
CLOTHES SHOP_15_, DEPARTMENT STORE_5_, ELECTRICAL GOODS SHOP_14_,
GREENGROCER'S_10_, JEWELLER'S_12_, NEWSAGENT'S_13_, POST OFFICE_7_,
SHOE SHOP_2_, SPORTS SHOP_1_, STATIONERY SHOP_4_, SUPERMARKET_16_

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

Page

Customer: Excuse me.(a) .........................
Shop assistant: Yes, we've got these white England shirts and we've also got these red ones.
C: (b)...............................
SA: The white ones are £45 and the red ones are £40.
C: (c)...............................
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Exercise 2
Match the given expressions to the gaps in the dialog.
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SA: They're both medium.
C: Oh, I need large.
SA: I'm sorry. (d)........................
C: Ok. Thanks anyway.
SA: (e)...................................
1 We don't have any large ones at the moment.
2 How much are they?
3 Do you sell rugby shirts?
4 What size are they?
5 Yo're welcome.
Answers:
a-3

b-2

c-4

d-1

e-5

Exercise 3
A) In a video store, a DVD that sells for $15 is marked "10% off." What is the discount?
What is the sale price of the DVD?
Answer:
The rate is 10%.
The discount is: 0.10 x $15.00 = $1.50
The sale price is calculated as follows:
original
$15.00
price
-1.50

-discount

$13.50

sale price

The discount is $1.50 and the sale price is $13.50.
B) In a grocery store, a $12 case of soda is labeled, "Get a 20% discount." What is the
discount? What is the sale price of the case of soda?
Answer:
The rate is 20%.

-discount

$ 9.60

sale price

The discount is $2.40 and the sale price is $9.60.
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The discount is: 0.20 x $12.00 = $2.40
The sale price is calculated as follows:
original
$12.00
price
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Task 2
Implementation of lesson context: formal / school
Objectives - students:
 learns new phrases used in the shop conversation
 developes the skill of communicating;
 develops the ability to analyze;
Time: 15 minut
Organization: group work
Procedure: teacher presents crucial phrases used during a shop conversation (some of them
are already known but some may be knew) and students try to explain them. Students
complete exercise 1.
Phrases:
Can I help you?
I'll take them/it.
Excuse me. How much is it?
Anything else?
That's (£45).
Here's your change.

I'd like this.
Would you like a bag?
Do you sell....?
You're welcome.
Sorry. We don't have any at the moment.

Exercise 1
Complete the dialogues (choose the right answer).
1. Can I help you?
4. How much is it?
a) You're welcome.
a) It's large.
b) That's £45.
b) That's all right
c)Yes, I'd like two of those cakes, please.
c) It's £10.

3-b

4-c

5-b

Task 3
Implementation of lesson context: formal / school, in the classroom;
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3. Thanks for your help.
a) Do you sell bread here?
b) You're welcome.
c) Can I help you?
Answers:
1-c
2-a

5. Would you like a bag?
a) Yes, here you are.
b) Yes, please. I need one.
c) Yes, here's your change.

Page

2. That's £12, please.
a) Here you are.
b) I'm sorry. We dont have any.
c) You're welcome.
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Specific objectives – student:
 developes the ability of expression in the English language;
 developes the ability to use the information and use them in practice;
 developes the ability to work in a team;
Time: 10 minutes
Organization: work in groups
Procedure: students in groups create imaginary shop sale. They must choose some prices and
then reduce them by using percentages (10, 20, 30, 45, 60 % etc); they create short role play
“in the shop”, teacher monitors conversation and corrects the possible errors.
1.7.3 . Phase 3. Evaluation of domains as further practice :
Implementation of lesson context: formal / school , in the classroom or informal / home
Specific objectives:
Checking the implementation of the general and specific objectives by solving control tasks
Time: 10 minutes
Organization: each student individually
Process: Each student uses the knowledge and skills acquired in the classroom, solves
received tasks:
Exercise 1
Where can you buy?
1). roses
2). neckles
3). a book
4). paracetamol
5). potatoes
6). a newspaper or a magazine

7). pork, lamb
8). shoes, slippers etc.?
9). salmon and tuna fish
10). TV
11). a bottle of milk
12). stamps

Exercise 2
Complete the conversation with the words in the box.
else

have help

Here

How

It

much

Nothing

Shop assistant: Can I a) ________ you?
Eva: How b) _________ are these badges, please?
Shop assistant: They're 10p but from today they are 50% off.
Eva: c) ________ I have two, please?
Shop assistant: That's ten d) _______ . Anything e) ________? A poster perhaps?
Eva: No, thank you. f) _________ else. Here's my credit g) _________.
Adam: h) __________ much is this pen, please?
Shop assistant: i) ___________'s 75p.
Adam: Can I j) __________ it, please? k) ___________you are. One pound.
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Altogether Can
pound Thank
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Shop assistant: Right. I can give you a small discount 10% off so that's 67.50p l) __________
. Thank you.
Adam: m) ______________ you.
Exercise 3
Arrange the words in the right order to create correct sentences.
1 have/large/don't/the/any/We/ones/moment/at .
________________________________________
2 they/are/how/much?
________________________________________
3 sell/you/do/shirts/rugby?
________________________________________
4 size/are/what/they?
________________________________________
5 are/welcome/you.
________________________________________

h how
I that
j have
k here
l altogether
m thank

Exercise 3:
1 We don't have any large ones at the moment.
2 How much are they?
3 Do you sell rugby shirts?
4 What size are they?
5 You're welcome.
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Exercise 2:
a help
b much
c can
d pound
e else
f nothing
g card

7 butcher's
8 shoe shop
9 fishmonger's
10 electrical goods shop
11 supermarket
12 post office
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Solutions
Exercise 1:
1 flower shop
2 jewellery
3 book store
4 pharmacy
5 greengroocer's
6 newsagent's
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Sources:
1. Podręcznik do matematyki dla klasy pierwszej Technikum, Gdańskie Wydawnictwo Oświatowe,
2. www.szkola-sobolew.pl/zalaczniki/zast_procent_w_zyciu.pps
3. „Teraz matura 2015” – zbiór zadań i zestawów maturalnych - nowa era
4. „Informatyka – zakres podstawowy”- series: Odkrywamy świat na nowo; textbook for Secondary
schools, author: Arkadiusz Gawełek
5. http://www.esolcourses.com/content/lifeintheuk/shopping/london-shopping-quiz.html
6. http://www.mathgoodies.com/lessons/percent/sale_price.html
7. http://learnenglishteens.britishcouncil.org/skills/listening-skills-practice/shopping-clothes
8.http://learnenglishteens.britishcouncil.org/skills/reading-skills-practice/shopping-signs-and-notice
Authors:
Zespol Szkol Ponadgimnazjalnych w Somoninie im. Jozefa Wybickiego- Somonino, POLAND
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Monika Dobke (Mathematics)
Remigiusz Kąkol (Computer Sciences)
Martyna Grzędzicka (English)
Translated from the national language into English: Anna Ambros
Creating and editing the document and preparing electronic versions: Wioleta Szwaba
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Unit 18
Topic: Nucleic acids and their effects on the organism

Page

Argument: Nucleic acids are macromolecules that are present in all living cells. Their role is
essential in the transmission of hereditary traits and managing the synthesis of proteins, which
organisms are built from.
Deoxyribonucleic acid (DNA) is a substance in which the genetic information is
stored. Within cells it is mainly located in the nucleus but also in chloroplasts and
mitochondria, while ribonucleic acid (RNA) is located in the cytoplasm, and ribosomes in the
nucleolus. It partakes in in the "translation" of genetic information into proteins. All life
processes such as breathing, nutrition, excretion are not needed in order to allow the cells to
nourish, but for DNA and RNA to nourish. The life on Earth exist only thanks to these
substances because they are responsible for the continuous division and growth of cells.
Detailed knowledge of the chemical structure of nucleic acids allows to clarify the
characteristics of the organisms and control the genes responsible for genetic diseases, as well
as prevent serious complications caused by disturbances in the structure of the genome.
The above mentioned reasons are, in our opinion, more than enough to include the
topic of “Nucleic acids and their effects on the organism”among the subjects which deserve
to be known and, consequently, to be cross-curricularly studied by our students.
Aim:
 Understanding the world of organisms at different levels of the organization of life.
 Reading, selecting and processing information obtained from a variety of sources
 Expanding knowledge on the structure and functioning of a living organism, including
humans.
 Explanation of cause-and-effect relationships, formulation of assumptions, formulation and
presentation of opinions related to the topics discussed,
 The conviction of materiality and knowability of the world.
1. Subject: Biology
1.1 Objectives:
The student can:
 summarises the relationship between the nucleic acids and the characteristics of organisms
 discusses the organization of the genetic material in nucleus
 analizes the flow of genetic information
 reads the sequence of amino acids encoded by a given mRNA fragment
 summarises the relationship between genotype and phenotype
 explains the mechanism of inheritance of traits according to I and II Mendel's law
 determines patterns of heredity of two genes
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 determines the probability of occurrence of certain genotypes and phenotypes of offspring
based on the genotypes of parents
 discusses examples of other ways of traits inheritance
1.2 Time available: 1 hour
1.3 Students’ age:15-16
1.4 Assumption: The students should already know (that):
 structure and role of DNA as the carrier of genetic information
 complementarity principle
 rules of transcription, replication and translation
 concepts: gene, genome , chromosome, chromatin, karyotype, genetic code, codon,
genotype, phenotype, allele, homozygous, heterozygous, dominance, recessivity
 the number of chromosomes in somatic and reproduction cells of humans
 recoerding of genotypes: dominant homozygous, recessive homozygotes and heterozygotes
 first and second Mendel's law
1.5. Materials and equipment: computer, white board, marker, worksheets, projector, printed
copies or computer presentation of: source texts
1.6 Methods and procedures:
Forms of work: individual, in pairs, group work.
Work with text, analysing diagrams and films, filling in worksheets, discussion.
1.7 Strategy
1.7.1. Stage 1- The teacher goes through some previously acquired theoretical concepts (5
minutes) by asking the following questions:
 What is the organizational structure of organisms?
 What is DNA and RNA? How are they built and where are they located?
 Which part of a cell is responsible for the transmission of genetic information?
 What is a gene? What is its role?
 What is the genetic code?
 Where in a cell is protein biosynthesis conducted?
1.7.2. Stage 2 Application
Task 1
The context for the implementation of the lesson: formal / in school, in classroom .
Objectives - The student can:
 recalls and solidifies the knowledge of the construction of DNA and RNA;
 solidifies the knowledge of the concepts of gene, genome, karyotype, genotype, phenotype,
allele;
 improve reading and comprehension of text tasks;
 develop team work skills , as well as interpersonal skills.
Time available: 8 minutes
Organization: work in pairs, individually filling worksheets
10. Procedure: Short animation about DNA
- InfoPlus - Biologia 4 - Animacja 1 Przestrzenny model DNA
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- YouTube (https://www.youtube.com/watch?v=RrS2uROUjK4 )
Based on their knowledge students individually fill in the worksheets:
WORKSHEET
Task 1:
Nucleic acids: DNA (deoxyribonucleic acid) and RNA (ribonucleic) are macromolecules
responsible for the transmission and storage of genetic information.
Features of the nucleic acid:
1. It is double-stranded.
2. It is single-stranded.
3. It contains nitrogen bases: adenine, thymine, cytosine, guanine.
4. It contains nitrogen bases: adenine, uracil, cytosine, guanine.
5. It contains ribose.
6. It contains deoxyribose.
7. It contains phosphoric acid.
List the numbers of the sentences that describe the structural features of DNA
............................................................................
Suggested solution: 1, 3, 6, 7
Task 2:
In the DNA of a certain bacterium cytosine is 37% of all the bases. Calculate what is the
percentage of all of the other nitrogen bases (A, G and T) in the DNA of this bacterium.
Provide the results in designated areas.
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
C = 37%, A = ..........., T = ..........., G = ............ .
Suggested solution:
If C = 37%, then also G = 37%
37+37 = 74% ; 100% - 74% = 26%
The sum of A + T = 26%, which means that A = 13% i T = 13%.
C = 37%, A = 13%, T = 13%, G = 37%.

