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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! 

 

The project coordinators  
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 Unit 1:  Arts of proportions  

 

Proportion is, in general definition of this noun, the comparative relation 

between things or magnitudes as to size, quantity, number etc. and ratio.  

The concept of (measured) 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, mathematic and 

sciences, too. The first stage in science knowledge is collecting and comparing of measured 

quantities, searching for their relation in the form of proportionality between different 

quantities and finally expressing them in the mathematical form.  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), as well as in our everyday life experience and choices that we made. For 

example, in the supermarket, where there are many types of chocolates, with different prices 

and weights, how to make the best choice among them? One of the way to do this is to 

compare price (P) to weight (W) ratio and the select the minimal proportion P:W.  

 From mathematical point of view, proportions are numerical values of two or more 

numbers in the form a:b=a/b. If numbers a and b are integer numbers, this proportion is some 

rational number q=a/b that can be expressed as c:d = c/d, so a:b=c:d if ad=bc. The same rule 

is valid for real numbers, too. This simple but useful mathematical concept of proportions can 

be used and expanded not only in mathematics (for example to trigonometry) but literally to 

every kind of quantitative data from science (physics, chemistry and biology) to arts and real 

everyday life.  

    

1. Subject: Physics (through mathematics and music) 

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 triangle 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. 

Applications 

Task 1   

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 
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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.1). 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 the 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.    

 

String 

No. 

C D E F G A H C 

1         

2         

3         

4         

5         

6         

 

Task 2. 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 D E F G A B C 

1         

2         

3         

4         

5         

https://en.wikipedia.org/wiki/Octave
https://en.wikipedia.org/wiki/Degree_(music)
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6         

Mean         

MAD         

MAD/Mean%         

 

Task 3. In the so called Ptolemy's intense diatonic scale tone frequency proportions are 

defined as it is 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! 

 

 Name/Tone C D E F G A B C 

A Diatonic ratio 1/1 9/8 5/4 4/3 3/2 5/3 15/8 2/1 

B Natural 24 27 30 32 36 40 45 48 

C Guitar ratio         

D C line /A line         

E ID-1I*100%         

F MAD/mean%         

G B*x (Hz)      440   

H C*y (Hz)      440   

 

Further practice: 

 

Task 1. 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 simple 

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. 

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 

1. Express ratios Fn/G and Fp/G using proportions of 

similar triangles (see fig 3.)! 

 

Task 2. Find the equation for friction factor μ using 

results from task 1. in the static case or in the 

uniformly moving case.  

https://en.wikipedia.org/wiki/Ptolemy%27s_intense_diatonic_scale


 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e7
 

Task 3. Using ruler and results from task 2. determine friction factor for different bodies 

(notebook, sponge, rubber…) on the table. Make at least 5 repeats of measurement and find 

mean values and MAD. 

Task 4. 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: 

1. Why and how animal body shapes depend on animal size (for example see fig below)?  

 
 

2. Why are many organs fractal like? 

3. Why aren’t there terrestrial animals as large as some aquatic animal, as whale? 

4. Why aren’t there evolved dogs or elephants size of an insect? 

5. Why isn’t there evolved insect size 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!  

 

2. Subject: Mathematics 

Answer the following questions: 

 Where do we see ratio in our surroundings? Life? 

 Can you give me an example of a ratio in real life? 

 Which math operation do we connect a ratio to? Proportion? 

 What is the difference between a ratio and a proportion? Example? 

Task 1 – Calculate the height of a church tower on the 

sketch by using proportion. Only known information 

are a shadow of a stick of 1m length put vertical on the 

ground. The length of the shadow of the stick is 1.6m. 

The length of the shadow of the church tower is 24m 

long.  
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Task 2 – Calculate the height of a roof if you want to build a room in the attic such that the 

height is 2.4m and 4m width. If the width of the 

ceiling is 10m, what is the height of the roof? 

1) Take an arbitrary length. Construct an equilateral 

triangle such that the perimeter equals the arbitrary 

length. 

2) Take an arbitrary length. Construct a triangle such 

that the perimeter equals the given line but the sides are in a 2:3:4 ratios. 

3) Construct an isosceles triangle such that the ratio of its base and side is 3:4 and the 

perimeter is equal to the length. 

4) The length of the bases of a trapezoid are a=2.4dm and c=1.6dm and the length s of the legs 

(lateral sides) are b=1.6dm and d=2dm. The extensions of the legs      and      intersect 

in point E. What are the lengths of the extensions      and    ? 

5) The length of the bases      and      of a trapezoid ABCD are in a 9:5 ratio and the 

    =16 cm long. If the legs      and     intersect in point E, what is the length of    ? 

6) Points D and E lie on the legs    , i.e.      of the triangle ABC and AB || DE. 

a) If     =20cm,     =15cm,     =16cm, what is the length of     ? 

b) If             , what is the ratio of         ? 

7) Trapezoid ABCD. Are the following lines      and      parallel if: 

a)              ,     =1.2cm,     =2.8cm; 

b)               ,      
 

 
    ; 

c)      
 

 
    ,     =3.6cm,     =2.4cm? 

 

3. Subject: Art 

Proportions: 

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 there may be a solution in the ratio 1:50 (chemists would describe that as a 2 per 

cent solution). 

People have been observing the world surrounding them and comparing things with each 

other and other things to themselves since ancient times. So they took parts of the body as a 

measure: feet, elbow, finger and thumb. The Bible says that Noah's ark is 300 cubits long (50 

wide and 30 cubits high, had a window the size of the elbow). 

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. 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. 

In ancient Greece a canon was developed (a set of rules by which the ancient Greeks made 

their sculptures, first one to describe the canon was a sculptor named Polycleitus).  
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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). 

Greeks give importance to the relation of architecture and sculpture, which are also in a 

harmonious relationship. The harmonious relationship stems from the notion of the number 

as the essence of the physical world and that idea is a summary of the Pythagorean tradition 

that has found application in almost all areas of human life and abstract thinking. 

The Latin word is "ratio" and the Greek word is "analogy" (αναλογία). Pythagoras, according 

to testimony, passing by the blacksmith heard the sounds of hammering on an anvil in 

octaves. Entering, he saw the hammers are made at a ratio of 1: 2, i.e. one was double the size 

of the other. This created an analogous, i.e. proportional ratio: the small hammer is to the 

larger hammer as the note C to the note C1. This knowledge enabled him to explore hidden 

relationships between things that he started to find everywhere; therefore he coined for the 

universe the name Cosmos (decorated), the opposite of Chaos. From these considerations 

appear word structures (master line) and correlation - the conformity of the same principle 

(i.e. not by topic but by the content). 

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). This series of 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. 

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

Fibonacci. 
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Unit 2: Recursion 
 

The word Recursion comes from Latin recursionem, nominative recursio, 

with meaning "running backward",return, run back. In logic and maths, the 

word recursion is defined as application of a function to it's 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 nautral number, so it is number n+1. There are another important definitions and 

functions with the use of "runing back", the recursive definition as is famous Fibbonaci 

nunber sequences. 

 In programming languages recursion is used for functions of procedures that calls 

itselfs. It is also posible 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 sence 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 modeling of 

different physical proceses in time. Using natural phisical lay, like Newton's law of motion, 

numerical calculations of sistem evulution in time goes in small time step using calculated 

values for time t as recursive input to calculate values at some time later. 

 So, the concept of recursion and recursive functions is inportant 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 sence, everything around us is some kind of 

recursive function. For example, in biology we can thing about life and evolution as recursive 

proces in generations exchange. We are able to thing about everything around us, but we are 

able to think about us and our thinking, some kind of mental recursion. Our language is full 

of meaning recursions too, and so on.  

 Using all that facts about recursion and functions if different fields like math, ICT, 

physics, biology, arts, we think that this is good argument to include this topic in cross 

curicullar aproach to science project. 

Recursion 

(Repeated application of a recursive procedure or definition) 

Task 1: Write down the first 5 members of a series given with the next formula:    

                

                                                       

General term of the series is         

Task 2: Find the general term of the next series: 1, 1, 2, 3, 5, 8, 13, 21, 34, 55,...  
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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 

3
rd

 makes the fourth and so on so we can write as following: 

                                   

Task 3: Draw the graph of the following series:    
 

  
     

 

n 1 2 3 4 5 6 7 8 

    

 
 

 

 
 

 

 
 

 

 
 

 

  
 

 

  
 

 

   
 

 

  
 

 

The following graph: 

 
 

or 

 

 
 

 

Subject: Biology 

Your life has begun with fertilization, when an egg cell from the mother melted with the 

father˙s sperm. How can such a complex creature like man can develop from a single cell? 

Animals similarly begin their life. A further development is based on cell division and their 

differentiation (gradual differentiation) and training in specific activities (specialization). The 

different cells perform different activities and divide the labour between them. Multicellular 

organism is the result of concerted action of a large number of cells in the different functions. 

The development study of multicellular organisms raises the questions: How is from a single 

cell formed a multicellular organism? How do cells build tissue and organs? How new cells 

take on different roles? As a new organism grows, does the old develop as well? 

How egg cells and and sperm develope 

The development of sperm is called spermatogenesis and the development of egg cells 

oogenesis. Sperm is formed in the male sex glands, the testes (testicles). From diploid cells 

(2n) - spermatocytes develop four haploid cells (n) which mature into sperm. Sperm has a 

small tail and it can move by using the same. To successfully fertilize an egg, sperm must 
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swim to it, penetrate its surface and incorporate its part of hereditary substance. It takes a lot 

a lot of energy to move the sperm, which is supplied by ATP (the small tail has many 

mitochondria where ATP is formed). The small tail of the sperm has the same construction 

plan as the tail of all eukaryotes. 

 

 
                                                    Figure 1. Build of a sperm 

Egg cells develop by oogenesis in the ovaries. Unlike spermatogenesis, where all four 

products of meiosis are developing into sperm cells, the oogenesis develops only one egg cell 

whereas the other three cells perish. Egg cells bring the new organism half of the hereditary 

instructions, provides nutrients to begin the embryonic development, control molecules which 

include or exclude genes, a protective covering and a barrier to prevent penetration of a large 

number of sperm. 

What is fertilization 

Fertilization is the fusion of male and female gametes to form a fertilized egg -zigota from 

which developes a new organism. Fertilization can be external or internal. In external 

fertilization the female releases eggs into the environment and there it is fertilized with the 

sperm of the male. In most organisms, fertilization is internal. While copulating the male puts 

his sperm in the female reproductive organs. The egg is immobile and the sperm has to swim 

to it. Before fertilization, the sperm has to penetrate through the protective shell and the 

membrane of the egg. After the first sperm penetrates, the 

egg cell protects itself from entering of other sperm, and 

then the membrane is formed. 

 

Figure 2. Spermatogenesis and oogenesis 
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How develops the new entityAfter fertilization the development of a new entity begins. The 

fertilized egg cell zygote is divided into successive mitoses. These quick separations are 

called cleavage. From one large cell many smalls are developed 

which form the spherical shape - morula. When the cavity is 

shaped (blastocel)the blastula is developing. During cleavage the 

embryo does not grow. The initial mass of eggs is distributed to 

many smaller cells. A normal relationship in the new cells is 

established between the nucleus and the cytoplasm, which is in 

the egg cell in favour of the cytoplasm. By redistributing the 

blastocysts and their withdrawal into the interior which results 

into a hollow (blastopor), the three-layered gastrula develops. 

 

Figure 3. Embryonic development 

The next stage of development is the development of organs and 

tissues - organogenesis. Gastrula has three germ layers - 

ectoderm, mesoderm and endoderm. From the germ layers will develop all the tissues and 

organs of a new organism. 

The growth of the embryo 

After the stages gastrula and organogenesis the development and growth of the embryo and 

fetus continues until its birth. During the process of differentiation some cells become 

different from each other. It can be concluded that the multicellular organism develops from a 

series of mitotic divisions of the zygote. Daughter cells are developed by mitosis and have the 

same hereditary instructions that have the mother cells. 

How is it possible that cells with the same hereditary traits differ? 

During cell differentiation, certain genes are exluded, while others are included. There are all 

genes in the cell, but only some of them are active. 

The life cycle includes growth, development and sexual reproduction of the organism owing 

to the change of diploid and haploid phases. 

Body cells are diploid (2n) which means they 

have two sets of chromosomes. Gametes are 

generated by spermatogenesis and oogenesis 

in specialized organs of haploid (n) since they 

have one set of chromosomes. By combining 

the sex cells zygote is formed, which is 

diploid and out of the mitotic division 

develops the entire body. When an organism 

reaches sexual maturity the cycle is repeated. 

 

Figure 4. The life cycle of man  
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Subject: Information technology 

 

In everyday life recursion  occurs when an achieved value increases by a certain step. For 

example, when we climb up the stairs, every next step is the  same as the previous one, but it 

increases the height we previously achieved by one stair.  

When defining a recursion, the defining function de facto applies within itself.  

In  maths  we can say that exponentiation is an arithmetic operation , inferring to multiplying 

arguments with themselves.  

a  ⁿ  = a*a*a*...*a    we multiply  a    n   times  

• For example a
4
  =a*a*a*a 

• If  we  group the first three numbers in the brackets a
4
  =(a*a*a)*a 

• We  can say that a
4
=a

3
*a 

• Or in general aⁿ=a
(n-1)

*a 

In  colloquial language, every exponent is the product of the previous exponent and that 

number (argument). 

It is similar to counting: start with 1 and we add one, the result is two. Add to that one and 

then we get three, and then add one and so on. 

So the current result  + 1 and then we repeat as long as we want to count. 

In programming recursion is when function calls itself. Write a program that counts from 1 to 

20 using the recursion - function for counting calls itself by increasing the argument for one. 

 

JavaScript: 

<script> 

function count(a){ 

document.write(a,"<br/>"); 

if(a<20) count(a+1); 

return a; 

} 

   x=count(1); 

</script> 

 

The function count calls  itself the first time  from the main program, then calls itself within  

the function ( increasing the argument a  by 1), continuing until the argument is less than 20. 

The same is in C++ 

#include <iostream> 

using namespace std; 

int count(int a){ 

   cout << a << endl; 

   if(a<20) count(a+1); 

   return a; 

} 

int main() {  
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   int x=count(1); 

   return 0; 

} 

 

Let's try to apply the recursive function call by using the mathematical definition of 

exponents. Let's write down a program for exponentiation according to the expression            

a ⁿ =a(n-1)*a 

 

JavaScript: 

<script> 

function power(a,n){ 

if(n>1) a=a*power(a,n-1); 

return a; 

} 

document.write(power(2,10)); 

</script> 

 

 

C++: 

#include <iostream> 

int power(int a,int n){ 

   if(n>1) a=a*power(a,n-1); 

   return a; 

} 

int main() { 

   std::cout << power(2,10)<<std::endl; 

   return 0; 

} 

 

In contrast to the  first example we didn't use using namespace std , so in the listing we have 

to use it, in order to learn its purpose. 

 

To conclude :  

• recursion in everyday life is every kind of repetition in which we apply our 

previous achievement ( two mirrors placed parallelly towards each other) 

• recursion in programming is when a function calls itself 

• a recursive function needs to have control over  how  long  it  will call itself 
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Unit 3 : Nikola Tesla  

 

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 those modern ITC, electronics around 

us, without wireless communications, without new information? Of course, 

the answers are negative. 

There are many known and unknown scientists, inventors, workers that create their 

impact on progressive development of modern civilization, but Nikola Tesla is one of the 

greatest among them. Tesla is also one of the most misunderstood and unrewarded among 

them, as he explained at the beginning of his autobiography:  

“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.” 

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 work and visions of 

today’s life will be similar if not the same as the life around the end of 19-th century. 

We have great honour that this great inventor was student of our school (Gimnazija 

Gospić) that is only few kilometres away from small village Smiljan, his birth place where he 

was born 160 years ago and where tourists from all over the world come to visit Memorial 

Centre Nikola Tesla and his birth place.  

 

1. Subject: Physics  

Here is text from Tesla Autobiography 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 in that year 

understands what was it about, what is Tesla “World-System” project? 

Here are 12 technical achievements of Tesla “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. 
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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 from 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! 

Applications  

Task 1- Comparison of Tesla “World-System” and modern ITC, similarity and differences.  

Text from Tesla 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 

The Tesla transformer is apparatus that produce high frequency electric current with high 

voltage that is not dangerous based on Faradays law and resonance. 

Magnifying Transmitter is 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 the 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 too primitive radio 

frequency “tuning” what refined 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 define 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 groups) 

following questions. 
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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’s vision and ITC? 

3. What is NOT included in Tesla’s inventions that are basic for modern ITC? 

4. Why don’t we have Tesla’s “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’s “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?  

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, it is possible to construct remote control teleautomat 

capable of acting as if possess its own intelligence and its advent will create a 

revolution. 

8. Discuss this Tesla vision from point of modern examples of remote controlled 

Tesla “teleautomat”, and argument if you agree with Tesla that we are automats? 

9. 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 they different in 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? 

Evaluation through further practice:  Tesla rotating magnetic field and AC electrical 

system 

Task 1.  Tesla rotating magnetic field 

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. Today we use this form of electric energy that Tesla created all over the 

world. Figures below are some example of his patents. 
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Tesla was in the second year of his studies when he saw one problem looking to the 

work of Gramme dynamo how the brushes of dynamo spark. 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...” 

First we must understand prof. Poeschl point of view, but for physical understanding 

of this, we must understand and repeat 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 depends 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: 
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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 is Tesla rotating 

magnetic field! Congratulations! 

5. You can make rotating magnetic field by the use of magnet that rotate 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 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 string but we are again on the brushes and we do not have rotating 

magnetic field!  

9. Imagine (as Tesla does) two pairs of orthogonal 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!  

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. Tesla AC system 

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 comes 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 to understand how the same thing can be motor and generator, 

look at the equation 4! 

Rotation of magnet, with the use of external force, changes his magnetic flux in coil and 

produce alternate wave like voltage that produce 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 electro-motor. 

Tesla finds solution to this problem (see figures above) in the form of star connection. 

Is it possible to have strong magnet as rotors? Tesla finds 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. 
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Why is AC better than DC? Tesla again uses 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 the 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! 

Subject 2: English  

Task 1: 

Look at the photos and try to guess who the person is 
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Task 2: 

Discuss in groups Tesla’s quotes: 

The scientists of today think deeply instead of clearly. One must be sane to think clearly, but 

one can think deeply and be quite insane. 

Our virtues and our failings are inseparable, like force and matter. When they separate, man 

is no more. 

The present is theirs; the future, for which I really worked, is mine. 

If you want to find the secrets of the universe, think in terms of energy, frequency and 

vibration. 

The day science begins to study non-physical phenomena, it will make more progress in one 

decade than in all the previous centuries of its existence. 

I don’t care that they stole my idea… I care that they don’t have any of their own 

Task 3: 

3.1 Make the list of Tesla’s inventions 

 
3.2 Match definitions to the given words. There is one extra definition: 

1. The Tesla turbine  

2. Rotating magnetic field  

3. Steam Engine 

4. Radio communication 

5. The Tesla coil 

6. Wireless power transfer (WPT) or wireless energy transmission  
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7. Electro-Magnetic Motor 

8. Alternating current (AC)  

9. The Alternating Current Generator 

10. Electrical Transmission of Power   

a) an electrical resonant transformer circuit invented by Nikola Tesla around 1891. It is 

used to produce high-voltage, low-current, and high frequency alternating-current 

electricity. 

b) Induction motor operation with two or more windings 

c) an electric current that reverses its direction many times a second at regular intervals, 

typically used in power supplies. 

d) a device that uses electromagnetic waves for communication 

e)  the transmission of electrical energy from a power source to an electrical load, such 

as an electrical power grid or a consuming device, without the use of discrete man-

made conductors. 

f) a magnetic field that has moving polarities in which its opposite poles rotate about a 

central point or axis. 

g) Cylinder and reciprocating piston (with a spring) and controlling slide valve of an 

engine adapted to be operated by steam or a gas system under pressure of an 

independently controlled engine of constant period operating the said valve. 

h) Method of operating electro-magnetic motors; Passing alternating currents through 

one of the energizing circuits and inducing by such current in the other energizing 

circuit or circuits of the motor. 

i) An electric generator, or dynamo, is a device which converts mechanical energy into 

electrical energy. The simplest practical generator consists of a rectangular coil 

rotating in a uniform magnetic field. The magnetic field is usually supplied by a 

permanent magnet. 

j) an AC electric motor in which the electric current in the rotor needed to produce 

torque is obtained by electromagnetic induction from the magnetic field of the stator 

winding. 

k) Conductive fluid make and break circuit 

Subject: Croatian language (translated in English) 

Nikola Tesla biography: Nikola Tesla was born on July 10, 1856 in the small village of 

Smiljan near the town of Gospic in Croatia. His father Milutin was an Orthodox priest and his 

mother Georgina was a woman of exceptional intelligence, but without formal education. The 

mother had a big role in his life and was intuitively associated with her. Educated in Gospic 

and Karlovac, and after finishing high school, despite the wishes of the parents to become a 

priest, he enrolled in polytechnics at the Technical University in Graz in 1875. 

 Tesla in his childhood most loved birds, which he fed all his life, then reading and 

playing cards. As a young man he played cards for money that once he would have won all 

shared with the poor off the streets. Five years after Graz he entered Technical studies at 

Charles University in Prague.  
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During this time he participated in the construction of new telephone switchboards and 

improved the device to amplify the telephone sound in Budapest. Afterwards, he moved to 

Paris where he worked in Edison's company Continental Edison Company. On assignment in 

Strasbourg (1883) he constructed during night-time the first powered AC induction motor. He 

got the idea for this invention while walking through the park. Then he used a stick to draw a 

sketch in the sand and explained to a friend the principle on which the induction motor would 

work. A year later, June 6 1894, he went to the United States and became an American 

citizen. 

 In New York, he arrived with four cents in his pocket, a few own songs, calculations 

for a flying machine and the recommendation of Edison's partner, Charles Batchelor which 

read: "Mr. Edison, I know two great men. One you are, and the other is the young man who 

stands before you." 

 Tesla begins his cooperation with Edison. However, the two are soon interrupted due 

to disagreements over the way of working. After that, he founded his own company - the 

Tesla Electric Light & Manufacturing. 

Tesla's inventions: 

 Wireless power transmission 

 Tesla's rotating magnetic field 

 Tesla coil - that produced electricity from 12 million volts. 

 Lighting using high frequency currents 

 The device for wireless transmission of energy 

 The ship on the remote control 

 Radio 

 and many others of which plenty of them remain confidential. 

 Tesla himself claimed not to be an inventor but "a discoverer of things that exist in 

nature around us." 

He had an innate ability to visualize incredible things, processes and events. 

 He claimed that all his experiments were first conceived in his head, and then he put 

them into practice. He did not distinguish imagination from reality and therefore he often 

went with his hand in front of his eyes to make sure what's real and what fantasy is. 

 He was a very tall man (199 cm) and of exceptional physical fitness. When he was 80 

years old he slipped on the ice, instead of falling did a salto and landed on his feet. He had the 

distinct sense for nice manners and was fluent in six languages. 

 He was wearing gloves, was a bacteriophob and liked most to hang out with pigeons. 

When his mother died, he knew intuitively and interrupted his speech during a public 

appearance, apologized to the audience and said that he must go because it was right now, 

miles away, his mother had died. 

 In financial matters he was awkward, eccentric and compulsive. Among scientists in 

public he had the reputation of being an eccentric and loner. 

 In 1912 he refused the Nobel Prize in physics. 
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 Until his last moment Tesla worked tirelessly. On January 7, 1943, he died in his hotel 

room 3327 on the 33th floor of the hotel "New Yorker", under strange circumstances in the 

87th year of life. An official statement cited as the cause of death a heart thrombus. 

 After his death suitcases containing Tesla's papers, documents and lab notes were 

sealed and taken away without a trace. 

 His interesting and mysterious mind remains an inspiration to scientists and ordinary 

people who at least once a day use unknowingly many of Tesla's inventions. 
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Unit 4 : Protein Synthesis 

 

Understanding of protein synthesis is at the hearth 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. 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 through cross curricular 

approach. This is two way approaches. Understanding and solving different problems from 

different fields will improve your understanding of protein synthesis. On the other hand, 

better understanding of protein synthesis that is at first sight far from real life experience, will 

improve your knowledge and understanding of different subject and real life experiences too.  

1. Subject: Physics (through Chemistry and 

Biology) 

Fig 1: genetic code 

You can know what the topic of this lesson is by 

asking your teacher the questions. But only answers 

to your questions could be 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 purpose. 

What is the minimal number of different 

Nano-robots that can make every type of 

Nano robots? Do those Nano factories exist? 

Explain why Morse invented his alphabet 

before telephone invention? What is ASCII 

code? 

Applications  

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.  

 



 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e2
7

 

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 beginning, 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 Nano-robots that 

construct cell surface from taken mater.  Nano-robots use energy in doing their job, so cell 

has 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 time 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 Nano-

robots from Nano-robots parts produced by imported materials.  There must also be 

instructions for construction of every type of Nano-robot, including instruction for Nano-

robot that makes other Nano-robots. All of the instructions must be written into 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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Every cell is from physical point of view chemical Nano-factory with large number of Nano-

robots that are proteins which do all the work inside and on the cell membrane in order to 

duplicate all of the parts 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 

its job inside the 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 change shape and 

behavior of that mutant organism.   

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 your 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 that produces Nano-robots for 

different purpose. What is the minimal number of different Nano-robots that can make every 

type of Nano robots? 

5. Does that Nano factory exist? 

6. Explain why Morse invented his alphabet before telephone invention? 

7. What is ASCII code? 

Task 3- How protein syntheses really work from physical point of view?  

Read the following text and then 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 uses as input molecule 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 tree letter step assemble new one 

dimensional string of protein parts that later fold in right 3D Nano-robot, protein.    
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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.  

   

Biological protein synthesis 

Proteins are important building molecules like enzymes accelerate chemical reactions, control 

the performances of genes, act as molecular signals and are important for the defense of the 

organism. Their function is determined by the structure (structure and form of the molecule) 

which is determined by the composition and sequence of amino acids. Proteins do not have 

the ability of self-reproduction. However, for their formation are responsible nucleic acids. 

The instruction for protein synthesis (instruction for amino acid sequence) is predefined in 

the molecular DNA sequence of its nucleotides. The DNA molecule is large to be directly 

used as a guideline for the synthesis of proteins. In addition in the eukaryotic the DNA is 

located in the nucleus whereas the protein synthesis takes place in the cytoplasm on the 

ribosomes. These are small bodies who are free in the cytoplasm or attached to the harsh 

endoplasmic reticulum, the RER. Its diameter is 20 to 30 nanometers and it is visible with the 

electron microscope. Ribosomes consist of large and small subunits, and are built of several 

RNA molecules and a large number of protein molecules who act during the connection of 

amino acids into proteins such as enzymes. More recently it has been shown that RNA can 

have an effect as enzymes and can be called a ribozyme. 

 

Figure 1. Structure of ribosomes 

Protein synthesis is carried out according to the 

characteristics of the genetic DNA or through 

messenger RNA (mRNA). 

The transfer of the original genetic information 

is stored in DNA. Therefore, the process of 

synthesis of mRNA is called transcription or 

copying. 

Copying is carried out with a single strand of 

DNA, which for this purpose unwinds at the site 

of transcription.  

The enzyme RNA polymerase links nucleotides into the growing chain of the mRNA 

according to the given sequence of DNA. Here the complementarity principle is respected, 

and the difference with respect to the synthesis of DNA is that the base adenine is 

complementary to the base uracil. Transcription is not as precise as replication and RNA 

molecules are not improving. When the mRNA synthesis is complete, it exits through the 

pores of the envelope curve and as a promoter carries a reference to where proteins are 

synthesized. Units instructions are composed of specific nucleotide triplets called triplets. 

Each triplet overwritten with DNA to mRNA is called the codon and represents the genetic 

code that corresponds to a particular amino acid. 
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Figure 2. Transcription 

 

The complex chemical process goes on. There is another type of RNA molecule that accepts 

free amino acids in the cytoplasm and brings them to the ribosome where protein synthesis 

takes place. They are called transfer RNA (tRNA). These are small molecules that at one end 

can bind a specific amino acid, while at the other end of a specific triplet nucleotide - 

anticodon complementary mRNA codon. The genetic code transcribed in mRNA is read by 

tRNA molecules supplying inherent 

amino acids. Reading the genetic 

code is reduced to a language 

translation of nucleic acid composed 

of the four letters of the language of 

the protein consisting of twenty 

characters. The process of linking 

amino acids into proteins is called 

translation or interpretation. 

Ribosomal enzymes mediate in the 

recognition of codon and anticodon 

because by moving the mRNA they 

connect anticodon tRNA one after 

the other in the order of the genetic  

code and thus line up caught amino 

acids in proteins.  

Figure 3. Translation 

 

This raises the question whether the number of trinucleotide codes is sufficient to bind all the 

amino acids. If the four nitrogenous bases are combined with the different composition and 

sequence 64 combinations are obtained, including 61 which encode for amino acids (two or 

more codons for the same amino acid), and 3 to stop the codons and encode nothing and 

present the end in the genetic message. The genetic code is universal and applies to all the 

living world. 
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Figure 4. codon chart 
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Unit 5: Plitvice Lakes. Examples of Natural Processes  

in Dynamical Equilibrium 

 

Literally everything is some kind of process. Our thinking is process of  

mind. Our attention, memory, language use, reasoning or problem solving 

– we call it cognitive process. All of our activities are process. In Biology 

we study processes of living organisms. 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 

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 

processes. 

 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 and when possible the solutions, 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 process 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 process from physical, 

chemical and biological point of view learning about Plitvice Lakes in informal way and in 

formal way in the classroom.  

  

1. Subject: Physics (through Mathematics, Chemistry and Biology) 

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 m
3
/s of water go away? Explain your answer! 

https://en.wikipedia.org/wiki/Research
https://en.wikipedia.org/wiki/System
http://equilibrium/
http://equilibrium/
https://en.wikipedia.org/wiki/Mathematics
http://systems/
http://system/
http://motion/
http://motion/
https://en.wikipedia.org/wiki/Mechanics
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Economics
http://language/
https://en.wikipedia.org/wiki/Croatia
http://heritage/
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Applications  

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 

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 groups!  

 

Task 1. Steady state processes – dynamical equilibrium in Physics, Chemistry and 

Biology.   

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. 

Task 2- Understanding chemical equilibrium from physical, thermodynamical point of view 

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. 

http://force/
http://equilibrium/
http://equilibrium/
http://equilibrium/
http://equilibrium/
http://equilibrium/
http://equilibrium/
http://equilibrium/
http://equilibrium/
http://equilibrium/
http://equilibrium/
https://en.wikipedia.org/wiki/Homeostasis
https://en.wikipedia.org/wiki/Homeostasis
https://en.wikipedia.org/wiki/Homeostasis
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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 decrease by the some factor? 

4. What if pA is two time bigger than pB? 

5. What will happen if  we add new object of type A or of type B to the system 4? 

Task 3:  chemical equilibrium with more than two ingredients. 

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 temperature is 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 temperature is increased over collision energy? 

5. How equilibrium depend on temperature if probability of C disintegration depend on 

temperature or not? 

Evaluation through further practice:  

Task 1. Explain, using your new knowledge about dynamical system in (near) steady state 

equilibrium, after visiting Plitvice lakes, why is 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?  

Task 2. 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 depends on the 

activation energy.  

2 H2O → H3O
+
 + OH

−
 

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 

https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Acidity
https://en.wikipedia.org/wiki/Basicity
http://solution/
https://en.wikipedia.org/wiki/Logarithm
http://concentration/
http://concentration/
http://ion/
http://water/
http://rate/
http://energy/
http://distribution/
http://bond/
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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

?  

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). 

 

Task.3. 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. Calcite, 

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 m
3
 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. 

 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 is concentration of carbon dioxide important for Plitvice Lakes? 

2. Why is this concentration so high in spring? 

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? 

 

2. Subject: Chemistry  (through Physics and Biology)  

● What is chemical equilibrium? 

● What are cations and anions? 

● What is water solution? 

● What is saturation? 

http://acid/
http://dioxide/
https://en.wikipedia.org/wiki/Dolomite
http://hydrogencarbonate/
http://hydrogencarbonate/
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Applications  

Task 1 The Physics, Chemistry and Biology of dynamical processes at Plitvice Lakes, 

simple model. 

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. 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. 

Task 2 Chemical processes important for National Park Plitvice Lakes dynamical near 

steady state equilibrium.  

Chemical formulas that are important for the Plitvice Lakes dynamical system in near 

equilibrium steady state are: 

1. H2O + CO2 ↔ H2CO3 ↔ H
+
 + HCO3

−
 ↔ 2 H

+
 + CO3

2−
 

2. CaCO3 + H2CO3 → Ca(HCO3)2 

3. CaCO3 + H
+
 + HCO3

−
 ↔ Ca

2+
 + 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? 

http://equilibrium/
http://equilibrium/
http://equilibrium/
http://equilibrium/
http://equilibrium/
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3. Where do these processes occur 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. 

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 groups, 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 any human activity in the area from physical, chemical and 

biological point of view is dangerous. Give some examples of dangerous impact of human 

activity in the area that can push some equilibrium (physical, chemical, biological) in the 

Park. 

 

Subject: Biology (through Physics and Chemistry) 

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, 

https://en.wikipedia.org/wiki/Equilibrioception
http://unfolding/
http://equilibrium/
https://en.wikipedia.org/wiki/Homeostasis
http://equilibrium/
http://equilibrium/
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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.  

Many areas of our country have special scientific, aesthetic, historical, cultural, historical, 

recreational and economic importance. To preserve and protect biodiversity this natural 

values are protected by the Nature Protection Act and declared protected natural areas. In 

Croatia, we have nine categories of protection: national parks, strict reserves, forest 

vegetation reserves, special reserves, park forests, natural parks, protected landscapes, 

monuments of nature and monuments of park architecture. The area of protected natural areas 

is about 9.36% of the total of its surface. The procedure for protection for more areas and 

localities is in full swing. National parks are areas of special beauty and good natural 

preservation inhabited by plants and animals, where human impacts are limited. They point 

out the unique flora and fauna and natural features. In Croatia there are eight national parks: 

Plitvice Lakes, Paklenica, Risnjak, part of the island Mljet, Kornati, Brijuni, river Krka and 

Northern Velebit. 

The National Park Plitvice lakes is located in the Plitvice plateau which is surrounded by 

three mountains that are part of the Dinarides: Plješivica, Mala Kapela and Medveđak. 

This national park has the largest surface (294.82 km2). Declared a national park in 1949, it 

is thus the oldest national park in Croatia. The first national park, Yellowstone National Park,  

was established in 1872 in the United States. In 1979 Plitvice Lakes National Park was 

included in the List of World Heritage by UNESCO. 

The Park is a special hydrographic phenomenon. The total area of all lakes is about 2 square 

kilometers. Three-quarters of the total area consists of the two largest lakes, Kozjak and 

Prošće which are also the deepest lakes. Together with another 10 smaller lakes the two lakes 

are the group of the Upper Lakes. Downstream of Kozjak there are four lakes that are the so-

called Lower Lakes. The lakes are known by its travertine waterfalls and a constant 

biodynamic process of travertine growth in specific ecohydrological conditions. 

The travertine is porous limestone rocks formed by deposition of calcium carbonate. The 

mechanism of the creation of travertine barriers is extremely complex. Results of research 

conducted 80 years ago showed that the deposited travertine must be met by the following 

conditions: pH must be greater than 8.00, a plethora of water by calcium salts above 3 (And 

why> 3), and low concentrations of dissolved organic carbon (<10 mg / l). Because of the 

solubility of the karst basis, the water of Plitvice Lakes is rich in dissolved calcium carbonate 

in the form of calcium bicarbonate Ca (HCO3)2. From the so-mineralized water on the rapids 

and travertine dams due to water splashes it leads to the isolation of calcium carbonate 

(calcite) in the form of very small crystals. 

http://biogeography/
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Ca (HCO3) 2 + splashes of water ----CO2+ H2O+ CaCO3 (travertine). 

In addition to the abiotic conditions for the precipitation of calcium carbonate the presence of 

mosses, algae and cyanobacteria is of huge importance. Microcrystals stick to the 

mucopolysaccha- substance secreted by those organisms and represent the places of 

crystallization which will continue to precipitate calcium carbonate from the water, forming 

travertine barriers. It is estimated that the age of the active travertine barriers is between 6000 

and 7000 years and were created after the last ice age. The analysis of old barriers indicated 

its formation before 90000-130000 years in the interglacial period (Pleistocene). The average 

annual rate of the deposition of lake sediment (cca 1mm) is less than the rate of growth of 

travertine barriers (approximately 14 mm), which leads to an increase in the level of the lake. 

On the travertine barriers prevail moss, blue-green algae (Cyanobacteria), diatoms 

(Diatomeae), various bacteria, protozoa and multicellular organisms of microscopic size. The 

animate world of the barriers forms the larvae of insects and other invertebrates (caddisflies, 

amphipods, stoneflies, scrapers, etc.). One of the common characteristics of living organisms 

of the travertine barriers is that they leave for good their fossilized bodies in the rock that 

grows in the sediment. Plitvice Lakes thank all its beauty and attractiveness and diversity of 

waterfalls, the barrier between the lakes and the tufa caves to the travertine and tufa plants. 

More than 80% of the national park is covered by mountain beech forests and fir forests with 

special forest reserve primeval character the Čorkova bay. In addition to the forest being 

shelter and home to large predators and mammals (brown bear, lynx, wolf), it is also one of 

the richest in the world of microhabitats. In the thick layer of decaying matter are living 

vertebrates (mammals and salamanders), and a large number of invertebrates that feed on 

parts of leaves, fungi, bacteria or prey on each other. 

On the karst surface caves with different cave microhabitats and specific living conditions are 

a common appearance. In the area of eternal darkness, high humidity and steady temperature 

live cave animals (troglobionts and stygobionts). They feed on each other or on waste that 

leave birds and bats. Bats use echolocation, whereas permanent cave residents feel their 

environment by the sense of touch. Food is found by their sense of smell, long legs and 

antennae. 

