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“The Magic of Sound” – why we are doing it
Zrinka Mavračić
XV. gimnazija, Zagreb

Introduction
The project partners, Colegiul National "Moise Nicoara", Arad, Romania, Devonport
High School for Girls, Plymouth, United Kingdom, Justus-von-Liebig Gymnasium, Neußäs,
Germany and XV. gimnazija, Zagreb, Croatia, already participated in one European project
together, the Comenius project „Ins and Outs of the Magic Möbius Strip“

under the

leadership of the Romanian school and mathematics as a core subject. The project was not
only academically a great success and beneficial to all participants and their schools, but we
had much fun together, students as well as teachers. We gained a lot of experience and
knowledge, so we wanted to continue the cooperation, this time with different core subjects,
with different coordinator country and preferably with the benefits on the larger scale.
Together we developed the idea to create and test the teaching/learning materials
which will make education more interesting. Based on the existing curricula of all
participating schools, it will be independent from the school system, shared and further
developed on a broad base. We chose sound as a topic because we found that it can be
perfectly integrated in the subject curricula of physics, mathematics, music, languages,
biology, history and psychology in all four countries. Organizing the sub-topics in four groups
around the main subjects allowed us to establish a good basis for the exemplary
interdisciplinary teaching. We will show the techniques and examples of how to recombine
the materials in an arbitrary context. Magic arises from apparently completely different points
of view, all describing the same phenomenon and presenting the same truth but inevitably
giving deeper insight only when put together.1 So was born „The Magic of Sound.“
1
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European dimension and European strategic objectives
The European program Erasmus+ builds on funding the projects which deal with
important European priorities in the area of education and training, as stated in the
corresponding documents of the European Commission 2 , 3 . Through the objectives of the
project two important European horizontal and sectoral priorities are addressed: addressing
low achievement in basic skills through more effective teaching methods and enhancing
digital integration in learning and teaching.
Our materials will integrate the teaching of basic skills such as science, mathematics,
literacy and arts, providing students with the tools to interconnect their knowledge and apply
it in different fields, which still presents one of the biggest challenges in education. As all
materials will be adjusted to fit into different national curricula and given in several
languages, the transnational discussions and exchange of the best practices on all levels will
be made possible. It will also allow students to see the opportunities for future employment
within the EU in the context and to realize that being a part of Europe does not mean losing
their identity, but can enhancing it in positive ways.1
We want to use a wide variety of specific software and platforms to produce, use and
share our materials. We all already apply ICT in our professional environment, but as
computerization is one of the long-range strategy visions of education, we want to explore all
(or at least most) of its possibilities, learn how and where to apply them most effectively and
use it in developing our products and work with our students. We will share our materials and
experiences through open educational resources (OER) in multiple European languages.
Being aware that ICT has great potential in enrichment of ways of teaching and learning and
making them more efficient, we want to get a full advantage of it.4
As we aligned our objectives with the European strategy we became a part of an
European vision of development in education, and thus we received the full funding.
Structure of the project
The main material product of the project are our teaching and learning materials, IT
solutions, teacher support documentation and peer- learning methods. These are considered as
intellectual outputs, and are organized in four different areas around the main subjects groups:
Sound in Music, Sound in Nature, Sound of Europe and Theory of Sound, each country being
responsible to lead one of them. Finally, we will show the techniques and examples of how to
2
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4
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combine and re-combine materials to give teaching an arbitrary context, according to the
wishes of a teacher, needs of a student and the requirements of a national curriculum. We
combine music with mathematics, biology with physics, languages with psychology, etc., and
all together. We include our cultural heritage and employability opportunities, giving our
topics additional dimension. By intervening in each others’ classes to make interesting and
provoking lectures and to enrich particular lessons without overloading them, we enjoy our
creativity.
To achieve our goal, we need to learn about a range of aspects we want to cover and
collect materials for our intellectual outputs. To support gaining of knowledge and acquisition
of skills required, learning/ teaching/ training activities for teachers are organized. In Croatia
we examined learning and teaching strategies, acquired and exchanged ICT knowledge and
discussed academic honesty. In United Kingdom we discussed communication skills in detail,
in Germany the focus was on dispute settling, coordination of ideas and putting ideas together
to produce new quality. Interdisciplinary teaching and learning will be fully developed now in
the session in Romania. Activities include collecting materials needed for specific contexts,
exploring cultural differences and similarities and employment possibilities, and acquiring
general knowledge and skills. They imply visits to relevant enterprises, factories, research
institutes, universities, small craft workshops, theatres, music halls, as well as presentations of
cultural heritage connected to the project. This connection with the labour market is an
important part of the project, and will be clearly incorporated in the produced materials. The
knowledge and skills acquired in the activities will be disseminated, developed and applied
according to the project objectives.1
As our students are an important part of the project, exemplified by their participation
in all its phases, it was necessary to organize similar learning/ teaching/ training activities for
students. Core activities remain the same for both, with some activities and round tables
created so as to accomodate more specifically the needs of the students.
A completely separate activity, although for practical reasons held in parallel to
learning/ teaching/ training activities, are the Project meetings. During the first three project
meetings (the first one held in United Kingdom) teachers discuss the prepared intellectual
outputs or parts of them and the possibilities of their development and implementation. They
participate in the part of the learning/ teaching/ training activities for students in which
students present their work during the local activities at home to their peers, and they include
students in testing and evaluation of prepared topics and materials. Eventually, steps to be
undertaken next in the project are discussed. The fourth meeting in Zagreb is reserved for the
3

final Dissemination activity, which is planned to include the exhibition with presentations,
demonstrations and promotion of intellectual outputs „The Magic of Sound, Ode to Joy of
Science and Art“, with the participation of students. The last meeting in Plymouth addresses
sustainability.
Role of the students in the project
The role of the students in the project is extremely important. Students in modern
education are in the centre of the teaching process, so having them directly in the project
which pursues to support interesting, innovative and inspiring teaching is more than
beneficial. They participate in all phases of the process, from planning of local activities to
analysing and evaluating potential methods and materials. To be able to do it, they should
develop specific knowledge and skills, which is why they are send to learning/ teaching/
training activities for students. They are resources of ideas, critical testers of outputs in the
process of creation, and indispensable collaborators throughout. Their work is adequately
acknowledged, from simple citations to for example participation here at the Conference
Tiberiu Popoviciu. To see their enthusiasm and will to learn and work is already an important
outcome. We are all very proud of them.
Apart from the students who directly participate in all project activities, we try out our
methods and teaching/learning materials on the students in real classes in all participating
schools, observe their reactions, analyse student questionnaires (quantitative and qualitative)
and collect evaluation comments from the relevant subject teachers in all participating schools
during and between the international project meetings.
Impact and sustainability
During the project the students develop skills and competences in the given topics, but
also develop strategies to connect their knowledge through different contexts and evaluate the
results of their work through discussions with peers from other countries and reactions of the
students to whom the materials are presented. The ability to look at things from different
points of view and effective communication are to be explicitly addressed and this way of
global thinking will be disseminated in their classes and schools. So, what may be the highest
priority students need from education will be addressed, i.e. the demonstration and
development of critical thinking. We expect greater awareness of being part of the European
Union, and with developed social skills such as listening, understanding, and appreciating

4

each other, we expect greater understanding and responsiveness to its cultural diversity, all of
which ultimately enriches the European community itself.4
Possible transnational discussions and the exchange of best practices support teachers'
competencies and professional development as well as their enthusiasm, and encourage
further

development

and

implementation

of

modern,

intriguing

and

innovative

teaching/learning methods on all levels. Our results will additionally include particular elearning tools and other materials on on-line platforms where students and teachers will be
able to learn, discuss, co-create materials and exchange the examples of good practices. We
expect the contribution of other teachers (locally and on the EU level) in further development
of materials and ideas with different topics from the curricula. The materials and experiences
are included in the taught curricula.1
The contribution of universities, institutes and enterprises in our activities results in
raising the awareness of the necessity of cooperation with such organizations and
coordination of teaching strategies with the real world. This approach could increase the
motivation of students to be a part of the educational system, because the educational system
would be more relevant in increasing their chances of getting an interesting job.4
The project is a good opportunity for all participants to establish contacts and even
close friendships, supporting the increasing openness of the European countries and greater
understanding and responsiveness to the benefits of cultural diversity. We also expect through
our activities the positive attitude towards the European projects and the EU values to
increase, as we should all become more aware that together we are stronger.
The only resources needed to sustain this belief are human resources. All teachers
involved are highly enthusiastic about the project, they will be proud of their results, and will
want to have a place to come together and continue the good work, provided they receive
consistently adequate and active support from their schools and school authorities.
Conclusion
So why are we doing it? We love our job and our students. We always try to do our
best, but the world around us is changing rapidly, the students change and their needs change
correspondingly. We cannot be just passive observers; we are the ones directly involved and
in the place from which we can contribute and help our school systems to adapt to the changes.
Besides, everyone is having such great fun working together.
This project has been funded with support from the European Commission.
This publication reflects the views only of the author, and the Commission cannot be held responsible for any use which may be made of the
information contained therein.
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Implementation of Android Applications in Measuring Sound
Sanja Antoliš, Eva Špalj
XV. gimnazija, Zagreb
Introduction
The level of sound intensity L is expressed in decibels above the standard threshold of
hearing I 0 . The expression is
L  10 log

I
,
I0

where I is a given sound intensity, I 0 is the intensity of threshold sound, or sound that can
barely be perceived. Other sounds are defined in terms of how many times more intense they
are than threshold sound. For example, a cat's purr is about 316 times as intense as threshold
sound, for a decibel rating of:
L  10log

316 I 0
 10log 316  25 dB .
I0

Look at the chart and compare dB readings.

Being exposed to any sound above 85 dB like attending rock concerts, working with shop
tools, and operating lawn mowing equipment can cause hearing damage. Do you have any
idea what is the intensity of sound in a classroom full of students talking?
Luckily, there are Android applications that can help in measuring the decibel level of sounds
around us.
Students’ Activity
1. Download free application Sound Meter to your mobile phone.
2. Calibrate the microphone in your phone: place the phone in a very quiet location and
decrease the sound level to around 10 decibels.
3. Measure the level of sound intensity in your surroundings. Find the sources of sound
that fit the values in Table 1. and complete it.
4. Use the formula for the level of sound intensity L  10 log

The level of sound

What is the source

intensity (dB)

of sound?

I
I
to calculate .
I0
I0

Describe the sound.

Ii
I0

L1  10 dB
L2  20 dB
L3  40 dB
L4  50 dB
L5  60 dB
L6  80 dB
L7  90 dB
Table 1. Measurements and calculations

5. Split into 4 groups: Each group has its own task. Use Table 1. to fill the following
tables.

Group I.
L4
L1

L4  L1

I4
I1

L5  L2

I5
I2

L6  L3

I6
I3

L7  L4

I7
I4

Group II.
L5
L2

Group III.
L6
L3

Group IV.
L7
L4

6. Compare your results. Can you see any patterns? If yes, describe them.
7. Make up three similar tables using data from Table 1. and fill them using any short
cuts you have discovered.
8. Try to give a reason why these short cuts work.
9. Use your conclusion to solve the following:
The level of sound intensity increases for 20 dB. How many times has the sound
intensity increased?
10. The intensity of sound has increased 500 times.
a) The difference of the levels of sound intensity is greater than _____ dB and less
than ______ dB. Hint: Find natural numbers a, b such that 10a  500  10b .
b) Calculate the exact difference in dB.

11. Exposure to louder sounds cause damage in a shorter period. If the intensity of sound
doubles, the duration of exposure must be cut in half for safety reasons. What is the
difference in levels of sound intensity in that case?
12. Using the Sound Meter App determine the range of levels of sound intensity of your
measurements.
13. Calculate the range of

I
for your measurements.
I0

Why do we use decibel scale?

Resources
Gusić, J.; Mladinić, P.; Pavković, B. 2007. Matematika 2, udžbenik za 2. razred za
prirodoslovno-matematičke gimnazije. Školska knjiga. Zagreb.

This project has been funded with support from the European Commission.
This publication reflects the views only of the author, and the Commission cannot be held responsible for any use which may be made of the
information contained therein.

Instructions speed of sound
prof. Branco Arsenov
Colegiul Național ”Moise Nicoară” Arad

Experiment 1

Speed of sound in air with two microphones.

Materials:
-

2 microphones with 6.5mm mono jack plug;

-

Audio stereo jack splitter 3.5mm;

-

2 stereo jack adapters from 6.5mm to 3.5mm;
Computer;
Soundcard Scope app – free for educational purpose, https://www.zeitnitz.eu/scope_en;
Ruler.

Each microphone must be connected to another channel of the oscilloscope. For this we have to modify the
contacts inside the 2 stereo jack adapters.

Settings for the Scope app:

-

Settings tab: Input: Speakers;
Osciloscope tab: select Channel 1 and Channel 2;
Left panel:
Uncheck Sync
Offset: +50m for the Channel 1 and -50m for Channel 2;
Time 10m
Trigger: Single, Channel 1, Edge rising, Threshold: 9m;
Channel Mode: single.

Measure the distance (L) between the two microphones, hit something to create the sound and determine the
time in which the sound travels from one microphone to the other. From the bottom of the Oscilloscope
panel select from “measure” cursors and check time.
Right click on oscilloscope screen between the two signals and zoom. Drag the red cursors on the first
maximums of the two signal to measure de time interval (dT).

Now the speed of sound in air can be calculated: c=L/dT.

Experiment 2

Speed of sound in air by measuring the phase shift.

Materials:
-

Computer;
Soundcard Scope app;
Speaker;
Microphone;
Ruler.

On the Signal generator tab put the sound generator to produce a ν=2000Hz sin wave and visualize it on
oscilloscope by Channel 2 (blue).
The microphone is connected at Channel 1.

The trigger is put on Auto and on the speaker channel (Channel 2).
Because the sound needs time to propagate from the speaker to the microphone between the two signals
there is a phase shift that depends on the distance from the speaker to the microphone.

Move the microphone so that the green signal overlaps the blue signal. From this position measure the
displacement of the microphone which produce the next overlap of the two signals (d).
Knowing that the distance between two maximums is one wavelength (d=λ), calculate the speed of the
sound c=λν.

Experiment 3

Speed of sound in iron

Materials:
-

Computer;
Soundcard Scope app;
Iron rod;
Support with rubber rings;
Hammer;
Microphone;
Ruler.

We need to measure the frequencies emitted by the iron rod when it is hit with the hammer.
Settings for Soundcard Scope:

Put the app on Frequency tab. For cutting environmental noise (under 1000Hz) use High pass filter.
Calibrate the scale by checking Auto-scale, Peak hold and hit the rode with the hammer. Then uncheck
Auto-scale and the app is prepared for the experiment.
After the frequency spectrum is recorded use Zoom bar and drag the cursor to find the frequencies of the
sound emitted by the rod.
The stationarity condition is L=kλ/2. Knowing that λ=c/ν we deduce that ν=kc/(2L). L is the length of the
rod and k is a natural number.
Verify that the higher harmonics are integer multiples of the fundamental sound (the lowest frequency).
From the fundamental sound calculate the speed of sound in iron: c=2Lν.

Experiment 4 Speed of sound in brass
Same like experiment 3.
The brass rod is fixed in the middle.
We can notice that the higher harmonics didn’t appear. The harmonics that have antinodes at the middle of
the rod are cut because this rod is fixed in the middle.

The Doppler Effect
prof. Branco Arsenov
Colegiul Național ”Moise Nicoară” Arad

The Speed of Sound

prof. Branco Arsenov
Colegiul Național ”Moise Nicoară” Arad

Periodic functions and timbre
Authors: Ivana Babić, Lucija Marš
Mentor: Sanja Antoliš
School: XV. gimnazija, Zagreb

Periodic functions
Periodic function is a function f: RR; f(x + P) = f(x) where P is a period. The behaviour of
the function is regulated on the half-open interval 0, P . If we add a period P after t in f(t),
the value of the function will stay the same.
At first, assume that f and g are two functions with a period P. Using them we can define new
function: (f + g)(t) = f(t) + g(t).
Then, this new function has a period P:
(f + g)(t + P) = f(t + P) + g(t + P) = f(t) + g(t) = (f + g)(t).
Generally, if we have more than two functions, for example if
P, the sum of the functions
periodic of period P and

are periodic of period

will have a period P. Secondly assume that f is
and f(kt) is a compressed version of f(t) then it has period P/k.

P/k is a minimal period but it also has a period P:
Furthermore,

for any

is periodic of period P.

In conclusion, if f is periodic with period P then
Especially if a function is sine then the sum

is also periodic with period P.
is periodic of period

.

Application of the Fourier Theory
In the next examples, we will use the Fourier Theory. Using his theory, we will describe how
functions can be defined with sum of the sine and cosine.

Assume that f is periodic of period 2π which is bounded and has a bounded continuous
derivative in all but finitely many points in 0, 2 . That means that a function is „nice“
except in a few points.
Then there is a real number C which is a constant and sequences of real numbers A1...An and
B1...Bn that are amplitudes of sine and cosine so that f is given by this sum:

area under the graph

Example: the Square Wave
We will be using „square wave“ to illustrate the use of the Fourier Theorem and calculate
harmonics of a tone. Square wave is a periodic function defined by:

y = f(t)

1.0

Area under the graph

Assume that k is odd positive number.

.
In the same way, we can calculate Ak when k is even and Bk and get:

For all k that are odd positive numbers applies: k = 2n + 1;
By moving the

to the front of the function the summation is represented like this:
1.1

With function 1.1 we will merge sequences of graph 1.0.
Increasing the value of N (the number of „hills“on the graphNϵN) the function is becoming
more similar to function of graph 1.0.

N = 1,

N = 2,

N = 3,

N = 4,

N = 5,

Timbre
Every instrument, including the human voice, has its own timbre that is unique. Timbre (tone
colour) is defined as the unique qualities of sound that allow us to distinguish between
different instruments or voices. We never hear just one tone. We hear a combination of more
than one frequencies. The overtone series: F, 2F, 3F, 4F… appoints the timbre and it allows
us to hear difference between different musical instruments. A lot of tones are outside of the
range of human audibility so some curtailment of the Fourier series is enough to represent the
audible sound.

Literature: David Wright, Mathematics and Music, Mathematical World, Volume 28

This project has been funded with support from the European Commission.
This publication [communication] reflects the views only of the author, and the Commission cannot be held responsible for any use which
may be made of the information contained therein.

MUSICALS
BALAJ OANA
BERLO NATALIA

sound
the sensation produced by stimulation of the organs of hearing
by vibrations transmitted through the air or other medium.

Musical film

The musical film is a genre of film that in addition to a
wonderful, complex storyline presents some of the most
incredible dancing and singing numbers the audience will ever be
able to see.
As you will be able to realize, the effort that an actor has
to do in order to do an unforgettable performance is a lot bigger
than the work they usually do in a drama, comedy, or romance
movie.
This type of movie was firstly made right after the
emergence of sound film technology. It is a development of stage
musical and it brings us (in addition to stage musical) more
beautiful sights and places that reflect the action and the feeling
better than the stage.

