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Course Qutline

Building Blocks: Some basic concepts
Resonance: Building Complex Sounds
Hearing and the Ear

Musical Scales

Musical Notation; String Instruments
Pipe Instruments and Timbre

Human Voice and Singing

Harmony and Dissonance; Chords
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N Frets

E2 82.4Hz

A2 110.0 —_— :

e i .
oSO | (o || | | (e[ [ | |
-

G3 196.0 w | E ] ] i

B3 246.9 = = = - » ;
TR, (PRIEEGEN: 8 7 6 S5 4 3 0

__ 329.6 Hz (nut)

“Speaking Length”

I R | L J Bridge or
< -’ Saddle
Tuning Pin Agraffe
or Peg ’
NS — P Anchor or
i String Supports — By, Hitch Pin

Structural Member Vibration 11
Transfer to air

ar for Music 6



Piano MIDI  f  Chromatic o 6String Elfiar
45 65 3492 ———  F4

44 64 3296 ——— E4 [ E2 ]~ :
“l bl e ——— | 1 Standard Tuning
42 62 293.7 —— D4 E epe— < :

41 61 277.2 —— C#/Db4 >

0 60 2616 —— [ C4 |

39 59  246.9 B3 B3 1+
38 58 2331 =————— A#/Bb 3 «

37 | | 57 || 220 | e—— A3 ™| 4 steps ~5:4

36 56 207.7 =mm—— G#/Ab 3

35 55 1960 mmmm———— = G3 - 0

34 54 1850 = F#/Gb 3 HAY
33 53 174.6 =——mmm—— = F3 pPen Strmgs
32 52 164.8 = = E3 ~| 5 steps

31 51 1556 e D#/Eb 3 U
30 50 146.8 —— D3 -

29 49 1386 == C#/Db 3

28 48 130.8 =——————— (3 Eey—" &
27 47 1235 =———— B2

26 46  116.5 e A#/Bb 2

25 45 110 ——— A2 =< U

24 44 1038 = GH/Ab 2
23 | | 43 || 08.0 | = | G2
22 42 925 e F#/Gb 2 | o steps ~4:3 .
21 41 873 - — F2
20 40 824 e E2 E >
19 39 778 e D#/Eb?2

4/5/24 Ear for Music 6



i A4, E5 ‘-
Piano MIDI  f  Chromatic e

Scale

45 65 349.2 Fa
a4 64 329.6 —=—— E4 | 1
43 63 3111 =—————— D#/Eb4
42 6 297 = D4 :
41 61 2772 =————— C#/Db4 | > steps | ™)
40 60 2616 m—————— [ C4 |
39 59 2469 =——— B3 [ _B3 ]< —
38 58 2331 =————— A#/Bb 3 ~ 7 ~ 3:2
36 56 2077 =—————— GH#/Ab 3
35 55 1960 =————— G3 < . @%i‘}:“% »
34 54 1850 =———— F#/Gb3 Vi -
2325 g; igig I Eg >| 5 steps oin Violin

: (4 strings) .
0o pe ——— DHE3 Standard Tuning
30 50 1468 = D3 -
29 49 1386 =———— C#/Db3
28 48 1308 =———— (3 [ stens
27 47 1235 =———— B2
26 46 1165 =————— A#/Bb2
25 | | 45 110  e— A2 <
24 44  103.8 =————— GH#/Ab2
23 43 980 m—————— G2
22 42 925 e F#/Gb 2 m|osteps | ~4:3
21 | 41 | 873 e F2
20 40 824 ——— E2 [E2 ]-
19 39 778 =————— D#/Eb2

4/5/24 Ear for Music 6 13



Piano MIDI
45 65
a4 64
43 63
42 62
41 61
40 60
39 59
38 58
37 57
36 56
15 55
34 54
33 53
32 52
31 51
30 50
29 49
28 48
27 47
26 46
25 45
24 44
23 43
22 42
21 41
20 40
19 39

