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Indholdsfortegnelse

. Indledning

Overtoner, musikinstrumentre og frekvensspektre
Fourierraekker

Stgdtoner

Modellering med trigonometriske funktioner (tidevand)
Sampling og det binzere talsystem

Filtre og stpjreduktion

Maling af lyd med PhyPhox

Musik og matematik — Talteori

Musik og matematik — trigonometri og logaritmer
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£l Overtoner og musikinstrumenter

Frekvensspektre
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H' Materiale: s.23-24, s.63-73

Film: Overtoner 11.45-16.53,
i arbejde Frekvensspektrum: 16.53-18.09
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Eksempel pa en mennesketone analyseret med
FFT (Fast Fourier Transform) - LoggerPro)
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Fourierraekker

Geogebra

VUL S

Materiale: s.62-73
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fn(x) =

Explore| plot iZ[ ,1 .
=l 2i—1

Maple
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fi(x)
1

m-(2n+1)

-sin((2n + 1)x)

sin((2:i—1) ~x)),x=—6..6,y=—2 ..ZJ,parameters =[n=1 ..20]]
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Stodtoner

f(x) = sin(2m - 440x) + sin(2m - 442x)

’ Additionsformler
sin(u +:/) =wsin(u) -cos(v) + cos(u) - sin(v)
sin(u —v) =sin(u) - cos(v) — cos(u) - sin(v)

Logaritmiske formler

: : e A X-y
sin(x) +sin(y) =2 sm[ 5 ]cos( 5 ]

§h Materiale: s.25-28
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Modellering med trigonometriske funktioner

N\ \
S

COMSTITUENT Mp CURVE

— —

. . o v —

CONSTITUENT 82 CURYE

- e ——— —_—

e ——— e = —

CONSTITUENT N CURVE

LONETITUENT K CURYE

- - T

T
FREDICTED TIDE CURYE
ALL SEMIDIURNAL COMSTITUENTS

Tidevand

— ) e

. = it

- -l J

- — __ —

CONSTITUENT 0 CURVE

CONSTITUENT Pq CURYE

PREDICTED TIDE CURVE
ALL DMRNAL CONSTITUENTS

N

PREDICTED TIDE CURVE N N
ALL CONSTITUENTS .
SCALE 1:15

=

= =

2 5 g 5

5 5EPT. 4 / § BEPL.E g

= —— H

' MIDKIGHT

SAN DIEGD, CALIFOQRNIA
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BCALE 115

Kelvins harmoniske analysator fra 1878. Den opbevares i dag pa
Science-museet | London.

Materiale: s.50-61
Film: Modellering af lyd 6.35-11.45
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Sampling og det binzere talsystem

Don’t Stop Me Now - Original
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Materiale: s.74-89
Film: 21.26-34.26
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Filtre og stgjreduktion

Don’t Stop Me Now - Original
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Don't Stop Me Now - Lowpass
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Materiale: s.90-96
Film: 34.26-
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r op T | 42 4 6 8
phyphox A B A
Time (ms) Recording (a.u.) L
mznzik 0 0,00176951 [ 14 <
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0,02083412 0,00469941
0,04166825 0,00757328
0,06250237 0,01030154
0,08333649 0,01293262
0,10417061 0,01529124 —0.02+ E J P
Pressure 0,12500474 0,01733955

Get raw data from the barometer. 9 |0’14583886 0,01911814

10 1 0,16667298 0,02048767

11 0,1875071 0,02152194 [ ingen et @ @[H -
Audio Amplitude 12 | 0,20834123 0,02218194 T

Location (GPS)

Get raw position data from satellite navigation.