The first musicals

• The first musical films were made around
1923-1924. They were originally short
films made by Lee de Forest, who was an
American inventor, self-described "Father
of Radio", and a pioneer in the
development of sound-on-film recording
used for motion pictures.
• One of the first well known feature-length
film was The Jazz Singer (1927) released
by Warner Brothers. This musical was the
first to include an audio track including
both non-diegetic and diegetic music,
only having a short sequence of spoken
dialogue.

Musical stars

• One of the most respected pair in Hollywood during the
classical era was the musical stars Fred Astaire and Ginger
Rogers. Their success resulted in a number of classic films such
as Top Hat (1935), Swing Time (1936) and Shall We Dance
(1937).

Singin’ in the rain
• Singin’ in the rain is one of the most well known musicals
made in the 50’s. This American musical comedy film was
directed and choreographed by Gene Kelly and Stanley Donen.
The movie stars were Debbie Reynolds and Donald O'Connor,
who won the Golden Globe Award for Best Actor – Motion
Picture Musical or Comedy.

Singin’ in the rain Facts

• Many scenes were filmed and then cut before the release. For
example, there was filmed a scene where Gene Kelly sings a
reprise of "All I Do is Dream of You“, but the song, ending in
Kelly's bedroom, was cut from the release version after two
previews, and the footage has been lost.
• Kelly was actually sick with a 39 °C fever while making the
famous dance sequence in which she sings while spinning an
umbrella, splashing through puddles and getting soaked to the
skin.
• Most of the costumes from the film were acquired at the end
of the filming by Debbie Reynolds and held in her big
collection of original film costumes. However in 2011 many
costumes were sold at an auction in Hollywood.

1960’s

The 1960’s brings out some of the most remarkable
musicals of all times:
• West Side Story
• The Music Man
• My Fair Lady
• Mary Poppins
• The Sound of Music

Sound of Music
• The Sound of Music is a 1965 American
musical drama film which was directed by
Robert Wise. The movie stars were Julie
Andrews and Christopher Plummer. The
actress in the leading role almost turned
down the offer because she thought that
Maria, her character, was too much like her
character from Mary Poppins. Julie Andrews
who played Maria, a young woman studying
to become a nun, had to learn how to play
the guitar for this role.

1970’s

•
•
•
•
•

Here are some examples of musicals in the 70’s:
Jesus Christ Superstar
Grease
All that Jazz
New York, New York
Godspell

Grease
• Grease is currently the third highestgrossing musical of all times. The first
and second places are taken by
Mamma Mia! And Les Miserables. The
main characters are portrayed by
Olivia Newton-John and John Travolta.
• Meanwhile Travolta was originally
casted for Danny Zuko, Olivia was
requested by him to play the role of
Sandy Olsson.

Grease Facts

• Olivia Newton-John admitted during an interview that her
best film performance until that day was in Grease,
meanwhile her best performance ever was singing in front of
the Queen in Australia.
• Olivia said that wanted to do a screen test before the actual
movie to see if the role would be a high point of her career on
“The Merv Griffin Show” in 1981.
• John Travolta said that he wouldn’t trade Grease with anything
and that the whole filming process felt like a party.
• Annette Charles, the actress who played Cha-Cha one day
filmed for the movie and afterwards went into a surgery
because she was diagnosed with tubal pregnancy.

1980’s to 1990’s

Here are some examples of musicals from 1980’s to
1990’s:
• Footloose
• Fast Forward
• A Chorus Line
• Everyone Says I Love You
• Victor Victoria
• Evita

Footloose
• Footloose is a 1984 American
musical drama film directed
by Herbert Ross. It tells the
story of Ren McCormack
(Kevin Bacon), an upbeat
Chicago teen who moves to a
small town in which, as a
result of the efforts of a local
minister (John Lithgow),
dancing and rock music have
been banned.

Footloose Facts

• Kevin Bacon asked the production to reach out to the local
college and enroll him as someone who had moved from
Chicago, because he didn’t know if he could fit in that role.
• He thought that walking on the hall will be very easy and chill,
but when he had to do it, he was feeling uncomfortable.
• Kevin Bacon said 29 years after filming Footloose on Conan
O’Brian’s show that he would pay the DJ twenty dollars at
weddings not to play Footloose because when that song plays,
everyone surrounds him, not the bride and the groom.

21st Century
•
•
•
•
•
•
•
•

Enchanted
Mamma Mia
La La Land
Notorious
Ray
Moulin Rouge!
Chicago
The Phantom of the Opera

La La Land
• La La Land is a 2016 American
romantic musical comedy-drama
film written and directed by
Damien Chazelle and starring Ryan
Gosling and Emma Stone as a
musician and an aspiring actress
who meet and fall in love in Los
Angeles. The film's title refers both
to the city of Los Angeles and to
the idiom for being out of touch
with reality.

La La Land Facts

• Before they started filming, both Gosling and Stone had to
learn how to tap dance. Moreover, Ryan Gosling had to learn
how to play the piano.
• Because Gosling’s character, Sebastian played the piano, John
Legend (who portrayed Keith, an old mate of Sebastian’s who
invited him to play in his band) had to learn how to play the
guitar.
• Damien Chazelle said at Santa Barbara International Film
Festival(SBIFF) that he wanted Emma and Ryan to play the
main characters, but everyone told him that he should not
dream too far.
• Ryan Gosling said that he felt lucky being challenged by his
character on La La Land.
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Thanks for watching!

The interview with dr.Costea Ioan Cătălin

Alexandru Băltean
Colegiul Național ”Moise Nicoară” Arad

AN OTHER VIEW OF THE
SOUNDS
By Belghir Stefania and Sauliuc Thomas

INTRODUCTION
According to this project’s theme, we can state that there are unlimited areas
where the sound can be used, from its basic utility, as a primary stimulus, to its
multiple connections with different fields of science, as astronomy, astrology
etc.
We can say that, among the normal uses, for each application domain, there
is a big variety of utilities, each of them possessing a common link, little known
by the majority.
In this project we will present you the sides of the sounds you haven’t heard
about yet.

THE ORIGINS OF THE SOUND
The sound, physiologically speaking, is the sensation produced to the acoustic
system by the vibrations produces by certain objects. As we already know, the
human ear can precept the air’s trepidations between 20 Hz and 20 kHz. From
anatomical point of view, the sound is perceived by the eardrum’s vibrations
and transmitted to the vestibulocochlear nerve due the three micro bones.

MUSIC AND ASTRONOMY
From ancient times, there has been observed connections between music and other exact
sciences by great philosophers as Platon, who sustained that music and astronomy are science
sisters, concept approached even by other great minds of the history. Moreover, he considered
that the distances between the orbits of the Sun , Moon and other fixed-positioned stars
correspond to the intervals between the musical notes.
Between Saturn and Jupiter or Jupiter and Mars there would exist an equal interval with a
semitone, between Mars and Sun equal with a tone, between Sun and Earth one quint,
between Earth and fixed-positioned stars one octave.
In the case of the musical notes “do” would correspond to Jupiter, “re” to Mars, “fa” to
Mercury, “sol” to Venus and “la” to the Moon.
The sound of the Planets

One of the conclusions Pythagoras made was: “At the time, the Sun,
Moon, and planets were thought to revolve around Earth in their proper
spheres. The spheres were thought to be related by the whole-number
ratios of pure musical intervals, creating musical harmony.”
Recent studies, as the one made by the University of Yale, have shown
certain links between sounds and planets. The extremes of the sounds
(the sharp one and the thumping one) have been placed between
Mercury and Jupiter.

MUSIC AND MYTHOLOGY
As we mentioned before, there is a strong link between musical
sounds and the Solar System.
According to many sources that attest the connections
between the Solar System, gods and the days of the week, we
can assume that automatically, music will have some common
points with these areas. All of these can be associate in this way:
 Goddess Diana - Moon – the sound “do” – Monday
 God Mars – Mars – the sound “re” – Tuesday
 God Mercury – Mercury – the sound “mi” – Wednesday
 God Jupiter – Jupiter – the sound “fa” – Thursday
 God Venus – Venus – the sound “sol” – Friday
 God Saturn – Saturn – the sound “la” – Saturday
 God Apollo – Sun – the sound “si” - Sunday

MUSIC AND ASTROLOGY
• From birth, to every human is associated a zodiac, which has specific characteristics
which automatically correspond with the bearer’s ones. As well, these zodiacs can
be related with the sounds and not only. Using these associations, some people can
really find their hidden talents.
• Aries – Do – Orga – Red
Taurus – C minor – Percussion – Red-Orange
Gemini – D Major – Flute – Orange
Cancer– D minor – Guitar – Yellow-Orange
Leo – E Major – Bell – Yellow
Virgo – Fa – Xylophone – Green
Libra– Fa Major – Saxophone – Green/Blue
Scorpio – Sol – Bass – Blue
Sagittarius – G Major – Woodcock – Blue
Capricorn – La – Piano – Indigo/Blue
Aquarius – A Major – Bassoon – Violet
Pisces – B flat – Violin – Red/Violet

MUSIC AND PERSONALITY
Music is like a stimulus that makes the brain release a hormone
named “hormone of happiness” or dopamine. In a case like
this, we have symptoms like: dilated pupils, increasing heart
rate and blood pressure.
Prof. Adrian North believed that there was a connection
between musical tastes and personality.
People can define their musical identity by what they wear, by
using certain types of slang or by attending certain places. So,
it is not surprising that musical tastes are linked with personality.
http://www.playbuzz.com/elizabethderryberry10/can-weguess-your-personality-based-on-your-musicpreferences#eightieth

• The creativity level of a person can be precisely measured just by listening
10 of his/her favorite songs.
• The people who prefer Jazz or orchestral music generally possess an IQ over
the average.
• The people who prefer country music or radio hits are more conventional,
have a simple way of thinking, are avoiding complex situations.
• There is no connection between sexual or verbal aggressivity among
youngsters and their musical taste. There are studies that attest that Rap or
Heavy Metal adepts are shier and more reserved than the others.
• Extroverted people prefer a loudly bass music.
• It seems like the background music helps the extroverted people to work
better but it isn’t helpful for the introverted ones.
• Motivational music doesn’t help the sporty people to increase their results.
The music is helpful during the running to distract your attention from the
physically effort.

THE USEFULNESS OF SOUND
• For maximising the milk production,
farmers are using classical music ; it is well
known that symphonically music has a
positive influence on cows, especially
Beethoven and Bach.
• Also the humans are affected by the
music in a positive way: calming music is
increasing the concentration level, it helps
to develop critical and logical thinking (in
math, physics or chemistry).
• Sonar waves are used to weld plastic
materials since 1960. Since then, the
ultrasound welding is used in various fields
of industry.

DID YOU KNOW?
• In 1962, an Indian scientist, has studied a strange phenomenon: the sounds
can increase growing of the plants. Some experiments has shown that violin
music can help plants to grow, but rock music has the opposite effect.
• The dolphins and the bats are using high frequency sounds to locate
themselves, to create a mental map of the place. The same principle is used
by some blind people.
• Ultrasounds are used in various fields of medicine (for example to see the
babies in mother’s womb).

BIBLIOGRAPHY
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• http://www.playbuzz.com/elizabethderryberry10/can-we-guess-yourpersonality-based-on-your-music-preferences
• http://www.slideshare.net/JuliePen/properties-of-sound-12057764

What is the relationship between
music and math?

•

Would you believe that research has shown that certain pieces of
music end up being more popular and mainstream due to their
‘mathematical’ structure?

•

For example, Pachelbel’s Canon in D — sure to be a top choice for
brides again this summer — is said to reach the masses because of
its repetitive structure, a trend very apparent in music today.

"There is geometry in the humming of the strings, there is music in
the spacing of the spheres."

–Pythagoras

Pythagoras (6th century BC) observed that when the blacksmith struck his anvil, different notes were produced according to the
weight of the hammer.
Number (in this case amount of weight) seemed to govern musical tone...
See if you can hear the sound in your imagination before it comes, by judging from the proportions of the string lengths. The first
one's easy.

Octave strings
Again, number (in this case amount of space) seemed to govern musical tone.
Or does musical tone govern number?
He also discovered that if the length of the two strings are in relation to each
other 2:3, the difference in pitch is called a fifth.

This triangular figure of numbers in the shape of the Greek letter Lamda
is the Tetrad of the Pythagorians.
As was discussed by Plato in his dissertation on the Composition of the
Soul, it is a set of numbers whose relationships with each other seemed
to summarize all the inter-dependent harmonies within the universe of
space and time.

Pythagoras taught that each of the seven planets produced by its orbit a
particular note according to its distance from the still centre which was the
Earth. The distance in each case was like the subdivisions of the string refered
to above. This is what was called Musica Mundana, which is usually translated
as Music of the Spheres.

The sound produced is so exquisite and
rarified that our ordinary ears are unable to
hear it. It is the Cosmic Music which,
according to Philo of Alexandria, Moses had
heard when he recieved the Tablets on
Mount Sinai, and which St Augustine
believed men hear on the point of death,
revealing to them the highest reality of the
Cosmos.

This music is present everywhere and
governs all temporal cycles, such as the
seasons, biological cycles, and all the
rhythms of nature. Together with its
underlying mathematical laws of
proportion it is the sound of the harmony
of the created being of the universe, the
harmony of what Plato called the "one
visible living being, containing within itself
all living beings of the same natural
order".

•

For the Pythagorians different musical modes have different effects
on the person who hears them; Pythagoras once cured a youth of his
drunkenness by prescribing a melody in the Hypophrygian mode in
spondaic rhythm. Apparently the Phrygian mode would have had the
opposite effect and would have overexcited him.

•

At the healing centers of Asclepieion at Pergamum and Epidauros in
Greece, patients underwent therapy accompanied by music. The Roman
statesman, philosopher and mathematician, Boethius (480-524 A.D.)
explained that the soul and the body are subject to the same laws of
proportion that govern music and the cosmos itself. We are happiest when
we conform to these laws because "we love similarity, but hate and resent
dissimilarity".

"Mathematics, rightly viewed, possesses not only truth,
but supreme beauty-a beauty cold and austere ... yet
sublimely pure and capable of stern perfection such as
only the greatest art can show."

"Most people are so frightened of the name of
mathematics that they are ready, quite
unaffectedly, to exaggerate their own
mathematical stupidity."

Bibliography : http://www.ams.org/samplings/math-and-music
https://plus.maths.org/content/magical-mathematics-music
http://www.vancouversun.com/touch/interesting+connection+between+mat
h+music/1473881/story.html
https://www.quora.com/What-is-the-relationship-between-music-and-math
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Magic Tesla Globe and Music

Bodrogean Andrei Darius
11- year-old student at “Moise Nicoara” College Arad, Romania

Nicola Tesla is a well known Croatian physicist, better known for his
contribution to development of AC (alternating current). In Zagreb Tesla is
present anywhere. You can find a commemorative statue of Nicola Tesla and
also some commemorative stones.

(Those pictures were taken by my father during the first mobility week in Croatia 8-14.11.2015 in Erasmus+
project “The Magic of Sound)

So, Tesla was born in Smilijan, and then he immigrated to United States
where he developed different electrical and mechanical devices like his
alternating current induction motor. He was the father of wireless
communications and he tried an intercontinental wireless communication and
power transmitter project, unfortunately unfinished because he ran out of
funding before completing it.
The plasma lamp was invented by Nikola Tesla.
A plasma globe is a clear glass sphere filled with a mixture of various
noble gases at nearly atmospheric pressure with a high voltage electrode in the
center of the sphere. The high-frequency alternating current energy is at
approximately 35 kHz and 2-5 kV. This energy comes from a lower-voltage DC
power supply usually connected to mains power, and flows through a high
voltage transformer combined with a high-frequency electronic oscillator circuit
which together output a high frequency and high voltage AC to the electrode.
Therefore the circuitry inside the electrode can be considered as a specialized

power inverter. The high-frequency high-voltage power, or radio frequency
energy, is transmitted into the gas within the globe through an electrode at its
center. A much smaller hollow glass orb can also serve as an electrode when it is
filled with metal wool or a conducting fluid that is in communication with the
transformer output. In this case, the radio frequency energy is admitted into the
larger space by capacitive coupling right through the glass.

Plasma filaments extended from the inner electrode to the outer glass
insulator, giving the appearance of multiple constant beams of colored light
within the volume of the globe. Placing a finger on the glass creates a spot for
the energy to flow, because the conductive human body is more easily polarized
than the dielectrical material around the electrode, the gas within the globe,
providing an alternative discharge path having less resistance. Therefore, the
capacity of the large conducting body to accept radio frequency energy is greater
than that of the surrounding air. So, the energy available to the filaments of
plasma within the globe will preferentially flow toward the better acceptor. This
flow also causes a single filament, from the inner ball to the point of contact, to
become brighter and thinner. The filament is brighter because there is more
current flowing through it and into the 150pF capacity presented by a
conducting body of the size of a human. The filament is thinner because of the
magnetic fields around it, augmented by the now higher current flowing through
it.

Much of the movement of the filaments is due to the heating of the gas
around the filament. When the gas along the filament is heated, it becomes more
buoyant and rises, carrying the filament with it. If the filament is discharging in
a hand on the side of the globe it will begin to deform into a curved path
between the central electrode and the hand. When the distance between the
electrode and the hand becomes greater to maintain, the filament will break and
a new filament will reform between the electrode and hand.
Now you will be able to see how the sound wave interacts with the plasma
globe. First we can show the presence of the electric field by changing the radio
frequency when I put a speaker close to the plasma ball. You will also be able to
see how the music changes the plasma filaments. If we increase the bass level
the plasma filaments will be stronger. In my opinion this happens because the
sound induces some small vibration on the surface of the magic ball and then
filaments react to this vibration.

Finally I want to show you a magic trick that I do with my plasma globe.

Bibliography:
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2. https://en.wikipedia.org/wiki/Nikola_Tesla

A short presentation of the function which describes the
sound wave

Prof Bodrogean Diana, Liceul National de Informatica, Arad
Prof BodrogeanOvidiu, Colegiul National MoiseNicoara, Arad

It is known from physics that the sound is a vibration that propagates as a mechanical
wave of pressure and displacement through a transmission medium such as air or water, or
others. There are a lot of experiments that show us that in absence of transmission medium we
cannot hear the sound.
In psychology, sound is the reception of such waves and their perception by brain.
Humans can hear sound waves with frequencies between 20 Hz and 20 kHz. Sound above 20
kHz is ultrasound and below 20 Hz is infrasound. Of course that others animals have different
hearing ranges.
The simple harmonic motion is represented in sound as a sine wave, which traces the
mathematical shape of sinus function. A sinusoidal wave is the only wave shape that produces
a single frequency. With any minute deviation in the sine shape, additional frequencies will be
generated.
Noise is characterized as being aperiodic or having a non-repetitive pattern. There are
many different types of noise, depending primarily on the random distribution of frequencies.
So, some types of noise may sound brighter than others.
In what follows we will present only the way in which we study the sinus function in
Romanian mathematical curricula.
The first time when we present the sinus function, but instead ofa function we use a
ratio, is in the7th grade when the students are 13 years old. There we define the sinus of an
angle only in a right triangle as the ratio between the length of the opposite cathetus and the
length of the hypothenuse, as you can see in the following picture.
B

A

C

sin( ABC ) 

AC
.
BC

Now we present the cosine, tangent and cotangent of an angle also only in a right
triangle, and a few trigonometric formulas like:
sin x
cos x
; ctgx 
.
sin  90  x   cos x; cos  90  x   sin x; sin 2 x  cos2 x  1 ; tgx 
cos x
sin x
Our students will learn now the cosines theorem but making the difference between
the acute angle and obtuse angle:
if 0  m  BAC   900 then AB2  BC 2  AC 2  2BC  AC  cos  m  ACB   ;
if 900  m  BAC   1800 then AB 2  BC 2  AC 2  2 BC  AC  cos 180  m  ACB   .