4/5/24

f

349.2
329.6
311.1
293.7
277.2
261.6
246.9
235,10
220
207.7
196.0
185.0
174.6
164.8
155,6
146.8
138.6
130.8
1255
116.5
110
103.8
98.0
92.5
87.3
82.4
77.8

Chromatic
Scale

Noie Guitar e
Strings
F4
E4 4—»4—
D#/Eb 4
D4 Doy
C#/Db 4
[ C4 |
B3 B3 |e—><+—
A#/Bb 3
A3 -
G#/Ab 3
G3 [G3 J«—
F#/Gb 3
S
E3 -—
D#/Eb 3
D3 [D3 Je—e
C#/Db 3
C3
B2 -«
A#/Bb 2
A2 [ A |e—e
G#/Ab 2
G2 -«
F#/Gb 2 G
F2 Major
E2 —
D#/Eb 2
G

Ear|

I

1

11ttt N

1

E“
minor
e —
for Music 6

11\\11 t 1t

<L

6 String Guitar
Standard Tuning

All 6 belong to two of
the Pentatonic Scales

They also belong to 6
Diatonic Scales:

C Major A minor
D Major B minor
G Major E minor

G Major Root Chord

14
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String Instruments

Three main problems:

3. Getting Sound Out gARD

— Coupling string vibrations
to sound waves

Ear for Music6\




Generic String:
Transferring String Vibrations into the Air

“Speaking Length”

Nut or |< L >

Tuning Pin Agraffe

or Peg
’ — Anchor or
String Supports ‘»\. Hitch Pin

Bridge or
Saddle

Structural Member Vibration
Transfer to air

4/5/24 Ear for Music 6 17



Strings vibrate side-to-
side, not vertically.
This tends to twist the
Bridge ,

Banjo:
Transferring String
Vibrations into the Air

Drumhead

Closed Back Banjo

4/5/24 Ear for Music 6 18



VI Ol | N: Again, Strings vibrate
side-to-side, not

Transferring String vertically
Vibrations into the Air

f Holes make Bridge
body a
Helmholtz
Resonator

Back Plate Al
(Bass Response) ack Plate Also

acts as a
\/”Drumhead”
“Drumhead”

Very Complex
Modes

Front Plate
or Belly

4/5/24 Ear for Music 6 19



Violin:
Transferring String
Vibrations into the Air

4/5/24 Ear for Music 6 20



Violin:
Transferring String.
Vibrations into the Air

Nodal Lines for 1 Mode

Loose powder on vibrating
plate accumulates at noda|
lines.

Different patterns like this

for different modes
(frequencies).

fingerboard

UNSW

21
Ear for Music 6
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Violin:
How Efficiently String
Vibrations are Converted
to Sound in the Air

4/5/24

Acoustic Efficiency (dB)

‘Helmholtz
ook Resonance

-4 ] 1

Ra Inta UNSW

Two different
Violins

0 200 400

600 800

1000 Hz

Ear for Music 6

Frequency ->

22




And why it helps to know

4/5/24

How does a violin make a sound? Violin Physics why it matters (youtube.com) [18 min]

Ear for Music 6
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Guitar Internal Structure

String vibrations excite:

* Drumhead-like modes in top & bottom

* Helmholtz Resonator (body + hole)

Usually, no Post.
However, Posts are
sometimes used in

guitars.

4/5/24 Ear for Music 6



Bottom

Piano Sounding Board S Bridd,. View
* Sitka spruce
* Thickness varies % to 3/8 “

* Crowned upward for strength
Has carefully controlled membrane resonances

For Piano, Strings vibrate

vertically, directly driving

the Bridge into the
Sounding Board.

4/5/24 Ear for Music 6 25



Question Time

-~

e Zoomland
* |n Person




Oldest Musical Instrument?

