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Science is about why,
—ngineering Is about how.
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UL
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A bit of revision first......

H-JH =
J U/ =
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Quick Quiz!
Gk

+ Let wavelength of sound be A, sound speed in air v and

sound frequency 1. Point out which statement is correct
on each column of the table.

SERES A BEEERE v  BEER - EET
EREIERZEF -

Formula &= Sound speed X @ Sound frequency 24§
A f=v/A v =340 ms- < 20Hz

B v=Ff/A v =1494 ms 20Hz < f < 20kHz
C A=f/lv yv=3x 108 ms 20kHz < f
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Hav
e you done your homework?

B2 BEINER ?

Calculate the frequeno'\es\.

S 4R |
ncies of the top notes’

+ Canyou find out the freque
{RBERT H:‘:IE%E%EZ&D% ?

Frequency ratio

SEERED

Top note

Bottom note
BE

.............................................................................

.........................................................

______________________________________________________
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Frequency table
SATR R

7N\

Frequency ratio Bottom note Top note

Interval =%

it 1 A - - S 1

perfect____Unison #i—f 1 220Hz 220Hz
s Octave &/\E 21 220Hz  440Hz
®EWHM  Perfectfith ®HE 32 . 220Hz 330Hz
_______ 5% Perfectfourth PUEE 43 220Hz  2933Hz
mperfect  Major third K= 54 ~ 220Hz 275Hz
oo Minorthird/N=F8 65  220Hz  264Hz
=2 Majorsixth ANE 53  220Hz  3666Hz
FEEE Minorsixth AvNE 85 220Hz  352Hz

___________ Majorsecond A& =~ 98 ~~ 220Hz 2475Hz
oy Minorsecond /N\"f 1615 220Hz  2B46Hz
nterval  Augmented fourth SBPUE 4532 220Hz  309.375 Hz
TP Diminished fifth AR 6445  220Hz  3128Hz

__Majorseventh At 158  220Hz  4125Hz

Minor seventh /B 16:9 ~ 220Hz  391.1 Hz
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Frequency table
SATR R

Frequency ratio Bottom note Top note

Interval =%

7B E¥=1 =3
_________ > Unison@i—g 41 220Hz 220Hz
________ D Minorsecond/hN"F  16:15 220 Hz = 2346Hz
________ D . Majorsecond X_Eg =98 ~ 220Hz 247/5Hz
L Minor third /N=F¢ = 65 220Hz  264Hz
L Major thrd A=F . o 220Hz  2/5Hz
_________ P Perfectfourth ®pUEg 43  220Hz  2933Hz
________ D Augmented fourth 38U =~ 4532 ~ 220Hz  1309.3/5Hz
______________________________ Diminished fifth S AE 6445 ~  220Hz = 3128Hz
_________ > Perfectfith®=znE 32 = 220Hz 330Hz
L Minorsixth NXE 85 220Hz ~ 3°52Hz
L Major sixth AN 03 220Hz  366.6 Hz
________ D Minorseventh/hcf 169~ 220kz 3911 Hz
D Majorseventh At = 198 220z 412omz

2 Octave &/\[E 2:1  220Hz  440Hz
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Tuning systems

EXnY

N
L

+ Just intonation 4fi{#

<+ Frequency ratios are simple whole number ratios

SRR L 25 5 B8 EC 15

\

+ Pythagorean tuning &#&Z s H 12T

* Frequency ratios are based on perfect fifth 3:2 and perfect octave
2:1

SRR AERIS 2 R E/\ERY2:

+ Equal temperament tuning + — 1512

+ Frequency ratio of notes the same interval apart is the same.
S RE O M ERSERLE—K
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Simple ratios used In ju

A2 B RVR B8 SRR LEA

Interval =%

st intonation tuning

Frequency ratio Bottom note Top note

P Unison #i—E

D Minor second /N _ &

D Major second KX_J&E

| Minor third /N=FZ

| Major third K=&

= Perfect fourth £PUE

D Augmented fourth IZP0E
Diminished fifth S8 A&

= Perfect fifth R E

| Minor sixth /\7XE

| Major sixth K7NE

D Minor seventh /N
Major seventh Kt E

P Octave &/\E

SAFELE

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
...................................................................................................................................................................................
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

...................................................................................................................................................................................

