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Subject 1 : Mathematics and Music
By: BoŨena SzymaŒska-Pakos, Poland
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Tˁhat's the honest truth that music is full of mathematics. 

Sˁearching for mathematics information in music, I found many interesting properties. Let's try to look at the 

rhythm in music. The rhythm determines the distribution of sounds over time. I will describe the notation 

based on fractions and general measure grouping . The note values are based on the note.  Every note 

has got specific length. In fact, the length of the note is arbitrary, as the same melody can be played slowly 

or fast.

Tˁhat is why the length of the note is often given at the beginning of the song. In contrast to the sound itself, 

but we give it not as the number of vibrations per second, but as the number of notes (more often a quarter 

note or eighths) per minute.

Fˁurther values are given as a fraction of the whole note:

Dˁivide the entire note (1) into two half notes (İ) a half note (1/2) for two quarter notes (1/4), a quarter note 

(1/4) for two eights (1/8), etc.
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Activity 1
1ˁ. What is the distribution of rhythmic values?

2ˁ. How much do we count the whole note?

3ˁ. What does the note eight look like?

Aˁs you can see, we get each subsequent value by dividing the previous length values into 2. 

Such a regular division of rhythmic values is called division bipartite. The hierarchy in the 

picture below is clearly visible.
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Aˁs we can see, starting from the eight, the note performance has a "flag". Every next the finer value has one 

more flag than the previous one. 

The number of "flags" can also be calculated using the logarithm:

×ˁ ÌÏÇs ς . Where s is the value of the note as a fraction. For example, for 1/32 we get: ×

ÌÏÇ ς = - (-5 + 2) = 3. So we get that the thirty-two have three "flags". You also have to mention the

dot that may appear next to the note. It means increase in value by half. Mathematically, this means

multiplying the value by 3/2. This notation has been in force since the 7th century, although in the beginning

additional characters often had a bit other meaning. This makes it difficult to play old songs .

8

Activity 2

1ˁ. How many Ăflagsò have an eight? Calculate

2ˁ. How many flags has a half note? Calculate



Sources

1. http://www.matematyka.wroc.pl/doniesienia/o-podziale-nut

2. https://pl.wikipedia.org/wiki/Nuta

3. http://www.daktik.rubikon.net.pl/akustyka/spis_akustyka.htm 

4. http://pl.wikipedia.org/wiki/Szereg_harmoniczny_(muzyka) 

5. https://towarzystwo.edu.pl/assets/prace_matematyczne/zglinski2011.pdf

6. Sz. JeleŒski, śladami Pitagorasa, WSiP Warszawa 1988
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Subject 2 : Mathematics and Cartography
By: Aneta Popioğek, Poland
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"ˁThe uses of maps in human communication continually increase and diversify, reflecting the 

range of interests, knowledge, and aspirations." 

Jˁohn Noble Wilford from The Mapmakers

Fˁacts about Cartography and Maths

1. Cartography is an ancient discipline that dates from prehistoric times, often depicting hunting and 

fishing territories. Some of the earliest maps of the world were created by Babylonians in the 9th 

century BC. The first world map is credited to Martin Waldseemuller in 1507 which included a map of 

the U.S. before it was settled.

2. When is Maths used in nowadays Cartography? It helps cartographers with map scale, coordinate 

systems, and map projection.
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Definition of map
A set of points, lines, and areas all defined both by position with reference to a coordinate system 
and by their non-spatial attributes. 
Maps are the world representations reduced to points, lines, and areas, using a variety of visual 
resources: size, shape, value, texture or pattern, color, orientation, and shape. A thin line may 
mean something different from a thick one, and similarly, red lines differ from blue ones. 

How are Maps used?
1.To locate places on the surface of the earth,
2.To show patterns of distribution,
3.To discover relationships between different phenomena by analyzing map information. 
4.What are stages of creating map?
5.Geodetic measurements on the Earth's surface (lengths, angles, height differences).
6.Transfer measurements on a reference surface.
7.Reduction of the reference surface - the scale.
8.Projection of the surface on the sheet.

Definition of map scale
The relationship between distances on a map and the corresponding distances on the earth's 
surface expressed as a fraction or a ratio. 
One unit of measurement on the map - 1 centimeter -- could represent 25 000 of the same units 
on the ground. This would be a 1 : 25 000 scaled map. 
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Large scale/Small scale 
Cartographers talk about large and small scale maps. A large scale map shows a small area with 
a large amount of detail. A small scale map shows a large area with a small amount of detail. A 
good way to remember it: when you give a friend a map to your school or home, that's most likely 
a large scale map. 