* Divje Babe “Flute”

* Cave Bear femur

* Discovered 1995 near Cerkno, Slovenia

* Age ~ 43,000 BP (Neanderthal)

e Origin and purpose of holes controversial

4/5/24 Ear for Music 6 27



’I|\'

Playable Neolithic Chinese Flutes <

* Jiahu Flutes

* Henan Province, China

* Discovered 1999

 ~ 9000 BP

* Ulna bone of red-crowned crane
* Still playable

UL UL L LT R I L LA TE T LA TR TN T M M
(] Ml i R A 1 N o e e o 1 'R .
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Aerophone Instruments

1. Excitation WARD
How to get the pipe resonating ==

2. Frequency Control yppiuM :
— Playing desired notes

3. Getting Sound Out pASY

— Resonances are already
sound waves

4/5/24 Ear for Music 6 29



4/5/24

3 Basic Kinds of Excitation of Pipes

* Edge Tones E'\—"’_

* Untuned Reeds e mouthpiece

e Vibrating Human Lips

Ear for Music 6

reed |
o
, Pipe
1 "'
Lips | B
«— r
o : ’

30
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Air hitting cylinder barrier creates “Vortex Street”

Mountain
Vortex Street
in Atmosphere
(from space)

Ear for Music 6
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Turbulent Air Flow — Noise

Most commonly,
turbulent flow just
makes broadband noise.
But in certain cases, it

can generate single
4/5/24 Ear for Music 6 frequencies....




Turbulent Flow: Edge Tones

Re = 225; -
Time Value = 0.380007 [ s [ Gyorgy Paal-(2007)
Hydrodynamics Lab, Budapest U of Tech

Fast air flow hitting a
Jet Flue sd] sharp edge leads to
b generation of vortices

e which alternate above
it and below at a certain
frequency.

Whistle

> == ———

Velocity [m/s)

4/5/24 Ear for Music 6 33



Turbulent Flow: Edge Tones

1N

Jet Flue _.-:|

Whistle

: [ —_

t Douglas Sondak, Boston U (2009)

4/5/24 Ear for Music 6 34
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Recorder

Edge Tone + Resonant Pipe

Fundamental Mode

Closed Pipe Modes can be excited by
pressure fluctuations due to the Edge
Tones.

Edge tone frequency must approximately
match the Mode frequency.

Ear for Music 6

35
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Recorder

Edge Tone + Resonant Pipe

Frequency —>

/s’ fs
L
1 U4
v
/','
P f3
Y 2
i,
1,7
P
S fy
=—,—f

Fundamental Mode

What should

<:I happen as we blow
harder

Air Velocity —»

Ear for Music 6

"
p——
o

—_—
-
-
-
-
-
-

As we increase velocity,
Edge Tones tend to lock
into the nearest
available Pipe Mode,
then jump suddenly to
the next higher one.

36



4/5/24

Recorder

Edge Tone + Resonant Pipe

Frequency —>

’
i fs
T
1 e
1o
»
/’ : f
A, - | 3
[
1 V4
1,7
S
S fy
=—,—f

G

Air Velocity —»

Ear for Music 6

Fundamental Mode

[
e
-
=
=
o

Applies to Aerophones such as:

*  Flutes & Piccolos
* Recorders
* Edge-blown Organ Pipes

37
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Recorder

Piccolo

Edge-Blown Aerophones

Ear for Music 6

38
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Recorder

Edge Tone + Resonant Pipe

Frequency —>

T
1,
127
S
S’
T t—
I V4
1,7
e
S fy
=—,—f

Fundamental Mode

What should

<:I happen as we blow
harder

Air Velocity —»

Ear for Music 6
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r—

arundo donax (Giant Cane)

Woodwind Reeds (Untuned — Stiff)

1 Reeds

Sax Reed

<

Bassoon

i Double

Ear for Music 6

Single Reeds
(mounted on
mouthpiece)

e Clarinets

* Saxophones

* Some Bagpipes

Double Reeds
(act as the

mouthpiece)

* Oboe

* Bassoon

* English Horn

also

* Some Bagpipes

40



Single Reed Aerophones: Excitation

“Clarinet”

