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Reconstruction of Sounds from Roman Cornu Horn

, Music played on Virtual Cornu using Modalys
_f-,::._z"l-':;‘fm-;“ﬂ <{3 = R g simulation program.
: AT res o A o ‘ [René Caussé & team, Institute for Research and Coordination in
Acoustics and Music, Paris (2017)]
Cornu dimensions, materials and construction details from
Pompei artifacts at Museo Archeologico Nazionale di Napoli.
3.4 m Length, Conical, Sheet metal, Bronze Alloy
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Floor mosaic, Zliten, Libya ca 1%t Century CE. Musicians at Gladiatorial §
Contest with Roman Tuba, Hydraulis pipe organ, two Conua.

From Physics, online magazine of the
3/3/20 American Physical Society (March 5, 2020) Sound of Music8
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Course Outline ‘/5
.D (((@

Building Blocks: Some basic concepts
Resonance: Building Sounds

Hearing and the Ear

Musical Scales

Musical Instruments

More Musical Instruments

Singing

Notation; Harmony and Dissonance

© N 9 R W e
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PERSPECTIVES
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NEUROSCIENCE

Splitting speech and music

Brain asymmetries for words and melodies of songs depend on opposite acoustic cues

: *
NEUROSCIENCE

Distinct sensitivity to spectrotemporal modulation
supports brain asymmetry for speech and melody

Philippe Albouy™>>*, Lucas Benjamin’, Benjamin Morillon®{, Robert J. Zatorre'?+

T L



Albouy et al

10 novel Melodies 10 Lyric lines
g e E———S == - .
v They said it was a cross they saw in church
e 2 s —C——== S e The peo - ple thought a coin was hi - den there
= - — — The ser - vant came to love the chil - dren's dog
. - Cw e s He chose to take a long and lone - ly road
oic .‘_:-’- =S=SSS5= R r s é b
" : N T The hall - way leads to doors that let us out
e ===c=s=c==t—————c— They told them that a tax would sure - ly help
o e —
) } o | think Jane has a soft and love - ly voice
= Meg-han wan-ted to talk to all the boys
OF == - SSSS5= === Ma - gi - cians like to trick and fool their fans
, ( e e Jack Jim and John wear three a-ma-zing hats

\a»«ébb- 7,}'.'.'.‘,!'.‘)' 1 i
\hwc:’ébh- :’ ,s;.‘n.at;, ;[: E_OXlO:loosongﬂ
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The McGill Experiment
Albouy et al Science Feb 28, 2020

Try the Demo Experiment yourself online at
www.Zlab.McGill.ca/Spectro_Temporal_Modulations/

Listen to Pairs of Songs

Judge whether either Melodies or Lyrics are
» The Same
» or Different

Spoiler: Some Songs may be distorted either
» Spectrally (by smearing Frequencies) or
» Temporally (by smearing Time)

Note: You will be lying in a fMRI Machine

> Just relax!

3/3/20 Sound of Music 6 8



The hall-way leads to doors that let us out | think she has a soft and love-ly voice
M>>I E e X

- McGill Demo Spectro_Temporal_1.mp3 [Configuration: Waveform]
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Song Pair 1: - = e S = § : -2 - S
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Same Melody —E ) ool T : 2 . — o =
Ml Different Lyrics s . é e 2 2 8 e =
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They said it was a cross they saw in church They said it was a cross they saw in church
H® X

- McGill Demo Spectro_Temporal_2.mp3 Configuration: Waveform)]
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He chose to take a long and lone-ly road Magicians like to trick and fool their fans

McGill Demo Spectro_Temporal_3.mp32  [Configuration: | Nave

o
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4

Song Pair 3:

SoUVU —

SUUV

Diff. Melody
Diff. Lyrics

My {
|
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i
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J

) 3/3/20 Sound of Music 6 11



0 Spectro_Temporal_4.mp3

Song Pair 4:

High Temporal
Degradation

Sound of Music 6




PPH%&IH?? PPP*%H@% H

McGill Demo Spectre_Temporal_4.mp3 Confi tion: WaveformMcG]

