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From Euler to Fourier, MP3 and JPEG

1707 1783

Ph. Henry & G. Wanner



|. The Quadrature of the Circle.

5000 B.C.

1a

Mesopotam

oldest
mathematical gure pgnyrys Rhind, Egypt 1650 B.C.

Ircle =

C



Papyrus Rhind, Problem 50: Find Area of the Circle !
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Papyrus Rhind ~ Agquare= 81 =9 Acircle = 81 1&23

=63 8
Result: i
Area of circle of diameted = -

Area of square of :~:.|d%9 d

Critics: Is only approximation; iIs it too large? too small? how
precise ??



Archimedes( 250 B.C.) Greek Rigour and Performance:
n=0 n=12 n =24

Archimedes' Proposition 3:

10 1
d 3— < Perimeterofcircle< d 3-—
71 7



For the proof, Archimedes computed areas and perimeters of
circumscribedandinscribedn-gons forn = 6; 12 24; 48; 96.

= - D 3

circumscribed Inscribedn-gon



Detalls of Archimedes' Computations
(as reconstructed by Ver Eecke 1917)

i. Par hypothése : angle ZET'=1} angle droit, d’oli angle TZE=4% angle droit,

d'Dh :Ez=2 I'Z-l d’ﬂil :?._‘.Z_mf.-:sc}_ﬁ_ GT,EF-_—' “EZE 2 P22 — ’/3063 o 1532 —
/AU R o .
ol : . EL 265 - ED 265
l/?nzz?::-zﬁs, d’oli : ET > 265. Donc: TZ = 153’ ou, suivant le texte, TZ 153

en valeur approchée.
2. Cf. EucLipg, livre VI, proposition 3.
ZE ZH ZE+EI' ZH+HD ZE+Er' _ZT

3. Puisque BL AT’ on a = g %Y —®r A

ZE + ET _ET i 3 .+ ET .« 306+ 265
= = Or, T'Z=153, EZ=306 et EI’ > 265 ; donc I‘H":?’ TR

ET r oo R 4{TH 13 4 1513 ER
I'_H"':?'L:}_;' d’ol ﬁ{_z ;3 57 _5_53 O
EH __ 5014

texte .FH __:;-I T
4. On aura:

d’oli, comme le

texte :

~, 349430 © 4ol comme le
I53 TH- ~ 23499

HE +El _ET

NE_I6e . .. HE+E[ HO+6er =
Er  er’ ; ET er HO + eI gr :
HE+El ET El'~ 571 . EH 1 ; - EI' _ 591 ¢ + 571
e . Sl : 59 »
T ST Or, THZ 153 et i == = d’ot, substituant, a7 = 153

— e ]
ou, comme le texte : EI—' T “ﬁzﬁ,d’nﬁ:?r_ - !L‘?é}?, d’ol :
er 153 or> 153

ET +§Pﬂ=:} (11624) + 153 X ETEZE} 13505344 +23409 400, E&E} 1'72§.
er - 153 S 23409 : 8r = 153

, d’ol :




6E 8K ,d’ot BE+E1" ED 8E+El' _EI Or }1172§

1:+0n a“;“& ET = KT’ a:;-n:r g M Ter TEr 'er 153
El . x162¢ ... EP . 1172 +IIE~2§ 2334{ .
tEll“:}IS duu.KF}- 153 ; RF}ISE d'ol
EC +KT (2334}’ +153° | EK”  sarziszdly .
Kz = e — = 33300’ d’ol, comme le texte :
EK 23391
el e EC K
KE_KA ., . KE+4+El EI E+EI' Er KE . 2339%
s e s rey s e sl e

ET 2334& . Er 2339%23141 4673
I{I‘} 153 d,m'ﬂf‘:} 5OSTsER "M“ }“ 153




1. Reprenons plus explicitement le texte qui précede au point ol nous l'avons

laissé dans la note avant-précédente :
On a: AT=2 ET" et AM=2 TA, d’oli, par substitution dans la relation

El. 46738 . . . AT -4673% pen e 46733 . :
T‘I} e il vient 'ﬁM;: 253 , d'oll 56 E;gml}gﬁxéSi , ou, suivant le texte:
AT - 46731 14688 6673  (andi e 66
polygone de gb c?tésﬂ 14688 ° G‘_:' Sk 467 3% o 4672} apcIs= e ; 73 <
0 ne circonscri B s : : :
I 46731, Donc, PAgidiz:]. ?:,zrcle + =, d’oli polygone circonscrit < 3 —i-E diam.

