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Music Is arts, and also...

BRZEEM [

+ Music Is also physics!

EE =i

+ Music Is also mathematics!

BN EHE |
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Sound: longitudinal wave

TR
F-'EIE'-2 H - l\\'m:/BZ

+ A sound source generates energy that is propagated to
the receiver as longitudinal acoustic waves.

BRELRESE - DMORIIZVE R ERINE -

+ Sound sources are often modelled as a point.
RS A —ERERE -

+ The recelver Is often modelled as two points on two sides
of a sphere representing ears.

EWERIDA—IKEEH E < ME RIUREE -
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Vibration of air molecules

R0 FRIIRE)

time A&

B2 7]
pressure



Making sound: open pipe
REEE - MERONE

+ Iry blowing into a drinking straw!
VWA S - BE

+ Vibration of air at the ends of the pipe are free.
BEWMIRTER D FABRRD -

+ Different environment inside and outside the pipe cause some
waves to be reflected.

EANIMNRIEARE  BEEEERKE

+ Interference between incident and reflected waves cause
stationary waves are set up in the pipe.

AFRHRETR BEET12 - BEORAmESE -
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Music is physics! =% 4718 |

+ Why are holes on a flute + Why are the bars on a guitar
arranged in a particular way”? arranged in a particular way? ="

MR REBELEERRA ? RS ITRE 5B ?
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Making sound: open pipe

2IEEE  MERONE

+ Displacement antinodes are formed at the end of the
oipe, nodes In the middle.
BEROmERD BRI - MaMUIZRIENE]

£

+ Frequency of stationary wave depends on:

SERBOSATRELARS

+ Length of the pipe EMNEE

i

+ Speed of sound in air B & EZE R AR,
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Making sound: open pi

SUEEE C MEROAN

MR &

+ Relationship between wavelength A, sound speed v and
frequency f:
KA BEEERE v 28X f iEE
v=rFA

EPNivs

S
X

+ Sound speed in air is about B EZERE
340ms-1

+ Example 4l : tube length & 10cm
A =20cm since only half ave Is containec
in the tube A& RBER 4N 1B -

f=vwA=340ms"1/0.2m = 1700 Hz

_I

uu}i > uu}i
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Making sound: open pi

N H-

SIEEE C MERON

MR &

+ EXxcitation of physical objects seldom cause only one
mode of vibration.

AEVERIRE) - RODRBE—IREED °

+ Simultaneous excitation of different modes of vibration
makes the timbre of the instrument.

EAFAE NIRRT - T2 HBZEFENAR

~—

+ Frequency ratio of the first four modes:
B VORENMETVRISAZRLE
1:2:3:4

=+
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Physics and maths time

VDIEF SR B ]

+ Suppose a tube with length x produces a frequency of f.
What frequency does a tube with length 2x/3 produce”?

1ER xlxﬁj X E/j"&q)aﬁ}_ _E/j}/FEzEJ f D)\_ xlxt.‘l
2x/3 E’J’;’ﬁ“ﬁﬁfé* CHYSRER A (0] 2

+ How about one with length 4x/3 *?

SEA 4x/3 FIE ?

B33

—
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The design matters
aXATIREBE

+ Calculate the relative frequencies of the different modes
for a pipe closed on one end.

TE—EHAEONENSEIRENE _E
E’]*/FE$ b e

+ The physical design affects the
timbre.
tI:%IEEIDXI:I E %%% °
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How about strings”
I 7 < >

+ Guitars, violins, guqin yangqin,...
n\I:Iﬁil/ A /J\EI:EI’d:E A I_—_l 7 T °°°°°°

+ Fixed ends has to be nodes. <><><><>
02 AR Im[E E > WAASENES ©

+ Waves propagate much faster in solids than in air, and
depends on tension of the string.

ERTEEREERRELLATRIREGES » MR AARR R
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How about drums and cymbals?

ax A e 7

+ The vibration modes of the skin of an ideal drum or the body
of a cymlbal is more complicated.

g S B EN B RURENIE T\ OB AE &

+ Two classes of vibration modes B i8I ENE T ;

< Diametric mode: vibration nodes coincide with a diameter
of the drum.

EHIERI0 - IREVETRE BRIV E S —H o

% Circular mode: vibration nodes are arranged as a circle
with the same centre of the drum or cymlbal.

BIf2ART  IRENENRLSE2 e HEERVE]E] L) ©
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How about drums and cymbals?

ax A e 7

+ The numbers in the parentheses indicate (diametric
mode, circular mode) of vibration.

IR AN FER (B1E, BF) IRk#$=ET -

+ Solid lines indicate vibration node, dashed lines antinode.

BARTONMRENENR » EARTR N IRE S ENFS ©

+ Different ways of playing excites different modes of
vibration differently.