A. RNA of the organism
B. chromosomes of the organism
C. genes of the organism
D. features of the organism
E. variability of of the organism
F. DNA of of the organism
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1. GENOME
2. GENOTYPE
3. PHENOTYPE
4. KARYOTYPE
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Task3:
Assign definitions 1, 2, 3 and 4 to the corresponding explanation from column A - F. Two
definitions are unnecessary.
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Suggested solution: 1. F 2. C 3. D 4. B
Task 2
The context for the implementation of the lesson: formalny / in school, in classroom .
Objectives - The student can
 analyze the graph of genetic information flow
 read the sequence of amino acids encoded by a given mRNA fragment
 improve the ability to read and comprehend texts and source materials
 develop team skills
Time available: 15 minutes
Organization: work in 3-4 people groups
Procedure: each student analyzes the source text 1, and then together with colleagues
determines the stages of protein biosynthesis
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Source: GENETIC INFORMATION. FROM GENOTYPE TO PHENOTYPE
Prof dr hab. Janusz Stanisław Keller
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Source text no. 1 The mechanism of transmission of genetic information is quite complicated.
Chromosomes are permanently located in the cell nucleus and the synthesis of the peptide
chains takes place in the cytoplasm of the cell, on the subcellular structures called ribosomes.
For these reasons, in the process of genetic information transfer other chemical compounds
must participate, ones that are synthesized in the nucleus and that copy the structure of DNA,
then migrate to the cytoplasm, associate with ribosomes and await "the arrival" of specific
amino acids. These compounds are called informative (messenger) or ribonucleic acid
(mRNA), and the process of their synthesis in the nucleus is called transcription. An exact
representation of the construction of DNA is possible because these compounds are composed
of nearly the same basic units as DNA, with the exception that deoxyribose is replaced by
ribose in them and instead of thymine – another, although very similar, organic base is
present – uracil. Another type of chemical compounds must also be present in the cytoplasm,
ones that selectively "trap" individual free amino acids, transport them to the ribosome and
there - connecting with mRNA – draw them close to each other, enabling the linking of amino
acids (peptide bonds) and the formation of the peptide chains. This type of compounds is
called the transfer ribonucleic acids (tRNAs). The synthesis of the peptide chains on ribosomes
is called a “translation” because it is based on DNA language translation into amino acids.
... .. Three consecutively stacked links (triplets) of a single strand of DNA form the so-called
codon, which in the further stages of the biosynthesis of the peptide will be responsible for the
coding of some specific amino acid. There is a total of 43 = 64 of various codons in the
genome, but three of them are responsible only for a coding process of terminating
(termination) of the synthesis of peptide chains (these codons are not assigned in protein
biosynthesis to any amino acid), and are called nonsense codons.
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Procedure: Short film „From DNA to protein”:
https://biokompost.wordpress.com/2010/08/19/do-obejrzenia-obledne-wideo-od-dna-dobialka/
Procedure: on the basis of their knowledge, the source text, the video and the table of the
genetic code, the students fill in WORKSHEET together
Task 1
The thread in the DNA molecule is transcribed in following sequence of nucleotides:
TACTCGGGATCGCCCTCGTTTTCGAAA Sections of TCG are introns. Make transcription,
post-transcriptional processing and translation, as well as determine the sequence of amino
acids encoded by a DNA protein. Set tRNA anticodons involved in the translation process.
DNA:……………………………………………………………………………………
Transcription
…………………………………………………………………………………….
Post-transcriptional processing
……………………………………………………………………………………
Translation
……………………………………………………………………………………
Amino acid chain (protein)
……………………………………………………………………………………
ANTICODONS ……………………………………………………………………..
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Suggested solution:
DNA :TACTCGGGATCGCCCTCGTTTTCGAAA
trancription
AUGAGCCCUAGCGGGAGCAAAAGCUUU
post-transcriptional processing
AUG CCU GGG AAA UUU
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GENETIC CODE TABLE
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Task.1
Brown eye color (A) in a human dominates over blue (a). Brown-eyed man who is homozygous
marries a blue-eyed woman. What is the probability that their children will have blue eyes?
Suggested solution:
We start with noting down all the data from the text
Alleles:
A - allele conditioning brown eyes
a - allele conditioning blue eyes
Thus, all possible genotypes and phenotypes are the following:
AA – brown eyes
Aa – brown eyes
aa - blue eyes
We note down the cross using the following symbols:
P - the genotypes of the parents
F1 - the genotypes of the children
gametes - it is good to note them down in a circle
P: AA x aa
F1
Gametes of the father
A
A
Gametes of the mother
a
Aa
Aa
a
Aa
Aa
Punnett Square
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translation
MET-PRO-GLY-LYS-PHE
That is: methionine, proline, glycine, lysine, phenylalanine.
Anticodons: UAC GGA CCC UUU AAA
Task 3
The context for the implementation of the lesson: formal / in school, in classroom;
Objectives - The student can:
 explains the mechanism of inheritance of traits according to first and second Mendel's law
 solves genetic exercises involving one or two genes
 determines the probability of occurrence of certain genotypes and phenotypes of offspring
based on the genotypes of the parents
 sees the relationships between genes and the structure of the body (the relationship
between genotype and phenotype)
Time available: 12 minutes
Organization: work in pairs – exercises, presentation of results
Procedure: students, based on the previously discussed content and their knowledge, solve
genetic tasks
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Solution:
Their children will have brown eyes 100% sure and so the probability that they will inherit the
color of the eyes of the mother is 0.
Task.2
The presence of freckles is a dominant trait (A), the lack of them - is a recessive trait (s). A
mother who has freckles and a father without freckles already have one child with freckles.
What is the probability that their next child will also not have freckles?
Suggested solution:
Alleles:
A - allele conditioning the presence of freckles
a - allele conditioning the lack of freckles
All possible genotypes and phenotypes:
AA - freckles
Aa - freckles
aa - lack of freckles
Mother's genotype is not specified. Is she a dominant homozygous AA or heterozygous Aa?
We have a clue - information about the phenotype of the first child of the couple. If the child
has no freckles, then it is homozygous recessive aa, so from both parents the child got one
allele a. From this we may draw the conclusion that the mother must be heterozygous. Note
down the cross:
P:
Aa x aa
F1
Gametes of the father
a
a
Gametes of the mother
A
Aa
Aa
a
aa
aa
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1.7.3. Stage 3. Evaluation through further practice:
The context for the implementation of the lesson: formal/in school, in classroom or
informal at home
Objectives: Verifying the implementation of the general and specific objectives by solving the
control tasks
Time available: 7 minutes
Organization: individual work
Procedure: each student, using the knowledge and skills gathered during the lessons, solves
the following tasks:
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Suggested solution:
The probability that another child of this couple will not have freckles too is 50%..
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Task 1.
In the processes of transcription and translation, the principle of complementarity must be
applied. On the basis of this principle, complete records, and explain what it is exactly.
The nucleotide sequence of the DNA: ATGGTTATG
mRNA codons:
UAC.........UAC
tRNA anticodons:
.........GUU.........
............................................................................
............................................................................
............................................................................
............................................................................
Suggested solution:
DNA codons: ATGGTTATG
mRNA codons: UACCAAUAC
tRNA aanticodons: AUGGUUAUG
The principle of complementarity is based on the complementarity of the two strands, resulting
from the structure of the alcalis of the merging pairs - AT, CG. One strand determines the
construction of the other.
Task 2.
The following table presents the rules of expression (the disclosure) of the gene of baldness in
men and women.
Genotype
Female phenotype
Male phenotype
BB
baldness
baldness
Bb
Normal hair growth
baldness
bb
Normal hair growth
Normal hair growth
Based on the data from the table formulate a conclusion for a baldness gene expression in
humans...........................................................................................................................................
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2. Subject: Physical Education (throug Biology)
2.1 Objectives:
The student can:
 points out the relationship between genetic susceptibility and the effect of training
 discusses the basic physiological responses of the body to exercise
 analyzes the impact of exercise on the training effect
 demonstrates the relationship between physical activity and health
 explains the mechanism of action of the muscular system, circulatory etc.
2.2 Time available: 1 hour
2.3 Students’ age:15-16
2.4 Assumption: The students should already know (that):
 structure and the role DNA as the carrier of genetic information
 anatomy and basic physiology of a human being
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Suggested solution:
The expression of this gene depends on the sex.
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2.7 Strategy
2.7.1. Stage 1- The teacher goes through some previously acquired theoretical concepts
by explaining the source text, highlighting its main points and by asking the following
questions.
TOPIC: Racing sprint - a predisposition to a specific sport
Determinants of human motor development can be generally divided into:
1. Genetic - heritability, trainability.
2. Environmental conditions - the variability of individual components of the human motor,
the overall picture of motor behavior, change adaptation.
3. Morphological determinants - the structure and the movement.
GENETIC CONDITIONS OF HUMAN MOTOR SKILL DEVELOPMENT
The degree of genetic control is proved by the so called "Sewer development", ie. the
persistence of an individual at a certain level genetically determined in the course of
ontogenetic development. The basic characteristics describing the power of genetics and ecosensitivity of particular features are the following:
Vg
Vg – genetic variation
Heritability h² = ──
Vt
Vt - the total variation
Trainability - susceptibility of feature, but also of an individual to external stimuli, mainly
training. The degree depends on the kind of feature - it is higher with a feature with poor
genetic control, as well as on the individual genotype - heterozygotes respond more strongly to
environmental stimuli than the homozygotes.
Genetic factors of particular features which, according to the concept of the structure of motor
skills by prof. J. Sheds correspond Pietru, correspond to the level of the following
predispositions: structural, power and coordination.
Ị Strength :
1. Absolute Strength - poorly controlled genetically.
2. Relative Strength - poorly controlled genetically h² = 0,3 – 0,5.
Conclusions: muscle strength is poorly controlled genetically and shows a considerable degree
of trainability.
II Speed:
1. Structure of muscle, quantitative proportions of fibers are strongly controlled
genetically, the lack of trainability
2. M.M.A. (maximum power anaerobic) - high heritability, does not however mean small
trainability of this feature.
3. The speed of movement / frequency / - no data.
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 rules and regulations of athletics disciplines
2.5.Materials and equipment:
Track, starting blocks
2.6 Methods and procedures:
Forms of work: informal, individual, in pairs, groups
A chat, exercise
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Conclusions: The genetic background of speed capabilities is relatively strong and is "the
result of" muscle fiber structure.
III Endurance :
1. VO2max – average genetic conditioning, stronger for boys.
2. "maternal effect" - the inheritance of mitochondria from the mother. They contain DNA,
which has an effect on the level and structure of the enzyme "carrying out" the
respiratory chain and phosphorylation redox.
IV Coordination:
1. Spatial orientation h² = 0.4 - 0.6 strongly genetically determined.
2. Coordination of visual - motor skills - a relatively average level of genetical
determination.
3. Simple reaction time – weak genetic background, very labile.
4. Proprioception – lack of genetic control, all environmental influence.
Conclusions: coordination shows the stronger genetic control the highter the level of
coordination is, that is to say the bigger the role of data processing in the central nervous
system This force increases with age, its early development is advisable.
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Construction of muscle and types of nerve fibers:
 Objectives: white fibers (FT -type II) called „fast twitch muscles” are characterized by a
low content of myoglobin, little mitochondria, low activity of respiratory enzymes, high
myosin ATPase activity and glycolytic enzymes. They rapidly shrinking and relax the but
get tired quickly. Higher percentage of these fibers is characteristic for individuals with
speed predispositions. Practically not subject to training.
 Red fibers (ST-type II) called slow-twitch are the exact opposite of the above. They are
characterized by a high content of myoglobin and the amount of mitochondria, high activity
of respiratory enzymes and a low activity of myosin ATPase and glycolytic enzymes.
Contraction and relaxation is slow, but they are capable of long-term work, hence the higher
percentage of these fibers is characteristic for people with strength predispositions. In
contrast to the FT fibers, they are subject to change when trained.
Questions:
1. What are the physiological aspects of exercise.
2. How is a muscle constructed?
3. What athletics disciplines do we know?
4. How do we characterize running short and long-distance?
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Sensitive period - the period of increased / maximum optimal / susceptibility to environmental
stimuli - training. Occures in the phase of accelerated development of the certain ability, these
phases are also characterised by reduced strength of genetic control.
A critical period – sensitive phase part – "the last moment", during which the stimulation
must occur in order to get a positive development effects.
A period favorable to stimulate the development of specific motor skills - the entire
development period.
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5. What is heredity?
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Part 2:
The context for the implementation of the lesson: informal - stadion, track.
Objectives - The student can:
 Know the athletics competitions - how to systematize track events.
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2.7.2. Stage 2 Application
Part 1
The context for the implementation of the lesson: informal - stadion, track.
Objectives - The student can:
 Skillfully prepair for sports activities;
 Understand the importance of warm-up (exercises to prepare for increased physical
activity)
 Know the safety rules at the time of exercise on physical education,
Time available: 12 minutes
Organization: work in pairs, individual work
Procedure: Organizational activities - Gathering, greeting, attendance checking, control of
outfits, shoes, a reminder about safety, taking out sports equipment.
Preparatory Exercises:
Exercise to test the lateralization - the dominant lower limb
- Students stand in a line, close their eyes and perform a limp fall forward. The moment they
can feel they are going to fall, they support their weight with right or left foot. This is the
dominant leg. This exercise will allow for better placement of the strating blocks, so that the
dominant leg is the one carrying more force during the low start.
Training general fitness of the lower limbs - jumps with alternatively swinging legs aside
- jumps with alternatively swinging legs forward
- running with lifting knees high
- running with heels hitting the buttocks
Training special fitness of the lower limbs - quick run with alternate lenght of steps
- run with long steps
- trot - sprint
- sprint triple jumps
Preparatory exercises for a low start
- begining with one leg standing, Fast run In place
- lifting one knee with alternative swinging of Upper limbs
- lifting one knee with transition into full run
- Fast run starting from both legs Keeling position
- start from fall
- half-high start
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 Strengthen leg muscles - through cyclical performance of the exercises.
 Rival and compare their running capabilities during exercises with fellow students.
Time available: 30 minutes
Exercises perfecting a technique of fast run on a distance
Run with acceleration - Student gradually moves from free run to faster and faster run. After
reaching the highest speed, the student slows down, ending the exercise with apeaceful, free
run
Running in a straight line on a track - Student repeatedly run in a straight line path using
different variants: the acceleration of speed, maintaining high as well as maximum speed at
lengths of 40, 60 and 80m.
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Part 3:
Objectives - The student can:
 Know how to perform calming exercises, after strenuous exercise
 Reinforces information from the lesson of physical education and compares them with the
information from other subjects.
 Knows the types of muscle fibers and knows how training alters the structure of the
muscle.
 Sees the relationship between genes and the construction of the body (the relationship
between genotype and phenotype)
Time available 8 min.
Warm up - Forward trot around the stadium
- Students do 2 laps of the stadium (800m) in the trot, maintaining a constant pace
- Students perform stretching exercises individually, according to their physical needs
Ordinal and organizational activities - Gathering,
Activities of organizational and rules enforcement - collecting, Summary of the activities,
discussion about new information, as well as a comparison with news from different subjects.
The teacher responds to students' questions. Collecting equipment, goodbye
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Racing with alignment – Students form pairs (one weaker with one stronger). One of them
(the weaker one), stands at a distance of 45m, the other (stronger) at a distance of 50m from
the finish line. Both assume the half-high starting position and on adjacent tracks. At the
whistle they start the race. The one running at the back tries to pass his colleague and be the
first to reach the finish line.
Exercises teaching techniques of a low start
Setting the starting blocks - Each student puts the blocks in the normal distance from the
starting line, at the right angle and adjusts them to the leg, from which they start
Individual starts – After prepairing the blocks, each student individually assumes the proper
body position and on command runs quickly the distance of app. 20m
Team starts – A team consist of up to 5 studnets. After prepairing the blocks they assume
position and on command “ready” and “go” they run the distance of app.20m
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Stage 2 – Notes (5 minutes)
Objective: -to reinforce the new vocabulary;
Organization: individual
Procedure: After finding different aspects of DNA replication meaningful it is required to
make notes. The teacher will provide a list of most important vocabulary and together with
students will work on broadening the list, according to their suggestions.
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3. Subject: English (through Biology and Physical Education)
3.1 Objectives:
11. To form and develop vocabulary related to genetics and inheritance
12. To practise locomotor skills
13. To develop the skills of team work, as well as interpersonal skills.
3.2 Time available: 1 hour
3.3 Students’ age:15-16
3.4 Assumption:
 Students are able to perform fundamental locomotor movements. Students can move safely
in self-space and general space.
 Students understand genetic concepts such as structure and role of DNA, complementarity
principle
3.5.Materials and equipment: projector, clothes and shoes needed for PE, hula hoops
covered with paper with a letter painted on them to represent one nucleotide each, skipping
ropes, a whistle, camera.
3.6 Methods and procedures: The lesson is designed to be organized in two different
locations, first in the classroom and later in the informal context on a square in front of school
building. The purpose of the first set of activities is to introduce/practise some of the
vocabulary and remind the students of the structure of DNA and the complementarity
principle. the second class is meant to provide further opportunities for organized study,
learning, reinforcement and extension.
3.7 Strategy:
3.7.1. Introducing and explaining/demonstrating the new vocabulary
TOPIC: DNA replication short movie – physical exercise and movie making
Stage 1- DNA replication (15 minutes)
Objectives:
 To revise a well known topic but this time in English and thus introduce new vocabulary;
Organization: individual,
Procedure: The teacher plays a short film ”DNA Structure and Replication: Crash Course
Biology #10”
https://www.youtube.com/watch?v=8kK2zwjRV0M, draws students’ attention to new
vocabulary and notes it down on a whiteboard. Then, to lighten the mood, the teacher plays a
fragment of a cartoon “Once upon a time... Life - The cell plane”
https://www.youtube.com/watch?v=pRZgPiQX2nA
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Stage 3. Planning a short film (5 minutes)
The context for the implementation of the lesson: informal/ outdoors,
Objective:
 to practice the vocabulary newly introduced;
 to practise locomotor skills combined with concepts connected with DNA replication;
Organization: group work
Procedure: The teacher presents the objective – creating a short film on DNA structure. One
strand determines the construction of the other. The students need to organize themselves in
groups and make arrangements on the “stage” in front of the school.
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Suggested solution: The list will include some/all of the following words:
Nucleotide - Monomer of nucleic acid; consists of a 5-carbon sugar, phosphate group, and a
nitrogen base
Base Pairing - Principle that bonds in DNA can form only between adenine and thymine and
between cytosine and guanine
Replication - Copy process by which a cell replicates its DNA
Messenger RNA - RNA molecule that carries copies of instructions for the assembly of amino
acids into proteins from DNA to the rest of the cell
Ribosomal RNA - Type of RNA that makes up the major part of a ribosome
Transfer RNA - Type of RNA molecules that transfers amino acids into ribosomes during
protein synthesis
Codon - Three-nucleotide sequence on messenger RNA that codes for a single amino acid
Translation - Decoding of an mRNA message into a polypeptide
chain
Anticodon - Group of three bases on a tRNA molecule that are complementary to an mRNA
codon
Mutation - Change in DNA sequence that affects genetic information
Nucleus - a part of the cell containing DNA and RNA and responsible for growth and
reproduction
Genetic Code - the rule that describes how a sequence of nucleotides, read in groups of three
consecutive nucleotides (triplets) that correspond to specific amino acids, specifies the amino
acid sequence of a protein
RNA - (biochemistry) a long linear polymer of nucleotides found in the nucleus but mainly in
the cytoplasm of a cell where it is associated with microsomes
Chromosomes - thread like structures that have genetic info that is passed down from one
generation to the next
DNA - (biochemistry) a long linear polymer found in the nucleus of a cell and formed from
nucleotides and shaped like a double helixdeoxyribonucleic acid, the material that contains the
information that determines inherited characteristics
Transcription - (genetics) the organic process whereby the DNA sequence in a gene is copied
into mRNA
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Stage 4. Producing a short film on the construction of DNA strand (20 minutes)
The context for the implementation of the lesson: informal/ outdoors, in front of school
building
Objective:
- to practice vocabulary
- to practice locomotor skills;
- to develop the skills of team work, as well as interpersonal skills.
Organization: group work
Procedure: The students will have to construct a proper DNA strand. One line of 15 students
is tied together with a rope. Each student is assigned one nucleotide in the form of props
created from hula hoops, thus creating a sequence of nucleotides. Students hold nucleotide
props above their heads. The rest of the students are tied together in small groups of 2-4 people
thus creating short lines. Each student is assigned a nucleotide as well. Cameraman gets set up
in the school building, at the second floor’s window. On the teacher’s mark, small groups of
students need to quickly find their proper place on the leading DNA strand and as an effect
create a proper fragment of DNA strand. The short film is later on watched and analyzed by
the class with the teacher.
Assessment: the teacher will observe students during each task to determine which concepts
need further instruction and/or practice. The video may later be used to asses individual
students’ work. Students are also informed that the next lesson will consist of a short test on
their knowledge.
Sources:
W. Osiński – „Motoryczność człowieka – jej struktura, zmienność i uwarunkowania” Poznań 1993
R. Przewęda – „ Rozwój somatyczny i motoryczny” WSiP W-wa 1981
J. Szopa – „Zarys antropomotoryki” W.S. nr 112, Kraków 1992
J. Szopa – „Genetyczne i środowiskowe uwarunkowania rozwoju somatycznego dzieci miedzy 7 a 11
rokiem życia, wyniki longituidalnych badań rodzinnych”, W.M. nr 42 , Kraków 1990
Authors:
Zespol Szkol Ponadgimnazjalnych w Somoninie im. Jozefa Wybickiego- Somonino, POLAND