EH= ==
220Hz  220RHz
220Hz  234.6Hz
220Hz  247oHz
220Hz  264Hz
220Hz  27/5Hz
220Hz  2933Hz
220 Hz  309.375 Hz
220Hz  3128Hz
220Hz  330Hz
220Hz  3%2Hz
220Hz 3666 Hz
220Hz 3911 mz
220Hz  Al2onz
220 Hz 440 Hz
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Simple ratios used in just intonation tuning

A2 B RVR B8 SRR LEA

Interval 1 Frequency ratio $83REE
___________ > Unisonfi—p 11
__________ D Minorsecond/N_FE 1615 106
__________ D Majorsecondx—_fEg .98 1125
o Minorthid/N=F 65 1.2
o Majorthird A=F o4 .20
___________ > .. Perfectfourth®l@Eg . 43 13
__________ D Augmented fourth s8P9 40832  11.40625
D Diminishedfifth WAEE 64:45 142
___________ > . PerfectfithznE . 32 1o
I T Minor sixth Z)\oNEE 85 16
L Major sixth A7xEE o3 16
__________ D Minorseventh/htfg 169 1.7
D Majorseventh At 158 1.875
P Octave &/\E 2:1 2
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The tro

4
T =—

uble

iN)E

of naming notes

R
X

4N TT

+ Name the notes 205

J

.

J
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The trouble of naming notes
An e 2RI

F: G* A C* D F: G* A

Cc D E F G A B C D E FGAB
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The trouble of naming notes

‘A E R RYEE

D> EP
C# D¢

G> A> B°
F: G* A’

G> A> B
F: G* A’

J

c b e F GA B CDEF G A B
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The trouble of naming notes
An e 2RI

D> E°* G> A> B° D> E° G> A> B°
C+ D¢ F: G¢ A C* D? F: G¢ A

c b E F GA B CDUEF G A B
B+ Fo [+ C- B¢ Fo [+ Ch
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The trouble of naming notes
An e 2RI

B- E- B- E-
D> E°* G> A> B° D> E° G> A> B°
C+ D¢ F: G¢ A C* D? F: G¢ A

c b E F GA B CDUEF G A B
B+ Fr [+ C- B? Fr [+ Ch
C= D= F: G A- C: D= F: G A-
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The trouble of naming notes
e AHIE A

F Cw F Cw
B: E- B: E-
D> E° G> A~ B° D> EP G> A~ B°
C+# D* F¢: G*¢ A¢ C# D¢ F+ G* A

c b e F GA B CDEF G A B

B¢ Fo E* C> B¢ Fo E* Ch
C = D = F = G = Ax C = D E F E G = A::
D» Eb Gr» A» Bb Dy Eb® Gy A» Bb
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Pythagorean tuning is based on the Circle of Fifths

BESFHENN (AEEEE) EZERAERE
Fb Ch Fb Ch
B+ E- B+ E-
D> Eb G> A> B D> Eb° G> A B
Ct D* F: G* A C+ D* F: G* A

wuan

Cc Db E F G A B CD E F G A B
B+ Fb E* C> B¢ Fb E*

C: D= F- G- A C: D F« G= A
Dy E® G» Avr Bw Dy E® G» Avr Bw
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Pythagorean tuning is based on the Circle of Fifths

== H 5 = -/ |
BESFJNIEDN (AEEER) EEIRAERB
F Ch F Ch

B E: B E:

D> E° G> A> B> D> E° G> A> B>

C¢ D¢ F¢r G* A C# D¢ F¢r G* A

Cc b E F GA B CDEF G A B

B# Fr FE* C> B¢ Fb E* Ch

C: D= F: G A- C: D- F: G+ A-
Dy Eb Gy Ar Bw Dy EW Gy A» Bw
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Pythagorean tuning is based on the Circle of Fifths
LESENED (ABBER) BEIRAERE

|I+m
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Pythagorean tuning is based on the Circle of Fifths
LESHNEIN (AERAER) BERAERE

|I+m

CC BY-NC-SA 2018 YIP Chi Lap [Beta] and WONG Ka Yan [Ivy]
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Pythagorean tuning is based on the Circle of Fifths
LESHNEIN (AERAER) BERAERE

|I+m
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Pythagorean tuning is based on the Circle of Fifths
LESENED (ABBER) BEIRAERE

|I+m

Which key S this”?