We are using only hexadecimals degrees for the measure of an angle and the
students need to know the values for sinus, cosines, tangent and cotangent of the following
angles: 30 , 45 and 60 .
The second time when we speak about sinus is in the 9th grade when the students
are 15 years old. Then we study in a proper way the sinus function at Trigometry. We
generalize the notion of an angle using angles with real measure, not only between 0 to
180 , we introduce the radian measure for an angle, we study the sinus, cosines, tangent and
cotangent function, so we define sinus function sin :   1,1 . We learn that sinus and
cosines function are periodical functions with 2 as principal period and tangent and
cotangent function are periodical functions with  as principal period, we learn that sinus and
cosines are bounded functions, so 1  sin x  1, x  and 1  cos x  1, x  and we
study the sign of trigonometric functions. Also we use the periodicity of trigonometric
functions to reduce it on the first quadrant. Now the students are able to know the values for
sinus, cosines, tangent and cotangent of the following angles: 0 , 30 , 45 , 60 , 90 , 120 ,
135 , 150 , 180 , 210 , 225 , 240 , 270 , 300 , 315 , 330 and 360 .We learn that the
sinus, tangent and cotangent are odd functions and cosines is an even function.
Now we present to the students all the relations between the trigonometric functions
of the same angle and also the trigonometric functions for the sum and difference of angles
(we will present here only the formulas for sinus)
sin  x  y   sin x cos y  cos x sin y

sin  x  y   sin x cos y  cos x sin y
and theirs applications for computing the sinus, cosines, tangent and cotangent for 2x and 3x.
We present also the formulas for transforming the sums of trigonometric functions in produce
of trigonometric functions and vice versa(we will present here only the formulas for sinus)
sin  x  y   sin  x  y 
sin x  cos y 
2
cos  x  y   cos  x  y 
sin x  sin y 
2
and

sin x  sin y  2sin

x y
x y
 cos
2
2

x y
x y
 cos
2
2
The last part of trigonometry is the study of its applications in geometry. We study
the scalar product of two vectors in plane, the cosines theorem, the sinus theorem
a
b
c


 2R ,
sin A sin B sin C
where a, b,c, A, B, C are the usual notations and R is the radius of the circumscribed circle of
the triangle, some formulas for the area of the triangle:
ab sin C ac sin B bc sin A
S


2
2
2
a 2 sin B sin C b2 sin A sin C c 2 sin A sin B
.
S


2sin A
2sin B
2sin C
sin x  sin y  2sin

In the 10th grade, when the students are 16 years old, we study all the properties of
the elementary function, so we study also the trigonometric function. We study the inverse of
a function and then we can define the inverse of sinus, cosines, tangent and cotangent. Of
course that it is easy to prove that the trigonometric functions are not injective functions on
their entire domain of definition, so we take some restriction of those function to some
  
intervals where they are bijective. In this way we choose sin :   ,    1,1 with the
 2 2
  
inverse arcsin :  1,1    ,  . We also study all the properties of arcsin function.
 2 2
We studythe complex numbers as well, and there we are using sinus to introduce the
trigonometric form of a complex number, using polar coordinates. If z  a  bi  , a, b  is
a complex number then the trigonometric form of z is
z  r  cos  i sin   ,
if M  z   CI
0
y

where r  z  x2  y 2 and   arctg  k and k  1 if M  z   CII  CII . Now we can
x
2 if M  z   C
IV

use this form for complex numbers to multiply, divide, compute different powers to complex
numbers, find all the roots of a complex number and solve some equationsof the following
form z n  a, where a  and n  , n  2.
Then we study the trigonometric equation. There we solve the fundamental
trigonometric equation, for sinus, namely sin x  a , with the solution



x   1 arcsin a  k k 
k



and from there we can solve a lot of different types

oftrigonometric equations like sin f  x   sin g  x  linear trigonometrically equations in sinus
and cosines a sin x  b cos x  c, where a, b, c  .
In the last two years of high school we are teaching mathematical analysis. Now we
have powerful instruments to study all the properties of a function. So, in the11th gradewe
study real sequences, limits of function and due to the fact that sinus function is a periodic
function we will prove that the sinus function doesn’t have a limit at  .
Let  xn n1 , xn  2n , n  1 a real sequence with lim xn   . Then
n 

T  2

lim f  xn   lim sin(2n )  lim sin 0  0 .
n 

n 

n 

Let  yn n1 , yn 


2

 2n , n  1 a real sequence with lim yn   . Then
n 



T  2



lim f  yn   limsin(  2n )  limsin  1 .
n
n
n
2
2
So, the sequences  f  xn  n1 and  f  yn  n1 are convergent to different limits and
then from Heine’s theorem we get that there is no limit of sinus at  . In an analogous way we
can prove that there is no limit of sinus at  . We study now the continuity of a function,
derivates of different orders, asymptotes and with all those properties we are able to draw the
representation for any function.
In the last year of high school we define the primitive of a function and also we
study the integral of a function. Now we will study a special chapter of integrals, the integral
of rational functions, and there we also study a special part dedicated to the integral of
trigonometric functions. There we study how we can compute the integral for a function
R  sin x, cos x  , where R is a rational function. We use the changing of variables method

x
2tg
x
2
using for general situation the variables change t  tg , using the formulas sin x 
2
2 x
1  tg
2
x
1  tg 2
2 , and for more particular cases, when the function R  sin x, cos x  is odd
and cos x 
2 x
1  tg
2
in sin then we use the change t  cos x , when the function R  sin x, cos x  is odd in cos then
we use the change t  sin x and if is even in sin and cos, we use the change t  tg x , using the

tg 2 x
1
and cos 2 x 
. Finally, when the students graduate the
2
1  tg 2 x
1  tg x
high school they are able to compute the area of a random surface and the volume of any
object which is obtained by rotation around de x- axis.
We have decided to present this paper because we have noticed that in the
mathematical curricula from the schools which participate in the project Erasmus + “The
magic of sound” all those things are studied in different ways.
formulas sin 2 x 
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The Fibonacci Sequence from Mathematics
to Music and Computer Science
prof. Daniela Cameniţă
Colegiul Național ”Moise Nicoară” Arad
The Fibonacci numbers is a sequence of numbers in which each number is obtained by summing up
the last two numbers from the sequence.
It is defined by the recursive function found below:

0, if n  0

fibo n  1, if n  1
else, fibo  fibo
n -2
n 1


Example: the first 10 numbers from the Fibonacci sequence are:
0, 1, 1, 2, 3, 5, 8, 13, 21, 34, ... (first two numbers are predefined and the next are recursively
generated, from summing up the last two numbers)

But what connection is there between the Fibonacci sequence and music?
For example, as musicians stated, it works for semitones as well:
2 semitones – major second;
3 semitones – minor third;
5 semitones – perfect quart;
8 semitones – minor sixth;
13 semitones – ninth;
Starting from these intervals, different musical scales or other types of sound structures can be
composed, which can be imagined as a musical expression of the golden section.
Another good example would be the piano`s keyboards, which are also divided after Fibonacci`s
sequence.
A piano has a keyboard with five black keys, arranged in groups of two and three keys and eight
tones, for thirteen octaves.
Any octave (do-do, fa-fa, sol-sol etc.) on any instrument with a keyboard has eight white keys and
five black ones, resulting a total of thirteen. Moreover, in the do-do octave, for example, the black
keys are divided in groups of two and three elements. It means that this succession is the same one as
that in Fibonacci`s sequence (…2, 3, 5, 8, 13). Some theorists support the fact that the representative

sounds of the tonality (fundamental, third and fifth by tonic) indicates the 1, 3, 5 and sometimes 8
keys.

Also, many classical musical compositions have implemented the golden number”1
The arpeggio – underlying the construction of harmony, is built up from the 1,3,5,8 stages of the
gamma. The gamma itself has 8 stages (all of them being numbers from Fibonacci`s sequence).
There are also 8 major and minor gammas with sharp and flat keys.

Fibonacci’s sequence in Computer Science
In Computer Science, Fibonacci’s sequence is taught in 9th grade, where it’s constructed iteratively,
or it is implemented using vectors, as well in 10th grade where it serves as an example for the
repeating functions principle.
The n-th Fibonacci number is calculated using the following recursive function, given at the start.
Keep in mind that it can also be implemented using vectors.
Example: Write the first N Fibonacci numbers, using C programing language:
#include<iostream.h>
int n,i,j, fibo[100];
int main( )
{
cin>>n;
fibo[0]=0; // The initializations of the first value
fibo[1]=1; // The initialization of the second value
for(i=2;i<=n;i++)
fibo[i]=fibo[i-1]+fibo[i-2];
for(j=0;j<=n;j++)
cout<<fibo[j]<<" ";
return 0;
}
The recursive function defined at the start is translated into C/ C++ as:
int fibo (int n)
{
if(n==0) return 0
1
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else
if(n==1))return 1;
else return fibo(n-1)+fibo(n-2);
}
Writing the first N numbers of the Fibonacci sequence is done by calling the defined function n
times.
However, the recursive function used to calculate the Fibonacci numbers, using the “Waterfall
Recursion” method, is not efficient due to the fact that it recalculates the same values multiple times,
which involves a waste of time and memory. Looking at efficiency while keeping track of time and
memory is extremely important, especially in contests and exams (Olympiads, The GCSE) where
you’re always told to find the efficient solution (Specifically, SIII/4).
The disadvantage of recalculating the same values over and over is that it could be eliminated by
keeping track of the already known values. For calculating a number, we need the two numbers
preceding it. We only need three values – F3 known as the calculated term, and F1/F2 the terms
preceding it.
Due to this, the linear way of calculating the Fibonacci numbers was born, which avoids using
vectors and recursion.
This principle is found in the Answers Sheet of the 2015 July “Baccalaureate” Exam, Subject III.
“3. The Fibonacci Sequence (1, 1, 2, 3, 5, 8, 13, 21…) is defined as follows:
f1=1, f2=1 and fi=fi-1+fi-2
The “Fibo” function has a single parameter, “n”, which is assigned a Natural Number (n [1,30]).
The Function returns the N-th odd term of the Fibonacci sequence.
Define the function.
Example: For n=6, the function returns the number 21. (10p.)
The transcribed C/C++ solution for this is:
int Fibo (int n)
{ int f1, f2, f3, k;
if (n<=2) return 1;
else
{k=2;
f1=f2=1;
while(k!=n)
{f3=f1+f2;
if (f3%2!=0) k++;
f1=f2;
f2=f3;
}
return f3;
}
}

 “Steps”
A person has to go down a staircase with n<40 stairs, numbered 1, 2 … n. We know that with every
step, a person can go down one or two stairs. Determine the number of possibilities in which the
person can go down the staircase.
E.g.: n=3 => 3 modes(1-1-1, 2-1, 1-2)
Observation: It is a problem of medium or even high difficulty for a 9th grade child who has to
enhance his algorithmic thinking in order to solve it.
#include<iostream.h>
int n,i, f1,f2,f3;
int main( )
{
cin>>n;
f1=f2=1;
if (n==1) cout<<f1;
else if(n==2) cout<<f1+f2;
else { for(i=3; i<=n; i++)
{f3=f1+f2;
f1=f2;
f2=f3;
}
cout<<f3;
}
return 0;
}
Exercises:
1. Show the n-th Fibonacci number, where n is a natural number, read from keyboard.
2. Show all the Fibonacci numbers smaller than a given value n, where n is a read value.
Example: For n=10, the program will show 1, 1, 2, 3, 5, 8
3. Determine whether a natural number n, read from the keyboard, is a Fibonacci number. The
program will show on the screen either “YES” or “NO”.
Example: For n=21, the program will show “YES”, and for n=9, the program will show “NO”.
4. Show the closest Fibonacci number to a given number n, read from the keyboard.
Example: For n=10, the program will show 8.
Resources
1. http://www.agir.ro/buletine/2176.pdf

The sound of math in music
Anyia Circa – Chirilă, 7th grade
“Moise Nicoară” National College
Coordinator: Augustini Moraru
We could say that there are lots of connections between math and music both by
Pitagora’s rage and by Beethoven’s technique to create music being deaf.
2500 years ago, Pythagoras was
served with a single-string instrument called
monocord which is the same to the meter
used today to study the vibrations of the
strings. Using this single-string, Pythagoras
realized, at first,that the musical sound (or
the talked one) is the result of regular
vibrations of elastic bodies. Also,
Pythagoras found out that when two strings
vibrate together, one of which is twice
longer than the other, you can hear two
sounds, giving the shorter rope the highest
sound.The highest sound produced by the
shorter rope is in the octave than the lowest sound produced by the double rope.Studying also
the rage and placing a fraction for each note,the fraction represents the lenght of the chord.
sounds
DO1
RE1
MI1
FA1
SOL1
LA1
TI1
DO2
Length
of
1
chords
Not only fractions were used to represent the sounds. Pitagora also discovered some
letters that still are used by singers to play at the guitar by example.
sounds
DO1
RE1
MI1
FA1
SOL1
LA1
TI1
DO2
letters
C
D
E
F
G
A
H
C
These associations created links between math and music helping teenagers today
learing easily how to play to an instrument.
Ludwig vanBeetoven is the
world’s best composer.Beeing deaf,
only math helped him to create
music.To present that,let’s take a look
at
one
of
his
creation
entitled:”Moonlight
Sonata”.This
creation opens with a slow,steady
stream of notes grouped into
triplets.These triplets contains an
elegant melodic structure wich reveals
the fascinating relationship between
music and math.Beethoven said:”I
always have a picture in my mind
when I’m composing and I follow its
lines”.Similary, we could picture a
standard piano octave consisting on
thirteen keys,each separated by a half

step.
A standard major or minor scale uses eight of these keys with five whole step intervals
and two half step ones.For example,the first half of measure 50 consists of three notes in D
major, separated by intervals
called thirds, that skip over the
next note in the scale.By
stacking the scale’s first, third
and fifth notes, D, F-sharp and
A, we get a harmonic pattern
known as a triad.These notes
represent
the
mathematical
relationship between the pitch
frequencies of different notes
wich form a geometric series.
If we begin with the note A3 at 220
hertz, the series could be expressed with this
equation, where “n” corresponds to
successive notes on the keyboard. The D
major triplet from the Moonlight Sonata uses
“n” values
five,nine
and
twelve.And
by plugging
these into a function, we can graph the sine wave for each
note, allowing us to see the pattern that Beethoven could
not hear. When all of sine waves are graphed, they intersect
their starting point at 0,0 and again at 0,0.042. Within this
span the D goes through two full cycles, F-sharp through
two and a half and A through three. This pattern is known
as consonance, which sounds naturally pleasant to our ears.
Throwing this detailed look around Beethoven’s
method, we could say that the idea who makes him unique
is the way that he used math to create beautiful and
emotional songs.
Corroborating the detailed ideas, we could say that the ideas which combine harmonly
the mathematics and the music are the sinapses between the creator and the mathematician.
Because the musician feels mathematics and the mathematician thinks music.
Bibliography and webography:
Jamie James, La Musique des Spheres, Editions du Rocher, , 1997
http://www.scritub.com/profesor-scoala/MATEMATICA-si-MUZICA95332.php
https://www.youtube.com/watch?v=zAxT0mRGuoY

Plural readings in the project From us to the planets and back. The magic of sound - from
the Pythagorean music of the spheres to the harmony of the private life
CAMELIA CIRCA-CHIRILĂ,
SIMONA KRÄMER,
MOISE NICOARĂ NATIONAL COLLEGE ARAD
“Imagine, if you can, a world where everything has a meaning. A serene order reigns on
Earth, and the heavens above your head draw revolutions of a subtle harmony. All you can see
and hear is an aspect of the ultimate truth: the noble simplicity of a geometric theorem,
predictable movements of the heavenly bodies, harmonious beauty of a proportionate symphony–
everything is the reflection of the essential perfection in the Universe. And here on Earth, it is the
same, no less than in heaven and in the world of ideas, perfect harmony: each and every creature,
from plant to king, has its own, eternal and predestined place. It's not just a matter of faith: the
greatest philosophical and scientific minds have proven that this is so” 1 . Thus, Jamie James
begins his plea for harmony in his book Music of the Spheres. This was, in fact, the challenge that
we launched to our students. Every year, the special week is looked upon with great enthusiasm
by the students at Moise Nicoara National College, this being an excellent opportunity for an
interdisciplinary experience. In the last school year, the theme, although proposed at the end of
the previous school year by high school students for middle school students (the target group) has
gained both confirmation and support, while the late academician Solomon Marcus was invited to
attend an international conference organized with the theme, interdisciplinarity, which was also
organized at our college, during the month of November 2015. He presented a communication
entitled: Why do we hide the friendship between colors, sounds, shapes, words, tastes, smells
and planets from the young people? As we were listening, several happy and enlightening
glances between me and my colleagues present in the room, but also between me and the students
who were to build this process, created an
unimaginable feeling. We confessed our
intention to the academician that evening. How
beautiful... please keep me up to date, I'm really
curious how the connections take place in
everything can be explained to the students. I
promised that we will. However, meanwhile, the
academician went into non-existence, to the
stars, called by the transcendence in which he
believed with his whole being. From the same
need for transcendence, but realizing all the ten
human needs that education should take into
account, referring to the title of the book written
by the academician, we revealed with great joy to our pupils the friendship between colours,
sounds, shapes, words, tastes, smells and planets, during 18 -22 April week, the special week.