7
cercle, d’ot1, en vertu de la prop. I du livre I de la Sp

circonférence cercle <Z 3+ I diamétre cercle.

2. Puisque l'angle BAT = } angle droit, BI' est le cbté de I’hexagone inscrit et
2 1825201 ,,
— d’'ou :

: AB ’
I'on a: B --Ii- Or, 3 % 608400 = 1825200 < 1825201, d'ol : —i—{: 608400 °

hére et du Cylindre, 4 fortiori,

" B
_"3-::: 1351 , d’ol1, comme le texte : %—E -::L?%%[—-.

I =280
AT 2 2x780 1560
3TB= 1~ 78 78
4. Les triangles AHT, THZ sont équiangles, car les angles '"HI'B, HAT sont
égaux comme inscrits et mesurés par des arcs €gaux, €t Pangle droit en H;‘I{[ C?E-

_AH TH AT o e o St ot
mun, donc : TR A Or, AZ divise I'arc I'B en deux parties égales, d'ou: 7= 7q»




AT rz Al AT+AB ,, ., AH AT+AB AT AB
d’ e o AL AL e AH =
AR Tz zn’ U rz Br U gr=—%7 BTt B OF

_ 1560 AB _ 1351 1560+ 1351 AH _ 2911 .
BI‘ -80 y et -c: 7381 % dﬂm: {L;.-D—:;-S—, ou T < 7980 . D’autre part,
AH® < (zgn}* d’otr .AH +HI™ {£9112+7802 = AT go82321 d'ol
HT (780)%’ . HT® 7804 1 ST < 608400 ’ !
013§
comme le texte : HI‘<

1. On aura, comme dans le c¢as précédent : 28_ AT TAH ab pas d’ol, sub-

"®r HI  HA ' HIM

stituant les valeurs de ces deux derniers termes : Ae< 3013%’;02911 :
5924% ., A® gy x5024% 823 A6° 1823
GI‘{ 8 ou BI‘{: % 780 { 77 D’autre part, — < VTR
. A@ +OI' _ 1823%+240 E 3380929 . .
Liou Br’ = TR or° < 57600 ’ d’ol, comme le texte :
<1838n"
er 240

AE_AT+AB® A A6
KT~ er ~er ap- thpar substitution des valeurs

trouvées pour ces deux derniers termes, il vient: EE.,;: 1838,y + 1823

2. On aura de méme :

KT 240 -
AI{ 36615 AK _ 333661 AK _ 1007 ; AK 10072
-':‘.: T ou KI‘{: 20 ° ou ET"{‘ T D’autre P“rt*ﬁn": 6aT
r— 2 3 ErEr—]
d’ol : AK%EI' < ‘“"766*;65 y Ou Ei < I?:}i‘;gs, d’oli, comme le texte :
KT
AT _ 1009}
KP{ 66 °

AA _AT+AK_ATl' AK
AT~ KD Er Tgp b par substitution des valeurs

3. On aura de méme:




. . AA _ 1000} 1007 g_li_t 20164

precédentes : T < ee Ttz O < T D’autre part,
— p——1 —r
AA +AT (20163)? + 662 Al'" 4n6928.a1§1~§ ; zm:ri

i < 663 , OU EE{ 4356 ,d'ol,comme le texte: ﬂI‘{

1. Sous-entendu : nspips-r?n;, le périmétre (du cercle).

2. La relation de la note avant- précédente donne, par inversion ; g}znﬁiﬁ?f’
d’oli, observant que g6 x AT’ =périmétre p-nlygnnﬂ inscrit de g6 cétés :