Song Pair 4:

High Temporal

Degradation
Melodies
R R TR F S R L TS MR e B R TR S TR IR ST L I TR R T U R R FeY PR DR Ve R R B R T P B R B TR R I TR U R U P B T B TN P R
) 3/3/20 Sound of Music 6 13
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Song Pair 5:

High Spectral
Degradation

[Configuration: W

aveformMcG]

Sound of Music 6




We told them that a tax would sure-ly help
M>>I NS

McGill Demo Spectro_Temporal_5.mp3 [Configuration: WaveformMcG]

We told them that a tax would sure-ly help

-
S -
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'''''''

Song Pair 5:

High Spectral
Degradation
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McGill Demo Spectro_Temporal_b.mp3

Song Pair 6:

High Spectral
Degradation

Sound of Music 6




He chose to take a long and lone-ly road The hallway leads to doors that let us out

AcGill Demo Spectro_Temporal_6.mp3 Configuration: WaveformMcG] M>>Il H @

Song Pair 6:

=
= .
. E= £
High Spectral E= E
Degradation i;t-' :
: =
Lyrics
FRERE0S] T ST T TERRRATIE] S RIS ] PR A o AR R A ficAsb e B PR T PR 20 PR T PRI

Sound of Music 6 17
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Song Pair 7:

High Temporal
Degradation

Sound of Music 6
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Song Pair 8:

High Spectral
Degradation

Sound of Music 6




We'd like to go to Boston Monday night
I ey [

[Configuration: WaveformMcG]

Jack Jim and John wear three a-ma-zing hats

McGill Demo Spectro_Temporal 8.mp3
i ¥ E #

.......

Song Pair 8:

_______

High Spectral
Degradation

‘
T e T
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McGill Demo Spectro_Temporal_9.mp3

Song Pair 9:

High Temporal
Degradation

Sound of Music 6




Il Demo Spectro_Temporal_

Song Pair 9:

High Temporal
Degradation

Sound of Music 6



McGill Results (for Right-handed People)

e Spectral Degradation hurts Vielody recognition
 Temporal Degradation hurts Lyric recognition
e Right Auditory Cortex primarily decodes Melody

e Left Auditory Cortex primarily decodes Lyrics 7 \l

L Temporal degradation R g
MBelt LBelt 4‘" ) AQL% Rl LBelt MBelt Lyrlcs |V|E|Ody
- . A\ ’ ‘ :

T B S R =W, R
) i A '

d K d _ Y
557 aulll

A4 A1 PBelt PBelt A1 A4

SONEEEE N 8 a \
T values —-FWE-corr /
. 1
Spectral degradation '\ ’ - N /
\ -
Rl LBelt MBelt N ’/ ' : 1
—
B i
1 % |
.
| : ‘ ¥
i i 4 - r".
'1. % 4
z=-8 zZ=-8 4 2

A4 A1 PBelt Music 6 24
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Coloratura Soprano
Audrey Luna

Audrey Luna (2010)
singing Mad Scene from
Donizetti’s
Lucia di Lammermoor (1835)

Listen carefully
to the lyrics....

‘J\

3/3/20 Sound of Music 6



Coloratura
Audrey Luna

Audrey Luna (Nov. 2017
hits A6 at the Met

in Thomas Ades’s
The Exterminating Ange

She actually hit above

A#6
(1910 Hz)

3/3/20

Sound of Music 6

/N A
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Coloratura
Audrey Luna

Audrey Luna (Nov. 2017)
hits A6 at the Met

in Thomas Ades’s
The Exterminating Angel

She actually hit above
A#6
1910 Hz

3/3/20 Sound of Music 6 28



Coloratura Audrey Luna

Audrey Luna (Nov. 2017)
hits A6 at the Met

in Thomas Ades’s =
The Exterminating Angel * ~ She actually hit above
' A#6 (1910 Hz)