On the grasslands (meadows and pastures) the wealth of plant species is conditioned by the 

diversity of substrates. The park has over 1,400 species, of which are 75 endemic species. An 

interesting fact is the presence of 50 species of orchids. The fauna is represented by 320 

species of butterflies, 160 species of birds  (robin, blackbird, black woodpecker, woodpecker, 

owl, falcon, hawk ..), 12 species of reptiles and numerous other species. 

The water in the national park is less than 1% of the total surface of the protected area, but 

presents its most attractive part. The specific chemical composition of the water depends on 

the type of the underlying rock. Every inch of water from the smallest pond to the largest lake 

is inhabited by insects and their larvae. Hard water which is rich in limestone is suitable for 

living animals that build calcareous skeletons, such as cancers. The water that is rich in 

oxygen favors active fish (trout, pike, roach ..). 

Plitvice lakes is a young and sensitive complex for natural changes and human actions. Men 

is the greatest enemy who with their reckless operations in the rich and harmoniously 
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matched nature want with dynamic biological processes to impose their will to a shorter or 

longer time out for themselves or for the community to which he belongs for immediate 

benefit. Deforestation began his attack on the harmony of natural whole lakes. Deforestation, 

interventions in the watercourse, travertine barriers and into the soil, emission pollution and 

other waste products, transport, waste disposal and similar occurrences and actions are a 

threat to the existence of Plitvica Lakes. 
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Unit 6. Graph of Function 

 

Variables, Constants and Relations A variable is a label which we 

allow to change and become any element of some set of numbers.A 

constant is a variable which is fixed. We may not know the value of this 

constant, but this is a number which does not change throughout any 

problem.  In general, a relation is an equation which relates two variables. 

For example, y=4x and y
2
+x

2
=4 are relations. In both examples x and y are variables and 

4 is a constant, but for a given value of x the value of y will be very different in each relation. 

Definition of a Function A function is a relation for which there is only one value of y 

corresponding to any value of x. We sometimes write y=f(x), which is notation meaning ’y 

is a function of x’. In a function y=f(x), y is called the dependent variable, because the value 

of y depends on what you choose as x. We say x is the independent variable, since we 

can choose x to be any number. 

Domain and Range of a Relation The domain of a relation is the set of all the x values for 

which there exists at least one y value according to that relation. The range is the set of 

all the y values, which can be obtained using at least one x value. 

These are two ways of writing the domain and range of a function, set notation and 

interval notation. 

Graph of a Function Let’s say that we were investigating the function f (x) =3x. 

We could then consider all the points (x, y) such that y = f (x), i.e. y=3x. For example, 

(0, 0), (1, 3), and (2, 6) would all be such points, whereas (3, 5) would not since 5=3 × 3. 

If we put a dot at each of those points, and then at every similar one for all possible values of 

x, we would obtain the graph shown in. 

 

 

 

 

 

 

 

 

 

 

 

 

Although functions are defined by equations, it is important to recognize that not all 

equations are functions. The requirement for an equation to define a function is that each 

element in the domain corresponds to exactly one element in the range. Throughout the 
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ensuing discussion, we assume x to be the independent variable and y to be the dependent 

variable. 

There is a simple test to check if a relation is a function, by looking at its graph. This 

test is called the vertical line test. If it is possible to draw any vertical line (a line of 

constant x) which crosses the relation more than once, then the relation is not a function. 

If more than one intersection point exists, then the intersections correspond to multiple values 

of y for a single value of x. 

Equations that represent functions of x:     y=x
2
,    y=3x+2,     y=4 

Equations that do not represent functions of x:      x=y
2
,    x=4,    x

2
+y

2
=1 

 

                                                                                                                                                                                                                                                        

y=x
2
                                                                                            y=3x+2 

                                                                                                     

           
 

y=4                                                                                           x=y
2
 

  
 

x=4                                                                                                            x
2
+y

2
=1 
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WORKSHEET 1 

 

Plot the point A(2,-3) on the coordinate grid: 

 

 
 

 

a) Determine the point B that is symmetric of the point A with respect to the x-axis. 

b) Determine the point C that is symmetric of the point A with respect to the y-axis. 

c) Determine the point D that is symmetric of the point A with respect to the origin. 

d) In general, determine the points that are symmetric of the point E(a,b) with respect 

to the 

 x-axis,  

 y-axis,  

 origin. 

e) Draw the graph of each line below:  

 y=x,   

 y=-x,   

 y=1,   

 x=1. 

f) Plot the point F that is symmetric of the point A with respect of the y=x. What do 

you notice? 
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WORKSHEET 2 

 

1) Complete the function table for f(x)=x
2
. 

x -3 -2 -1 0 1 2 3 

f(x)        

2) Draw the graph of the function on the coordinate grid 

 

 
 

3) If A is the domain of f and B is the range of f then for the points M(x,f(x)) with x ∈ℝ: 

 a) The abscissa of the point M is element of ….. 

 b) The ordinate of the point M is element of ….. 

4) Is it possible for a graph of a function, to exist two different points with: 

 a) same abscissa? 

 b) same ordinate? 

5) Can we find the domain of a function and the range of a function from its graph? 

6) What is the relation between the graphs of f(x) and –f(x)? 

7) Choose the graph which represents a function 

 

a)                                                                 b) 
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c)                                                                  d) 

          
 

 

e)                                                                       f) 

                
 

PHOTOGRAPHY and GRAPH of FUNCTION 

 

1.    Take two pictures with your camera from your surroundings that remind you the graphs 

of already known functions. 

e.g.             f(x)=|x|                                                        g(x)=0.5x
2                                                                                                                                                        

 

 
 

2.   Take two pictures and using “GeoGebra”, find the type of the function (line through two 

points, conic section through five points, etc). 
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e.g. 

 
 

The Allegory of the Cave 

Socrates (to Glaucon): Imagine a cave, in which prisoners are kept since their childhood. 

They are all chained so that their legs and necks are immobile, forced to look at a wall in 

front of them. Behind the prisoners is a fire and between the fire and the prisoners is a raised 

walkway, on which people can walk. These people, like puppeteers, are carrying objects, in 

the shape of human and animal figures, as well as everyday items. The prisoners can only see 

these flickering images on the wall, since they cannot move their heads; and so, naturally 

enough, they presume the images to be real.  

What if one of the prisoners were to be freed and made to turn and look at the fire? The bright 

light would hurt his eyes, as accustomed as he was to the shadows. If the prisoner was then 

taken from the cave and brought into the open, the disorientation would be even more severe; 

the light of the sun would be much 

more brilliant than the fire. But as his 

eyes adjusted, the newly freed prisoner 

would be able to see beyond only 

shadows; he would see dimensions 

and reflections in the water (even of 

himself). After learning of the reality 

of the world, the prisoner now sees 

how 'pitiable' his former colleagues in 

the cave really are. If he returns to the 

cave and rejoin them and explain what 

he has seen, the others will laugh at 

him and say he is the one with vision 

problems. In fact, if one of the other prisoners is able to free his hands, he'll probably kill the 

freed prisoner for disturbing the peace. (Plato, “Politeia” (=Republic), VII 514-517) 

 



 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e4
7

 

 
 

Unit 7: Ratios, Proportions and Applications 

 

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!     

Task 1   Answer the following questions: 

 What is a ratio (of numbers or linear segments)? 

 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 (Application 1). 

Other report, from historian Jeronymus, says that Thales taught the Egyptian priests to 

measure the height of a pyramid using its shadow (Application 2). 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 3), the projection of a film or slides, (Application 

4) , zoom-in or zoom-out, and so many others. 

 

 

https://en.wikipedia.org/wiki/Milet
https://en.wikipedia.org/wiki/Pre-Socratic_philosophy
https://en.wikipedia.org/wiki/Greek_philosophy
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Task 2                                

WORKSHEET 1 – IN THE CLASSROOM 

1)  Division of a linear segment in equal or analogous parts  

 

 
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  

 


AE

AD
 

AH

AF
 

AI

AG
 

AC

AB
 

EH

DF
 

EI

DG
 

EC

DB
 

HI

FG
 


DE

AD
 

HF

AF
 

IG

AG
 

CB

AB
 

AD

AF
 

AD

AG
 

AD

AB
 

HC

FB
 


ED

AE
 

HF

AH
 

IG

AI
 

BC

AC
 

AE

AH
 

AE

AI
 

AE

AC
 

IC

GB
 

3. Write down the ratios that are equal. Which theorem comes as a conclusion? 

4. Using the observations you made previously, divide segment AC 

 
i) In 4 equal parts 

ii) In 4 parts AE, EH, HI, IC, such us EH=2AE, HI=3AE, IC=4AE. 
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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.  

 
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 OB
2
=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).   
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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 their perimeters 2
B

A

P

P
. If the side of B is 20m and its owner sells it for 20.000 

euro, while the owner of A sells it for 60.000 euro, which one is the best investment?  

 

Task 3                                     

WORKSHEET 2 – IN THE CLASSROOM 

 

In the 12th century, Leonardo Fibonacci wrote in Liber Abaci of 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 : 

 
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 1
st
 month we have……. 

 At the beginning of the 2
nd

 month we have…….                                                     At 

the beginning of the 3
rd

 month we have…….                                                                               

At the beginning of the 4
th

 month we have……. 

At the beginning of the 5
th

 month we have…….                                                                               

At the beginning of the 6
th

 month we have……. 

At the beginning of the 7
th

 month we have…….                                                                                    

At the beginning of the 8
th

 month we have……. 

2) Write down the first 20 terms of the sequence of numbers formed above 

………………………………………………………………………………………… 

http://i0.wp.com/antikleidi.com/wp-content/uploads/2015/01/aa.jpg
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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) 

Task 4   Answer the following questions: 

 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.   

Task 5                                

WORKSHEET 3 – IN THE CLASSROOM 

 

1. Which of the following graphs correspond to analogous amounts? 

a)   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  

........,...................,.........,.,.......... 























QJC
 

What do you notice? 

c) Can you write the type of function that has point P, Ν, Κ, Η, D on its graph? 

 

     Task 6                              

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 
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 , option SegmentFixed to construct sides PO=a KL,  and OQ=a LM, PQ=a 

KM ). 

 

2)  How Thales measured the height of Cheop’s pyramide (Open Geogebra file 

Pyramid.ggb) 

 

 
 

a) Follow the steps of the construction by ticking the boxes and answer the questions 

made there ( Step 4 and last box)                                                                                                                  

b) In the end, click on “View”, option ConstructionProtocol and make this Geogebra 

construction following the steps you see in ConstructionProtocol. 

 

3) The function of the eye (Open Geogebra  file  Eye.ggb) 

 
Follow the steps of the construction by ticking the boxes and answer the questions made 

there.                                                                                                                   

   

4) Let’s play billiard!!!   (Open  Geogebra file “Billiard.ggb”) 
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Follow the steps of the construction by ticking the boxes and answer the questions made 

there.                                                                                                                   

 

The Theatre of Epidaurus 

Among all the ancient theatres, Epidaurus theatre is the most beautiful and best preserved. It 

was constructed by Polycleitos in the late 4th century BC having a capacity of 15,000 

spectators. It is situated near the ancient sanctuary of Asklepios, a celebrated healing centre 

of the classical world. The acoustics in this theatre is magnificent, and words spoken very 

softly in the orchestra can be heard in the top rows.                                                                                     

The theatre is surrounded by lush greenery, an integral part of the theatre itself. It is known 

from the antiquity until the present days for its size, the unique architecture and harmonious 

proportions.  

 
 

It is divided into two parts: An upper level with 21-rows of seats, aimed for the citizens and a 

lower level with 34-rows of seats aimed for the priests and rulers. 

Let’s notice that: 

 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) 

So, is it “magic”? No, it isn’t!  
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We can understand that the ratio for length to width of 1.618… has been considered the most 

pleasing to the eye and possibly and the most proper to achieve certain acoustic ability in a 

huge open theatre. 

 

Do you know that…The modern word theater / theatre comes from the Greek word theatron meaning 

“seeing place”? 

 

 
 

Do you know that…  

The stories were based on myth or 

history? 

And that serious plays were called 

tragedies;  

Funny plays were called comedies? 

 

 

 

The famous Epidauria Festival begun in 1954 and it is held every summer with famous 

ancient dramas or modern plays. Over the years, the festival has hosted very important Greek 

and foreign artists.  
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Leonardo da Vinci’s “Last Supper” 

Leonardo da Vinci’s Last Supper, a Renaissance masterpiece, was commissioned by Duke 

Ludovico Sforza for the refectory of the monastery of Santa Maria delle Grazie in Milan. In 

order to paint it, Leonardo used an 

oil/tempera mix, applied to a dry wall.  

The scene shows figures in a rectangular 

room with coffers on the ceiling and 

tapestries on either side of the room, 

which terminates at three windows on 

the end of the wall.  

The scene comes from the Gospel 

accounts on the night before Christ’s 

Passion and Death when Christ and the 

apostles are together in a room for 

supper, at a point in the narrative after 

which Christ has made a great revelation 

to the apostles: one of them will betray Him (Matthew 26:21). He is referring to Judas, but 

there is commotion as all the apostles question who the betrayer really is.  This dramatic 

moment opens a door for Leonardo to explore the psychological reactions of the figures 

involved.  We can see this in the various apostles, who are linked by their hand movements.  

Emotions range from protest to sadness.  

Christ is in centre among the apostles. We can easily see Leonardo’s use of one-point linear 

perspective, in which the vanishing point is at Christ’s right eye (the orthogonals can be seen 

by following the tops of the wall tapestries or the coffers to where they intersect at Christ), 

which is also framed by the pediment above and back-lit by the open window behind.  

 
Leonardo’s Last Supper is a type of painting which builds on the early Renaissance painting 

traditions in areas such as composition and perspective.  Yet, it is innovative in terms of its 

study of emotional reactions and psychological states. 
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Unit 8. Acids, Bases and Salts 

 

 

1. Subject: Chemistry 

 

 

 

A. Please answer the following questions: 

 Acids                Bases 

How doesit feel?   

Taste   

Two examples (name or formula) 

of common household products 

  

pH range   

Chemical substances react with   

Ions produced in a solution   

 

B. Circle only one word 

                                                       Color of indicator 

 Phenolphthalein  Blue bromothymol 

Lemon juice Colorless / pink Blue/ yellow 

Bubble soap Colorless / pink Blue/ yellow 
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Experiment 1 

A.Circle the correct answer and write your observations 

 

Prediction before lab 

experiment (circle 

only one) 

Product pH Results after lab with 

supporting 

evidence/observations 

Base-Neutral-Acid lemon juice 
…. 

Base-neutral-acid 

Observations: 

Base-Neutral-Acid white vinegar 

…. 

Base-neutral-acid 

Observations: 

Base-Neutral-Acid tomato juice 
…. 

Base-neutral-acid 

Observations: 

Base-Neutral-Acid water  
…. 

Base-neutral-acid 

Observations: 

Base-Neutral-Acid shampoo 
…. 

Base-neutral-acid 

Observations: 

Base-Neutral-Acid facial cleansers 
…. 

Base-neutral-acid 

Observations: 

Base-Neutral-Acid bleach 
…. 

Base-neutral-acid 

Observations: 

Base-Neutral-Acid alcohol  
…. 

Base-neutral-acid 

Observations: 

Base-Neutral-Acid diluted ammonia  
…. 

Base-neutral-acid 

Observations: 

Base-Neutral-Acid salt 
…. 

Base-neutral-acid 

Observations: 

Base-neutral-acid baking soda 
…. 

Base-neutral-acid 

Observations: 

Base-neutral-acid Maalox 
…. 

Base-neutral-acid 

Observations: 

Base-neutral-acid milk 
…. 

Base-neutral-acid 

Observations: 
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B.1 Put the solutions in order of increasing acidity and write  their pH. 

alcohol, white vinegar, tomato juice, water, shampoo, facial cleansers, bleach, diluted 

ammonia, salt, baking soda, Maalox, lemon juice, milk 

 

pH scale 

 

solutions 1. 2. 3. 4. 5. 6. 7. 

     pH          

 

solutions 8. 9. 10. 11. 12. 13. 

     pH         

 

Β.2 What gas is released when an acid reacts with the following metals: 

Magnesium + acid →  ………………. ↑ 

Zinc + acid →  ………………. ↑ 

 

Experiment  2 

Α. At the next picture we can see the color that the cabbage juice takes when we insert acidic 

or basic solutions (various pH). 
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Fill the Table: 

 

Solutions Color of the cabbage solution pH 

lemon juice 
 

 

white vinegar 
 

 

tomato juice 
 

 

water  
 

 

shampoo 
 

 

facial cleansers 
 

 

bleach 
 

 

alcohol  
 

 

diluted ammonia  
 

 

salt 
 

 

baking soda 
 

 

Maalox 
 

 

milk 
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Experiment 3  

Α. Circle the correct answer. 

 

Solution Electrical conductor Color of the Blue 

Bromothymolindicator 

NaOH  1.0M  Yes/No Blue/Yellow 

HCl  1.0M Yes/No Blue/ Yellow 

 

 

Β. Fill the Table: 

Solution Measurement of 

conductivity tester 

pH Color of indicator 

NaOH  1.0M    

+ 2mL HCl    

+ 4mL HCl    

+ 6mL HCl    

          …    
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1.5 .  Applications 

A patient suffers from stomachache (due to gastric acid). What  does he need to relief from 

pain : 

Aspirin (pill that contains acetylsalicylic acid) or Simeco (pill that contains Mg(OH)2  ) ? 

………………………..................................................................................................................

Explain your answer. 

……………………….................................................................................................................. 

 

2. Subject: Βiology 

Worksheet: Mechanical and Chemical Digestion  

Experiment 1: dissolving procedure 

Α. Candy was easier dissolved when it was crushed or as one piece? 

………………………..................................................................................................................

....................................................................................................………………………………. 

Β. Candy was disolved quicklier when we put it whole in our mouth or when we chew it? 

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

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

 

2.2 Experiment 2: enzyme action 

1. Fill the table with your observations: 

 

  Test tubes were placed in water bath for 45min 

 

Test tubes 

1 

Hydrochloric 

acid  

2 

Gastric acid 

(HCl: pepsin) 

3 

Pepsin 

4 

Solution 

pepsin+NaOH 

Egg white     

 

2. In which test tubes did you observe protein digestion? Did these test tubes had something 

incommon? 

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

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

3. In which test tube took place the best digestion? Can you explain the reason? 

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

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

4. Was it necessary to heat the test tubes to 37
ο
C? Under what conditions did the egg white 

break down most?  
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…………………………………………………………………………………………………

………………………………………………………………………………………………… 

5. In test tube 4 the white egg is cooked. Why does it happen? 

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

6. Why mucus coats the stomach wall when the digestion is occurred? 

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

7. How does our body use proteins? 

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

8. Suppose you eat lunch at 9:00 pm every night. One day you didn’t manage to eat lunch and 

it is 01:00 am. What do you think will happen in your stomach? Why? Please discuss your 

opinion in the classroom. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

Experiment 3: absorption activity 

What is the shape of the small and large intestine and why? The shape is irregular or not? 

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

Task 1 

Put the correct words at the arrows: 

 

 

 

 

Task  2 

Learn by having fun. Answer  the quiz that is at the 

following web adress: 

www.docbrown.info/ks3chemistry/7EmcHP6.htm 

 

 

 

 

 

 

 

 

http://www.docbrown.info/ks3chemistry/7EmcHP6.htm
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Task 3 

Find the words that refer to the digastive system from the next grid. 

 

 
 

absorb               nutrients                              liver 

mouth                small intestine                   tongue 

digest                 large intestine                    esophagus 

saliva                 stomach                              pancreas 

swallow             filter 

 

Task 4 

We ask the students to choose one type of food that has a nutrition label. They will use the 

label to identify which types of nutrients are present in the food. They will try to explain the 

process, from the point where the food enters (mouth) until it is digested (with the help of the 

proper enzymes) and the nutrients are absorbed into the bloodstream. 

 



 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e6
5

 

3. Subject: History 

Mummification in ancient Egypt 

The Egyptians believed that after death they would have a new kind of life called the 

afterlife. As well as needing all their everyday possessions for the next life, they also needed 

their bodies and so they were preserved or mummified after their death. 

Embalming was the art and science of preserving human remains by treating them to forestall 

decomposition. 

“Make a mummy” project 

 

1.  Wash the body with good-smelling palm 

wine and rinse it with water from the Nile. 

2. Insert a hook through a hole near the nose 

and pull out part of the brain.  

3.Make a cut on the left side of the body near the tummy. 

Remove all internal organs and let them dry. 

4. Place the lungs, intestines, stomach and liver inside canopic 

jars. 

 
    Don’t forget to place the heart back inside the body! 

5. Cover the corpse with natron (salt + baking soda) for 70 

days.  

6.After 40 days stuff the body with sawdust, leaves and linen 

to give it a more human shape. Cover again with good-

smelling oils. 

7.After the 70 days wrap the body from head to toe in 

bandages. Do it as followed: 
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8. Call a priest to read spells out loud while you wrap the mummy. 

 
9.Place in a coffin and then in a sarcophagus. 

If the dead person had been a Pharaoh, use three coffins! 
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Unit 9: Conic Sections-Parabola, Hyperbola, Ellipse, Circle 

 

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…          

Task 1     Answer the following questions: 

 What is a parabola? Can you draw one- approximately-? Have you noticed a 

movement/ subject/ phenomenon looking like a parabola?  

 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 solid- to do with 

those plane shapes?  

Once upon a time, there was a cube… 

The three most important and most famous math problems of ancient times were:  

 the Delian
1
 problem, or else the problem of doubling the cube: “ …Construct with 

ruler and compasses edge x of a cube , which has volume twice the volume of a given 

cube of edge a”. 

 the trisection of the angle 

 the quadrupling of the circle 

Would you believe that the problem of doubling the cube would be responsible for the 

genesis of ellipse, hyperbola and parabola? 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 letter
2
 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 

                                                           
1
 Delos is a Greek island 

2
 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. 
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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. 

1
st
 protagonist: Hippocrates of Chios 

According to Eratosthenes, the first who dealt with the solution of the problem was 

Hippocrates of Chios
3
. 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  

a

y

y

x

x

a

2
 ,     then 2

3










a

x
,    that is   x

3
=2a

3.
 

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 easy4, the new construction seemed 

impossible, as it used curves different from circle and straight line.  

2
nd

 protagonist:  Menaechmus 

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: 

From relationship  
a

y

y

x

x

a

2
 , we have 

two cases that satisfy the requested: 

  1
st
 case   y

2 
= 2ax  (2)      and   xy =

 
 2a

2
 , 

which means  
x

a
y

22
    (3)      

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 

2
nd

 case   y
2 

= 2ax  (2)      and   x
2
 =

 
 ay   

(4)   

    

 

 

 

                                                           
3
 Chios is a Greek island 

4
 “Euclid’ s elements”, Proposition 13, book 6  
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3

rd
 protagonist:  Archimedes.  

 

 
Acute angled cone                  Rectangular cone                       Obtuse angled cone   

 gives ellipse                              gives parabola                           gives hyperbola 

 

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 " 

4
th

 protagonist:  Apollonius.  

A key innovation of Apollonius was the definition of the three 

curves through three different sections of one single cone, 

(visit the link below) as well as the introduction of the terms 

"parabola" "ellipse" and "hyperbola." 

Do you want to see the plain moving, intersecting the cone and 

forming conic sections? Visit….. 
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http://2.bp.blogspot.com/-

d1OZWnGX5u4/VBsdwSyhLAI/AAAAAAAAATQ/9g0lrR1fXzo/s1600/conic_sections.gif

%E2%80%9D,%20your%20search%20will%20be%20restricted%20to%20.gif%20files. 

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. 

5
th

 protagonist:  Hypatia ( 370-415 or 416 AC )   

Hypatia 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. 

You can watch the film “Agora” (2009) with Rachel Weisz playing the role of Hypatia !  

                                  

6
th

 protagonist:  Rene Descartes (1596-1650), connecting plain Euclidean geometry with 

algebra via the Cartesian plane, proved that every equation of the form:  

022  feydxcybxyax    (1), 

with 0||||||  cba , (not all of a,b,c equal to zero), corresponds to a conic section. 

Specifically, let cabD  42 . If 

 D<0, then (1) represents an ellipse 

 D=0, then (1) represents a parabola 

 D>0, then (1) represents a hyperbola. 

http://2.bp.blogspot.com/-d1OZWnGX5u4/VBsdwSyhLAI/AAAAAAAAATQ/9g0lrR1fXzo/s1600/conic_sections.gif%E2%80%9D,%20your%20search%20will%20be%20restricted%20to%20.gif%20files.
http://2.bp.blogspot.com/-d1OZWnGX5u4/VBsdwSyhLAI/AAAAAAAAATQ/9g0lrR1fXzo/s1600/conic_sections.gif%E2%80%9D,%20your%20search%20will%20be%20restricted%20to%20.gif%20files.
http://2.bp.blogspot.com/-d1OZWnGX5u4/VBsdwSyhLAI/AAAAAAAAATQ/9g0lrR1fXzo/s1600/conic_sections.gif%E2%80%9D,%20your%20search%20will%20be%20restricted%20to%20.gif%20files.
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Task 2: We discuss in the classroom applications of conic sections- we explain what we see 

in the pictures: 

Astronomy 

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 

Arts and architecture     

Ellipse was 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. 

Ballistics     (determining the trajectory of projectiles) 

Galileo (16
th

- 17th century).Trajectory of a projectile is a parabola. Each body is challenged 

upwardly at an angle to the vertical or horizontal challenged moves in a parabolic orbit. 

 

 

Galileo’s device for studying the orbit of a ball 

https://media.giphy.com/media/3oGRFp3BoNO08pvHUI/giphy.gif
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Lamps, heaters, telescopes, antennas………. 
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The telescope with the largest parabolic mirror at the top of Mauna Kea in Hawaii.   

Do you want to watch a very interesting presentation about lenses and telescopes? Visit…..     

http://slideplayer.com/slide/5818018/ 

 

Task 3:                               WORKSHEET 1 – IN THE CLASSROOM 

1) "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! 

 

Task 4:    CIRCLE     Answer the following questions:  

 What is a locus ? 

 What is a tangent line to a circle/parabola/ellipse/hyperbola? 

 Give satisfying – algebraic- conditions so that two plane shapes would: 

 Tangent one to the other 

 Intersect 

http://slideplayer.com/slide/5818018/
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 Be identical 

 Have no common points 

 Which locus do we call a circle? What is the radius and the center of the circle? 

 What is the eccentricity? 

 What shape do we get from the equation x
2
+y

2
+Ax+By+C=0 if A, B, C are real 

numbers with A
2
+B

2
-AC> 0? 

 Fill the gaps :In the following circle, 

 The formula –in Cartesian coordinates- of the circle is ………….. where M(x,y) is an 

arbitrary point of it. 

 The center C has coordinates………………… 

 …………………….. are both  axes of symmetry of the circle  

 ………………………. is point of symmetry of the circle 

 The formula of the tangent line to a given point M(x1, y1) of the circle is…………… 

 The radius of the circle which leads to the point M of the circle is ………………to 

the tangent on M. 

 The distance from an arbitrary point M(x,y) to the center C equals to …………… 

 Every linear segment which has its ends on the circle is called a ………….. 

 Every chord which passes through the center of the circle is called …………….. 

Every diameter is axe of symmetry of the circle. Each diameter has length, d=……… 

 Eccentricity of the circle equals to ………………….. 

 
 Similarly, in the following circle: 

 The formula –in Cartesian coordinates- of the circle is                             

……………………………. where M(x,y) is an arbitrary point of it. 

 The center C has coordinates ………………………… 

 Radius is equal to …………………… 

 …………………………….. is an axe of symmetry of the circle  

 …………………………… is point of symmetry of the circle. 

 The formula of the tangent line to a given point M(x1, y1) of the circle is 

………………………………………………… 
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 The segment from the center C of the circle to the point M is ………………to 

the tangent of the circle on M. 

 The distance from an arbitrary point M(x,y) to the center C equals to ……….. 

 Eccentricity of the circle equals to ………………………… 

 

              

 
Briefly…… 

Formula of 

circle 

Center Formula of 

tangent line at 

M(x1,y1) 

Graph Area Eccen

tricity 

x
2 

+ y
2
 =r

2
 C(0.0) xx1 + yy1 = r

2
 

 A=πr
2 

ε=0 
(x-x0)

2 
+ (y-y0)

2
 

=r
2
 

C(x0,y0) (x-x0)(x1-x0)
 
+       

(y-y0)(y1-y0) = 

r
2
 

 
 

Task 5:  Can you mention objects having the figure of a circle? Name some…… 

Have you ever wondered why this geometric shape has maybe the most applications of all 

shapes?We discuss in the classroom applications of circles- we explain what we see in the 

pictures: 

 

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 

 

 

https://en.wikipedia.org/wiki/Prague_astronomical_clock
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The glass ceiling of the galleria Vittorio Emanuele in 

Milan, http://www.science4all.org/article/ellipses-

parabolas-hyperbolas 

       

 

  

 

 

 

 

Well, it’s time to give an answer to questions like “why do lids for street manholes have 

circular shape?” 

 

 

 

 

 

 

 

 

 

 

http://www.science4all.org/article/ellipses-parabolas-hyperbolas
http://www.science4all.org/article/ellipses-parabolas-hyperbolas
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We talk about the “Isoperimetric theorem” and the myth of Dido… 

 

Task 6:                    WORKSHEET 2 – IN THE CLASSROOM 

1. The circle below has radius r=5. Calculate the area of each colored part 
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2. Fill the matrix below 

Formula of circle Center Radius Formula of tangent 

line at M(x1,y1) 

x
2
+(y-2)

2
=4    

 C(5/2, 0) 3  

x
2
+y

2
=7    

   (x+3)(x1+3)+yy1=121 

x
2
+y

2
+5x-3y+4=0    

(x-1)
2
+(y+6)

2
=25    

 

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, a pen and a piece 

of string- or a piece of thread! 
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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: x
2
+y

2
=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 

 

Task 7:    PARABOLA     Answer the following questions:  

 Which locus do we name parabola? What are the focus and the directrix of the 

parabola? 

 Fill the gaps :In each of the following parabolas, 

 The formula –in Cartesian coordinates- of the parabola is ………….., where 

M(x,y) is an arbitrary point of it. 

 The focus F has coordinates ………… 

 The directrix is the line with formula ………….. 

 x-axis is the axis of ……………….. of the parabola  

 The origin has coordinates ………………… 

 The focal distance (distance from the origin to the focus and from the origin 

to the directrix) is ……………….. 

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

…………………………………… 

 The distance from an arbitrary point M(x,y) to ……………….. equals to the 

distance from M to ……………………. 

 Eccentricity of the parabola equals to ……………... 

 

 

 

 Similarly, In each of the following parabolas: 

 The formula of the parabola is …………………….., where M(x,y) is an 

arbitrary point of it. 

 The focus F has coordinates ……………….. 

 The directrix is the line with formula ……………………. 
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 …………………… is the axis of symmetry of the parabola  

 The origin has coordinates ………………………. 

 The focal distance is ……………………………… 

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

………………………………………. 

 From the definition of the parabola, the distance from ……………………… 

equals to the distance ………………………….  

 Eccentricity of the parabola equals to ……………………. 

 

               

 

Briefly…… 

 

Formula 

of 

parabol

a 

Focus Directri

x 

Axis of 

symmetry 

Formula of 

tangent line 

at M(x0,y0) 

Graph 

x
2
=4py F(0,p) y=-p y-axis xx0=2p(y+y0) 

 
y

2
=4px F(p, 0) x=-p x-axis yy0=2p(x+x0) 
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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 y
2
=4px (or x

2
=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. 

 

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!! 

 

 

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) 
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Task 8: We discuss in the classroom applications of parabolas- we explain what we see in the 

pictures: 

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  

“…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.” 

Do you want to see  the “miracle” of the lighting using a parabolic mirror?  

Visit…http://www.vega.org.uk/video/programme/174 

Now try to explain what is happening during the lighting ceremony of the Olympic flame! 

Also… 

 

 

 

 

http://www.vega.org.uk/video/programme/174
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The telescope with the largest parabolic mirror 

at the top of Mauna Kea in Hawaii.  

 

 

 

 

 

 

 

 

 

Task 9:                           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) 

x
2
=2y     

 F(5/2, 0)    

  X=4   

 F(0,-3)    

y
2
=-0.5x     
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3. Find the equation of the tangent of the parabola k: y
2
=6x which passes through the 

point M(0,1). 

4. Let the parabola m: y
2
=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. 

Task 10:    ELLIPSE     Answer the following questions:  

 Which locus is called an ellipse? What are the foci of the ellipse- plural of focus?  

 Fill the gaps : In the following ellipse, 

 
 The foci C, C’ have coordinates ……………………. , that means that the 

focal distance (distance between the two foci) is C’C=…………... 

 The vertices have coordinates ……………………… (on the major axis) and 

…………………. (on the minor axis), which means that the length of the 

major axis is A’A=………….. and the length of the minor axis is 

B’B=……….  

 The formula –in Cartesian coordinates- of the ellipse is …………….., where 

M(x,y) is an arbitrary point of it andb=…………………., a>c>0 

 ………………………… are axes of symmetry and ……………… 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 ..............'.............  MM . 

 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=……………….. 
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 The area enclosed by the ellipse equals to A=………………… 

 Eccentricity of the ellipse equals toε=…………., so in this case …<ε<… 

 

 

 Similarly, in the following ellipse: 

 

 

 
 

 

 The foci C, C’ have coordinates ……………………. , that means that The 

focal distance is C’C=………………….. 

 The vertices have coordinates ………………… (on the major axis) and 

…………..(on the minor axis), which means that the length of the major axis 

is A’A=…………… and the length of the minor axis is B’B=……….  

 The formula –in Cartesian coordinates- of the ellipse is…………………, 

where M(x,y) is an arbitrary point of it and b=…………………….. 

 x-axis and y-axis are ……………………. and O(0,0) is …………………… 

of the ellipse   

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

……………………… 

 The area enclosed by the ellipse equals to A=……………………. 

 Eccentricity of the ellipse equals to ε………………., so in this case ….<ε<…. 
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Briefly…… 

Formula of 

ellipse 

 

Foci Center 

 

Area 

Eccentri

city 

Formula of 

tangent line at 

M(x0,y0) 

Graph 

1
2

2

2

2


b

y

a

x  

 

22 cab   

C(c,0) 

C’(-c,0) 

 

 

O(0,0) 

 

 

A=πab 

1
a

c
  1

2

0

2

0 
b

yy

a

xx
 

 

1
2

2

2

2


a

y

b

x  

 

22 cab   

C(0, c) 

C’(0,-c) 

 

 

O(0,0) 

 

 

A=πab 

1
a

c
  1

2

0

2

0 
a

yy

b

xx
 

 

1
)()(

2

2

1

2

2

1 





b

yy

a

xx

 

C(c+x1, 

y1) C(-

c+x1,y1) 

 

P(x1,y1) 

 

 

A=πab 

1
a

c
  

1

))((

))((

2

101

2
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 The reflective property of ellipse 
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According to the Reflective property of ellipse, if 

o P(x0,y0) is an arbitrary point of an ellipse 1
2

2

2

2


b

y

a

x  -or 1
2

2

2

2


a

y

b

x  

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.   

Task 11: We discuss in the classroom applications of ellipses- we explain what we see in the 

pictures: 

Cut a cylinder, get an ellipse… 

Tycho Brahe Planetarium in Copenhagen 

 
 

Don’t shout, just whisper… 

 Whispering Galleries (halls with elliptical roof and great acoustics) 

 

 
 

St. Paul Cathedral in London, created by architect Sir Christopher Wren 
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The hall of the Capitol statues in Washington 

 

 
Elliptical billiard table 

 

Fly me to the moon and let me play among the stars… 

 

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. 

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. 
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Do you want to see the orbit of Halley’s cornet? Visit… 

http://cse.ssl.berkeley.edu/SegwayEd/lessons/cometstale/frame_orbits.html 

 

On a far smaller scale, the electrons of an atom move in an 

approximately elliptical orbit with the nucleus at one focus. 

 

 

 

 

 

 

 

Method of lithotripsy : the treatment of renal and biliary stones. 

 

 

 

 

Task 12:                                   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: 4x
2
+9y

2
=144. Find: 

a. Its foci 

b. The major axis and the minor axis 

c. Its eccentricity 

d. The equation of the tangent line at point )2,27(K . 

4. Find the equations of the ellipses that come through points N(3,2) and )
5

24
,4(K . 

http://cse.ssl.berkeley.edu/SegwayEd/lessons/cometstale/frame_orbits.html
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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 

 

Task 13:    HYPERBOLA     Answer the following questions:  

 Which locus is called an hyperbola? What are its foci? 

 What is an asymptote ? 

 Fill the gaps: In the following hyperbola 

 

 

   

 

 

 The foci C, C’ have coordinates ………………………. that means that the 

focal distance (distance between the two foci) is C’C=…………….. 

 The vertices have coordinates ………………….. that means that the distance 

between the two vertices is …………….. 

 The absolute difference of the distances from an arbitrary point      M(x, y) to 

the foci C, C’ equals to |MC’-MC|=……………….. 

 The formula – in Cartesian coordinates- of the hyperbola is……………., 

where M(x, y) is an arbitrary point of it and b=…………………….. 

 ………………………………. are axes of symmetry and ……………………. 

is point of symmetry of the hyperbola  

 The formulas of the two asymptotes are  ………….. and………………..  

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

……………………… 

 A hyperbola is called isosceles when …………………….. 

 Eccentricity of the hyperbola equals to ε=…….., so in this case ε>….. 
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 Similarly, in the following hyperbola: 

 

 The foci C, C’ have coordinates …………………………..that means that the 

focal distance is ………………. 

 The vertices have coordinates ………………………… that means that the 

distance between the two vertices is …………………… 

 The formula – in Cartesian coordinates- of the hyperbola is………………., 

where M(x, y) is an arbitrary point of it and b=…………………... 

 x-axis and y-axis are …………………….and O(0,0) is…………………...of 

the hyperbola  

 The formulas of the two asymptotes are  ……………….. and……………  

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

……………………… 

 A hyperbola is called ………………….. when a=b. 