6 Eh

périmétre polygone de g6 cbtés . g6 x 66 6336
diamétre cercle = 2017 1’ U= 20171 Or, 2017 > 311

d’oli périmétre polygone de g6 c6tés > 3;3diamétre cercle d'ou, a fortiori, suivant
le texte : Circonférence cercle > 3319 d:amétre




Archimedes' Proposition fimproving the Rhind papyrus):

. 11 .
Area of circle = d? 12 (d = diameter)

Proof by Prop. 1 and Prop. 3.

... and what happended the next 1800 years ?
Zu Chongzhi (China 480 A.D.) computed with same method:

d 3:1415926< Perimeter of circle<x d 3:1415927

Adriaan van Roomen (1593 A.D.) with same method:
Perimeter of circle= d 3:1415926535897932

Ludolph van Ceulen (1596) with same method:
Per. of circle= d 3:14159265358979323846264338327950z



New Progress: Leibniz(Invention of Calculus, 1675 A.D.)

(@) (b)

Pythagoras and Thale€D = pﬁ andAB = p—~_. Hence

1+ X2
Z 4 Z
dx 1 1 1 1 1
_ = = (1 x%+x* x%+u)dx=1 Z+Z Z+3
4 51+ X2 0( ) 3 57 9



New Challenges: (Jakob Bernoulli 1689)

1+}+}+}+}+::::? or 1+}+}+}+}+;;;:’7
3 5 7 9 2 3 4 5
Answer: both diverge’. 1 | 1 :l :l:l: T
1 2 3 45

Triangular Numbers:
L4 — 11 0‘0 — 31 0.:'0 — 61 0':.:'0 — 10’

Theorem:

1+1+}+ i+ i+::::2:

Great Challenge: « =1; 2 =4; 32 =9; 2 =16; :::

1+1'+1'+ i+ i+:::: 7

4 9 16 25

Here we stop, wait for the arrival of Euler, and return to aeot
Giant of Greek science ...



Il. Measuring Angles. CIl. Ptolemaios(150 A.D.)

Measuring the Universe, Planets, Earth (:: " % "l ):

UNIVERSUS TERRARUM ORBIS PTOLEMAEEUS

LAhaetdac I Noricion W Pannenie. W.IMlyrie N Macedoria: VI Epirus.
VI dohaja VW TRracia. W Rwepotarmia X drabicFeiros

Ptolemy measured coordinate g¢ otc I gioios, xai mok
of 8000 cities, among ...

Hogioioy dovkotexio . ... . ..



Il. Measuring Angles.
Problem.Measure angle !!




Il. Measuring Angles.
Problem.Measure angle !!

Solution.Put sticks of length 1 (or 60), measure distance



The chord function.Cl. Ptolemaiog150 A.D., printed 1496)

= ‘Propofitio i) e
@ Dtis choxdis inequalium arcuym in femicirculos
M larcus quomaioz minozé fuperat choxda notafict.
4 S\ Nel| M | @7 Yt in femicirculo.a.b.d.fupza diametriia.d.note fint chos
N\ Hide.a.b.a.g.Dico notam ficri cho:dam.b.g.nam per coxelas
A\ rium prime buius note etiam fient cho:de.b.d.z.g.d.  Sint
elemocra™ in quadrilatero.a.b.g.d. oiametri.a.g.2.b.d.note. fint ¢ late
a.a.b.7.g.d.oppofita nota.igit per p:emiffam quod fit ex.a.d.in.b.g.noti
tet.Sed.a.d.eftnota:quia dtamicter circuli.ideo.b.g.nota fiet : G querebaf.
Der bic plurimox arcuii choxdas cognofces. Repies ent cho:dd arcus quo
qnta parscirciiferentic fextd fupat.ficho:dd arcus.a2.graduin:z ficdealijs.