Page

261

Krystyna Herzberg (Biology)
Mateusz Jancen (Physical Education)
Anna Ambros ( English)
Translated from the national language into English: Anna Ambros
Creating and editing the document and preparing electronic versions: Wioleta Szwaba
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Unit 19
Topic: Statistics for astronomy
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Argument: Statistics is the science that deals with data collection and analysis. Many
phenomena of human life, widely studied, are characterized by randomness (ie. Increase,
election results, etc.). Statistics as a science examines a portion of a certain population and,
based on the test results, conclusions are drawn as to the whole population. Nowadays
statistics is widely used in the study of demography, psychology, sociology, thermodynamics,
quantum physics, astronomy, etc.
The term "statistics" was introduced in the mid-seventeenth century by a German
scholar Gottfied Achenwall who understood statistics as political science, ie. the science
concerned with the country and presenting the basic information necessary for those who ruled
the state. As time passed, the meaning of the term "statistics" changed significantly. Expansion
of the state structures and economic development led to other sciences emerging from
statistics, in order to deal with describing and analysing the operation of the state in the
economic sphere. These sciences include Economics, Accounting and Finance.
The foundations of the modern methods of statistics were established by Carl Friedrich
Gauss, who created a theory that allowed for estimating an object's actual size based on a
series of measurements (the larger the number of measurements, the smaller the observational
error).
This lesson is designed to show students that a number of laws, objects and phenomena
in the universe is subject to statistical laws, which allows us, among others, to determine the
number of stars in the galaxy, the number of galaxies in the Universe, enables us to calculate
the average distance between stars and we can even estimate the mass of the entire universe.
The subject of statistics are mass phenomena. It is the study of such phenomena in
space and time, allows for the analysis of the direction and pace of their changes, for example
comparing the volume of employment in enterprises, companies.
One of these phenomena we will deal with during this lesson. We will convey a
statistical survey, the subject of which will be the growth and spread of people's arms. We will
calculate the collected data and try to frame all of our actions with appropriate commentary.
Aims:
 To demonstrate the diversity of astronomical objects
 To solve astronomical problems using simple mathematical techniques
 To use the information from the analysis of texts, tables, movies, popular science
 To develope interest in the world around us and the motivation to acquire knowledge
 Improving operations on numbers (accuracy of calculations)
 Reading, selecting and processing of information obtained from a variety of sources.
 The use of statistics in practice.
 Cooperation of students in their research work.
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Conceived by the Polish partner

1. Subject: Physics
1.1 Objectives:
The student can:
 describe the structure of the Universe
 define the concepts of: star, galaxy
 calculate the average mass of a star belonging to the Milky Way
 estimate the number of stars in a given radius around the Sun
 estimate the mass of the Universe
 draw conclusions from the calculations carried out
1.2 Time available: 1 hour
1.3 Students’ age:15-16
1.4 Assumption: The students should already know (that):
 how to record numbers in exponential notation
 operations on exponents
 distance units used in astronomy
 the concept of arithmetic average
 the overall structure of the universe
1.5. Materials and equipment:
whiteboard, worksheets, projector, computer
1.6. Methods and procedures:
Forms of work: individual, in pairs,
Work with text, filling in worksheets, discussion.
1.7. Strategy
1.7.1 Stage 1 – The teacher goes through some previously acquired theoretical concepts
(5 minutes)by asking the following questions:
 how to record numbers in exponential notation?
 how to calculate the arithmetic average?
 What is a star?
 what are galaxies (how many stars may they contain)?
1.7.2. Stage 2 Application
Task 1
The context for the implementation of the lesson: formal / in school, in classroom.
Objectives - The student can:
 develop the ability to use information from different sources
 analyze and interprets the results
 improve the ability to operate on exponents
 practice making proportions
Time available: 20 minutes
Organization: a short discussion about the structure of the universe, watching a short film,
individual filling in worksheets individually
This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
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Procedure: A brief introduction on the structure of the universe (What is a star, what do we
call a galaxy, comparison of the size of planets and stars – a video on YouTube:
https://www.youtube.com/watch?v=LpZ5zFew4Vk or
https://www.youtube.com/watch?v=HEheh1BH34Q a graphic file, a table).
The students find out that in the universe there are stars many times larger than the Sun; it
would seem that their weight is many times greater than the mass of our star (see table), while
statistically the Sun is an average star in terms of mass.
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Pic. Comparison of the size of planets and stars
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Pic. Our galaxy (Milky Way)