) 3/3/20 Sound of Music 6 29



The Singing Voice as a Musical Instrument

Source of 4 Controllable Variable
;_;a*‘ Air Pressure Vibrating + Acoustic
’\ o i Valve Resonator
f" |\
I
( é % \,
.__x' i) A \
f; + Harmonics Selects desired harmonics
®
N
J1C




Vocal Tract Crudely Similar to Closed/Open Pipe

e
17.5ecm
17.5cm
1cm
1cm

closed open

w J, =400 Hz

3/3/20 Sound of Music 6 31
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The Overall Voice
Apparatus

Sound of Music 6

LearnLanguagesOnYourOwn.com
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But Not All Sounds are Voiced using Vocal Folds

Also:
* Sounds produced by turbulent flow These are not very musical
—sss, shh, fff, th —

— Frictive \j)e-em\OhaS"Z"3d in SiNgINS

e Sounds produced by sudden release of pressure
—t ) k, p
— Plosive

 Combinations of these with Voicing
—Z, V, b) dl g

3/3/20 Sound of Music 6
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Types of Vocalization

[ “Voiced” Phonemes ]

Vocal Cord
Vibration
Creates Sound

Harmonics Modified
by Resonances of
Vocal Tract

Examples:
Vowels
Voiced Consonants
(¢, m,n,r)

\
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
I

/

|

Turbulence
(Fricatives)

J

Sound Due to
Turbulent Air
Flow

High Reynolds
Number

Examples:
Sibilants (s, z, sh, zh)
[tongue curled]
Non-Sibilants
(f, V, thing, that)

voiced

Sound of Music 6

Stops
(Plosives)

]

Vocal Tract
Blocked by
9 Tongue or Lips y

(. Catch )
* Hold

L ° Relealse y
Examples:

Voiceless (p, t, k)

Voiced (b, d, g)

34



Vocal Tract

Paranasal sinuses

Nasal cavity

Nasopharynx

Hard palate

Soft palate

Oropharynx

Tonsil

o Larynx

Laryngophgs

N poALY 2 - .
Mandible 3 piglottis

Hyoid bone
¥ 3 .5 Vocal cords

SLAN
el .\

Thyroid cartilage——— S\ \ - - - - L\ Feammee

Vocal Cords

Cricoid cartilage
Esophagus

The Larynx
The Trachea

Trachea

Thyroid gland

3/3/20 Sound of Music 6
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3/3/20

Vocal Folds (Cords): Top View

Open vs Closed

F “... "p;.

Sound of Music 6
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3/3/20

Vocal Folds (Cords): Top View

Open vs Closed

Sound of Music 6
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Phonation:
Generating Chopped
Glottal Air Flow via
Vocal Fold Vibrations

Phonation Types:

1. “Breathy”
Folds do not close
Weak harmonics

2. Modal (flow, normal)
3. “Pressed”

Folds tightly squeezed
Shrill sound

3/3/20

Thyroid
cartilage

Z2ITS

Vocal
fold
Cricoid
cartilage

298>

Power to Sing

Sound of Music 6 39



Phonation:

What if we
Eliminated the Thyroid
Vocal Tract? cartilage

Estimated Vocalization
without Modification by

Vocal Tract

Vocal
1. Synthetic voice (glissando) fo|d

2. Male speech voice

y
(based on EGG) 1 S
N\

Cricoid

3. Singing (Modal Phonation) Cartllage
100 Hz CJe
260Hz .
o 4,:- Power to Sing

) 3/3/20 Sound of Music 6



Glottal Closings Generate Most Sound

Vibration of

Vocal Fold

Elements of
Human Voice

C. Julian Chen

2016
&. /:Q? - ’>
D e (e :

Cricoid
cartilage

Google: Columbia

\\ world selentiie “Human Voice” pdf

3/3/20 Sound of Music 6

Power to Sing
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Glottal Closings Generate Most Sound
Vibration of

Vocal Fold

Elements of
Human Voice

C. Julian Chen

Google: Cc

\o world scientific e e
Sound of

3/3/20




Glottal Airflow Mask System ol ol

File  Calibraton Help

[ 500, Hz low pass filtered for approximate waveshape
50 Hz low pass filtered for average airflow Manual Zero