Ptolemaios computed chord of  using Eucl. 111.20 and
“Ptolemy's Lemma”.



Ptolemy's Table of the Chord$150 A.D., printed 1813)

38 MAGHMATIEHS SYNTAEEGE BIBAION A.

. > -
i ——t et e PO o -

TABLE DES DROITE> INSCRITES DANS ] CANONION TGN EN KrRAq EYOEIRN.
LE CERCLE. _
| TRENTIEMES MEPISE- EYGEIQN, EZHEKOTION.
ARCS. CORDES. DES DIFFERENCES. PEION,
P, S M w R ]
Degrés! Min, p\?:lt. Prim |Secon.] Part. | Prim. |Secon.| Tierc. Motpwye 1 M, | 1. A. M. § I As Ts
Diam. — -
ol 301 o|{3} 25} o 1 2 | bo 5 § 6 | dx | e ::a x| B "
x o i 2 | bo} o I 2 | 50 | & o B v 8 a | B v
t 13} 1341 15] o X 2 | 50 @} ¢ a| M| «f 6! «| B v
a] o} 21 5] 40] o r| 2| 50 By & B el pf 8| «| B v
2 | 30 2 | 371 41 o T 2 | 48 B 3 gl ¢ 6 o B ] pn
3] of 3 8126 o t | 2| 48 vl & ¥ n| xal 81 af B pn
3130) 33952} o X 2 | 48 7 E" 7| 22| v 6] a B | e
40 o 41111 6] o 2 | 47 ¢l 6| 0] w| w}f 6 « B }lg
413] 4142 ] 40} o 1] 2 47 i ¢ Sl ] 8| | B #
5 0 51 14 4 0 2 | 46 8 6 £ cc?, ¢ o @ B 1 ps
51 30 51 45 ] 27 0 X 2 | 45 g 3 g | pe | *5 0 o Bl pe
6 0 6 | 16 | 49 o] 1 2 | 44 o o c | pd 0 & B [J.f?
6 | 3o 6 | 48 It o 2 45 c ¢ g | pn L3 'rj o ﬁ ey
=] o} 7|119]135] o 1 2 | 42 g el & W by 6 ai B pp
7 1 30 7 50 | 54 o I 2 1 41 ¢ ¢ 'Y v | v 6 o B px
8 ol 8|22 15% o 2 | 4o n 't'i" n | B te fj a B 73
8§ | Jo 8| 53] 35 o X 2 | 39 % ¢ n | vy | e 6 o gl W
9 o ] gl241541 o 1. 2| 38 g o S w3 | v o @ g )a;
. . 8 T : H 1 - i - 1 ] a : 1o




Another Part of Ptolemy's Table.

£
T S fomi ] ¥ 6 6 | K&
3 Coa = >
Bl S emlpy | Wmlvel 6| pg
=B g 63 ' m o o | pg
" - ‘ -
Ty o ¥ oS Al B F o & | po
Yy s o3| vl 2z o 6 | pg
] 6 Tl & p.s’# ¢l b e
r
] ) T px 7 0 5 ~
ws e (4 d ' o o | ©%
e S frx | 2L} =8 0 8 T
i1~ o | ra v | 2 i 6 a ] pe
g $ ﬂﬁ L7 LT G 0 e
124 c =Bt 2] 3 G & | me
xl ¢ | =B | wn ¥3 o e
vie)) 6 § wv rx Ly b} ) e
(1] - i g
| ¢ | ®y ud c o 6 | pd

2 O Dy O

1 ©1 O O




Control of Ptolemy's Table.

OCOOONNOOOUIOITARRWWNNELELO

30
30
30
30
30
30
30
30
30

OCOOOONNOOOUIOITAPRRWWNNELELO

31
34
37

39
11
42
14
45
16
48
19
50
22
53
24

25
50
15
39

28
53
17
40

217
49
11
33
54
15
35
54



Control.