RN NN NN N NN NN NN NN NN NNNNNNNY

Mouthpiece

Bore

L Ch ambery I e e N O N A O O A A A O O A N A A N O A O N A O N OO N NN NN
Moulh i
i // Ree

d

Embrouchure Fundamental Mode

Reed is opened and closed by
the pressure of the resonant
mode, at its frequency

4/5/24 Ear for Music 6 41



Single Reed Aerophones: Excitation

“Clarinet”

RN AR RN AR RN RN RN AR RN RN AN NN NN NN NN NN N NN AN NN NN NNN NN

Mouthpiece

Bore

Other Single Reed Instruments:

Chamber R e e e e e e N N e N R N O A A A A A A NN
P———— * Saxophones
A e * Some Bagpipes
Embrouchure Fundamental Mode

Reed is opened and closed by
the pressure of the resonant
mode, at its frequency

Ear for Music 6 42
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Clarinet Embouchure

RS

43



Clarinet Embouchure

Approximate position of the tongue
For tonguing, tip of tongue touches
Py tip or top edge of the reed.

Upper teeth are placed on _ _
mouthpiece near tip.

-
el

Upper lip acts as a seal
\

against teeth.
Lower lip folds against the bottom teeth
baffl with the teeth bisecting approximately
ae the middle of the fleshy part of the lip.
ligature

Chin muscles are drawn down firmly against
the chin.

4/5/24 Ear for Music 6 44



Oboe Demo

4/5/24 Ear for Music 6 45 )




Sax, Oboe, Bassoon: Conical Case

Soprano Sax Invented June 1846

by Adolphe Sax

P
—
—

IR

Sax cavity approximates a cone
< A / 2 >

4/5/24 Ear for Music 6 46




Brasses Excited by Lip Vibrations

(Labrosones)

{

Euphéhium*

Trombone

4/5/24 Ear for Music 6 47



Generic Brass: Lip-Driven (Labrosones)

Vibrating
Lips

air in month
at preasure

abose

atmnospheric

Skill Required: | ~—
Lips lock to
Resonance f
only over a
small range < Mouthpiece

4/5/24

lipis) swring
forwrarnd 1o
allowr puff
IRERRT l:lf 3_1_-( ]Il.tl:l
instonment

horn monthpiece

Lips must be

made to

vibrate exactly at the
desired frequency,

Constriction and this f must match a

mode of the pipe!

-

or Conical
N
Cylindrical Middle

—————

Conical or

(Vary Length)

Ear for Music 6

v

Flared Bell

48



Generic Brass: Lip-Driven (Labrosones)

upper
lip lipis) swring
forwrarnd 1o
allowr puff
.......... Df 3.1I ]Il.t’:'
instonment

horn monthpiece
alr in month
at pressure
ahove

atmnospheric P

Vibrating
Lips lowre

Cup
/ Constrict W= ;
Skill Required: \_; Brass (Lip-Driven) Instruments:
Lips lock to * Trumpets
Resonance f * Trombones
only over a or Conical [+ French Horns
small range « Mouthpiece - Cylindrical Middle | Tubas
(Vary Length) e Cornetts
* Bugles
* Didgeradoos

4/5/24 Ear for Music 6 —



John Wright

Brass Embrouchure Basics
(YouTube 2022)



4/5/24

Slo-Motion

Lip Vibrations: Glass Didgeridoo

R ‘
- otk 3

Ear for Music 6
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Aerophone Instruments

Three main problems:

—

. Frequency Control yppiuM :
— Playing desired notes

3. Getting Sound Out pASY

— Resonances are already
sound waves

4/5/24 Ear for Music 6 52



Frequency Control

* Two Basic Strategies

4/5/24

1. Employ Different
Resonant Modes (Partials)

2. Vary the effective pipe length L

Higher Mode

Fundamental Mode

53



Frequency Control

by Mode Selection <
(Register)

L
-
~

\

“Natural Horns” have no Valves

Length is Fixed

Baroque Horn
ca 18% Century
— 7;;;\§>

A

4/5/24

Say we want to play
notes from the G Major
scale. But we have a
fixed length tube.