- _Ju\/’\—/ﬁ_,_g A TTIVLL L N 1Y N

Average vowel airflow

Filtered

<+——Syllable number

et ‘

Lt { Delete
1.60s Cursors

Interval
Between
Cursors

gt Pressure threshald fof [LInterpolated subglottal pressure

[

Pressure

A

-1

{cmH20) _‘J
—AirFlow LPF - - D
" 400 Hz = e EE I ] Rate

@ 500 | 1 | | | Ave. | Ryl |~ pleen
| | Pressure (cmH20) Tl 7 Cursors
" 600 | : i S = Ik dl

e Play Marked | - gijable Rate
PressureRange | | I L |
* 10 em H20 Press/Flow | | L J Instructions ] 41

L B15 [Frawipress 3 | Aeroview
) (== ] ! L | Calculate Zoom on Version 1.6.3
SPL (dB) Calculation:

o) = - & ' T ©2011, 2012
80 L L e ! ! ! ! | e | ] :]v _X] Glottal Enterprises

Flow {mL/sec)

Ul Iviudiu




Electroglottograph

GLOTTAL
ENTERPRISES

. . i — ¢ SAANCTAN YT
aa— <
— e %

~— '.;'—‘4 ————

3/3/20

Sound of Music 6
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600

ure

200 "

400 |
Phonation: 0 .e:;,,,!‘i/(»\\v@\\, ;,vfo.vA.J_‘,f,.‘!a\\vfff.\‘ff.vfo,,A\“J’{:’f,?//a\\v%/f,\feyewj’ﬁ,th}.ff»,.\\\f/f.v&‘!o. M\r\é\ f‘r\f;‘f,‘;,,\\\;,,
(AR AN LA A (Al

Sound Press

Glottal Flow
and Resulting Glottal

Sound Closings fo =110 Hz

) Vowel /a/

| | 1

Pressed Phonation

Breathy Phonation

Glottal Flow —»




Oral Laryngoscope

Nasal Laryngoscopy

Vestibular fold
(ventricle)

True vocal cords

Trachea

Esophagus




Laryngoscopy:
Viewing the Vocal
Folds

Using a Stroboscopic Lamp
flashing at the vibration rate of
the vocal folds freezes the action

P







Action of Vocal Folds While Singing

—
¥ .l

2N



The Vocal Tract
Modifies the Sound

NASAL
CAVITY

ESOPHAGUS

VOCAL FOLDS

. TRACHEA
(FOOD) (AIR)

Frequency —>

Sound of Music 6

f

—8E  Formant 4
——S——— Formant 3
—- Formant 2

—- Formant 1

Vocal Tract
Resonances

(Formants)

50




The Vocal Tract
Modifies the Sound

NASAL
CAVITY

Frequency —>

& VOCAL FOLDS

ESOPHAGUS TRACHEA

(FOOD) (AIR) Sound of Music 6

3/3/20

i

:

Vocal
Folds

Vocal Tract Result
Resonances
(Formants) -




The Vocal Tract

Modifies the Sound —F ——

NASAL

CAVITY

Frequency —>

Vocal Vocal Tract Result
Folds Resonances
(Formants)

ESOPHAGUS TRACHEA

0 (FOOD) (AIR)

Sound of Music 6



The Vocal Tract
Modifies the Sound — F4

NASAL
CAVITY

i

Frequency —>

VOCAL FOLDS

j

'["“‘\,
f ‘ | Vocal Vocal Tract Result

Resonances
ESOPHAGUS  TRACHEA Folds

3/3/20 (FOOD) (AIR) Sound of Music 6 (Formants)



The Vocal Tract T

Modifies the Sound  ( The SOprar\O'SX S

Dilemma:
Too Few Harmonics

\_

NASAL

B

CAVITY
T
| 9
Azir o
)
o
TONGUE o
Ll

Higher
Fundamenta\ f1

A\
ﬁ‘ VOCAL FOLDS
\e
f R Vocal Vocal Tract Result
TRACHEA Folds Resonances
ESOPHAGUS Sound of Music 6 (Formants)

e (FOOD) (AIR)



