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ABSTRACT

A general’education'course in descriptive acoustics for students in
music, speech, and envipqnmental disciplines is described. TQe student
background, course ph1losophy, and format are presented. ) Resource
materials discussed 1nc1ude books, a study guide, films, audio tapes,
demonstrations, walk-in 1abora¥ories, and an examination procedure that

encourages reworking of the material.

INTRODUCTION -

This paper discusses a one-semester, three credit-hour ‘course in
the de§%r1ptive acoustics of music and speéch designed especia]]y for
_students stqu1ng the fine arts, the social sciences, or the human1t1es.
The ‘purpose of the paper 1s tgk\fscr1be some of our obJectives and
experiences in present1ng the subject of acoust1cs to students who are '

J ) \ .
not in the physiqa] sc1ences. . , s

OBJECTIVES AND PHILOSOPHY o -

This course is designed to fill two important objectives at Brigham
Yohng University. First it is'iqtended to provide a meaniﬁgfu] general
‘education experience ¥n the physical sciences, to hg]p students in
other disciplines gain some appreciation of the function and impact of
science in our world. Hopéfully. it can effectivg]y uti]jze the highly
1hteresting anﬁ relevént phehomena associated Qith music, speech, and

a
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" hearing as a vehic]e to do this. The .second objective is to provide

L3

a specia] service for students of music, speech, arch1tecture, "communi-

tative d1sorders and gehab1]1tation, and other related disciplines, by -

¢

gfving them %a phys;ca1 foundation for better understanding‘somerofﬂthe N
basic "o0ls of the trade." % . : . )
To accomplish these obJect1ves, the cou2§§‘1s specifica]]y designed ' .

(1) acquaint the student with the- s;)ent1f1c method and fts Timita-
tions; (2) point’ out certain physical pr1nc1p1es and show how they are .
'applieJ‘to enp]ain phenomena observed in mus1c, speech and- hiaring, (3)
demonstrate the 1nteraction between sc1ence, techno]ogy, and the human-
jties, part1cu1ar1x with regards to music and speech; (4) familiarize u‘
fine artS‘and humanities students with the nomenclature and basic con-
cepts of gcoustics, to add them in the study of their own disciplines;
and fjna]]y,\(5) provide each student with interest and incentive to

continue educating-himseﬂf in the sciences.

One of the unique aspects of this course is the combination of music

A

E

and speech. Course$-in acoustics at the descriptive: level offen treat
musical acoustics to the comp]ete or partial ekclusion of speech acous-
tics and vice versa Certainly there ¥s some justification for this

.when depth oﬂ;treatment rather than breadth of.treatment is the pr{mary
aim. However, we feel that once some of the conceptua] tools have been '
deve]oped, it is poss1b1e and desirab]e to treat both music and speech,\\\\v/ . !

and related aspects of environment as well. Many of the same ideas

that are app]1cab19‘hLHMS1gE] acoust1cs are app11cab1e in speech acous-

tics and vice versa. Varlous phys1ca1 laws, wave phenomena, and aspectS'
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J of hearing are shared almost completely by bofh music and speech.

A quéstion in any descriptive science course is how much, if any,

o mathematics should be used. »we feel that 1% is important for é*stude§5/f‘
L to do some thinking in quantitative Eerms. Formula memorization is not
required, But the student is expected to be able to g1Vp physical inter-
pretation to somefof the mo#g important formulas a;d to use them in the
so]ufion of simple problems. ,

For examp]e,’the student is expected to be able to create complex

waves frém sine waves either graphically or in a tabular fashjon. He
_is expected to use square rogg;-to find viBratidn frequencies of sinple
vibrators and to use logarithms tgr expressing pressure and intensity
levels. Square roots, logarithms, and sines are handled by table look-
up, and the tables can bé used in exﬁgs. The student is also expected
to undeistﬁnd the re]ap1onships.among symbolic or equatidn repfesenta-
tipns, tabulations of data, and graphica] representations.

COURSE STRUCTURE b :

The course is divided into five major parts. The first.twb parts

provide a general backgrodnd in physics and wave phenomena. and lay a

-

foundation for the following parts on hearing, music, and speech. A

more detailed outline of the material covered in the course appears in

A

Appendix I, and 1s'summarized in the first sljde.

At the end of each part, the student is expected to pass a thirty-

. ] ' ‘
question multiple choice exam over the material of that part. No-need

is felt for a comprehensive final exam, since each exam draws heavily
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on the material of those which precede jt. Furthermore, the lowest
exam score is we1ghted double in computing the final grade wh1ch tends
to encourage the“student to perform uniformly -over a]] parts of the
course. (Exams over a particu]ar part can be repeated one or two, times

so that the forego1ng procedure is not undu]y harsh. )

1
INCENTIVES AND STUDENT MOT&VATION

(\
Whether the student is-jn a course because it is required or because .

the course has received favor“b]e pub11c1ty, creating-and ‘maintaining

student interest and involvement is a‘continu1n@ challenge which 1s‘com-

pounded by. the var1ous backgrounds afid interests of students. Largely

as a result of student op1n1on surveys in previous offerings of the

| course, we have arrived at the fo11ow1ng features as be1ng des1rab1e

1. The course shougd be enterta1n1ng and re]evant as we]] as
1nstruct1ve. ‘

2. }hg course should provide as much .opportunity as’ possible for

P4

. dialogue: “student-teacher and student-student.