1
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At the base of the reading project - the playful methods
The games played by the children are quite difficult ones.
Children are never more serious
than they are when they play.
(Michel de Montaigne)
Playful methods are becoming more as a key for the success of teaching, both in terms of
content approach and the relationship teacher - pupil. Moreover, Solomon Marcus noticed that
the non-use or misuse of the game may even lead to failure in this area: ‘The game has become a
very serious problem and very difficult, it is far from being easy (term associated with the idea
easy work); to give one example, failures in education largely explain themselves through the
inability to adequately use the playful component.”2
The teacher should be aware that the child manifests a dual need: freedom and power of
awe to increase their appetite for learning. However, this need is fully satisfied by the playful
component. The same academician noticed this: ” However, the game is primarily a
manifestation of freedom to which the human being is entitled. (...) For example, an aspect of the
playful freedom is the right to repeatedly make mistakes, the mistake being a condition of the
creation and sometimes even a source of creativity.”3 Or, as Jean - Pierre Lepri said: To learn
means to do (badly) what I do not know yet. (La fin de l'education) Why playfulness triggers
astonishment which is the key for the desire to learn? Because, as Noica noticed, reason is
spontaneous, not rigid. (Journal of ideas), so it leading (in strict compliance with the rules of the
game and the discipline imposed by them alongside the well) to the pleasure of learning and
hence to knowledge: Conscience that I have something to learn is the key to my learning. (...)
Learning (itself) is a pleasure. (Jean - Pierre Lepri)
Thus, taking into account the real
needs of children, we used the double
function of the game, selecting games of
recreation and competitive games, the first
aimed at energizing, intercommunication,
teamwork, and the other one to aim the
attention and motivate the students to
gather as much information as possible.
Due to the fact that at the end of the project
the students were asked to create their own
game with pawns and dice meant an
alternative assessment method in which
students had to capitalize information and
skills accumulated throughout each day in a creative and original manner.
Why an artistic environment?
Regarding the issue of art, Henri Bergson tried to define its place in our lives,
emphasizing that art is essential to lift the veil from our eyes that does not allow us to see things
in their essence. Art reveals our life, puts us face to face with reality - itself, it does not remove
2

Solomon Marcus, The game as freedom, Scripta Publishing , Bucharest, 2003, p. 13

3

Idem, p.13

us from it. Why? "If reality would activate our senses and consciousness, if we could enter into
immediate communication with things and with ourselves, art would be truly useless, or rather
we would all be artists, because our heart would vibrate continuously in unison with nature. Our
eyes, helped by our memory, would cut in space and cement inimitable paintings in time. We will
hear singing in our hearts, like a melody sometimes joyful, often plaintive, always original, the
unbroken song of our inner life. They are all around us, everything is in us and we still do not
perceive anything distinctly. Between nature and us, between us and our own consciousness, a
veil interposes itself, a thick veils for most people, a thin veil, almost transparent, for the artist
and the poet. "4
Bergson noted how each art is born based on a sense. Thus, he notes that each artist
through a certain sense (hearing, vision, etc.) is devoted to art. Hence, the diversity of the arts.
Painting – the painter is linked to colors, lights and shapes as if he loves the color for
the sake of color, and the form for the sake of form. But beyond these colors and shapes we see
that the inner life of things transpires as he allows it to enter little by little our perception which
was at first disconcerting. For a moment, at least, it will separate us from prejudices of shapes
and color that would have been interposed between our eye and reality.
Literature. Poetry - the writer rather constrains himself on himself. He binds on banal
and social words which cover and express an individual spirit, in order to send us the feeling, the
mood representing what he seeks in a simple and pure state. He shows us what he saw through
rhythmic arrangements of words that animate us and suggest the real life which cannot be
expressed by the simple language
Music – the musician detects through sound vibrations, specific basin and exaltation,
regrets and hopes, breathing and life rhythms which are more personal than the most innermost
feelings, rediscovering the living law, which varies with each person. By emphasizing this music
and subjecting it to our attention, we will insert ourselves unintentionally in this harmony.
Theatre - the director brings forward through the actor a profound reality, sometimes
shrouded by the necessities of life. If a human would abandon himself/herself to the sensitive
movements of nature, if she/he would have neither a social nor moral law, these violent bursts of
feelings would be the usual element of life. However, it is necessary that these explosions, these
instincts are controlled. It is necessary for a person to live in a society and to compel therefore, to
obey a rule, because otherwise his life would be chaos.
“Thus, art is targeting the individual. Nevertheless, art generalizes beyond its object, its
purpose. For the truth that is revealed through it is universal. And only the truth helps us see
clearly, when the time comes.”5
Art is, after all, as argued brilliantly by Constantin Noica, a way through which man
increases his spiritual being and becomes such an individual: " A work of art does not only ask to
be contemplated but also to be relived. But what does it mean to relive it, if you do not find the
glorious, fulfilling becoming? One relives an artistic emotion if he/she finds the process of
becoming into a being. With any work of art you will get this exact design of things and
meanings from here to a term that was not theirs and yet it's not foreign to them. Everything is
revealed to the individual through art. And after all, what is really foreign for the human that does
not receive investiture? Under this perspective, art will appear as the first replica, a spontaneous
4
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one, which comes from the becoming into a fully developed being. It is an appealing game in its
simplicity, this art one, which retrieves the entire content from the becoming into a profound
being, which art only perceives in another way. In front of it, several people who are the
embodiment of the becoming process are sent into our world should disarm, exactly the way the
beasts of the forest did before Orpheus.If not only man, but also everything else can be saved
through art and if the world, in its immediate moment, can get so easily in order, the becoming as
being has already triumphed.”6
But how can teachers guide the pupils’ access to their own spiritual development, creating
fundamental interdisciplinary associations at the level of their own perception between sound,
geometry, cosmos, mythology, literature and art?
The modules and types of activities
Children learn what they live.
(John Gatto)
The beauty of the project resides, firstly, in
the trust teachers granted to the highschool
students involved in the activities, these becoming
partners both in the making of working materials
and the actual act of teaching, receiving the
freedom of becoming teachers for one week for
their middleschool colleagues, while being
supervised by their teachers.
The daily activities consisted of: energizing
exercises and games linked to the day’s subject,
followed
by
the
expositional-interactive
presentation of pluri- and interdisciplinary structural materials and by a workshop within which
texts were read, answers were given to the questions on worksheets, symbols from the texts were
painted and cut. These symbols would become the main elements of the final carton plates,
symbolizing the game created by the middleschool pupils during the final project.
The subjects of the five modules were:

6
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Module I: MONDAY, MOON, DO MAJOR AND SILVER SELENARY TONES – The
solar system. The legend “The Sun and the Moon”. About total and partial eclipses of the
heart and more
Module II: TUESDAY, MARS, THE MUSICAL NOTE RE AND THE RED REFLEXES –
Planets, chromaticism and human psychic. The gods of each day. Greek and Roman
mythology
Module III: WEDNESDAY, MERCURY, MI MINOR AND SPIRITUAL VIOLET – The
planets and the music of the spheres. “The Time Machine”. An inevitable journey through
time and space
Module IV: THURSDAY, JUPITER, SYMPHONIES IN FA AND THE SERENE BLUE –
Days, planets and traditional beliefs. A journey to Earth and back with The Little Prince
Module V: FRIDAY, VENUS, OPENINGS IN THE EARTH AND THE GOLDEN GREEN
OF LIFE – Planets and pluridisciplinarycorespondences. From us to the planets and back.
Game with pawns and dices
The week ended charmingly with a visit to the astronomical observatory in the attic of the
college, where the 270 middleschool students, accompanied by their older schoolmates and
teachers were awaited by the principle, a physics teacher, who lectured them on the solar system
and invited them to look at the sky through the performant telescope that fascinated them,
together with the planetarium and the astronomy magazines that were there.
The Magic of Sound – interdisciplinary associations. The research work of teachers and pupils
and frontal presentations
Encouraged and supervised by their teachers, the high school students discovered subtle,
yet deep, connections, on one hand, among sound, mathematics and astronomy and, on the other
one, among planets, the days of the week, body parts, metals and minerals, mythology and
folklore.
The pupils found out that music and science emerged from the same point, where from
civilization itself begins, once with Pythagoras’ figure. “Those who consider Pythagoras, the one
who phrased the laws of musicas theory and the mysterious aphorisms, solely the inventor of a
geometrical theorem, neglect the whole essence of his thinking, for the strength of his teachings
is the interconnection of the whole human knowledge.”7 The same J. James notes that Aristotle,
in Metaphysics, presents a clear table of Pythagoras’ thinking, showing how he developed his
own vision of the physical world from the pure principles of numbers; and, most importantly,
how these principles were expressed through music: “The Pythagoreans, as they are called, were
devoted to Mathematics. They were the first ones who developed this study and, fed by
Mathematics, they believed that these principles are the principles that stand at the basis of all
things. Given that the principles of numbers are, naturally, the first ones and that in numbers they
saw similarities with things that exist or will soon be; given that they said that the qualities and
proportions of musical scales were expressed through numbers; given that everything else
seemed, in their entirety, to be shaped after numbers and that numbers seemed to be the first
things in the entirety of nature, they supposed that the elements of numbers were the elements of
anything and that the whole sky was a musical scale and a number.”8

7

Jamie James, La Musique des Spheres, Editions du Rocher, 1997, pp.42-43

8

Idem, pp.49-50

Pythagoras said: “In the waves of chords is geometry. In the space of spheres there is
music.” Thus, the theory of music began with the establishment of the concept of cosmos.
Platon’s conception was that the orbits of the planets (thought to be circles) were proportional to
the numbers 1, 2, 3, 4 (8, 9 and 27; the last ones of these numbers do not meet the Greek’s idea
about music). Starting with this Greek period of time (6th century BC – 3rd century BC) the idea
that planets resemble musical notes was born. From here, science went on to associate musical
notes and planets with the days of the week and other elements. The conclusions of our research
were synthesized in a table that was presented to the middleschoolers:
Day

Planet/ SateliteColour

Sound Metal

Intenal Organ

Sign

The selection of literary texts
For the reading group, we have selected both
academic and traditional texts. These texts have
allowed and interdisciplinary approach, as the road
towards and from literature passed through the realm
of physics, astronomy, music, folklore, arts,
psychology and mythology. We will represent below
the interdisciplinary manner of approaching a
mythological text, accompanied by specific tasks,
based on the model “Pre-lecture – Lecture – Postlecture”.

Hermes’ Ruse
by Al. Mitru

I.Pre-lecture

The two gods presented above are Hermes( Mercury) and Zeus(Jupiter). Identify the gods
in the images below and fill the blank space with their names, both in Greek and Roman
mythology.
Name
of
the Name of the Name of the Name of the Name of the
god/goddess
god/goddess
god/goddess
god/goddess
god/goddess
.........................
.........................
.........................
......................... .........................

What do each of these gods represent in mythology?
Diana / Artemis =
Marte / Ares =
Mercur / Hermes=
Jupiter / Zeus =

Venus / Afrodita =
Saturn / Cronos =
Apollo / Helios =

II. Lecture
Hermes’ Ruse
The world was stunned. Zeus got caught; the other gods were shaking like leaves, hidden
in creatures’ bodies. The one that managed to collect himself after all that fear, was Zeus’ son,
Hermes. He asked around and found out the cave in which Zeus was lying. No matter how much
he searched, he could not discover the precious nerves and muscles. Then the clever Hermes
turned into a singer and came near the giant, slowly playing the lyre. Typhon, although he was a
monster, liked the music and praised the singer. Hermes said that he would sing even more
beautifully if he had the nerves of a god instead of strings for his lyre. Gheea’s son fell into
Hermes’ trap. He took out the bear’s skin of the river and streched it right there, on the banks. In
that instant, Hermes rushed to the giant. He ripped the nerves and muscles of his father from
underneath the rocks and turning into an eagle, he flew towards the cave where Zeus was laying,
helplessly and groaning continuously. He fixed the nerves and muscles back to his body, and
Zeus rose again. He signed towards Olymp and in a glimpse, a chariot with golden flames, pulled
by two winged horses appeared next to him. Typhon, yelling in anger, was just arriving at the
cave.The war began once again. Zeus started striking with green thunder and lightning, shrouding
the mountains with deafening sounds and Typhon’s body started bleeding. The mountains turned
red and the monster, weakened and beaten, had to leave the battlefield, running to Sicily.
(Alexandru Mitru, The Olympus Legends)
1.Mention three characteristics of the two gods: Zeus(Jupiter) and Hermes(Mercury).
Zeus
Hermes

2. Why do you think Hermes helped Zeus regain his muscles and nerves? Why do you
think that Hermes’ nervous system corresponds with his internal organs?
3. Identify in the text the words from the sematic fields of the words „ song” and „ noise”
. What unites the sematic field of „sound” which confers the fundamental characteristics of the
two gods? Which are these?
4. Zeus is associated with the appearance of thunder and lightning. From a behavioral
point of view, what does Zeus represent?
III. Post-lecture
Considering the associations that you have already made in the previous sections, match the name
of every day of the week to a god.

Keeping in mind the fact that every god symbolises a certain behaviour, a human attitude, can
you match each day of the week with a specific attitude?

It’s Monday, so I am ….
It’s Tuesday, so I feel…
It’s Wednesday , so I’m looking for…
It’s Thursday, so I behave…
It’s Friday, so…
It’s Saturday, so I have.... It’s Sunday, so I am ….
Conclusions
To learn is to see what is already there, and I have not seen yet.
(Jean – Pierre Lepri)
The first step of the project was making the teams composed of teachers and students,
which was a real advantage. Moreover, giving high school students the freedom to teach the
younger pupils, we had the opportunity to see how they would like to be taught, as the students
know their needs best. These teenagers have become more responsible seeing how difficult it is
to be a teacher and for some of them it was a confirmation that they should pursue this career.
Therefore, they considered that this project was a necessary experience which, apart from
the theoretical discussions and eventually, the career aptitude tests, turned out to be very helpful
when choosing their future path.
On the other hand, the things created during this special week are attractive and have a
curricular and extracurricular applicability.
The project had three purposes:
a. The artistic purpose, because we wanted to confirm the fact that, without doubt, getting in
contact with art is meant to evoke an aesthetic emotion and develop their creativity.
b. The educational purpose, because our intention was to show the students that understanding
culture is not something that should be done superficially and that every culture consumer
needs abilities to question this kind of matters and value them differently. All in all, this is
the beauty and freedom of being a consumer: his contribution to the partnership for the
existence and sustainability of the final outcome.
c. The pedagogical purpose, which meant proving that interdisciplinary educational process
can take place in a non-formal context, through didactic methods which can facilitate not
only the artistic perception on a theme, but also the different levels of this response through
important processes such as contemplation and awareness. We also used methods such as:
role-playing, learning by discovering and competition.
We considered the interdisciplinary approach to be appropriate in trying to answer inevitable
questions with our students, not only because it covers all the disciplines, but also because it
offers openness and posibilities. The context that we offered our students to have access to such
concepts has been a non-formal workshop.The non-formal education is essential today,
successfully completing the formal education and the informal one. The non-formal context is an
attractive one, appreciated by students because it involves having access to information while
being relaxed, due to the lack of school pressure (grades, absences,class book), but also the
pleasure of discovering through stimulating personal curiosity by getting in contact with the
guests.
At the end of the last day, the teachers decided that the project is worth perpetuating due
to its success and the plans for this year’s special week have already been made. The only thing
left to do is to continue to build communication bridges with our students, to learn from each
other and to create memories that will last, just as they confessed in the collective diary.
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The sounds of cardiology
Crișan Ioana, XD
Naghi Andreea, XB
Colegiul Național ,,Moise Nicoară” Arad

Cardiology (from Greek καρδίᾱ kardiā, "heart" and -λογία -logia, "study") is a
branch of medicine dealing with disorders of the heart as well as parts of the circulatory
system. The field includes medical diagnosis and treatment of congenital heart
defects, coronary
artery
disease, heart
failure, valvular
heart
disease and electrophysiology.
As the center focus of cardiology, the heart has numerous anatomical features
(e.g., atria, ventricles, heart
valves)
and
numerous
physiological
features
(e.g., systole, heart sounds, afterload) that have been encyclopedically documented for
many centuries.
Disorders of the heart lead to heart disease and cardiovascular disease and can lead to
a significant number of deaths: cardiovascular disease is the leading cause of death in the
United States and caused 24.95% of total deaths in 2008.
The primary responsibility of the heart is to pump blood throughout the body. It
pumps blood from the body — called the systemic circulation — through the lungs —
called the pulmonary circulation — and then back out to the body. This means that the
heart is connected to and affects the entirety of the body. Simplified, the heart is a circuit
of the Circulation. While plenty is known about the healthy heart, the bulk of study in
cardiology is in disorders of the heart and restoration, and where possible, of function.

Pediatric cardiology
Helen B. Taussig is known as the founder of pediatric cardiology. She
became famous through her work with Tetralogy of Fallot, a congenital
heart defect in which oxygenated and deoxygenated blood enters the
circulatory system resulting from a ventricular septal defect (VSD) right
beneath the aorta. This condition causes newborns to have a bluishtint, cyanosis, and have a deficiency of oxygen to their
tissues, hypoxemia. She worked with Alfred Blalock and Vivien
Thomas at Johns Hopkins Hospital where they experienced with dogs to
look at how they would attempt to surgically cure these "blue babies." They eventually figured
out how to do just that by the anastomosis of the systemic artery to the pulmonary artery and
called this the Blalock-Taussig Shunt.

The heart begins to form on day 19 and the first heartbeats appear on day 23. Which is the
charm of this sound? Is it more than the simple word which we use in everyday language? I think
that the sound of the heart is something that exceeds our existence, being bound with the soul of
the universe. This is quite demonstrated by the echocardiography (a technique implemented in
1980) which uses Doppler Effect. Doppler Effect is the phenomenon in which the frequency of
reflected sound is modified by the moving of reflective surface toward or away from the source
the ultrasounds. Moreover, it is used to calculate the speed of the galaxies and trains, not only the
velocity of blood flow’s erythrocyte.

We interviewed the primary doctor Crișan Carmen, with two specialities – pediatrics and
cardiology, in order to understand better the connection between cardiology and sounds.

1. Why did you choose cardiology?
My first love was pediatric medicine. Since the cases of pediatric cardiology
raised questions to my colleagues who make cardiology for adults, taking into
consideration that the child represents the universe and the future of the family and
society, the decision to do pediatric cardiology as second specialty was a challenge and a
continuous professional and spiritual fulfillment.
I think that the heart is the engine of the human body, nothing works without it including the brain, which is our center of identity, because even the brain needs the
blood which comes from the heart. This is also a reason why I have chosen cardiology:
we are unable to live without the heart, as we would be physically and spiritually dead.

2. What do you like the most at cardiology?
The knowledge of the heart rhythm let us to take action quickly in some situations
which would result in death. A good understanding of heart’s sounds and rhythm saves
lives. Consequently, in many European countries, people learn to give the first aid
through cardiac message and application of external shocks. I like that life stays in only
few seconds and this highlights the importance of time, attention and action in
unexpected moments.

3. Why is cardiology so special?
The first fact that attests us in this life, since we are in the womb, is the fetal
heartbeats. It was found that after a child is born, he calms down standing in his mother’s
arms, where the heart is. It is said that he recognizes his mother after her heartbeats, her
smell and by touching.

4. Which are the instruments used in cardiology?
The most important instruments for evaluating the heart are the stethoscope
(which shows us the cardiac frequency and the breathing), EKG (which indicates the
disorders of the cardiac rhythm), echocardiography (which permits us to see the heart
structure and its proper functioning).

Stethoscope

3D reconstruction of the heart as viewed from the apex towards the valves, image flipped 180°
relative to illustration above

5. How cardiology makes you feel?
The heart has a special musicality. There are six types of breath. The first and
secondare considered functional and the ones from third to six are organic, which means
that behind them is hiding a cardiac disease (in time, it can cause death). Helping a child
with cardiac pathology from the first hours of birth brings hope and happiness to the
family, so these feelings also cover me.
We have focused on the field of Cardiology since the sound created by the
heart is a melodious wave which represents life. Nothing we can achieve makes sense
better than "to live", each pulse, each beat reminds us that we are human
beings, that we have to live our lives. The relationship between music and the
heartbeat is very important, the heartbeat is a song and each person has their own
song. As we all know, the heart is the most important organ of the body, without
which we would not be able to live life as we know it. If you listen to the heartbeat,
they always change, this depends on our state of mind; every sound represents each
emotion that we live.