Ear for Music 6

Frequency (Hz)

1000

900

800

700

600

500

400

300

200

100

e— Pentc

G5

E5
D5 Pentatonic
G4 Major
B4
A4
G4
54




4/5/24

Frequency Control

by Mode Selection <

(Register)

L
-
~

\

“Natural Horns” have no Valves

Length is Fixed

Baroque Horn
ca 18% Century
- == g\f>k

Try L~ 40 inches
f1 =80 Hz

Ear for Music 6

Frequency (Hz)

1000

900

800

700

600

500

400

300

200

100

Pentz

G5

E5

D5 Pentatonic
G4 Major

B4

A4

G4

55




Frequency Control

by Mode Selection <

(Register)

L
-
~

\

“Natural Horns” have no Valves

Length is Fixed

Baroque Horn
ca 18% Century
— 7;;;\§>

A

=~
7
/8

\ e/

~ H S i
f1 =80 Hz

Try L~ 65 inches

fi =49 Hz

D\

\
R A
\
N\
W -

This is better. We can
access all but E5, if we
can control our lip
frequency well enough.

1000

900

800

700

600

500

Frequency (Hz)

400

300

200

100

4/5/24

Ear for Music 6

49 Hz )

Horn Harmonics — e Pentc
17
1 G5
10
15
14

ES
13
12 D5 Pentatonic
11 G4 Major
” B4
9 A4
Q G4
7
6
S5
4
3
2
il

56




Frequency Control

by Mode Selection <: e
(Register) v 900
17
“Natural Horns” have no Valves B0t 16 =
15
l i d 14
Leng’rh is Fixe W 700 14 —
13 |
Baroq:e Horn f1~ 80 Hz T 600 12 D5 Pentatonic
ca 18" Century = 11 G4 Major
— N Try L~ 65 inches g <00 15 B4
\ \ 3 . -
._qf 400 8 .
| 7
‘ 300 6
5
\ 200 ; Good enough for a Bugle,
\\f"_ maybe. Very simple
100 I musical numbers only...
49 Hz »
0

4/5/24 Ear for Music 6 57



Frequency Control
by Mode Selection

(Register)

“Natural Horns” have no Valves

Length is Fixed

Baroque Horn
ca 18% Century

Now we have a length big
enough to provide
resonances closely

matching all the notes we

need. This Lis typical of

Baroque Horns and French

4/5/24 Horns.

~ 2 S o
f,~80 Hz

f1z49

Try L~ 130 inches

N\ f,~25Hz

Ear for Music 6

1000

900

800

700

600

500

400

Frequency (Hz)

300

200

100

ESD)

Horn Harmonics — e pentc

G5

ND

E5

D5 Pentatonic

w Ul U O

N | N N | N

H

G4 Major

B4

B

A4

1N

G4

1N

Hh
Rl |NY

biIdIUN]v]l

1 N

61
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Changing Register in a Clarinet

Register key closed -
n L
Reed
Low
Fundamental mode :
— : Note
PressureI :
Now we change to the
Length shifting approach. 3y
Opening side holes Higher
offectively shortens the
| ing f - Note
Pipe Length, increasingJ-.
Hyperphysics

Georgia State U

62



Changing Register in a Clarinet

Register key closed
- |
Reed r_
Fundamental mode : Low
PressureI Note
Opening the Register Hole }
kills the Fundamental |
mode (pressure there | f
forced to zero), but Register key open :
allowed the 3™ Harmonic =_
which has a pressure Node :
at that location. Thus P 3x
musician can blow the 3rd Third harmonic mode : :
harmonic, a much higher f. >€ : Higher
n — Note
Open hole forces a [ THRR——
Pressure Node Georgf; gf;ctse ¥

4/5/24
Ear for Music 6
63
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Reducing Length by Opening Holes

Recorder

Ear for Music 6
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Reducing Length by Opening Holes

Recorder

Opening some holes
shortens the Pipe.
increasing f.