Speaking 1:‘; Q

“’ He said “OLLI” *°

b Al HM M M Mul” | | i
- W‘M i M hvﬂu M\Uh“nuﬂur\wwép

I
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He said “OLLI” She said “O' L/

] [ T T T T T T T O T O T T O R I I I R R B N L L N D L N L L N L L e S R R S R R R Y T I
time 5 1.80 1.585 2.00 2.05 2.10 2.15 2_Z0 2_.25 2Z2.30 2Z_35 "¢ 4o Z£.50 p 0.25 0.30 O0.35 0.40 0.45 0.50 O0.55 ihve0d 0O.85 0.70 0.75 f

HZ __——-

%]
o
(45

2000 -

4500 -

4000 -

3500 -

—
_|_
-——

3000 -

2000 -

1500 -

+ + 4+ 4+

1000 -

500 -




Harmonics of
Voice Fundamental
Shaped by Formants

[AH] as in "FATHER"

Loudness

= -
=

1000 2000 3000 Hz
Frequency

Average Formant
Frequencies for Vowels

i
[}

[EE] as in "HEED"

1000 2000 3000 Hz

frequency (hertz)
{cycles per second)

—y

[OO] as in "POOL"

5;1’1 I

1000 2000 3000 Hz
after Benade

F1

‘d Fant

0 heed hid head hod hawed hood ¥ho

21994 Encyclopaedia Britanniza, Inc.

) 3/3/20 Sound of Music 6 57
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Approximate Locations of First 2 Formants

alveolar ridge

Container 2
Formant 2

Container 1
Formant 1

epiglottis

esophagus

larynx (vocal cords)

Sound of Music 6
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To Compete with Orchestra:

Singers try to shift their
Vocal Tract Formants

to maximize power around
2 to 3 kHz.

Tricky since each note has
different harmonics which
need to coincide with a
Formant.

Even Trickier if lyrics must be
understood

3/3/20

The “Singer’s Formant”

D .. :
Singing voice of
o | tenor Jussi Bjorling,
u . .
PET =" showing prominent
G v . Singer’s Formant
c -
V] # 3
= 5 I".Ilr : .
£ .0t Ordinary "% *+, 1911-1960
peech /el
© Orchestral
e 30 | accompaniment
_ql'_'. 1 | | 1 |
I F ) 2001 30} 400 S000
Frequency (Hz)

HyperPhysics: after Sundberg, The Acoustics of the Singing Voice

Sound of Music 6 59



Audrey Luna hits Eb6 in Lucia di Lammermoor

Audrey Luna Mad Scene chip.mp3  [Cenfiguration: Waveform] M >S’11 H ® X
15 kHz

.

Audrey Luna (2010)

Sound of Music 6 ) ) ] .
Donizetti: Lucia di Lammermoor



King of High C’s

Luciano Pavarotti (1935-2007)
as the Duke of Mantua
in Verdi’s Rigoletto
singing La Donna E Mobile
[Opera Film Rigoletto (1982)]

3/3/20

Sound of Music 6

\\‘.‘:

nna & mobil’
iuma al vento,
‘accento
nsiero !

Woman is fickle.

Like a feather in the wind,
she changes her words,
and her thoughts !

61



King of High €5

2nd FOT‘Y\'\GY\'\'
Tuning™

Luciano Pavarotti (1935-2007)
as the Duke of Mantua
in Verdi’s Rigoletto
singing La Donna E Mobile
[Opera Film Rigoletto (1982)]

* According to D.G. Miller,
Resonance in Singing (2008)

3/3/20

onna e mobil’

diuma al vento,
ta d'accento

e di pensiero !

Donaig Gray Miller, pnhp

Inaisy View p

full version
of Vocews
€ analysis softwnr: .V,,':.ul o

Woman is fickle.

Like a feather in the wind,
she changes her words,
and her thoughts !