ARZFELAEIRENRIVHEE ARG -
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How about drums and cymbals?

ax A e 7

Drum &%

(01

Cymbal &k
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References

A S e —
QQ =
9/:% =

+ Acoustics and Psychoacoustics
David M. Howard and James Angus
Focal Press, 1996, ISBN 0-240-51428-9

% Introductory and easy to read.

+ Introduction to the Physics and Psychophysics of Music

second edition
Juan G. Roederer
Heidelberg science library, 1975.

< Goes deep into the physics.
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How to map note to frequency?

AEI K L B AR 2

22205+ EEE Musical Instrument Design Competition 17 oo



Have you been in a concert”
. Aﬁ%éﬁéunw r?

+ Orchestra Tuning / Warm Up - Clean Sound.
Urb Mak. YouTube. 2011-04-08.
https://www.youtube.com/watch?v=KiSH1ezeviM

+ Which note is that at the beginning”?
FIGR MR E 7

+ \What is its frequency?
EHRIEAERSD ?
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https://www.youtube.com/watch?v=KfSH1ezevjM

An experiment

==
5 5%
B S ““/‘/\

+ Generate and listen tones of these frequencies:
A TTEREE AR E A
440Hz, 220Hz, 330Hz, 495Hz, 247 .5Hz, 371.25Hz,

556.875Hz, 2/8.437/5Hz, 41/7.65625Hz, 626.484375Hz,
313.2421875Hz

AN

+ What's your observation? &3 ZI| & ?

+ What's the pattern? B EEEL, ?
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Music quiz! & %48I|5m |

6 :

eﬂen
0 ©oo oY 8 o e e e o

+ What is an octave? + What is a major third”
REETE/NE? AR N=E ?

+ What is a perfect fifth? + \What is a minor third?
RAEETEAE? REE/N=F 7

+ \What is a perfect fourth”

EH == 2\ =
EEZE2EIE ?

#2285 TEEE Musical Instrument Design Competition 20 CC BY-NC-SA 2018 YIP Chi Lap [Beta]



About intervals BET~& 15

I\

+ \DiEMA » —XIEIEEERTE |
NiceChord (3F#15%)

You lube 2015-01-24
https://www.youtube.com/watch?v=QLDktgMxgmY
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https://www.youtube.com/watch?v=QLDktqMxgmY

|
I\

Musical intervals

+ Listen first S EEEE

Frequency ratio Bottom note Top note

Interval S smsiE B G
Octave &/\E 21 . 220Hz 440 Hz
""" Perfect fifth ®AE 32  220Hz = 330Hz
Perfect fourth 2 43  220Hz  2933Hz
""" Major third A= 54  220Hz = 275Hz
""" Minor third NS 65 220Hz  264Hz
""" Major sixth A7 53  220Hz = 3666Hz
""" Minor sixth /\<E 85  220Hz  352Hz

+ This is Just intonation 1= 241#

FREr R > XIUAERAER -
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+ There is also Pythagorean tuning =48 &



Calculate the frequencies!

ATORER |

+ Can you find out the frequencies of the top notes”

(REEFT L IE B RV IEERIE 7

O Freq;g}ngcli ratio BOttEEE";E: note To;oﬁg;te
Major second X _E 9:8 220 Hz |
""""" Minorsecond N"FF 1645 220Hz
Augmented fourth #8PUE 4582 220Hz
""" Diminished fith HZE 6445  220Hz
"""" Major seventh <+ 158  2200Hz
"""" Minor seventh \EE 169 220Hz
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Can you give names
to the notes Iin the tables earlier?

(RA] DA%e Z BRIz AN E an 2 15 7

e.qg., A4=440
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Listen again. Is it a bit strange”
—Tf% ° "%"%E/‘j ?

225X FTEEE Musical Instrument Design Competition 25 CC BY-NC-SA 2018 YIP Chi Lap [Beta]



SE 3225
S =N

Do you know this song?

+ FFEAEIEE2016 Eim - B8 — 8% ([UHR G F
wpw star. 4:38. YouTube. 2016-10-29.
https://www.youtube.com/watch?v=8bli46moVug
Start from 86s H186F FHE

https://www.youtube.com/watch?v=8bli46moVug&t=86s

+ EECIH Swordsman - ESEREEH
CosmosEarthManWater. 8:35. YouTube. 2014-08-21.
https://www.youtube.com/watch?v=SNYh9Y1K|To
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https://www.youtube.com/watch?v=8bli46moVug
https://www.youtube.com/watch?v=8bli46moVug&t=86s
https://www.youtube.com/watch?v=SNYh9YfKjTo

Tuning systems 12

+ Mapping between note name and frequency is related to tuning systems.