Magnetometer

Get raw data from the magnetometer.

o~ b WN =

Get the amplitude of sounds X Y
13 0,22917535 0,02247303 | g £ 448082 : g 3 .'.: g
Audio Autocorrelation 14 | 0,2500094 0,02240852 )4 .: % :. ” » .: :: :: " e :' (1] :. 331 | 6875260427 | -0,0076016.
R 0,015 . » s
easure the frequency of a single tone. f02190944 114 ,' e e (ot +0 :: | 111 :: '3 332 | 6,896094549 | -0,0049291.
] L ]
: 16 | 0,2916777¥ 0,02106314 te 41 13 $9 T 2 IT 11 41 11 41 | e cssmen covumon
Audio Scope ! ! 1l 1 is 11 * BIRINIDIEIE - T
) 17 1 0,31251184 0,01981339 s 4l 1 el rtdt 81114 :
Show recorded audio data 0,005 . ? s [ R4  BOEEINEREEE . 335 6958596917 | 0,00340217...
' 18 1 0,33334596 0,01825487 1181114 ttiletl 1141111 T | s | esrsastoss | oooersen:
Audio Spectrum 19  0,35418008 0,01 13 ITEEES] % | 537 7000285162 | 000886746
L ] ]
Display the frequency spectrum of an audio signal. = s mmmss e - == ’ 11 { * 14 b 14t | 338 7,021089284 | 0,01143068...
> & - ® 0 ' ! 4
(3 ] [ ]
Donoler effect It1ll [V 11 | 339 | 7,041933407 | 0,01379836...
PP (8 ] e tist ° 340 | 7,062767529 | 0,01596046.
D . i ) AT _ § -0010 —§ . & $\ 0001675880 * i1 * *
etect small frequency shifts of the Doppler effect .0 T .' 4t U &t 1 341 7,083601652 | 0,01781934...
- Hi . . . o 144 :' i) :. Y] :. of o | s s0massrs oosssest.
requency histor V -G h | A | (ORI O (T s
quency y 7 ernier: Graphical Analysis ‘PR E S S
Measure the frequency change over time for a singl... i ﬂ ‘ ‘ ' - ‘ ‘ ‘ 344 7,146104019 | 0,02134189...
k.. - Sonar @ ? 4 g 10 346 7,187772264 | 0,02173118...
' Measures distances through echoes and the speed... E E] 347 | 7,208606387 | 0,02131774..
5
H' Tone generator Tilstand: Ma@\mmasmmg
 Generates a tone of a specific frequency. | \
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Materiale: Findes ikke i materiale
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Matematik og musik: Talteori, nar frekvensen fordobles

Hvordan stemmes de 12 toner indbyrdes

cit d# g# c#t d#t 12
I f" atc=27
1 2 3 4 5

9 10 11 12 13 14 15 16

éJ':J‘.«JlJ'fJb.lHUlfJbJUHJEJ]J|5J5r|r]r|£r'ar|r];r|

frekvenserne er bestemt af boglgelaangden

De rene*) intervaller Strengelzengde Frekvensforhold
L = hele strengen
Oktaven 3L 2
Kvint ) :
Kvarten 2. 2
Stortertsen L. B
Lilletertsen %'L %
https://upload.wikimedia.org/score/2/c/2ctaZin0ywge9ht097nes0607drdakg/2ctaZin0.mp3 Mate”ale: 5-32'48

Film: 21.26-34.26


https://upload.wikimedia.org/score/2/c/2cta7in0ywge9ht097nes0607drdakq/2cta7in0.mp3
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Matematik og musik: Trigonometri og logaritmer

| ] i

N
440 880 1320 1760 =
Materiale: s.32-48
| i . Film:21.26-34.26
659.3 13185 1977.¢ s
Tonen a har partialtonerne 440 Hz - 880 Hz - 1320 Hz -1760 Hz -2200 Hz ...
Tonen e har partialtonerne 659.3 Hz -1318.5 Hz - 1977.8 Hz -2637.0 Hz ...
Cent-funktionen Ul u2 u3 U4 Us
£ 110 220 440 880 Frequency (Hz) 1760
log, : .
fil 1200 £ Octaves increase exponentially when measured on a
cent| == 1= ' linear frequency scale (Hz).
f logyo (2)
Ul u2 u3 U4 uUs
Agh — 110 220 . ' (H- 440 880 1760
' 3 Iog]_o 2 Frequency (Hz)
H' cent[—] =1200-——= =702 Octaves are equally spaced when measured on a
matematik 2 log,o 2) logarithmic scale (cents).
iarbejde
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