4/5/24 Ear for Music 6
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Reducing Length by Opening Holes

out
B flat Clarinet Sound COME

Note Assignments are fo.r the mOSt\V thrOUgh
Low (Fundamental) Register

As G4 Ca

these holes!

[466 Hz] (thumb & Cia F3 E3
side key) * 18 Tone Holes issues
Highest f * 19 Notes in Low Register from e
(165 Hz]

Lowest f

4/5/24 Ear for Music 6 66



Reducing Length by Opening Holes

Note Assignments are for the
Low (Fundamental) Register

Aa G4

Complex mechanics which s
allow multiple holes to be
closed with one finger

E4

._.;».

) s out

B flat Clarinet sound COM®=
mostly throu%
these holes:

Da €4 Bpz  Ap3

1 ﬁ

18 Tone Holes W issues
* 19 Notes in Low Register frontjEes
[165 Hz]
OK to Leave
* Bl»?) J, Sorr}e C\Iosed!

67




Frequency Control
by Valves (Length Change)

OPEN
Bb Trumpet
has 3 Valves Air & Sound
A go directly
g thru

4/5/24 Ear for Music 6
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Frequency Control
by Valves (Length Change)

OPEN PRESSED

Bb Trumpet

has 3 Valves Air & Sound Air & Sound
Y go directly take Detour

thru \\
M,

AN

f drops 0

4/5/24 Ear for Music 6 69



N
SN

SV
SN

BN
SN

Comparison of Standing Wave Modes

Open Cylinder Pipe

Iessure
: N

Mz | AN YA AN 1

4/5/24

Closed Pipe

Conical Pipe

(No Even
Harmonics)

(No Even
Harmonics)

/ ! ] 0 0.3 i

—
\

Same Length,

Fundamental Frequency,

and Harmonics

]
/

J Wolfe, University of

Ear for Music 6

New South Wales



Trumpet is neither a@mple Closed Pipehor Conical

RIM
‘ SHANK N13
THROAT BACKBORE
1] —
Mouthpiece f
y Bell 0 ——
alves
Finger rings i ;
Mouthpiece receiver
1st 2nd  3rd
— T = —— ] —
B A — 13.*
13" [ Q " |
% P Li j ig,/" - ~ } \
Mouthpiece Lﬁh ,ﬁ..;lg Qz%‘g _l I - s «—— Water key 5
KERd RiPR T T T Tuning slides
1st 2nd 3rd Main
3 ———
1 —

4/5/24 Ear for Music 6



Trumpet is neither a@mple Closed Pipe\o

RIM /
SHANK

BACKBORE

THROAT

Mouthpiece

Valves
Finger rings l 4
Mouthpiece receiver

————dhdnde

L ——

‘! B ‘ ( z - ’2 . /
@%U. l [— «—Water key
I L dl
Lead pipe T T T

1st 3rd Main

= &l

Mouthpiece

Tuning slides

N 13

But due to complex shape
of m.OL_Jthpiece and bel|,
this is what we get!

4/5/24 Ear for Music 6

\ 4 ~
G —m . 5
This is
4 F what we
d - hear...
3
B — e —
5 “Harmonics”
3 it of Imaginary
1 <« 'Pedal Note”
1 —

Fundamenta| almost
disappears

'//




But due to complex shape
of Mouthpiece ang bell,
this is what we get!

Trumpet is neither a@mple Closed Pipe\o

RIM ‘ A 13
SHANK
THROAT BACKBORE 11
i 6
Mouthpiece f
11 (@) \ 5
i e To our ears/brains, it - This is
inger rings . .
Mouthplece receiver SlmU|ates the harmonlc 4 > What We
__.us.u._ — structure from an — hear...
TS \—) imaginary low “pedal 2
g ”
Mouthp,ece 5 @ 2/ note” fundamental i e il ——
o" e ”
Harmonics
2
Lead pipe T 1 i —— ’
PP an 3rd Main TRy 3 / / Of Imaglna ry

1 . “Pedal Note”