BREERNHEHERN GAEZRA) B -

+ Note with the same name can have different frequencies and thus sound
differently under different tuning systems!

RERNBERRERT - SEEFIURE TR SRR — -

+ Some tuning systems: —4E51E 5, :
+ ZpiEmA

% Just intonation 4fi4&

+ Pythagorean tuning S #Z i B2

/,

+ Equal temperament tuning + _F191%
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A bit of Chinese music theory: — 73

— L hEF %8G =B RE
+ SIEEB (P2 EFEFE=) ... "h/\+T—UAE
2o =—nE— > ATPAMAE - =90 — > T T A
e =pF— > IO+ /\AAF - =% — /~THUA
B o | (BA T=518%m%) )

+ Take a tube with 81 units in length as producing the =
sound. Cut one third of it, 54 units long, ] sound. Add
one third to its length, 72 units, g sound. Remove one

thirc
04 U

nIts,

L4 22EXETEEE Musical Instrument Design Competition
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of it, 48 units, %Y sound. Add one third of its length,
= sound.
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Not only Chinese...
R PR, .....

+ Music In many cultures use pentatonic scales.

REMSNERTHEAESES

+ e.g., Indonesian Gamelan, orchestra containing gongs,
and metallophones.

BIENENfE—te A Pt sRF1sER 2 A H =MAVE 2 -
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ndonesian Gamelan music
SIEEES =

+ Javanese and Balinese gamelans have different musical
styles.

MEMZENHEREEEEAE -

+ The notes are different from those in Chinese music.

BTN B T S GO R -

+ The tuning can be different in different villages!

AR ERIEIVTE PT AR E |

N
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—qual temperament tuning

+ =i

+ Not all notes are equal for tuning systems lbased on one
note.

P—EFAERNEN > 8815FFF -

+ Change of key requires tuning the instrument again.

$%DJE : %‘_ 7%%%3@% °

+ Equal temperament tuning tries to make all notes equal
by considering that an octave Is double the frequency
only.

—FE RN

i

BIM{E58% » AP B &5
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—qual temperament tuning

+ =i

+ Upanoctave 5/\E : f— 2f

+ Frequency ratio of notes the same interval apart is the
same.

=iz —IRAVE eI & RS E—1% o

+ There are 12 semitones In an octave.
—fE/\EBR12E+F -

¢+ EITUEREA 21/12 2 1.0594630943592953
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Problem!
AR |

+ What's the frequency ratio of notes a perfect fifth apart
under equal temperament tuning”

—igfet . KTERSERIE R EAE 2

+ 27/12 0 1.4983070768766815

+ A bit from the perfectly naturally consonant ratio of 1.5.
BB M =N E R R E— R |

+ Tradeoff between easy change of keys and perfect
consonance.

FE 2 M= AR
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Videos about tuning systems

BRI E SN Nl

+ EWOR ~ TEBELIH 65 mINEER/EER |
NiceChord (8¥F15%). 7:12. YouTube 2017-02-18
https://www.youtube.com/watch?v=mgPUBE4UMQ

+ A V)\EL EREE » UMNFEHRENIRIBE A
NiceChord (Z¥#15%). 8:00. YouTube 2017-02-25
https://www.youtube.com/watch?v=rpZV2YO4LJA

+ FEHETEEIE] Do Re Mi ?
NiceChord (8¥#15%). 8:25. YouTube 2017-03-04
https://www.youtube.com/watch?v=p6f _AYhqUA

[TEE

L4 222RETEEE Musical Instrument Design Compet ition 34


https://www.youtube.com/watch?v=mqPUfBE4UMQ
https://www.youtube.com/watch?v=rpZV2YO4LJA
https://www.youtube.com/watch?v=p6f__AYhqUA

t's Bach!
i |

+ The Well Tempered Clavier. gerubach. Playlist.
1:52:34+2:26:05. YouTlube. 2014-12-04.
https://www.youtube.com/playlist’?
list=PLMCLUrrx_kSdaPkuU1XOxmWIzoKY0-|3d

% Shows scrolling score.
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https://www.youtube.com/playlist?list=PLmCLUrrx_kSdaPkuU1XOxmWlzoKYo-j3d
https://www.youtube.com/playlist?list=PLmCLUrrx_kSdaPkuU1XOxmWlzoKYo-j3d

(G0ood book
=

+ (G0Odel, Escher, Bach: An Eternal Golden Braid
Douglas R. Hofstadter

Penguin Book 1979

SBN 0140179976
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Musiclians' reference resources

BRANSZER

+ Grove Music Online
http://www.oxfordmusiconline.com/grovemusic/
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http://www.oxfordmusiconline.com/grovemusic/
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g5 Like

https://www.facebook.com/HKUEnggMusic
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