,ZL_/\I:C DJ_ 3
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Pythagorean tuning is based on the Circle of Fifths
LESIEEDR (AEHRERE) ZEFLERB

|I+m
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Pythagorean tuning is based on the Circle of Fifths
LESIEEDR (AEHRERE) ZEFLERB

|I+m
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ythagorean tuning Is based on the Circle of Fifths
LESENED (ABBER) BEIRAERE

|I+m

F#  729:512  1.423828125
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Pythagorean tuning is based on the Circle of Fi

2T, (AEEAET

EEYE

ST RLERTE

729:512

h.423828125

_;,)

fths

e E SRR

$422ERETEEE Musical Instrument Design Competition
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1024/729 # 129/512
Gb = F#
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ythagorean tuning Is based on the Circle of Fifths
LESENED (ABBER) BEIRAERE

|I+m

B 2431128  1.8984375
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14

=

—qual temperament tuning

+

+ Up an octave 5/\/E :

f— of

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

=z — AV

+ There are 12 sem
T 75124

—1

]

/\

-

>

o

]

Ay = AINJEER EE—Fk o

\

|/ X

— B

®)

itones in an octave.

¢+ EITUEREA 21/12 2 1.0594630943592953
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—qual temperament tuning
—MeeE

Frequency ratio $A38EE

S 20/12 g
-------------------------- F Cs F Cs
C#=D? 2112 11.05946309435 B- E- B- E-
s T e D> E© G A B D> E& G A B

D 2212 1.12246204830 C: D F* G* A C: D* F/ G* A

......................................................................................................................

D#=E’ 297 1.18920711500
B --------------- zn= 125992104989
F 2912 133483985417

(S / - AN J

Fﬁ=Gb§ 26/12 51-41421356237 C DEFGATBTCODTETFTGAB

......................................................................................................................

; ; B F> E? C> B¢ F> E? Ch
___________ G' 27/12149830707687 C- D F- G- A C- D Fr G A

G#=Ab 2812 158740105196 > & G A B D E G AB

......................................................................................................................

B 2112 188774862536
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Let's compare!

ERMEEER—F |

Just intonation Pythagorean Equal temperament

JIHE | hEHER | g e o e

B 1.875 1.8984375 1.8877486253633868
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How do they sound?
BB ?
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_et's synthesise the sounds
using a credit card-sized computer
and listen!

MR RIVEREIE S RIRESIE |
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Credit-card sized computers

+ KB

+ Low cost, small, portable, programming 24

BE /N5~ Z - FlRRRELD

+ Examples 5] F

% Arduino https://www.arduino.cc/

+ Raspberry Pi https.//www.raspberrypi.org/

< BBC micro:bit https://www.microbit.org/
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https://www.microbit.org/

Make sound!

I :='="L
@LHE!

+ Arudino: use advanced I/0O API calls

I3 = BE R A B B2 TV

% tone(pin, frequency)
* tone(pin, frequency, duration)

** noTone(pin)

+ https://www.arduino.cc/reference/en/
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Arduino light-controlled
tone generator

Arduino JEIE Z 18 E A 23

int sensorValue;
int sensorlLow = 1023;
int sensorHigh = 0;

~

TSP

DU

=
=
]

N gm
", LI
93
]
(¢
Q
-3

const int ledPin = 13;

void setup() {
pinMode(ledPin, OUTPUT);
digitalWrite(ledPin, HIGH);

while(millis()<5000) {
sensorValue = analogRead(AQ);
1f (sensorValue>sensorHigh) {
sensorHigh = sensorValue;

}

i1f (sensorValue < sensorLow) {
sensorLow = sensorValue;

} | ——
} ST aa s aeaas
digitalWrite(ledPin, LOW); TR R
1 i ~ ~ o ——————
void lOOp() { - ‘,‘!“!,Q&' snve;::g, -

. — . W S e

sensorValue = analogRead(AQ);
int pitch = map(sensorValue,sensorLow, sensorHigh, 50, 4000);
tone(8, pitch, 20);
delay(10);
}
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Make sound!

| C s
sliE e |

+ micro:bit — use the ring tone block or

music.ringTone(freq) call.
A, 3riNg tonet24H8Y music.ringTone(freq) F2 T\ [].