31
82
82
83
83
34
34
85
85
86
86
87
87
88
88
39
89
90

30
30
30
30
30
30
30
30
30

/8
/8
79
79
79
80
80
31
31
81
82
82
82
83
83
384
84
84

19
43

30
54
17
41

27
50
13
36
58
21
44

28
51

52
38
17
52
21
44

15
22
23
19

54
32

33
54
10



The Sine and Cosines (“sinus recto complementari”),
Trigonometric Circle. Regiomontanugpubl. 1533 A.D.)

Around 1464, Regiomontanus computed a table (“SEQVITVF
NVNC EIVSDEM IOANNIS Regiomontani tabula sinuum, per

singula minuta extensa:”) giving the sine of all angles at
Intervals of 1 minute, with ve decimals.



Tentatives to turn Latin text into Formulas:

J.J. Stampioen
(1632)

J. Kresa
( St. Pet., 1720)

. . C
cosinum anguli ad fore = A Ss Cr:

sinu crurisAB = S, cosinus eiusdem C,
sinu crurisBC = s et cosinu= C,
cosinu baseoAC = ¢, et radio= r;

F.C. Maier
( St. Pet., 1727)




. . r Cc
cosinum anguli ad fore = 1 r:

SS F.C. Maier
sinu crurisAB = S, cosinus elusdem C, o
( St. Pet., 1727)

sinu crurisBC = s et cosinu= C,
cosinu baseocAC = ¢, et radio= r;




. . r Cc
cosinum anguli ad fore = 1 r:

SS F.C. Maier
sinu crurisAB = S, cosinus elusdem C, o
( St. Pet., 1727)

sinu crurisBC = s et cosinu= C,
cosinu baseocAC = ¢, et radio= r;

cosBC cosAB cosAC

SAB sAC |
posito radio vel sinu tota.

L. Euler
(E14,1729)

cos:anguliA =




. . r Cc
cosinum anguli ad fore = 1 r:

SS F.C. Maier
sinu crurisAB = S, cosinus elusdem C, o
( St. Pet., 1727)

sinu crurisBC = s et cosinu= C,
cosinu baseocAC = ¢, et radio= r;

cosBC cosAB cosAC

cosangquliA = L. Euler
L SAB SAC | E14,1729
posito radio vel sinu tota. (E14, )
COSA = cosa CoOsb cosc L. Euler
- sinb sinc (E214,1753)
Handbook

(Washing., 1965




... and another half of a century lat

IS{p



“I don't need to explain further the simplicity and elegance
Introduced by the trigonometric formulas and theorems.
Although it Is such a simple idea, it required 2000 years to be
discovered.”

(A. v. Braunmuhl, Bibl. Math., vol. 1, 1900, p. 73)

“Similarly to Johann Bernoulli, who has turned the logamth
Into analytic functions, | believe to have been the rstto
Introduce the Sinus and the Tangents of angles into the @alcu
so that they could be treated as any other quantity with all
operations without obstacles. Even if this seems not to be of
great importance, it can be said that this notation has glven
analysis so important tools, that nearly a new eld of reshar
has been created, which the geometers have since then
developped with so much success ...”

(EulerE244 1754, orig. in Latin)



“Nearly a new eld ... :

Theory of Sound Waved.agrangel 759)

Secular Perturbations of Planetsagrangel770,Leverrier
1846,Einstein1916)

Fourier series and Theory of He&tourierl807, 1822)

Electromagnetic Waves (Light, Radio, Maxwell 1865)
Schrodinger Wave Equatio®s¢hrodinged 926)
Treatment of Sound, Images (FFT, JPEG, MPEG, MP3 ,..




Ill. Mechanics (Dynamics)).
Problem. How moves a mass point attached to springs ?

00000000000000000000000



Ill. Mechanics (Dynamics)).
Problem. How moves a mass point attached to springs ?