 Eccentricity of the hyperbola equals to ε=…….., so in this case ε>….. 

 
Briefly…… 

 

Formula of 

hyperbola 

Foci Formula of 

tangent line 

at M(x0,y0) 

Formula of 

asymptotes 

Graph 

1
2

2

2

2


b

y

a

x  C(c,0) 

C’(-c,0) 
1

2

0

2

0 
b

yy

a

xx
 

 

x
a

b
y  , 

x
a

b
y   
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1
2

2

2

2


a

y

b

x  C(0,c) 

C’(0,-c) 
1

2

0

2

0 
a

yy

b

xx
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a
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x
b

a
y   

 
 

 The reflective property of the hyperbola 

 

 

 

According to the Reflective property of hyperbola, if 

o M(x0,y0) is an arbitrary point of hyperbola 1
2

2

2

2


b

y

a

x  -or 1
2

2

2

2


b

x

a

y  

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  

           

Task 14: We discuss in the classroom applications 

of hyperbolas- we explain what we see in the 

pictures: 

Hyperbola: The most special, double curve. 
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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: 

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 

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; 
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Loran system  (Long Range Navigation). A LORAN system consists of a main transmitter A 

and 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 ……………………... The time difference between the signal from the 

transmitters A and Γ places the subject to any point of ………………………….. 

Thus, the position of the object is located at ………………………………………. 

Similar to the Loran system, GPS works 

successfully with the transmission of signals, 

traveling at the speed of light.  

Do you want to see the satellites moving on their 

orbits?  

Visit…https://upload.wikimedia.org/wikipedia/co

mmons/2/27/GPS24goldenSML.gif 

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. 

                   

https://upload.wikimedia.org/wikipedia/commons/2/27/GPS24goldenSML.gif
https://upload.wikimedia.org/wikipedia/commons/2/27/GPS24goldenSML.gif
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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 

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 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

 

 

Task 15:                                 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 
12

13  

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 = 
2

3 x and y = -
2

3  x, and passes through the point (2 3 , 3) 

https://www.youtube.com/watch?v=pX6PcRN6Kow
https://www.youtube.com/watch?v=pX6PcRN6Kow%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20
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g) has main axis x’x, focal distance 4 and asymptotically the lines y = 
3

2 x and y = - 
3

2 x 

h) has eccentricity 
4

5 and common foci with the ellipse 1
49

22


yx

 

i) is isosceles and has the same foci with the ellipse 2x
2
 + 3y

2
 = 5. 

 

  Task 16:                       WORKSHEET 5 – IN THE COMPUTER LAB                  

5) Sections of a cone 

 Open  Geogebra file “CONE-1.ggb” .  

 

 
 

 Move cursor a. What do you notice? 

 
 

 

 Open  Geogebra file “CONE-2.ggb” 
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 Move cursor e. What do you notice? 

 
 

 Open  Geogebra file “CONE-3.ggb” 
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Move cursor g. What do you notice? 

 

 Open  Geogebra file “CONE-4.ggb” 
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Move cursor d. What do you notice? 

 

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. 

 

2. Lithotripsy 

Open Geogebra file Lithotripsy.ggb and follow the steps by clicking the boxes 
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3. Let’s make a piece of art!!! 

Visit   http://www.mathplayground.com/equation_creations_spiromath.html.   

 

Select the “drawing” option 

 

http://www.mathplayground.com/equation_creations_spiromath.html
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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!! 
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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.  

 
 

 

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 … 

https://en.wikipedia.org/wiki/Yin_and_yang 

Conic sections in Architecture: the domes from ancient to modern times  

The different types of conic structure have been used to famous buildings from antiquity till 

present. 

Let’s see some inspiring cases that evoke our admiration! 

 

 

antiquity: the circle  

 

  

Pantheon, Rome, Italy, 125 AD 

https://en.wikipedia.org/wiki/Yin_and_yang
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middle ages: the ellipse 

 

 

                       

San Carlo alle Quattro Fontane, Rome, Italy, 1640 

 

modern times: the hyperbola  

 

 

 

Metropolitan Cathedral of Our Lady of Aparecida, Brasília, Brazil, 1960 
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modern times: the parabola 

 

    

Saint Anselm Church, Creve Coeur, Missouri, 1962 

 

Notice that humans have used domes in different cultures and religions. That’s because 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. 
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Unit 10: Equation of Lines 

 

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.  

Distance formula   

Let A(x1,y1) and B(x2,y2) two 

points in the Cartesian Grid. In 

order to find the distance 

between them, we plot another 

point C, so that a right triangle is 

formed. 

We will use the Pythagorean 

theorem:  

AB
2
=AC

2
+BC

2
  

AB
2
=(x2-x1)

2 
+ (y2-y1)

2
 

2 2

2 1 2 1AB= (x -x ) +(y -y )  

Example: 

Find the distance between the points A(2,1) and B(-2, 2). 

2 2AB= (-2-2) +(2-1) 16 1 17   . 

Midpoint formula 

In order to find the Midpoint of the segment joining two points A(x1,y1) and B(x2,y2) in the 

Cartesian Plane we use the formula:  

1 2 1 2x +x y +y
M( , )

2 2
 

Example: 

The Midpoint of the segment AB if  A(2,4) and B(-2, 2) is M(0,3). 
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WORKSHEET (I) 

1. Find the distances between the points A, B, C. 

 

2. Find the distance between the points 

              A(2, -3) and B(0, 1) 

              C(0, -1) and D(-2, 2) 

              O(0, 0) and E(2, 3) 

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? 

4. Determine whether the 3 points are vertices of a right triangle:   A(1, 1),     B(0, -1), 

and C(2, -2). 

5. Find the midpoint for each of the following pairs of points and plot the points 

A(1,3) , B(2,-1) 

 C(-1, 4) , D(1/2, 2) 
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6.   Find the midpoint for each of the following pairs of points AB, BC and AC. 

       

7. The total revenue of an olive oil production company in 2013 was 480,000 euro. In 

2015 the revenue was 560,000 euro. Assuming linear growth, use the midpoint formula to 

estimate the revenue in 2014. 

Graph of the line function. 

The function of a line have the general form f(x) = ax + b where a and b are constants. The 

value of a is called the gradient or slope. 

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. 

Slope tells us how steep the line is (the larger the number, the steeper the line). If a is greater 

than zero it means the line increases from left to right (slopes upwards), if it is smaller than 

zero the line increases from right to left (slopes downwards). The horizontal line has zero 

slope and the vertical line has undefined slope. 

Notice that the slope is identical regardless of whether one travels from point A to point B, or 

from point B to point A. 

b is called the y-intercept and tells us where the line goes through the y-axis. 
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For example the function f(x) = 3x-1 has a gradient of 3 and a y-intercept of -1. This means 

that the line cuts through the y-axis at a value of -1 and slopes upwards. We only need two 

points to plot a straight line graph. The easiest points to use are the x-intercept (where the line 

cuts the x-axis) and the y-intercept. 

The x-intercept occurs when y = 0, so it is always equal to –b/a (if a≠0). So if asked to plot a 

straight line, you just need to find the x and y intercepts and draw a line through them. 

 

You can calculate the slope of a line if you know two points A(x1, y1) and B(x2, y2) using the 

following equation: 2 1

2 1

( )

( )

y y
a

x x





  , x1≠x2. 

If you know the slope of a line and you also know the coordinates of a single point on the 

line, you can find the equation of the line, by using the formula:  

y-y0=a(x-x0). 

For example the equation of a line through the point (1, 3) and with slope a=2 is: 

y-3=2(x-1)  y=2x+1 

Note 

Parallel Lines – They have same slope, but different y-intercepts 

Perpendicular Lines - The product of the slopes is -1 

Intersecting Lines - Lines in the same plane that are neither parallel nor perpendicular, 

therefore their slopes are different and are not negative reciprocals of each other 

(Two lines that have the same slope and the same y-intercept are the same line.) 

Example: 

y=3x-2 and y=3x+7 are parallel lines 

y=x-1 and y=-x+9 are perpendicular lines. 
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WORKSHEET (II) 

 

1) Find the equation of the lines 

 

                  

 

   ………..                                                                     …………… 

 

 

 

  

           

 

……………                                                                 ………….. 
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……………                                                            ………….. 

 

2) Graph the following: 

 

          

 

  y=-2                                                                          x=1 
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  y=2x                                                                           y=-2x 

 

                   

  y=x-2                                                                         y= -2x-1 

 

3) Make up your own linear equation and 

then graph it.                     

 

 4) Find the slope of a line passing through 

the following pairs of points: 

 a) (2,4) and (3,7) 

b) (-1, 2) and (2,-5) 

 c) (-2, 3) and (5, 3) 

 d) (2, 3) and (2,-5) 
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5) Show that: 

a) 2x + y = 4 and y=-2x-1 are parallel. 

b) 2x + y = 4 and -x + 2y = 5 are perpendicular. 

c) 2x + y = 4 and 3x - y = 5 are neither parallel nor perpendicular. 

d) 2x + y = 4 and 8x + 4y = 16 are the same line.   

6) Write the equation of a line through the point (1, 3) and  

a) parallel to the line 2x + y = 2 

b) perpendicular to the line 2x - y = 7  

 

René Descartes (France 1596 - Sweden 1650) 

Academic, Philosopher, Scientist, Mathematician 

 

The mainstay of Descartes’ philosophy can 

be subsumed by his famous phrase in 

Latin: Cogito, ergo sum (I think, therefore I 

exist).  

He was the first to raise the doctrine of 

mind/body dualism, to propose a physical 

seat for the mind, and the way it interrelates 

to the body. Thus, he discussed important 

issues for the neurosciences which were to 

dominate the ensuing four centuries, such as 

voluntary and involuntary action, reflexes, 

consciousness, thinking, emotions, and so 

forth. 

 

Before the end of the European Renaissance, math was clearly divided into the two separate 

subjects of geometry and algebra. You didn't use algebraic equations in geometry, and you 

didn't draw any pictures in algebra. Then, around 1637 René Descartes came up with a way 

to put these two subjects together. 
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However, he is most famous for having written a relatively short work, Meditationes de Prima 

Philosophia (Meditations On First Philosophy), published in 1641, in which he provides a 

philosophical groundwork for the possibility of the sciences.  
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Piet Mondrian (Holland 1872- USA 1944) 

 

"I wish to approach truth as closely as is possible, and therefore I abstract everything until I 

arrive at the fundamental quality of objects." 

 

Dutch painter and a prolific writer and theorist 

 

His use of asymmetrical balance and a simplified pictorial vocabulary were crucial in the 

development of modern art, and his iconic abstract works remain influential in design and 

familiar in popular culture to this day. 

 

Tableau I, 1921 

  "The grid's mythic power is that it makes us able to think we are 

dealing with materialism (or sometimes science, or logic) while at 

the same time it provides us with a release into belief (or illusion, or 

fiction)." (Rosalind Krauss art historian) 

 

 

Composition C, 1935 

 Mondrian chose to distil his representations of the world to their 

basic vertical and horizontal elements, which represented the two 

essential opposing forces: the positive and the negative, the 

dynamic and the static, the masculine and the feminine. The 

dynamic balance of his compositions reflect what he saw as the 

universal balance of these forces. 
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Composition London, 1940-42  

 

He radically simplified the elements of his paintings to reflect 

what he saw as the spiritual order underlying the visible world, 

creating a clear, universal aesthetic language within his 

canvases. 

 

 

 

 

 

Looking at these paintings, one has to imagine them as products of Mondrian’s mind, as 

abstract representations first planned out mentally—the black lines will go here and here on 

the white background, laid out on a Cartesian [sic] grid; the patches of primary colour will go 

there and there—and then imposed on paint and canvas. 

A Mondrian thus encourages us to think of ourselves not so much in relation to the world as 

both detached from it and dominating it from outside, as free-standing human agents in a 

passive material world. 

His ideas have been extraordinarily influential for all aspects of modern design, from 

architecture and fashion to household objects.  

 

The Mondrian collection designed by Yves Saint 

Laurent  
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Unit 11: Science and Sport  
 

 

Uniform Motion.How do we define velocity? In order to describe the motion 

of a point mass, we call average velocity  the vector  that points in the same 

direction as the displacement. It is given by the ratio of the displacement to 

the elapsed time: 

 

   = 
            

            
 = 

                  

            
 = 

                                   

                                           
 

   = 
  

  
 = 

      

     
 

In uniform motion the trajectory is a straight line and velocity is constant. When the ratio of 

two quantities is constant, those quantities are defined as directly proportional. In this case Δs 

and Δt are directly proportional and the coefficient of proportionality is the velocity. The 

graph of directly proportional quantities is a straight line passing through the origin of the 

axes. 

In the International System of Units SI the velocity is measured in metres per seconds (m/s). 

In everyday life, we commonly use kilometres per hour (km/h).  To go from one unit of 

measure to another we need to take into consideration that: 

1 
  

 
 = 

      

      
 = 

 

   
 
 

 
                                              inversely we have:      1

 

 
 = 3,6 

  

 
 

Inverse formulae  

   =                                       
  

  
  

 What does the sign before average velocity indicate?  

Velocity doesn't just tell us how fast a body moves but also in which direction it goes. 

The time interval Δt is always positive, so the sign before the velocity depends on the sign of 

the displacement. 

When there is motion along the positive direction of the axis, i.e. s2 > s1, and consequently 

the displacement Δs = s2 – s1  is positive, the velocity is positive. 

When motion is carried out along the negative direction of the axis. i.e. s2 < s1 and 

consequently the displacement  Δs = s2 − s1 is negative, the average velocity is negative. 

Position – time diagram  

In order to describe the motion of a point mass, we use a representation called position-time 

diagram. The collected data are organized on a Cartesian diagram, where the horizontal axis 

will show data about time and the vertical one will show the different positions s. 

The ratio Δs/Δt is called slope of the straight line which goes through the end points of the 

interval in question. 

The ratio Δs/Δt  is the actual definition of average velocity.  Therefore: 
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the average velocity of a certain interval of time equals the slope of the straight line 

which connects the two points on the position-time graph corresponding to the two end 

points of that interval. 

 

BUT HOW IS A POSITION-TIME DIAGRAM GENERALLY INTERPRETED? 

 

Let's take an example: let's look at the following position-time diagram  

 

 
       

 From t = 0  to t = 10 s the body has moved from its initial position with an average 

velocity of  3 m/s 

l) from t = 10 s to t = 20 s, the body has continued to move away from its initial position 

and has moved with a lower velocity (1 m/s) (and the slope has decreased) 

m) From t = 20 s to t = 30 s, there is a horizontal line. This means that the position of the 

body has not changed and it has therefore remained still (its velocity equals zero) 

n) At t = 30 s the body starts motion again, going back to its original position which is 

reached at t = 40 s. Velocity in this last section is – 4 m/s. A negative velocity 

indicates that the body goes back to its original position in the reference system. 

BE CAREFUL!!! 

The position-time diagram we have just described is not the trajectory of the body!!! 

We call trajectory of a point mass the line which connects the positions the body assumes. 

To make things simpler, rather than using average velocity, we can use average speed  to 

describe motion. Speed is a scalar that represents the distance traveled divided by the time 

taken to cover it. 

Average speed = 
        

            
 

The distance covered (length of the trajectory) is always positive.  
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Average velocity equals average speed only if the body moves always in that same direction 

which has been chosen as reference direction. 

Within this context, we will use the average speed to measure movement. 

 

ARE YOU GETTING BORED?                                                    LET'S GO OUTSIDE!!! 

 

We're going to the sports centre used by our Liceo Scientifico Ruffini in Viterbo (Italy). 

The playing field is a square area with each side measuring 25 metres. 

Students will run a tour of the square which will sum up to 100 metres. Neglecting the 

curvature of the corners, we will consider their trajectory as a set of adjacent line segments in 

order to consider the motion as a straight line. 

 

 

 

 

Every student will run 10 complete tours, in order to cover a total distance of 1000 metres. 

Each student will run individually so as to avoid interference and mistakes in the collection of 

data. 

Every 200 metres a student will take note of the time in order to draw a graph which will 

show the distance as a function of time. 

Let's go back to school, to our IT lab, and let's use an EXCEL spreadsheet to input the data 

collected from the three students' performances. 

 

Lorenzo 

t (s) 0 53 108 169 233 274 

s (m) 0 200 400 600 800 1000 

Δt  (s)  53 55 61 64 41 

v(m/s)  3,8 3,6 3,3 3,1 4,9 

v mtot(m/s) 3,6 

 

Riccardo 

t (s) 0 49 94 144 196 234 

s (m) 0 200 400 600 800 1000 

Δt  (s)  49 45 50 52 38 

v(m/s)  4,1 4,4 4,0 3,8 5,3 

v mtot(m/s) 4,3 

 

Mario 

t(s) 0 55 123 203 268 323 

s (m) 0 200 400 600 800 1000 

Δt  (s)  55 68 80 65 55 

v(m/s)  3,6 2,9 2,5 3,1 3,6 

v mtot(m/s) 3,1 
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On the whole, Riccardo came up as the fastest of the three students. We mustn't forget that we 

have only calculated average speed. Every student started from a stand still position, 

accelerated in some stretches of the tour and slowed down in others. 

As we can see from the table, our calculations are more accurate measuring the average speed 

for every 200 metres. 

Using EXCEL spreadsheets allows us to process our experimental data more quickly. 

Here is the procedure to produce graphs with EXCEL: 

 Select data (in our case from cell “t(s)” to “1000”). 

 Click on EXCEL menu, select “Insert”, select “Scatter plot with straight lines and 

indicators” 

 Clicking on this icon, a graph will automatically be produced. 

In order to input cartesian coordinate press left on your mouse: 

o icons will appear: click on “+” 

o tick “Data Labels” 

o an arrow will come up for you to click on 

o select “other options” 

o tick “value x” 

You get the following graphs: 
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As we can see, speed was not constant through time, but varied every 200 metres: the three 

athletes'  motions are non uniform linear motions with variable speed. 

 

And now? 

 

Let us consider the motion from a different perspective: the waste of energy and nutrients. 

Each sportsman gets tired after the sport activity because of the waste of energy, water and 

minerals. 

He needs to replenish these things trough feeding. 

That’s why we are going to study the functions of the nutrients, analyze our feeding habits, 

activate the necessary correction  if needed and finally outline a correct diet for a sports 

teenager. 
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PRINCIPLES FOR A CORRECT DIET 

 

 

 

 

 

 

 

All the nutrients are 

essential to any 

organism , in 

appropriate 

proportions and in 

amounts that should 

not be less than the 

minimum requirement 

FOODSTUFFS 
NATURAL FOOD AND ARTIFICIAL FOOD THAT THE ORGANISM 

EMPLOYES FOR HIS NEEDS, 
MADE UP BY A WHOLE OF  

NUTRIENTS 

ORGANIC COMPOUNDS 

carbohydrates, proteins, lipids, vitamins 

INORGANIC COMPOUNDS 

water and minerals 

CARBOHYDRATES 

are the most important source of energy; they also perform structural 

functions, such as components of the nervous and the connective tissues 

or part of the nucleic acids. 

Monosaccharides 

are the simplest 

carbohydrates. Among 

them there are glucose, 

fructose and galactose. 

Oligosaccharides 

are the carbohydrates 

composed of a few 

monosaccharides . 

Among them there are 

some disaccharides just 

like saccharose 

(glucose plus fructose), 

lactose (glucose plus 

galactose) and maltose 

(glucose plus glucose). 

Polysaccharides 

are carbohydrates composed 

of several units of 

monosaccharides . Among 

them the most important are 

two polymers of glucose, 

starch and cellulose. 

PROTEINS 

are compounds consisting of long 

chains of aminoacids. They perform 

structural, enzymatic, hormonal, 

immunological and other functions.  

The need of a continuous proteic 

supply through the diet is only for the 

proteins containing essential amino 

acids (which cannot be synthesized by 

the organism) in the right proportion.  

LIPIDS 

are compounds not soluble in 

water; they perform energetic, 

structural and hormonal 

functions.  
simple lipids or 

glycerides: are the 

fats we find in 

food; they perform 

structural function. 

compound lipids, or 

cellular fats: are important 

as structural material in 

cytoplasm and in the 

cellular membrane, or as 

energy storage in the 

adipocytes.  Liposoluble vitamins: 

(A, D, E, K) are not 

soluble in water but in 

fats; they can 

accumulate in the 

organism and so a 

continuous supply is 

not necessary.  

 

VITAMINS 

are organic compounds necessary ,even if in 

small amount, to regulate and stimulate the 

several vital processes and to keep the standard 

physiological conditions of organisms.  
Water-soluble 

vitamins: (B, C, H, 

PP, folic acid and 

pantothenic acid) 

are soluble in water; 

they do not 

accumulate in the 

organism so that a 

continuous and 

constant supply is 

necessary.  

alimentare.  

MINERAL NUTRIENTS 

(calcium, phosphorus, 

potassium, iron, sodium, 

iodine and magnesium) are 

a group of inorganic 

substances which, even if in 

small quantities, are 

necessary to regulate 

metabolism. Seen that they 

are continuously expelled 

out of the organism through 

feeding the necessary 

replenishment is needed. 

WATER 

 is the most copious 

constituent of the organism 

and it has several biological 

functions, as that of 

permitting the performance 

of chemical reactions, the 

regulation of the body 

temperature, the distribution 

of nutrients etc. 
It is necessary to 

supply kinds of food 

as diversified as 

possible and the 

most appropriate 

combinations 

The preparation of food 

must take into account 

both the attractiveness 

and the possible loss of 

nutrients 

The meals must be 

regular and well 

distributed 

throughout the 

day 

The consumption of 

meals must not be 

hasty ( a good 

chewing is essential ) 

ASSUMPTIONS REGARDING PREVIOUS KNOWLEDGE 
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Proper nutrition ensures the right balance between the supply of nutrients and the 

needs of the organism. 

 

Based on the percentage of nutrients, we can divide food into specific groups, and this allows 

us to compose a balanced  and rational diet . 

 

FOOD GROUPS  COMPOSITION 

 

NUTRIENTS 

Group I Cereals and derivatives. 

Tubers. 

 

Complex carbohydrates 

(starch),  low biological 

value proteins, dietary fiber 

(especially whole grain 

products), water-soluble 

vitamins (B group) 

 

Group II Fresh fruit and vegetables vitamins (A and C), 

minerals, water, dietary 

fiber, fructose 

 

Group III Milk and derivatives High biological value 

proteins, minerals (calcium 

and phosphorus), fat-soluble 

vitamins (A, D), water-

soluble vitamins (B group), 

saturated fats 

 

 Group IV Meat, fish and seafood, eggs, 

dry legumes 

High biological value 

proteins, (meat, fish and 

eggs), minerals (iron, zinc 

and copper), water-soluble 

vitamins (B group), medium  

biological value proteins  

(legumes) , starch, dietary 

fiber. 

 

Group V Fats and seasoning lipids lipids, essential fatty acids, 

saturated fatty acids, fat-

soluble vitamins. 
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TOTAL METABOLISM = BASAL METABOLISM (BM) + WORKING 

METABOLISM  

 

Calorie (cal): the unit of measurement used for the metabolic energy. You can also use 

kilocalorie (kcal) or joule (J) in the SI (1 kcal = 4.186 joules, 1 joule = 0.239 kcal). A young 

man who enjoys sports needs  an energy contribution further than necessary to his own age, 

with the same characteristics, but which does not practice sport (from a minimum of 1200-

2000 kcal higher than in basal metabolism for  not too “hard” sports , to a maximum of 5000-

6000 kcal more for intensive sports; to this we have to  add together calories consumed for 

the specific sports activity and for the duration of the same). 

 

 

 

 

 

 

 

 

 

 

 

 

NUTRITIONAL NEEDS DURING TEEN YEARS 

proteins and minerals (calcium) 

plastic material for the rapid growth 

lipids 

caloric requirements, conveying important 

fat-soluble vitamins and making essential 

acid fats 

waste of energy for 

the essential 

physiological functions 

in an organism at 

complete rest and 

fasting 

Age (the BM 

decreases 

with age) 

Gender (in 

women is 

lower by 

10-12% 

compared 

to man) 

Height Body 

composition 

Climate (is 

lower in hot 

climates) 

Pathological 

situations 

Sleep 

 

Diet the waste in 

calories 

related to the 

type and 

intensity of 

work and / or 

of sport 
practiced 

NUTRITIONAL NEEDS OF A SPORTSMAN 

carbohydrates and lipids 

combined together they are 

energy substrates both for sports 

of short duration and low 

intensity, and for long-term 

sports 

water, vitamins and minerals 

The pre-exercise hydration reduces the risk of 

dehydration, while during and at the end of the 

effort it allows a greater recovery of the 

physical condition. The sweat lost is a liquid 

consisting of water and minimal amounts of 

minerals (sodium, chloride, magnesium and 

potassium). Even vitamins and minerals are 

useful nutrients for sportsmen.  
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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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://drive.google.com/file/d/0B_boFlXCSw5veVNOdVJkc1ZRR00/view?usp=sharing
https://drive.google.com/file/d/0B_boFlXCSw5veVNOdVJkc1ZRR00/view?usp=sharing
https://drive.google.com/file/d/0B_boFlXCSw5vSlNGczM1Q3lBaHc/view?usp=sharing
https://drive.google.com/file/d/0B_boFlXCSw5vYm50MnlxanA3cWs/view?usp=sharing
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Unit 12: Kinematics and Road Safety  

 

Every year there is a large number of road accidents, most of which are due 

to careless driving, speeding and lack of the correct safety distance. 

Being familiar with kinematics can reduce the risk of road accidents.  Let’s 

see why!!! 

We define: 

safety distance = reaction distance + braking distance 

 

Braking distance  

We define braking distance as the distance a vehicle covers from the initial deceleration to the 

actual halting. In order to make this problem simpler, we will consider deceleration as 

constant.  In this case, the vehicle motion is a uniform decelerated motion. 

Initial velocity v0 (measured with m/s), final velocity vf = 0 m/s (the vehicle has now come to 

a halt!), acceleration a and braking distance Δsf  are related as shown in this equation: 

Δsf = v0² / (2 μ g) 

where  μ is the coefficient of kinetic friction between tar and tyres. 

In order to demonstrate this formula, we will consider the kinetic friction force pointed in the 

opposite direction to the motion of the vehicle, 

F = - μ m g 

where  m = the mass of the vehicle and g = the acceleration due to gravity. According to the 

second law dynamics, F = m a, acceleration (deceleration in our case) will therefore be 

a = F / m = - μ g 

Using the equation for uniform decelerated motion (where v0 is measured with km/h) 

sf  = s0 + v0 t +   a t
2
/2 =   s0 + v0 t -    μ g t

2
/2        (1) 

vf  =  v0 - a t = v0 - μ g t 

considering vf = 0, we have    t =
  

  
 

To conclude, if we replace the value t we have just obtained in  the equation  (1),   we have 

the braking distance of the vehicle: 

Δsf = sf – s0 = v0 
  

  
 -  

 

 
  μ g (

  

  
)
2
  = 

    

  
 -  

 

 
  

    

  
 =  

 

 
  

  
 

  
        (2) 

The braking distance is proportional to the initial velocity squared: this means that, if the 

initial velocity doubles, the braking distance is quadrupled. 

Task 1: produce an Excel spreadsheet where Δsf (m) is function of v0 (km/h) and report 

data on a graph. 

If we change the velocity unit from km/h to m/s: 

Δsf =  
 

 
  

  
 

  
 =  

 

 
  

  
 

       
 

formula (2) can be written as follows: 
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Δsf = 
  

 

    
 

Moreover the braking distance depends on the vehicle and the road conditions.  The breaking 

distance is inversely proportional to the coefficient μ, which ranges from 0,1 in case of icy 

roads to 0,8 in case of dry weather and perfect road conditions. The difference between 0,05 

and 0,8 in μ means that braking distance becomes 8 times bigger on an icy road! 

Task 2: produce an Excel spreadsheet where Δsf (m) is function of μ and report data on 

a graph  

Let’s use following values for μ: 

• dry road: 0,7  

• wet road: 0,4   

• muddy road: 0,2  

• icy road: 0,1 

Reaction distance  

 

We call reaction distance the distance covered by the vehicle during the driver’s reaction time 

tr, which is the time necessary for the driver to perceive the obstacle, evaluate the situation and 

start braking; under ordinary circumstances the reaction time is approximately 1s. 

So in front of an obstacle, the driver covers a reaction distance: 

Δsr = v tr = v (1s) 

If the obstacle is closer than Δsr , the driver will not be able to avoid collision.  To have an 

idea of how much distance we should keep between our vehicle and the one in front of us, 

here are a couple of examples: 

v = 50 km/h =  = 14 m/s                          Δsr = v tr = v (1s)=14 m/s (1s) = 14 m 

v = 90 km/h =  = 25 m/s                          Δsr = v tr = v (1s)=25 m/s (1s) = 25 m 

The need to keep the correct safety distance and the use of safety helmets, belts and airbags 

become therefore evident. 

Ethyl alcohol/ethanol  

 

 It is an organic compound  described by the 

formula CH3CH2OH. 

 It is a polar molecule, highly soluble in 

water. 

 It mostly comes from processes through 

which yeasts and other microorganisms 

oxidize sugars. 

 It is a molecule with a high caloric content 

(7 Kcal/g). 

 Our organism does not accumulate it but 

discharges it through urine and breath or metabolizes it. 

 Absorption: a small percentage of ingested ethanol is absorbed by the cells of the mucosa 

which covers the first gastrointestinal tract (tongue, mouth, esophagus and stomach) 

where it gets metabolized. The rest is absorbed through diffusion in the upper bowel, 
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enters the blood and 85-98% of it is metabolized in the liver.  Only 2-10% is expelled 

through lungs, kidneys, faeces, sweat, breast milk. 

 Speed of absorption depends on several factors: it increases on an empty stomach, in 

association with fizzy drinks, on consumption of  highly alcoholic beverages and in case 

of gastritis; it decreases on a full stomach and in association with fatty foods. 

 Through blood, alcohol can reach all body organs at different times: after 10-15 minutes 

it reaches our liver, brain, heart and kidneys; after about an hour it reaches muscles and 

fat tissues where it tends to gather (indeed, it is fat soluble). 

 

Alcohol metabolism between stomach and liver 

Its metabolism starts in the stomach thanks to the enzyme called alcohol dehydrogenase 

(ADH), but it is mainly carried out in the liver, through a series of oxidation reactions. 

 

 
Ethanol is toxic for cells and, for this reason, it is transformed in the liver, thanks to the 

enzyme alcohol dehydrogenase (ADH), into the corresponding aldehyde, aceltaldehyde, 

which is, in fact, more toxic than alcohol, so much so that its build up causes damage for the 

nervous system.  However, this molecule is transformed by another enzyme, aldehyde 

deidrogenase, into acetate, which, in turn, is transformed into acetyl-CoA. As such, it will 

enter the Krebs cycle producing calorific molecules.  We must remember, however, that our 

liver can metabolize 7 grams of alcohol per hour.  This means that in the meantime all the 

rest of the alcohol we drank is free to circulate through our blood stream, damaging all the 

cells, the tissues and the organs it comes into contact with. 



 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e1
3

0
 

Following ingestion, BAC (blood alcohol content) peaks (i.e. reaches the greatest 

concentration in blood) 

• after 30-45 minutes on an empty stomach 

• after 60-90 minutes during meals 

• at a speed of ~ 0,12 g /kg of bodily weight / hour, that means that a 12 gr glass of 

wine in an individual weighting 70 kg will be processed after about 1 hour and 25 minutes. 

The brain is one of the organs which are reached by alcohol via the blood stream.  Many are 

the effects alcohol can have on the brain and they vary from individual to individual. 

 

Blood alcohol levels and effects on CNS 

 

Blood alcohol levels (g/L) Effects (general, individually variable) 

0.2-0.4 slight euphoria, talkativeness, slightly 

diminished motor coordination and 

diminished attention 
 

0.5-0.8 diminished motor coordination, reduced 

perceptive ability 
 

0.8-1.0 overestimation of driving abilities, longer 

reaction time 
 

1.0-1.5 emotional instability, memory impairments, 

ataxia, dysarthria 
 

2.0-4.0 profound intoxication: thought disorder, 

confusion, perception impairments 
 

beyond 4.0-5.0 potentially fatal blood alcohol level: coma, 

hypothermia, hypotension, hypoventilation 
 

 

The effects that occur between 1.0 and 4.0 g/L of alcohol in the blood last as long as alcohol 

remains in the organism - this can vary from a few minutes to several hours. This lapse of 

time is sufficient, however, to allow an individual to run serious risks. Indeed, due to their 

diminished inhibition, individuals can incur in acts of violence, vandalism, unprotected 

sexual intercourse and drunken driving.  If alcohol abuse is also a regular habit, the effects on 

the nervous system can be lasting, impeding concentration and learning. 

OMS recommends no alcohol consumption under the age of 15. 

 

BLOOD ALCOHOL LEVELS: 

https://drive.google.com/file/d/0B_boFlXCSw5vNFRCMEtDVFYxTjg/view?usp=sharing 

 

https://drive.google.com/file/d/0B_boFlXCSw5vNFRCMEtDVFYxTjg/view?usp=sharing
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  Unit 13: Science and Orienteering  

 

Orienteering consists in following a route which is characterized by control 

markers –called “lanterns” – using a compass and a detailed topographic 

map on a scale 1:2,000-1:15,000.  Orienteering is an outdoor activity 

which can be carried out in urban or natural environments alike. 

A standard orienteering route map will display: 

 a starting point marked by a triangle on the map; 

 a series of control markers progressively numbered and connected by lines – marked 

on the map by circled features; 

 the arrival point marked by a double circle. 

Control markers are marked en route by “lanterns” - a three-sided white and orange flag with 

attached a control code and punching mechanism to verify the feature was visited. 

At every control marker each player will find a control code and a description of the relating 

feature, its characteristics, dimensions, position of marker etc.,  according to a standard 

international code (IOF Control Description). 

Now… ready, steady, GO! 

 Position your map correctly:  

 place the map horizontally in front of you;  

 place your compass on the map along the North pointing arrow; 

 rotate your map until the red needle in your compass aligns with the North pointing 

arrow 

 Identify the first marker point; 

 Find the best route to reach it. 

KEEP YOUR BEARINGS!!! 

HOW TO INTERPRET MAP SCALES 

Scaling, i.e. moving from a real distance to a corresponding one on a map, is carried out 

through the use of scales.  The scale is reproduced on the map and allows us to know the ratio 

between the distances we can measure on the map and the real ones. 

A numeric scale is a fraction whose numerator will always equal one and whose denominator 

will  always be a number which shows how many times the real distance has been reduced 

onto the map. 

Example: in the scale 1/100,000 or 1 : 100,000, number 1 indicates the linear distance taken 

into consideration on the map, and number 100,000 tells us that the real distance has been 

reduced 100,000 times: therefore 1 cm on the map will correspond to 100,000 cm on the 

ground and will equal to 1 km.  

1 : 100,000 = dc (distance on the map) : dr  (real distance) 

dr  (real distance) = dc (distance on the map)∙100,000 
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The second term of the ratio (or denominator in the fraction) shows, therefore, how many 

times you must multiply the distance detected on the map in order to have the corresponding 

distance in real life. 

 

LEARN HOW TO CALCULATE A SLOPE GRADE 

 

                    
 

What is meant by a 10% slope? It means that every 100 horizontal metres there will be 10 m 

of difference in height.  

 
In order to calculate the slope grade over the horizontal line you will only need to calculate 

the tangent of the angle α 

 
and then 

 

α = tan
-1

 (BC/AB) 

 

In this case:   6° 
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How to go about it 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Explore the public park in your town.  You have an orienteering map of it. 

b) Take pictures of some of the trees you can find in the park. 

c) Share them on the our google.classroom platform: 

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 

d) Work in pairs gathering information on the species of your choice and post the 

information after arranging them in a table according to the following example: 

  

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
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Image / Immagine 
Name, origin and 

particular features 

Nome, origine e 

caratteristiche particolari 

 

 

 

 
 

 

SOPHORA JAPONICA 

PENDULA 

 

Origin: China and Korea. 

 

Characteristic features: 

 

 Dimension: 4x3 m,  

slowly reached. 

 Flowers: terminal 

panicles, usually 

long up to 30 cm, 

and small scented 

white flowers. 

 Berries: pods.                                                                                                                                              

SOPHORA JAPONICA 

PENDULA 

 

Origine: Cina e Corea. 

 

Caratteristiche: 

 

 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. 

 

Characteristic features: 

 

 Flowers: 

pink/purple outside, 

white inside. 

 Flowering phase: 

April/May. 

 Not evergreen. 

MAGNOLIA OBOVATA 

PURPUREA 

 

Origine: Asia orientale. 

 

Caratteristiche: 

 

 Fiori: rosa/viola 

all’esterno, bianchi 

all’interno. 

 Fase di fioritura: 

aprile/maggio. 

 Non sempreverde. 

 

 

   

AESCULUS 

HIPPOCASTANUM 

 

Origin: Eastern Europe 

 

Characteristic features: 

 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. 

AESCULUS 

HIPPOCASTANUM 

 

Origine: Europa orientale 

 

Caratteristiche: 

 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. 
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Image / Immagine 
Name, origin and 

particular features 

Nome, origine e 

caratteristiche particolari 

 

 

         

ARAUCARIA 

ARAUCANA 

also known as 

MONKEY PUZZLE 

TREE 

 

Origin: New Caledonia  

Characteristic features: 

 Evergreen 

coniferous. 

 Flowers: green or 

brown,  10 cm long. 

 Growth: up to 30 m. 

 

ARAUCARIA 

ARAUCANA 

 

Origine: Nuova Caledonia 

 

Caratteristiche: 

 

 Conifera 

sempreverde. 

 Fiori: verdi o 

marroni, lunghi 10 

cm. 

 Crescita: fino a 30 

m. 

 

   

QUERCUS ILEX 

 

Origin: Mediterranean 

regions. 

 

Characteristic features: 

 

 Flowers: yellow 

catkins. 

 Leaves: elliptical or 

oval, 7.5 cm long. 

 Growth: from 5 up 

to 20 metres. 

QUERCUS ILEX 

 

Origine: regioni 

mediterranee. 