Example 1
The longest river in Suwalszczyzna region is Czarna HaŒcza. In Poland the length of this river is 
108 km. Let's calculate the length of that part of the river Czarna HaŒcza on the map, if scale of 
the map is 1:500 000.
Because 1 cm on the map corresponds to 5 km in real life, so 
108:5=21,6
On the map that part of Czarna HaŒcza has 21,6 cm
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Example 2

Tˁhe deepest lake in Poland is HaŒczaLake (the maximum depth is 108,5m), which is located in 

SuwağkiLandscape Park. The area of this lake is 304,4 hectares. What is the area of the lake 

on the map above. The result we are going to give in square milimetres. The area of the lake in 

reality and the shape of the lake on the map are both 'similar figures'. So the ratio of the areas 

of these figures equals the square scale of similarity.

Lˁet's create the following signifiers:

Aˁr ïthe area of HaŒczaLake in reality Ar=304,4 hectares

Aˁm - the area of HaŒczaLake on the map in scale s = 1:500 000

Tˁhen 
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We will write Ar in square milimetres (then we will get Am also in square milimetres)

Let's recollect:

1 hectare = 10 000m2 = 108 cm2 =1010 mm2 so Ar = 304,4 * 1010 mm2

We are using properties of operations on powers and we receive 

The area of HaŒczaLake on the map equals about 12,2 milimetres 2



Exercises

1.Wisğaïthe longest river in Poland - is 1047 km long. Calculate the length of Wisğaon the map, 

in the scale 1 : 300 000. Give the answer  in centimeters.

2- The distance  from  Rzesz·wto Radom (two polish cities) on the map in the scale 1:250000 is  

80 cm. Calculate, how is its real length.

3- Calculate the scale of the map if:

a) 1 cm on the map is 4m in reality

b) 1 cm2 on the map is 4 m2 in reality.

4- A building of the area 150m2 has been marked on the map as rectangle 20 cm x 30 cm. 

a) calculate the scale of this map,

b) determine the dimensions of this building in the scale 1:500
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5- A plot has the form of rectangle 50 m x 40 m. How many cm2 has it on the map in the scale 1:2 

000?

6- Mr. and Mrs. Nowak allocated 26 000 PLN  on purchase of land. One of the offers included 

drawing of two neighboring plots in 1 : 1 000 scale. One square meter costs 35 pln. What is the 

cost of the plot 2? Can Mr and Mrs Nowak buy it? The distances between points A, C, B, E are 

IAEI = 5cm, IECI = 13cm, IBCI = 6,5cm.
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7- The following picture shows a map of the seabed on a scale 1:500
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The shape of the seabed is shown with contour lines 

with markings concerning the depth .The amphora 

(point A) is lying on the seabed. The diver Colin is 

moving at a depth of 25 meters. His location is marked 

as a point C. With the help of the map, work out the 

distance between  the diver  from the amphora!



Subject 3 : Science and Biotechnology -
DNA sequencing 
by Rabeya Begum Klara Teoretiska Gymnasium Sollentuna, Sweden

Comparative molecular cytogenetic analyses of a major tandemly repeated DNA family and

retrotransposon sequences in cultivated jute Corchorus species (Malvaceae).

Rabeya et al., 2013, Annals of Botany

Theory in class room

What is DNA

DNA is the genetic code that gives all the characteristics of living things. It stands for DeoxyRiboNucleicAcid (DNA).
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Structure and function of DNA

DNA molecule has two parallal spiral strands
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Each strand contains a chain of nucleotides and

each nucleotide consists of a sugar molecule,

a phosphate molecule which is the backbone

of DNA and one of four nitrogen base pairs,

namely, adenine (A), guanine (G), cytosine (C)
and thymine (T). Two strands of the DNA 

molecule are connected by the hydrogen 

bonds. Adenine pairs with the thymine 

and guanin pairs with the cytosine

DNA carries the genetic information for organisms which decide the

traits depending on their arrangement.



What is DNA sequencing? And why does it important?

DNA sequencing is the process that determines the order of the nitrogen bases (nucleotides) 

adenine, guanine, cytosine and thymine in DNA. The sequence of DNA is the inherited genetic

information in every cells and therefore the determination is important both in basic and 

developed research on organisms in the field of biology and medicine. The DNA sequencing is 

also very important for identifying diseases and also how to cure them. 

Laboratory work

DNA isolation

Jute (Chorchorus species) seedlings were grown under greenhouse conditions. Genomic DNA 

was isolated from young leaves using the CTAB (cetyltrimethylammonium bromide) standard 

protocol.
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Genomic DNA digestion

Genomic DNA of jute plants was digested with the restriction enzymes and separated by agarose 

gel electrophoresis. DNA fragments were purified from the gel and then analysed in the DNA 

sequencing machine in the laboratory of Vetenskapshus (Science house) in Stockholm. 
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Fig. DNA sequencing equipments


