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The pure approach of mathematical studies for exampheorem in
itself, is not especially interesting for pupilherholistic approach of
mathematics in more studies seems to be interesioigsidering the
mathematical methods used in other areas, we cahdifferent
possibilities for mathematical applications alreadythe primary (or
secondary) school.
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The aims of holistic approach in the teaching oftidanatics are:
- To show the usefulness of Mathematics. (Mathematidself is not
interesting for everybody.)
- Understandable mathematical applications,
- Mathematical methods used in other areas:

Language Let us consider the proverb ,Early bird catchies tvorm.”
The first task is to elaborate the exact meaninthisfsentence,” The bird is
early and it catches the the worm.” or If the bisdearly then it catches the
worm.” The genuelly exiting problem is the negatmithe proverb. Pupils
give a wide range of answers. Which is the coroaef?

History. Comparing the hierographical number system with gigns of
numbers used in Mesopotamia in Ancient Times, thestion is: Which is
the better system? Why?

Fine arts What does the notion ,gold section” mean?

Music How the sound scale ,c,d,e,f,g,a,h, (upper)c’starcted in about
the century 6th B.C.?

Geography Measurement of the earth’s circumference in #rdury 3th
B.C.

AstronomyMeasurement of the moon’s diameter in the ceriitimB.C.

Mathematics in itself Our calculator with 10 characters, says that
71 =3141592265 but we know, that this is an approximate resuifty.
Using the same calculator let us give the 11thasttar, too!

Problems and questions mentioned above are in cbongewith
mathematical logic, numerical basic — operatiorgliteon, multiplication,
power), geometry, fractions and simple computatioespectively.

Mathematics in Language

Both Language and Mathematics are special expressibhuman thinking.
Language is wider and richer, Mathematics is narbodvmore precise. We
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demonstrate it by the following example. Considgrine proverb ,Early
bird catches the worm.” we set up the problem sfpitecise negation. In
general we get three variants of answers:

l. variant: Late bird catches no worm.

. variant: Late bird catches the worm.

. variant: Early bird catches no worm.

Mathematics accepts only one answer from amonglibge. Which one
is it?

Let us begin the precise meaning of the proverlrlyHaird catches the
worm.” ! We can choose between two versions:

- First version: The bird is early and it catcheswoem.

- Second version: If the bird is early then it casctiee worm.

We assume that the second version is chosen ¢aydjority of pupils).

In the next we give a mathematical forms of sergsrand connectives.
- Judgement ,The bird is early.” is denoted by ,p”.
- Judgement It catches the worm.” is denoted by ,g”
- Connective ,and” is denoted Hy .
- Connectives ,If....then” is denoted by> .

Connectives are mathematical operations betwegepdns. So,
- First version:p L g (Conjunction.)
- Second versionp = q (Implication.)

Both judgemens p and g have two possibilities:eeitihue (denoted by
,") or false (denoted by ,f’). So, for the conjaiion and implication we
have, respectively:

P g pLq
t t t
t f f
f ot f
f f f
and
P g p=q
t t t
t f f
f ot t
f f t
The negation is denoted by,’, that is
p -p
t f.
f t

Using our assumption the (mathematically precissgation of ,Early
bird catches the worm.” is

~(p=q).
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Considerings the variants and versions mentionevegbwve may have

Six cases:
Casel. =pL-qg (The birdis late and it does not catch anymoiSee

I. variant.)

Case 2. -pLq (The bird is late and it catches the worm. Bee
variant.)

Case3. pL-q (Thebirdis early and it does not catch amym: See
Il. variant.)

Case 4. -p=-(q (Ifthe bird is late then it does not catch arormv .)
Case5 -p=q (Ifthe birdis late then it catches the wgrm.
Case 6. p=-qg (Ifthe bird is early then it does not catcly arorm.)

Among 1-6. are there any cases having the sameimg@anhis question
seems to be complicated. We already need the mattoatnmethods. First

af all we devise the description of the preciseatieg - (p = q).

p g ~(p=aq)
t t f
t f t
f ot f
fof

The correct cases have this description, exactlgt Us see the
descriptions of Cases 1-6!

Ad Case 1.
P qg-p ~q -~pL-q
t t f f f
t f f t f (Erron)
f ot
f f
Ad Case 2.
p g -p -plLq
t t f f
t f f f (Erron)
f ot
f f
Ad Case 3.
P g -q pLt-q
t t f f
t f ot t
ft f f
f f t f

ONE OF WINNERS

51



SZALAY, I.: Holistic Approach to the Teaching of Mathemafip. 49-64.

Ad Case 4.
P gqg-p ~q ~"p=-~qQ
t t f f t (Erron)
t f
f ot
f f
Ad Case 5.
P gqg-p =~p=q
t t f t (Erron)
t f
f ot
f f
Ad Case 6.
P g —~q p=-(q
t t f f
t f ot t
ft f t(Erron)
f f

Hence, we can see that the Case 3. (lll. variardpirect, alone.