 

Caratteristiche: 

 

 Fiori: amenti gialli 

 Foglie: ovali o 

ellittiche, lunghe 7.5 

cm circa. 

 Crescita: da 5 a 20 

metri. 

 

 

Before getting down to it, you need to know: 

a) Maps and the concept of map scaling 

b) IOF ( International Orienteering Federation) symbols 

c) compass use 

and now.... GO!!! 

Enjoy your orienteering experience! 
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    Unit 14: Arsenic and Drinking Water 

 

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 approach the 

positive part of another water molecule, hydrogen, and so on… 

This kind of bond is called “HYDROGEN BOND”.  

The peculiar properties of water  

Water is a substance which shows a large number of unusual 

properties. The first and most noticeable one is that solid state 

water has lower density than liquid state water: ice floats in 

water.  

Water displays another strange behaviour when temperature rises from 0 °C to 4 °C: 

rather than increasing its volume together with temperature, it decreases it.  As a 

consequence, density  d= 
 

 
 increases. Above 4°C water behaves like other fluids.  

 
 

BIOLOGICAL CONSEQUENCES 

This anomalous behaviour of water has significant biological consequences for ecosystems at 

high latitudes.  The greatest density of water occurs at 4°C; when temperature decreases, 

water reaches freezing point and starts floating while below a denser liquid remains, where 

fauna can still live; indeed, ice creates an insulating layer above water in rivers and lakes 

where life can carry on even in mid-winter.  
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ANOTHER IMPORTANT FEATURE OF WATER IS ITS GREAT THERMAL 

CAPACITY 

Thermal capacity C of a body is the quantity of heat which is necessary for it to increase its 

temperature by 1K.  

C = 
 

  
   (J/K) 

If a substance has a high thermal capacity, you need a great deal of energy (heat) to increase 

its temperature.  Conversely, if its thermal capacity is low, little energy is needed to increase 

its temperature. 

The necessary heat to induce a change in temperature ΔT can be obtained from: 

Q = C ∙ ΔT 

As C is a positive physical quantity, 

 Q is positive if ΔT >0, i.e. if the body temperature increases (heat is administered to 

the system) 

 Q is negative if ΔT<0, i.e. the body temperature decreases (the system releases heat) 

A body thermal capacity C depends on its mass and on the material it is made of: 

C = c·m 

where c is the specific heat of the material, that is the quantity of energy you need to 

administer 1 kg of matter in order to increase its temperature by 1 K. In the case of water at 

air pressure we have  

cwater = 4186 J/(kg∙K). 

• Given its high specific heat, water, unlike other substances, can absorb a great deal of 

heat without heating up so much. In order to increase the temperature of a gramme of 

water by 1K, you need 3-5 times as much heat as that needed to increase the 

temperatures of a gramme of soil by 1K. Indeed, the heat we administer water is only 

partially used to increased its temperature; the rest is used to break part of its 

hydrogen bonds. 

Similarly, water cools much more slowly than other substances. 
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BIOLOGICAL CONSEQUENCES 

In daytime, along the coast, the fast heated 

soil produces a low atmospheric pressure.  

This condition attracts air from the high 

pressure zones above the sea, which is 

relatively cooler, thus creating a seaside 

breeze.   

At night time we experience the opposite 

phenomenon: a land breeze. 

The same mitigating effect occurs with the 

changing of seasons. 

Therefore,water’s high heat capacity makes it 

a very good thermoregulator, i.e. water can 

counteract very efficiently thermal shocks. 

 

Thermal equilibrium 

Let’s now turn to what happens when a body at a temperature TB is put into a container filled 

with water at a temperature TA, where TB>TA, neglecting the 

container’s mass assuming there is no heat exchange between the 

container and the surrounding environment. 

The warmer block will tend to cool, while the cooler water will 

warm up. The process will stop only when the two bodies reach the 

same temperature, called equilibrium temperature TE, that is when 

the two bodies reach what is defined thermal equilibrium. 

The amount of heat QB released by the block in order to maintain 

energy must be the same as the amount of heat QA gained by water. 

     =      

- QB = QA 

      QB = - QA 

According to the law of thermology, the heat released by the warmer block turns out to be 

negative because  

TE < TB and comes out of:  

QB = mB ∙ cB ∙ (TE – TB) 

Likewise, water gains a positive amount of heat (TE>TA) coming from: 

QA = mA ∙ cA ∙ (TE – TA)  

Assuming QB = - QA we have: 

mB ∙ cB ∙ (TE – TB) = - mA ∙ cA∙ (TE – TA) = mA ∙ cA∙ (TA – TE) 

mB ∙ cB ∙ TE – mB ∙ cB ∙TB = mA ∙ cA ∙TA – mA ∙ cA ∙ TE 

mB ∙ cB ∙ TE + mA ∙ cA ∙ TE = mA ∙ cA ∙TA + mB ∙ cB ∙TB 

TE (mB ∙ cB  + mA ∙ cA) = mA ∙ cA ∙TA + mB ∙ cB ∙TB 
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The equilibrium temperature will be: 

 

TE =  
                         

                  
 

 

WHERE DOES WATER COME FROM? 

According to its origin, we can talk of: 

a) Meteoric waters (rain, snow, hail): these should be the “purest” waters, but as they 

react with atmospheric pollutants (CO2, NOX, SOX) they become acid rainfalls. 

b) Underground waters: they are formed by other waters infiltrating the ground.  They 

are “enriched” by many natural substances (carbonates, sulphates, calcium, 

magnesium....arsenic!) and anthropic substances (pesticides, weed killers, surfactants, 

heavy metals .........arsenic?)  

c) Surface waters (sea, rivers, lakes, and springs): they are grouped into fresh and salty 

waters.  

Their composition changes according to environmental and weather conditions. 

 

WATER: A RENEWABLE RESOURCE 

The hydrological cycle 
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Water distribution on the Planet 

 

 
 

WHAT WATER ARE WE DRINKING? 

 

MINERAL WATERS. We call mineral waters those “waters which, originating from an 

aquifer or underground reservoir, come from one or more natural or perforated sources and 

which have peculiar hygienic features and healthy properties”. D.L. 25/1/1992. 

DRINKING WATER. Drinking water is defined as clear, transparent, colourless water 

which does not contain harmful substances nor pathogenic bacteria and whose quantity of 

salts does not exceed the amount reported in the national regulation D.P.R. 24 May 1988, n. 

236. 

QUALITY CONTROL 

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 

an stricter limits for many different standards. 

WHERE DOES ARSENIC COME FROM? 

• FROM NATURAL ELEMENTS  

• The geological features of the ground  

• Sedimentary rocks  

• FROM HUMAN CAUSES  

• Intensive crops  

• Burning of fossil fuel  
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Geological features of our area 

A hydrogeological study of our area shows differences in the arrangement of the substances 

found in drinking water in areas which are geographically close but geologically different 

with regards to phreatic aquifers. 

The volcanic origin of our territory has produced areas of geothermal activity and arsenic 

compounds are especially abundant in this kind of soil. Erosion of rocks and soil disperses 

arsenic in waters thus polluting aquifers. This is the reason why we focus our attention on this 

substance and its consequences for human health.  

The impact of arsenic on human health can be very diverse according to the chemical 

features of the arsenic compounds: 

 Elemental arsenic: it is completely discarded by our organism and has no 

consequences for our health; 

 Arsenic in soluble compounds: gastrointestinal absorption; renal excretion with or 

without previous liver detoxification; 

 Arsenic in inorganic compounds: they are among the most dangerous ones because 

they pile up in the skin, in muscles and in bone tissues; 

absorption through the placenta has been recorded in pregnant women.  

 

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.  
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Unit 15: Action and Reaction: examples from animal movement 

 

Dynamics (from the Greek “dynamis”, power/force) is a branch of 

mechanics which deals with the relationship between forces and their 

effects on a body.  We will explore traditional mechanics; this cannot be 

applied to motion which nears speed of light as in this case we need to 

apply the theory of relativity and quantum mechanics for motion on a 

microscopic scale. 

Dynamics is based on three principles which were expressed by Isaac Newton (1642 - 1727): 

1. The law of inertia or first law of motion: 

If the total force acting on a body is zero, the object will stay at rest or, if in motion, it 

will stay in uniform linear motion. 

           “Total force” means the vector total of the single forces which are exerted on a body. 

2. The fundamental law of dynamics or second law of motion:  

If a force or group of forces act on a body with mass m, this object will receive an 

acceleration which will equal the resulting force divided by the mass.  Acceleration 

will have the same direction as the resulting force.  

This law can be expressed with the following equation: 

    
         = m ∙                              =   

             

 
 

The first law of motion is contained in the second one.  If the resulting force equals zero, we 

have: 

    
         = m ∙   = 0  

and since mass is different from zero, acceleration must be null. As a consequence, the body 

velocity is constant (see the first law). 

3. The ACTION AND REACTION PRINCIPLE or third law of motion:  

If a body A exerts a force    
        on a body B, then B exerts on A a force    

        which is 

equal in modulus, but opposite in its direction: 

   
          =   -    

        

 

MEANING OF THE ACTION AND REACTION PRINCIPLE 

The third law of motion states that if a body exerts on another body a certain force (action), 

then the second body will exert on the first a force (reaction) which will be equal in 

magnitude and opposite in direction. Our forces, in this case, are always generated in pairs: 

defining one force “action” or “reaction” is totally arbitrary.  

The two forces in this pair have the same intensity but opposite directions and act on different 

bodies and therefore cannot make each other null: though equal and opposite, forces    
         and   

   
         do not balance out, because they are exerted on two different bodies and therefore 

replacing them with the resultant force (which is always null) is meaningless. If these are the 
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only forces being exerted, both bodies will usually receive different accelerations, according 

to the second law of motion ( a = 
 

 
  ). 

While the first and second law of motion focus on the forces exerted on one body only, the 

third law takes into consideration forces acting two bodies. 

The action and reaction principle can explain many real life situations: 

 A canoeist can push a canoe forward because water is pushed back with a paddle; in 

turn water pushes the canoe forward 

                                                

 If a child pushes a piece of furniture, then the furniture pushes the child who, as a 

consequence, has to put in an effort.  If the floor is very smooth, the more the child 

pushes the more s/he will slide backwards. 

 

 Two children on skates push each other; according to the third law of motion the 

forces exerted on the two children are equal in modulus, have the opposite direction . 

Their acceleration will instead be different (    = 
   

  
  ,       = 

   

  
  ) 

 

 Walking and running, too, work according to the third law: feet push the ground 

backwards and are in turn pushed forward by the ground.  
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Also locomotion in the animal world can take place according to the action and reaction 

principle. Some animals move thanks to a mechanism called jet propulsion:      

 
 

Why do animals move?  

Movement is one of those peculiar features that distinguishes animals from other living 

organism. 

From a biological point of view, animals are able to move: 

 in order to keep alive  

 to search for food 

 to migrate from one area to another.  

 to mate  

 to run away from predators.  

Several types of info are provided by the environment. Animals can perceive them through 

their senses. As a consequence, they are able to move (responding to stimuli). Also a simple 

unicellular organism, like an amoebas, can respond to stimuli by moving on pseudopods 

(‘false feet’). 

PHOTO 1  

 
From a physical point of view, the movement of animals is, in many cases, the consequence 

of the THIRD LAW OF NEWTON, known as the law of Action-Reaction.  
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Different types of movements can be found in nature. 

They depend on the environment, also meant as the density of the elements where the 

movements take place, on the organs that cause a body to move and also on the reason why a 

body is moving.  

When an animal moves forward, it exerts an action-reaction force on the element by pushing 

it backwards. Actually, it is the force of reaction that pushes the animal forward.  

However, when an animal needs to move, it has to increase its speed horizontally but, in this 

case, vertical forces (gravity and normal forces) don’t help. Therefore, a horizontal force 

(FRICTION) gets into action. As feet are pressed hard onto the ground, there is friction when 

you push feet horizontally against the ground and that is when, thanks to the third law of 

Newton, the ground exerts a force which is equal and opposite. 

Movement on the ground: 

Kangaroo movement 

A kangaroo jump without its tail wouldn’t be the same: indeed, its tail is called “fifth leg”, 

because it plays an important role, exerting a propelling force which makes movement more 

efficient. 

 

At low speed, kangaroos always use their forelegs and tail to keep their balance while they 

advance swinging on their hind legs. 

 

 

 

 

 

Its tail exerts a force which equals that of a person’s leg, having similar dimensions and 

walking at a similar speed.  No other animal species has been observed to use their tails in a 

similar way.  Scientists speculate that the kangaroo tail has evolved in order to make its 

jumping more efficient. 

This marsupial can cover very long distances jumping at a speed of 20 kilometres per hour; 

compared to other animals, it’s a 

much more economical way of 

travelling. While it jumps, its long tail 

moves up and down like a whip, 

helping the kangaroo control the 

angulation of its body.  In a kangaroo, 

80% of the whole muscle mass is 

centred around its pelvis. These 

muscles are full of capillaries and 

mitochondria which release energy. 

Ligaments and muscles contract and 

stretch like springs. 
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Movement in water: 

Gravity is not a problem for animals living in water.  Because of its high density, water can 

support the body of the animal, exerting on it a hydrostatic drive.  However, water high 

density also opposes great resistance to motion. Most water animals feature a simple 

elongated shape which is extremely hydrodynamic and greatly reduces resistance. 

 

 
 

Shellfish 

Within the shellfish phylum, we can detect a system of locomotion with continuous 

progression in Cephalopods. This is due to a jet propelling system: the force exerted on the 

water and the reaction act in the same direction as the movement. 

When an octopus needs to move very quickly, it leaves its usual locomotion system (walking 

on tentacles), it rises from the bottom and moves expelling pressurized water from its funnel. 

Pressure is increased by the action of several muscles which surround its cavity: these are 

muscles devoted to water aspiration, muscles which, when contracted, create pressure within 

the mantle cavity so that water can be expelled only through the funnel.  The funnel can point 

in different directions, so as to allow the animal to move backwards or forwards.  

When the siphon opens, the force P results in an acceleration of the exiting water, which 

produces movement in the opposite direction to that of the animal. 

 
 

Some speicies of Cephalopods, like Loligovulgaris (squid) and Todarodessagittatus (lesser 

squid), are able to reach a speed of over 40 km per hour - by far the fastest speed among  

invertebrates. In these Cephalopods swimming is made easier by lateral fins which have a 

stabilizing role, like wings on an aeroplane. 
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In cuttlefish, instead, the perfect hydrostatic balance is achieved also thanks to the cuttlefish 

bone which, as well as being a residual shell, is an actual functional organ: it is very light but 

large and for this reason, according to Archimedes’ principle, it provides a decisive floating 

push which can be easily adjusted with very slight variations in the mantle size. 

Swimming in fish 

 
 

Swimming in fish requires a very large amount of energy because the force needed by the 

fish in order to overcome water resistance increases with speed. Therefore a simplified and 

hydrodynamic body shape is essential. The muscle apparatus (limbs and appendages) is used 

for propulsion: the fish swims pushing water against its fins and in turn water pushes the fish 

forward. 

An important muscle apparatus can be detected in fish.  Muscles are made up of red and 

white muscle fibres: the red ones run along the sides of the fish and are activated while 

swimming at any speed.  For instance, tuna fish, amberjacks, dolphins and fish which swim 

long distances (like all migrating fish), all have muscles which are rich in red fibre.  With 

their activity, they produce heat which is spread throughout the body.  White fibre, instead, is 

for sudden sprints, for fast swimming strokes, like when an amberjack must descend onto a 

mullet to eat it. 

 

Movement through air:  

Animal movement through air involves many Physics laws and the third law of motion is 

especially relevant in flapping flight. 

When a bird moves its wings downwards, these exert a force on air particles (action) and air, 

in turn, pushes against the wings (reaction=lift).  If the lifting force is > or < than the bird’s 

weight, it will ascend or descend, if the force is =, the bird will remain suspended in mid air. 

This kind of flight implies: 

 great energy expenditure in the use of pectorals, 

 very large movements of the wings at “hand” and shoulder levels. 

Of course wings must be shaped so as to oppose the least resistance to air and to be able to 

move large volumes of air. 
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Unit 16: Mitochondria as the place of production of the energy consumed by 

organisms 

 

In order to live every organism requires energy. Within every living cell, 

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.  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. 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. 

Subject: Biology (with elements of chemistry) 

 Task 1 Analyse sources (text and picture).  

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 
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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 

more protein than the outer membranes - these are the proteins responsible for cellular 

respiration, as well as carriers transporting metabolites and ions. 

Following the analysis of the text, 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. 

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 

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

 

Task 2 Analyse sources (text and picture). 

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 
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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.            

Answer the following questions: 

1. Enumerate arguments in support of the validity of the theory of the endosymbiosis -

..…………………………………………………………………………………………… 

2. Explain why mitochondria are called semi-autonomous organelles -

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

 

Task 3 

Based on the analysis of source texts, picture  and previously acquired knowledge answer 

questions:  

a. What is the role of mitochondria? 

………………………………………………………………………………………………… 

b. What are the components of ATP? Where exactly is the energy bound within the 

molecule? 

………………………………………………………………………………………………… 

 

c. What is the total record of aerobic respiration reaction? Highlight the substrates and 

products of this reaction. 
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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?   

Evaluation through further practice: 

Task 1.  Complete sentences: 

a) Mitochondria are called „energy centres of cells” 

………………………………………………………… 

b) The number of mitochondria in a cell depends  on  

..……………………………………………………… 

c) The erythrocytes have no mitochondria because  

...………………………………………………………... 

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. 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

 

Task 3.  

The diagram shows the construction of the mitochondrion. 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 

………………………………………………………………………

………………………………………………………………........... 

Task 4. 

Enter the name of the chemical compound, the 

construction of which is presented in the diagram. 

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

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

 

Mark with an arrow and name the place where the 

energy is stored in this compound. 



 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e1
5

3
 

2. Subject: Mathematics (through Biology) 

Task 1 

WORKSHEET: 

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 

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

 

Task 2  

Analyse sources (text) 

Human body requires energy for all processes occurring in the organism. Each muscle 

contraction, heartbeat, 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.  %1312 of energy from proteins, %3527  

energy from fat and the rest, that is %6050  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: 

kJkcal 19,41  (kilojoule), MJkcal 19,41000  (mega joule), kcalkJ 24,01   

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

1 g protein provides 4 kcal (17kJ) 

1 g fat provides 9 kcal (37kJ) 

1 g carbohydrates provides 4 kcal (17kJ) 



 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e1
5

4
 

 

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. 

Exercise 1: 

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%.  

…………………………………………

…………………………………………

………………………………………… 

 

Task 3 

Calculating BMI:    

                                                

 

weight is expressed in kilograms, height 

in meters  

 

1.  The energy value of 100g of cereals is 410 kcal, and g100 of %3  milk is kcal125 . 

Calculate the energy of one portion of cereal with milk, which consists of  g200  of milk 

and g60  of cereal .  

2.  Calculate the energy value of g100  of ham that consists of g2,11 of proteins, g5,12  of fat 

and g9,0  of carbohydrates. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

Evaluation through further practice:  

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 weighs 65 kg and is a person who does little physical activity. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 
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Task 2.  

 

 

 

Calculate the energy value of foods using the information presented in diagrams. Estimate 

how many calories does  100g of each of these products contain. It is established that the 

energy value of fat amounts to  gkcal 100/900 , while proteins and fats gkcal 100/400

.…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

Task 3.  

Calculate BMI of a man weighing 78 kg of height 175 cm. Calculate his daily energy demand 

if he has sedentary lifestyle. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

3. Subject: English (through Biology) 

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? 

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 
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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. 

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. 

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

3. Food and oxygen enter the ................................ 

4. Parts of the ................ can't work ...................... 

 

Exercise 2 

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

 

 

 

http://en.wikipedia.org/wiki/Electron_transport_chain
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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. 

 

Evaluation of domains as further practice: 

Exercise 1 Translate words:  cristae…………..……….., outer membrane….………………, 

inner membrane…….………………… 

Exercise 2 

Write correct words under each picture: liver, garlic, mushrooms, brussels sprout,  shellfish, 

barley, pumpkin seeds, broccoli. 

 

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 names of food (under the table), which includes components written by you . 

atinmiv - 

crumomhi- 

cinz- 

uimslene- 

mzyoecne- 

 

Fish (mackerel), shellfish, liver, brocoli, barley, cod liver oil, eggs, pumpkin seeds, garlic, 

mushrooms,  spinach,  sardines 

  

  

1. 2. 3. 4. 

 

   

 

5. 6. 7. 8. 

vit B vit D ................. ..................... ................. ................... 
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Unit 17: The percentages in everyday life 

 

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. 

Subject:  Mathematics 

Task 1  

A brief discussion on the need of a percent sign in everyday life. After a short preparation 

present your examples. The teacher then starts the Power Point presentation - during the 

introduction  quote examples of application of percentages. 

Task 2 

The presentation (presented by teacher) includes subsequent tasks to be solved on the 

worksheets, in pairs. There is 7 tasks and all the correct solutions will be presented. Each 

subsequent solution will be packed into an envelope and at the end of the lesson the teacher 

collects them in order to mark you for the next lesson. You will work in pairs to design a 

solutions that the teacher will present to other students after 3-4 minutes of working. You will 

have the opportunity to review calculations, test your skills and validate record. 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 you will be able to make a preliminary assessment of your own work 

and skills in percentage calculations. 

 

WORKSHEET: 

Task no. 1 

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

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

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

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

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

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

Answer.................................................................................................................................... 
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Task no. 2 

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

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

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

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

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

Answer.................................................................................................................................... 

Task no. 3 

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

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

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

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

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

Answer.................................................................................................................................... 

Task no. 4 

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

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

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

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

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

Answer.................................................................................................................................... 

Task no. 5 

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

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

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

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

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

Answer.................................................................................................................................... 

Task no. 6 

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

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

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

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

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

Answer.................................................................................................................................... 

Task no. 7 

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

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

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

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

Answer.................................................................................................................................... 
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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.  

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

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." 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

Task 3. A swimsuit cost zł80  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 ? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 What percentage of the students surveyed reads dramas most often? 

 Calculate how many students participated in the survey, knowing that 21 of them 

reads fantasy books most often. 

 How many percent more students reads historical books more often than biographies? 
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2. Subject: Computer science 

Task 1 

Copy table tab. 1 and with the teacher's help create a pie chart based on the data provided.  

Format the chart area so as to obtain a graph similar to the graphs in pic.1 and pic.2. 

 

Candidate Number of votes 

Janek Wiśniewski (1C) 45 

Kasia Nowak (3B) 32 

Dorota Kowalska (2A) 116 

Marek Kowalski (2A) 201 

tab. 1. The election 

 

 

 

 

 

 

 

 

 

pic.1. Chart with key and 

percentage 

 

 

 

 

 

 

 

pic. 2. Chart with data labels visible 

Task 2 

The teacher presents a table with the attendance from each month.  

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    pic. 3. Line graph 

with a logarithmic trend curve  

 

 

Task 3 

The teacher gives examples of the application of the two vertical axes on graphs and shows 

how to create them. With teacher's help, create a graph suitable for the data in the table tab. 3, 

as similar as possible to the sample in the picture below. pic. 4. 

  

           

   pic.4. Graph with two Y axes (Column-linear) 

 

tab. 3. Rating 

     

Month Attendance 

September 93,6% 

October 91,6% 

November 88,6% 

December 89,6% 

January 88,6% 

February 88,6% 

March 85,6% 

April 84,6% 

May 82,6% 

June 81,6% 

Class 

Average 

marks Attendance 

1A 1,68 63% 

1B 1,55 60% 

1C 5,69 66% 

1D 2,05 77% 

1E 4,36 62% 

2A 2,6 70% 

2B 3,3 54% 

2C 4,69 79% 

2D 2,03 74% 

E 1,26 63% 
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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. 

 

3. Subject: English (through Mathematics) 

Task 1 

See the presentation - What are percentages? Math concept for kids – YouTube: 

https://www.youtube.com/watch?v=ty12FGhxQEw 

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! 

Author 

Number of 

votes 

Mickiewicz 4 

Sienkiewicz 7 

Norwid 11 

Orzeszkowa 21 

Słowacki 21 

Gombrowicz 20 

Kochanowski 11 

Konopnicka 16 

other 13 

https://www.youtube.com/watch?v=ty12FGhxQEw
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Exercise 2 

Match the given expressions to the gaps in the dialog. 

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)............................... 

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 You're welcome. 

 

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? 

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? 

 

Task 2 

Teacher presents crucial phrases used during a shop conversation (some of them are already 

known but some may be knew). Try to explain them. Then 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? 

a) You're welcome. 

b) That's £45. 

c) Yes, I'd like two of those cakes, please. 

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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3. Thanks for your help. 

a) Do you sell bread here? 

b) You're welcome. 

c) Can I help you? 

 

4. How much is it? 

a) It's large. 

b) That's all right 

c) It's £10. 

 

5. Would you like a bag? 

a) Yes, here you are. 

b) Yes, please. I need one. 

c) Yes, here's your change. 

 

Task 3 

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. 
 

Altogether    Can      card    else    have   help    Here    How    It    much      Nothing    pound    

Thank 

 

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. 

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._________________________________________________ 
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Unit 18: Nucleic acids and their effects on the organism 

 

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.  

 

1. Subject: Biology 

Task 1  

Short animation about  DNA -  InfoPlus - Biologia 4 - Animacja 1 Przestrzenny model 

DNA - YouTube (https://www.youtube.com/watch?v=RrS2uROUjK4) 

Based on their knowledge 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 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

https://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjOt-TMgrzKAhWI6CwKHZvXAmAQtwIIGzAA&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DRrS2uROUjK4&usg=AFQjCNGJhe5hFBeWGXOtE3lx17xPuFvU1g
https://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjOt-TMgrzKAhWI6CwKHZvXAmAQtwIIGzAA&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DRrS2uROUjK4&usg=AFQjCNGJhe5hFBeWGXOtE3lx17xPuFvU1g
https://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjOt-TMgrzKAhWI6CwKHZvXAmAQtwIIGzAA&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DRrS2uROUjK4&usg=AFQjCNGJhe5hFBeWGXOtE3lx17xPuFvU1g
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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 = ............ . 

 

Task3: 

Assign definitions 1, 2, 3 and 4 to the corresponding explanation from column A - F. Two 

definitions are unnecessary. 

1. GENOME 

2. GENOTYPE 

3. PHENOTYPE 

4.KARYOTYPE                                                                                                                              

A. RNA of the organism  

B. chromosomes of the organism    

C. genes of the organism             

D. features of the organism 

E. variability of  the organism  

F. DNA of the organism                                                                                                         

………………………………………………………………………………………………….. 

………………………………………………………………………………………………….. 

Task 4 

Analyze the source text 1, and then together with colleagues determines the stages of protein 

biosynthesis 

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 
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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. 

Source: GENETIC INFORMATION. FROM GENOTYPE TO PHENOTYPE 

Prof dr hab. Janusz Stanisław Keller 

Short film „From DNA to protein”: https://biokompost.wordpress.com/2010/08/19/do-

obejrzenia-obledne-wideo-od-dna-do-bialka/ 

On the basis of their knowledge, the source text, the video and the table of the genetic code,  

fill in WORKSHEET  

Task 5 

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:………………………………………………………………...…………………………

……………………………………………………………………………………………….… 

Transription  ………………………………………………………………………………….. 

Post-transcriptional processing ………………………………………………………………. 

Translation……………………………………………………………………………………. 

Amino acid chain (protein) …………………………………………………………………… 

ANTICODONS  ……………………………………………………………………………… 

 
GENETIC CODE TABLE 

https://biokompost.wordpress.com/2010/08/19/do-obejrzenia-obledne-wideo-od-dna-do-bialka/
https://biokompost.wordpress.com/2010/08/19/do-obejrzenia-obledne-wideo-od-dna-do-bialka/
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Task 6  

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? 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

Task 7 

 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? 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

Task 8     

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.........  

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

Task 9  

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                      

Bb                      

bb 

baldness                                                      

Normal hair growth 

Normal hair growth 

baldness                                                         

baldness                                          

Normal hair growth 

Based on the data from the table formulate a conclusion for a baldness gene expression in 

humans. ....................................................................................................................... 

...................................................................................................................................................... 
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Unit 19: Statistics for astronomy 

 

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.  

 

1. Subject: physics 

Task 1 

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).  

https://www.youtube.com/watch?v=LpZ5zFew4Vk
https://www.youtube.com/watch?v=HEheh1BH34Q
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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. 

 

 
Pic. Our galaxy (Milky Way) 

 

 
Pic. Comparison of the size of planets and stars 
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Name of a star 
The estimated mass of the star 

(given in the solar masses  
 

) 

The radius of the star (given as a 

multiple of the radius of the 

Sun  
 

) 

Proxima Centauri 0,12 0,14 

Sun 1 1 

Sirius 2,28 1,71 

Pollux 3,5 9 

Arcturus 4 24 

Aldebaran 1,7 44 

Rigel 17 60 

Antares 15 850 

Betelgeuse 15-20 ok. 1000 

VY Canis Majoris 30-40 ok. 1400 

NML Cygni 25-40 ok. 1600 

UY Scuti 7-10 ok. 1700 

Tab. Comparison of the weight and size of stars (the symbol   denotes the Sun in astronomy) 

Worksheet: 

1. 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): 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 
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2. The radius of the star Antares is approximately 0.6 billion km. Estimate the radius of the 

star Proxima Centauri. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

Task 2 

Analyze the spatial distribution of the stars around the Sun (Picture). Analyze the distances 

between stars and 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. 

 

 

 

 

 

 

 

 

 

Pic. The spatial distribution of stars in a radius of 15 light years from the Sun. 

 

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. 
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Worksheet: 

3. 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:   
 

 
    

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

Solve the task: 

4. 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. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

Task 3 

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. 

Worksheet: 

5. 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. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 
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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/cm
3
. 

(Very small!). 

 

Task 4 

Use the knowledge and skills gained from the lessons to solve the following tasks 

Worksheet: 

6. The radius of the star Antares is approximately 0.6 billion km. Estimate the radius of the 

Sun (record the result in kilometers). 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

7. 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 · 10
11

 solar masses. 

Estimate: 

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 = 10
12 

 
Pic. Andromeda galaxy 
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…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

2. Subject: mathematics 

Task 1 

Use worksheets and 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.  

Worksheet: 

 

 

STATISTICAL SURVEY 

Perform the following steps. 

 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. 

 Afterwards, complete the third column in the table by calculating the quotient of 

height by the arm spread. 

 

Women Men 

Height Arm spread 
Quotient of 

both 
Height Arm spread 

Quotient of 

 both 
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  Using the data collected in the table, perform the following calculations, separately 

for groups of women and groups of men:  

 

o Calculate arithmetic average, 

WOMEN MEN 

 

 

 

 

 

 

 

o Calculate dominant and median for a set of data,  

WOMEN MEN 

 

 

 

 

 

 

o Calculate standard deviation. 

WOMEN MEN 

 

 

 

 

 

 

 

 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) 

 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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Task 2 

Performs calculations in order to obtain: the arithmetic average, dominant, median and 

standard deviation of the statistical data previously gathered. Afterwards, in pairs analyze 

their calculations and draw conclusions together. Note down the calculated values and their 

conclusions on large sheets of paper and present their work by attaching them to the 

whiteboard. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

Task 3 

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. 

Worksheet 

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 representative it is, dividing the 

population based on gender.  Attempt to estimate the total number of customers 

during the day. 
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…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

3. Subject: English 

Task 1: Search all the names of the planets in the dictionaries.  

 

……………………………… 

……………………………… 

……………………………… 

……………………………… 

……………………………… 

……………………………… 

……………………………… 

……………………………… 

 

Task 2 

Listening exercises 2.1, 2.2 “The planets of our solar system. Learn English via listening” -  

YouTube: https://youtu.be/iRxcC-kqpRI -  listen it twice and each time 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.  

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 

https://youtu.be/iRxcC-kqpRI
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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 complete the box. Write the names of the planets in the 

correct order. 

 

Position to the Sun Name of the planet 

First  

Second  

Third  

Fourth  

Fifth  

Sixth  

Seventh  

Ninth  

 

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 
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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 

 

Task 3 

Before that exercise look at the chart and then use the words to complete the sentences with 

correct forms. 

hot    long    short    cold   big    small  

 

 Mercury Venus Earth Mars 

Diameter (km) 5,000 12,000 12,700 6,800 

Number of hours in a day 4,200 2,800 24 25 

Number of days in a year 88 224 365 687 

Averege temperature 465°C 480°C 15°C -65°C 

 

1. A year on mars is________than a year on the Earth. 

2. 2. A day on Venus is _________ than a day on Mercury. 

3. The temperature in Mercury is _________ than Venus. 

4. The temperature on Venus is __________ than the Earth. 

5. Venus is _________ than the Earth. 

6. The Earth is ________ than Mars. 

 

Task 4 

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.”  

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 
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Unit 20: Chemistry for people – cosmetics and detergents 

 

 
 

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. 

1. Subject:  Chemistry 

I. Discuss 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). 
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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 

 

 
 

Cosmetics are manufactured in the form of mixtures, often multi-component. The most 

common form of cosmetics is the emulsion. 

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. 

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 oil phase 

• water 

• glycerine 

• borax 

• sodium hydrate 

• potassium base 

• glycols 

• vegetable oils (eg. oil: olive oil, avocado oil, 

pumpkin seed oil or sunflower oil) 

• mineral oils (Vaseline, paraffin) 

• bee wax 

• Vaseline 

• eucerin 

• lanolin 
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Task. 1.  Give 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 

 

 

 

 

 

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. 

 

II. 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 2.  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 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

III. 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]: 

 

Chemical component Content (%) 

free amino acids 40 

pyrrolidone carboxylic acid 12 

lactate 12 

segars 8,5 
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urea 7 

chloride 6 

sodium 5 

potassium 4 

ammonia, uric acid, creatine 1,5 

calcium 1,5 

magnesium 1,5 

phosphates 0,5 

citrates formate 0,5 

 

Task 3. Use the data about the percentage composition of the solution and then decide 

what type of fragrance has been prepared. 

 

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%, 

 

 

 

 

 

 

 

Task 4. 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. 

 

Composition:  Aqua, Glycerin, Stearic Acid, , Cera Alba, 

Glyceryl Stearate, Calendula Officinalis, Glucose, 

Alcohol, ,Phenoxyethanol, Lanolin, Parfum 
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Emulsifier: 

_____________________________________________________________________________ 

Active component: Aqua( water) solvent 

_____________________________________________________________________________ 

Preservative: 

_____________________________________________________________________________ 

Pigment: 

_____________________________________________________________________________ 

Component of aroma composition: 

_____________________________________________________________________________ 

Attachment no 2 

Selected INCI designation of cosmetic components 

The type of 

component 

Name in the INCI 

system 
English name Function 

Base component 
Aqua Water solvent 

Alcohol alcohol solvent 

Active components 

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 
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Tocopherol / Tocopheryl 

acetate 

tocopherol / tocopheryl 

acetate 
antioxidative 

Additional 

components 

PEG-35 Castor Oil castor oil emulsifier 

Cera Microcristallina microcrystalline wax consistence making 

Hydrogenated Coco-

Glycerides 

hydrogenated coco-

glycerides 
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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Task 5. Moisturizing cream contains of 5% emulsifier (mass percentage). Calculate how 

many grams of emulsifier contains 250 g of cream. 

 

 

 

 

 

 

        

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 D-

panthenol. 

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. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

 

2. Subject: Geography 

Discussion about negative impact of cosmetics and detergents on the environment.  

Do you know any environmental friendly substances that can be used at home Instead of 

cosmetics and detergents?  

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………… 
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HOUSEHOLD PRODUCTS AND THEIR POTENTIAL HEALTH EFFECTS 

Product Type Harmful Ingredients Potential Health Hazards 

SOURCE: Compiled by author. 

Air fresheners & 

deodorizers 
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 

chlorinated hydrocarbons 

Toxic in nature; irritates eyes and skin; cause respiratory, 

digestive and urinary system damage 

Floor 

cleaner/wax 
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 

Paints 
Aromatic hydrocarbon 

thinners 

Ignitable; toxic in nature; carcinogenic; irritates skin, eyes, nose 

and throat; respiratory system damage 

http://www.pollutionissues.com/knowledge/Carcinogen.html
http://www.pollutionissues.com/knowledge/Carbaryl.html
http://www.pollutionissues.com/knowledge/Diethylene_glycol.html
http://www.pollutionissues.com/knowledge/Distillation.html
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Product Type Harmful Ingredients Potential Health Hazards 

  Mineral spirits 
Highly ignitable; toxic in nature; irritates skin, eyes, nose and 

throat; respiratory system damage 

Pool sanitizers Calcium hypochlorite 
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 

Toilet bowl 

cleaner 

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 

Window 

cleaners 
Diethylene glycol 

Toxic in nature; cause nervous, urinary and digestive system 

damage 

  Ammonia  

 

ALTERNATIVES TO COMMON HOUSEHOLD PRODUCTS 

Product Alternative(s) 

SOURCE: Based on information available from various sources including the Web site of Air and Waste 

Management Association 

Air refresher 
Open windows to ventilate. To scent air, use herbal bouquets, pure vanilla on a cotton ball, 

or simmer cinnamon and cloves. 

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. 

http://www.pollutionissues.com/knowledge/Calcium_hypochlorite.html
http://www.pollutionissues.com/knowledge/Hypochlorous_acid.html
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Product Alternative(s) 

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, 

thinner 
Use water-based products. 

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. 

Window cleaner Mix ¼ cup ammonia with 1 quart water. 

 

Text source 1. 

A hole in the sky 

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. 

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? 
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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? 

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. 
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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 

 

 

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…………………………………………………………………………....……… 

 

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 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 ………………………………………………………………………………………………… 

 

Task 4. Write the concept of the greenhouse effect and complete the scheme for 

greenhouse effect. 

…………………………………………………

…………………………………………………

…………………………………………………

…………………………………………………

…………………………………………………

…………………………………………………

…………………………………………………

…………………………………………………

…………………………………………………

…………….........................................................

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

 

Task 5. On the basis of figures determine which 

gases contribute most to global warming and try 

to determine their origin. 