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

TEACHER’S BOOK VOLUME 1
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The radius of the star (given
as a multiple of the radius
of the Sun
)
0,14
1
1,71
9
24
44
60
850
ok. 1000
ok. 1400
ok. 1600
ok. 1700
denotes the Sun in astronomy)

The estimated mass of the star (given
in the solar masses
)

Proxima Centauri
0,12
Sun
1
Sirius
2,28
Pollux
3,5
Arcturus
4
Aldebaran
1,7
Rigel
17
Antares
15
Betelgeuse
15-20
VY Canis Majoris
30-40
NML Cygni
25-40
UY Scuti
7-10
Tab. Comparison of the weight and size of stars (the symbol

Worksheet:
The estimated mass of the Milky Way is about
Assuming that the Milky Way
contains about 300 billion stars, calculate the average mass of a star in our galaxy.
The number of stars in the Milky Way (record as exponential notation):
The average weight of a star belonging to the Milky Way (record in the solar masses):

Suggested solution:
The average mass of a star will be calculated by dividing the mass of the Milky Way by the
number of stars contained:
Number of stars in Milky Way galaxy: 300 mld = 300·109 = 3·1011
The average mass of a star belonging to the Milky Way:

The radius of Proxima Centauri is about 100 000 km
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Conclusion: The sun is a star of a moderate mass in our galaxy.
Example
The radius of the star Antares is approximately 0.6 billion km. Estimate the radius of the star
Proxima Centauri.
Suggested solution:
Based on data from the table we make a proportion:
radius of Antares 850
- 0.6 billion km
radius of Proxima Centauri 0.14
- x
850
· x = 0,14
· 0.6 billion km
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Pic. The spatial distribution of stars in a radius of 15 light years from the Sun.
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Task 2
The context for the implementation of the lesson: formal / in school, in classroom
Objectives - The student can:
 develop the ability to use information from different sources
 estimate the number of stars
 analyze and interprets the results
 develop teamwork skills
Time available: 10 minutes
Organization: work in pairs
Procedure:. The students analyze the spatial distribution of the stars around the Sun (Picture).
They discuss the distances between stars. They analyze the calculation example provided and
then use the cosmological principle in order to estimate the number of stars in the specified
radius of the Sun.

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

TEACHER’S BOOK VOLUME 1

2016

Cosmological principle: the universe looks the same for all observers, regardless of their
location. This means that the already explored part of the Universe is treated as representative
of the entire Universe.
Example:
In a radius of 15 light years from the Sun there are about 50 stars. Using the cosmological
principle, estimate how many stars are there in a radius from the sun that is three times greater.
Tip: the volume of a sphere of radius R is calculated by the equation:
Suggested solution:
The students have to calculate how many times greater is the volume of a sphere that has a
radius three times bigger:
The volume of a sphere with a radius 3 times bigger will be 33=27 times greater, thus within
the radius three times bigger, that is 45 light years, there will be 27 times more stars, that is
27·50=1350 stars.
Solve the task:
In a radius of 15 light years from the Sun there are about 50 stars. Using the cosmological
principle, estimate how many stars are there within twice the size radius from the Sun.
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Task 3
The context for the implementation of the lesson: formal / in school, in classroom
Objectives - The student can:
 develop the ability to use information from different sources
 estimate number of stars in the Universe and its mass
 analyze and interprets the results
 develop teamwork skills
Time available: 10 minutes
Organization: discussion, group work
Procedure: Brief introduction to the vastness of the universe (the text below). In pairs
students estimate what is the approximate mass of the (visible) part of the Universe.
Text:
Based on the law of Hubble, it is estimated that the diameter of the observable universe is
about 92 billion light-years. In this vast space there are about 30 Thousand Trillion (Trilliard)
of stars (3 · 1022), belonging to about 350 billion galaxies.
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Suggested solution:
Calculate how many times is the volume of a sphere greater if the radius is twice bigger:
23=8 times bigger, therefore if the radius is twice the size, that is 30 light years, there are 8
times more stars, that is 8 · 50 = 400 stars.
Conclusion: The distances between stars are huge (as well as the "empty" spaces between
them are very large)
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Worksheet:
Estimate the mass of the Universe assuming that the average mass of a galaxy is estimated at
one hundred billion solar masses, and the total number of galaxies in the universe is estimated
in the same way (mass of the Sun is approx.
). Record the result in exponential
notation.
Suggested solution:
The total number of stars in the Universe:

100 bilion · 100 bilion =

Estimated mass of the Universe:
Interesting:
Knowing the mass of the Universe and its size, it is now possible to calculate the average
density of matter in the Universe. Calculations show that it is equal to 9.9 · 10-30 gram/cm3.
(Very small!).
1.7.3 Stage 3. Assessment by further practice
The context for the implementation of the lesson: formal / in school, in classroom
Objectives:
to verify the degree of implementation of the general and specific objectives by solving
control tasks
Time available: 10 minutes
Organization: individual work
Procedure: each student uses the knowledge and skills gained from the lessons to solve the
following tasks
Task 1 The radius of the star Antares is approximately 0.6 billion km. Estimate the radius of
the Sun (record the result in kilometers).
Suggested solution:
Based on the data from the table, make the following proportion:
radius of Antares 850
- 0.6 bilion km
radius of the Sun 1
- x
850
·x=1
· 0.6 bilion km
Stąd
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Task 2 Andromeda Galaxy, which lies 2.52 million light-years from Earth, contains about a
trillion stars, the Andromeda sizes are similar to the size of the Milky Way (about 100
thousand light-years). Andromeda's mass is estimated at about 12 · 1011 solar masses.
Estimate:
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The radius of the Sun equals approx. 700 000 km
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a) the mass of the galaxy;
b) the average star’s mass (belonging to this galaxy);
c) what fraction of the Universe’s mass is the mass of Andromeda;
d) the number of galaxies in the Universe.
Record the result in exponential notation.
Tip: 1 trillion = 1012

Pic. Andromeda galaxy
Suggested solution:
a) mass of the Sun:
mass of Andromeda: 12 ·1011 ·
= 24· 1041 kg = 2,4· 1042 kg
b) average star’s mass in this galaxy (divide the mass of the galaxy by the number of stars):

An average start in the galaxy of Andromeda has the mass of
c) mass of the Universe amounts to approx.
the mass of Andromeda is

of the mass of the Universe
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2. Subject: mathematics
2.1 Objectives:
The student can:
 know how to determine the statistical values known before,
 acquire statistical data needed for the analysis,
 calculate the arithmetic average, median and dominant of the set of data,
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d) calculations presented in c) show that the estimated number of galaxies in the universe is
1010 ie. 10 billion galaxies.
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 calculate the standard deviation of the data set,
 be able to draw conclusions from the calculations,
 develop teamwork skills while working in groups,
 conduct discussions in class,
 draw conclusions from the calculations conducted,
 improve the analysis of tasks and teamwork.
2.2 Time available: 1 hour
2.3 Students’ age:16-17
2.4 Assumption: The students should already know (that):
 calculate the arithmetic average, dominant, median and standard deviation,
 know all the concepts mentioned above and know what is their purpose,
 how to record and use statistics data.
2.5.Materials and equipment:
whiteboard, markers, worksheets, paper, tailor tape
2.6 Methods and procedures:
Forms of work: in pairs
The collection of statistical data (measurement of height and arm spread of the people at
school), statistical data analysis, filling in worksheets - statistical calculations, presentation of
the results of work, discussion.
2.7 Strategy
2.7.1. Stage 1- The teacher goes through some previously acquired theoretical concepts
(5 minutes)by asking the following questions:
 What is statistics and what is its aim?
 Why was the concept of arithmetic average introduced and what picture of a set of
statistical data does it paint?
 What are the dominant and median, and what are they for?
 What is standard deviation and what is the aim of this number?
2.7.2. Stage 2 Application
Part 1
The context for the implementation of the lesson: formal / in school, in classroom .
Objectives - The student can:
 improve teamwork skills,
 develop the ability to collect data for a statistical survey and to use it correctly in practice,
Time available: 10 minutes
Organization: revision of statistical concepts, data collection for the survey (pairs of students
measure the height and arm spread of 20 people in the school), cooperation.
Procedure: Students receive worksheets, which they will note the data gathered on. They will
be needed in the next stage of the lesson. The task is to measure height and arm spread of 20
respondents (10 women and 10 men) and note them down on the worksheets. Afterwards, the
students return to the classroom.
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WORKSHEET:
STATISTICAL SURVEY
Perform the following steps.
1. Measure height and arm spread of 20 people (10 women and 10 men) and note the data
down in the table below. Try to be as accurate as possible.
2. Afterwards, complete the third column in the table by calculating the quotient of height
by the arm spread.
Women
Height

3.

Arm spread

Men
Quotient of
both

Height

Arm spread

Quotient of
both

Using the data collected in the table, perform the following calculations, separately for
groups of women and groups of men:

 Calculate arithmetic average,
WOMEN

MEN
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 Calculate dominant and median for a set of data,
WOMEN
MEN
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 Calculate standard deviation.
WOMEN
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MEN

4. Note down all the values obtained on a large sheet of paper: arithmetic average of
quotient, dominant, median and standard deviation (in the form of a table)
5. Analyze the values obtained. Discuss in pairs the importance of the values obtained and
write several conclusions (2 - 4), which arise from the survey
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Part 3
The context for the implementation of the lesson: formal / in school, in classroom
Objectives - The student can:
14.
perfect discussion and argumentation
15.
draw conclusions from the calculations,
16.
perfect team work and the argumentation of their thesis,
17.
improve the ability of self-assessment.
Time available: 15 minutes
Organization: presentations by students, discussion
Procedure: The students present their work and conclusions, which they have drawn from
all the calculations conducted. The whole class discusses the results obtained, their accuracy,
as well as imagines what would the results be like if the test group was bigger. The class also
establishes which conclusions are the most common throughout all the groups presenting. The
students notice some repetitive elements and similarity of the values obtained. The lesson ends
with noting down the conclusion for all the groups, jointly discussed previously.
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Part 2
The context for the implementation of the lesson: formal / in school, in classroom
Objectives - The student can:
 improve reading skills and understanding of statistical data,
 develop teamwork skills,
 improve the skill of conducting error-free calculations
 excel at analytical thinking and reasoning.
Time available: 15 minutes
Organization: work in pairs
Procedure: Each group of students performs calculations in order to obtain: the arithmetic
average, dominant, median and standard deviation of the statistical data previously gathered.
Afterwards, in pairs they analyze their calculations and draw conclusions together. The groups
note down the calculated values and their conclusions on large sheets of paper and present their
work by attaching them to the whiteboard.
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3. Subject: English
3.1 Specific objectives:
Student:
 can name all the planets in the solar system
 know specific individual facts about the solar system
 know all the forms of ordinal numbers
 can actively use vocabulary related to the topic of the lesson
3.2 Time: 1 hour
3.3 Students’ age:15-16
3.4 Establishment Students should already:
 have basic theoretical knowledge of solar system in their native language,
 know how to form comparative and superlative adjectives
3.5 Materials and equipment:
teaching aids: computer, whiteboard, worksheets, projector, dictionaries, markers, sheets of
paper
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2.7.3. Stage 3. Assessment by further practice
The context for the implementation of the lesson: informal / at home
Objectives: Verifying the implementation of the general and specific objectives through
conducting an analysis of a statistical survey, independently conducted. The result of the work
should be presented in an Excel file.
Time available: 7 days
Organization: in pairs
Procedure: each pair of students collects statistical data, then processes the numerical data
obtained in the form of an Excel file (all data: the arithmetic mean, dominant, median and
standard deviation are calculated by Excel) and provides 2-3 conclusions interpreting the
values obtained.
Task 1. Choose one of the following two survey topics. Then do the task and perform the
calculation of the arithmetic average, dominant, median and standard deviation of the
survey conducted. All the data should be presented in a table in Excel, then calculate
numerical values as formulas in Excel, create charts for static data and provide 3 to 5
conclusions on the calculations and observations.