Mathematics in History

Historia est magistra vitae. (History is the masfdife.) To follow the way
of history is very fruitful at school, too. For ewple to show the
development of concept of number is very usefubulgh ancient egyptian
hieroglyps.

Ancient Egypitian Hieroglyphs for Natural Numbers:
stroke, hobble for cattle, coil of rope, lotus glaimger, frog, man
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The Maya’s numners

The Babylonian numbers
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The Egyptyans had a decimal system using seveereiif symbols. The
conventions for reading and writing numbers is senghe higher numbers
is always written in front of the lower number ambere there is more than
one row of numbers the reader should start atjpe t

115639=100000+10000+5000+600+30+9

g hﬁ THEEC

—

il

Among the Maya’s numbers we can find a shell. leamng is the zero.
The meaning of point is one. The meaning of lying stroke is five. The
point means more if it stands in higher position:

===

(
(
8000 = {

C
160000 = 4 (
C
C

Expressing 115639 by Maya Numbers
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14-20° +9-20° +1-20+19 =
fooee
.

In the system of babylonian numbers two symbolsuaesl, merely. The

meaning of the symbdll is one, but depending on the text-neighbourhood it
may be sixty, too, as the babylonian system isxagesimal sytem with

positional value. The meaning of the symhfolis ten and the zero was

denoted by an empty place. For example we expré&639 by the
babylonian sytem

Expressing 115639 by Babylonian Numbers

32.60% +7-60+19 =
VvV [ /[VVV)
((VVRVVV ra{ VVV

\% VVV

- A \_ J

'

Mathematics in Fine Arts

A common base of the classical architecture, satdgptind Renaissance
painting is the golden section, where a passagé/ided into two parts as
follows.
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Golden section

a b
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a+b

a+bistoaasaistob

a+b):a=a:b

An application of golden section is demonstratedtiy well known
painting of Leonardo Da Vinci, ,Mona Lisa”.

Leonardo Da Vinci: Mona Lisa

at+b=1
a=x.b=1-x
(f:wrb):a:l
X
a:b:i
1-x
% EX-1-=0
X>0
X_—1+J§
-~ 2

" Hans Walser
Ll Tre waTsasaTE AL ARRROIATION B8 AMERIEe

+
The ratio 1445 = 1618 of golden section is aesthetically pleasing.

(See the position of eyes on the face of Mona LBar this reason it plays
an important role in the modern photography, tooithWespect to

Mathematics, the number/g is especially interesting, because it is an
irrational number. Now, we prove this fact. Usirge tindirect way we
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assume, that\/g is a rational number, that is there exist relagprene
natural numberm andn such that

*) J5="

Hence5n® =m? = 5m* = §m. (Because 5 is a prime number.) This
means, that

(**) m=5p,

wherep is a natural number. Moreover,
m=5p= m’ = 25p” = 5n* = 25p* = n’ = 5p* = §n’ = Gn.

(Meantime, the equalityn® =5n° was used, again.) This means that
(***) n = m ,

whereq is a natural number. By (**) and (***) we can stwat the natural
numbersm and n are not relative primes, so we obtain a contramict

Finally, we get that the equality (*) is false, whigives that\/g is an
irrational number.

Mathematics in Music

One of greatest achievements of the Pithagoreati® isonstruction of the
sound scale. Let us consider a string (monochoitth) avlenght of 12 units.
Plucking the monochord we hear a sound calledlts”octave (upper ,c"),
quart (,f) and quint (,g”") have the lengths 6, 8da8 units, respectively.

Hence the ratios are for octai12=1:2, quart 9:12= 3:4 and quint

8:12= 2:3, respectively. The main idea of the Pithagoreanisstruction
is the quint — jumping. The first quint - jumping the quint of ,g" having

1
the Ienght8§3 :EG units. This is called upper ,d”, denoted by d’.eTh

1 2
lower octave of d’ with the Ienghtg6 2 :% units gives the sound ,d”".

The second quint — jumping is the quint of ,d” 2tsound ,a” with the

lenght %%:6—94 units. The third quint — jumping is the quint @f

having the lenght o’%‘ﬁ3 :%3 units. This is called upper ,e” denoted by

2 2
e’. The lower octave e’ with the Ienglclréffsm :%5 unit gives the sound

£". The last quint — jumping is the quint of &8 the sound ,h” with the

256 512 |
lengt of — 4~ =—— units.
27 3 81
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Let us make a sound scale!
Jumpings: octave 1:2, quart 3:4, quint 2:3
2.1

7. Jumping 1282
4. Jumping 1
1. Jumping G
9. Jumping 51
G. Jumping G649

3. Jumping a
2. Jumping g

3. Jumping 25627

5. Jumping 323

Start 12

We remark that the continuation of quint — jumpigiges an error,

1024 . :
— units and its lower

~

because the quint of ,h” has the Ieng%)%lfzglz3 =

octave ha51024mz 2048 units. As

24: 24: 24:

<9 this sound is not the
expected ,f’. Ont he other hand the octave of hfiving the Ienghtg units

: 2048 |
is greater thang units.