Vouc

Sound of Music 6 62



King of High €5

2nd For‘man’r
Tuning™

Luciano Pavarotti (1935-2007)
as the Duke of Mantua
in Verdi’s Rigoletto
singing La Donna E Mobile
Opera Film Rigoletto (1982)

>kAccording to D.G. Miller,
Resonance in Singing (2008)

3/3/20

e di pensier’ ! Q

and her thoughts !

ZITS

La donna & mobil'
Qual piuma al vento,
muta d'accento

e di pensier’!

oman is fickle.

ike a feather in the wind,
she changes her words,
and her thoughts!

Sound of Music 6 63



Pavarotti: Rigoletto -- La donna e mobile

- Povarotti Rigoletto La Donne E Mobile ana climax.mp3 C guration: Waveform] M >»5%'1I1l 0 & X

ionn
LE

Luciano Pavarotti (1982)
Rigoletto: La donna é mobile [B Major]

Sound of Music 6




Pavarotti: Rigoletto -- La donna e mobile

oletto La Donna E Mobile aria climax.mp3 M »5%' 11l B ® X

\

=% ‘..: %
% -
- l'-'\ arm¥s .:0 e‘lfr

..

Sound of Music 6 GH4 FHa




Pavarotti: Rigoletto — King of 2"4 Formant Tuning

Rigoletto La Donne E Mobile ana climax.mp3 <4 > O iHE ® X

w&wwwﬂnw '*ff_,,._f ‘_._'_

“'-'.ﬁ. _" >

;aaqﬁa?ﬁ




A Music Lesson

Chest Voice
VS
Head Voice

Vocal Warmups for Singing: The 7
Best Exercises (2018)
TakeLessons.com



A Music Lesson

Siren Singing:
Vowel changes
from who to ahh

Vocal Warmups for Singing: The 7
Best Exercises (2018)
TakeLessons.com



[Configuration: Waveform]
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“Siren”

M>>11 0@ X
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Solfege Diatonic (%
Major Scale

Note that Solfege syllables have

1. different sung notes and
2. different vowels

Andrew Rostas
Solfege Tutorial — Video 1 (2016)



Solfege: Diatonic C Major Scale [c3toc4]

ewRostas singing major scale (Solfege for Scales) trim.mp3[Configuration: Waveform] < >>'1ll 0 @

z : 8 =

- : £ ]

£ i £ - %
." 1 lﬁ e d

L 1 -

L. | o & TS - ?

- 5 -~ 7Y% N -~
-.‘vv\-" 1 - = ,\—“—"- - 3 - -
. : “n ~ R A
: [ ] :

) Andrew Rostas
Solfege Tutorial — Video 1 (2016)



Solfege: Diatonic C Major Scale [c3toc4]

adrewRostas singing major scale (Solfege for Scales) trim.mp3[Configuration: Waveform] < >>'ll B & X

e B S g - —
——

) 3/3/20 Sound of Music 6 Andrew Rostas 73
Solfege Tutorial — Video 1 (2016)



Solfege: Diatonic C Major Scale [c3toc4]

ndrewRostas singing major scale (Solfege for Scales) trim.mp3[Configuration: Waveform]

Do (C3)
131 Hz

3/3/20 Sound of Music 6 74

) Andrew Rostas
Solfege Tutorial — Video 1 (2016)




Solfege: Diatonic C Major Scale [c3toc4]

- AndrewRostas singing major scale (Solfege for Scales) trim.mp3[Configuration: Waveform]

S - — B -
-~ T T T - e F T E = o — - - — -
- —— = ~,—'-v’ - ,“ - : &
- .

-~ c c . N . . . . g - c . . 5
# Spectrum Section Plot: AndrewRostas singing major scale (Solfege for Scales) trim.mp3

g Re (D3)
2300 — 2 - 147 Hz

= —

-

(] QO

o (=] o

—
o 0 o ™
(=]
o O 0O 0O 0 0 o <
|

P

-

) 3/3/20 Sound of Music 6 Andrew Rostas 75
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Solfege: Diatonic C Major Scale [c3toc4]

drewRostas singing major scale (Solfege for Scales) trim.mp3[Configuration: Waveform]

_ _ R vy

# Spectrum Section Plot: AndrewRostas singing major scale (Solfege for Scales) trirm.mp3
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Solfege: Diatonic C Major Scale [c3toc4]

- drewRostas singing major scale (Solfege for Scales) trim.mp3[Configuration: Waveform]
- kHz . =

-— e W .