 

………………………………………………………

………………………………………………………

………………………………………………………

………………………………………………………

………………………………………………………

………………………………………………………

……………………………………………………… 

 

 

 

 

https://www.youtube.com/watch?v=RS0Q3WIdosE
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Task 6. Create a cartogram using data from a table on the emotions of CO2. 

 

 

 

Task 7. Write down what negative effects may in the future increase in the greenhouse 

effect. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………
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…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

Task 8. 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. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

 

3. Subject: English, Chemistry 

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. Another 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 the reactions taking place. You need to 

make predictions about the experiment too. After several minutes the you will present 

experiment for other groups. The rest of the students takes notes on the vocabulary. 

 

a) Lava lamp – water + food colouring + few tablespoons of oil + sprinkle salt 

Stages of the experiment: 

o Fill jar with water (1 cup) 

o Mix in food colouring  

o Mix in few tablespoons of oil (0.5 cup) 

o Sprinkle salt on top 

o Close jar, observe 

Observations:  

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

Conclusions (based on background scientific knowledge): 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

 ……………………………………………………………………………………....... 
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 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………... 

In case the group cannot come up with correct conclusions, the teacher should help them with 

asking the following questions: 

3 ………………………………………………………………………………………… 

4 ………………………………………………………………………………………… 

5 ………………………………………………………………………………………… 

6 ………………………………………………………………………………………… 

7 ………………………………………………………………………………………… 

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.  

List of vocabulary: 

 Emulsion 

 Float 

 Stability 

 Food colouring 

 

b) Ferromagnetic fluid – 50ml of toner + 2 tablespoons of oil 

Stages of the experiment:  

I. Pour toner into jar 

II. Pour oil into jar 

III. Mix well 

IV. Touch the outside of the jar with magnet and observe 

Observations: 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

Conclusions: 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

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.  
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List of vocabulary: 

 Ferrofluid 

 Magnetic field 

 

c) Glow water – pliers, tweezers, 3 highlighters, measuring cup, UV light, 2 cups of 

water, tonic water (30mins) 

Stages of the experiment:  

I. Pour 2 cups of water into a jar 

II. Open highlighter markers with pliers 

III. Use tweezers to take out the highlighter ink 

IV. Let it sit for about 30 minutes 

V. Take out the ink tubes 

VI. Turn off the light and turn on the UV lamp, observe the water with highlighter ink and 

the tonic water 

Observations: 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

Conclusions: 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

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: 

 UV light 

 Luminescence 

 Phosphorus 

 Quinnine 

 

d) 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:  

 Fill in a big bowl with water 
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 Pour liquid soap into water, mix lightly 

 Put the end of the lighter gas in the water and start letting the gas out so it 

creates bubbles (small amount of bubbles) 

 Light the bubbles with lighter, observe 

Observations: 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

Conclusions: 

A. ………………………………………………………………………………………… 

B. ………………………………………………………………………………………… 

C. ………………………………………………………………………………………… 

D. ………………………………………………………………………………………… 

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: 

 Flammable, flammability 

 Contain 

 Surface tension 

 

e) 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:  

I. Pour 100ml of drain cleaner inside glass bottle 

II. Throw in small aluminium foil balls (no more than about 10cm
2
, more may cause 

explosion of the bottle) 

III. Quickly put balloon over the bottle, observe (when the bottle cools down balloon is 

ready, tie its end). 

IV. Set balloon on fire. 

Observations: 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

Conclusions: 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 



 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e2
0

1
 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

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: 

 Hydrogen gas 

 Flammability 

 Sodium hydroxide 

 Volatile 

 

f) 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:  

I. Put Sand in a big pot. 

II. Pour kindling liquid on top. 

III. Put sugar on top. 

IV. Put baking soda on top. 

V. Set on fire, observe reaction 

Observations: 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

Conclusions: 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

 ………………………………………………………………………………………… 

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: 

 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 

mini-exhibition 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. 
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Unit 21: Motion. Applications. 

 

Motion is present everywhere around us, it is a concept everybody is aware 

of, with which we deal every day in all its forms.  Watching what happens 

around us is enough to understand this. No matter what type of movement 

we think about, whether it is going on foot, by bike, by car in the hectic 

traffic of the great cities, or in the peaceful surroundings of the countryside, 

whether we think about the flight of the birds, insects, airplanes, or the run of the predators 

and the hunted animals, or the long distance transmission of information, no matter what 

speed all these mentioned above can reach, motion and rest are part of our lives, most of the 

times losing their scientific and arid significance. Either on the ground, in the air or water, all 

the creatures of the earth are in continuous motion in relation to one system of reference or 

another.  

1. Subject: Physics (through mathematics) 

Answer the following questions: When do we say that a body is moving uniformly straight?  

Can you provide examples of bodies in uniform motion?If a bus brakes at the red light, what 

can you say about its acceleration?If the speed of a vehicle increases over time, starting from 

rest, what can we say about this movement? How does the graph of  its speed look like? 

Task 1- This is the map of the Botanical Gardens of Craiova, which has the scale of 1:5,000. 

You will participate in a relay race on the route highlighted on the map. The red bullets 

represent the points for giving and receiving the relay.  Find the real distances on the ground 

by making the correlation with the distances drawn on the map.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Fill in the table below with the distances found: 

No 

 

D1 

(m) 

D2 

(m) 

D3 

(m) 

D3 

(m) 

D4 

(m) 

D5 

(m) 

D6 

(m) 

D7 

(m) 

D8 

(m) 

D9 

(m) 

D10 

(m) 

Dtotal 

(m) 

Daverage 

(m) 

|Daverage-

Dtotal| 

(m) 

               

              

              

              

              

              

              

              

              

              

 

Task 2. Look at the graph in the figure below, in which the speed is plotted against time. 

Calculate the average speed and total distance. 

                  v(m/s) 

 

 

 

 

 

 

 

           

                t(s) 

 

Task 3. By using the maps, find the points of handing over the baton, points which are 

marked on the map with red bullets. There will be two relays. The 10 students in each team 

will go on the route. The time observers will measure the time consumed for covering the 

entire route. 

All data will be introduced in the table below. 

Team Daverage (m) t (s) v (m/s) Vaverage (m/s) 

     

     

 

Task 4: Identify the main sources of error ( for task 1 and 3). 

___________________________________________________________________________

___________________________________________________________________________ 

 

2 

4 

6 

8 

10 

12 

4 8 12   15 18 22   24  28 



 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e2
0

4
 

Further practice: 

Task 1. Look at the graph in the figure below and do the following: 

 Identify the type of motion for each and every interval;  

 Calculate the minimum and maximum acceleration;  

 Calculate the distance covered in the first 15 minutes and the last 5 minutes  

 

 

 

 

 

 

 

 

 

 

 

 

 

Task 2. In groups, think of an experiment in order to emphasize the uniformly varied 

rectilinear motion in a real life  situation.  

 

Task.3. Draw a graph to represent the speed of a body plotted against time knowing that the 

body starts from rest and then covers 40 meters in 10 seconds, then the body stops for 10 

seconds and then covers the last 60 meters in 6 seconds.  On which time interval the 

acceleration reaches its maximum/minimum values? What is the final velocity of the body?  

 

Task4.  Think of the following situation: The researchers 

from the Ice Cube Lab from the Antarctic did the free fall 

experiment and recorded the data shown below. Find the value 

of the acceleration of gravity in the Antarctic by plotting an 

appropriate graph. 

 

 

 

2. Subject: Biology (through Physics) 

Answer the following questions:  

 We know that walking is a complex, symmetrical, mutual and automated movement. 

What contributes to the voluntary movement of the human body? 

 Which are the main groups of skeletal muscles in humans? 

 What are the functional roles of the bones? 

 In what is the energy consumed by the body trasformed ? 

y(m) t (s) 

0 0 

10 1.28 

20 2,82 

30 3,45 

40 4,22 

50 4,94 

v(m/s) 

3 

6 

9 

12 

15 

5 10 15 18 23 25 30 32 37 t(min) 
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 List some of the internal forces of the body (e.g. the muscular force, the force of 

passive resistance of the tissues, the interior forces of reaction) which, during 

movement, interact with  the force of the body weight, with the reaction of the 

supporting point and with the environmental resistance. 

Applications  

Task 1 Find levers of each class in the pictures below, then identify the supporting point, the 

active and the resistance forces for each type of lever. Represent these forces graphically.  

 

 

 

 

 

 

                                                                                                         

 

 

 

 

 

 

 

 

 

 

 

Task 2 Analyze and identify the striated muscles involved in walking. Which muscles 

significantly contribute to human locomotion? 

 

Task 3 Study the information below 

and then, helped by you teacher,  

identify  the skeletal muscles of the 

human body: 

The skeletal muscles represent 

approx. 40% of the weight of the 

body. They provide tone, posture, 

balance, motions and are responsible 

for voluntary movements. 

The main skeletal muscle groups are: 

• the muscles of the head, 

• the neck muscles, 

• the trunk muscles (muscles of the 
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back and neck muscles of the thorax and the anterolateral abdomen) 

• the imb muscles (upper and lower limbs). 

The properties of these muscles are: 

• shrinkage, 

• excitability, 

• extensibility, 

• elasticity 

• muscle tone.  

 

Further practice:  Fill in the corresponding muscle in the fiigure below:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Subject: ITC& Informatics (through Mathematics and Physics) 

Answer the following questions:  

 Which the necessary structures to conceive an algorithm?  

 For the uniform rectilinear motion, what is the relationship between time, speed and 

distance? 

 What unit of measurement is used for speed? What about the unit used to measure the 

time?   
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Applications  

Task 1- Calculate the average speed of a body in uniform rectilinear motion which covers 

half of the total distance with a v1 velocity, while the second half is covered at another v2 

velocity. Determine the algorithm and its corresponding programme.  

 

Task 2- Two mobile bodies start from the same point from the city A and they move straight 

and at uniform speeds of v1 and v2 (v1> v2) towards city B, simultaneously reaching their 

destination, at the d distance from the point where they started. Body  1  departs later than 

body 2 with a t0 time. If the unit of measurement for speed is km/h, while the distance is 

measured in km, express the time in hours, minutes and seconds.   

 

Task 3. Two trains having the same length d, and travelling at the speeds v1 and v2 (v2> v1) 

approach each other travelling rectilinearly uniform on parallel lines. The measurement unit 

for speed is km/h, the unit for time is the second  and the unit for distance is the meter. Find 

out the time t elapsed between the time when the two trains meet and the time when they 

completely overrun each other.  

 

Further practice:  

Task 1. Let’ s consider A and B as  2 points on a line, while d is the distance between them. 

One mobile body leaves from point A going towards B at v1 speed. After the t0  time, a 

second mobile body leaves from B, having the same direction as the first mobile and 

travelling at the v2 speed (v2>v1). Both mobile bodies move uniformly rectilinear and v1,v2 

are t0 known. After how long the two bodies meet and at what distance from point A? The 

measurement unit for speed is km/h, for distance- km, for time- h. Determine the algorithm 

and the corresponding programme. 

 

Task 2. Two mobile bodies start at the same point A in the same direction, moving uniformly 

straight, at  the speeds v1 and v2 (v1> v2). After time t1, travelling in the same direction, a 

third mobile body starts from A. It reaches the first mobile t2 minutes later than it reaches the 

second mobile. Consider known v1, v2, t1, t2. Find out the speed v3 of the third body. The unit 

for speed is km/h, and for time, minutes. Determine the algorithm and corresponding 

program. 

 

Task.3. Consider A and B and being two points on a straight line and d the distance between 

them. Simultaneously starting from A and B, two mobile bodies travel towards each other in 

uniform rectilinear motion. They meet at the distance d1 from B and each continues its 

movement reaching point B, respectively point A. They return without stopping and meet a 

second time, at the distance d2 of A at t seconds after the first meeting. Consider known d1, d2 

and t. Find out the speeds v1 and v2 of the two bodies and the distance d. The unit of speed is 

m/s, for time, the second and the meter for distance. Determine the algorithm and the 

corresponding program. 
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4. Subject: English PART A (through Sports)  

Task 1 Ways to Move  

Find as many ways to move your bodies through space as possible. You can move 

individually, in pairs/groups and can also use the balls/weights/mats you see in the gym.  

 

Task 2 – By working together, let’s find names for the different types of movement you 

have performed.  

 

Task 3.  Do the following types of workout: 

1. jog for 10 seconds, walk briskly for 10 seconds to recover. 

2. high knee skipping for 10 seconds ( bring knees to chest), walk briskly for 10 seconds 

3. push-ups for 10 seconds, walk briskly for 10 seconds 

4. sprint 10 seconds, walk briskly for 10 seconds 

5. crunch walk for 20 seconds, walk briskly for 10 seconds 

6. tiptoe for 10 seconds, walk briskly for 10 seconds 

7.    tumble for 20 seconds, walk briskly for 10 seconds 

8.  mime punching for 10 seconds, walk briskly for 10 seconds 

9.  stretch arms for 10 seconds, walk briskly for 10 seconds 

10.  do squats for 20 seconds, walk briskly for 10 seconds  

11.  sprint for 20 seconds, walk calmly for another 20 seconds 

 

Task 4. Follow the commands of the teacher:  

Bounce the ball!  

Dribble/ juggle the 

ball! 

Pass the ball to your 

mates! 

Roll the ball! Shoot 

and punt! 

Kick the ball! 

Catch and throw the 

ball! 

Serve the ball overhand!  

Serve the ball 

underhand! 

 

4.7.2- English PART B (through Sports)  

 

Task 1: Write down as many words as you can remember from the previous PE lesson. 

  

Task 2. Unjumble letters. In 5 minutes, form as many words connected with movement as 

possible.  You will have to use all the letters 

 

Task 3- The odd one out 

1. hop  kick  skip  leap 

2. run slouch  sprint  dash 

3. stoop  crouch  bend  bow 

4. saunter stride  sprawl walk 

5. roll      spin  tumble  chase 

6. punt  shoot  strike  catch 

7. dribble juggle  punt  crouch 

8. sit-ups  push-ups squats slips 

9. slip  trip  fall over  lean 

10. dash  rush  tip-toe run 
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Task 4- Match the word to the picture: 

 

1. kneel, 2. slouch, 3. march, 4. bend, 5. skip, 6. lean, 7. stride, 8. sprint, 9. stroll, 10. 

bow 

 

   ,   

, 

a)                          b)   c)   d)   e)    f) 

 

 

   

 
g)     h)         i)       j) 

 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

 

 

         

 

Task 5- Fill in the gaps with the words provided below:  

spinning        rushing            walk            pushed           runs           rolled            tripped           

squat        pulling      tumbled      crawled         sprinted         dodged          kicked       jumped         

sprawled 
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1. It's not far; you can ……………………..there in five minutes. 

2. The snake……………………..into its hole. 

3. The ball ………………. slowly to a stop. 

4. The bicycle racers …………………..for the finish line. 

5. The runner ……………………….a hurdle. 

6. We were ………………………….to catch the bus. 

7. He didn't do a ……………………..all day. 

8. He ………………………. the first punch but was hit by the second. 

9. He …………….. and ……………….. to the ground. 

10. The kids ……………………… on the floor to watch TV. 

11. He………………. faster than anyone else on the team. 

12. I tried to stand up but the room was …………………….. 

13. He ………………….. the ball into the goal. 

14. The cat will scratch you if you keep ……………………….. its tail. 

15. He slowly ……………………. the door open. 
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Unit 22: Magnets and Magnetism. The Magnetic Effect of the Electric Current 
 

Long one of nature's most fascinating phenomena, magnetism was once the 

subject of many superstitions. Magnets were thought useful to thieves, 

effective as a love potion or as a cure for gout or spasms. They were 

believed to be able to remove sorcery from women and put demons to 

flight and even reconcile married couples. Today, these beliefs have been 

forgotten, but magnetism is no less remarkable for our modern understanding of it. 

It is known that, when the electric current passes through a conductor, a magnetic field arises. 

Given the boost of the technological progress in the last half century, we are aware that there 

are magnetic fields everywhere around us, but perhaps the most important of these is the 

magnetic field of the Earth, which behaves like a real shield that protects the living matter 

from the harmful effects of the cosmic and solar radiation. Without the Earth's magnetic field 

functioning as a protective umbrella, the most basic living structures, such as proteins and 

nucleic acids, would have been severely affected. 

 

1.1 Subject: Physics (through mathematics) 

1. Answer these questions: 

Which differences are there between a permanent magnet and an electromagnet? 

What practical applications of electromagnets in everyday life do you know? Give some 

examples;  

What can you say about the magnetic field lines in the case of a permanent magnet? 

 

1.2. The  vector of magnetic induction. The Biot -Savart law  

The magnetic field is a form of existence of the matter which is physically manifested 

through its action upon the magnetic needle or upon the conductors run by the electric 

current.To quantitatively describe the properties of the magnetic field, the magnetic 

induction, noted B, is introduced. The direction of the magnetic induction  is tangential in 

every point to the field line and it has the same direction as the magnetic field line. 

The magnetic flux also depends on the properties of the environment in which the field 

propagates, which is also called the magnetic permeability, 

named μ. The magnetic permeability for a given environment is 

usually reported to the vacuum (μ0) through the so-called relative 

permeability (μr): 

 

 

µ0=4·10
-7

 H/m 

[B]SI= N/A·m = T(tesla) 
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The direction of the magnetic field line is established by the rule of the drill. 

The rule of the drill: the direction of the  magnetic field lines oincides with the direction of 

the rotation of a drill which is sat along a conductor in order to advance in the direction of the 

electric current. 

The Biot-Savart law describes the value of the magnetic field created around a 

conductor which is carrying electric current, depending on the intensity of  the current 

 Considering the case of the magnetic field produced by a linear conductor run by 

electric current. The module of the magnetic induction at a point located at a distance r from a 

linear conductor is:  

 

  

 

 

The magnetic field lines existing in the space around a linear conductor which is 

endlessly run by an electrical current with the I intensity  form concentric circles. 

 Considering  the case of the magnetic field produced by a circular coil of radius R, run 

by the I electric current, at the center of the coil:  

  , 

 

 

 

 

 

 

 Considering the case of the magnetic filed produced by a solenoid with a number of n 

coils which is run by the I electric current  on the axis of the solenoid.  

 

 

 

 

 

 

 

 

 

 

 

 

x 

I 

l 
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 Applications 

Task 1. The figure below shows two long, parallel conductors, which are perpendicular on 

the x0y plan. The conductors are passed by  currents of the following intensities: I1=2A  and 

I2=4A, which have the same direction. It is also known that d=80cm and = 410
-7

 H/m 

Please, calculate:  

a) The value of the  magnetic induction in the middle of the 

distance between the two conductors;     

b) The x coordinate for which the resultant magnetic induction is zero   

                

Task 2-  Give the unit of  measurement for the magnetic induction (Tesla) as related to other 

fundamental units of measurement from the International System.  

 

Further practice:  

Task 1. Comparing different types or brands of cereals (Magnetism experiment) 

Some foods are fortified with iron by adding elemental iron, which is similar to iron filings. 

Iron filings may not seem very digestible, but they taste better than chicken liver in the 

breakfast cereal. The body does assimilate part of the iron added to the cereal and passes out 

the rest. The students witness the following experiment, by using materials easily found in 

any household: a magnet, a portion of breakfast cereal fortified with iron, a plastic bag, water, 

sheet of white paper.  

 

Task 2 your task is to represent the vector of magnetic induction 

resultant in point O and calculate its module for the situation 

presented in the picture below, which shows two straight long 

parallel conductors placed in perpendicular planes, through which 

currents of intensities I1 = 3A and I2 = 4A run, the currents 

having opposite directions equally distanced from point O. It is 

known that a = 20cm and = 410-7 H/m.   

             

2. Subject: Biology (through physics) 

 Answer the questions below: 

 What do you know about the magnetic poles of the Earth? Do they coincide with the 

geographical poles? 

 Do permanent magnets have any kind of influence over the human body and over life 

in general? 

 Does the magnetic field of the Earth play a role in the orientation of the birds? Do 

you know an example of it? 

 Do biological effects of the magnetic field on the living organisms depend on the size 

of the dose transmitted to the biological sample in a certain time interval? 

 

 

a 

I2 I1 

d 

a 

a 
O 

I1 

I2 
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Magnetism and its influence on living organisms. 

Life on Earth is adapted to the existence of the magnetic field. However, the magnetic 

force of the Earth doesn’t have any immediate perceptible effect upon the living organisms. 

Solar activity influences the human organism by modifying the magnetic field of the 

Earth. Solar activity isn’t constant in time. The Sun has cycles with an average period of 11 

years, characterized by the dynamics of the sun spots. The magnetic activity of the Earth isn’t 

influenced only by the 11 year cycles of the Sun, but it also has an annual periodicity, 

reaching a maximum during the equinox; moreover, the magnetic activity of the Earth varies 

on a monthly basis (27 days) too, being related to the Sun’s rotation period around its axis 

and a nictemeral one that depends on the geographic latitude.  

The relation between the magnetic storms and the biological processes was observed 

by scientists who monitored the variations of the arterial tension, determined the variation in 

the number of leukocytes in the human blood and have verified the number of aggravations 

of cardiovascular and nerve diseases. They have also monitored the activity of the insects and 

the oxygen consumption of the plants during these magnetic variations.  

Experimental studies have revealed that geomagnetic variations produce:  

 A drop in the number of leukocytes and of the hemoglobin in the blood; 

 A raise in the number of hemorrhages and pulmonary embolisms among TB patients; 

 Variations in the fibrinolytic activity; 

 Spontaneous bleeding from the nose in patients with atherosclerosis and hypertension, as 

well as in patients with tonsillectomy and adenectomy; 

 Increased heart rate and blood pressure drop; 

 A raise of heart attacks.   

The influence of the Earth’s magnetic field over the animals, plants and humans is 

visible during strong variations which take place before and after earthquakes: animal anxiety 

can contribute to foreseeing earthquakes approximately 1 minute before these take place.  

The nervous state of the humans before earthquakes can also be explained. 

People’s nervous state before earthquakes can be explained by the interaction between 

their own biomagnetic field and the magnetic field of the Earth, which is strongly variable. 

Another evidence of the interaction of the human and terrestrial fields is some 

people’s failure to adapt to the environment when they go far from home. The simple return 

to the birthplace reduces or suppresses the nervous phenomena and the pathologies of various 

organs. 

 

Task 1 Read the following fragment:  

“Birds are famous for their extraordinary qualities of sailing without fail. Some migrate 

thousands of kilometers, flying day and night, surprising everybody with their ability of 

orientation. For decades scientists have been seeking to find out their secret, presuming birds 

have a special sense to detect variations in Earth's magnetic field. But the way birds interact 

with te magnetic waves has been a continuous challenge for researchers. Two American 

researchers, Le-Qing Wu and David Dickman, from Baylor College of Medicine, a renowned 

biomedical research center in Houston (Texas), announced that the mystery is largely solved. 
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According to the New York Times, the two identified some special cells in the brains of 

pigeons, which record information about the magnetic waves of the earth, having the role of 

a compass, a kind of biological compass"
5
 

 

Fill in the gaps : 

 Among the important biological ways of influence of the geomagnetic field upon the 

material world, the function of______________in birds’ life must also be included. 

The orientation by using __________________ waves has several stages. Birds have a 

special ability to detect ____________of the Earth, after which part of their brain must be 

able to record the information. Then, it seems that another area of the brain compares the 

data recorded, creating a sort of a map, which will be stored to be later used. 

 Houston researchers have identified a group of cells in pigeons’ _________ system that 

records both the direction and the intensity of__________________. 

 

Task  2.  Read the following text carefully: 

"A team of researchers from the University of Leeds in Britain and the University of 

Agriculture and Technology in Tokyo, Japan, used microorganisms that consume iron. The 

researchers found that, while ingesting iron, the bacteria named Magnetospirilllum 

magneticum formed small magnets inside them, which were similar to those of a computer 

hard drive. 

Magnetospirilllum magneticum is a magnetic microorganism which generally lives in aquatic 

environments such as swamps or lakes, at depths where the oxygen concentration is low. This 

kind of microorganisms swim up and down, following the magnetic field lines. Looking for 

areas where there are optimum concentrations of oxygen, the bacteria align with the 

magnetic field like compass needles. When the bacteria ingest iron, the proteins inside the 

cell interact with the iron and produce tiny crystals of a mineral called magnetite, the most 

magnetic mineral on Earth. After studying how microbes assembled, formed and positioned 

nano-magnets inside them, the researchers copied the method and applied it outside of the 

bacteria, thus managing to "grow" magnets which, in the future, could help to create hard 

disks. 

In addition to creating magnets from microorganisms, so far scientists have managed to 

create small electric wires inside of living organisms. They have created nano-tubes out of 

cell membranes. They were grown in a controlled environment by using  human proteins 

which are present in human lipid molecules. In the future, such tubes may be used as 

microscopic fibers of biotechnological materials, capable of transferring information 

(similar to cells in the human body) in a computer."
6
 

 

                                                           
5
 Source: http://www.ziare.com/magazin/descoperire/misterul-orientarii-pasarilor-in-zbor-rezolvat-1164077 

 
6
 Source: http://www.descopera.ro/dnews/9600959-bacteriile-magnetice-vor-ajuta-la-crearea-unei-noi-

generatii-de-computere 
 

http://www.ziare.com/magazin/descoperire/misterul-orientarii-pasarilor-in-zbor-rezolvat-1164077
http://www.descopera.ro/dnews/9600959-bacteriile-magnetice-vor-ajuta-la-crearea-unei-noi-generatii-de-computere
http://www.descopera.ro/dnews/9600959-bacteriile-magnetice-vor-ajuta-la-crearea-unei-noi-generatii-de-computere
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Now, answer the following questions: 

 Where can this type of magnetic bacteria be found? 

 What technological utility do researchers intend to give to these magnetic bacteria? 

 What are the advantages offered by these bio-technologies? 

 

Further practice 

Task 1 The permanent magnets exert their influence on the human body through two 

mechanisms: 

a) Action upon the neuro-vegetative nervous system; 

b) Action upon the endocrine system. 

In 8-10 lines, briefly explain how  the influence of the magnetic field of permanent magnets 

is exerted upon one of the two mechanisms mentioned above. 

 

Task 2  The magnetic field can influence not only the cell membrane, but also other 

subcellular groups, especially their core. So, the magnetic field can generate genetic effects 

that can be seen over a longer period of time after the interruption of the magnetic field. This 

time interval can be compared with the duration of cell division. 

After seeing the movie: https://www.youtube.com/watch?v=aDAw2Zg4IgE, please fill in the 

blanks in the text below: 

Cell division is one of the most common processes occurring in our bodies; virtually every 

second some cells _______, others________, being replaced by new ones. Our body is made 

up of cells, and a cell consists of three main components: ____________ that separates it 

from the environment and from other cells, _____________ (the liquid medium, the cytosol, 

where there are various substances such as proteins and different structures - organelles - 

fulfilling various functions) and _________. In the core there is __________, a very complex 

molecule that fulfills important functions in protein synthesis and the transmission of genetic 

information to daughter cells following the ___________of the cell. 

 

3. Subject: Geography ( through physics & history) 

 Answer the questions below: 

 What is the terrestrial magnetism? 

 What can you say about the geographical poles? 

 Can you point to the geographical poles on the terrestrial globe  

 What do you know about the magneti poles of the Earth?  

 

The terrestrial magnetism. The magnetic declination.  

The Earth behaves like a giant magnet. Its poles are the geographic poles - North and South. 

But Earth also has two magnetic poles that do not coincide with the geographic poles. The 

north pole of a magnet points to the north. But only opposite magnetic poles attract each 

other. Which means that the North Pole of the Earth is actually its magnetic south pole. It is 

known that the magnetic South Pole is at a distance of about 2100 km from the geographic 

https://www.youtube.com/watch?v=aDAw2Zg4IgE
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North Pole. The  magnetic center of the Earth is also displaced: it is situated at a distance of 

about 430 km away  from the real center of the Earth. 

 

  Picture1 The magnetic field of the Earth                                Picture 2 The magnetic declination 

 

 

 

 

 

                               

      

              

The Earth's magnetic poles are placed opposite to those of an ordinary magnet. The terrestrial 

magnetic field can be viewed as emanating from the South Pole, then crossing the surface of 

the planet and bending over the North Pole. The position of the magnetic pole is variable in 

time. According to the latest data, the speed of movement of the magnetic poles increases. In 

the 1970s, the speed of the magnetic South Pole was of 10km/year and in 2002 this speed was 

of 40 km/year. 

In order to identify the position of the terrestrial magnetic pole and to understand the 

orientation of the magnetic needle in any point on the surface of the Earth, we must define the 

magnetic meridian and the magnetic declination. 

            The magnetic meridian is the line obtained if we intersect the surface of the planet 

with the vertical plane in which the magnetic needle is. In the northern hemisphere, the 

magnetic meridians intersect in a point called the terrestrial magnetic south pole and into the 

southern hemisphere, that point is called the 

terrestrial magnetic north pole. The magnetic 

declination is the angle formed by the 

magnetic meridian of the point where it is 

calculated and the terrestrial geographic 

meridian of this point. For the first time, the 

magnetic declination was calculated in 1492 

by Christopher Columbus during  his voyage 

to America. The magnetic declination of a 

given point on  surface changes over the 

years. In picture 2 the magnetic north is 

symbolized by a line which ends in half an arrow. 
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Picture.3 The migration of the  magnetic south 

pole in in the last 400 years  Picture 4. Bathurst 

Island –Canada 

 

Task 1. Identify the position of the magnetic 

poles of the Earth.  Look at picture 3, which 

shows the migration of the southern magnetic 

pole of the Earth between 1600 – 2000. You will 

see that the magnetic pole migrates from Bathurst 

Island, from the Canadian Archipelago, to Siberia. 

With the help of the map, please characterize 

Bathurst Island (picture 4), naming the neighboring regions and the type of landscape 

characteristic to the area. 

Task 2 Explain what the magnetic declination is. 

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------- 

 

Evaluation through further practice 

Task 1 Please locate the geographic poles on the map.  

----------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------- 

 

4. Subject: English PART A (combined with Physics)  

Read the quote: Magnus magnes ipse est globus terrestris. (The Earth itself is a great 

magnet) - William Gilbert, De Magnete (a scientific work published in 1600)  

Do you think the quotation above is true? 

What do you know about the magnetic properties of the Earth?  

 

Task 1 Match the words below to the definitions provided:  

magnetic field,       polarity,     to attract,     attraction,     to repel,     repulsion ,      field , 

current ,    magnetic reversal,         magnetism 

 

Their task is to match the words to the definition provided.  

1. ..........................- the power of being able to attract iron and steel objects and also push 

them away 

2  .......................... – A property of magnets or electrically-charged objects in which there are 

two possible conditions (north and south for magnets, positive and negative for electrical 

charges) that describe an important characteristic of the forces that they experience. 
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3 ............................– A condition where objects move or are pulled together under the 

influence of a force. 

4 ............................- to pull or draw someone or something towards them; for example, when 

something such as a magnet attracts something else, it pulls it towards it 

5 ............................. – A condition where objects move or are pulled apart under the influence 

of a force. 

6 ..............................- to force something or someone to move away; (in physics) to have a 

magnetic field that pushes away something with a similar magnetic field: 

7 ........................... – An influence (such as a force) that some forms of matter produce, which 

extends throughout the space that surrounds them. 

8................................... – A flow of charged particles through a conducting material or 

through space. These charged particles can be electrons, protons or ions. 

9. ...............................– A condition in the space surrounding some objects that causes 

charged or metallic bodies brought close by to experience the force of magnetism 

10. .................................- the act of changing or making something change to its opposite; 

 

Task 2 While watching the video available at  

https://www.youtube.com/watch?v=yXCeuSiTOug, fill in the gaps in the text provided 

below :   

”Hello, guys, 

 

Meet my friend,(1) ...........................!  So, you guys already know each other! Very well, 

then! That makes life easier as I’m going to be talking about (2) .....................................today. 

(3).........................................................! 

Magnets are (4) .............................................................................................................., which 

is (5) ...........................................to the human eye. This area is known as (6) 

................................................ If a magnetic object is inside that area (7), 

.......................................................... towards the magnet and moves towards 

it(8).......................................................................... It looks like magic, isn’t it?  

Now, what’s a magnetic object?(9) ...........................................................................are called 

magnetic objects and the objects that do not get attracted to the magnet are called 

(10)............................................... For example, (11)................................................................ 

won’t even move if kept near a magnet, but objects that contain(12) ................, 

(13)................. and (14)................... will definitely get attracted to the magnet. When you 

keep a magnet freely suspended in the air (15), ................................................................... The 

end that points to the north is called (16) ................................. of the magnet and the end that 

points south is called(17) ..........................of the magnet.  

Well, I have a fun experiment for you. Take these (18)........................................... The north 

and south pole should be (19)................................. on these magnets. Now, bring the 

(20)........................... poles near and see what happens... There you go! These magnets (21) 

.........................each other. Now, bring the (22) ........................ poles near.  See? The magnets 

(23).................................... each other! This proves that (24)......................................................  

https://www.youtube.com/watch?v=yXCeuSiTOug
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Hayyyaaaahh! If you (25)..............................................., it won’t lose its magnetic field, but 

will give you (26)....................................................  

Did you know that (27).....................................................? That’s because 

(28)............................................................................, giving the Earth its own magnetic field.  

If a magnet has a strong magnetic field, it (29)........................................................................  

(30).....................................................!!!”  

 

Further vocabulary practice  

After watching the following video:  https://www.youtube.com/watch?v=DR9w4koW2EA, 

please continue the story which begins  as follows:  

”Billy was hooked on fishing. One summer afternoon, Billy was on his way to the lake where 

he used to…” 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 

English PART B (English combined with history and literary attempts)  

 

Hidden Attraction: The History and Mystery of Magnetism 

Task. Read the following poem written in the 1580s by Robert Norman:  

         Magnes, the lodestone I, 

our painted sheaths defy, 

without my help on Indians seas, 

the best of you might die 

 

I guide the Pilots course, 

his helping hand I am, 

the mariner delights in me, 

so doeth the merchant man. 

 

https://www.youtube.com/watch?v=DR9w4koW2EA
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My virtues are unknown, 

my secrets hidden are, 

by me the Court and Common weal, 

are pleasured very far. 

 

No ship could sail on seas, 

her course to run aright, 

nor compass show the ready way, 

were Magnes not of might. 

Now,  answer the following questions:  

What do you think  the purpose of this poem is?  

What does each of the stanzas point out? 

Information regarding the author of the poem: Robert Norman was one of the world's first 

scientists, a 16th-century-English mariner, compass builder, and hydrographer who 

discovered magnetic inclination, the deviation of the Earth's magnetic field from the vertical. 

Robert Norman is noted for The Newe Attractive, a pamphlet published in 1581 describing 

the lodestone (magnet) and practical aspects of navigation. More importantly, it included 

Norman's discovery of magnetic dip, the incline at an angle from the horizon by a compass 

needle. This effect is caused by the Earth's magnetic field not running parallel to the planet's 

surface. Norman demonstrated magnetic dip by creating a compass needle that pivoted on a 

horizontal axis. The needle tilted at a steep angle relative to the horizon line.  

 

Task 2 You are going to read a text on the early history of magnetism. Seven 

paragraphs have been removed from the text. Choose from the paragraphs A-G the one 

which fits each gap.  

 

Hidden Attraction. The Mystery and History of 

Magnetism 

 

1. Long-forgotten individuals began to ask questions 

about magnetism over two thousand years ago. 

Nature had provided an abundant supply of 

magnets, called lodestones, to pique their 

curiosity. 

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

2. It was the obvious attractive powers of the 

lodestones that set them apart from other natural 

phenomena. Their power was reminiscent of the 

ability of a piece of amber (fossilized tree resin), 

which, when rubbed, drew "feathers, straws, sticks 

and other small things"  toward it.  
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But lodestone worked without anyone having to rub it. That made it far more magical. 

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

3. Nature's magnets have been known since hundreds of years before the Christian era. 

In the first century B.C. Lucretius wrote that "iron can be drawn by that stone which 

the Greeks call Magnet by its native name, because it has its origin in the hereditary 

bounds of Magnetes, the inhabitants of Magnesia in Thessaly [northern Greece]." 

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

4. An alternative theory about the origin of the word magnet was proposed by Pliny the 

Elder, who wrote that there was a shepherd named Magnes, "the nails of whose shoes 

and the tip of whose staff stuck fast in a magnetic field while he pastured his flocks." 

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

5. This prospect must have curdled the blood of many able seamen. At about the same 

time, in 1269, the first attempts to choose truth over superstition regarding the 

phenomenon of magnetism took place on a battle-torn field outside the walls of the 

besieged city of Lucera in Italy. In those dark days, when men did little but fight other 

men for the right to control what people believed, Lucera was under siege for the third 

time in fourteen years. A crusade had been launched against its people, the Crusades 

being the polite name given to wars sanctioned by the papacy against anyone believed 

to be the enemy of Christianity. As a reward for being involved in "God's work," the 

pope was wont to hand out the title Peregrinus (which means pilgrim) and thus Pierre 

de Maricourt, of unknown birth date, became Peter Peregrinus. Peter Peregrinus was a 

member of the army of the King of Sicily, Charles of Anjou, and probably served as 

an engineer. During his service he wrote a letter, an epistola, that described everything 

known about lodestones and how to make instruments using these magnets. Although 

the bulk of the letter concerned his efforts to invent a perpetual motion machine 

using magnets, its impact was vast.  

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

6. This mysterious man, who was patiently serving his king while waiting for the 

citizens of Lucera to submit, was, according to Roger Bacon (c. 1220-c. 1292), one of 

the world's first experimental scientists. Bacon described Peter Peregrinus as a master 

of experiments. 

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

7. However, 330 years were to pass before anyone else took up the task of moving the 

subject of magnetism's mystery out of the realm of superstition into that of science.  