Source: Wikipedia - https://en.wikipedia.org/wiki/File:Apikal4D.gif

HOW TO SOUND MORE POLITE
Magdalena Cvetko
Mentor: Iva Čorak
XV. gimnazija, Zagreb

Sociolinguistics, in its simplest definition, is the study of society's effect on the use of
language and vice versa. The most important area that sociolinguists study are differences in
the use of language in various social groups, which can be distinguished by race, gender, age,
various cultural norms, or any other social factor.
We think we know how to sound polite in our native language, but in fact, there is
nothing particularly „natural“ about being appropriate in different social situations; we, in
fact, need to learn politeness according to a social context. Learning how to sound and be
polite in the second language presentsthus an even bigger challenge to our effective use of
language as a means of communication. In order to examine some of these phenomena and as
a part of the Erasmus+ project The Magic of Sound we created a number of dialogues in
which we aim to show examples of appropriate and inappropriate use of language depending
on the social situation; we filmed the dialogues in both versions, offering examples of
language that should be avoided as well as their more acceptable replacements. These video
clips can be used in future as teaching materialas they demonstrate explicitly examples of
„good practice“ in communication skills that not only help us learn a language but create,
build and ultimately probably preserve kind and meaningful relationships with people around
us.

The process of our investigation can be divided into four phases: research phase,
which concerns deciding on the social situations we wanted to explore further; writing phase,
in which we came up with potential dialogues for the selected social contexts; filming phase,
which alongside the filming included further work and refinement of the language selected in
order to make the dialogue more „natural“ as well as functional for the situation. It became
obvious exactly during the filming stage whether any of the language we have written actually
functions as we imagined it would, or not; many changes were necessary in order to achieve
the desired effects once the words written became the words spoken. Several times we
changed the whole sentences because it became obvious that certain uses of language that
functioned when written did not have the same effect when spoken. The final phase of our
investigation included observation and analysis of the ways and means in which we use
language in order to communicate appropriately and politely in different social situations.
The situations we chose to create and analyse consist of the following: a short
conversation between a mother and her teenage son, a visit to the doctor's, an interview of a
passer-by in the street, and a situation in the classroom. These were chosen as good examples
of possible everyday situations in which we are expected to react spontaneously and politely
at the same time. The following are conclusions of the research in the form of instructions on
how to use language in order to sound polite.
1. SOFTENING YOUR STATEMENTS
Use short, colloquial phrasesand modal verbs to make your statements sound more friendly.
Talking too directly and giving very short answerscomes across as rude and disrespectful.
This works equally wellin informal and formal conversations, although some formal
situations may require shorter and more direct answers.
eg. I have a sore throat. / It's no big deal really, I just have a sore throat. (VIDEO 2)
Yes, I do. / Yes, I do, as a matter of fact. (VIDEO 3)
This dress doesn't fit you. / I don't think this dress is the right fit for you./ This dress might not

be the right fit for you.
Just walk faster. / Sorry, could you walk a bit faster, please?
2. ASKING FOR AND GIVING PERMISSION
When asking for permission, use some of the following phrases:


'May/Can I ..., please?'



'Do/Would you mind if ...?



'Would it be all right if ...?'

Adding the word 'please' to any of them will make them even more polite and friendly
sounding.
When giving permission, saying simply 'Yes' or 'No' will come off as arrogant. To make your
answer more polite, add a phrase that will emphasise your answer.
eg. Can I ask you how much time you spend using it? (VIDEO 3)
Would you mind if I opened the window? No, not at all.
Can I borrow your pencil, please? Sure, go ahead.
This rules apply to both informal and formal situations.
3. ASKING QUESTIONS
There are three main types of questions in the English language: direct questions, indirect
questions, and question tags.
● Direct questions
Direct questions are usually Yes or No questions or they ask for more information about the
subject. Asking these questions may seem impolite, especially if you are questioning a
stranger.
eg. What time is it?
Have I missed the bus?
To make these questions more polite, start your question with 'Excuse me', 'Sorry' or 'Pardon
me'.
eg. Excuse me Madam, do you have a moment to answer a few od my questions?(VIDEO 3)
Excuse me Miss, what time is it?
Pardon me, have I missed the bus?
●Indirect questions
These questions start with some added language which makes them more polite to start with.
They are considered very polite in formal and in informal conversations.
eg. Can I ask you how much time you spend using it? (VIDEO 3)
Could you tell me which team he plays for?
Can I ask you to open this bottle for me?
If it is a Yes or no question, use the word 'if' or 'whether' to make direct question indirect.
Both options are considered formal, though 'whether' is considered more formal.

eg. I was wondering whether she would show up or not.
Can you call me if you find out something?
●Question tags
Using question tags means that you are already informed about the topic and you are asking
for more information or you are checking a piece of information that you already have. This
question form is considered polite in most situations.
eg. You haven't done your household chores, have you? (VIDEO 4)
I have met you before, haven't I?
We went to the same high school, haven't we?
I am late, aren't I?
4. USING QUALIFIERS
Using qualifiers is primarily important in business enviromentin which talking directly seems
excessively impolite. Expressions like 'slight/ly', 'a bit', 'a little', 'a little bit', 'short' and 'small'
are great for softening and attenuating your thoughts.
eg. I use twitter. / I use twitter, but slightly. (VIDEO 3)
We're sorry. / We're terribly sorry! (VIDEO 2)
That's a long time. / That's kind of a long time. (VIDEO 2)
I'll be late. / I'll be a bit late.
That look is too much. / That look is slightly too much.
5. AVOIDING SAYING SOMETHING IS 100% ACCURATE
Instead of stating your opinion as a fact,you should give your interlocutor a chance to disagree
with you. Say it in a way that shows your opinion, but is not too forceful.
eg. That isn't true! / I don't think that's the whole truth.
That looks ugly. / I think this could look better.
6. USING 'PLEASE', 'SORRY' AND 'THANK YOU'
Using these words will leave any statement sounding more kind and polite.
eg. Could you do it after dinner, please? (VIDEO 4)
Sit down. /Please, sit down. (VIDEO 2)
Will you give me a ride to school? / Could you give me a ride to school, please?
I can't go, I'm very busy. / I'm afraid, I can't join you. I'm rather busy.
7. AVOIDING IMPERATIVES
If you are not talking to your friends or family, the imperative form is considered very
impolite. It is considered impolite in a working surrounding too; managers and directors, for
example, should avoid using it with their workers.
eg. Well then buy some pills and drink more tea. (VIDEO 2)
Give me a hand. / Please, could you give me a hand?
Tell me the time. / Would you mind telling me the time, please?

Imperatives can be used when giving instructions or directions and in warnings and written
offers.

eg. Turn left when you pass the church and go straight down the road.
Have another biscuit!

The last stage of our research proved the most useful; although it took most of our
time, it made us much more awareof the choices we make every time we engage in a
conversation. We noticed a significant difference in what we thought would sound polite and
what actually sounded so in a realistic situation, especially in cases of a more informal
register. The initial dialogues were re- written so as to sound more natural, and there were a
few cases of more improvised reactions both of which go to prove the importance of not just
reading about how to sound polite, but also of practicing it in real-life situations. Another
important aspect that was not a parameter of this investigation are the non- linguistic features
of speech; elements such as tone, pitch, body language, eye contact, etc. seem to equally
contribute to the effectiveness of the message as do the diction and syntax.
(1522)
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TRANSCRIPTS
Appendix A
DIALOGUE 1 – CLASSROOM
TEACHER: What do you think about global warming?
STUDENT: Well I think umm... it's bad for the enviroment and like some animal species are dying? And the see is rising. So,
like, it's dangerous.
TEACHER: What do you think about global warming?
STUDENT: Well, I believe that global warming is the biggest threat to human civilisation. Umm, It affects many aspects of
nature; animals, vegetation, and people too. And, currently, there are over sixty species classified as vulnerable and
endangered due to affects of global warming. And that's not all - sea levels are rising and toxic UV radiation is a great
concern to the humanity. And I strongly believe that with the right political actions we can preserve our planet as it is.

Appendix B
DIALOGUE 2 – DOCTOR'S OFFICE
MISS POTTER: Hello, Doctor Smith. I called earlier, but no one answered?
DOCTOR SMITH: Sit down. Well, that's probably because we're really busy today. Why did you come?
MISS POTTER: Well, it's no big deal, really, I just have a sore throat.
DOCTOR SMITH:Well then just buy some pills and drink more tea. You could've thought of that yourself, you know.
MISS POTTER: Yeah, but it's been bothering me for a really long time, almost two weeks.
DOCTOR: If it's been bothering you for so long, why didn't you come then earlier? Okay, let's take a look. 'A'!
MISS POTTER: 'A'.
DOCTOR SMITH: Umm. Nice.
MISS POTTER: Hello, Doctor Smith.
DOCTOR SMITH: Oh, hello. Please sit down.
MISS POTTER: I called earlier today, but no one answered.

DOCTOR SMITH: We're terribly sorry, it's been crazy busy in the office today! What seems to be the problem, Miss Potter?
MISS SMITH: Well, it's no big deal really, I just have a sore throat, but it's been killing me.
DOCTOR SMITH: Well, let's take a look then! Is there anything else?
MISS POTTER: No, just this, but it's been going on for two weeks, though. That'sa kind of a long time for a cold.
DOCTOR SMITH: Yes, that's a bit more worrying, but it's probably nothing serious. Anyway, let's take a look. Say 'A', please!
MISS POTTER: 'A'!
DOCTOR SMITH: Really nice.

Appendix C
DIALOGUE 3 – INTERVIEW
INTERVIEWER: Excuse me Madam, do you have a moment to answer a few of my questions?
WOMAN 1: Ugh fine, okay, just hurry up, please.
INTERVIEWER: We're doing a research about how much time people spend on social networks on a working day. Could you
tell me if you use any of the following: Facebook, Instagram, Twitter, Youtube, Tumblr, or Snapchat?
WOMAN 1: I don't have time for those things, I'm a business woman! I use twitter, but slightly.
INTERVIEWER: Can I ask you how much time you spend using it?
WOMAN 1: Maybe half an hour a day, I don't know.
INTERVIEWER: Okay, thank you. Good bye!
INTERVIEWER: Hello!
WOMAN 2: Hi, hello there!
INTERVIEWER: I'm sorry lady, do you have a moment to answer a few of my questions?
WOMAN 2: Umm, yes, yes.
INTERVIEWER: We're doing a research about how much time people spend on social networks on a working day. Could you
tell me if you use any of the following: Facebook, Instagram, Twitter, Youtube, Tumblr, or Snapchat?
WOMAN : Oh, you've listed so many! Yes I do, as a matter of fact. I use facebook, and sometimes I use Youtube, but I never
use Twitter.
INTERVIEWER: Can I ask you how much time you spend using it?
WOMAN 2: Ummm... a day?
INTERVIEWER: Yeah.
WOMAN 2: An hour, an hour and a half perhaps?
INTERVIEWER: Okay, thank you for your time. Good bye!
WOMAN 2: No problem. Bye!

Appendix D
DIALOGUE 4 – MOM-SON
MOM: You haven't done your household chores, have you?
Son: I couldn't, I was doing my homework. And I'm not your maid, you know.
MOM: Could you do it after dinner, please?
SON: Ugh fine, just leave me alone.
MOM: You haven't done your household chores, have you?
SON: Sorry mum, I was doing my homework.
MOM: Could you do it after dinner, please?
SON: Sure, will do!
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Causes:
The increase of phone tapping has
appeared mainly as an effect of the soaring of
corruption, felonies and terrorism.
Effects:
As well as helping the government solve a
certain amount of problems, it has also stirred
some controversions because it is seen as a
violation of privacy.





In 2014, there were 500.000 applications
to intercept private communications under
surveillance laws, and most of them were
approved.
Even though it is a very criticised action,
the government believes it to be the most
effective for protecting the country.
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The magic of sound

Jobs connected with sound
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Ștefan ȘimoncaOprița is a sophomore
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Drăgoi’ Art School in
Arad.
He plays the violin
and looks forward to
studying at
Saarbrücken’s
Conservatory
University in
Germany.

Q: What type of undergraduate/graduate
studies must someone have in order to have a
diploma of being able to play an instrument?

A: One must follow a conservatory or
some type of university that teaches
music and/or acting, art etc.

Q: What type of courses should one take at the
university?


A: Theory courses (musical -, superior -,
instruments theory, music history,
composition etc.), singing courses (classic
singing, vocal hygiene, stage presence,
make-up, etc.), instrument courses (main
instrument, secondary instrument,
orchestra studies, directing studies etc.),
jazz music, traditional, religious and
sacred music courses.

Q: How should a violin be tuned depending on the
music’s tone?


A: The violin has 4 chords (Do, Re, La,
Mi). All the chords are tuned depending on
the sound ‘La’, so this is the base of the
adjustment.

Q: How do the vocalist and instrumentalist sound
on the same tone?


A: Usually, the composer decides in which
way both of them should sound.

*The violin is the easiest to adjust to human
voice because it sounds (the vocal,
timbre) almost like the human’s.

Q: What is the relation between the audience,
vocalist and instrumentalist? Is there a sound
difference if you stay in different places in an opera?

A: The acoustic is the ‘art’ that makes the
sound good to hear regardless of where
you are positioned. The people who do
this for a living are the ones responsible
for the musical building of an opera.
 A good opera is so built that no matter of
your sit, you will have an exceptional
sound to hear, even if it is different.




‘Sala Palatului Cultural’ in Arad is classified on
the second place in Europe for its extremely
good acoustic.

Q: How can the audience tell if two violins are not
tuned the same?


A: It’s hard to tell, as a non-musician,
because the perceptions are not trained
for this.

* For musicians, it’s easy to make a
difference for instance between a tuned
violin or one that is not adjusted.

Q: Is the instrument tuned before the concert or
during it?


A: The instrument is always tuned before,
but in between the plays there is also a
part where they adjust it again.

* If an instrument is used more in a play, it
can be adjusted during a play as well.

Thank you!
Mulțumesc!
Hvala!
Danke!

Realised by:
Brehuescu

Hannelore
Debeleac Oana

When Mathematics hugs the world,
and the world hugs it back ...
about ecuations, functions and fractals

Dedea Andreea Monica
Clasa a XI-a A
Colegiul Național Moise Nicoară Arad
Prof.Coordonator : prof. Octavia Potocean
Motto: The purpose of science has always been to metamorphose the complexity of the
world into a set of simple rules.
Analysed from a personal point of view, neither from a philosophical one, nor from a
scientific one, the human being, arbitrarily called X, seems to be nothing more but a surjective
function, defined on a vast domain, represented by seven billion people (the objectivelychosen notation for the domain will be A). Let there be a codomain B, designated by the loved
ones, the friends, the acquaintances and generally the people that have the same interests as
the person X. Now, everything that has been written until here, could also be expressed as
𝑓: 𝐴 → 𝐵, implying that 𝑓(𝑥) exists. However, here interferes the magical specific feature
that assures us that the function is surjective. In other words, every element of the human
being is mapped to at least one friend, or to at least one lover or one acquaintance, or simply
to one element of the codomain B. Let there be someone from the codomain B, that has a
special place in X’s heart. We shall call this person Y; so that in the end we have 𝑓(𝑥) = y. It
is impossible not to draw attention towards the fact that in most cases, X and Y are not equal,
but 𝑓(𝑥) has the same value as 𝑦.This means that to every human being corresponds another
human being, that has the same moral and spiritual values as his/hers, be it the best friend, the
wife or the husband. Maybe hyperbolised and ideational, but 𝑓(𝑥) = y will always remain
the mathematical expression for true love and for soulmates. Isn’t it wonderful how
Mathematics gives us not only the hope, but also the certainty that to every soul on this planet,
belongs at least one other soul, specially designed to hug and become purely his/hers ? In a
transdisciplinary approach, Mathematics seals the power of love and the empirical foundation
of the human being. Therefore, Mathematics can also sustain the intelectual development
through love. In many other cases, Y is not only a person, but a subject ( Literature,
Chemistry, Economics etc ) . The more X studies Y, the more X becomes Y, an infinite
macrocosm, always transcending into a gnoseological galaxy. For example, Mihai Eminescu

became Poetry, and Ion Barbu found 2Ys, one of them was Mathematics and one of them was
Poetry. The thirst and the love for knowledge must be perceived as a fundamental form of the
human being. The reason behind this has been given by Dante Aligheri, who stated that all
types of love guide us to the light that we ourselves are.

Evens so, the purpose of this thesis is not to deepen the literary meaning of the feeling of
love, but to prove thtat Mathematics can simplify the complexity of the world, defining every
aspect of the world only by using simple rules. Nevertheless, what is more to life than the life
itself ? But doesn’t

life consist of pure physical and psychical light, alongside love ?

Rabindranath Tagore claimed that light, just like love, never remains hidden. However, the
scientifical topic of study is the light, understood through Mathematics. We will then use the
Theory of Analogy to demonstrate that Mathematics have the ability to disclose the
philosophical truth regarding life in its purest form.
There have been many scientifical and theoretical approaches to the subject of light, so I do
not intend to write cold and factual lines, as this will bring monotony to this thesis. The
purpose, however, remains the same : to find light even when it seems to hide.
It was stated above that the light and the love are fundamental characteristics of life and
this leads me to wondering what could be more challenging and satisfying than studying the
light in every-day life, in the colourless ordinary ?
We shall note that the Sun is the main element that will be analysed, as it is a metaphor for
all of the other types of light, but it is the oldest and the most mysterious one. The answer
behind this decision is stated by Serafim Duicu that wrote: every night we distance ourselves
from love(...)/every morning we discover the love (...). The sun, just like the human being,
knows two critical moments : the sunset and the sunrise. The sunrise is a reverse of the sunset,
and the sunset itself is a reverse of the sunrise. Furthermore, the sunset always impregnates
the world with an enigmatic and melancholic atmosphere. We shall try to find the
immortalization of the sun in Mathematics, and to complicate this transdiciplinary goal, we
intend to find the equivalent for light in Mathematics by using only the five fundamental
numbers, as the light itself is a fundamental form of life.
The equation 𝑒 𝑖𝜋 + 1 = 0, known as Euler’s Identity is the answer we have been looking
for, although theoretically it does not represent the light, or anything regarding the light. From
now on, we aim to demonstrate that this equation can be a graphic immortalization of the
light, or more exactly, of the Sun.