Investigation into the number of vehicles entering Long Street (Polish: ulica Długa)
from the Carthusian Street (Polish: ulica Kartuska) in the direction of Kiełpino. Important
elements of this task: how to gather the sample (sensible, large enough sample); attempt to
capture the daily fluctuation of the number of vehicles (eg. by dividing the population into
meaningful layers: cars, buses, vans); attempt to estimate the total number of vehicles passing
per day and then separately during the morning and the afternoon,

Investigation into the number of customers entering a chosen supermarket within one
minute. Division on morning and afternoon shopping. Important elements of this task: how to
gather the sample, how numerous and represenatative it is, dividing the population based on
gender. Attempt to estimate the total number of customers during the day.
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3.6 Methods and procedures :
Forms of work : individual, in pairs , in groups or collective
Working with the work cards, discussion
3.7 Strategy
3.7.1. Phase 1- Teacher is conducting short conversation about Space and Solar System
( 5 minutes) by asking the following questions:
What is it the solar system?
How many planets there are?
What gravity is?
3.7.2 . Phase 2 application
task 1
Implementation of lesson context : formal / school , in the classroom.
Specific objectives - student :
 learns new vocabulary: planet names;
 improves reading comprehension in English language and the use of dictionary;
 developes communication skills in English language and ability to work in a team;
Time: 5 minutes
Organization: work in pairs, individual
Process: Teacher ask students to search all the names of the planets in the dictionaries and
volounteers write them on the whiteboard (Ex1). Teacher presents correct pronunciation.
Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune
Task 2
Implementation of lesson context: formal / school
Specific objectives - student
 developes the skill of focusing their attention on the listening text;
 developes the ability to analyze;
 integrate what they have learnt from the text into their existing knowledge.
Time: 10 minutes
Organization: individual work
Process: teacher presents new vocabulary (ordinal numbers) on the whiteboard and students
try to translate it (with the help of dictionareies), teacher explain the use of ordial numbers and
their abbrevation. Then they do listening exercises 2.1, 2.2 “The planets of our solar system.
Learn english via listening” - YouTube: https://youtu.be/iRxcC-kqpRI Students will listen it
twice and each time they do one exercise.
Script The planet on which we live is called the Earth. Our planet is constantly moving
around the sun, and each year, the Earth travels all the way around the sun. But there are many
other planets that also travel around the sun. Together with the sun, the planets, and various
other bodies, the Earth is part of our "solar system."
The planet that is closest to the sun is Mercury. Mercury is extremely hot, and it is
much smaller than the Earth. The second planet from the sun is Venus. Venus is about the
same size as the Earth. Venus is also very hot.
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The Earth is the third planet from the sun. The Earth is unusual among the planets,
because it has such a large moon. The Earth is bigger than the moon, but the moon is still quite
large. It takes about one month for the moon to travel around the Earth.
The fourth planet from the sun is Mars. Mars is known for its red colour. Mars is
smaller and colder than the Earth. Mars has two very small moons. After the planet Mars,
there are many small bodies called the asteroids. These rocky objects are much smaller than
planets. The first four planets are all made of rock and metal. The remaining planets, however,
are mostly made of frozen gases.
The fifth planet is called Jupiter. Jupiter is the largest planet. It has many moons that
travel around it, and it also has a large red spot. The sixth planet is called Saturn. Saturn is the
second-largest planet, and it is famous for the wide "rings" that surround it. These rings are
made up of many smaller objects that are found in the same area.
The seventh planet is called Uranus. The eighth planet is called Neptune. These planets
are also gas giants, but they are smaller than Jupiter and Saturn. Both Uranus and Neptune are
so far from the sun that scientists only discovered these planets during the past few hundred
years, using telescopes. The other planets had all been visible to curious people for many
thousands of years.
The ninth planet is called Pluto. Pluto is very small, and it is much more rocky than the
gas giants. Some scientists believe that Pluto is not really a planet at all. They suggest that
Pluto is the largest of many asteroids that are found at the edge of the solar system.
The solar system is a vast place. So far, people have not travelled beyond the moon.
But perhaps someday, human astronauts will visit the other planets of our solar system!
Ex 2.1 During the first listening students complete the box. Write the names of the planets in
the correct order.

Name of the planet
Mercury
Venus
Earth
Mars

This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

275

Answers:
Position to the Sun
First
Second
Third
Fourth

Name of the planet
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Position to the Sun
First
Second
Third
Fourth
Fifth
Sixth
Seventh
Ninth
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Seventh
Ninth
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Jupiter
Uranus
Neptune
Pluto

Exercise 2.2 Listen to the text for the second time and chose the answer (sometimes is A, B or
C but sometimes it is True or False).
1. Mercury and Venus are extremely hot.
True / False
2. Moon travels around the Eartn in one month.
True / False
3. Mars is:
A) Blue B) Red C) Purple
4. Asteroids are made of:
A) Rock B) Gold C) Plastic
5. The first _______ planets are made of rock and metal. A) Two B) Four C) Five
6. The largest planet is:
A) Saturn B) Jupiter C) Neptune
7. Uranus and Neptune are made of gas
True / False

3 Red

4 Rock

5 Four

6 Jupiter

7 True

Task 3
Implementation of lesson context: formal / school , in the classroom;
Specific objectives - student
 developes the ability of use of complicated numbers
 developes the ability to read numbers in English correctly;
 practice using comparative and superlative adjectives forms
Time : 15 minutes
Organization: individual work and in pairs
Ex 3.1 Students try this activity alone first, then check in pairs. When they have all finished,
teacher ask the class to call out the smallest number all together. Then ask one student to come
and write it on the board: if it is given in figures, teacher make them write it in words and vice
versa. When it is written correctly on the board, teacher read it out and have the whole class
repeat it again. Then move on to the next number, and repeat the process for each one.
−215
minus two hundred and fifteen
2.15
two point one five
2.5
two point five
215
two hundred and fifteen
250
two hundred and fifty
2,150
two thousand, one hundred and fifty
2,150,000
two million, one hundred and fifty thousand
21,500,000
twenty-one million, five hundred thousand
2.15 x 10
two point one five times ten
215,000,000,000
two hundred and fifteen billion
This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
partner schools.This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information.

276

2 True
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Answers:
1 True
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Ex 3.2 Before that exercise teacher ask students about comparative and superlative forms of
adjectives (to remind the theory) then students look at the chart and use the words to complete
the sentences with correct forms.
hot

Diameter (km)
Number of hours in a day
Number of days in a year
Averege temperature
1.
2.
3.
4.
5.
6.

long short
Mercury
5,000
4,200
88
465°C

cold big small
Venus
12,000
2,800
224
480°C

Earth
12,700
24
365
15°C

Mars
6,800
25
687
-65°C

A year on mars is________than a year on the Earth.
2. A day on Venus is _________ than a day on Mercury.
The temperature in Mercury is _________ than Venus.
The temperature on Venus is __________ than the Earth.
Venus is _________ than the Earth.
The Earth is ________ than Mars.

Answers:
1 longer

2 shorter

3 colder

4 hotter

5 smaller

6 bigger
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3.7.3 . Phase 3. Evaluation of domains as further practice:
Implementation of lesson context: formal / school, in the classroom or informal / home
Specific objectives:
Checking the implementation of the general and specific objectives by group presentation.
Time: 10 minutes
Organization: students in groups
Process: Teacher divide class into small groups (3, 4 people) and students prepare short oral
presentation to answer the question: In case of distruction of the Earth, which planet would
you choose to live on and which planet would be the worst in your opinion. Students are free
to use their imagination but need to give number and comaprison examples. At the end they
have 2-3 minutes to present their ideas. Teacher monitors carefully the work.
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Sources:
1. Tablice fizyczno-astronomiczne, wyd. Adamantan (Physical constants and astronomical data
presented in tables)
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Unit 20
Topic: Chemistry for people–cosmetics and detergents
Conceived by the Polish partner
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Is it possible for modern man to live totally without chemicals?
In our immediate vicinity we use many chemicals which would be difficult to live without.
We do not always realize that those products we use practically every day. Chemicals are
everywhere, including at home, bathroom, kitchen. Some of them are cosmetics and
detergents, without which it is difficult to get around today.
All the people use them. Women, men no matter of what age and the children as well. This
lesson is to illustrate to students that chemistry used wisely helps a man and it is not always a
"perpetrator of evil." This subject has to indicate that almost all cosmetics are products of
chemistry and their diversity has an impact on the function and application.
Objectives:
 development of the skill of the correct application of chemical terminology.
 broaden the knowledge about contemporary threats to the environment.
 activation of students - motivating to active participation in lessons.
 acquiring the ability to use knowledge in practice.
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Argument:
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1. Subject: chemistry
1.1. Objectives:
Student:
 describes the formation of emulsions, knows the types and application
 forms ability to use the language of chemistry
 analyzes the composition of cosmetics (on the basis of the labels of a cream, lotion,
toothpaste etc.) and searches for available sources of information about possible effects
 determines the substances contained in cosmetics
 giving the examples and types that are in the daily use, specifies the functions of cosmetics
 calculates the percentage of a given component in a given product
1.2 Time: 1 hour
1.3 Students’ age:15-16
1.4. Students should already:
 know how to calculate the percentage (percentage by mass) of a number
 know the function of cosmetics and their examples on the basis of daily life observation
 know emulsion examples from everyday life
1.5 Materials and equipment:
Teaching aids: computer, projector, whiteboard, worksheets
1.6 Methods and procedures: group work, groups of 2
1.7 Strategy
1.7.1 Phase 1 – The teacher reminds some already known theoretical issues (5 min) asking
following questions:
- What is a mixture?
- What types of mixtures we can distinguish? Give examples.
- How to divide the mixture due to the particle size of the solute?
- What soap is and how it is derived?
1.7.1 Phase 2 Application
Task 1
Lesson implementation context: formal/ at school, in the classroom
Specific objectives - student:
 defines the term emulsion,
 can indicate which substance compounded with water forms emulsions
 know different types of emulsions, properly selects information in association with the
required task
 is able to deduce and argue properly
Time: 10 minutes
Organization; discussion, worksheets
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 improving knowledge about the chemical substances found in every home – their properties
and applications.
 ability to use different sources of knowledge.
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The course: Discussion about the associations with the term "emulsion" (usually linking to
emulsion paint), a brief historical overview, a discussion about the characteristics of the
emulsion and its types, application examples discussed in the worksheets.
The form of emulsion is known for centuries. Most cream bases are derived from known cold
cream (unguentum leniens - Lat.). The method for obtaining this type of preparation was
described for the first time in II. BC Claudius Galen in Methodus Medendi vel de
Morbiscurandis. All the Pharmacopoeias provide a composition that classically contains
different proportions of beeswax, vegetable oil, spermaceti, and water).
The emulsion is a mixture of two non-miscible liquid, for example water-oil which durability
is given by the emulsifier. Indication of the emulsion types O/W and W/O.
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Emulsions used in cosmetics are composed of:
a) basic substances, which may include moisturizing components, mainly natural oils,
minerals, alcohols and fatty acids. Other essential components are emulsifiers and active
ingredients such as vitamins.
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Cosmetics are manufactured in the form of mixtures, often multi-component. The most
common form of cosmetics is the emulsion.
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b) additives: preservatives, emollients (moisturizing agents), anti-oxidants, humectants
(wetting agents), viscosity control formulation, flavorings and colouring agents.
Selected components of the emulsion
Components
•
•
•
•
•
•

aqueous phase
water
glycerine
borax
sodium hydrate
potassium base
glycols

•
•
•
•
•
•

oil phase
vegetable oils (eg. oil: olive oil, avocado oil,
pumpkin seed oil or sunflower oil)
mineral oils (Vaseline, paraffin)
bee wax
Vaseline
eucerin
lanolin

Content of the tasks: given examples of cosmetic divide due to the type of emulsion lotion,
moisturizing creams for dry skin, foundation creams, protective creams, body lotions,
deodorants, some of the hair conditioners, shampoo creams, universal creams, some of the
cold-creams, moisturizing creams, night creams, greasy face mask creams, eye creams,
massage creams, make-up remover milk
WORKSHEET
Emulsion type