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

8. One could interpret this to mean that unless you had a map that showed the magnetic 

declination of a region the compass was not much use. If you were lost, a compass 

didn't help, unless you knew where you were so you could look up the corrections to 

the direction of north at that location—in which case you weren't lost! This peculiar 

phenomenon of the variation, or declination, of the needle, produced one hugely 

significant historical consequence. It determined whether Christopher Columbus 

discovered America in October, 1492.  
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These are the paragraphs that have to be  

A. His letter was "completed in camp, at the siege of Lucera, in the year of our Lord 

1269, eighth day of August"and sent to his soldier friend, Sygerus of Foucaucourt. 

Apparently Peregrinus had shaped a piece of lodestone into a sphere, and in his letter 

he explained how parts of it acted on an iron needle. He discovered the existence of 

two magnetic poles and was the first to coin the term "polus" to refer to the north 

and south ends of a magnet. He performed simple tests with floating lodestones to 

show how they attracted or repelled one another, how they were drawn to point 

northsouth, and how a lodestone could be used to magnetize an iron needle.  

B. Lodestone is a form of iron oxide called magnetite found in the shape of bands in 

certain iron mines. The name lodestone referred to the ability of small, elongated 

fragments of this material to indicate direction. A simple compass needle made of 

lodestone could lead you to your destination in the same way that the lodestar 

(Polaris, the pole star, which marks north in the heavens) could guide you on a 

journey. 

C. He also knew that magnets could repel. "Sometimes, too, iron draws back from this 

stone; for it is wont to flee from and follow it in turn." 

D. In the interim, though, attempts to refine the manufacture to place on the earth's 

surface. of magnetic compasses were undertaken. Mariners had become aware of a 

peculiar deviation between true geographic north and the direction in which the 

compass needle pointed. Not only that, but this horizontal deviation—declination as it 

was called—varied from place 

E. What is immediately important is that lodestone is magnetic, a concept now familiar 

to almost everyone. It draws other pieces of iron to itself for no apparent reason. 

This magical behavior originally gave rise to explanations couched in terms of 

outright superstition.  And why not? How else could primitive minds cope with such 

an awesome mystery? 

F. Peter Peregrinus was apparently one of the first who asked why lodestones were 

imbued with the peculiar ability to attract one another over a distance. Until then all 

answers had been steeped in superstition, and he was aware enough to see that 

something was amiss(....). 

G. Over the centuries beliefs about the lodestone's powers grew.In the thirteenth century 

Bartholomew the Englishman hailed its medicinal properties in his 

encyclopedia:[T]his kind of stone [the magnet] restores husbands to wives and 

increases elegance and charm in speech. Moreover, along with honey, it cures dropsy, 

spleen, fox mange, and burn. . . . [W]hen placed on the head of a chaste woman [the 

magnet] causes its poisons to surround her immediately, [but] if she is an adultress 

she will instantly remove herself from bed for fear of an apparition. He also claimed 

that "there are mountains of such stones and they attract and dissolve ships made of 

iron."6 
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Further practice  

Task 1. Working in pairs, match the words in column A with the words in column B to 

form collocations. Then, make sentences using them. 

A B 

abundant 

compass 

outright 

alternative 

Christian 

the first 

a master of 

magnetic 

peculiar 

historical 

horizontal 

 

superstition 

poles 

consequence 

deviation 

supply 

era 

experiments 

theory 

phenomenon 

attempts 

needle 

 

Task 2. Explain the highlighted words and phrases. 

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------- 

 

Task 3. Fill in the blanks with the appropriate  preposition/adverbial particle. Then, 

make sentences using them.  

under,       of,       in,        with,        to,       for,       from 

 

to set apart........., reminiscent ......... , ..........the shape ........bands , to cope ......, to give rise 

....., ...... fear.... , made ....iron, the origin ...the word, the phenomenon ..... magnetism, fight 

other men... the right , to be .......siege, a member ......the army,to refer...... , the realm 

.......superstition, declination .... a region, the ability......... a piece ......amber 

Solution: to set apart from, reminiscent of , in the shape of bands , cope with, gave rise to, for 

fear of , made of iron, the origin of the word, the phenomenon of magnetism, fight other men 

for the right ,was under siege,a member of the army,to refer to , the realm of superstition, 

declination of a region, the ability of a piece of amber 

 

Task 4. Give a summary of the text above in no more than 20 lines.  

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 

5.Subject:  ICT 

 

Do the following tasks: 

Task 1. Make a presentation about magnetism; the first slide must have a suggestive title and 

must include your name. 

 

Task 2. Using a search engine, search for online information about aurora borealis and two 

suggestive images that will be placed in the second slide. 

 

Task 3. Draw a compass which will be placed in the third slide. 

 

Task 4. Make the drawing of a magnet, highlighting its poles and place the magnet in the 

fourth slide. Here you must also draw the lines of the magnetic flux. 

 

Transitions 

Visual  and sound effects which are applied to a slide are called transitions. In order to 

apply such a transition o a slide, we will perform the following steps: 

 From the  list hidden in the left of the tab, the desired transition effect will be selected; 

 When  selecting the Sound Transition mode, the type of sound (slow, medium, fast) 

desired to be heard is selected from the slide display (possibly, it can be repeated until 

you see the next slide if you enable the option Loop Until Next Sound); 

 In the option named Transition Speed, the speed of the transition: Slow, Medium, Fast is 

also selected; 

 in the Advance Slide, we determine when and how to move to the next slide: 

• On Mouse Click - when only a mouse click is applied; 
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• Automatically after - after the specified time expires. 

We can apply the transition effect set here to all the slides in your presentation using the 

Apply To All. 

Practice: apply the newly taught different transitions to the presentations made.  

 

Animation effects 

Visual and sound effects you can be applied to the articles in the pages, these effects being 

called animation effects. They generally apply to the texts in the presentation,  including the 

title,  but can also be applied to images, even to graphics (the words appear from the right 

side, fall from above, appear in the top left or right corner, etc.) 

In applying animation effects to objects on a page, proceed as follows: after selecting the 

desired item, by using the Animations tab, then select the Animation group and then Custom 

Animation. You'll see a panel in which you will choose  the desired animation effect. 

From Add Effect, select the effect for the time of display: 

 Entrance - the effect at first display (possibly more effects, which display an 

additional dialogue); 

 Emphasis – the highlighting  effect; 

 Exit- the effect at the end; 

 Motion Paths - the direction of the effect motion. 

From Start , select the timefor the start of the animation: 

 On click- at the click of a mouse; 

 With Previous- simultaneously with the previous animated object; 

  After Previous- at a certain time interval after the previous animated object. 

From Direction- determine whether the object animation starts from the outside inwards (In) 

or vice versa (Out), horizontally (Horizontal) or vertically (Vertically). 

From Speed, select the animation speed. 

An object can have multiple animation effects, even simultaneously (entrance, 

emphasis, exit). Therefore, to change the effect, the removal of the existing pre-selected 

effect must be first performed, by selecting the effect in the right pane and using the Remove 

button. Normally, the objects in a slide are listed in the order of the application of the 

animation effects on them (those without animation effects are displayed from the start). Each 

object which has an  animation effect in a slide has a number applied, which determines the 

order of display. If we want to change the order, choose the object from the list of Custom 

Animation pane and use the arrow buttons to Re-Order. 

 

Do the tasks below, and then, two by two, reciprocally evaluate your work .  

Task 1 Using the magnet drawing from the fourth slide, make an animated effect in a new 

slide (the fifth one) in which to highlight the attraction of the poles of two magnets; then, in a 

new slide (the sixth one), show  the rejection of the poles of the magnets. 

Task 2 Create an animated effect with nails attracted to a magnet in the seventh slide. 

Task 3 In the last slide, give a list of useful links for the study of magnetism. 
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Unit 23: Structured data types. Bi-dimensional arrays   

 

In various practical activities related to the registration, grouping, analysis 

and interpretation of data connected with the unfolding of a particular 

phenomenon, we often need to organize such data in arrays (tables) to serve 

in an optimum manner to the intended purpose (consider as an example the 

data stored by meteorologists or the mean of  the grades of the students in 

the subjects they study in a school year). There are many other examples which show how 

important and useful the arrays can become in our daily lives. Metro networks, 

telecommunications and electrical metropolis of New York City were designed using 

complex computations with matrices, breaking down these networks being able to get square 

arrays. Game theory is combined with arrays using probability theory to determine the 

optimal strategy to be used by two or more competitors in a competition, each wanting to 

maximize their profits or to minimize losses. 

1. Subject: Mathematics  

Answer these questions: 

What do the C, sets of numbers represent?  

How do we operate with complex numbers? 

Can you think of real life situations when we need to keep the data recorded in tables?  

What methods to solve systems of equations with two unknown elements do you know?  

 

Matrices 

Definition; a matrix with m rows and n columns – or an (m, n) type matrix is a function   

    ,C,3,2,1,3,2,1:  nmf   f((i,j))=aij 

It can be written as 

























mnmm

n

n

n

aaa

aaa

aaa

aaa

A

...........

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

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

...........

...........

21

33231

22221

11211

, where aij are the elements of the 

matrix A, with njmi ,1,,1   

The set of (m, n) matrices with complex numbers is symbolized by M m,n(C). 

Examples:  

The values of the average temperatures over two weeks :  











23222122222121

21201917181918
T  

The average value of the temperatures recorded on the first Thursday is t14=17, while the 

average temperature of the second Saturday is  t26=22. 
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The average value of the grades of three students are:  



















23,908,9

89,898,8

67,945,9

M  

The mean of the grades of the first student in the second term is m12=9,67, the mean of the 

second student of the first term is  m21=8,89, while the mean of the third student in the second 

term is m32=9,23.  

Types of matrices 

Line/row matrix of type (1, n) matrix- a matrix with a single row; 

Column matrix or Type (m, 1)  matrix – a matrix with a single column;   

The Om,n null matrix – a matrix with all the elements equal to 0; 

The square matrix of type (n,n)- a matrix with n rows and n columns. 

























1....00

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

0....10

0....01

nI  M n(C). 

For a square matrix  A  M n(C),  the main diagonal of the matrix  is made up of the set of 

elements {a11, a22, …ann}, while the secondary diagonal is made up of the set of elements 

{a1n, a2n-1, …an1}. The sum of the elements of the main diagonal is called the trace of the 

matrix. 

The transposed of a matrix A  M m,n(C) is written as A
t  

and is obtained by changing the 

columns into rows and viceversa. iIn order to avoid any confusions related to exponentiation, 

the expression 
t
A is preferred.  

A  M m,n(C)
 t
A M n,m(C) 

The equality of two matrices: two matrices are equal only if they are of the same type and 

their corresponding elements are equal, that is  for A=(aij) M m,n(C), B=(bij) M p,q(C),  we 

have A=Bm=p, n=q, aij= bij, njmi ,1,,1  . 

The addition and subtraction of matrices- is possible only if the matrices are of the same 

type. The corresponding elements are added/subtracted, that is for A=(aij) M m,n(C), 

B=(bij) M m,n(C), we have C=A+B M m,n(C) which is the sum of matrices A and B, with 

cij= aij+ bij . D=A-B M m,n(C) represents the subtraction of the matrices, with dij= aij- bij 

njmi ,1,,1  . 

The properties of the addition of the matrices:  

 The addition is associative: A+(B+C)=(A+B)+C 

 The null matrix is the neuter element of addition A+0=A 

 Any A matrix has an opposing –A matrix 

 The addition is commutative: A+B= B+A  
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Applications  

Task 1- Think of four examples of real-life situations when we keep data in an array/matrix. 

Work in teams. 

 

Task 2- Consider the matrices:  





































































































2

3

4

9
,

2

5

1
5

2

,

079

531

642

,
30

82
,

127

51

63

,
583

174
FEDCBA  

a) What type of matrix is each of them? 

b) Specify what a23, a12 b21, b32, c22, c12, d31, d23, e31, e41, f12 represent. 

c) Write 
t
A, 

t
B, 

t
C, 

t
D, 

t
E, 

t
F 

d) Find X M 2(C)  so that  C+X=I2 and Y M 3(C)  so that  I3+Y=D 

 

Further practice:  

Task 1. Determine the real numbers x, y so that A=B for the following situations: 

a) 





























11

23
,

74 2

2

yxy
B

xxy
A  

b) 




































yx

xy
B

xy

xx
A

236

12
,

162

0 22

 

c)    )(24,31 2 yxyyBxxxA   

Solution: a) x=1, y=-2  b) x=-4, y=-2, c) x=2, y=1 

Task 2.  

Consider the matrix .
10

22

















k
A

k

k
Determine matrix B=A1+A2+...+Am where mN

*. 

Solution: .
0

22 21






















m

mm
B

m

 

2. Informatics 

2.1 Bi-dimensional arrays (quadratic matrices) 

Definition: The arrayed table is a type of structured data having a fixed number of 

components of the same type.  

Declaration: Type [dimension]; 

Example : 

int a[20]; // the arrayed table has 20 elements, all being whole numbers 

float temp[100]; // the arrayed  table has 100 elements, all real numbers  
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Applications 

Task 1 Suppose we have to solve the following problem: For the 25 students of a class, 13 

arithmetic means at the end of the first school term are provided. Define and declare a data 

structure so as to implement this problem! 

 

Task 2. Show (print) the elements of the two-dimensional array, on rows and columns  

 

Task 3- To calculate the arithmetic mean for a student for whom the serial number is entered 

on the keypad.  

 

Further practice:  

Task 1. Calculate the arithmetic means at the end of the term for all students  

 

Task 2. Show the student who has the highest mean in Task 1  

 

3. Subject: Psychology 

Answer these questions: 

 How do we define personality?    

What components of the human personality do you know? 

Applications 

Task 1 List the two cardinal features, the four central traits (derived from the first ones) and 6 

secondary personality traits of your deskmate. 

  

Task 2 Fill in a table (quadratic two-dimensional array) for each of his four colleagues in the 

group, assigning the following marks: 

1 if you think the student is nice   

0 if you feel indifferent about your colleague 

-1 if you don’t like your colleague 

 

Further practice: 

Encode into an arrayed table  the prior tasks. 

Sum up the values! 

What do you see? Why are there different amounts obtained? 

 

4. Subject: English   

Lead-in:  Comment on the following quote belonging to Martin Luther King, Jr.  : „I have a 

dream that my four little children will one day live in a nation where they will not be judged 

by the color of their skin, but by the content of their character”.  

Personality traits: Introducing new vocabulary.  
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Activity 1. Match the adjectives on the left with their corresponding synonyms on the right.  

1. Stubborn    a. frank 

2. Haughty    b. down-to-earth 

3. Reliable    c. persistent 

4. Honest     d. benevolent 

5. Argumentative   e. sadistic 

6. Calm      f. fair 

7. Sociable    g. obstinate 

8. Sly     h. hopeful 

9. Sincere    i. disorderly 

10. Optimistic    j. contemptuous 

11. Cruel     k. cunning 

12. Persevereing    l.peaceful 

13. Sensible     m. odd 

14. Eccentric    n. trustworthy 

15. Kind     o. gregarious 

16. Rambunctious    p. Quarrelsome 

 

Activity 2. Match the following adjectives with the descriptions below: 

 

Bright,  coward,  cruel, cunning,  discorteous,  egocentric,  odd,  gifted,  

 jealous,  prying,  optimistic,  perfidious,  sincere, pedantic , trustworthy 

 

1. My sister tends to believe that only good things will happen to her.     

2. Having a superb voice, she became the Opera’s leading soprano.     

3. The press is often interested in things that do not concern them.    

4. My brother is very quick when it comes to learning new things     

5. She is often envious of other people’s success.       

6. I do not know why some people are pleased when they cause pain.     

7. My deskmate has been behaving in a strange way lately.      

8. My friend always means what he says.        

9. Thomas has the ability to achieve things by deceiving other people.    

10. Jack is the kind of person who is easily frightened and avoids difficult or dangerous 

situations. 

11. Alice is a reliable, responsible person who can be trusted completely.    

12. This man always betrays others, so he can never be trusted     

13. It was very impolite of him not to reply to our letter.      

14. He always pays too much attention to unimportant details.    

15. A person more concerened with his/her own thoughts and feelings than with other 

people or happenings  outside him/her.      
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Activity 3. Say whether the statements below are true or false:  

1. A shallow person does not show any understanding of important or seriuos matters 

2. A rambunctious person is not vey careful to behave correctly and often acts wildl 

3. If you think that someone is pedantic, you mean that they are too concermed with 

unimportant details or traditional rules.       

4. One can say that a person is prying when he/she does not try to find out about 

someone elses’s private life.  

5. A fippant person is one not serious about something that other people think you 

should be serious about.    

6. A flattering person praises someone insincerely and excessively.    

7. A dissembling person does not hide his/her real intentions or emotions.   

8. One can easily deceive a gullible person.       

9. Haughty people never think they are better than other people.    

   

Activity 4. Fill in the odd one out. 

1. Haughty conceited nosy contemptuous overbearing snobbish  

2. Rambunctious egocentric unruly rowdy wild disorderly  

3. Pedantic bright scoolish formal pompous stilted 

4. Prying inquistive nosy cunning meddlesome interfering  

5. Dissembling coumaflaging flippant falsifying concealing counterfeiting  

6. Gullible sly unsuspecting believing innocent trustful  

7. Shallow trivial jealous depthless supeficial flat  

8. Flippant glib disrespectful rude brassy breezy gifted  

9. Flattering complimentary polished prim prying lofty  

 

Further practice  

Activity 1. Choose a trait of character and write a short description of a time when you or 

someone you know exhibited the trait.  

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

Activity 2 Group all the adjectives studied within three columns: positive, negative and 

neutral traits of character. 

 

 

 

  

 

Activity 3 In small groups, write a brief dialogue for a five-minute skit about a situation 

where someone exhibited a particular character trait. Each skit should include dialogue for a 

narrator and at least two characters. Perform their skits for the class.  
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Unit 24: Power in our Homes 

 

Over the last 10-15 years, the need to ensure sustainable energy 

development, while also achieving effective protection of the environment, 

has led to the intensification of the concerns to promote the renewable 

energy sources and the industrial technology of support. The experimental 

study of the potential energy of various types of soil is a real challenge for 

the students who are interested in physics and science in general and it can also motivate 

those students who are less interested in purely theoretical scientific concepts. The 

identification of possible opportunities to exploit the energy of the soil opens up new avenues 

of exploration and promotes examples of good practice. 

 

1. Subject: Physics (through mathematics) 

Think of an answer to the following questions/tasks:  

 What differences are there between series and parallel circuits? 

 Draw an electric circuit which includes one consumer and 3rd sources connected in 

series, respectively in parallel.   

 What happens to the battery voltage if the polarity of a source in serial connection is 

reversed? Explain your answer. 

Study the following: 

Electrical generators can be connected in series, in parallel or mixed. 

1. Series connection 

 

 

 

If the electrical generators are identical, having the (E, r) parameters, the parameters of the 

equivalent generator are:  

EnEes    and rnres      

1n  

According to Ohm's law, the intensity of the current supplied by the battery of generators is 

given by the expression: 

rnR

En
I




  

If the generators have the (E1, r1), (E2, r2),   ……(En, rn) parameters,  the parameters of the 

equivalent generator are:    

şi   nes rrrr  ....21  

 

nes EEEE  ....21
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2. Parallel connection 

 

If the generators are identical and are characterized by (E, r), the parameters of the equivalent 

generator are:  

EEep        şi       
n

r
rep   

1n  

According to Ohm's law, the intensity of the current supplied by the battery of generators is 

given by the expression: 

n

r
R

E
I



     

If the generators have the (E1, r1), (E2, r2),   ……(En, rn), the parameters of the equivalent 

generator are:   













n

n

epep
r

E

r

E

r

E
rE ......

2

2

1

1     şi     
nep rrrr

1
.......

111

21

  

 

1.7.3.  

Task 1.  Determine the parametersof the eqivalent batteries (Ee; re)-see figure 1 and  2-

knowing that all the generators are identical and have t.e.m. E=4 V and the internal resistence 

r=1. 

            

                        

            

         

 

 

                   

                     fig.1                     fig.2  

    

 

                               

E; r 

E; r 

E; r 

E; r 

E; r E; r 

E; r E; r E; r 

R 

R 
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Task 2. Experimental evaluation of the energy potential of different types of soil, a 

comparative study.  

Work in groups of 3-4. Build a battery consisting of 12 cells connected in series and different 

soil types will be used. The moisture content of the soil will vary. These batteries are built 

with 12 nickel screws, 1 m of copper wire, an ice cube tray, a multimeter and some water. 

 

 

 

 

 

 

 

Procedure: Cut he copper wire into 12 pieces of roughly equal length. Connect 11 pieces of 

copper wire to the nickel screws. Fill each cell with earth and insert the nickel screws and the 

pieces of copper wire into the cells (see photo above). The humidity of the soil will be 

determined by using the senses and by observing the behavior of the soil samples after 

exposure to sunlight for 30 minutes. Following this analysis, the soil moisture will be 

evaluated and classified into one of the categories below: 

  Dry soil – the soil leaves no sensation of wetness when it is tightly held into the 

palm, it does not cool the hand and, when kept in the sun, it does not change its color 

after drying; 

  Dry-moist soil-the soil leaves a slight feeling of moisture when held into the hand; 

 Moist – the soil leaves a clear feeling of moisture, but it does not wet hands when 

strongly gripped and it slightly lightens when kept into sunlight; 

 Damp-moist - the soil leaves a feeling of moisture and it slightly moistens the hand if 

strongly gripped; 

 Damp – the soil moistens the palm without being tightly held, the water is visible, but 

no drop falls from it;  

 Damp-wet soil- when strongly gripped, the water drips through the fingers. 

 Wet soil- the water leaks from it naturally and, if slightly pressed, water  drips from it  
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Collect the results in the table below:  

 

Nr. 

crt 

Type of soil Humidity U 

(V) 
)(VU

Medium 

voltage 

UU   

 (V) 

 (V) 

Medium  

 

1 Top soil (a mixture of peat, 

humus and compost made from 

plant debris composted with 

manure) 

Dry soil     

  

  

  

Moist soil     

  

  

  

2 Forest soil Dry-moist 

soil 

    

  

  

  

Moist soil     

  

  

  

3 Sandy soil 

(a mixture of sand and clay)  

Dry-moist 

soil 

    

  

  

  

Moist soil     

  

  

  

 

 

Perform the measurements at least four-five times and then present your findings.  

Further practice  
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Task 1.  Consider a resistor of resistance R=22, powered by three sources of tension. Two 

identical sources are mounted in parallel (E=12V; r=2) and then in series with the third 

source with the values of E3=24V and r3=1. Tasks: 

a)  draw the diagram of the circuit; 

b)  calculate the current through the resistor.  

 

Task 2.  Consider a resistor of resistance R=10, powered by two sources of tension. 

E1=12V; E1=8V; r1=2; r2=4 (see the figure). Calculate: 

a) the current through resistor  

b) the voltage in the resistor  

 

 

2. Subject: ICT  

Answer the following questions: 

 How do we group the objects drawn? 

 Where can we insert a figure?  

 What are the steps of inserting an equation? 

 How do we enter a formula in Excel? 

How to insert objects in a presentation  

There are two ways of inserting objects in a PowerPoint presentation: 

 Linked Items. A linked object is updated if the source changes. For example, a linked 

diagram which is created by using the data from Microsoft Excel changes if the Excel 

data base changes. The source file must be available on your computer or network to 

maintain the link between the inserted object and the data source. The insertion of a 

linked object is recommended if the data source is complex or has a large size. 

 Built-in Items. The data source is built-in the presentation. You can see the built-in 

object on another computer, because the source data is part of the presentation file. 

The incorporated items usually require more hard disk space than the linked items.  

 The insertion of a linked item: 

1. Click on the icon in which you want to place the item. 

2. In the Insertion file, in the Text group, click on Item. 

3. Click on Create from the folder. 

4. In the File box type the name of the file or click on Browse to select from a list. 

5. Check the selection box Link. 

6. Choose one of the following: 

o To display the content in the presentation, uncheck the selection box of Show 

as icon.  

o To show an icon on which you click to see the item,  check the selection box 

Show as icon.  

E2; r2 E1; r1 

R 
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o To modify the implicit icon image or the tag, click Change Icon and then click 

on the wanted icon from the icon list. If you want, you can type a tag in the 

box legend.  

The insertion of a built-in item:  

1. Click on the slide where you want to place the item; 

2. In Insert, group Text, click on Item; 

3. Choose one of the following: 

o If the object/item doesn’t already exist, click on Create. In the item box, click 

on the type of item you want to create;  

o If the item already exists, click on Create from file . In the File box, enter the 

name of the file or click on Browse to select from a list.   

4. Uncheck Link. 

5. Choose one of the following: 

o To display the content in a presentation, uncheck the Show as an icon. 

o To display an icon that you click on to view the object, check the checkbox 

Show as an icon. 

o To change the default icon image or label, click Change Icon and then click on 

the desired icon from the list of icons. If you want, you can type a label in the 

legend box. 

 

Applications 

 

Task 1.  In an Excel register, enter the following 

data in the first spreadsheet named Account 

Number: 

In cells D3 and E3 introduce the formulas which 

calculate Ees and res for series grouping of 

identical power generators having the E, r 

parameters. Generate the results of the 

calculations for the D4:E21 cells. 
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Task 2.  In the same Excel  register, introduce the 

following data in the second spreadsheet called 

Parallel Computing: 

In cells D3 and E3 enter formulas that calculate Eep and 

rep  for the parallel grouping of n identical generators 

having the E, r parameters. Generate the results of the 

calculations for D4:E21 cells.  

 

 

 

 

 

 

 

 

Task 3. Make a PPT presentation named The Grouping of the Power Generators, which 

should contain: 

 the description of each group of generators (series, parallel); 

 the diagram for each group of generators, made by drawing graphical objects and by 

grouping them; 

o with the same parameters E, r for each electric generator group 

o different generators characterized by (E1, r1), (E2, r2),   ……(En, rn)  

 the formulas for the battery voltage and resistance  of each group of generators, 

written by using the Equation Editor; 

 the calculations for the battery voltage and resistance of each group of generators, 

depending on the values that characterize the generators initially, made in an Excel 

spreadsheet and imported into the slides of the presentation; 

 conclusions 

Task 4. Add a new slide to your PPT presentation in which you will do calculations for three 

different generators grouped in parallel. 

 

3. Subject: Informatics (combined with Physics)   

Answer the following questions: 

How can generators be grouped? 

How do we calculate the parameters of the equivalent generator? 

How do we read the elements of one-dimensional arrays? 

Students are grouped in three, each team receives a worksheet for recording the input and 

output data.  

 

Applications  
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Task 1. Solve the following problem: For a number of n identical generators, determine the 

parameters of the equivalent generator if the generators are gruped in series and then in 

parallel. Also, by using the Codeblocks environment, design the C++ program which solves 

the given problem, then introduce the input data and write down the output data.  

 

Task 2.  Work in groups. Designate a member of the team who will write down the input 

data. Each team will test the input data to announce the output data, which will be recorded 

by the member appointed to do the task. Finally, compare the data from all teams. 

 

Task 3 Read the following situation: You are given a set of n generators which are 

characterized by Ei and ri. Determine the parameters of the equivalent generator if they are 

grouped in series or in parallel. Also, design the C++ program that solves the problem, in 

Code Blocks programming, then introduce a set of input data and write down the output data.  

 

Task 4.  Work in two teams in order to mutually asses your work. Each team will test the 

input data suggested in order to check the output of the other team and, if the program has 

errors, they will fix them, saving under a different name. The teacher will be notified when 

the output is incorrect.  

 

Evaluation through further practice:  

Task 1. Modify the program so as to carry out calculations for both groups, both for identical 

generators and for different generators.  

 

4. Part A. Subject: English combined with Physics    

Vocabulary Study 

Activity 1. Look at the pictures below. What do they all have in common? Choose two of 

them and speak about them by comparing and contrating them.  
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Activity 2. Match the words provided in the table with the pictures below: 

 

 

  
  

1 2 3 4 5 

 
 

 
  

6 7 8 9 10 

 

  
   

11 12 13 14 15 

 

electric poles socket/outlet switch on&off bulb radiator 

     

plug heater cables and wires ceilinglamp power plant 

     

fuse box adaptor plug in/out/unplug extension cord electric meter 

     

   

Reading Comprehension Activities 

Activity 1.  Read the text below, which is divided into sections. As you read, do the tasks 

existing at the end of each section: 

Section 1 

What is electricity? We know it is extremely important, but it’s hard to know exactly what it 

is. Though it cannot be seen like we see the sun, though it cannot be held like we hold coal, 

we know when it is working  and we also know we all depend on it...it runs our TVs, DVD 

players, computers, it lights our homes, it warms and cools our rooms, it cooks and preserves 

our food, it can even run our cars.. We realise how important electricity is for us whenever 

there is a power cut. But what exactly is electicity?  In what  follows, we’re going to look into 

its mysteries and try to unveil its nature . 
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Electricity means moving electrons. But then, do we know what electrons are? Well, they 

are tiny particles found in atoms, which are the building blocks of the universe. Everything is 

made of atoms – the stars, the trees,  the air, the water, every animal, even people are made of 

atoms. Did you know that millions of atoms would fit on the head of a pin? 

An atom is like a sun with planets spinning around it. The center of the atom is called the 

nucleus and it is made of even tinier particles, called protons and neutrons. Electrons, just like 

the planets orbiting the sun, move around the nucleus in energy levels, or shells, far from the 

nucleus. The electrons are much smaller than the protons and neutrons.  

The protons and electrons of an atom are attracted to each other. They both carry an electrical 

charge. Protons have a positive charge, electrons have a negative charge and neutrons carry 

no charge.  

The electrons near the nucleus are tightly held to the atom, but those which are farthest away 

are not. These loosely held electrons can be moved out of their energy levels (shells). 

Applying a force can make electrons move from one atom to another. These moving 

electrons are electricity. 

While-reading tasks:  

a) Fill in the following diagram with the names of the parts of an atom: 

 

                                      
 

b) Explain the highlighted words in the text; 

c) Find a set of antonyms; 

d) Provide a simple definition of electricity 

 

Section 2 

Did you know that magnets can produce electricity? A magneting field is the driving force 

that can pull and push electrons and make them move. There are metals, like copper, which 

have electrons which are loosely held and which can be easily pushed from their shells.  

Magnetism and electricity are related: magnets can create electricity and electricity can 

produce magnetic fields. This is called electromagnetism.  

Power plants use magnets  in order to generate electricity.  In just a few words, this is 

how it all happens: power plants use huge turbine generators to produce electricity. Power 

plants use many types of fuels to spin the wheels of the turbines. Or they can split uranium 

atoms to heat water into steam. They can also use the power of rushing water from the dam or 

the energy in the wind to spin the turbine.  
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The turbine is attached to a shaft in 

the generator. Inside the generator 

are magnets and coils of copper 

wire. The turbine provides the force 

that spins the magnets inside the 

coils or it can spin coils inside the 

magnets. Either way the electrons 

are pushed from one copper atom to 

another by the moving magnetic 

field.  

Coils of copper wire are attached to the turbine shaft. The shaft spins the coils of wire inside 

two huge magnets. The magnet on one side has its north pole to the front. The magnet on the 

other side has its south pole to the front. The magnetic fields around these magnets pull and 

push the electrons in the copper wire as the wire spins. The electrons in the coil flow into 

transmission lines. 

These moving electrons are the electricity that flows into our houses. Electricity moves 

through the wire very fast. In just one second, electricity can travel round the world seven 

times! 

While-reading tasks: 

a) Explain the highlighted words in the text; 

b) Find a set of antonyms. 

Section 3 

Electicity travels in closed loops or circuits. It must have a 

complete path from the power plant through the wires and 

back. If a circuit is open, the electrons cannot flow. When we 

flip on a light switch, we close a circuit. The electricity flows 

tfrom the electric wire through the light and back into the 

wire. When we flip the switch off, we open the circuit and no 

electricity flows to the light.  

Electricity is a secondary source of energy. This means we must use other sources (primary 

sources of energy), like coal, petroleum, natural gas, biomass, water, solar, kinetik energy to 

make electricity. It also means that we cannot classify electricity as renewable and 

nonrenewable.  

Coal, which is nonrenewable, hydropower, which is renewable, can be used to make 

electricity. The energy source we use can be renewable or nonrenewable, but electricity is 

neither. 

 While-reading tasks: 

a) Explain the highlighted words n the text; 

b) Find a set of antonyms. 

Section 4 

Let’s follow the path of electricity from power plants to our homes. First, the electricity is 

generated at a power plant, it travels through a wire to a transformer that steps up the voltage. 
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Stepping up the voltage (to 350,000 volts) is necessary because less electricity is lost along 

the power lines when it is a higher voltage. 

The electricity is sent to a nationwide network of transmission lines. Transmission lines are 

the huge tower lines we sometimes see crossing the fields or along the roads. 

Step-down transformers, located at substations along the lines then reduce the voltage (to 

12,000 volts) and electricity is carried over the distribution lines that deliver the electricity to 

our homes. These distribution lines can be located overhead or underground. The overhead 

distribution lines are the power lines we see along the streets, usually in the countryside.  

Before electricity enters our homes, the voltage is reduced again at another transformer, 

usually a grey metal box mounted on an electric pole. The transformer reduces the electricity 

to the 120 volts that are used to operate the appliances in our homes.  

Electricity enters our houses through a three-wire cable. Wires are run from the circuit 

breaker or fuse box to outlets and wall switches in our homes. An electric meter measures 

how much electricity we use so that the utility company can bill us.  

While-reading tasks: 

a) Fill in the picture to show the path of electricity frompower plants to pur homes: 

  
b) Explain the highlighted words n the text; 

c) Find two sets of antonyms. 

Writing Activity  

Read the sentence provided as an example and then write five similar ones using 

information from the texts. 

A transformer is the place where the voltage for transmission is stepped up/down. 

A power plant.................................................................................... (e.g. .............is the place 

where electricity is generated by using nonrenewable/renewable energy sources).   

The turbines ..................................................................................... (e.g. ............. are giant 

wheels that spin the coils of copper wire into the generators). 

The transmission lines.............................................................................. (e.g. .............are 

tower lines that carry huge amounts of energy on long distances). 

The distribution lines..................................................................... (e.g. ................... carry small 

amounts of energy from the electric poles to the houses and businesses). 
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The generator........................................................................................ (e.g. .............houses 

magnets and a spinning coil of copper wire). 

 

English PART B (English combined with history)  

Activity 1. The History and Mystery of Electricity 

We all know how important electricity is for us, but how much do you know about it? Take 

the quiz to find out. 

1. How old is the oldest text that 

mentions electricity? 

a) Dating back to 500 AD 

b) Dating back to 2740 BC 

c) Dating back to 1785 

 

2. Who invented the light bulb? 

a) Benjamin Franklin 

b) Thomas Edison 

c) Alexander Graham Bell 

 

3. What did Nikola Tesla favour? 

a) AC 

b) DC 

 

4. Which was the first European city to 

have electric power lighting? 

a) London 

b) Timisoara 

c) Vienna  

 

5. Which country uses and generates  

the most electricity? 

a) China 

b) Brazil  

c) USA 

 

 

Reading  

2. While-reading activity 

While reading the text below, find out the following information: 

1. What the electric fish were regarded as by the ancient Egyptians. 

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

2. What Thales of Miletus believed about the properties of amber. 

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

3. The name of the person who coined the word „electricus/electricity” and what the 

word means...................................................................................................................... 

4. What Benjamin Franklin’s experiment proved. 

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

5. The name of the inventor of the first battery. 

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

6. The name of Edison’s power station, the type of current it used,  its location and the 

date when it was started up.  

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

7. What Alessandro Volta invented. 

.................................................................................................................. 
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8. The name of Michalel Faraday’s invention 

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

9. What kind of power system Thomas Edison was  in favour of. 

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

10. What kind of power system Nikola Tesla and George Westighouse were in favour of. 

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

 

A Short History of Electricity 

Long before any knowledge of electricity existed, people were aware of shocks from electric 

fish. Ancient Egyptian texts dating from 2750 BC referred to these fish as the "Thunderer of 

the Nile", and described them as the "protectors" of all other fish. Electric fish were again 

reported millennia later by ancient Greek, Roman and Arabic naturalists and physicians. 

Several ancient writers, such as Pliny the Elder and Scribonius Largus, attested to the 

numbing effect of electric shocks delivered by some fish, and knew that such shocks could 

travel along conducting objects. Patients suffering from ailments such as gout or headache 

were directed to touch electric fish in the hope that the powerful jolt might cure them. 

Possibly the earliest and nearest approach to the discovery of the identity of lightning, and 

electricity from any other source, is to be attributed to the Arabs, who before the 15th century 

had the Arabic word for lightning (raad) applied to the electric ray. 

Ancient cultures around the Mediterranean knew that certain objects, such as rods of amber, 

could be rubbed with cat's fur to attract light objects like feathers. Thales of Miletus made a 

series of observations on static electricity around 600 BC, from which he believed that 

friction rendered amber magnetic, in contrast to minerals such as magnetite, which needed no 

rubbing. Thales was incorrect in believing the attraction was due to a magnetic effect, but 

later science would prove a link between magnetism and electricity.  

Energy Pioneers 

Electricity would remain little more than an intellectual curiosity for millennia until 1600, 

when the English scientist William Gilbert made a careful study of electricity and 

magnetism, distinguishing the lodestone effect from static electricity produced by rubbing 

amber. He coined the New Latin word electricus ("of amber" or "like amber", from elektron, 

the Greek word for "amber") to refer to the property of attracting small objects after being 

rubbed. 

Further work was conducted by many other scientists. In the 18th century, Benjamin 

Franklin conducted extensive research in electricity, selling his possessions to fund his work. 

In June 1752 he is reputed to have attached a metal key to the bottom of a dampened kite 

string and flown the kite in a storm-threatened sky. A succession of sparks jumping from the 

key to the back of his hand showed that lightning was indeed electrical in nature. 

In 1791, Luigi Galvani published his discovery of bioelectromagnetics, demonstrating that 

electricity was the medium by which neurons passed signals to the muscles. 



 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e2
4

7
 

Alessandro Volta's battery, or voltaic pile, of 1800, made from alternating layers of zinc and 

copper, provided scientists with a more reliable source of electrical energy than the 

electrostatic machines previously used. 