Fundamenta| almost
disappears

4/5/24 Ear for Music 6
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85 11087 =———— CH/Db6 —8(15h} —— .
Frequency Control G Tioes I Chromatic Scale
83 987.8 BS 7 (13h)
b V | L h h 82 9323 A#/Bb 5
y Valves (Length Change) s wm —— s _
80 8306 ——— GHANS —(11h)—— | Without pressing Val
79 7840 == = G5 aives,
5400 T e | e have these distorteq
176 [|659.3] ¢ ES overtones available which
75 6223 DH/Eb 5
H B more or |
74 587.3 D5 €SS ma
Bb Trumpet has 3 Valves n. s s e —— o tch some
72 [[523.3 T _c5 [ . € notes of the
71 4939 B4 C : _
70 4662 =———— A#/Bb4 romatic scale, but with
s 4153] G#I;:b a large gaps
67 2920 c4 Vibrating lips at these
5 2700 F#/Gb 4 )
i ama Fa frequencies directly
od = 296 E4
16 3111 ———0 D#/Eb4 accesses these few notes.
62 2937 =———— D4
61 2772 = CHDbA 2 (3h)
R — ]
59 || 2469 == | B3
58 | 2331 A#/Bb 3
57 || 220 A3
|56 | 207.7 | GH/Ab3
55 | 196.0 G3
54 | 185.0 FH/Gh 3
53 || 1746 F3
52 | 164.8 - E3
51 [ 155.6 - .| DH/Eb 3
|50 || 146.8 D3
|49 1386 . | CH/Db3
48 1308 c3
47 1235 B2
26 1165 A#/Bb 2
Eardor MUd@ 6 | A2 || 74

g



85  1108.7

Frequency Control Ll T Ot B Chromatic Scale

83 087.8  — / |) 7 13h {
82 9323 = AR B 5
by Valves (Length Change) s w0 —— "5 B>
80  830.6 e G#/Ab 5
79 7840
78 740.0 F#/Gl; 5
77 6985 F5
76 659.3 ES —
75 622.3 DH/Eb 5 j~
74 | 587.3 mmmmm—— | D5
Bb Trumpet has 3 Valves 73 | 5544 =—————  C#/Db5 ﬁ:tﬁ'ﬁj-J
72 || 5233 mmmm——— | (5
71 4939 = B4 —Y#—
70 466.2 =  A#/Bb 4 v
69 [ 440 | ——— A4
68 4153 = G#/Ab 4
67 7920 =————— G4 v
E5 5700 = F#/Gb 4
[ER 2492 m— F4
o4 9206 ——  EA4
\ 63 3111 = D#/Eb 4
62 2937 =————— D4
61 2772 C#/Dba 2 (3,’, i
60  261.6
59 || 246.9 B3
58 || 233.1 A#/Bb 3
57 || 220 A3
Byl 56 | 207.7 GH/Ab 3
: 55 | 196.0 G3
y e.ngthemng the tube 54 1850 F#/Gh 3
5ing Valves, these SR N IR 3
resonances are dropped 51 | 155.6 DH/ED 3
down to a|| 50 | 146.8 D3
allow us to access 49 | 1386 CH/Db 3
48 1308 3
all the in- -between notes. 47 1235 B2
46 1165 A#/Bb 2
4/5/24 Earfor M40 6 ¢ [T A7 [ 75
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Frequency Control

by Valves (Length Change)

Bb Trumpet has 3 Valves

Lowest possible true note:

F#3 (185 Hz)