Purpose

O/W

W/O

Suggested solution:
Emulsion type
O/W

moisturizing creams for dry skin, greasy creams, night creams, eye
creams, universal creams, protective creams, massage creams, make-up
remover milk
Page
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W/O

purpose
lotions, moisturizing creams, foundation creams, body lotions, face masks,
shampoo creams, deodorants, some of the hair conditioners, universal
creams, some of the cold-creams, night creams
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On the base of the examples above, you can take another division criteria - consistency.
Depending on the consistency, emulsions are divided:
 creams - emulsions so thick that they can retain for some time the shape of the surface,
 lotions- systems with properties typical for liquids, pourable,
 balms - middle form between milk and cream.
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Content of the tasks: Assign types of cosmetics to their functions. Write the appropriate
letters next to the product.
A. cleaning function B. aromative function C. nursing and protective function D. rejuvenating
function
a/ winter protective cream
g/ skin firming cream
b/ sun cream with UC filter
h/ anti-cellulite body lotion
c/ perfumes
i/eau de toilette
d/ deodorant
j/ shaving foam
e/ nail varnish
k/ mascara
f/ toothpaste
Suggested solution:a/ C , b/C, c/B, d/ C or B, e/D, f/ A, g/ D, h/ D, i/ B, j/C, k/D
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Task 2
Lesson implementation context: formal/ at school, in the classroom
Specific objectives - student:
 explains what functions cosmetics fulfill
 gives examples of cosmetics with specified functions
 understand the part and importance of cosmetic chemistry in the modern man's life
 to engender motivation to cognition of chemical knowledge by showing its usefulness in
everyday life
Time: 10 minutes
Organization: discussion, group work
The course:
General introduction to the definition of cosmetics and its use, a brief historical overview, a
discussion about the function of cosmetics in our lives and its clarification on the basis of
students’ statements.
What functions cosmetics fulfil? Despite all appearances, there are really a lot. The first
cosmetics were produced from plants and crushed minerals. For example henna – pigment
which embellished the body was acquired from the leaves of lawsonia intracelluralis,
malachite - was used to paint the eyelids, and rice was used for rice flour. The skin is the outer
layer of the body that, inter alia, protects the body from water loss. Various processes of cell
renewal occur in the skin, but with the passage of years, the processes of decay start to
dominate. What is the function of cosmetics? The function of cosmetics is to maintain the skin
in such condition that it could as long as possible to carry out its functions. Thus, the functions
of cosmetics include: cleaning, nursing and protective, aromative, rejuvenating.
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Task 3
Lesson implementation context: formal/ at school, in the classroom

citrates formate

Content (%)
40
12
12
8,5
7
6
5
4
1,5
1,5
1,5
0,5
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Chemical component
Free amino acids
Pyrrolidone carboxylic acid
lactate
segars
urea
chloride
sodium
potassium
Ammonia, uric acid, creatine
calcium
magnesium
phosphates

0,5

Page

Specific objectives - student:
 analyzes the composition of cosmetics (on the basis of the label of a cream, lotion,
toothpaste etc.) and search for available sources of information about their effects
 calculates the percentage of a given component in a given product
 is capable with the use of a computer to obtain information about the ingredients contained
in cosmetics
Time: 15 minutes
Organization: individual work, discussion, worksheets
The course: discussion on the rules of INCI, analysis of the composition of cosmetics on the
grounds of the label on a cosmetic product. Students perform % calculations of component
content in the product. The results are checked after the calculations, and the component
content is interpreted.
When buying cosmetics, usually we are suggested by the price or the brand, meanwhile, we
should pay more attention to the detailed knowledge of the full composition of cosmetics,
which we are planning to purchase. Cosmetic ingredients used by companies to produce their
products, often tend to be unhealthy and even harmful to our health. Undesirable substances
may be present even in very expensive cosmetics made by leading companies, so you should
analyse the content of each cosmetic product before you decide to purchase them.
INCI rules
I. The names of the components are ordered according to their decreasing content in the
product.
II. If the contents of the individual components is the same, their names are listed in
alphabetical order.
III. The substances constituting less than 1% of the product are mentioned in random order.
IV. The names of pigments are always placed at the end of the list.
The INCI system use English names for chemicals and Latin names of plants
Let's analyse the chemical composition of natural moisturizing factor (NMF) [2]:
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WORKSHEET

A cosmetics has been prepared - solution of the following composition:
a) attar (1 g),
d) musky oil (1 g),
b) geranium oil (1 g),
e) ethanol (50 g).
c) orange oil (2 g),
The perfumery uses the following criteria in terminology, which depend on the percentage of
fragrance oil in the article:
a/ perfumes – 15% do 30%,
c/ eau de parfum – 10% do 15%,
b/ eau de toilette – 5% do 10%,
d/ refreshing water – 3% do 5%,
Use the data about the percentage composition of the solution and then decide what type of
fragrance has been prepared.
Suggested solution:
oil mass= 5g solution mass= oil mass + ethanolu= 5g +50g= 55g
5g x 100% / 55g = 9,1%
Prepared aroma substancje is b/ eau de toilette.
Summary – PREZENTATION „ Cosmetics”
1.7.3 Phase 3 Assessment through further practice
Lesson implementation context: formal/ at school, in the classroom or informal at home

Specific objectives:
Checking of the implementation of the general and specific objectives by solving control
tasks.
Time : 10 – 15 min
Organization: individual work
The course: each student must solve the task individually using the knowledge obtained
during the lesson
Task 1
Analyse the composition of the cream - refer to table Selected INCI designation of cosmetics
and the Internet. List the English names of components of that cosmetic next to their
functions.
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Emulsifier:
_____________________________________________________________________________
Active component: Aqua( water) solvent
_____________________________________________________________________________
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Composition:
Aqua, Glycerin, Stearic Acid, , Cera Alba, Glyceryl
Stearate, Calendula Officinalis, Glucose, Alcohol,
Phenoxyethanol, Lanolin, Parfum

2016
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Preservative:___________________________________________________________________
Pigment:
_____________________________________________________________________________
Component of aroma composition:
_____________________________________________________________________________

Base component

Active
components

Name in the INCI system

English name

Function

Aqua

Water

solvent

Alcohol

alcohol

solvent

Sodium Palmate

Sodium palmitate

cleaning

Calendula Officinalis
Extract

English Marigold

anti-inflammatory

Glycerin

glycerin

moisturizing

Glucose

glucose

moisturizing

Paraffinum Liquidum

liquid paraffin

greasing

Panthenol

panthenol

anti-inflammatory

Allantoin

allantoin

anti-inflammatory

Retinyl Palmitate

retinyl palmitate

antiwrinkle

Decyl Oleate

decyl oleate

greasing

Shea butter

shea butter

smoothing, softening

Glicine Soya Oil

Soya oil

prevents discoloration

Sodium Hyaluronate

sodium hyaluronate

moisturizing

Hyaluronian Acid

hyaluronan

moisturizing

Butylene Glycol

butylene glycol

moisturizing

Tocopherol / Tocopheryl
acetate

tocopherol / tocopheryl
acetate

antioxidative
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Attachment no 2
Selected INCI designation of cosmetic components
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castor oil

emulsifier

Cera Microcristallina

microcrystalline wax

consistence making

Hydrogenated CocoGlycerides

hydrogenated cocoglycerides

consistence making

Glyceryl Stearate

glyceryl stearate

emulsifier

Paraffin

paraffin

consistence making

Stearic Acid

stearic acid

consistence making

Cetyl Alcohol

cetyl alcohol

consistence making

Phenoxyethanol

phenoxyethanol

preservative

Lanolin Alcohol

lanolin alcohol

emulsifier

Cera Alba

beewax

consistence making

PEG-100 Stearate

A derivate of
polyethylene glycol

emulsifier

Linalool

linalool

fragrance

Stearyl Alcohol

stearyl alcohol

consistence making

Benzyl benzoate

benzyl benzoate

fragrance

Geraniol

geraniol

fragrance

Titanium Dioxide

titanium dioxide

pigment

Metylisothiazolinae

metylisothiazolinae

preservative

Octyldodecanol

octyldodecanol

emulsifier

Methylparaben

methylparaben

preservative

Propylparaben

propylparaben

preservative

Limonen

limonen

fragrance

Citronellal

citronellal

fragrance

Citric Acid

citric acid

emulsion stabilizer
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Additional
components

PEG-35 Castor Oil
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Suggested solution:
Base component: English name , function
Aqua; water , solvent Alcohol, -alkohol - solvent
Base component: English name, function
Glycerin : glycerine , moisturizing Calendula Officinalis- English Marigold- antiinflammatory, Glucose – glucose moisturizing
presrvativet: English name , function
Stearic Acid- stearic acid, consistence making Phenoxyethanol - phenoxyethanol,
preservative, Cera Alba- beewax- preservative
emulsifier: English name, function Glyceryl Stearate - glyceryl stearate, emulsifier
component of aroma composition
Linalol- linalol – fragrance, parfum
Task 2 Moisturizing cream contains of 5% emulsifier (mass percentage). Calculate how many
grams of emulsifier contains 250 g of cream.
Suggested solution:
% calculating of the number of grams of cream:
5% x 250g = 12,5g or ratio placement
250g- 100%
x - 5%
answer. 250g cream consist of 12,5g emulsifier
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2. Subject: Geography
2.1 Objectives: Student:
 explains the concept of the ozone hole and the greenhouse effect
 explains the effect of CFCs on the ozone layer and the increase in the Earth's temperature
 recognizes products free of CFC
 shapes the language skills geographical knows and properly uses geographic terminology
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Task 3 Cream formulation is given below. Arrange the ingredients according to the INCI
system.
Cream recipe: 8 g glycerinmonostearat, 40g peanuts, 4g bee wax, 200 g of distilled water, 2.5
g of essential oil of rosewood, 1.5g of essential oil of lavender, 10g of alcohol, 3g Dpanthenol.
Glycerinmonostearat is a substance that is used for the production of light nongreasy creams
for oily skin, acne and mixed. The substance has a high emulsification strength.
Beewax is a very gentle substance to the skin. It is the emulsion stabilizer.
D-panthenol is a substance which is used in soothing and medical creams.
Suggested solution:
Providing of the correct sequence of cream components: water, peanut oil, alcohol,
glycerinmonostearat, beewax, D-pantenol, essential oil of rosewood, essential oil of lavender
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 lists the consequences of enlarging the ozone hole and the greenhouse effect
2.2 Time: 1 hour
2.3 Students’ age:15-16
2.4 Prerequisite: Students should already be familiar with and know (that):
 Earth is surrounded ozone layer - the ozone layer
 increase in temperature of the Earth and the resulting weather phenomena are a
consequence of the greenhouse effect
 cosmetics and detergents used by people contain environmentally harmful substances
2.5 Materials and equipment
Teaching aids: computer, overhead projector, whiteboard, work sheet, political map
2.6 Methods and procedures
Forms of work: individual, in pairs
Working with text, analysis tables, maps, work sheet, discussion
2.7 Strategy
2.7.1 Stage 1
The teacher very briefly discusses negative impact of cosmetics and detergents on the
environment, then asks a question Do you know any environmental friendly substances that
can be used at home Instead of cosmetics and detergents?
Students give answers that are written on the blackboard. Afterwards teacher shows 2
schedules and discuss with students (5 minutes)
HOUSEHOLD PRODUCTS AND THEIR POTENTIAL HEALTH EFFECTS
Product Type

Harmful Ingredients

Potential Health Hazards

Formaldehyde

Toxic in nature; carcinogen; irritates eyes, nose,throat and skin; nervous,
digestive, respiratory system damage

Bleach

Sodium hypochlorite

Corrosive; irritates and burns skin and eyes; nervous, respiratory,
digestive system damage

Disinfectants

Sodium hypochlorite

Corrosive; irritates and burns skin and eyes; nervous, respiratory,
digestive system damage

Phenols

Ignitable; very toxic in nature; respiratory and circulatory system damage

Ammonia

Toxic in nature; vapor irritates skin, eyes and respiratory tract

Drain cleaner

Sodium/potassium
hydroxide (lye)

Corrosive; burns skin and eyes; toxic in nature; nervous, digestive and
urinary system damage

Flea powder

Carbaryl

Very toxic in nature; irritates skin; causes nervous, respiratory and
circulatory system damage

Dichlorophene

Toxic in nature; irritates skin; causes nervous and digestive system
damage

Chlordane and other
Toxic in nature; irritates eyes and skin; cause respiratory, digestive and
chlorinated hydrocarbons urinary system damage
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Air fresheners
& deodorizers
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SOURCE: Compiled by author.
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Floor
cleaner/wax

Harmful Ingredients

2016

Potential Health Hazards

Diethylene glycol

Toxic in nature; causes nervous, digestive and urinary system damage

Petroleum solvents

Highly ignitable; carcinogenic; irritate skin, eyes, throat, nose and lungs

Ammonia

Toxic in nature; vapor irritates skin, eyes and respiratory tract

Furniture polish

Petroleum distillates or
mineral spirits

Highly ignitable; toxic in nature; carcinogen; irritate skin, eyes, nose,
throat and lungs

Oven cleaner

Sodium/potassium
hydroxide (lye)

Corrosive; burns skin, eyes; toxic in nature; causes nervous and
digestive system damage

Paint thinner

Chlorinated aliphatic
hydrocarbons

Toxic in nature; cause digestive and urinary system damage

Esters

Toxic in nature; irritate eyes, nose and throat

Alcohols

Ignitable; cause nervous system damage; irritate eyes, nose and throat

Chlorinated aromatic
hydrocarbons

Ignitable; toxic in nature; digestive system damage

Ketones

Ignitable; toxic in nature; respiratory system damage

Aromatic hydrocarbon
thinners

Ignitable; toxic in nature; carcinogenic; irritates skin, eyes, nose and
throat; respiratory system damage

Mineral spirits

Highly ignitable; toxic in nature; irritates skin, eyes, nose and throat;
respiratory system damage

Paints

Pool sanitizers Calcium hypochlorite

Toilet bowl
cleaner

Window
cleaners

Corrosive; irritates skin, eyes, and throat; if ingested cause severe burns
to the digestive tract

Ethylene (algaecides)

Irritation of eyes, mucous membrane and skin; effects reproductive
system; probable human carcinogen of medium carcinogenic hazard

Sodium acid sulfate or
oxalate or hypochloric
acid

Corrosive; toxic in nature; burns skin; causes digestive and respiratory
system damage

Chlorinated phenols

Ignitable; very toxic in nature; cause respiratory and circulatory system
damage

Diethylene glycol

Toxic in nature; cause nervous, urinary and digestive system damage

Ammonia

ALTERNATIVES TO COMMON HOUSEHOLD PRODUCTS
Product

Alternative(s)

Open windows to ventilate. To scent air, use herbal bouquets, pure vanilla on a cotton ball, or
simmer cinnamon and cloves.
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SOURCE: Based on information available from various sources including the Web site of Air and Waste Management
Association
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Alternative(s)

All-purpose
cleaner

Mix ⅔ cup baking soda, ¼ cup ammonia and ¼ cup vinegar in a gallon of hot water. Doubling all
the ingredients except the water can make stronger solution.