The credit for generating electric current on a practical scale goes to the famous English 

scientist, Michael Faraday. Faraday was greatly interested in the invention of the 

electromagnet, but his brilliant mind took earlier experiments still further. If electricity could 

produce magnetism, why couldn't magnetism produce electricity. In 1831, Faraday found the 

solution. Electricity could be produced through magnetism by motion. He discovered that 

when a magnet was moved inside a coil of copper wire, a tiny electric current flows through 

the wire. Of course, by today's standards, Faraday's electric dynamo or electric generator was 

crude, and provided only a small electric current, but he discovered the first method of 

generating electricity by means of motion in a magnetic field. 

While the early 19th century had seen rapid progress in electrical science, the late 19th 

century would see the greatest progress in electrical engineering.  

In 1879, Thomas Edison focussed on inventing a practical light bulb, one that would last a 

long time before burning out. Edison used ordinary cotton thread that had been soaked in 

carbon. The filament did not burn- instead it became incandescent, that is, it glowed. These 

new lights were battery-powered, though, and expensive. Edison tried to find ways to make 

electricity both practical and inexpensive. He engineered the first electric power plant that 

was able to carry electricity to people’s homes. Edison’s Peral Street Power Station started up 

its generator in September 1882 in New York City. About 85 customers in lower Manhattan 

received enough power to light 5000 lamps.  

The turning point of the electric age came a few years later with the development of AC 

(alternating current) power systems. While Edison’s DC (direct current) plant could only 

transport electricity within one square mile of the station, the AC power systems could 

transport electricity much farther. A significant contribution to the design of the modern 

alternating current (AC) electricity supply system belongs to Nikola Tesla, who, in 1887 

Tesla developed an induction motor that ran on alternating current and later on designed an 

alternating current system meant to power the city's streetcars. 

Tesla's demonstration of his induction motor put Tesla firmly on the AC side of the War of 

Currents, an electrical distribution battle which started out as a competition between rival 

lighting systems, with Edison holding all the patents for DC and the incandescent light, and 

George Westinghouse using his own patented AC system to power arc lights, as well as 

incandescent lamps of a slightly different design, to get around the Edison patent. 

As you see, electricity didn’t have an easy beginning, but through the work of people as 

Alexander Graham Bell, Ottó Bláthy, Thomas Edison, Galileo Ferraris, Ányos Jedlik, 

William Thomson, 1st Baron Kelvin, Charles Algernon Parsons, Werner von Siemens, 

Joseph Swan, Nikola Tesla and George Westinghouse, electricity turned from a scientific 

curiosity into an essential tool for modern life, becoming a driving force of the Second 

Industrial Revolution. 
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Sentence Writing 

Activity 3. Use words from the sets provided below to build collocations. After that, use the 

collocations in sentences of your own. 

The two sets of words are: 

driving, turning, power, to conduct, ancient, magnetic, electric 

culture, system, force, point, effect, experiments, shock 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 

Activity 4 . Explain the highlighted words and phrases; make sentences of your own by using 

the highlighted words . 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 

Activity 5. Read the sentence provided as an example, then write five similar ones using 

information from the text.  

e.g. Nikola Tesla was the scientist who had a significant contribution to the design of the 

modern alternating current (AC) electricity supply system. 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________ 
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Unit 25: Energy for the long run 

 

The twentieth century has failed to solve the environmental problems 

which were generated by the industrial development. Climate change and 

the extinction of species of plants and animals are problems humanity 

continues to deal with. The question is: are we heading for a catastrophe or 

are there ways to get out of the ecological crisis of our planet? 

It is clear to everyone that all countries should make significant efforts to comply with the 

internationally accepted environmental principles. After all, the protection of the environment 

is a key element in ensuring good-quality and sustainable life for the present generation and 

for the future generations as well. 

Nowadays, the rational use of existing energy resources and the identification of renewable 

alternatives have become a must. 

1. Subject: Physics (through mathematics and technology) 

Answer the following questions : 

If you were living at the seaside or in the mounains, which alternative sources of energy 

could be used? Justify your choice.  

Which minimalistic climato-geographic conditions must be fulfilled to make a wind turbine/ 

solar pannels/ micro-dam? 

What does the efficacy of a wind turbine/ water turbine mean to you? 

Does a wind turbine have a greater or a smaller effciacy than a water turbine, in your 

opinion? Justify your answer. 

Study the following text: 

PART A The physics behind water turbines  

Water turbines are complex installations in 

which the hydraulic energy of natural or 

artificial waterfalls is turned into mechanic 

energy through hydraulic turbines and then into 

electric energy in energy generators. The 

potential of producing electric energy  depends 

on the fall and the volume of the water flow. 

Their principle of working consists in 

transforming potential energy from the 

accumulated water in lakes into mechanic 

energy. From the accumulation lake, through a 

pipe, the water falls on the blades of a hydraulic 

turbine, spinning its shaft. This makes the 

electric generator transform mechanic energy 

into electric energy. A water turbine is a rotary machine that converts kinetic energy and the 

potential energy of water into mechanical work. 

Fig 1. Water turbine 
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Now, watch this short video:   https://www.youtube.com/watch?v=q8HmRLCgDAI 

Study  the following situation: 

Suppose the lake of a hydroelectric power station has a parallelepipedic shape, having the 

length L = 10km, the width l of 3km and the depth h = 20m. 

How much water is there in the lake when it is full? 

How much energy can be generated when the lake is empty? What physical quantities must 

we know for this purpose? 

    Fig.2 A small hydroelectric power plant 

Task A1- Consider the following 

scenario: the conditions in your area 

are favorable to the setting up of a 

micro-hydroelectric power station. 

The existence of a nearby stream 

having a waterfall with a 

corresponding flow rate is a must. 

Depending on the technical 

specifications of the micro-station 

and the desired parameters of 

production, the water fall can be 

lowered  even below 1.5 meters if the 

flow exceeds 25 liters / second, which 

represents about a sixth of the normal 

flow of a mountain stream 

(http://www.gandul.info/financiar/microhidrocentrala-solutia-ca-sa-fii-baiat-destept-la-tine-

acasa-855046).  

Knowing that the efficiency of such a power station which produces  21.6 kWh is  of 90% 

and a house like yours uses about 2400kwh per year, estimate (through calculations) how 

many households can be powered with the electricity produced by the micro-hydroelectric 

station.    

Explain the significance of the values expressed in kwh and the results in the International 

System IS (Joule).  

 

Evaluation through further practice:  

Task A2. Explain what the role of the electric generator is.  What is the power of a generator 

which ideally produces the equivalent of  21,6 KWh per day. Express your answer in the IS. 

The most important components of a micro-hydroelectric power plant are: 

 Accumulation: a form of storage of the available potential energy; 

 The system of transfer, which includes the collecting system and the transfer circuit 

(the channel/duct, the accumulation lake, the dam, the flood gate and the outlet 

channel) where a part of the available energy is converted into kinetic energy; 

https://www.youtube.com/watch?v=q8HmRLCgDAI
http://www.gandul.info/financiar/microhidrocentrala-solutia-ca-sa-fii-baiat-destept-la-tine-acasa-855046
http://www.gandul.info/financiar/microhidrocentrala-solutia-ca-sa-fii-baiat-destept-la-tine-acasa-855046


 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e2
5

1
 

 The hydraulic turbine: it is a part of the plant where the energy of the water is 

converted into mechanical energy; 

 The generator: the mechanical energy transmitted to the turbine keeps steady the 

speed of the rotor of the generator producing electricity in accordance with the laws of 

electromagnetism; 

 The transformer and the transmission line: electricity is transported and transformed 

so as to be connected to the network in order to provide electricity to the consumers. 

Calculate the power of a generator which will ideally produce the energy equivalent of 21.6 

kWh per day. 

 

PART B The physics behind wind turbines  

 

A wind turbine is a device that 

converts the wind’s kinetic energy 

into electrical power. Wind blowing 

past the rotor blades of a wind 

turbine cause the rotor to rotate. This 

is possible because the wind 

possesses  energy, called Kinetic 

Energy (EK). Part of the kinetic 

energy of the wind is transffered to 

the rotor blades.  

     

                                                                                Fig.3 Wind turbine 

There are two basic types of wind turbines: 

- with vertical axis, 

- with horizontal axis (propeller-style). 

Horizontal axis wind turbines are the most common nowadays. 

The students will watch this video:    https://www.youtube.com/watch?v=qSWm_nprfqE   

Answer the questions: 

How can we determine the mass of air moved by a wind 

turbine?  What physical quantities and units do we need 

to know for this purpose?  

Fig.4 Volume of air passing through the effective disc area 

        

Task B1- Consider the following scenario. The climatic 

conditions in the geographic area in which you live are 

favorable to the location of a wind farm. Knowing that 

the power of a wind turbine is 3MW and its efficiency is 

of approximately 35%, calculate the energy produced in 

24 hours (in kwh and in joules). 

https://www.youtube.com/watch?v=qSWm_nprfqE
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Convert the power of the wind turbine from Megawatts in Watts and explain what efficiency 

means. Use the known formulas for energy and efficiency to solve the task. 

 

Task  B2- How many wind turbines are needed to ensure the necessary energy of a city with 

15,000 households, knowing that the average consumption of a household  per year is of  

3000kwh. Use the results from Task 3. 

Evaluation through further practice:  

Watch the following video:     https://www.youtube.com/watch?v=ltKGRywnRr8 

 

Task 1. 

 Estimate the environmental impact generated by the installation of a small hydroelectric 

power plant. Identify the most suitable location for the plant, the advantages and 

disadvantages of installing it and express your opinion on the message conveyed in the video 

shown above, but also on the opportunity of investment in a micro-hydroelectric power plant.  

Task 2.  

Estimate the environmental impact generated by the installation of a wind farm. Identify the 

most suitable location of the wind turbine, the advantages and disadvantages of installing it 

and express your opinion on the opportunity of  investment. 

Task.3. 

 Create a multimedia presentation that will answer the question "Do you think that it is 

possible to build an eco-friendly city / town / village (with a geographical location which is 

favorable to simultaneous installation of a hydropower plant and of wind turbines)"? In 

support of your view, take into account the following aspects: 

• Think of a locality / area of the country that corresponds in terms of location and climatic 

conditions to the requirements of the situation. 

• Do you think there will be enough people in favor of this and there will be enough money 

for this project? 

• How much will the environment be affected? Explain and give examples. 

 

2. Subject: ICT  

Task 1- Solve the requirements of the worksheet below: 

Worksheet: 

1. Create a document entitled Alternative forms of energy, save it on disk D, in the 

folder of your class. 

2. The document will be named Alternative forms of energy. Write you name on the left 

side of the bottom of the page, write the date on the right side of the bottom,  insert a 

logo (the logo must be created by you an must be in compliance with the subject 

matter) in the left side of the header and then insert the page number on the right side 

of the header.   

3. Create a numbered list that will contain: 

A. Hydropower 

B. Solar Energy 

https://www.youtube.com/watch?v=ltKGRywnRr8
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C. Wind Energy 

D. Geothermal energy 

E. Biomass energy 

 

4. By using Google Images, search for: 

- Hydraulic wheels for water mills; 

- Micro-power plants; 

- Pico-power plants; 

- Tidal power plants; 

- Installations which gather, store and further transmit the energy of the waves. 

At the end of the document create a list named Webography in which you will add the 

addresses of the webpages you took the pictures from. The images/pictures will  be 

placed under the list and they will be attreactively arranged. Insert the headline 

Hydropower by using WordArt, and then you format it so as the letters must be one 

under the other. 

5. Insert the headline Solar Energy by using WordArt, then insert a Smart Art chart 

which will include the following information:   

 
  

6. By using a search engine, search for the advantages and disadvantages of wind energy 

usage, then create a table with two columns, one listing the advantages mentioned 

above and the other listing the disadvantages. You will format the background and the 

characters of each column, to differentiate them. Add a first line that will merge the 

cells, where you will write Wind energy. At the end of this document, in webography, 

add the page addresses where you took the information from. 
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7. By using the drawn objects, create the following diagram: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Create a chart which will illustrate the following:  

The geothermal systems in the US are divided as follows: 

• hydrothermal convection systems -10.5% 

• conductive transfer systems - 8.3% 

• systems with geo-pressured deposits- 81.2% 

9. By using a search engine, find a suitable picture to illustrate the systems based on 

biomass or biogas and insert it in the document. Add the address of the picture in the 

list of webography. 

 

Evaluation  

Marking scheme 

1. Name of the file 0.25p+ location 0.25p 

2. Name of the document 0.12p+header 0.38p+footer 0.25p 

3. Text+numbered list 0.25p 

4. Images 0.5p+adresses+forms+rotation+titlle+wordart+format 0.75p 

5. Title+word art 0.25p+organisation chart/smart art1.25p 

6. Table with 2 columns-0.25p+advantages-.25p+disadvantages-0.25p+ table 

header+address-0.25p +format c+letter font format and background-0.25p 

7. The 16 elements of the diagram-2p 

8. Diagram+type+correct information+columns- 0.5p 

9. Image +address- 0.25p 

10. Granted points- 2 p 

 

 

 

 

Geothermal power plants 

 
Geothermal water  

 

electricity 

 

 

DRY FLASH  BINARY CYCLED 

They use water at 

182oC 

They use steam 

from the 

geothermal spring  

They use water at 

200oC 
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3.  English (combined with ecological education) 

 

Lead in 

Look at the pictures below and identify what environmental issue each one illustrates.  

What are the “environmental issues” people so often speak about? 

What types of major current environmental issues do you know?  

Describe the pictures.  

 

 
  

a) b) c) 

 

 

 

 

 

 

 

 

 

 

 

  

d) e) f) g) 

 

Introducing/refreshing/developing vocabulary 

Task 1.a) In pairs, form compound nouns by matching the words in the two columns below: 

greenhouse   emissions 

endangered  layer 

global   fuels 

acid   fumes 

industrial   gases 

ozone   rain 

exhaust  sprays 

fossil   warming 

aerosol  species 

factory  gases 

1.b)  Now, build sentences by using the compound nouns from exercise 1 and any of the 

following verbs: damage, cause, affect, pollute, generate, destroy, harm. 
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 e.g. Industrial waste and sewage pollute rivers, lakes and oceans.  

 

Task 2 a)- Fill in the gaps with one of the words given below: 
 

degradation,   damage,   pay,   spills,   altered,   disasters,   sustainable,   threshold,   meet,   

pollutants 
 

Pollution is the 1)…………………. of natural environment by external substances introduced 

directly or indirectly. Human health, ecosystem quality and aquatic and terrestrial 

biodiversity may be affected and 2) …………..permanently by pollution. 

 

Pollution occurs when ecosystems cannot get rid of substances introduced into the 

environment. The critical 3) ………………. of its ability to naturally eliminate substances is 

compromised and the balance of the ecosystem is broken. 

 

The sources of pollution are numerous. The identification of these different 4) 

………………. and their effects on ecosystems is complex. They can come from natural 5) 

………………or the result of human activity, such as oil or poisonous 6) ………….., 

overuse of pesticides and other chemical substances, nuclear accidents. These can have 

terrible consequences on people and the planet where they live: destruction of the 

biodiversity, increased mortality of the human and animal species, destruction of natural 

habitat, damage caused to the quality of soil, water and air. 

 

Preventing pollution and protecting the environment necessitate the application of the 

principles of 7) …………………..development. We have to satisfy the needs of today 

without compromising the ability of future generations to 8) …………….. their needs. This 

means that we should remedy existing pollution, but also anticipate and prevent future 

pollution sources in order to protect the environment and public health. Any environmental 9) 

…………… must be punishable by law, and polluters should 10) 

……………….compensation for the damage caused to the environment. 

 

Solution: 1)- degradation; 2)- altered;  3)- threshold;  4)- pollutants; 5)- disasters; 6)- spills;  

7)- sustainable; 8)- meet; 9)-damage; 10)- pay.  
 

2.b) Read the text again in order to: 

a) Explain what pollution is, according to the text;  

b) Find examples of different sources of pollution and think of other existing sources; 

c) Explain what sustainable development means, according to the text. 
 

Further practice 

Task 1. Complete the following sentences which explain the words.  
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1. The panda, tiger and polar bear are …............................................ They are in danger 

to become extinct.  

2. Farmers use …............................ to kill insects.  

3. Deforestation is when you …........................................................................... 

4. Factory smoke, chemical waste, cars and rubbish cause …...........................  

5. Wind turbines and solar panels are …...........…................... sources of energy.  

6. Global warming and climate change are terms used for 

…............................................................................... 

7. Recycling bins are there for ............................................................................  

8. Organic food is food that is ............................................................................  

 

Task 2. Working in pairs, role play the following situation:  

Student A: You are very concerned about pollution and that is why you have an 

environmentally-friendly lifestyle. However, you have a brother/sister who does not care 

about the environment at all. He/she doesn’t do anything at home. She does never recycle, 

never waters the flowers, never feeds the pets around the house. He/she litters in the street, 

wastes a lot of energy as he/she never turns off his/her gadgets when he/she does not use 

them. You don’t like his/her behavior at all.  

Speak to him/her about the importance of environmental protection. 

 

Student B: You are a very negligent person who is not interested in environmental 

protection. You think global warming does not depend on you, and it cannot depend on only 

one person. You don’t care about plants and animals. You think selective waste collection 

does not make any sense as other people don’t do it either. So you think one swallow does 

not make a summer. However, your brother/sister cares about nature so much. One day 

he/she starts arguing with you. Defend yourself. 

 

Project work. This activity can be done either as homework assignment or as part of a 

follow-up lesson.  

Working in groups, the students are required to design posters in order to illustrate their 

answers to the following questions: 

Is it important to do something for the environment? Why? 

What can you do to save the environment? 
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Unit 26: Guadalquivir river 

 

1. Subject: Mathematics 

Answer the following questions: 

Do you understand the water bill you have at home?  

Do you know the company which brings you the water? 

How many mathematical operations can you find in it?  

Do you know what taxes are? 

Try to calculate how much water is lost when a tap is dripping during a month. 

Task 1- Analize your water bills and answer the following questions. 

a) What's the name of the company? 

___________________________________________________________________________ 

b) Where can you find the identification of this bill? 

___________________________________________________________________________ 

c) Which information about the user can you find? 

___________________________________________________________________________ 

d) How ofter do you receive the water bill?_______________________________________ 

e) What's the billing period?___________________________________________________ 

f) How do you calculate the cubic metres which have been consumed? Can you turn them 

into litres? _______________________________________________________________ 

g) Which fixed quantities are paid in the bill?______________________________________ 

h) What's the daily consumption and where can you find it? 

___________________________________________________________________________ 

i)  Which kind of chart appears in the bill? What does it represent?____________________ 

j)  How do you calculate the average daily consumption? 

___________________________________________________________________________ 

k) In the bill, the prices change according to the concept. Do a chart indicating the prices of 

each concept. In which concept do you have to pay more money? 

___________________________________________________________________________ 

l) Which taxes are applied to the sum of the fixed concepts plus the consumption? 

___________________________________________________________________________ 

 

Task 2.  Answer the following questions. 

a) What's the water consumption?_______________________________________________ 

b) What's the price of each cubic metre?__________________________________________ 

c) Check if there are some mistakes in the amount._________________________________ 

d) Check if the taxes are correct.________________________________________________ 

e) The amount of a water bill is 105 euros. Calculate how many cubic meters have been 

consumed. Take into account that the price of each cubic meter is 2’3 euro and that you 

have paid 25 euros for other concepts. Don't forget to include taxes. 
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___________________________________________________________________________ 

___________________________________________________________________________ 

 

f) Which percentages represent the fixed expenses, the variables and the taxes of the final 

price?___________________________________________________________________ 

 

Task 3- Calculate the average consumption of litres per day of each member in the house 

according to the information in the bill and compare with other countries. Pay attention to the 

following chart. 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 

Task 4: Read the next information and guess how much water and money is lost when a tap 

drips.  “A tap which drips is equal to 35 euros a year”. Then, each group will have a glass (1 

decilitre) and a clock. Each group  will open a tap only a little (in a way that one drop falls 

after another one) and will see how much time is spent until the glass is full of water. In the 

classroom, you will calculate the water loss and the money in a minute, an hour, a day, a 

month and a year. 

 

Water loss (litres)  minute  hour day month year price (€) 

Group 1       

Group 2       

Group 3       

 

2.Subject: Physics 

Guadalquivir River is part of the water cycle in the Earth, where water is the only substance 

that can be naturally found in all three states of matter: solid, liquid and gas. Furthermore, the 

molecule structure of water lends some special properties to make possible life in our planet. 

Make groups of four people and chose a spokesperson in each group. You have to answer 

correctly and thoroughly every question. You have a limited time to look for the answer, 

because when this time is over, the spokesperson has to explain the answer to the other 

groups. The other members stay in the group and listen the other spokespeople and asking 

questions related to the given information. If the spokespeople cannot answer those questions, 

they shall ask them to their own group and answer them at the end of the lesson. The group 

with the most correct information will get the best grade. 

What is water? What is its importance for life? 

___________________________________________________________________________ 

 

Where does river water come from? 

__________________________________________________________________________ 
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Draw a drop of water and a water molecule 

Have you drawn the drop spherical? Why? 

What is this molecule made of? 

___________________________________________________________________________

___________________________________________________________________________ 

Draw 10 water molecules in solid state, 10 in liquid state and 10 in gas state. 

 

 

 

 

 

 

 

 

Why does solid water float on liquid water? Is it important? 

___________________________________________________________________________

___________________________________________________________________________ 

Is ice a heat insulating? Give some examples 

___________________________________________________________________________

___________________________________________________________________________ 

Water (pure substance) has some specific properties such as: melting point, boiling point and 

density. Explain each of them and show the different values for pure water. 

___________________________________________________________________________

___________________________________________________________________________ 

What is water specific heat? Why is the temperature change not big in the coast as in the 

inner lands? 

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________ 

 

3. Subject: English 

1. Answer the following questions. 

1. What's the name of this river?_________ 

2. What's the name of the main cities which 

this river flows through? 

_________________________________

_________________________________ 

3. Where is it born? 

_________________________________ 
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2. Find these words in the wordsearch 

 

 

3. Find out which word belongs to its definition. 

 

gulf    valley     swamp        river      plain     environment    reservoir      ocean       basin 

 

a) ______________ a wide, more or less flat, and relatively low region drained by a river 

system. 

b)___________the vast body of salt water that covers almost three-fourths of the earth's 

surface. 

c) __________a portion of an ocean or sea partly enclosed by land. 

d)___________a natural stream of water flowing in a definite course. 

e) ___________an area of wet, spongy land. 

f) ___________a large, flat area of land not higher than nearby areas. 

g) ___________ a natural or artificial place where water is collected for use, supplying a 

community or region. 

h)____________the air, water, minerals, organisms, and all other external factors 

surrounding and affecting a given organism at any time. 

i) ____________an area of land drained by a river. 

 

4. Read this text and answer the following questions 

Guadalquivir River, Spanish Río Guadalquivir, Arabic Wadi Al-Kabīr (“Great River”), major 

watercourse of southern Spain. Rising in the mountains of Jaén province, it flows in a 
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generally westward direction for 408 miles (657 km), emptying into the Atlantic Ocean at 

Sanlúcar de Barrameda, on the Gulf of Cádiz. It drains an area of 22,318 square miles 

(57,803 square km). 

 

The Guadalquivir is among the longest rivers in Spain (along with the Ebro, the Tagus, and 

the Guadiana), and it has several distinctive characteristics. Its natural environment is one of 

the richest and most varied areas of plant and animal life in Europe. Its irrigative capacity, 

particularly in its wide and fertile plain, supports the rich agriculture of Andalusia, and 

engineering improvements have aided the industrialization of towns along its course. 

 

The Guadalquivir rises almost 5,250 feet (1,600 metres) above sea level, in southern Jaén 

province, to the north of the Sierra Nevada fronting the Mediterranean Sea. It then flows 

northward for about 30 miles (48 km), running through a narrow valley. After emerging from 

the reservoir of El Tranco de Beas, it follows a westerly and southwesterly trend for the 

remainder of its course. Between the cities of Andújar and Montoro, the river cuts a widening 

plain. After passing the city of Córdoba, the Guadalquivir irrigates the fruitful regions of 

Posadas and Lora del Río before reaching Sevilla. From there the river meanders lazily across 

a hot coastal plain, traversing the swamps of Las Marismas, the largest in Spain, before 

reaching its mouth at the eastern end of the Gulf of Cádiz. 

 

The drainage basin of the Guadalquivir encompasses one of the greatest floral resources of 

Europe, containing representatives of half of the continent’s species of plant life, together 

with nearly all those of the North African region. The surrounding mountains are covered 

largely by forests of pine and oak, but more than a third of the total surface is olive groves. In 

addition, cereals (wheat and barley) and viticulture support the regional agriculture. 

 

Fauna is as varied as the plant life, with animals representing a great variety of European and 

North African species. In the mountains wild boar, goat, fallow deer, chamois, partridge, and 

many other animals are found, making the area one of the great European hunting regions. 

Fish, notably trout and barbels, are found throughout the Guadalquivir, its reservoirs, and its 

approximately 800 tributaries. Its main tributary, the Genil River, originates in the Sierra 

Nevada and flows into the Guadalquivir River at Palma del Río. 

 

Autor: Vicente Rodríguez. Enlace: http://www.britannica.com/place/Guadalquivir-... 

1. Who invented the name of the river?_______________________________________ 

2. Where is it born?______________________________________________________ 

3. Where does it end?____________________________________________________ 

4. Which forests can you find in the mountains surrounding the river? 

___________________________________________________________________ 

5. Which animals are there in the area? 

___________________________________________________________________ 

 

http://www.britannica.com/place/Guadalquivir-
http://www.britannica.com/place/Guadalquivir-
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5. In pairs, use the Internet and look for a famous river you are interested in. After that, 

do a presentation about the river you chose. Use this outline as a guide. 

1. Introduction (name of the river, area) 

2. Some cities the river flows through (include some information about them) 

3. Why is the river important? Give some reasons. 

4. Animals living in the area. 

5. Type of vegetation in the area 

6. Why did you choose this river? 

 

4.Subject: Biology and Geology 

Task 1.  

Answer the following question: Do fishes drink water in the Guadalquivir River?  

To do this activity you are going to  work with your classmate. Follow these instructions: 

o Use a  computer, your cell phone or your tablet 

o Distribute work 

o Justify your answer. 

o Email your teacher with the answer. 
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Unit 27: Light and life 

 

1. Subject: Mathematics 

Answer these questions. 

Do you know low energy light bulbs?  

Do you have some at home? 

Do you know how much electricity these bulbs need? 

And the incandescent light bullbs? 

Read this text: 

To reduce carbon dioxide emissions from your home, at the beginning of 2008 it was 

proposed to replace in one million incandescent light bulbs with low energy light bulbs in 

some regions of Spain. 

The aim was to collaborate to rereduce climate change from your house with a simple 

gesture. Thus, through the "Million bulbs challenge" a total of 100,000 light bulbs were 

distributed freely to promote the progressive use of these devices. With initiatives like this, 

the Government hoped to encourage the replacement of traditional incandescent light bulbs 

with energy saving bulbs. Some advantages of using light bulbs could be:  

 They last eight times more and provide the same light. 

 They can save up to 80% of the energy used by incandescent bulbs. 

 They use less electricity. 

 They are "cold"; most of the energy they consume is transformed into light. 

 

Task 1 If n stands for the number of hours a traditional bulb last, which of these expressions 

represent the length of a low energy light bulb? 

a) n/8 

b) 8n 

c) n + 8 

d) 8 – n 

Task 2 Answer the following questions. 

A. What can we say about the energy saving in low energy light bulbs? 

a) They consumed 4/5 of the energy used by incandescent bulbs. 

b) They consume 20% more energy than incandescent light bulbs. 

c) They save 4/5 of the energy used by the incandescent bulbs. 

d) They save 20% of the energy used by the incandescent bulbs.  

 

B. The lighting for home costs 15% of the electricity bill. A family has paid 120 euros 

for the electricity. How much belongs to lighting? 

a) 20 euros 

b) 10 euros 

c) 18 euros 

d) 22 euros 
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C. I have four traditional light bulbs in my room, with a total of 280W. If I replace them 

with low energy light bulbs and maintain the same light intensity and taking into 

account the following chart, how much money can I save? 
 

Traditional light 

bulb that has to be 

replaced 

Low energy light bulb 

with the same light 

intensity 

Savings in electricity 

while the light bulb 

works (euros) 

Savings in KWh 

while the light 

bulb works 

40 W 9 W 35 248 

60 W 11 W 55 392 

75 W 15 W 67 480 

100 W 20 W 90 640 

150 W 32 W 132 944 
 

a) 3 ·55 + 90 

b) 3 · 55 + 2 · 90 

c) 55 + 3 · 90 

d) There aren't any savings 
 

D. How can I save more electricity? Replacing a 100 W traditonal bulb of with a low 

energy light bulb of 20 W or with two bulbs of 9 W and 11 W? 

a) I save more with the 20 W light bulb 

b) I save the same 

c) I save more electricity with the bulbs of 9 W and 11 W 

d) I don't save anything with any of these changes. 
 

E. CO2 (carbon dioxide) is one of the greenhouse gases which causes the climate change. 

“When you save 1  KWh the atmosphere saves 1 kg of CO2 ”. If ten 75 W light bulbs 

are replaced, how many kg of CO2   can the atmosphere save? Justify your answer. 

_____________________________________________________________________

_____________________________________________________________________ 
 

Task 3 Ask your family these questions about light bulbs at home. 

 Number of light bulbs they have at home ___________________________________ 

 Which type are they?____________________________________________________ 

 How much did you spend on electricity in the last bill?_________________________ 

 If you don't have any or only a few low energy light bulbs, could you explain the 

reason why?___________________________________________________________ 
 

Task 4. In pairs, do a comparative chart in which you will answer the next questions. 

a) How many bulbs you have at home? 

b) How many bulbs are traditional? 

c) How many are low energy light bulbs? 

d) What's the percentage of low energy light bulbs that you have at home? 
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e) How much did you pay in your last bill? 

f) According to the data in the activities from the previous day, how much belongs to 

lighting? 

g) According to the savings described in the activities from the previous day, how much 

would you save if you replaced all the bulbs with low energy ones? 

h) How much CO2 the atmosphere would save? 

i) Do a brief chart describing the main reasons why you don't have low energy light 

bulbs at home. 

j) What would you say to convince your parents? 

 

2.Subject: English  

Task 1. Hangman. Try to guess the next words. 

a) _ _ _ _ _ _     b) _ _ _ _      c) _ _ _ _ _ _ _    d) _ _ _ _   e) _ _ _ _ _ _ _ _ _  f) _ _ _ _ _ _ _ 

g) _ _ _ _ _ 

 

Task 2. Do this crossword with the help of your partner. Pay attention to the 

definitions! 
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Task 3. Let's discuss these questions. 

a) How many daylight hours are there in winter in Finland and in Spain? Are they the same? 

Why? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

b)Do you think that the number of daylight hours affect our way of life and daily routines? 

___________________________________________________________________________ 

___________________________________________________________________________ 

 

Task 4. Choose two countries from different parts of the world. Then, they look for 

information about the daylight hours they have in one or two of the seasons and how this 

influence people's way of life and daily routines. After getting this information, present this 

information orally to the rest of their classmates. 

 

3. Subject: Biology and Geology 

Task 1 : List the anatomy of the  human eye and draw it. 

________________________________ 

________________________________ 

________________________________ 

________________________________ 

________________________________ 

________________________________ 

________________________________ 

________________________________ 

________________________________ 

 

Task 2 : How can we see a candle ? Find the solution and draw it. 

 

 

 

 

 

 

 

 

 

 

Task 3: Reflexion or  refraction inside the eye? 

___________________________________________________________________________ 
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Task 4 : Clinical case. A student who is 12 years old has blurred vision of nearby objects. 

Make a diagnosis and give a treatment. 

 

Task 5:  Importance of light in photosynthesis. 

This is an experimental activity.  

 Take notes of your observations. 

 Take photos of the plant, leaves… 

 Write a final inference. 

 

4. Subject: Physics 

Task 1: Read. 

The light can be seen as a form of energy that travels in straight lines in all directions. These 

lines are called rays of light (eg laser pointer), and when we talk about light, it refers to a 

series of light rays that travel in all directions (eg, a flashlight). The speed of light in air is 

300,000km/h, in other transparent media such as water or glass is lower. 

The light can be classified according to their origin, we can say that there are two light 

sources: 

 natural, sun and stars 

 artificial: objects made by humans, like light bulbs. 

Properties of Light: 

Reflection: it is the phenomenon that occurs when, after striking an object, light changes its 

direction. Reflection always fulfills Snell's law. 

The incident, normal (imaginary straight line perpendicular to the surface at the point where 

the beam enters) and the reflected rays are in the same plane. 

The incidence angle and the reflection 

angle are equal. 

Refraction: The phenomenon that occurs 

when light strikes a surface and partly 

goes through the surface and spreads 

through the second plane. In the 

refraction: 

The incident, the normal and the 

refracted rays are in the same plane. 

The angle of incidence and the angle of 

refraction are related, depending on the 

propagation speed in each medium. 

Refraction has to do with the use of 

lenses (goggles, cameras, telescopes, 

etc.).  
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There are two types of  lenses : 

a) Convergent. They are thicker in the middle than at the ends and concentrate light rays 

b) Divergent. They are thicker at the edges than at the center and they spread light rays . 

The crystalline is the lens of the eye that allows us to focus objects at different distances and 

it makes that modifying its curvature. 

Task 2 

Experiment 1: Lenses and refraction. 

You need a glass, some water and a piece of paper in which we have to draw, for example , 

an arrow. We look at the drawing through the empty glass first and then, through the glass 

with water. We check if there are any changes in the perception of the drawing. 

Write in your notebook what is observed in every experiment and the reasons why it happens. 

Draw an outline of what happens. 

 

Experiment 2: Creation of a hologram. 

We need transparent plastic (it can be a CD cover, transparency sheets or any other 

transparent material), ruler, graph paper, pen, scissors or cutter, and transparent adhesive 

tape. 

Draw on paper a trapezoid of base 6 cm and 1 cm at the upper end, with a height of 3.5 cm (it 

can be larger by doubling or tripling measures). Cut it and it will serve as a mould.. Then, 4 

plastic figures are trimmed and joined with tape, resulting in a pyramid. 

Put the inverted pyramid on a smartphone or tablet which play the next video. 

https://www.youtube.com/channel/UCywkw-AptjSsIQqrqNmRVgg standing. 

Write in your notebook what is observed in every experiment and the reasons why it happens. 

Draw an outline of what happens. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.youtube.com/channel/UCywkw-AptjSsIQqrqNmRVgg
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Unit 28: Great discoveries 

 

1. Subject: Mathematics (Games of chance, ¿luck or mathematics?) 

If we study the behaviour of the results when we throw a coin or roll a dice, 

we can establish some mathematical principles of probability which have 

played an important role in the development of some sciences.In fact, the 

axiomatic of the calculation of the probability is based, practically, on the 

dice roll. This proves that the principles of sciences are simple in general.  

Although the rolls of the dice are random experiments, mathematics help us express in 

numbers how frequently some results can take place. We are going to experiment with the 

roll of one dice and then, with two. We will end with a betting game in which the prize will 

depend on  the probability of succeed.  

Answer the following questions: 

Think about a game of chance in which you have to roll a dice and take notes of the result. 

Which are the possible results? If you had to bet for a result, which one would it be? 

Imagine you roll two dices instead of one and then, you sum both results. Which result can it 

be? Do all of them have the same probability? Which one would you bet for? The debate 

begins. 

Applications  

Task 1.A dice is given to each pair. Then, they will roll it 30 times and complete the 

following chart. 
 

 

POSSIBILITIES 

HIPÓTESIS 

If we roll it 30 

times, ¿how many 

times will this 

number appear? 

Results =  PROPORTION =  

 Results/number of rolls 

From 

our 

pair 

From the 

class 

From 

our pair 

From the class 

Fracction Decimal 

numbers  

1 

 

      

2 

 

      

3 

 

      

4 

 

      

5 

 

      

6 

 

      

 TOTAL 30  1 1 1 
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Task 2. Each group is given two dices. Roll them 100 times at the same time. Then, complete 

the following chart. 

           Total 

1            

2            

3            

4            

5            

6            

7            

8            

9            

10            

11            

12            

Which conclusions do you come to? Do all the groups get the same results?  

 Complete this chart with the roll of two dices. 

+ 1 2 3 4 5 6 

1       

2       

3       

4       

5       

6       

Quantify the probabilities of each of the possible results of: In how many ways can we 

express probability?  Then, complete the chart. 

 Probability 

Fraction 

Probability 

Decimal numbers 

% 

Percentage 

1    

2    

3    

4    

5    

6    

7    

8    

9    

10    

11    

12    
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Task 3:  Game. Rules: 

 The winner is the student with more money at the end of the game. 

 You have to roll two dices and sum both numbers. Each student will bet the money he 

or she wants on a specific number (from 2 to 12) 

 If you bet on 12, you will win 6 times the money you bet. 

If you bet on 11, you will win 5 times the money you bet. 

If you bet on 10, you will win 4 times the money you bet. 

If you bet on 9, you will win 3 times the money you bet. 

If you bet on 8, you will win 2 times the money you bet. 

If you bet on 7, you will win 1 time the money you bet. 

If you bet on 6, you will win 2 times the money you bet. 

If you bet on 5, you will win 3 times the money you bet. 

If you bet on 4, you will win 4 times the money you bet. 

If you bet on 3, you will win 5 times the money you bet. 

If you bet on 2, you will win 6 times the money you bet. 

 Each student starts the game with 100€ (fake money) 

 One student is chosen as the bank. 
 

2. Subject: English. 

Watch the next video!  https://www.youtube.com/watch?v=bNUfZ3_VkuE 

Task 1. Find the QR codes in the school and complete the gaps. 

NAME OF INVENTOR INVENTION DATE  / CENTURY 

1. Marconi   

       2. ADHESIVE TAPE  

      3. Joseph Gayetty    

      4.  TRACTOR  

      5. Johann Vaaler.   

      6. TELEPHONE  

      7. John Montagu, the 4th Earl of Sandwich   

     8. THERMOMETER  

     9. Egyptians   

     10. DISHWASHER  

     11. Henry W. Seeley   

     12. COCA-COLA  

     13.Sylvester Howard Roper.   