We shall notice that the
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equals -1, the evolution
of the function looking
exacly as a sunset. Sure,
this wouldn’t have been possible without a bit of imagination, but this is what i stands for,
that imaginary part of Mathematics. In short, this simple equation captures the two
fundamental moments of the world, as the sunrise is the reverse of the sunset, n evolving from
100 to 1. The existence of the Sun is sealed by the equation 𝑒 𝑖𝜋 + 1 = 0. It becomes
interesting to remark that the graphic representation of the function when n=100 could be a
sunset, or a sunrise, as it depicts half of the circle. The human being, at this point, can either
discover the love or distance himself/herself from love, as Serafim Duicu claimed. (every
night we distance ourselves from love(...)/every morning we discover the love (...). When

n=100, the representation depicts the night, but also the morning, the beginning, but also the
end. Behold the dual power of light, Mathematics and of unconventional !
Although we do not neglect the pure theories from Physics, we perceive them as
coneventional, so many people write about their complexity in general and objective terms. I
presume it becomes more intriguing when we aim to demonstrate something that theoretically
and scientifically has no relation to the phenomenon of light, but transdiciplinarily, it becomes
some sort of, at least, personal discovery.
However, Mathematics continuosly enchants us every time we deepen our souls in what it
has to offer. It does not only seal the equation of the Sun and light and love, but it
immortalizes the whole world around us. Benoît Mandelbrot realised this, as he noticed that a
mountain is not a pyramid or a cone, that the trunk of
the tree is not a perfect cylinder, and that clouds are
not spheres. We do not meet simple, geometrical
forms

in

nature,

but

ones

that

possess an

uninimaginable beauty. By inventing the fractal to
denominate an object whose Hausdorff-Besicovitch
size is bigger than its topological size, Mandelbrot
managed to

metamorphose

the complexity of the

world into a set of simple rules.
He illustrated the mathematical definition using
images that have been obtained by using a specific
algorithm, transposing his way of thinking into
pictures. The lightning, the most dynamic and blinding form of light, can be reduced to a
mathematical expression. The human being, through the sunrise and the sunset of its life, can
be reduced to a mathematical expression. Even music and sound can be reduced to a
mathematical expression, using the fractals to do so. The most beautiful type of music is the
music that sounds symmetric, and this is created using fractals. Even the invention of the
artificial light, discovered by Edison, implyed some sort of enlightening, a vivid thirst for
knowledge and this proves how conveninet and useful is, to metamorphose the complexity of
the world into a set of simple rules, into an equation.
Finally, at the end of this transdiciplinar thesis, we
shall all agree to Galileo Galilei, when he declared that:
„Mathematics is the language God used to write the

Universe.”

From now on, we shall be wondering what other mysteries are hidden by

Mathematics...

***
the graphic representation of 𝑒 𝑖𝜋 + 1 = 0 can be studied at :
https://en.wikipedia.org/wiki/Euler's_identity#/media/File:ExpIPi.gif

more images with fractals :
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To illustrate the consequences of the interfering of two sound-waves with the same
amplitude, same frequency and different starting points you can use a program like
MatheGrafix.
Step 1: Create a function e.g.: f(x)= sin(x)
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Step 2: Create a second function e.g.: g(x)= sin(x+0,5)
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Step 3: Add the two functions: h(x)= sin(x)+ sin(x+0,5)
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Now you can clearly illustrate that the amplitude of function h is just the amplitude of f +
amplitude of g.
There are areas where the sum is zero and areas where the sum is 2.

If you have a sound programme like sweepgenerator you can create two tones (one coming
from the left speaker and the other one from the right speaker) that are completely the
same e.g. 440Hz and ask your students to find different spots in the classroom where they
can hear the tone very clearly and where they can hear almost no tone.

Beating

To illustrate the phenomenon beating. You need a program to draw functions e.g.
MatheGrafix.
Step 1: Create a normal Sinus-function: f(x)=sin(x)
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Step 2: Create a sinus-function that has got a slightly different frequency e.g.: g(x)=sin (1,1x)
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Step 3: Add the two functions: h(x)= sin(x)+sin(1,1x)
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Here you can see that the amplitude of function h is increasing and decreasing very slowly.
You can illustrate this phenomenon with a soundgenerator. Add to different soundwaves
e.g.: 800 Hz (right speaker) and 803 Hz (left speaker). Now you can hear the amplitude
increasing and decreasing.
Additional question: What will happen if you only change the frequency of the left speaker
to 805Hz?
y
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Answer: The Increasing and decreasing takes part faster.

Jobs in music and sound
JULIA FILIMON, CARA KOHLER, VERA KOHLER, NIKOLAS BERSCHIN, SARAH FEHRING

Categories
Production

Scientific work

Reproduction

Music and sound production

composer

instrument builder

record producer

Music and sound reproduction

singer

instrumentalist

body percussionist

Scientific work with music and sound

sound designer

teacher

Thank you for listening
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Acoustics of the Cathedral in Đakovo
Leo Gočan, Leon Lušić, Petra Bolt
XV. Gimnazija, Zagreb, Croatia
Supervisor teacher: Bernarda Mlinarić

Introduction
It is common knowledge and experience that with the greater distances from a source,
sounds become weaker until they are impossible to hear. That idea was the foundation of our
work.
In this investigation, we investigated the correlation between the distance of the point
from the source and the level of the intensity of the sound on that point. Measurements were
done in the Đakovo Cathedral situated in Đakovo, in the region of Slavonia – the eastern part
of the Republic of Croatia. In the same place, two other cathedrals existed before, and the
second one was replaced by the new (current) one, due to its’ weak construction. The current
cathedral, also known as the Saint Peter’s Cathedral, was being built from 1866 to 1882 at the
initiative of Josip Juraj Strossmayer, the bishop of the Catholic diocese of Đakovo and Srijem
at the time. It is both the most eastern and one of the youngest cathedrals in Croatia situated
in one of the smallest towns (for a diocese) compared to the position of the other dioceses
like in Zagreb, Zadar, Rijeka and Split which are much greater in the area. One of the special
aspects of the Cathedral and the reason why we chose it is that the echo supposedly lasts for 8
seconds which is very interesting from a physicist’s point of view. We chose 7 points for
which we thought were the most reasonable and interesting to measure. Our hypothesis is that
the further away from the source a certain point is, the level of the sound intensity decreases.

Methods and Materials
The idea we had was to make the measurements on different, previously discussed and
selected points visible on the ground plan of the cathedral (Fig. 1.). Those points were, as
aforementioned, selected because of their particular positions throughout the cathedral. They
represent the locations that are the furthest from the altar in several key directions except for
the point number 7. That point has been chosen because it is the “centre” of the cathedral
which makes it another good point for collecting data.
For our independent variable, we chose the distance from the source – the altar – since
we will be changing it deliberately. As for the dependent variable, we chose the level of the
intensity of the sound.
In order to obtain a fair test, we needed to control several other variables. First and the
most important are the source settings (volume, frequency, orientation) which we kept
constant. Second are the external sounds which we decided to keep at the minimum so that
they wouldn’t interfere with our measurements. The last one is the measuring time which we
kept constant at 10 seconds.
At the location, we have situated the source – a speaker (Fig. 3.) on the altar, facing the
entrance, and connected it to the frequency generator (Fig. 2.) – LabQuest device. We chose
the altar as the optimal spot under the assumption that that was the position and the
orientation that would usually be taken by the priest when talking to the people during the
Mass. Another reason for that placement was the fact that the altar is situated in a particularly
symmetrical position (as visible on the ground plan of the cathedral). After setting up the
recorder – Sound Level Meter, everything was ready. Recorder (Fig. 4.) is a device capable
of measuring (recording) the level of the intensity of the sound – L [dB]. It was connected to
a device that then stored measurements as raw data (tables) and as graphs (Fig. 2.) – another
LabQuest device. The company Vernier made both LabQuest and Sound Level Meter. We
have done 15 measurements in total across eight positions in the cathedral. On each position,
we have made two measurements, each lasting 10 seconds: one for 440 Hz sound and one for
880 Hz sound1. After collecting all the data, everything that was left for us to do was to
extract that data and find out whether correlation exists.

1

Exception is the first measurement where, instead of 440 Hz, we measured for 220 Hz

Methods and Materials

Fig. 1. The simplified ground
plan of the cathedral with
chosen measuring points.

Fig. 3. Speaker used as the
source of the sound.
Fig. 2. LabQuest
device which can
generate different
frequencies and store
the data collected by
the Sound Level Meter.
Fig. 4. Sound Level Meter which
records the level of the sound intensity.

Results
Table
The obtained data must be organized into a table. Our intention is to use the results
from this table to create a graph showing the dependence of the level of the sound intensity –
L [dB] on the distance from the source – d [m]. The “L/dB” column is comprised of average
values for each measurement because each was done in a period of 10 seconds to ensure the
most representable and correct results.
After doing the experiment, we have obtained the following results:
Measuring Point
Source
1
2
3
4
5
6
7

f/Hz
220
880
440
880
440
880
440
880
440
880
440
880
440
880
440
880

d/m
0.05
21.5
20.3
20.3
39.7
39.7
38.3
19.2

L/dB
104.10
118.30
71.26
69.58
73.13
72.23
69.36
78.86
62.44
63.87
56.48
63.47
56.92
69.42
N/A
82.02

Results
Graph

The graph represents the dependency of the level of the sound intensity – L [dB] on
the distance – d [m] from the source. Heights of the red columns represent the values of L
[dB] at the distances d [m] from the source. For each value of L [dB], we used the average
value for the two frequencies on that position.
We wanted to know if the acquired data follows any known function when we add the
best fit curve. For that, we used Logger Pro software made by Vernier as it has an option to
try to fit a function on any given points – in this case, ours. Using this, we can either verify or
discard our hypothesis and see whether our results match the laws of physics.
Since the level of the intensity of the sound is represented by a logarithmic function, our
assumption was that it depends on the distance from the source in the same way. The reason
why we assumed that that was the fact was because the distance appears in the expanded
form of the formula for the level of the sound intensity. When expanded, that formula
, with our results incorporated in it, becomes

where

d represents the distance from the source in meters. Since it is inside of a logarithmic
function, we tried to fit our measurements to a theoretical logarithmic curve and it fitted very
well. The only thing left for us to do was to accommodate the curve to our formula which
resulted in an even better fit, showing correlation and confirming our prediction. However,
we cannot be certain about that because we actually have only “three points” represented by
the three clusters of points.

Discussion
This research was done well, not perfect, not bad, but well. We find that the three
main problems stopped us from a completely successful research. First of them being the fact
that we didn’t make sure everybody knew how to use the measuring devices so in the end,
quick and somewhat successful instructions were needed. That slowed our progress, resulting
with a smaller number of measurements. The second problem was the fact that we conducted
our measurements in a cathedral, which is a public place. That, in term, resulted with a tour
group entering the cathedral. They prevented us from acquiring the results during their tour
because they made noise, taking from us time which was already limited. The third and the
final problem was the small amount of the measurements clustered into the three intervals of
the distance which makes our conclusion uncertain because it would take much more
different points to confirm our prediction with optimal certainty. If those three problems did
not occur, I believe that the results would be greater in number and much more precise. On
the other hand, as it was already said, the results are good despite the problems and they
support our hypothesis, which is that with the distance from a source, the level of the sound
intensity decreases.
Apart from our hypothesis, we also went to the cathedral to test whether the echo
really lasts for 8 seconds which is surprisingly true and proven with several recordings.
Another finding is that the size of the cathedral makes it difficult to sing and also to
talk across greater distances because of the echo which causes significant interference.
Our findings and measuring process could be used if an analysis of sounds in a
concert hall, a presentation hall or something similar is needed where the conservation of the
sound

intensity

plays

a

great

role.
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INTRODUCTION
 ERASMUS+ Magic of Sound project
 Interdisciplinary – biology and psychology
 Research the human voice
 Dependant on anthropomorphic factors
 Consists of sounds made using the vocal cords

 Fundamental frequency
 Lowest frequency of a periodic waveform

INTRODUCTION
 Biology
 Find a connection between the fundamental frequency and some anthropometric
factors of human body

 Psychology
 Investigate human voice perception – how good humans really are at determining the
pitch of human voice
 Investigate whether the perceived pitch and fundamental frequency affect the
pleasantness of human voices

METHOD
 Determine the fundamental frequency of our volunteers voice
 Biology
 Measure the anthropometric characteristics of volunteers

 Psychology
 Design the questionnaire
 Play the voices to participants

Circle your gender:

M

F

Have you attended music school or were part of a choir for 4 years or more?

YES

NO

M

F

Write your opinion about the voices you are going to hear.
VOICE 1

 Analyse the results

Does this voice belong to male or female person?

 Find some connections

Is this voice pleasant or not?

Is this voice high or low?
PLESANT

UNPLESANT

RESULTS - BIOLOGY
 Strong correlation between the fundamental frequency of the human voice and
the length of the human neck

R=-0.92

RESULTS - BIOLOGY
 Notable correlation between the fundamental frequency of the human voice and
the larynx volume

R=-0.87

RESULTS - PSYCHOLOGY
 Strong correlation between the fundamental frequency and it’s perception

R=0.83

RESULTS - PSYCHOLOGY
 Strong correlation between the pleasantness and fundamental frequency of the
voice

R=0.81

CONCLUSION
 The results show promising correlations – hypotheses confirmed
 Some results conflict with existing research
 Results could be improved by using a larger sample and participant group size
 We recommend other schools confirming or correcting our findings
experimentally
 We had lots of fun 

THE TEAM
 Mentors: Sanja Vučetić, Biljana Agotić Smital
 Members: Marko Filip Horvat, Dora Kitonić, Josip Igrec, Marta Lauda, Mario
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Why does an octave contain twelve halftones?
Luka Ilić, Vinko Michael Dodig
XV. gimnazija
Mentor: Sanja Antoliš
An octave has eight tones so it would be expected that it consists of sixteen halftones. Since it is
known for an octave to have twelve halftones here it is going to be shown why.
To do this we shall take one tone and consider it’s frequency as a unit and observe tones above
and below this tone in the interval of 10 octaves. From the ratio of the octave interval, 2:1, we
know that the frequency of the octave on that tone is 2, octave on that octave has a frequency
equal to

etc. Those tones all sound the same to our ear so we decided to look at the fifths on

those tones. Using the same method as above and knowing that the ratio of the fifth interval is
we can fill out the following table which depicts what we have just done:
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Now we have a theoretically infinite number of tones with frequencies of this format:
; i, k  Z.

If we take a look at the numbers i and k so that
k fulfilling

= 1, we see that there are no integers i and

so we aim at finding the best approximation, which means we are trying

to approximate number t from

or

. This is where we need continued

fractions with whom we are going to get the most exact value of t.
Continued fractions
In this section, we are going to introduce continued fractions. We are going to show the fraction
as an example. First, we write it down in the form of a mixed fraction, invert the remainder so
it’s the denominator of number 1 and repeat the process until possible

The abbreviated notation of the fraction

is written as following:

Observe the fraction:

,

,

Numbers

,

are called convergents of the number X.

For continued fractions it can be proven that:
1. Every number x can be written in the form of a continued fraction.
2. If the number x is rational, the continued fraction is finite. If the number x irrational, the
continued fraction is infinite.
3. Convergent of the continued fraction is the best approximation of the number x with that size
of the denominator, respectively if some fraction

is a better approximation of the number x

then the denominator n is greater than the denominator q. This property is used to determine
approximations with relatively small denominators.
4.

If

there

are

two

and

convergents

then with denominator lesser than

approximation
following

successive

is
,

or
,...,

one

of

the best
the

.

Now that we know what continued fractions are we can go back to determining the best
approximation of the number t:

Since

is greater than

it follows:

4
3
3
log
log  log2- log
log2
3
2
2 1

3
3
3
log
log
log
2
2
2

From the above we get the following convergents:
,

,

,

,

,

Determining the best approximation of number t depending on the denominator we got the
following values:


Denominator lesser than 5 ->



Denominator lesser than 12 ->



Denominator lesser than 41 ->

Combining those values with the convergents we get the following sequence:

1 1 2 3 4 7 17 24
, , , , , , ,
1 2 3 5 7 12 29 41

The best approximation is the one with denominator 41, but the best approximation feasible in
practice is the one with 12 halftones and fifth as a seventh halftone and that is the reason why
and octave consists of twelve halftones.

Literature: Šikić, Zvonimir, 1999. Matematika i muzika. HMD. Zagreb

This project has been funded with support from the European Commission.
This publication [communication] reflects the views only of the author, and the Commission cannot be held responsible for any use which may be
made of the information contained therein.

Otorhinolaryngology
Iluțan Răzvan

General information
Otorhinolaryngology is the medical speciality that studies the anatomy and the
fiziology of the ears, eyes, nose and throat. Specialty also handles with the
communication problems caused by hearing and language disorders. An
important branch of Otorhinolaryngology is the audiology.

Pathology
Sudden deafness – rapid loss of hearing caused by an unknown disease.

Mastoiditis - inflammation of the air spaces contained in the mastoid bone.
Otitis externa - inflammation of the external ear canal; It is manifested by itching and feeling of
warmth.
Otitis media - middle ear inflammation often caused by an infection with sudden onset. The
symptoms are: fever, loss of appetite and sometimes can lead to hearing loss.
Meniere's disease - disease of the inner ear characterized by brief episodes of vertigo, loss of
hearing or tinnitus. Hearing may be affected by many diseases: cardiovascular diseases,
diabetes, meningitis, stroke, tumor of the auditory nerve, hypothyroidism.

Symptomps of hearing loss
A person may know that his hearing is impaired if she:

-Hardly hears the sharp sounds
-Have difficulty understanding telephone conversations
-Asks the caller to repeat the words addressed
-Tinnitus appears

Tinnitus - perception of abnormal sounds or noises in the ear that can occur due to excessive
exposure to noise, but also because of serious conditions such as a tumor.

The history of auditory prostheses
The first story about hearing aids appears in the Italy of 1588. Then, Giovanni Battista described
some hearing aids made of wood. In 1900 carbon prostheses began to appear, and in 1920 the
vacuum tube prostheses appeared. In 1953, prostheses with transistors appeared. They
represented about 97% of the market.

The hearing aids contain an amplifier, a microphone, a headset that sends the amplified sound
to the outer ear and a battery. These devices make sounds stronger. They can be: analog
(amplify all surrounding sounds) and digital (provide opportunity for finer adjustments). The
devices must be used with care, being necessary to check them regularly.

The scheme of ear

Bibliography: https://www.wikipedia.org
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What do sine and cosine sound like?
Fran Kristijan Jelenčić
XV. gimnazija
Mentor: Sanja Antoliš

The main objective of our work was determining what the sum of sine and cosine functions
sounds and looks like.

The foundation
We know that sound is a vibration that propagates as a mechanical wave through a
transmission medium which is most often air, that the human ear can hear sounds with a
frequency between 16 Hz and 20 kHz and that frequency is inversely proportional to the
period T. The period T in a trigonometric function is calculated with the formula
that means that for sines and cosines the formula is

where B is a

parameter of x in the function
We needed to ensure that we could hear the sound that was being
produced. That is why we had to calculate the period for the highest possible frequency the
human ear can hear and the same for the lowest using the formula

. The frequencies in

Hz of C-major notes are shown in the table.
C1

D1

E1

F1

G1

A1

H1

C2

261,63

293,66

329,63

349,23

392,00

440,00

493,88

523,25

The sounds
In order to be able to play the notes of the C-major scale one has to calculate their period and
properly adjust the parameters. In order to make it more practical the function can be written

where

and the expression

is gotten from using the addition formula
after extracting C from the expression
. The reason for this is unless the sound wave is a sine wave or a
cosine wave the sound played will not be a pure tone therefore we either have to ensure the
parameters a and b are the same or that one of the A or B parameters equals zero. If we were
to use parameters a and b that have different values the result would be a tone which is not a
pure tone but a tone which has a sort of beat. Most importantly music instruments create
impure sound, that is why the pure tones sound hollow and synthetic. Below you can see the
difference between a pure tone and an impure tone also what each part of the impure tone
looks like.

