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So, we Humans have a rather profound Color Blindness.
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What Alien Sounds
Can We
Distinguish?
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Distinguish?
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Course Qutline

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

Musical Scales and Musical Notation
Musical Instruments: Strings and Timbre
Musical Instruments: Pipes

Human Voice and Singing

Harmony and Dissonance; Chords
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Session 1 Outline: Building Blocks
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D

 WEe’ll try to avoid Jargon (as much as possible)
* Music has a very long history

Jargon

— Vocabulary, concepts, notation, even instruments have deep roots

— Lots of baggage...Legacy terminology

— Potential for obscuration or confusion!

Ear for Music 1
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Both Authors are
Scientists
and
Musicians
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More Books [
= |

Sensations of Tone

¥ 3
STSELLER

T .
he Science of Sound

Tales of Music and the Brain

Revised and Expanded

OLIVER SACKS

Rossin
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Third Editio:°'° Wheeler
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- of The Man Who Mistook His Wife for a Hat

Hermann Helmholtz
1871
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Elements of Music

Thommy Puch

plays Rumba Clave

ot Rhyth m on djembe drum
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Elements of Music

* Rhythm Tchalovsky Swan Lake
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flemerts Elements of Music

of

Music B8etithoserP#tetitigeePRian S Soalit# 88

* Rhythm ;

 Melody

* Harmony Harmony refers to notes
played simultaneously
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Elements of Music
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Elements of Music

Beethoven Pathetique — Piano Sonata #8 ) —a
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Elements of Music

Beethoven Pathetique —Piano Sonata #8
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Elements of Music
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Elements of Music

* Rhythm
* Melody
. Harmony Tchaikovsky: Swan Lake Theme (A minor)
, 2n A ABCD E CE ¢ I ACG#F C A
* Tonality | 2+ .. - - Ee=scr =
R I i
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Sound Waves in Air

N—""

Velocity:

1000 ft/sec
(300 m/s)

Institute of Sound & Vibration Research,
Southampton Univ.

34



Sound Waves in Air

Longitudinal Wave

Air molecules move
back and forth along
direction of wave
propagation

locity:

Air Pressure
bobs up and down
as waves pass by
any point

3/1/24 Institute of Sound & Vibration Research, 35
Southampton Univ.
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- Reflection of Sound Waves /
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N . .
. Sound Wave Diffraction
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100 Hz
200 Hz
— 300 Hz
— 303 Hz
— 400 Hz
— 500 Hz
600 Hz
800 Hz
1000 Hz
2000 Hz
4000 Hz
44
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As of 1960, officially changed to

H ertz 1857-1894

1000 Hz
2000 Hz

4000 Hz
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100 Hz
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ACAAAAAAA, — o

————————————————————————————————————————————————————————— 600 Hz

———————————————————————————————————————————————————————————————————————————— 800 Hz

——————————————————————————————————————————————————— 1000 Hz

2000 Hz

rrrrr 4000 Hz
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Your perception of Pitch
Correlates with Frequency

Sinusoidal Sound Waves
are also known as

Simple Tones or
Pure Tones




Your perception of Pitch
Correlates with Frequency

Sinusoidal Sound Waves
are also known as
Simple Tones or Pure Tones

These Pure Tones are rare
in music and nature

1000 Hz

2000 Hz

4000 Hz

3/1/24 Ear for Music 1 48 )




1000 Hz

ound Pressure

o
ol

2000 Hz

4000 Hz

Institute for Vibration & Sound Research, Southampton
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Acoustic Longitudinal Wave

S R e Examples:

f =40 Hz
f =262 Hz
f =4000 Hz

ound Pressure

Q
]

Institute for Vibration & Sound Research, Southampton

A~ 25 ft
A 4ft
A= 3in

1000 Hz
2000 Hz

4000 Hz
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A~ 25 ft

Ax 4ft

A~ 3in
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—————————————————————————————————— — — — —— 600 Hz

———————————————————————————————————————————————————————————————————————————————— 800 Hz

777777 Ya ay 1000 Hz

2000 Hz

4000 Hz
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Real Musical Notes are not Pure Sine Waves

* Complex tones Complex
Tone

AAVIAVIAVIaW WY

— Fundamental frequency /£,

S

— Several (or many) higher
frequencies
(Overtones or Partials)
* Usually multiples of £, called
Harmonics