     14.  BASKETBALL  

     15. GAS MASK  

     16. JEANS  

     17. Joseph-Ignace Guillotin   

     18. ZIPPER  

     19. TRAFFIC SIGNAL  

     20. AIRPLANE  

https://www.youtube.com/watch?v=bNUfZ3_VkuE
http://www.enchantedlearning.com/inventors/indexr.shtml#Roper
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Task 2. Draw your own invention. 

 

 

 

 

3. Physics and Chemistry. 

Gunpowder is one of the most important inventions in the history of mankind and, although 

it has been used for destructive purposes, its commercial and industrial applications are very 

important. It has contributed to better economic exploitation of raw materials which would 

have been impossible before the nineteenth century. 

Gunpowder is a deflagrating substance (suddenly it burns with flame and without explosion) 

mainly used as detonator of missiles in firearms and with acoustic aims in fireworks. 

The powder is a Chinese invention, which was probably invented by alchemists, who 

believed they could reach a higher spiritual state if they could change their inner being 

through the transition of  metals. They found gunpowder by mistake because what they really 

wanted was the elixir of eternal life (gunpowder in Chinese means "fire medicine"). During 

the Han dynasty or the ninth century an alchemist wrote a book called "The Book of kinship 

of the three" in which he warns about mixing some substances. This was one of the first texts 

with references to this product. The creation process was complicated and risky so that the 

alchemists had to add some liquid to minimize the risk of fire. In the eighth century, during 

the Tang Dynasty a formula for gunpowder had already been established. Chinese usually 

used black powder in order to create fireworks, using it in the most important celebrations 

and as a weapon to frighten their enemies. 

Besides the Chinese, there are sources they say that the true creators of gunpowder were the 

Arabs who mixed potassium nitrate with different types of substances. They applied that 

knowledge to create explosives and military items like firearms. Anyway, the powder was 

created between the seventh and ninth centuries. 

The powder is a combination of fuel (coal), an oxidizer (potassium nitrate) and sulfur, which 

allows a stable reaction. Carbon and oxygen form carbon dioxide. Potassium nitrate reacts 

with carbon and sulfur and they originate nitrogen and potassium sulfide. This, together with 

the gases of carbon dioxide, produce an expansion effect with propellant effect.  

Types of gunpowder 

Currently there are several types of powders, from black powder, with all its variants to flash 

powder, a great invention in the modern era: 

 BLACK POWDER: Black powder is the most famous one. Originally gunpowder was 

invented in China, especially for the fireworks. Its reaction is faster than that of white 

powder, but not as fast as flash powder. If  we change the composition of black powder it 

can be used as a load of old guns, rockets.... 

 FLASH GUNPOWDER: Flash gunpowder was invented in order to make a huge flash for 

cameras. This powder is currently used for firecrackers, small rockets, fountains ... The 

flash powder is silver.  Aluminum creates that colour and is applied in small particles to 
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obtain flash powder. 

  WHITE POWDER: The white powder is not currently used. Its compound is simple. 

Formerly it was  used to make a small path of 500 meters approximately that led to tons 

of black powder which detonated depending on castles or watchtowers. The white powder 

is very slow and easy to do.  

 

COMPOSITION OF THE DIFFERENT TYPES OF GUNPOWDER 

BLACK GUNPOWDER: 

 -70% potassium nitrate 

-20% Charcoal 

-10% Sulfur powder 

FLASH POWDER: It is similar to black powder but it has a 10% coal and 10% of very fine 

and small turnings (almost like dust) of aluminum.  

WHITE POWDER: 

 -60% of potassium chlorate 

-18% White sugar. 

-12% Sulfur 

You can add salt of different chemical elements to the powder. When you burn the 

gunpowder, its colour changes, for example: 

BLUE: Copper chloride, or copper salt. 

GREEN: barium nitrate. 

RED: Strontium nitrate. 

YELLOW: Iron. 

WHITE: Magnesium. 

 

We will make black powder and white powder to see the difference between them when we 

burn them. 

 

4. Subject: Biology 

“Corpse of 63-year-old man is found dead near the stairs of entry to the science laboratory, 

stretched mouth below and with evident signs of violence. After autopsy they find costal 

contusions, responsible for the vomit found in the scene of the crime, and strong blow in the 

left occipìtal with abundant bled and partial loss of encephalic mass. The quantity of blood 

found in the crime scene is not sufficient to produce the death for bleeding to death. 

The rectal temperature of the corpse was of 35ºC to the 12.10 a.m. of February 24, 2016.” 

Task 1: Fingerprint 

This is an experimental activity.  

o Take notes of your observations; Draw the fingerprints that you will extract. 

Task 2: Stomach contents:Determine the presence of  starch and glucose  in the vomit 

sample. 

This is an experimental activity.  

o Take notes of your observations.  

Task 3: The time of death. 

10 (37 – rectal temperature) / 8 = Hours. 
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Unit 29: Rocks and monuments 

 

1.Subject: Biology and Geology. 

 

Task 1: The rock cycle 

Write in your notebook the rock cycle.  

 

Task 2: Monuments in your city  

Fill in the chart. 

 

MONUMENT MONUMENT MONUMENT 

 
 

 
 

Name:  Name: Name:  

Types of rocks: 

 

 

 

Types of rocks: 

 

 

Types of rocks:  

 

Task 3: Monuments around the world  

Fill in the chart. 

 

MONUMENT MONUMENT MONUMENT MONUMENT 

 
   

Name:  Name:   Name:  Name:  

Types of rock: 

 

 

 

Types of rock: 

 

Types of rock: 

 

Types of rock:  
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Task 4: Biodegradation of cultural heritage  

1.Which are the organisms involved in the biodeterioration processes in monuments made of 

rocks? 

___________________________________________________________________________

___________________________________________________________________________ 

2.Write the main processes produced by organisms in monuments. 

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________ 

 

2.Subject: English  

Task 1. Pictionary. Pay attention to your classmates' drawings an guess the word! 

RUIN -  CATHEDRAL-   PYRAMID – LIMESTONE - TEMPLE – OPERA HOUSE – 

LIGHTHOUSE – REEF – TOMB – CAVE – CASTLE – MARBLE – GRANITE – CORAL 

- RAINFOREST 

 

Task 2. Classify these words in the correct category. 
 

RUIN -  CATHEDRAL-   PYRAMID – LIMESTONE - TEMPLE – OPERA HOUSE – 

LIGHTHOUSE – REEF – TOMB – CAVE – CASTLE – MARBLE – GRANITE – CORAL 

- RAINFOREST 

 

ROCKS AND MINERALS LANDSCAPE MONUMENTS 
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Task 3. PROJECT. You wil talk about a place you would like to visit and explain the 

reasons why. Don't forget to include some of the words you have learned and try to connect 

them with the sites or monuments you would like to see. 

WHERE WOULD YOU LIKE TO TRAVEL? 

a) Where is it? 

b) How many people live there? 

c) Which language is spoken? 

d) Talk about 6 interesting places (at least). Explain if they are landscape features or 

monuments. In this case, investigate and find out which materials they are made of 

(type of rock or mineral). 

e) Why would you like to travel there? 

 

3. Subject: Maths 

 

Task 1-  Let's make a device to measure angles with the following materials: metre of angles, 

pen, two nuts and glue. You will work in groups of three people. 

 

Task 2. Do a presentation about the two most important monuments. Include some historical 

information about them. 

 

Task 3- You have to go out of the classroom and measure angles and distances in San José 

Church. You will work in groups of three and need the metre of angles, a metre, a calculator 

and a notebook.Then, you have to measure your height and the length of your shade using a 

metre. Then,  fill in this chart. 

 

1. After measuring the shade of the church with the metre and with the average of the 

coefficient of proportionality, calculate the height of the church.  

2. With the height of the church, calculate the relative and the absolute error. 

3. With the previous data, calculate the measure of the elevation angle of the sun. Then, 

check it with the metre you have made. 

 

Task 4: In groups of three you have to calculate the height of “Nuestra Señora de 

Villaviciosa” hermitage using the method of the double observation in trigonometry         

                       

Task 5: Analysis of the results.  

 

Name of the students 
Height Shade Coefficient Name of the 

students 
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Task 6: Presentation. 

1. Each group will expose their work and results and you will explain the steps you 

followed to get them. 

2. Discuss about the errors you committed and analyze their causes. 

3. Calculate the average of all the measures in order to obtain a final result. 

 

4.Subject. Chemistry. 

 

ACTIVITY 1:  Read the text. 

Acid rain is formed when the humidity in the air is combined with nitrogen oxide, sulfur 

dioxide and sulfur trioxide produced by factories, power plants and vehicles that burn coal or 

petroleum products containing sulfur. When these gases interact with the rainwater, they form 

nitric acid, sulfurous acid and sulfuric acid. Finally, these chemicals fall to earth together 

with precipitation, forming acid rain. 

The air pollutants that create acid rain can travel long distances, thanks to the wind, for 

hundreds or thousands of kilometers before precipitating in the form of dew, rain, drizzle, 

hail, snow, fog or mist. When precipitation occurs, it may cause environmental deterioration. 

Rain typically has a pH of about 5.65 (slightly acidic), due to the presence of atmospheric 

CO2, which forms carbonic acid, H2CO3. We talk about acid rain if it has a pH less than 5 

and can reach the pH of vinegar (pH 3), values which are reached in the air when one or more 

of the gases mentioned are present. 

Consequences on buildings. 

The buildings, mainly built by calcareous rocks (limestone and marble) and rocks cemented 

by carbonates (sandstones and others) are particularly sensitive to acid rain. 

The calcium carbonate of all these rocks is attacked by acids, and it turns into a plaster called 

sulfin, which is not only more soluble and therefore more easily washed away, but also has 

more volume. Because of this, it acts as a wedge on the stone, increasing its destruction by 

mechanical erosion. This produces a surface decomposition of the stone in the form of peels, 

grit and detachment of the outer layers. As a result, this produces wear and sculptural relief 

forms and polychrome loss and even detachment parts, which can cause mechanical 

instability and serious damage to such buildings. This is known as "rock disease". 

 

CaCO3 + H2SO4                     Ca SO4 + CO2 + H2O 

 

This stone disease is especially significant when it affects famous statues and monuments, 

including the Acropolis in Athens or artistic treasures in Italy and Spain . All these and many 

other places have accelerated its decline in the last 30 years. We have to take into account 

that they had been preserved in very good condition for centuries. Furthermore, other metallic 

materials used in construction corrode faster if the rain is acid . 

Acid rain has different effects on human health , ecosystems , the artistic heritage of our 

societies , agricultural production and the resulting economic costs that these changes entail. 
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Read the text and answer the following questions. 

Task 1. What's the "mal de la piedra"  (“rock disease”)? 

___________________________________________________________________________

___________________________________________________________________________ 

Task 2. Which are the main sources of pollution for the formation of acid rain? 

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________ 

 

Task 3. What is the chemical reaction that takes place in acid rain? 

___________________________________________________________________________

___________________________________________________________________________ 

 

ACTIVITY 2: In the laboratory, the students will check how acids affect marble. 

We will prepare three solutions of sulfuric acid ( or hydrochloric acid ) with concentrations of 

1molar, 5 molar and 10 molar. Then, we will add a couple of drops from each solution to 

three pieces of marble and will see what happens. 

1. Write what you see and the chemical reaction that is produced. 

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________ 

2. Write the relationship between the concentration of the solutions and the time the reaction 

occurs. 

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________ 

 

ACTIVITY 3: Find information about the consequences of acid rain and the solutions that 

have been given throughout history. With two classmates, write a critical analysis and expose 

it in front  of the class. 
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Unit 30. Amusement parks 

 

1. Subject: Biology and Geology. 

Task 1: Roller coaster  

 Is your pulse rate higher or lower after the ride? Justify your answer. 

____________________________________________________________________

____________________________________________________________________ 

 Describe the parts of the nervous system that are  involved  in changing your heart 

rate. 

____________________________________________________________________

____________________________________________________________________ 

 List the symptoms that you feel. 
__________________________________________________________________________

__________________________________________________________________________ 

Task 2:  Bumper car and whiplash “ You are driving your bumper car and suddenly you 

are struck from behind” 

 What will happen to your neck? Draw all the movements that your neck will do. 

___________________________________________________________________________

___________________________________________________________________________ 

 List all structures that would be injured. 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 Find out  common symptoms and treatment. 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

2.Subject: English  

Task 1. Watch the following video. Pay attention. 

https://www.youtube.com/watch?v=OjoyjbEu2oM 

 

Task 2. Answer the following questions orally. 

a) What's the name of this attraction? 

b) Have you ever ridden on it? 

c) What did you feel when you rode on it? 

d)Which theme parks have you visited? Do you remember the names of some of the 

attractions? 

https://www.youtube.com/watch?v=OjoyjbEu2oM
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Task 3. With the mobile phone or the laptop, click on this webpage 

https://en.wikipedia.org/wiki/List_of_amusement_rides 

 

Task 4. Now, in pairs, choose an attraction and look for information about it on the 

internet. You have to show it to your classmates so prepare a short presentation (2 minutes) 

about it. Include some pictures and information. You don't need to prepare any document. 

 

Task 5. Match these words with their definitions. 

 

 

Headache - Stiffness  -  Dizziness  -  Vertigo  -  Painkiller  -  Anxiety  -  Physiotherapy 

 

 

a) _______________________rigid or firm 

b)________________a pain located in the head 

c)________________having a sensation of things going round and round 

d)________________a sense of overwhelming fear or dread often with acute physical 

symptoms, as palpitations and sweating. 

e)________________a disordered condition in which one feels oneself or one's surroundings 

whirling about 

f)_________________something, as a drug or treatment, that relieves pain 

g)_________________therapy performed on a person's body to restore its natural ability, as 

exercises to strengthen an injured limb. 

 

Task 6. Now, divide the words of the previous exercise in these two categories. 

 

SYMPTOMS TREATMENT 

 

 

 

 

 

 

 

 

Task 7. PROJECT. Imagine you are the owner of an important theme park. In groups of 

three, create a brochure about it with its corresponding attractions. Include attractive pictures, 

and information about each of the attractions. You have some examples. 

 

 

https://en.wikipedia.org/wiki/List_of_amusement_rides
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http://www.skyscrapercity.com/showthread.php?t=1052809&page=2 

 

http://www.telegraph.co.uk/culture/film/film-news/10968097/Inside-the-Jurassic-World-

theme-park-brochure.html 

 

 

http://www.skyscrapercity.com/showthread.php?t=1052809&page=2
http://www.telegraph.co.uk/culture/film/film-news/10968097/Inside-the-Jurassic-World-theme-park-brochure.html
http://www.telegraph.co.uk/culture/film/film-news/10968097/Inside-the-Jurassic-World-theme-park-brochure.html
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3. Subject: Mathematics 

Applications  

Task 1- Design the park 

Take some grid paper and design an amusement park and decide the type of attractions you 

want, including cafés, toilets parking lots, shops and some paths connecting all the places . 

Then you will do a chart in which you have to indicate how many square metres each place 

has. Calculate the perimeter of the park as well. Use appendix 1. 

 

Task 2. Calculate the cost of the opening of the park (for one day, one week & one year)  

With the help of the appendix 2 and a spreadsheet, calculate the cost per day, per week and 

per year. 

 

Task 3. Calculate the cost of the tickets and the income.  

Have a look at these three possibilities (appendix 3) and choose one. Then, calculate the 

number of daily visitors in the first month and their corresponding income. Finally, find out 

the benefits taking into account the costs and the income. Which are the benefits at the end of 

the year? How much money is left in the bank at the end of the year? 

 

Task 4. Improve the park.  

At the beginning of the second season it was decided to reinvest 40% of what is left in the 

bank to make improvements in the park. For example in advertising. Surf the Internet and 

find out how much you will spend on advertising through radio, television or internet 

brochures. Depending on the information sought and knowing that brochures will increase 

daily visitors 10%, radio 15%, television 25% and internet 28%, decide which type of 

advertising you will choose and the benefits obtained in this second year. 

 

Task 5: Presentation of the work done  

 

Appendix 1 

SURFACE  

Attractions 

Type A 

 (big wheel) 

Attractions type B 

(circus, train, 

castle...) 

Café Shop Toilets 

 

Bin 

12 cm
2
 6 cm

2
 4 cm

2
 4 cm

2
 2 cm

2
 1 cm

2
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Appendix 2 

 

Item Cost  

Attractions type A(big wheel) 50.000 €/unit 

Attractions type B (circus, train... 25.000 €/unit 

Streets 40 €/square 

Shop, café 4.000 €/unit 

Toilets 1.000 €/unit 

Bin 50 €/unit 

Trees 200 €/unit 

Lake 50 €/square 

 

 

 

 
Staff cost Running Costs  Nº units 

Total costs 

per day 

Atractions type A  40 €/day 50 €/day   

Attractions type B 30 €/day 30 €/day   

Café 30  20 €/day   

Shop 20 10 €/day   

Toilets 5 5 €/day   

Bin 31,5 €/week 4 €/day   

Trees 91,25 €/year    

Lake 50 €/m
2
    

     

 

 

Appendix 3   

 

Ticket 1 Ticket 2 Ticket 3 

20 €/pers 

4 attractions type A 

10 attractions type B 

Toilets, signs,… 

 

12 €/pers 

2 attractions type A 

5 attractions type B 

5 €/pers 

 

4 attractions type B 
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Unit 31: Vectors 

 

 

1.Subject : Physics (through mathematics and geography) 

The newsreader says: 

When the construction of the bridge between Istanbul-Izmir finishes, the journey will take 

only 4 hours by car. 

There has been an increase in obesity around 5 % in the world. 

Galatasaray beat Real Madrid 3-2 at the semi-final of champions league. 

Drivers must watch out the traffic signs in the flow direction from Kocaeli to Ankara 

between 45-80 km on the motorway because of the road construction. 

It was announced that a gold treasure from Byzantine period was found in 40 km north-west 

direction of Hagia Sophia Museum in Istanbul. 

If the newsreader made a mistake by not reading the words in bold in the last two news, 

would you understand what happened? Why or why not? 

 

Task 1. Decide the type of the quantities below: 

1. Imagine that one of your friends is running with a speed of 5 m/s.  ........................... 

2. The bus is heading at a velocity of 50 km/h towards the school. ............................ 

3. The force on the bridge is 80 N acting downwards............................. 

4. The temperature of the classroom is 22
o
C............................. 

5. Imagine that you are going to canteen from classroom at about 4 m/s  in a northerly 

direction ……………….. 

6. You are using your GPS in your car to help you get to your destination. The GPS tells 

you that you will reach your destination in 5 minutes   ……………………… 

7. The weather reporter says that at 1 a.m., the wind will blow north at 12 km/h and at 1 

p.m. the wind is expected to blow eastward at 36 km/h.  ………………….. 

8. Imagine that you are in a treasure hunt. Walk 30 paces north, then 25paces east, then 

dig a hole and you will find it! …………………… 

9. When you put veggies on a scale, the scale might read 100 grams. ………………… 

10. You would guess that- 10 degrees Fahrenheit means that it is cold. ………………… 

 

Task 2: 

2.1 This is the wind-speed map on a weather report. 

 Do you think such a system is sufficent for detecting general trends in wind direction and 

speed?  

________________________________________________________________________

________________________________________________________________________ 
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2.2 Is there a way that we can incorporate both aspects of wind, speed and direction, with a 

simple system? 

___________________________________________________________________________

___________________________________________________________________________ 

 

 
 

Use arrows to indicate the direction of the wind with an arrow while writing the wind speed 

next to the arrow. 
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Task 3:  

3.1. A swimmer is swimming downstream in the same direction with the current in a river. 

How can you find the velocity of the swimmer with respect to the ground? 

___________________________________________________________________________

___________________________________________________________________________ 

 

3.2  A swimmer is swimming downstream against the current in a river. What is the velocity 

of the swimmer with respect to an observer standing by the river? 

___________________________________________________________________________

___________________________________________________________________________ 

 

 

 

 

 

 

 

 

 

Task 4:  

Look at the picture below. Answer the 

questions accordingly.  

a) The ship is moving from A to B. In which 

point will it land?_____________________ 

b) Where will the ship land? Why will the 

ship land there? ______________________ 

___________________________________ 

c) According to an observer watching from 

outside, what is the velocity of the ship? 

___________________________________

___________________________________ 
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Unit 32: Vertical and horizontal motion 

 

1 Subject: Physics (through Mathematics) 

Task 1. Read the questions below and answer them : 

a) Imagine that you are walking in a desert. You are very thirsty and fortunately you see 

a well . In order to get water from the well,  you need to learn how deep the water is 

but you have no device to measure except your watch . How do you think you can 

find approximately how many metres down the water is?  

_____________________________________________________________________

_____________________________________________________________________ 

b) How can you calculate the height of your building without a device to measure? 

_____________________________________________________________________

_____________________________________________________________________ 

c) Look at the five models. Which of these models will fall on the ground first? Why? 

________________________________________________________________________

_________________________________________________________________ 

d) As we know, free falling bodies get faster per second when they go down. Then, why 

don’t the raindrops hurt us? Think and comment about it. 

_____________________________________________________________________

_____________________________________________________________________ 

Task 2 : 

Take a coin, pick it up and throw it straight up in the air. Tell what you have observed. 
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Now you can calculate a lot of information about the flight of your coins. Answer the 

questions below and fill in the chart: 

- How fast did you toss the coin? 

- How fast was the coin travelling when it hit the ground? 

- How high off the ground was your coin when you released it? 

 

Initial velocity  

Terminal velocity  

Maximum height  

 

Fill in the graphs below according to your results 

 

  

 

  

 

 

 

 

 

 

 

 

Subject 2 : Physics (through Mathematics and Physical Education) 

Task 1: 

You are in the school garden.  You are taking part in a group work activity. Listen to your 

teachers instructions and act accordingly. 

- Why didn’t the balls drop to the ground at the same time? 

 

 

 

 

 

 

 

 

 

 

___________________________________________________________________________

___________________________________________________________________________ 
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Task 2:  

- How high did the ball go? 

- How long did the ball stay in the air? 

-  Why does each team have a different result? 

-  

 

 

 

 

 

 

 

 

 

 

 

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________ 

 

Task 3 :  

- Calculate the initial velocity of the first ball. 
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Subject 3: English  

Task 1: Read the sentences and try to guess the meanings of the verbs  

1. The troops will march at dawn. 

2. Look! The baby is crawling across the floor. 

3. Sarah tiptoed in order not to wake up her parents as it was midnight. 

4. Mike dragged the heavy box out of the way. 

5. She stretched her calves to get warm up before running. 

6. The dog picked up the bone in his mouth. 

7. I kicked the ball as hard as I could. 

8. Lean your head back a little. 

9. My friend threw the ball back over the fence. 

10. The doorman lifted my suitcase and showed me the way to the room. 

 

Task 2. Match the underlined motion verbs with their meanings. Two of them are extra. 

Match the underlined motion verbs with their meanings. Two of them are extra. 

a) to hit someone or something with the foot   …………………….. 

b) to pull along with difficulty or effort    …………………….. 

c) to take something with hand or other body part.  ……………………… 

d) to go/travel on foot.      ……………………… 

e) to extend to full length     ……………………… 

f) to get and hold in a hand/the hands    ……………………… 

g) to move the top part of the body in a particular direction ……………………… 

h) to walk steadily and rhythmically forward in step with other……………………… 

i) to move slowly on hands and knees    ……………………… 

j) to direct or carry from a lower position to a higher one ……………………… 

k) to walk or move quietly on one’s toes   ……………………… 

l) to send something through the air with force   ……………………… 

m) to hit someone or something with the foot   ……………………… 

 

 

Task 3:Match the pictures with the motion verbs. There are two extra verbs which 

don’t match with any pictures  

  

 

a)                 b)                c) 
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d) e) f) g) 

 

 

 

 

 

 

 

      

 

 

h)   i ) j) 

 

 

lean- lift- march- kick- crawl-tiptoe- skip- bend- stretch- pick up- catch- jump 

 

a)            b)            c)            d)             e)            f)           g)           h)          i )           j)    

 

Task 4: Write a short story using at least six of the motion verbs you learnt. 

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________

_________________________________________________________________ 

________________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 
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Unit 33: Exponents and root numbers 

 

 

1.Subject:  Mathematics 

Answer the following questions : 

What is perfect square? 

What is square root? 

What is the formula of Pythagorean theorem and to what kind of triangles you can apply this 

formula? 

Tell the order for evaluating a given expression ( consisting of multiplication, division, 

parenthesis, exponents, substraction, addition). 

 

Task 1 

1) Which of them are perfect squares? Circle. 

16    25   256  10  -9   44  100 

2) Find the results of the given expressions: 

a) (2 x 3 – 1 + 4) : 3 = _____ 

b) (3
2 

:5
0
 + 1) – 6 x 2 = _____ 

c) (6 : 2 x 4 + 2) : 7 = _____ 

3) The floor of a square room is covered with square-foot floor tiles. If 81 tiles cover the 

floor, how long is each side of a room? 

_____________________________________________________________________

_____________________________________________________________________ 

 

Task 2  

a) Draw a rectangle on your 

boards and draw one diagonal 

into it. Then make the picture 

to be right triangle wiping out 

the two sides of the rectangle. 

How can you find the longest 

side of the triangle?  

b) If you want to draw a right 

triangle without geoboard how 

can you be sure whether it is 

right or not? 
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Task 3 In what occupations or situations would you need to find the longest side of a 

triangle?  ( if the other sides are known.) 

___________________________________________________________________________

___________________________________________________________________________ 

  

2.Subject: Biology (through Mathematics ) 

 

a) How many bacteria do you think have to be present in 

the first place to end up with 256 in the colony? 

____________________________________________ 

b) How long do you think it takes to produce all 256 

bacteria? ( It takes a person about 20 years to multiply 

while bacteria need only about 20 minutes when growth 

conditions are good. ) 

____________________________________________ 

 

Task 1  

I took that milk to the picnic at 9:00 yesterday morning.  

When I was getting ready to leave at 12:00 in the afternoon, I 

realized I had left the milk out on the counter. If the milk 

contained 1x 10
2 

bacterial cells in the morning how many do 

you think it contained in the afternoon?    

 

 

 

 

 

Task 2 

Ayşe was making macaroni salad when we were at the 

picnic yesterday, but she could not find a spoon so she 

used her hands to mix the dressing. There were four S. 

aureus bacteria on her hands , which contaminated the 

salad. Then she left the salad unfrefrigerated for two hours 

on the counter. How many S.  aereus grew in the salad? 

Was the salad safe to eat? 

 

Task 3 

a) If it takes bacteria 20 minutes to multiply once, how long would it take them to multiply 10 

times ? 15 times? 25 times? 

__________________________________________________________________________ 
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___________________________________________________________________________

___________________________________________________________________________ 

b) How many bacteria would you get if you started out with one and waited 20 minutes? 60 

minutes? 100 minutes?  

__________________________________________________________________________ 

__________________________________________________________________________ 

__________________________________________________________________________ 

 

3. Subject: Physics (through Mathematics) 

Answer the following questions : 

Have you ever had an electroshock while shaking 

hands with your friend? 

Let’s do an experiment: 

Materials: 

•    Balloon 

•    An object made out of wool (such as a sweater, 

scarf, blanket or ball of yarn) 

•    Stopwatch 

•    A wall 

                                                                 •    A partner (optional) 

Preparation 

•    Blow up the balloon and tie off the end.  

•   Have your partner prepare to use the stopwatch. 

Procedure 

 Hold the balloon in a way that your hand covers as little of its surface area as possible, 

such as by using only your thumb and pointer finger or by gripping the balloon by its neck 

where it is tied off. 

 Rub the balloon on the woolly object once, in one direction. 

 Hold the balloon up on the wall with the side that was rubbed against the wool facing the 

wall, then release it. Does the balloon stay stuck on the wall? If the balloon stays stuck, 

have your partner immediately start the stopwatch to time how long the balloon remains 

bound to the wall. If the balloon does not stick, move to the next step. 

 Touch the balloon to a metal object. Why do you think this is important to do? 

 Repeat the above process but each time increase the number of times you rub the balloon 

on the woolly object. Rub the balloon in the same direction each time. (Do not rub the 

balloon back and forth.) How many rubs does it take to make the balloon stick to the wall 

for a few seconds? What about multiple minutes? 

 You can repeat this whole process two more times. Do your observations for each trial 

match with the previous trials? 

Observations and results 

In general, did the balloon stick to the wall for a longer amount of time as you increased the 

number of times you rubbed the balloon on the woolly object? 

 



 2016 STUDENT’S BOOK 

 

This student’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. 

 
 

P
ag

e2
9

6
 

Tasks: 

 

 

1.      

 

 

 

 

 

 

 

   

2.     

 

 

 

 

 

 

 

 

 

 

 

    

3.   

 

 

 

                            C 

                            

           = 0,617 m 

 

 

 

 

 

 

 

 

 

Two charges are located as shown in 

figure. Find the net electric force F 

between charges. 

A small sphere A carries a charge of 

+120µC. Calculate the magnitude and 

direction of the force which it exerts 

on a second small sphere B carrying a 

charge of −300µC if the distance 

between them is 30.0cm. 

Two balloons are charged with an identical quantity and type of charge: -6.25 nC. 

They are held apart at a separation distance of 61.7 cm. Determine the magnitude 

of the electrical force of repulsion between them. 
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Unit 34: Frequency and sound waves 

 

 

Subject 1 : Music (through Physics) 

Answer the following questions: 

1) What is frequency? How can it be related to our lesson? Look around you and give an 

sanswer. 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

2) What is the difference between music and noise? 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

3) What type of sounds can human ear hear? 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

4) Can sound propagate at loose ends? Why or why not? 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

Experiment:  

 

- What do you think will happen when your 

teacher turn the volume up? 

………………………………………………

………………………………………………

……………………………........................... 

- What do you think will happen when your 

teacher  turns the volume down? 

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

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

Task 1:  

 

- Try to find and 

play the note you hear. 

…………………………

…………………………

…………………………

…………………………

……………………….... 
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Note Frequency 

A 440 

B 493,9 

C 261,6 

D 293,7 

E 329,6 

F 349,2 

G 392 

 

2. Subject: Mathematics (through Physics) 

Answer the following questions: 

a) What kind of graphs have you already learnt in statistics up to now? 

…………………………………………………………………………………………

…………………………………….…………………………………………………… 

b) Where can you come across numerical data in real life? 

…………………………………………………………………………………………

…………………………………….…………………………………………………… 

c) How can you also represent the numerical facts( from real life) to make people 

understand easily? 

…………………………………………………………………………………………

…………………………………….…………………………………………………… 

d) What can you say about statistics? 

…………………………………………………………………………………………

…………………………………….…………………………………………………… 

 

Task 1 

1. Construct a table with three coloumns and write  class intervals in the first column, 

tally in the second column and frequency in the third column.   

 

 

 

 

 

 

 

2. In order to find the class interval, find: 

- Smallest data value =? 

………………………………………………………………………………………… 

- Highest data value=? 

………………………………………………………………………………………… 
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- Difference =? 

………………………………………………………………………………………… 

- Divide the difference by five find the width of the class interval. 

………………………………………………………………………………………… 

Now, write the class intervals on the first column. 

3. For the first data value in the list, place a tally mark against the appropriate group in 

the second column.  Continue this process until all the data values on the board are 

tallied 

4. Count the number of tally marks for each group and write it in the third coloumn. 

5. Find the mean number of your heights. ( we will divide the sum of the data on the 

board by the number of students) 

………………………………………………………………………………………… 

6. Comment on the result.  

………………………………………………………………………………………… 

………………………………………………………………………………………… 

Task 2:  

Number of siblings Frequencies 

0 3 

1 6 

2 8 

3 5 

4 4 

5 2 

6 1 

7 0 

8 0 

9 1 

 

The children in a class did a survey of the number of siblings each of them had. The 

results were recorded on the table above. According to the table: 

a) Find the mean number of siblings. 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

b) Find the mode value ( the value with the highest frequency) 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

c) Find the median value( when ranged from the smallest to the biggest, it is the value in 

the middle.) 

………………………………………………………………………………………… 

………………………………………………………………………………………… 
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3. Subject  : Physics (through Music) 

Task 1. Answer the following questions: 

a) Have you ever been in a room with nothing in it? Does it sound echo-y? What is 

going on? 

…………………………………………………………………………………………

…………………………………………………............................................................ 

b) When echo ocurs, our ear can discover  the difference between two sounds in more 

than 0.1 second. So, when a person yells at the opposite hill, how far away he / she 

should be from the hill to hear his/her voice back well? ( the speed of sound in the air 

is 340 m/s) 

…………………………………………………………………………………………

…………………………………………………............................................................ 

…………………………………………………………………………………………

…………………………………………………............................................................ 

c) How can bats live in small caves and hunt without seeing anything? Have you ever 

wondered? 

…………………………………………………………………………………………

…………………………………………………............................................................ 

…………………………………………………………………………………………

…………………………………………………............................................................ 

d) Have you ever thought what the sonars in the ships are used for? 

…………………………………………………………………………………………

…………………………………………………............................................................ 

e) Have you ever known someone who got a speeding ticket? Which device the traffic 

cops use to give this ticket and how do they do that? 

…………………………………………………………………………………………

…………………………………………………............................................................ 

…………………………………………………………………………………………

…………………………………………………............................................................ 

 

Experiment: 

Materials needed : 

 glass, plastic, and metal containers 

 various metal, wood, and string musical instruments 

 audio recordings of killer whales and humpback whales with corresponding sound 

spectrograms 

 data table worksheets 

 science notebooks 

 optional: suction cup and microphone 
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Task 2. Answer  the questions below: 

a) In which one can the sound travel faster- solids, liquids or gases? 

…………………………………………………………………………………………

…………………………………………………............................................................ 

b) Can you share some examples of when you heard things through the different 

mediums (air, bathtub or swimming pool, ear to a wall, etc.)? 

…………………………………………………………………………………………

…………………………………………………............................................................ 

 

  Task 3. Fill in the table below: 

 

Activity Sound Observations 

Light taps heard through air (gas) 
 

Light taps heard through table (solid) 
 

Heavy taps heard through air (gas) 
 

Heavy taps heard through table (solid) 
 

 

Task 4. Answer  the questions below: 

a) How sound was much louder through the table than through the air? 

…………………………………………………………………………………………

…………………………………………………............................................................ 

b)  How do you think sound would travel in a liquid? 

…………………………………………………………………………………………

…………………………………………………............................................................ 
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Unit 35: First and second degree equations 

 

 

1. Subject: Mathematics (Parabolas) 

Task 1. Answer  the questions below: 
What is parabola? 

Where can you see parabola  in real life situations? 

If you want to find twoconsequitive integers the product of which is 72, how can you express 

the sentence mathematically? 

What are the steps of solving problems? 

Why are headlights or satellite dishes parabolic? 

Task 2. Fill in the blanks  

“Equation of a straight line is  ………….   …………..   Equation which is called…………… 

equation. There are special terms for the graph of ……………  ……………..  .” 

Task 3. Look at the graph 

 

 
 

 write a story according to the given graph 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________ 

 make a table that shows  data  from  the  graph. 

 

X           

Y           

 

0 

50 

100 

150 

200 

250 

0 2 4 6 8 10 12 
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 label the axes of the graph with units according to your story 

______________________________________________________________________

______________________________________________________________________ 

 write a linear equation in two variables to model and solve your real life problem 

______________________________________________________________________ 
____________________________________________________________________________ 

 

Task 4. Find the given terms from the pizzle  

 
 

 

UNIQUE  SOLUTION  

INFINITE  SOLUTION  

INCONSISTENT SYSTEM 

GRAPHICAL METHOD 

PARALLEL    

CROSS  MULTİPLİCATION 

ORDERED PAIR    

NO  SOLUTION 

ALGABRAIC METHOD 

SUBSTITUTION  

CONSTANT                                                   

VAIRABLES 

COEFFICIENTS    

INTERSECTING   

COINCIDENT     

ELIMINATION 

 

 

2. Subject (Through art) 

You will construct a frame .The size of the photo to be put  in the frame is 5cmX10cm.Let us 

find the thickness of the frame border to have the square of the frame border 34 cm
2
. 

T    T O D O T O I G I S N A T T M I P R N L 

S N N O C A I A R A D T T G R E T A T O C 

R S A H S E L B A I R A V O R T N I A I N 

N O I T A C I L P I T L U M S S O R C T O 

E E I E S M O L H N L O A E U Y S O B A C 

E L I M I N A T I O N T T T B S O F S U S 

E E U C N I O I C I S T A S S T L E E Q O 

S U O I A R I C A M F S E Y T N U Q R E T 

N G O A T F R D L O T X O S I E T U I R O 

A T T R O T H D N M A R L T T T I A N A T 

I R E B S D B N E E F T I N U S O T O E D 

A G P E S N O I T U L O S E T I N I F N I 

U O A G N E C A H H S I T T I S S O I I A 

U E I L T I N L O E A R I S O N S N D L S 

R L S A F I E Y D I C D O I N O O S N O I 

O U R F D L I T I N T E R S E C T I N G T 

Y D E R L I P E X N N O E N H A N H O O C 

N O O A O I U N I Q U E S O L U T İ O N N 

C O R D E R E D P A I R T C I U C C O S C 

C A F F T N M C O E S P N N L U I A L R R 

P N C F A C T N E D I C N I O C E T A O U 
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a) Lets write the area of the whole rectangular shape as 

second degree equation. 

_________________________________________________

_________________________________________________

_________________________________________________ 

b) What will be the area of the remaining shape after 

cutting out the 5cm X 10cm middle. 

_________________________________________________

_________________________________________________             

c) Let’s draw the graph of the equation that you found. Write the name of axis. What is 

it like?  

 

 

 

 

 

 

 

 

d) The desired area of 34 cm
2
 is shown as a horizantal line. Therefore  draw a line 

perpendicular to y-axis passing through the point (0,34). 

 

 

 

 

 

 

 

 

 

 

 

 

e) Let us find when  the area will be equal 34 cm
2
 .  

               _______________________________________________________________ 

            

              

             10cm           

                               

5cm                   
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