Brass polish

Use paste made from equal parts vinegar, salt and flour. Be sure to rinse completely afterward to
prevent corrosion.

Carpet/rug
cleaner

Sprinkle cornstarch/baking soda on carpets and vacuum.

Dishwashing
liquid

Wash dishes with hand using a liquid soap or a mild detergent.

Drain opener

Add 1 tablespoon baking soda into drain and then slowly pour ⅓ cup white vinegar to loosen clogs.
Use a plunger to get rid of the loosened clog. Prevent clogs by pouring boiling water down drains
once a week, using drain strainers, and not pouring grease down drains.

Fabric softener

Use ¼ to ½ cup of baking soda during rinse cycle.

Fertilizer

Use compost and organic fertilizers.

Floor cleaner

Mix 1 cup vinegar in 2 gallons of water. For unfinished wood floors, add 1 cup linseed oil. To
remove wax buildup, scrub in club soda, let soak and wipe clean.

Floor polish

Polish floors with club soda.

Furniture polish

Mix 1 teaspoon lemon oil and 1 pint mineral oil. Also, use damp rag.

Insecticides

Wipe houseplant leaves with soapy water.

Laundry bleach

Use borax on all clothes or ½ cup white vinegar in rinse water to brighten dark clothing.
Nonchlorinated bleach also works well.

Methylene
chloride paint
stripper

Use nontoxic products.

Mothballs

Place cedar chips or blocks in closets and drawers.

Oil-based paint,
Use water-based products.
thinner
Oven cleaner

Wash the oven with a mixture of warm water and baking soda. Soften burned-on spills by placing a
small pan of ammonia in the oven overnight. Sprinkle salt onto fresh grease spills and then wipe
clean.

Pesticide

Use physical and biological controls.

Silver cleaner

Add 1 teaspoon baking soda, 1 teaspoon salt and a 2" x 2" piece of aluminum foil to a small pan of
warm water. Soak silverware overnight.

Toilet cleaner

Use baking soda, a mild detergent, and a toilet brush.
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2.7.2 Stage 2 - Application
Context implementations lesson: formal in school / class
Specific objectives - student:
 improves the ability to work with text
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Window cleaner Mix ¼ cup ammonia with 1 quart water.
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 develops the ability to analyze
 uses information sources and use them in practice
Time: 5 minutes
Organization: individually completes worksheets
Procedure: Students read a text about the ozone layer and then to complete the tasks.
Text source 1.
A hole in the sky
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The ozone hole is the loss of ozone in the
stratosphere part - called the ozone layer due to air pollution gases that react with
ozone. Ozone layer is crucial to life on our
planet - although ozone can be found
throughout the atmosphere, the greatest
concentration occurs at an altitude of
about 25 km. While close to the surface of
the Earth, this compound in higher
concentrations is harmful, in the
stratosphereit provides a protective layer
and is a kind of shield that protects our
planet from harmful ultraviolet radiation
(UV).
Ozone hole was first discovered in the mid-80s over Antarctica. Later, it was also observed
over the Arctic. Scientists were shocked by this phenomenon; then they began to worry about
the people's health and the environment.
How is the ozone layer thinning?
The formation of the ozone hole is associated with ingress, as a result of human activity into
the atmosphere of various gases, mainly CFCs. Those are non-toxic and non-flammable gases,
therefore, they were used in the production of aerosols, refrigerators, freezers, fire
extinguishers or foam plastics. Unfortunately, CFCs are long-lived and can stay in the
stratosphere for up to 150 years. One CFC molecule can destroy in that time 100 000 ozone
molecules. At the Earth's surface they are almost chemically inert and become dangerous only
in the stratosphere, where the action of ultraviolet (UV) photolysis are, releasing chlorine
atoms. Chlorine reacts with a molecule of ozone, breaking it. This is not the end - as a result of
further reactions another ozone molecule is being destroyed, until the exhaustion of its
resources or the loss of chlorine as a result of the course of other chemical processes.
Is there anything to fear?
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Man exploiting the environment in which he lives, constantly changes it, unfortunately, in
most cases, these changes are detrimental and often irreversible. The effects of pollution of
land and water can be seen with a naked eye, but the consequences of air pollution are difficult
to observe. That's why people were not conscious about the degradation of the ozone layer.

Defects in ozone layer cause the loss of its protective properties. It has been shown already
that the disappearance of ozone causes the Earth reaches two percent of UV radiation. For
humans, it increases the susceptibility to skin disorders, including cancer, and eye diseases
such as cataract, conjunctivitis or blindness. It can also damage the structure of nucleic acids
(including DNA) and proteins within cells, provoking genetic mutations. Very common are
sunburns, or accelerates aging of the skin and wrinkle formation. UV radiation also has a
detrimental impact on all ecosystems (aquatic and terrestrial), disrupting the biological
balance. First and foremost is the cause of the extinction of some animal and plant organisms,
thereby eliminating some of the cells of the trophic chain. For example it might be killing the
stronger ultraviolet rays of phytoplankton, which is the basis of the food chain in all oceans,
this process is particularly strong on both poles of the planet. The effects of this phenomenon
in the future is difficult to predict.
What's next?
So what are the prospects for the future? Scientists' opinions are divided. Robert Fifiled
believes that the problem indeed exists, but the Earth is not in danger; on the contrary - with
this research is a prediction that the ozone hole can disappear over the next few years. Another
group of researchers, led by Susan Strachan, is more sceptical - to reduce the presence of
CFCs in the atmosphere and at the same time
increase the amount of ozone does not indicate
the rebuilding of the ozone layer. This is due to
periodic activity of stratospheric winds, which
transport of ozone from high concentration to
places with defects, so you can pull the wrong
conclusion about the disappearance of the
ozone hole, when it really is only reduced
temporarily. Although ozone is renewable, but
so far scientist haven't not investigated how
much can last for such a process. Certainly it is
not short, and the longevity of CFCs in the
stratosphere is staggering. Even after the
cessation of their emissions much longer will
make havoc in the ozone layer. More
importantly, despite taking various protective
measures, the ozone hole is still growing - from 0.2 per cent a year. to 0.8 per cent., depending
on latitude.
Still hundreds of people have no idea or do not realize the real extent of the problem. Ozon
readily undergoes chemical degradation caused by human activity. If people realize this, the
ozone layer becomes very thin and fragile. Therefore, activity of scientists and permanent
observation of changes in the ozone layer are very important and still needed.
Ewa Jakubska
Editors: Dominic Muszyńska
Editorial Language: Veronica Szkwarek
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Task 1. Complete the text using your own knowledge and the article.
Ozone layer is a layer of gases occurring at an altitude of 25 km. It is a part of
…………………………… Ozone layer was partially destroyed as a result of, among others,
human use of CFCs contained in ………………………………………………………………
Freons getting into the stratosphere under the influence of ultraviolet radiation are photolysis
and release …………………, which destroys the ozone. Ozone contained in ozonosphere
protects human ………… from harmful UVA and UVB rays, which acting on the human body
leads
to……………………………………………………………………………………………....
Expected responses:
stratosphere / aerosols, refrigerators, freezers, fire extinguishers or foam plastics / chlorine /
rays / skin diseases - cancer, sunburn, eye diseases - cataract, conjunctivitis
Task 2. On the basis of figures formulate correct regarding the ozone hole
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Task 3. Look at the part of the program, and then answer the question: When and where
the phenomenon of the ozone hole reached its peak?
https://www.youtube.com/watch?v=RS0Q3WIdosE
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Predicted answer:
The ozone hole over Antarctica is growing at a very rapid manner. It contributes to the rapid
economic development, and thus increase contamination persisting in the air and destroying
the ozone layer.
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…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
Predicted answer:
The ozone hole is the most extensively recorded over Antarctica during the summer months.
This is because the southern hemisphere is recorded when the lowest temperature (last winter)
and air pollution damaging the ozone layer are carried by winds stream in the vicinity of the
South Pole, where it forms a kind of vortex preventing the free movement of air masses.
Task 4. Write the concept of the greenhouse
effect and complete the scheme for greenhouse
effect
Expected answers:
The most frequent determination: greenhouse
effect / heat / floods / increase in air temperature
solar radiation short / long wave radiation heat/
radiation reflected from the Earth's surface/
radiation feedback
Task 5. On the basis of figures determine which gases
contribute most to global warming and try to determine
their origin.
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
Predicted answer:
Carbon dioxide - ptrzemysłu development, deforestation methane - coal mining and oil (the
main component of natural gas), distribution of debris and animal waste
CFCs - deodorants, air conditioners, refrigerators
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Task 6. Create a cartogram using data from a table on the emotions of CO2.
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Task 7. Write down what negative effects may in the future increase in the greenhouse
effect.
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
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Predicted answer:
global warming - higher water levels, droughts, extinction of plants → extinction of animals,
melting glaciers, shrinking water resources
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3. Subject: English, Chemistry
3.1 Objectives:
The student can:
 know different types of liquids
 foresee to some degree the effects of mixing of certain chemicals
 be able to make notes on observations, draw conclusions and present them to classmates
 refer to background scientific knowledge in order to explain certain reactions
 develop teamwork skills while working in groups,
3.2 Time available: 1 hour (plus prior preparations)
3.3 Students’ age:15-16
3.4 Assumption: The students should already know (that):
 the functions of cosmetics and common chemicals, as well as exemples of their usage as
observed in everyday life
 what is emulsion and its examples
 what is magneticism and its features
 what is luminescence and its examples
 what is flammability and its features
 how burning processes occur
3.5 Materials and equipment : whiteboard, marker, fire extinguisher, observation sheets,
three jars, water, food coloring, oil, salt, toner (powder), magnet, pliers, tweezers, 3
highlighters, UV light, liquid soap, lighter gas, glass bottle, drain cleaner, aluminium foil,
baloons, baking soda, sugar, a pot with sand, kindling liquid, lighter.
3.6 Methods and procedures:
Forms of work: in small groups
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2.7.3. Phase 3. Evaluation by further practice
Context implementations lesson: informal / home
Objectives: to verify the degree of implementation of the general and specific objectives by
solving the control tasks
Organization: each student individually
Procedure: each student, using the knowledge and skills acquired in class, solves the problem
Task8. Explain the need for international cooperation in environmental protection in the
context of the problem of ozone depletion and the greenhouse effect. Give examples of
such activities.
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………