3/1/24

Ear for Music 1
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Real Musical Notes are not Pure Sine Waves

* Complex tones Complex
Tone

AAVIAVIAVIaW WY

— Fundamental frequency /£,

S

— Several (or many) higher
frequencies
(Overtones or Partials)
* Usually multiples of £, called
Harmonics
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 Complex tones

— Fundamental fre

o

— Several (or many 4th

frequencies
(Overtones or Pa

e Usually multiple
Harmonics

Real Musical Notes are not Pure Sine Waves

Complex
Tone —Sum
Fundamental
Tonefo 200 Hz

Harmonic ' ) ’ ‘

) 800 Hz
Harmonic

5th
Harmonic

6th
Harmonic

7th  \

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAy — 1000 Hz

=—1200Hz

simple intege
3/1/24 fundamental ton

Harmonics are overtones that are

r multiples of
ens 2X,3X,4X, etc. Ear for Music 1 55




 Complex tones

— Fundamental fre

o

Real Musical Notes are not Pure Sine Waves

Complex
Tone —Sum
Fundamental>/\/\/\/\/\/\/ 200
Tone
PAL Harmonic>\/\/\/\/\/\/\ —400 Hz

3rd .
Harmonic > T|mbre o0z
— Several (or many 4th
. : ‘tambar/ 800 Hz
frequencies Harmonic /

(Overtones or Pa

* Usually multiple
Harmonics

3/1/24

5th

. — 1000 Hz
Harmonic
6th
Harmonic —1200Hz
7th
Harmonic gy e
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Musical Instruments and Nature Rarely Make
Pure Sine Waves

Ear for Music 1
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Building Blocks
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Two main approaches:

* Waveform Display

e Spectrum Display

3/1/24

Visualization of Sound

M,

Sound Pressure —

o

",

0.005 0.01 0.015 0.02 0.025 0.03

Time (seconds)

Ear for Music 1
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Visualization of Sound: Spectrum

AN
¢ Remember how our complex waveform N NG NG i O NG N L
was built of sinusoidal harmonics? W S W O W N S W
« We could just list the constituent Partials: = 77T ZZZ :
Partial | Frequency | Amplitude e i e s s i . e OO
i | () T —
1 200 100% .
2 400 71%
3 600 40%
4 800 35%
5 1000 16%
6 1200 18%
7 1400 6%

3/1/24 Ear for Music 1 61



Visualization of Sound: Spectrum

W\M\/\J/\M — sum

« Remember how our complex waveform NSNS DN SN DN —wom

was built of sinusoidal harmonics? N W WL W W O S S N W M a M
AT A Y Y Y N S A A N A eV VATV oW 600 Hz
* We could just list the constituent Partials: .
Partial | Frequency | Amplitude | | oo o Sk e O e e e ekt 1000 HZ
# (Hz) Frequency Spectrum of Our Complex Tone [B—
1 200 100% - P1 1400 Hz
2 400 71% +os P2
3 600 40% E
E e P4
4 800 35% £ o '
PS5 P6
5 1000 16% | | i
0 |
6 1200 18% 0 200 400 600 800 1000 1200 1400
Frequency (Hz)
7 1400 6%
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Visualization of Sound

LV VAN VAN VAN (VAN IV

Two main approaches:

Sound Pressure >

* Waveform Display

o

0.005 0.01 0.015 0.02 0.025 0.03
Time (seconds)

Frequency Spectrum of Our Complex Tone

L
N~

[

o
©

e Spectrum Display

Amplitude »
o o
=y [}

©
N

200 400 600 800 1000 1200 1400
Frequency (Hz)

o

o
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Two main approaches:

*  Waveform Display

* Spectrum Display

Visualization of Sound

ind Press:

Sou

0 0.005 0.01 0.015 0.02 0.025 0.03
Time (seconds)

Alternate

Amplitude >
o
>

Frequency Spectrum of Our Complex Tone

spectru®

0 200 400

800 1000 1200 1400
Frequency (Hz)

3/1/24
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Time =2
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We can visualize
the Waveform and
Remember Spectral Content using

our free Software
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Trumpet_242_3s_p0_h0_SomeSilence.mp3 [Configurat M >SSl HE ® X

fo

“

2"d harmonic

3rd 4th 5th

[ 6th

Fr'equency ->

Range: 73,3 dBfs Pre-emphasis: | 0.0

[ Average of selection Snapshot ¥ [~ Add file header Export...