00000000000000000000000

R. Hooke(1678): Forcd = K .

l. Newton(1687): “Change of movement is proportional to the
acting force” (orig. in Latin); in formulas:

m v=f Y=V
L. Euler(E15 1736): Have to solve differential equation

my+K y=0  or cclld2y+ k’y =0 :

Solutions
ikt

y= e ®+ e or y= sinkt+ );:



Solution.

1002222000220 00000

0000000000000000000000(

0000000000000 0R 00001

00 000000O0O0CO00O0CO0O0O0O0CO0O000O0O00TC

T @ Y Y

DUV0O0000000000000000000

@Yl

g o000 00000000Q0000Q00000000U

H000000000000000000000(X
1000000000000000000000(X
DA000000000000000000004

J0000000000000000000000°E

Y YN

D 0 0 U O 0 0 0 0 0 0 € 0D O U (¢

1000000000000 000001

0000000000000000000000(
0000000000000000000000(
JO00000000000000000000(

JO000000000000000000000¢C



*autem exponentialibus in series conversis”

us,ei:p 1, i= 1,i%= i,i*=1,i>=1i,

X =14 ix +

2! 3! 4] 51
Sy X2 x3+x4+.x5
R TR TR TR
XZ 4 3 5
= (1 _ + X_ )+| (X X_ + X_
| 21 {£_| | 3l {§I
COSX sSin X

= COSX + I SInX:

()2 (ix)*, ()*, (x)°,

|| ||



Geometric Proof:e* = (1 + X)N;

2 JWg 2

3

Wp = 1

ﬂm Wp = 1

N =16

L Zz 20

& =(1+ HV:
7€

X




“Basel” Problem: Find value of the series

1+}+}+i+i+:::— ?
4 9 16 25

Euler's audacious idea41: (1735):.
look at the series fogins as If it were a polynomial:

s° S°
+
1 23 123405

O\ O\
/2 0 N7~ 3

SINS= S




“Basel” Problem: cont'd.

g3 S°
S +
1 23 12345
divide bys:
S2 s?
1

+
123 12345

— N

2 2 3

RooOtsS: 27 3



“Basel” Problem: cont'd.

2 s?
+
1 23 12 345

1

replaces? by t:

t+ t2
123 12345

1

/

2

Roots: 24 2:9 2::::



“Basel” Problem: cont'd.

t+ t2
123 12345

1

replacet by % multiply by xN:
XN 1 XN 2

+
123 12345




XNl XNZ

N +
1 23 12 3 45

X

Back to rst year algebraThe polynomial

p=xN  xN 1ty xN 2 N34

) = X1+ Xo+ X3+ :i: (Viete)



The break-through E41: (1735)

“One of Euler's most sensational early discoveries, pesthiap
one which established hiqurowing reputation most rmlyswa
his summation of the seriesi n 2(...). This was a famous
problem, rst formulated by P. Mengoli in 1650 ; it had resigt
the efforts of all earlier analysts, including Leibniz ahe t

Bernoullis.” (A. Well, Number theoryl1984, p. 184)
. xN 1 xN 2
X +
123 12345
1 b 1 . 1 . 1 . owom A
has “roots 34292 Hence, byiete,
1+1+1+ —10r1+1+1+1"'_ 2'
42 92 6 4 9 167 6



Back to Mechanics: Theory of Sound (Lagrange 1759)

N’ We'
)0 )01

U Uy, Us Ug Us Us Uy Ug Us
Principle of Mechanics:

d?U
WZI: K (U 1 U)+(Us U))= K (U 1 2Ui+ Uisq)
When number of particlelsl

@u ., @u

~ - a’ — (famouswave equatio

@4 @X



Back to Mechanics: Theory of Sound (Lagrange 1759)

N’ We'
)0 )01

Uy Uy Us U, U U Uy Ug Us
Principle of Mechanics:

d°U,
WZI: K (U 1 U)+(Us U))= K (U 1 2Ui+ Uisq)
When number of particlelsl
Gu _ a2 Gu (famouswave equatio)
@4 @
Solution (remembery® k?y =0 ) vy =sin(kx)):
@u _ , @u