Conducting an experiment, filling in observation sheet, presenting experiment and conclusions
to classmates
3.7 Strategy
3.7.1 Stage 1 - The teacher goes through some previously acquired theoretical concepts
(10 minutes)by asking the following questions:
 What is compound? A substance formed by chemical union of two or more elements or
ingredients A chemical compound is a chemical combination of two or more elements
that can normally be broken down into simpler substances by chemical means and have
properties different from those of its component elements.
 Are majority of substances we encounter and use on a daily basis compounds or rather pure
elements? Compounds.
 What kinds of compounds do you know? Ionic bonds are formed when two or more atoms
of an element are joined together when one of the elements gains or loses
electrons. Covalent bonds are chemical bonds that form when two or more atoms of an
element share electrons. Metallic bonds are formed when metallic ions are attracted to the
electrons of another element.
 What examples of common compounds do you know? The material that we commonly
refer to as rust is actually the chemical compound iron oxide. Common table salt is sodium
chloride and is formed when sodium atoms and chlorine atoms are joined together with an
ionic bond. This means that the sodium loses one electron and the chlorine atom gains one
electron to form the bond and create the chemical compound. Water is a chemical
compound that is formed when two hydrogen atoms join with one oxygen atom. These
atoms are held together because they share electrons as a result of a covalent bond.
 What examples of unexpected reactions between common chemicals do you know? Cocacola and methos, baking soda and vinegar, flammable hairsprays and hand sanitizers.
3.7.2. Stage 2 – Application:
The context for the implementation of the lesson: informal, in school / classroom.
Objectives - The student can:
a) improve teamwork skills,
b) develop the ability to collect data from observations,
c) develop the ability to refer to background chemistry knowledge,
d) develop the ability to foresee the results of their actions,
e) improve public speaking.
Time available: 35 minutes
Organization: group work, conducting experiments, filling in observation sheets, presenting
experiments to classmates
Procedure: Students work in small groups. Each group receives materials, an observation
sheet and a written description of an experiment they are supposed to conduct. One student is
appointed a photographer and equipped with a camera. Then the teacher explains safety
precautions and asks the groups to prepair the experiment. They need to appoint one student
per group for making notes on the observation sheet, one for writing English vocabulary
connected with their experiment on the whiteboard and one as a spokesman, who will explain
This teacher’s book is part of the training Kit conceived as one of the intellectual outputs of the Erasmus+ project “Cross-Curricular
Approaches to Mathematics & Sciences in Formal and Informal Contexts” and it presents the work of a group of teachers from project
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List of vocabulary, to be written on the whiteboard:
 Emulsion
 Float
 Stability
 Food colouring
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the reactions taking place. They need to make predictions about the experiment too. After
several minutes the students will present their experiment for other groups. The rest of the
students takes notes on the vocabulary.
1. Lava lamp – water + food colouring + few tablespoons of oil + sprinkle salt
Stages of the experiment:
A. Fill jar with water (1 cup)
B. Mix in food colouring
C. Mix in few tablespoons of oil (0.5 cup)
D. Sprinkle salt on top
E. Close jar, observe
Observations:
 water changes colour
 oil forms bubbles in water
 oil moves down and up
Conclusions (based on background scientific knowledge):
 oil doesn’t mix with water
 oil doesn’t mix with food colouring, but water does
 oil is lighter than water
 salt clings to oil
 salt is heavier than water and thus pulls oil down
 salt dissolves in water and thus oil can go back up
In case the group cannot come up with correct conclusions, the teacher should help them with
asking the following questions:
a) Which substance is now coloured? Water.
b) Which substances mix? Water and food colouring, water and salt.
c) Which substance caused the movement? Salt.
d) And how? By clinging to oil molecules it weightens them down, then when salt dissolves
they float back up.
e) Which type of emulsion was presented in the experiment?
After filling in observation sheet, the group presents the
experiment to classmates and refers to previously acquired
knowledge about emulsions.
The emulsion is a mixture of two non-miscible liquid, for
example water-oil emulsifier which has proper stability.
Indication of the types of emulsion are: O / W and W / O.
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3. Glow water – pliers, tweezers, 3 highlighters, measuring cup, uv light, 2 cups of water,
tonic water (30mins)
Stages of the experiment:
A. Pour 2 cups of water into a jar
B. Open highlighter markers with pliers
C. Use tweezers to take out the highlighter ink
D. Let it sit for about 30 minutes
E. Take out the ink tubes
F. Turn off the light and turn on the UV lamp, observe the water with highlighter ink and the
tonic water
Observations:
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2. Ferromagnetic fluid – 50ml of toner + 2 tablespoons of oil
Stages of the experiment:
A. Pour toner into jar
B. Pour oil into jar
C. Mix well
D. Touch the outside of the jar with magnet and observe
Observations:
 toner and oil mix
 fluid reacts when in magnetic field
 fluid looks much denser when in magnetic field
Conclusions:
 toner must contain some magnetic particles
 magnetic particles align with the magnetic field lines
In case the group cannot come up with correct conclusions, the teacher should help them with
asking the following questions:
a) What factor changes the liquid? Magnetic field.
b) Then what feature does the liquid have? It is magnetic, succumbs to polarization.
c) Is the change permanent? How does it vary? It takes shape of the magnetic field and
moves with it.
After filling in observation sheet, the group presents the experiment to classmates and refers to
previously acquired knowledge about
magnetism.
A ferrofluid is a fluid with magnetic particles
in it, and if the fluid is exposed to a magnetic
field, all the magnetic particles will align
with the field lines, making the fluid much
more dense.
List of vocabulary, to be written on the whiteboard:
 Ferrofluid
 Magnetic field
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4. Fire soap bubbles – lighter gas (or other flammable spray) + water + soap
One student is appointed as safety manager and equipped with a fire extinguisher.
Stages of the experiment:
A. Fill in a big bowl with water
B. Pour liquid soap into water, mix lightly
C. Put the end of the lighter gas in the water and start letting the gas out so it creates bubbles
(small amount of bubbles)
D. Light the bubbles with lighter, observe
Observations:
 lighter gas is flammable
 gas was contained within bubbles
 when one bubble is lit, neighbouring ones catch fire too
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 The water with the highlighter dye in it glows when placed by a black light.
 The tonic water also glows when it is placed by a black light.
Conclusions:
 highlighter ink contains phosphors
 quinine contains phosphorus
 phosphors glow when placed by ultra violet light
In case the group cannot come up with correct conclusions, the teacher should help them with
asking the following questions:
 What factor caused the change? Different light length, UV light (shorter than that of visible
light but longer than X-rays).
 How is this reaction called? Luminescence.
 What is this substance that glows? Phosphorus.
 What substance can you read about on the label of these products that probably contains
phosphorus? Quinnine.
After filling in observation sheet, the group presents the experiment to classmates and refers to
previously acquired knowledge about luminescence.
A black light lamp such as the one you used emits a UV light that can illuminate objects and
materials that contain phosphors. Phosphors are special substances that emit light
(luminescence) when excited by radiation. The water glowed under the black light because it
contained phosphors. The UV light reacted with phosphors in the highlighter ink. In tonic
water the UV light reacted with phosphors in a chemical used in tonic water called quinine.
Luminescence is emission of light by a substance not resulting from heat; it is thus a form of
cold-body radiation.
List of vocabulary, to be written on the whiteboard:
 UV light
 Luminescence
 Phosphorus
 Quinnine
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5. Floating balloons – drain cleaner + aluminium foil + balloon + glass bottle + lighter
One student is appointed as safety manager and equipped with a fire extinguisher.
Stages of the experiment:
A. Pour 100ml of drain cleaner inside glass bottle
B. Throw in small aluminium foil balls (no more than about 10cm2, more may cause
explosion of the bottle)
C. Quickly put balloon over the bottle, observe (when the bottle cools down balloon is ready,
tie its end).
D. Set balloon on fire.
Observations:
 Drain cleaner reacts with aluminium and creates some gas.
 This gas is lighter than air and flammable (hydrogen gas).
 The reaction is volatile and potentially dangerous.
Conclusions:
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Conclusions:
 The gas inside bubbles is what is set on fire
 Bubbles do not let the gas out because of surface tension
 A bubble has to be popped to set it on fire
 Once the temperature nearby is high (from the fire source) the bubble pops, and this is how
the fire spreads amongst bubbles.
 Many common sprays are flammable - hairspray, spray paint, antiperspirant, and bug spray
and thus should never come in contact with fire.
In case the group cannot come up with correct conclusions, the teacher should help them with
asking the following questions:
a) What substance here burns? Gas.
b) Why doesn’t it just get away? Because it is contained within bubbles.
c) How does a bubble hold the gas in? Surface tension prevents it from popping.
d) Why does it pop? Because of temperature.
e) How does the fire spread from bubble to bubble? When one bubble is on fire, its
neighbours pop due to high temperature.
After filling in observation sheet, the group presents the experiment to classmates and refers to
previously acquired knowledge about flammability and surface tension.
A bubble is just air wrapped in soap film. Soap film is made from soap and water (or other
liquid). The outside and inside surfaces of a bubble consist of soap molecules. A thin layer of
water lies between the two layers of soap molecules. Surface tension keeps it together until
popped by external factors. In this case, fire (and temperature) cause the popping, which
releases more gas contained within and feeds the fire.
List of vocabulary, to be written on the whiteboard:
 Flammable, flammability
 Contain
 Surface tension
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6. Fire snake – 40 grams sugar + 10 grams baking soda + kindling liquid + sand +
lighter
One student is appointed as safety manager and equipped with a fire extinguisher.
Stages of the experiment:
A. Put Sand in a big pot.
B. Pour kindling liquid on top.
C. Put sugar on top.
D. Put baking soda on top.
E. Set on fire, observe reaction
Observations:
 Baking soda and sugar burn but the temperature isn’t high enough to melt the sand.
 The substance produced from burning is carbon.
Conclusions:
 Burning sugar produces carbon.
 Burning baking soda produce carbon dioxide, which makes the carbon “fluffy”.
 The reaction is fuelled by burning kindling liquid, so it stops when all of it is used up by the flame.
In case the group cannot come up with correct conclusions, the teacher should help them with
asking the following questions:
a) Which of these substances is the one burning? Kindling liquid is fuel, sugar and baking
soda burn with it.
b) Which substance produces carbon? Sugar.
c) What could make the carbon so “fluffy”? Carbon dioxide from burning baking soda.
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The gas produced was Hydrogen gas, potentially dangerous.
It isn’t wise to use drain cleaner if the pipes are aluminium – it can be dangerous.
Hydrogen gas cannot be used for making floating balloons because it is flammable.
Drain cleaner is sodium hydroxide. The reaction between aluminium metal and sodium
hydroxide produces hydrogen gas.
In case the group cannot come up with correct conclusions, the teacher should help them with
asking the following questions:
a) What substance caused the reaction? Aluminium
b) Why don’t we use it to make floating balloons? Because it's flammable.
c) Why do we use helium? It's inflammable.
d) What gas was produced? Hydrogen gas.
e) What are it’s properties? No smell, no colour, flammable.
After filling in the observation sheet, the group presents the experiment to classmates and
refers to previously acquired knowledge about Hydrogen gas.
List of vocabulary, to be written on the whiteboard:
 Hydrogen gas
 Flammability
 Sodium hydroxide
 Volatile
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After filling in observation sheet, the group presents the experiment to classmates and refers to
previously acquired knowledge about the burning processes.
List of vocabulary, to be written on the whiteboard:
 Baking soda
 Flammability
 Kindling liquid
 Carbon
 Carbon dioxide
All experiments, when finished, should be displayed with appropriate title and their
observation sheet, as well as a list of English vocabulary connected with them. When the miniexhibition is supposed to be removed, teachers should pay special attention to properly destroy
the products of the experiments: lava lamp, glow water and fire bubbles bowl with soap water
are rather harmless, but ferrofluid may clog drains and floating balloons are flammable.
Sources:
1.
2.
3.
4.
5.
6.
7.

http://earthobservatory.nasa.gov/Features/EarthPerspectives/page3.php
http://educover.pl/czasopismo/problem-freonow-dziury-ozonowej/2/
http://greenspirit.com/beauty-environment/
http://www.pollutionissues.com/Ho-Li/Household-Pollutants.html
http://przeprowadzki-bielany.pl/efekt-cieplarniany/
https://www.youtube.com/watch?v=RS0Q3WIdosE
https://www.google.pl/search?q=bezpieczny+dla+ozonu&espv=2&biw=1280&bih=709&source=lnm
s&tbm=isch&sa=X&ved=0ahUKEwiX97yw6ZLQAhWEJSwKHfkVAhYQ_AUIBigB&dpr=1#imgrc=24
QZWwg0G8nQIM%3A
8. „Cosmetics – chemistry for the body”- collective work edited by Grzegorz Schroeder, Cursiva 2011
9. This is chemistry, Romuald Hassa, Aleksander Mrzigod, Janusz Mrzigod , Nowa Era
Authors:
Zespol Szkol Ponadgimnazjalnych w Somoninie im. Jozefa Wybickiego- Somonino, POLAND

Page

304

Jolanta Dunst – Chemistry
Anna Krokocka – Geography
Anna Ambros – English
Translated from the national language into English: Martyna Grzędzicka, Anna Ambros, Anna Krokocka
Creating and editing the document and preparing electronic versions: Wioleta Szwaba
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