Spectrum Section Plot: AndrewRostas singing major scale (Solfege for Scales) trim.mp3
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Solfege: Diatonic C Major Scale [c3toc4]

Movie of Spectrum shows how harmonics
dynamically follow vowel formants




Solfege Diatonic
Major Scale

Sandra Oberoi
Solfege Singing: Major Scale and
Intervals (2013)
Harmony — the music school
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Solfege: Diatonic C Major Scale [c4tocC5]

Sopranc Scifege Sandra Oberci Harmony-the music school (5olfege Singing Major) M1 0 & X
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Solfege: Diatonic C Major Scale [c4tocC5]
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Solfege: Diatonic C Major Scale [c4tocC5]

Sopranc Scifege Sandra Oberci Harmony-the music school (5olfege Singing Major) M1 0 & X
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Solfege: Diatonic C Major Scale [c4tocC5]
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Female Voice Humming a Scale

kel essons Soprano Humming only.mp3  [Configuration: Waveform] M >S5 11l H @& X




Throat Singing
a.k.a. Overtone Singing




Overtone Singing Example

Anna-Maria Hefele
Music Video 2017

— Regular singing
— Harp
— Overtone singing
Song:
By This River (Brian Eno)

MRI Sequences:

— Prof. Bernhard Richter et. al.
Freiburg Institute for Musician’s Medicine
(University of Music Freiburg)




Overtone
| Singing

/N
2000

Anna-Maria
Hefele 2017



Overtone
Singing

AN
00[]%‘

MRI Showing tongue
creating a a special
formant, isolating
one drone harmonic

Anna-Maria
Hefele 2017



Isolated vocal fold harmonics sound disconnected from
the fundamental drone, since they pop up suddenly.
Perceived as entirely separate tones.

(SETH I I

Anna-Marie Hefele Overtone BrianEno By the River (Trim2).mp3[Configuration: Waveform]

8

Everything but the vocal |
drone hafmonics is dueto 1~
the musich instrument
accompaniment

Sound of Music 6
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NOW can you hear it?
Hear the Difference?
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. 200 Hz

Harmonic Hardly Noticed...
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Harmony

* Human Voice can only play one note at a time

— with harmonics, of course...

e Solution:
— Multiple Voices

 Examples:
— Quartets
— Choruses



Signature:
Salt Lake City

2019 International Barbershop Quartet Champions




Vocal Ranges

Soprano: the highest female voice, being able to sing C, to C,, and
possibly higher.

Mezzo-soprano: a female voice between A; and A. .

Contralto: the lowest female voice, F, to Ec. Rare contraltos possess a
range similar to the tenor.

Tenor: the highest male voice, B, to A,, and possibly higher.

Baritone: a male voice, G, toF,.

Bass: the lowest male voice, E, to E, .


https://en.wikipedia.org/wiki/Soprano
https://en.wikipedia.org/wiki/Mezzo-soprano
https://en.wikipedia.org/wiki/Contralto
https://en.wikipedia.org/wiki/Tenor
https://en.wikipedia.org/wiki/Baritone
https://en.wikipedia.org/wiki/Bass_(voice_type)

Course Outline ‘/5
.D (((@

Building Blocks: Some basic concepts
Resonance: Building Sounds

Hearing and the Ear

Musical Scales

Musical Instruments

More Musical Instruments

Singing

Notation; Harmony and Dissonance

© N 9 R W e
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3/3/20

San Francisco Exploratorium Exhibit

Attempting to Simulate Human Voice

Duck Call

(Glottis) Resonant Tube
(Vocal Tract)

“Clarinet”

Sound of Music 6
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3/3/20

Duck Call Spectrogram

Sound of Music 6

97



San Francisco Exploratorium Exhibit: Vowels

Ee
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