4/5/24

80 10dss -y 815k Chromatic Scale
83 987.8
82 9323 A#/Bb 5 (130 4—[£
81 880
80 8306 G#/Ab 5
79 784.0
78 740.0 F#/Gb 5
77 6985 F5
76 [ 659.3 ES —
75 [1622.3 DH/Eb 5 j -
74 5873 D5
73 5544 CH/Db 5 _4_(71.,74
72 [[523.3 €5
71 4939 B4 —Y# =
70 466.2 A#/Bb 4 v
69 | 440 | Ad
68 4153 G#/Ab 4
67  792.0 G4 v ‘1'
56 500 - F#/Gb 4
“en 2892 Fa
o4 9296 ——  E4
63 3111 D#/Eb 4
62 2937 D4
61 2772 Ci/Db 4 2 (3
60 2616
50 || 246.0| s | B3
58 || 233.1 A#/Bb 3
57 220 | A3 ||
56 || 207.7 GH/Ab 3
55 196.0 =G %
6 — bt
51 || 155.6 | M| D#/Eb 3
50 || 146.8| == | D3
49 138.6 = | CH#/Db 3
2811308 memmmmm | C3
27111235 NN | B2
46 1165 ==  A#/Bb 2
EardDr MUN0 6  ee— A2 1 76



Frequency Control

by Valves (Length Change)

Bb Trumpet has 3 Valves

Lowest possible true note:

F#3 (185 Hz)

4/5/24

51

50 146.8

49 138.6

48 130.8

47 123.5

46 116.5
Eardmr MUdie 6

85  1108.7 C#/Db 6 .
84 10465 oo 8(15h) Chromatic Scale
83 987.8 BS
82 9323 AR/BD S I 4-@
81 880 AS
80  830.6 GH/AbL 5
79 784.0 G5
78 740.0 F#/Gb 5
77 6985 F5
76 659.3 ES —
75 6223 D#/Eb 5 j -
74 5873 D5
73 554.4 C#/Db 5 —¢(71-,74
72 || 523.3 C5
71 493.9 B4 —Y# =
70  466.2 A#/Bb 4 v
69 | 440 | Ad
68 4153 G#/Ab 4
67  392.0 G4 — v ‘1'
g5 500 - F#/Gb4 =
R 292 Fa
o4 9206 =——— E4
.63 3111 D#/Eb 4
62 293.7 D4
61 2772 c#/Dba 2 (3h)
60 261.6 Nee d
59 | | 246.9 memmmmm—— | B3
58 || 233.1 A#/Bb 3 ﬁ 2 OCtave
57 | 220 A3 Sli
56 | | 207.7 GH/Ab 3 Ide
55 | 196.0 —— -= R ange

©)
¥
w)
=
w
"
/

A#/Bb 2 .
% Trombone similar .



Measured
Trumpet
Resonances

Kausel, Zietlow & Moore
J. Acoustical Soc. Am.
(2010)

4/5/24
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Trumpet.novib.ff.E3.sterec.mp3 M1 0 ® X
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Trumpet playlng
E3 (165 Hz) 2200~
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1800 -

1600 -

1400 -
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...Trombone also
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600 -
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Fundamental
virtually missing,
but we hear the

implied pitch
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Aerophone Instruments

Three main problems:

1. Excitation
— How to get the pipe resonating

2. Frequency Control
— Playing desired notes

—

3. Getting Sound Out pASY
— Resonancesarealready = L

sound waves

4/5/24 Ear for Music 6 82



4/5/24

Getting the Sound Out

Brasses are
Directional

Woodwinds tend to be
Omni- Directional

Ear for Music 6

nds come oyt of first
open hole

83



Question Time
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Bassoon

Fundamental

AVAVAYAVAVAVA
262'§@F(C2)

Clarinet (Bb)

Cello
(Eomed)

Violin
4/5/24 Ear for Music 6 (Plucked) 86
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Timbre : Even for one instrument Timbre can vary

7~
S |
C4 (262 Hz) Played on{ S,
7 <
Different Strings o G D ?‘ S
4/5/24 Ear for Music 6 5\, 7
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3000 Hz _ Piano C4 262 Hz lﬂg q%g’
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Alto Flute C4 262 1] 2e%
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Visualizing a note
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Basilar
Membrane
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Alto Flute G4

In all cases, different
harmonics fall on

different parts of the
Basilar Membrane...

but not always on
different Critical Bands



Back to Piano vs. Bassoon (C4 262 Hz)
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