Frequency: 1992 Hz, amplitude: -138.3 dB
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What Sounds Can We Distinguish? (@
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A tiny bit
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What Alien Sounds
Can We Distinguish?
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What Alien Sounds
Can We Distinguish?

A A

None !
But they're not

remotely similar
waveforms

2
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Building Blocks
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* Waves pass through
one another without
disruption

* Where they overlap,
Superposition applies:
--Pressures add up




Superposition of Sound Waves

* Waves pass through
one another without
disruption

* Where they overlap,
Superposition applies:
--Pressures add up




Waves pass through
one another without
disruption

Where they overlap,

Superposition applies:
--Pressure

A

Pressure —
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Phase: Delayed Waves

Phase Shifted Waves .
* Phase refers to time

shifts between waves
of the same or similar
frequency

Ear for Music 1 80
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(...this Green wave\
is delayed one full |
cycle, or 360°, and

so matches up

\_ with original Y,

3/1/24

l

Phase: Delayed Waves

Phase Shifted Waves

§02CSS
(20C

/\/
N
N\
o
/\/

Ear for Music 1

—30°

e O

180°

— 270"

s 360

* Phase refers to time
shifts between waves
of the same or similar
frequency

* Measured in Degrees
360° = Full Cycle

81
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Interfering Waves

Blue wave (moving left) and
Green wave (moving right)
Add up to Red wave (standing)

{— —

| |y‘f=lﬂ.00 M y2=0.00m yity2=000m, T=1008 I=0008

Ear for Music 1
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nterfering Waves

(" at a moment when the blue
and green are almost in 10°
. Pphase (10 deg apart)

<& Blue wave and
Green wave =
Add up to Red wave

90° !

ly1=000m y2=000m, y1+y2=000 m, 7=1008 1=000s,

— 800 \/\/\/\/\/\/\/\/\/\/
this is at a moment when the i
blue and green are opposite in

phase (180 deg apart), so the
3/1/24 sum Red is flat zero!




N e | Interfering Waves

Blue wave and
Phase-Shifted Green wave
Add up to Red wave

¥1=000m y2=000m, yity2=000m, T= 1008 =0005,

3/1/24

10° |

180°

90° !

pestru
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ctive

\nterference
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N e | Interfering Waves

10° |

Blue wave and
Phase-Shifted Green wave  Demo
Add up to Red wave

wwwwwwwwwwwwwwwwwwwwwwwwwwwww

180°

3/1/24 Ear for Music 1



Interfering Waves

Blue wave and
Phase-Shifted Green wave  Demo
Add up to Red wave

3/1/24 Ear Tor IVIUSIC L 59



Interfering Waves

Blue wave and
Phase-Shifted Green wave
Add up to Red wave

Y1 =000 m y2=000m, yity2 =000 m, T=1.008,2=0003,

3/1/24

90° !
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Beating: Interference in Action

|
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Higher

Frequency

Lower

Frequency

3/1/24

Beating: Interference in Action

(| | |
|II ,'I |II IIl |lI ,'I | |II |
W W/ W ‘-5' W
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Beating: Interference in Action

Higher
Frequency

Lower
Frequency

III..’III

[\/\V,\#V,\/\/‘FM” y
ISR A
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The
Octaveé

i,

The Octave: Doubling the Frequency

* Doubling or Halving the Frequency has
special significance in all musical traditions.

A musical Note and its Octave (i.e. double f)
sound especially good together.

2:1is the most harmonious ratio

 If a Note with Fundamental Frequency
exists in a musical tradition,
then so does its Octave 2f.




The Octave: Doubling the Frequency

200 & 400 Hz Fundamentals + Harmonics
1800
1600 | —\ (- )
400 Hz | | 402 Hz| | 410Hz| | 420 Hz
1400
1 1200
I 200 Hz
< 1000
>
g 800 200 200 200
o + + +
i 00 402 410 420
400
200 200
+
0 403
We hear

beats

3/1/24 Ear for Music 1 100



The Octave: Remembering It

T -where

Some




Glauws GT Cosf7? Cadim?
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i F'|
2 k.
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ver flse rain - o
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Building Blocks
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Building Blocks
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Course Qutline

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

Musical Scales and Musical Notation
Musical Instruments: Strings and Timbre
Musical Instruments: Pipes

Human Voice and Singing

Harmony and Dissonance; Chords

Ear for Music 1
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