Pure tone (C1)

Impure tone

The disambiguation of graphs

Above you can see how the graphs of the function h and q look like when the parameters a
and b are nearly the same. Due to the fact that the parameters are not equal the periods of their
respective functions are also not the same. At one point both the function h and q are at their
maximum and at another one is at its maximum and the other one at its minimum and when
they are added together their sum is zero. This in turn results in the specific look of the
function g as shown below.

Another case is when the difference between the parameters is very big. Then the graphs look
as shown below.

In conclusion, pure tones are gotten by using only a sine function and beats are gotten when
the sum of sine and cosine functions is used. We differentiate 2 different types of beats, when
the periods of the functions are close but not equal we get the first case as shown in the paper
and if the periods are vastly different then the result is the second case.

Literature: Šikić, Zvonimir, 1999. Matematika i muzika. HMD. Zagreb

This project has been funded with support from the European Commission.
This publication [communication] reflects the views only of the author, and the Commission cannot be held responsible for any use which
may be made of the information contained therein.

Doppler Effect
- By Jemma and Ruby

The Doppler effect causes the “neeeeeoowwm” sound of a speeding car passing by.

What is it?

 When a sound source moves in relation to you, its pitch changes. From this effect you can
determine whether the source is moving toward or away from you, and you can estimate
how fast it’s going.
 When a source moves towards an observer, the observed wavelength decreases and the
frequency increases.
 When a source moves away from an observer, the observed wavelength increases and
the frequency decreases.

The Doppler Effect
Experiment – The Doppler
Ball.

What's going on?
 When the distance between the source and receiver of waves
remains constant, the frequency waves is the same in both
places.
 When the distance between the source and receiver of the
waves is increasing, the frequency of the received wave forms is
lower than the frequency of the source wave form.
 When the distance is decreasing, the frequency of the received
wave form will be higher than the source wave form.
 Besides sound and radio waves, the Doppler effect also affects
the light emitted by other bodies in space. If it is "red shifted" the
light waves are spread apart, and it is traveling away from us. All
other stars we have detected are "red shifted," which is one
piece of evidence for the theory that the universe is constantly
expanding, perhaps from a "big bang."

VOCAL VISUALISER

By Jess Luscombe
and Rachel Hope

WHAT IS A VOCAL VISUALISER?
Lissajous patterns:

A contraption that enables us to
see sound as vibration and
experience Lissajous patterns
and resonant vibration modes.

HOW DID IT WORK?
As our voices spoke into a tube, we
caused air molecules to vibrate. These
vibrating molecules struck the rubber
balloon membrane. The membrane
vibrated, causing the mirror to shake in
turn. The laser bounced off the shaking
mirror, tracing out various shapes and
patterns that we can see. The different
amplitudes and frequencies of the
sounds emanating from out mouths
caused different shapes and patterns.

THANK YOU FOR
WATCHING

Dolphin assisted
therapy dates back to
the 1950s and the work
of Dr. John Lilly, who
studied the effects of
dolphins on individuals
with disabilities.

Throughout history, sound - such as
music, drumming and chanting - has
been used to promote health.
Physiologically, we now know that these
sounds can influence heart rate,
breathing, muscle contractions, memory,
and immune function

 appear

friendly and communicative
 capability to heal through presence and
interactions
 reducing stress and increasing relaxation
 stimulating production of endorphins and
hormones
 enhancing recovery and reducing pain

In terms of energy, the dolphin’s ultrasound
blast is four times stronger than therapeutically
used in hospitals.
Furthermore, this blast is delivered through
water, which is 60 times more efficient than air
for sound transference, to a body that is threequarters fluid

What happens in our brain after direct
exposure to dolphin sonar?
First thing that happens is
that our brain wave pattern
drops from an active state
(beta brain waves) down to
a meditative brain wave
pattern (alpha and
sometimes even theta brain
waves)

People have observed the following dolphin
therapy benefits:
-90% become calmer and more focused and
attention span is increased
-80% of children with autism began pronouncing
words and expressions and communicating
better in general
-75% of the parents of children with autism
indicated an improvement of eye contact,
smiling, laughing and touching
-75% have improved emotional behavior,
confidence and self-esteem after dolphin
therapy.

 children

are more responsive to the
therapy because they play in a pleasant
environment
 dolphins can sense areas of disability
and physical trauma in the human body,
they motivate children to use these parts

Our 11 year old daughter on the autism spectrum
had a lifelong fear of water, and never let go of her
grip on a parent in the deep end of a pool before.
During our first day of dolphin therapy, she floated
independently in the deep end, (with a life jacket on)
and then surprised us all by taking a ride on a fast
moving dolphin clear across the pool, water
splashing in her face the entire time! Since she's
been home, she has begun showering
independently, something she was not able to do
before, due to intense fear of getting her face wet.
-Michelle O´Neill, Riley´s mom

Results noticed
· Strong emotional change
· Children calm down
· Improved communication
· Increased attention span
· Increased confidence and self esteem
· Improved gross or fine motor skills
· Better co-ordination
· Better eye contact, smiling, laughing,
touching
· Better immune system.

Conditions that may respond to dolphin
therapy
Neurological disorders, autism, Down's syndrome,
global developmental delay, ADHD, pain relief for
spinal injuries, muscular paralysis, and depression.
Cost
Dolphin therapy is expensive and it is important
not too expect dramatic results.

 http://www.henryspink.org/dolphin_ther

apy.htm
 http://www.thedolphinexperience.com/T
estimonials.html
 http://www.thedolphinexperience.com/
Dolphin-Therapy-Benefits.html

Sounds of trigonometry
Zrinka Mavračić, Sanja Antoliš
XV.gimnazija, Zagreb
Introduction
The idea to teach the theory of sound as physics specific content and trigonometry as
mathematics specific content not only interdisciplinary, but even simultaneously, was
developed during the project “The Magic of Sound”. From interpenetration of subject
contents, we come to their interference, in the way which enriches the teaching of both
subjects without overloading it. Inquiring from different perspectives enables students to
transfer conceptual understanding across the subjects, make connections between them and
discover more meaning in sometimes dry and uninspiring formulae at both sides.
Specifically, the topic on adding trigonometric functions in mathematics is connected to the
topic on interference of sound waves in physics and adapted so that both mathematics and
physics teachers can, if necessary, perform the teaching unit independently and reach their
own objectives, without losing the idea of interdisciplinarity and even simultaneity of their
approach from mathematical and physical point of view.
Method
Previous knowledge
The students already know that “the sound of a tuning fork” is produced by its vibrations.
They also know that the consequent oscillations in air pressure in the air surrounding the
tuning fork propagate through space as a sound wave and can be recorded on the oscilloscope.
What is seen on the oscilloscope can mathematically be recognized as a sine (or cosine)
function. Even more, this fact was previously used to introduce the trigonometric functions in
teaching mathematics1.

1

Sanja Antoliš, The Magic of Sound Project, Intellectual Output O4

Introductory activities
As an introductory revision activity, an even more obvious connection can be made by the
visualization of vibrations of the tuning fork itself. A small mirror is fixed on a tuning fork
and a laser light is directed to it. As the tuning fork is excited and starts vibrating it is moved
parallel to the projection plane, where a sine shaped line can be seen (Fig.1). At the same time,
students may create a document in a dynamic geometry program (Sketchpad or GeoGebra)
where they can see the exact shape of a sine function. In our case, they use the previously
created document.
Fig.1: Visualization of vibrations of a tuning fork 2
Apparatus

Projected laser light

The sounds of different tuning forks covering the range of one octave are listened to. The
frequency of each tuning fork is used as a corresponding parameter in a dynamic geometry
program to represent the sound mathematically. Students come to the conclusion that the
frequency of the sound wave corresponds to the pitch of the sound, and its amplitude to the
volume. They can hear the sound played by the dynamic geometry program, but they notice
that, although it has the same pitch, it does not sound exactly the same as in nature. At this
point an inquiry question Why is it so? can be introduced.
Adding of trigonometric functions and interference of sound waves
With or without help from a teacher students conclude that in nature there are no pure sound
waves, produced by just one vibrational mode, but they are combined in more complex forms.
The sounds produced by the tuning forks are recorded using the free sound analysing software
Audacity for more detailed investigation.
Knowing that sine and cosine are physically the same function, just shifted in phase for π/2,
students create a document in a dynamic geometry program to investigate a graph of the
function
2

Tuning Fork & Laser, video by Leo Gočan, Mateo Panjol Tuflija and Luka Matić, 2016.

f(x) = A sin (a x) + B cos (b x).
Varying the parameters a and b in the audible range, the graph of the resultant function can be
seen and the corresponding sound produced by the software can be heard.
Four typical graph shapes can be distinguished:
a) Sinusoid – if A or B is 0 or if a = b (Fig.2a)
It is the pattern investigated before, and can easily be identified as a pure tone, a sound wave
consisting of just one frequency written on a tuning fork and seen on the oscilloscope (Fig.2b).
Fig.2: Sinusoid from the Sketchpad (a) and from the oscilloscope (b), frequency 440Hz
(a)

(b)

b) Big sinusoid made of small sinusoid – if a period of one sin-function is much longer
than the period of another (Fig.3a)
Analysing sounds produced by the tuning forks using Audacity (Fig.3b), shows that one
tuning fork does not produce one exclusive frequency, but it is more a mixture of frequencies
all being the multiples of the fundamental frequency f0, which is at the same time the
dominant frequency in the spectrum (Fig.3c).
a = 822

f(x) = 3 sin822x + 3 cos822x

12

b = 822

Slušajte funkciju f

Fig.3: (a)Sketchpad pattern examples; (b)Audacity patterns; (c)Audacity frequency spectra (log scale)
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Students may try to add specific trigonometric functions in Sketchpad, using data obtained by
Audacity for one of the tuning forks, to see if the constructed sound would be closer to the
sound heard from the fork itself and discuss it. Experimental arguments for the inquiry
question are collected. The students may also, playing with the parameters of trigonometric
functions in Sketchpad according to the Audacity data, investigate the recorded sounds of
different musical instruments with the same pitch (Fig.4). The expected conclusion from
Audacity is that the timbre of the instrument depends on the ratios of amplitudes of individual
sine functions with different frequencies and that it changes in time, which means with
position of the observer. Although the students may obtain Sketchpad patterns visually very
similar to the recorded Audacity ones, by listening it soon becomes obvious that exact
amplitudes of corresponding frequencies play a crucial role, which makes a problem too
complex for our purpose, but still introduces fun in the topic. More can be done as a special
project for gifted students.
The next physical question which automatically arises is: Why do we have such distribution of
frequencies given by musical instruments at all? It leads us directly to the next topic on
standing waves. Mathematics will again help us a lot.
Fig.4: (a) Sketchpad pattern of a pure tone with one higher frequency added; (b) Audacity
pattern and (c) Audacity frequency spectrum (log scale) of the same tone played on
different musical instruments

TUNING FORK

(b)1-after 1,0s

2-after 1,6s

PIANO

(c) 1

2

MELODICA

c) Balloons – if a and b are almost equal. It is best seen if A and B are equal. (Fig.5a)
The effect of sound beats observed in Sketchpad is very well heard if we excite two tuning
forks with similar frequencies at the same time. Recorded for the frequencies of 440Hz and
435Hz, it can be nicely seen, this time using LabQuest and LoggerPro Software (Fig. 5b), but
Audacity would be equally appropriate. The explicit formula can be mathematically derived.

Fig.5: (a) Sketchpad pattern, (b) Pattern recorded using LabQuest and LoggerPro Software
and two tuning forks with the corresponding frequencies

(a)

(b)

Playing with Sketchpad parameters we can clearly see the meaning of “similar” in the
sentence from the textbooks: “Beats are observed when the two frequencies are similar.”

d) At the first glance irregular pattern – frequencies are not multiples of each other
(Fig.6)

Some regularity can almost always be seen in a pattern. It can be argued that more irregular
pattern corresponds to more unpleasant sound, connected to the issue of noise.

Fig.6: (a) Sketchpad pattern including just two deliberately chosen frequencies; (b) noise
pattern using Audacity
(a)

(b)

Discussion
It is not expected that the whole range of activities is covered. Focus can be put on
mathematical activities using Sketchpad or GeoGebra with real demonstration examples
analysed by Audacity, or on recording different sounds and analysing them on Audacity with
demonstration examples on a dynamic geometry program. It can be done as a group work
with consequent discussions and comparison of results. A part of the most creative and time
consuming tasks can be even assigned for homework, so that students have enough time to
play, combine and think. Some final results can be just projected on a screen. The intension is
that the mathematical and physical point of view remain closely related, so that the students,
transferring conceptual knowledge of one subject to another, get a deeper insight to both.
Another advantage of the method is that the students are encouraged to use a range of learning
techniques (visual, auditive, practical) which allows for seeing the content from different
perspectives and the most efficient learning process.
Conclusion
The described method of interdisciplinary teaching of mathematics (Adding trigonometric
functions) and physics (Interference of sound waves) has been partly introduced in XV.
gimnazija (mathematics) and well accepted by the students, so we plan to use it in the full
extend, according to the teaching plan. All graphical examples, audio and video elements,
corresponding student worksheets and other materials which can be used in such teaching will
be soon uploaded on OER portals to be used free under a “Creative Commons” licence and as
a part of a Moodle course.
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FIBONNACCI AND THE MUSIC
Teacher: Liliana Lavinia Negrila
“Moise Nicoara” National College Arad, Romania

Is 64=65?

64 does not equal 65! Or does it? This jigsaw puzzle suggests that it does. The paradox
belongs to the genre of “missing square puzzles”. If you begin with an 8 x 8 square and cut
off the four pieces shown, then their total area must be 64 square units. But when placed in a 5
x 13 frame, they appear to be fit and therefore show an area of 65 square units. Where did the
extra square come from?

8 x 8 = 64

5 x 13 = 65

Each pair needs graph paper, scissors and I need an image of the dissection for all to see. I
will ask the students to carefully cut an 8 x 8 square from the graph paper. Which is the area
of this square? Of course, 64 (square units).
I will ask the students to draw the lines as they see in the picture, again carefully, and to cut
along them for making four pieces from the square.
I will ask the students to draw a 5x13 rectangle from the graph paper. Which is the area of this
rectangle? Of course, 65 (square units).
Is it possible to rearrange the four pieces to cover this rectangle? I will wait for the discussion
to begin!

I have to turn to trigonometry, or ratio, for more information. There are four pieces in the
above dissection and they come in pairs - 2 trapeziums and 2 triangles. One from each pair
makes half of the supposed 13 x 5 rectangle like this:

If the hypotenuse of the shaded area is one straight line, then the slope of the section
contributed by the triangle and the slope of the section contributed by the trapezium must be
the same.
Triangle
slopetriangle=Rise/Run = 3/8 = 0.375

Triangle section of trapezium
slopetrapezium=Rise/Run = 2/5 = 0.4

Almost the same, but just different enough to prove that the 13 x 5 rectangle can only exist if
there is a long thin parallelogram “up the diagonal”.

To visually highlight the parallelogram aspect of the puzzle,
I will ask the students to try the dissection on a 5 x 5 square
and “prove” that 25 = 24!

Looking back over the numbers generated in this way:

(1), 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377...
we identify Fibonacci's sequence. Each element of the sequence, starting with the third, is
equal to the value of the sum of the previous two numbers.

The ratio of two adjacent terms (divide the smaller number into the larger number) is closer to
1, 618:
1
2
3
5
8
13
21
= 1;= 2;= 1,5;= 1, (6);= 1, 6; = 1, 625;
 1, 615;
1
1
2
3
5
8
13
34
55
89
144
233
 1, 619;
 1, 617;
 1, 618;
 1, 6179;
 1, 618; ...
21
34
55
89
144

or
1
1
2
3
5
8
13
= 1;= 0,5;= 0, (6);= 0, 6;= 0, 625;
 0, 615;
 0, 619;
1
2
3
5
8
13
21
21
34
55
89
144
 0, 617;
 0, 618;
 0, 6179;
 0, 618;
 0, 618; ...
34
55
89
144
233

The ratio 1,618... is wellknown as Golden Ratio or Golden Mean and it is symbolized by
1+ 5
Greek letter „Phi”: φ =
 1.6180339887...
2

Another property of the Fibonacci sequence is that for any three consecutive terms of
the pattern, the product of the first and third differs from the square of the middle term
by 1 (being bigger by 1 and smaller by 1) - a connection perhaps with the
“disappearing” unit of area:
2,3,5,... → 2 ⋅ 5 = 10,32 = 9,10 = 9 + 1
3,5,8,... → 3 ⋅ 8 = 24,52 = 25, 24 = 25 − 1
5,8,13,... → 5 ⋅13 = 65,82 = 64, 65 = 64 + 1
8,13, 21,... → 8 ⋅ 21= 168,132= 169,168= 169 − 1

Both the Golden Ratio and Fibonacci sequence abound in art, nature and geometry. In music,
the Fibonnacci sequence is often used to achieve attunements (ACORDURI).

For the Octave of C on the piano keyboard shown above, there are 13 notes in total: 8
white keys and 5 black keys.
However to play the “scale” of C, we only play the 8 white keys.
 A scale is comprised of 8 notes, of which the 5th and 3rd notes create the basic
foundation of all chords
 We also have harmonising intervals of 3rds and 5ths
 To produce a “third” we play the first note and then another note, 2 notes higher
 To play an Octave we play the first note, and then another note, 8 tones higher
Note in all of the above, (which is the basis of music), all of the notes and intervals only
use the Fibonacci numbers 1, 2, 3, 5, 8, and 13.