Finally, we have

Sounds Lenghts
c 12
d 32 =1067
3
e 2—5_6 = 948
27
f 9
g 8
64
a —=T711
9
512
h — = 632
81
upper c 6

58



Practice and Theory in Systems of Education, Volériimber 1 2010

The sound scale

A hethuru lant

121086 348387, 1ME32 6

cde fgah

\ g kvartja

C kvarta

Mathematics in Geography

Nowadays everybody knews that the circumferendeanth is about 40 000
km. The first man to calculate it was a Greek dger{mathematician,
geographer and astronomer) called Eratosthenez76cBC — c. 195 BC),
the chief librarian of the Great Library of Alexarad How did he do it? First
of all, he had a map
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The map of Eratosthenes
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We can observe that in the upper part a passadéleofies along an
meridian which is a circle with the Earth’s-cenitndts centre and its radius
is the Earth’s- radius. Eratosthenes knew thahersttimmer solstice at local
noon in Aswan (in the Ancient Times called Syerteased on the Tropic of
Cancer) the Sun would appear at the zenith, dyesttrhead. Moreover, he
knew that in the Alexandria the angle of elevatiai the Sun would be
712",

He estimated the distance between Alexandria anbAss 5000 stadia
(about 900 km). (This estimation is interestingtself: it took 50 days for a
camel caravan to travel from Alexandria to Aswanthwihe speed

100 stadla_)

day

A sheet through Alexandria,
Aswan and the Earth’s centre

Circumfer. of Earth 3 60°
5000 stadia 7°12'

Hence, Circunference of Earth = 250000 stadia. prezision of this
lenght is depending on the exact size of stadidm.Attic stadiumwas
about 185 m, which would imply for Circumferenceksdrth about 46250
km.. In this case the relative error of measurings I
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46254?);3(0000: 0,15625=16% . If we assuming anEgyptian stadiurh

with the lenght about 157,5 m the Circumferencé&arfth would be 39375
km. In this case the relatve error of measuring is

40000-39375 _ 0,01625= 16%.
4000(

Mathematics in Astronomy

Before Eratosthenes, an astronomer called Arister¢h. 310 BC — c. 230
BC), had already worked in Alexandria. He deterrdittee relative sizes of
the Earth and Moon. He observed that during a lechpse the full Moon is
passing through the shadow of the Earth:

Time of entering of Moon in Earth's shadow
Fulltime of Moon in Earth's shadow

_ Diameter of Moon
Diameter of Earth

< Moon'diam = 3476km

Hold

- fﬂ-[ } 2
_u rnl:_ur.-rq ‘:3?_
F&id 3

Eratosthenes having determined the Circumferenc&asth (we use

4
40000 km) we know that diameter of the Earthﬂ)=12732km and
L

using the ratio of Aristarchus
Time of enteringof Moonin Earth'sshadow _

- - =0,273
Fulltimeof Moonin Earth'sshadow

for Moon’s diameter = 3476 km is obtained whiclihis absolute size of the
Moon. Of course, Aristarhus did not know this réd@cause in his time the
diameter of the Earth was unknown. On the othedHas observation for
the ratio

Timeof enteringof Moonin Earth'sshadow _
Fulltimeof Moonin Earth'sshadow

036

had a big relative erroa%gj73 = 032 =32%.
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Mathematics in itself

In the case of astronomy we can see the importaicéhe number
_ Circle's circumfer.
Circle'sdiameter

the next we demonstrate its estimation and appm@tam, too. For the
estimation off1 we consider a circle with its diameter 1 unitendth.

. Itis known that tha1 is an irrational number. In

Estimation of Tc

Let us observe the movement of the signed point!

Estimation for Practice

n~ 3.14

I €
|
| | | |

For the approximation ofi we use a calculator (CASI®®-570E$. Our
calculator says that

(@B) N = 3141592654
We know that is is false, because is an irrational number, so

3141592654 . . - .
TT=—————— is impossibile. Then, either
100000000
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) < 3141592654
or
3) T > 3,141592654.

Which one is valid (2) or (3)? Our start - pointhst the last digit ,4” in
(1) is a rounded digit by the calculator. Hence,

31415926535 N < 31415926544
Clearly,

31415926535< 3141592654< 31415926544

so, we have the approximation
(4) |- 3141592654< 910 <10°°.
Moreover,
31415926535< 10° [Tr< 3141592644

so,
035<10° [1-314159265< 044.

On the other hand our calculator says
108 - 314159265= 0,35898 ,
where on the right hand side the digit 8" is roaddso

0,358975< 108 - 314159265< 0,358984.
Hence,

314159265358975< 10° [T1< 314159265358984
and
31415926538975< 11 < 3141592653B984.
As

31415926538975< 3141592653898 < 31415926538B984

we obtain the approximation

(5) |- 3141592653898 < 910" <107,
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Returning to our question, the approximation (4)n@ sufficient for
answer, but by approximation (5) we can write

1= (- 3141592653898) + 3141592653898 <
<|m- 3141592653894 + 3141592653898 <

<10™ + 3141592653898 = 3141592653899 < 31415926534
that is the inequality (2) is true and inequalBy is false.
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