R o
8 0 0 B B ax:0
ay:0

az:-1023

¥ 4

> T @ »w B

$422ERETEEE Musical Instrument Design Competition

8 QL B 9 0 i

< B

Basic
Input
Music
Led
Radio
Loops
Logic
Variables

Math

Advanced

on start

show leds

set scale_factor + to @

while true ~

do
set x+v to acceleration (mg) x v 4 scale_factor »

set y+v to acceleration (mg) y ~ : scale_factor »

set z+v to acceleration (mg) z ~ : scale_factor «

set changev to xv +~ yw

ring tone (Hz) @ + v change ~
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Make sound!

3 ES T
PSR |

+ Raspberry Pi — program in Python EPythoniz T\

< Communicate with Sonic Pi using Open Sound Control

(OSC) http://opensoundcontrol.org/

< Use library for sou

Nd hardware

such as Piano HA

https://shop.pimoroni.com/

products/piano-hat

$422ERETEEE Musical Instrument Design Competition
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PianoHAT on a Raspberry Pi
1= rlln: PlanoHAT
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Sonic Pi ’T)))

+ A free live coding synth for everyone originally designed to
support computing and music lessons within schools.

AJ BB ARSI S AlEs » ERET AR TR AV E LTI F 4R -

+ Developed by Sam Aaron in the University of Cambridge
Computer Lab.

2l 78 R B2 & g H/O\EY Sam Aaron K E[E] KR -

+ Based on the Ruby programming language. ZE 55 Ruby 47

=

+ Available in Raspberry Pi, OS X, and Windows.
ek ~ OS X » A1 Windows 198EER ©

22205+ EEE Musical Instrument Design Competition 39 CC BY-NC-SA 2018 YIP Chi Lap [Beta] and WONG Ka Yan [lvy]



Sonic Pi ’T)))

+ Web site 48uh : http://sonic-pi.net/

+ Learning resource page B2Z&E&R
nttps://www.raspberrypi.org/learning/getting-started-
with-sonic-pi/
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MIDI #4221 T E

+ To process music, computers can use Musical Instrument Digital
Interface (MIDI).
EhEIEE % - DA REE2UUTE MIDI) -

+ Every note has a number after its name to designate the octave it is
IN, and every note has an unique MIDI note number.

BRESTNER®R > BEERISRIBTEE/\E - mEESRES
B EFE4FEY MIDI ERFSRE ©

+ Middle C is named C4, with a MIDI number 60.
RO CNY C4 » MIDI S&59ERE 60.

+ The MIDI number increases by one by going up a semitone.

o F—{E¥Z - MIDI ST Eh0— o

BI85 usical Instrument Design Competition “NC- i Lap [Beta] an a Yan [lvy
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< <
O O

BaNE

SEE

-

o
C

note names and numbers

o

)#4
Eb4,
2
D4

AN AN

#/

Db4
0
4

o4
E4

J
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U

M
M

W,

note numbers
= R h

+ Range of piano marked in yellow. =

Octave
number

3B

-1

© 00 N O 0. b WO DN = O

120 1121 122 123 124 1125 126|127
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More HATs

+ HAI = Hardware Attached on Top
https://www.raspberrypi.org/blog/introducing-raspberry-
pi-hats/

+ 3D sense using Skywriter HAT
https://shop.pimoroni.com/
products/skywriter-hat

+ Drum HAT
https://shop.pimoroni.com/
products/drum-hat
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Demo timel
TEE AT fE] |
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g5 Like

https://www.facebook.com/HKUEnggMusic

W22 ERETEEE Musical Instrument Design Competition 48 CC BY-NC-SA 2018 YIP Chi Lap [Beta] and WONG Ka Yan [lv


https://www.facebook.com/HKUEnggMusic