— - a = ) u = sin(kx) sin(akt) :
%4 @F
k?u

a’k4u



Solutions
k=1




Solutions




Solutions




Produced Sound )  Fourier Transform
Sound fork = 1;2;3and sum Spectrum

b sint
/\ /\
\_/ \_/
b Sin 2 1 2 3
/SN /SN /N
OV |
by Sin & 1 2 3

/N SN N N NN N\
AV VAV VR VAN

bysint+ bhsinZt + b;sSIn 3t

/N AN AS
VARV

) j—

- S
N) —
wr



Euler's works on “Fourier Series” E246, E464, E555, E704:

Z
z az?+ a%z® adzt+ =
1+ az

(geometric seriegaj < 1). Insertz = € and take real part:

COS + a
acos?2 +a’cos3 a’cos4d +:::=

COS =
1+ 2acos + a?




Euler then sets brutallg = 1 and writes (nonsense??)

1
CcoS cos?2 +cos3 cosd4 + ;.= Q:

|
i
h—I:




Euler then sets brutallg = 1 and writes (nonsense??)

cCos2 +cos3 cos4d + .= —:

COS

a=1:, integrated curve

He integrates this formula and obtains

1 1 1 |
—sinZ + —sin3 ~sind + :::= —
2 3 4 2
.. and the “nonsense” maks again “sense”, two centuries lat

INn the “sense of distributions”.

SIn



1 1 1
—sinZ + =sin3 -
2 3 4
a=1:, integrated curve

2_

SIn

singd + :::



1 » 1 n 1 [ I
- + — ~sind + .= —
sin 2 sin 3 sin

a=1:, integrated curve a=1: 2times integrated

2_

SIn

He integrates once more to have

1 1 1 ' 2
' — C0S2 + —cos3 — Cc0os4 + ::: :
s 7 9 16 4

New acces tdasel problem(' =0).



Problem. Given data (function( ' )), nd by; b bs; .
Example.




Problem. Given data (function( ' )), nd by; b bs; .

After decades of calculations (Lagrange on sound, Euler on

planetary motionE703, 70 years old Euler has one of his
GREAT ideasE/704from 1777, publ. 1798):

Multiply series( ' ) = bysin' + bbsinZ2 + lzsin3 + ::: by
sink' , integrate fron0Dto , and use orthogonality to obtain




Why is it called Fourier ? Theory of Heat (1807, 1822):
000000000 ____ 000000000000000000 ]

Question: How develops heat?



Why is it called Fourier ? Theory of Heat (1807, 1822):
000000000 ____ 000000000000000000 ]

Question: How develops heat? ~--
|. Newton U 1 U U+

dy
d_t': K (U 1 U)+(Us U)) =K (U 1 2Ui+ Uq)
When number of particlelsl

Qu_ a’ @ (Fourier'sheat equatio)n

@t @X



Why is it called Fourier ? Theory of Heat (1807, 1822):
000000000 ____ 000000000000000000 ]
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PrlnC|pIe of data compression (MP3). (Kh. Brandenburg)
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Converting sound samples to frequency data is the single
most common task of all DSP chips.

CDs encode sound as linear PCM (pulse code modulation)
hence, not compressed [1981 technology] !

Transferring CD tracks to something like an Apple iPod
(portable music device) will compress the results from thé F
data.

Audio tracks on DVDs use a similar process, compressing
sound frequency data.

(Thanks to Kyle Granger for these informations).



Principle of data smoothing, denoising.
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Principle of data smoothing, denoising.
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Principle of JPEG data compression.

any photograph
IS cut Into pieces
of 8 8 pixel
)
and each piece Is
treated individually

“Sound” Is now two-dim.!) one-dim. baseosk X
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Animations :
1. Sound transmission (animation @ylles Vilmart);
2. Sound analysis bftmadeus ll(program byMartin Hairel).
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