To play music, we use our fingers, and the size of
their joints actually forms a mathematical pattern:
Fibonacci Sequence.

http://passyworldofmathematics.com/fibonacci-sequence-in-music/
For a more in depth look at mathematical symmetries in music, including use of the Fibonacci
Sequence, check out the following excellent webpage from the “Mathematical Institute of the
Serbian Academy of Sciences and Arts”:
http://www.mi.sanu.ac.rs/vismath/jadrbookhtml/part42.html

Instrument Design

Violins crafted by the master luthier Antonio Stradivari are famously known for their
exquisite tonal quality and aesthetic form. Genuine Stradivarius violins are highly sought after
and are the most valuable instruments in the string-playing world because of their unmatched
sound. However, what is most amazing about his violins is that they were designed and build
around the Golden Ratio. The proportions of the violin conform to the ratios of Phi. Even the
spiral of a violin scroll reveals how precisely his instruments reflect the Golden Ratio.

http://blog.dubspot.com/fibonacci-sequence-in-music/

Examples of the Golden Ratio in music

Relationships between Fibonacci numbers and the Golden Mean are frequently found when
analyzing the structure of compositions and musical patterns dating back several centuries.
For example, the climax of many songs or even an important measure where the song changes
significantly such as the bridge often occurs near the Phi point of the song. As we mentioned
earlier, Phi is the basis for the Golden Ratio, Section or Mean. Considerable evidence
suggests famous composers such as Mozart, Beethoven, Chopin, Bella Bartok, and many
others have used Fibonacci numbers and the Golden Mean to compose measures of music and
structure their compositions.
http://www.cmuse.org/classical-pieces-with-the-golden-ratio/

Mathematician John F. Putz tried to determine whether or not the golden section occurred in
the first movement of Mozart’s Sonata no. 1 in C Major. Putz represented the two sections –
the exposition and the recapitulation and development – by the number of measures in each.
In the first movement of the Sonata No. 1 in C Major, for instance, the exposition and the
recapitulation and development consist of 38 and 62 measures, respectively. “According to
the golden section in the following sense” wrote Putz, “ A 100-measure movement could not
be divided any closer (in natural numbers) to the golden section than 38 and 62.”
https://www.youtube.com/watch?v=d26zRUWKc08

In 1978, Derek Haylock argued about the presence of the golden section in the first movement
of Beethoven’s Fifth Symphony.
Claiming that the opening motto occurs exactly at the golden mean point of 0.618, namely in
bar 372 of 601. What’s more, the coda is 129 bars long, and, if you divide it using the golden
section, you get 49:80. After the first 49 bars of the coda, Beethoven actually introduces a
completely new tune that has not appeared in the movement so far, a real first in the history of
classical music composition.

https://www.youtube.com/watch?v=qSCT4th6GgI

Ernö Lendvai, a Hungarian music scholar, noticed that the first movement of Bartok’s Music
for Strings, Percussion and Celesta is 89 measures long, and the climax of the movement
occurs at the end of bar 55, which, as a consequence, divides the piece into two Fibonacci
numbers, i.e. 34+5, and the xylophone progression occurs at the intervals
1:2:3:5:8:5:3:2:1.What’s more, violin mutes begin to be removed in bar 34, and are then
placed back on in bar 69.
https://www.youtube.com/watch?v=m129k5YcQnU

The 55-bar long introduction to Dialogue du vent et la mer (composed by Claude Debussy)
can be broken down into 5 sections of 21, 8, 8, 5, and 13 bars in length, and the golden mean
point of bar 34 is marked by the introduction of the trombones.
https://www.youtube.com/watch?v=aIE3sOwEu3g

Studio Design
The Recording Institute of Detroit claims they built a “Golden Section Studio” to Phi
proportions. They have stated:
“The result of using the Golden Section in studio construction is a remarkable “even” quality
with regard to frequencies. Your voice has pretty much the same frequencies present when
you talk in any part of the room; the reverb has the same frequency spectrum as the direct
sound. Drummers love the way their drums sound and record in this room. There is only
approximately 33% of the surface area treated for acoustical absorption making this room
quite live. It is a great room to record a distant mic on a lead guitar.” – Recording Institute of
Detroit. (http://blog.dubspot.com/fibonacci-sequence-in-music/)

Speaker Wire Design
The high-end cable manufacturer Cardas Audio applies the Golden Ratio to the design of their
speaker wire which they call “Golden Section Stranding.” The individual conductor strands of
their cables are arranged in a Phi proportion to the others allowing them to be uniquely
musical and pure.
”In Golden Section Stranding, strands are arranged so that every strand is coupled to
another, whose note is irrational with its own, to dissipate conductor resonance. This creates
a silenced conductor, allowing Cardas cable to produce the purest possible audio signal. No
other cable geometry, no other conductor design, can create the listening magic of Golden
Section Stranding.” – Cardas (http://blog.dubspot.com/fibonacci-sequence-in-music/)

While exploring relationships between music and the Fibonacci Sequence, I noticed that
the friendship between this Erasmus project partners became ever stronger. Our
concerns are shared, we discuss problems encountered and I am sure that the
connection between us will be long-lasting.
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Sound and vocal cords
Noah Peroš, Fran Šola, Iris Teparić
Mentor: Zrinka Mavračić
XV. gimnazija, Zagreb
Introduction
Vocal cords are the most relevant part of the body when it comes to phonation. Also known
as vocal folds and vocal reeds, the vocal chords are white folds of tissue located in the larynx
and composed of epithelium (a type of tissue), containing a few muscle fibres such as the
vocalis muscle, and lined with mucous membrane (a thin and wet layer of skin which can be
found in body cavities and surrounding internal organs, and, as the name suggests it,
produces mucous). These folds of tissue are stretched horizontally from the back to the front
of the larynx, forming the letter V. The opening between the vocal cords is called the glottis.
The vocal cords are attached to both the arytenoid cartilages and to the thyroid cartilage from
the back side.
When we breathe, our vocal cords are open, but they vibrate when we speak or sing. When
air is expelled from our lungs, it passes through the larynx and the glottis on its way out. The
vocal cords are then brought together, causing air pressure to build up underneath the larynx
until it is so great that the vocal cords are pushed apart by the flow of air. The vocal cords
don’t just open and close like a door – their motion is much like a wave’s and their vibration
separates the flow of air into little huffs, thus creating various sounds and enabling us to
speak. This complex movement is best visualised using 3D endoscopes in DepthKymography – a 3D display of both horizontal and vertical vibrations produced by the vocal
cords during phonation.
The vocal cords are part of the respiratory system and, therefore, shouldn’t come into contact
with food or drinks. The epiglottis is the part of the body in charge for this. Made out of
elastic cartilage tissue, and also covered with mucous membrane, the epiglottis’ purpose is to
act as a flap which closes to prevent food and drinks from going down the trachea and cause
aspiration. If food or drinks do however manage to go through because we were speaking or
breathing while eating or drinking, the sensitive vocal cords recognize the contact, causing
the body to respond to the threat with a coughing reflex.
As shown on Fig.1: Larynx structure and surroundings, the vocal cords (labelled as true
vocal cords on the sketch) are situated underneath the so called false vocal cords. Also known
as vestibular/ventricular folds, the false vocal cords are thicker and far less sensitive than the
1

true folds. Although their role in normal phonation isn’t nearly as relevant as the role of the
true cords, they are used for producing deep tones (used for e.g. Tibetan chant, Tuvan throat
singing), screaming in genres such as heavy metal and producing the so called “death growl”
vocal style.
Fig.1: Larynx structure and surroundings

The thickness and size of vocal cords may vary; the size of an adult male's vocal cords is
approximately between 1.75cm and 2.5cm, adult females have vocal cords which are between
1.25cm and 1.75cm, and children have significantly smaller vocal cords. Male and female
children have similar sizes and structure of the vocal cords and, thus, similar voices.
However, the human voice changes constantly and the most significant change happens from
the start of puberty to the age of 22. This change is especially noticeable in men (although it
is also present in women), and it is caused not only by the growth of vocal cords and larynx,
but also by the growth of lungs. Up to the end of the 18th century, male children with high
pitched voices used to be castrated for the purpose of stopping the transformation of the
larynx which comes with puberty so that the child could preserve its high vocal range. These
children were referred to as castratos.
Since there is an apparent correlation between how deep/high the voice is and how big/small
the larynx and vocal cords are, we can easily draw a conclusion that having bigger vocal
cords deepens the voice. Also, women tend to have thinner vocal cords than men as thinner
vocal cords produce higher pitched voices than thicker vocal cords. However, the thickness
and size of vocal cords aren't the only factors which influence the human voice – genetic
factors also cause variations in the voice because of which members of the same sex can be
classified into different voice types with different vocal ranges.
Female voice types are divided into sopranos (the highest singing voice, typically have a
vocal range between C4 and C6 on the piano keyboard), mezzo-sopranos (the middle-range
singing voice, overlaps into the soprano and contralto range, normally in between A3 and A5
which is a range of two octaves), and the contraltos (lowest female singing voice, has a range
from F3 to F5 on the piano keyboard).
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Male voice types are divided into countertenors (highest male voice, vocal range from E3 to
E5 on the piano keyboard), tenors (highest male voice within the modal register – the register
of speech, ranges between C3 to C5 on the keyboard), the baritones (the most common male
voice, overlaps the tenor and bass, between A2 and A4), and the bass (lowest male voice,
typically from E2 to E4 on the keyboard).
Various types of singing such as the Croatian Ojkanje singing, Albanian folk iso-polyphony
(2008), Georgian polyphonic singing (2008), Yueju opera (2009), Croatian Two-part singing
and playing in the Istrian scale (2009), Bećarac singing and playing from Eastern Croatia
(2011), The Cante Alentejano (polyphonic singing from Alentejo, southern Portugal - 2014)
are all included on UNESCO's Intangible Cultural Heritage Lists.
It is important to mention the fundamental frequency when attempting to explain the pitch of
a voice. As mentioned previously, the size and thickness of the vocal cords influence the
fundamental frequency and the fundamental frequency influences the sound which the larynx
generates, but the tension of the vocal cords also plays an important role as it also changes the
fundamental frequency. The lower the frequency, the deeper the voice. Therefore, the
frequency average of an adult male is the lowest: about 125Hz. The average frequency in
adult women is 210Hz, and the average in children is around 300Hz.
After doing some research on the subject and gaining a solid understanding of how vocal
cords work and how sound is produced from a biological point of view, we wondered if it
would be possible to create a simple yet fully functional model of vocal cords using only a
pipe, balloons, and scissors.
The pipe served as the trachea and the larynx while the balloon served as the vibrating vocal
cords. We cut holes that served as the glottis into the balloons before placing them onto one
end of the pipe. We blew air through the other side of the pipe, and as it exited the “glottis”,
the area of the balloon around the “glottis” which was stretched over the pipe’s ending
vibrated and produced sound.
We were left to investigate how changing the area of the glottis influences the sound
produced and measured the loudest frequency that can possibly be produced through three
different areas. Therefore, the independent variable of the experiment was the area of the
glottis (A/cm2), the dependent variable was the frequency (f/Hz), and the controlled variables
were using the same length of the pipe, the same thickness of the balloons, and the speed of
blowing the air (using an air compressor which served as the human lungs) through the pipe.
This knowledge can be used when making wind instruments. Our model could technically
serve as a simplified wind instrument since it basically works on the same principle save for
the fact that it doesn’t really make pleasing melodies. If we had based its investigation on
changing the length of the tube (or pipe, in our case), it would be an investigation of the
principles upon which instruments using sliding mechanisms such as the trombone and the
slide whistle create various sounds. Changing the frequency of vibration, however, is
achieved using the same method in all wind instruments. Increasing or decreasing the area
through which the air is coming out can be done by simply covering the holes with fingers or
by pressing keys that close holes.
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Investigation of parameters which affect frequency of sound
Throughout this project we decided to construct 3 different experiments in which we would
create a model of a vocal chord and from this we would change different properties such as
elasticity of the balloon which will be the main part of the model, thickness of the balloon,
length of the tube and surface area of the hole on the balloon. Our goal is to see what
changes will occur in the frequencies produced by the different vocal chord models if we
change these properties.
Table 1: Building the apparatus
n(step)

image

explanation

1

This is the necessary
apparatus
for
the
construction of an artificial
vocal chord: tube, balloon
and scissors.

2

We took the balloon and
pulled it over the narrow end
of the pipe.

3

We cut out an opening on the
balloon.

4

This was
product.

the

finished

To simulate sound for each model we connected it to a mechanical fan which could blow air
at 10 different settings (Generator zraka GZ02, Elektrostrojodidakt). We decided that for
each experiment the setting at which this will blow will be 7. We recorded each measurement
3 times for a time interval of 10 - 15 s.
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Dependence of frequency on elasticity
In this experiment our goal was investigating how the elasticity of a vocal chord would affect
the frequencies being produced by it using the model we constructed. We took three different
balloons which had 3 different coefficients of elasticity (independent variable) and we tried to
keep the surface area of the opening of each balloon constant throughout the experiment so
that it does not tamper with the results. We also found the coefficient of elasticity of the
balloons in order to draw a labeled graph which represents the dependence of frequency and
the coefficient of elasticity. We took 3 measurements for each balloon type.
Table 2: Results of measuring frequency
Coefficient of
elasticity
Frequency(Hz)

Average
frequency

0.55 N/cm

0.58 N/cm

0.61 N/cm

● 387 Hz
● 336 Hz
● 326 Hz

● 586 Hz
● 667 Hz
● 883 Hz

● 895 Hz
● 923 Hz
● 937 Hz

● 350

● 712

● 918

Fig.2: Graph showing the spectrum of the recorded data

The spectrum in Fig.2 is an example of how the spectrums of every measurement looked
like. In order to obtain such a graph, we had to record the sound produced by our vocal chord
model using a Zoom H4n recorder, transferred the data into a sound-analysing software
Audacity, and obtained the frequency distribution spectrum.
Graph 1: Dependence of frequency on coefficient of elasticity.
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The first point represents the first balloon which is the IMB balloon which had a coefficient
of elasticity of 0.55 N/cm. Then we had regular party balloon whose constant was 0.58 N/cm
and lastly we had a water balloon who had the highest coefficient of 0.61 N/cm.
The balloon with the lowest coefficient of elasticity ended up producing the lowest frequency
while the balloon with the highest coefficient of elasticity produced the highest frequency.
From the graph we can see an increase which shows that as the elasticity increases so does
the frequency produced. This can be explained as follows: the air flows through the holes in
the ballons with small coefficients of elasticity easier than through balloons with greater
coefficients of elasticity. Therefore, the model of the vocal chord vibrates less, thus
producing a lower frequency since there isn't enough stress on the material. When the
coefficient of elasticity increases, this allows air to put more stress on the material which in
turn causes more vibration, resulting in a higher frequency.
Dependence of frequency on length of the tube
To simulate the sound for each model, we connected them to an air blower which has 10
different power settings. We decided to use the 7th setting and measured each of the five
lengths 3 times in 10 - 15 second intervals.
Table 3: Representation of results obtained from the experiment with length and frequency
pipe length
(number of
connected
pipes * length
of one pipe)
frequency
(Hz)

1 * 50,2 cm

2 * 50,2 cm

3 * 50,2 cm

● 2705

● 1076

● 1031

4 * 50,2 cm

● 556

5 * 50,2 cm

● 493

In this experiment we investigated how the frequency of a sound (voice) depends on the
length of the tube through which the wave travels (false vocal chords, larynx and trachea). To
find this out we conducted an experiment in which we used tubes, each 50,2 cm long, to
simulate the process of creation of a voice in the human vocal chords. According to the graph
we can conclude that as the tube length increases the frequency decreases which is no
different from our prediction based on biological knowledge.
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Graph 2: Dependence of frequency on length

Dependence of frequency on surface area of the opening
We considered investigating how changing the surface area of the vocal chord model affects
the frequency being produced. The dependent variable of such an investigation would be the
frequency while the independent would be the surface area of the part of the model
representing the glottis. However, determining the area of an uneven round hole was not
simple: in order to achieve this, we first had to take photos of the models all from the same
height, divide the pictures into little squares and count how many fit into each hole.
However, we encountered a problem while conducting our experiment; the surface of the
hole changed throughout each measurement since the air pushing through the balloon
widened the hole, making the surface area would increase. Therefore, our initial
measurements where not relevant because of the fact that the surface area would change each
time a trial was conducted due to there being many parameters such as the velocity of the air
blowing through, the position of the balloon on the model which would affect how much the
balloon would be able to stretch etc. affecting the surface area. Our results of this extension
of our investigation were inconclusive, and if we were to attempt to develop a better
understanding of this dependency, we would require some further investigation.
Conclusion
Since we experimentally verified that the parameters of length of the tube and the elasticity of
the balloon cause a change in the frequency produced by the model, we can also suppose that
the frequency produced by actual vocal cords depends on the length of the tube through
which the air is traveling (the trachea, the glottis) and the elasticity of the true vocal cords.
Although we had few measurements and should definitely investigate the subject further, we
had enough to draw a conclusion from our experiments which verifies that frequency
increases with increase of the coefficient of elasticity and decreases with increase of the
length of the tube. However, in order to make more specific conclusions, we would not only
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need a lot more evidence, but also much better sound isolation in order to prevent the sounds
coming from our environment from tampering with out results.
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EVALUATION QUESTIONNARIE
Made by: Nina Sapunar, Marija Piliškić
Supervised by: Ozana Bijelonjić, prof.

At the end of the presentation about Croatian sound heritage under UNESCO protection,
please answer the questions:

1. Can you name some Slavonian musical traditions?
1
No

2

3

4

5
Yes

3

4

5
Yes

2. Can you name common topics in Bećarac?
1
No

2

3. Can you diferentiate between present and past instruments that Bećarac is accompanied
by?
1
No

2

3

4

5
Yes

3

4

5
Yes

4

5
Yes

4. Can you say what ljelje means?
1
No

2

5. Can you describe the spring procession of ljelje?
1
No

2

3

Ova publikacija je ostvarena uz financijsku potporu Europske komisije.
Ova publikacija odražava isključivo stajalište autora publikacije i Komisija se ne može smatrati odgovornom prilikom uporabe informacija koje se u
njoj nalaze.

Voice Acting
Alexandra Tudorescu
Alexandra Poșta
„Moise Nicoara” National College Arad, Romania

Introduction
We all have our favourite singer, actor/actress, sportsman/sportswoman,
TV presenter – people we love to see and hear. But what about those behind the
characters in the cartoons we like, or the voices in the advertisements we hear
every day? Have you ever thought which is your favourite voice actor?
Voice acting is the art of providing voices for animations, dubbed movies, narrations,
advertisements, radio shows, audiobooks, video games and documentaries. People who perform
voice acting are called voice actors, voice artists or voice talents.
What skills do you need to be a good voice actor?
If you like to imitate the voices of actors from your favourite
movies or from advertisements, and if you were told that you are
talented, it is a first sign that this kind of career would suit you.
However, in order to become a professional, you need to do exercises to
improve your diction, to sound clear and natural.
How to speak
In order to sound clear and powerful, you need to contract your diaphragm when
breathing, so as much air as possible fills your lungs.
It is also important to pronounce all sounds clearly, so listeners understand all the words.
For instance, when we have to read words beginning with “b”, “j” or “d”, we might pronounce
undesired sounds before, such as “m” or “n”. However, you can avoid such mistakes by doing
special diction exercises. And don’t forget that reading out loud is your best friend!
How to stand out from other voice actors at auditions
In order to make your performance one to remember, you do not only need a perfect
diction, but you also have to use a compelling tone, to put yourself in your character’s shoes, to
live your role (even if only with your voice). After all, that is what actors do!

Types of voice acting
1. Character voices
In this case, performers provide voices for characters in
animations or in radio drama shows. Some great character
voice actors are Clarence Nash, who was the voice for
Donald Duck, and Jim Henson, the first person to borrow his
voice for Kermit the Frog.
2. Narration
Narration is not always necessary in productions such as
movies or radio drama, where characters are used to convey the
message instead. However, this type of voice acting is
necessary in audiobooks. Wayne Farrell is a well-known
audiobooks narrator.
3. Advertisements
In commercial voice acting, the sound of breathing is removed from the recording.
This procedure has the purpose of making the audience pay attention to the message
without being distracted by external sounds.
4. Translation
This type of voice acting is used for dubbing a film in another language than its
original one. While in artistic movies the original audio track is totally removed, in
documentaries or interviews the voice-over translation is more used. This technique
implies the voices being recorded over the original track.
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