’

3. Demonstratjonsrshou1d be used extensively with adequate "explan-
-t ation. L o N L 1
4. Opportunities should be provided for the.student to gain some
hands -on exper1ence w1th the demonstrat1on equipment. '
5. A study guide should be provided to “lead the student to face
~the signif1cant questions entertﬁ)ned in the course -

6. Examinetion and grading proceduyes shou]ds\e such-as to encour-
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age the student to come to grips w1th all aspectSI%f the course

‘ and to rework concepts that he does not understand the. f1rst

r
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+ time. - . I ‘
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'RESOURCES - READINGS , -UDY_GUIDE, CLASSROOM PRESENTATIONS

’ !
+ ‘ ‘ r‘ ,‘ .
The rasources that-are used in the.course are aimed at providing

, student’incentive and motivatien. Fortiunately, a-number of well-written

textbooks exist which can be nsed as primary information sources, though \

. none of them deal with both mus1c and speech. The books which are pre-

A

sgntly réquired in the course ‘are, The Acoust1ca1 Foundations of Mus1c,

. by Backus, and The Speech Chain, by Denes and P1nson, both of which are

excellent. Many of our students é]so obtain copies of Horns, Strings,

and [mrmonz, b; Benade,»as a supﬁ]ementary text. The books by Denes
and Pinson, ‘and Benade, are available in paperback :

In add1t10n to, these, we have been prOV1d1ng the students with pre-
liminary notes from a book be1ng wr1tten by Strong and Plitnik, which
will combine aspects of music, speech, and hearing, and which arises
directly from the development of énié course. We also. refer the stu-

-~

dents to a number of good reference books in our Reserve Library for

. supplementary reﬁdinbs. Students are encouraged to read from these

several different sources and to get the flavor of the subject from
different authors. (A bibliography of the main textbooks and gupp]e-
5

mentary bobks ie isted in Appendix II.)

A study guide has also been prepared, including examples, questions,

apdeproblems. This serves the purpose of making the reading more pointed

. . . o
’/,4 L %
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and encouraging the student to.app1y his reading to some of fhe observed
phenomena in the f1e1d of sound. S%Xdents have reacted very posit1ve1y
toward the study guide, which g1ves them a rather concrete picture of
what is'expected of them in order to prepare for the exams and to achieve.
a particular grade.:~0nce a student. has estab1ished a particu1ar level

of achievement for.himself, he is often willing to exert himself to )
achieve that level. |

The other ma1n informational resource, of course, is the teacher in

hjs regular classroom presentations. Since the clges usually has an

enrollment of about seventy students, thus prohibiting unlimited ques-

tion-and-answer dialogue; it becomes very important for the teacher to
prepare.effective‘presentations which are entertain@ng and stimulating
as well as instructive.

. Usually, the best presentat1ons are those wh1chgare relevant to the
student in ter?s of his everyday experiences. As an example of a pre-
sentation of this kind, suppose wejuse a blown soft drink bottle to 4//
illustrate some steps in app]icat1on of sc1ent1f1c method.. By b]owing
on the bottle when filled w1th different amounts of water, we OBSERVE

that pitch (frequency) is reTated somehow to the amount of air present

in the bottle. We can MEASURE and RECORD the frequencies and air vol- -

“umes that correspond to each other. We then try to determine the

relation that exists between frequency and air_volume, perhaps trying
several until we find one that fits. Using our tentative HYPOTHESIS,
we PREDICT the frequency that should occur for some new air volume.

We then perform the TEST experiment at the new volume, and compare the




measured results to those which were predicted. If they fail to agree,

we back off and start over at %he hypothesis stage. Blowing on a séft
-drink bottle is something everyone has done, but-thg.wh61e exercise”

can be made moré meaningful‘for at least some of the students by point=
ing out that by "deforming" the bottle one qou]d haVe a violin body Qr ’

a guitar body‘aqd that the same basic relationship holds between sound1 &
" ing frequency and air volume. |

‘ /ﬁ *

DEMONSTRATIONS

A deéériptive acdbstics course lends itself extremely well tp a
large variety of'fi1ms, audio tapes, and dﬁassroom‘demonstration;. Some
of the fi]ﬁs that we have found most effective are listed in Qppendix
- III. The audio tapes we used were.ﬁomemade, and tailored to our own
needs. The following c]assroomjhemonstrations are representative of
those we have found useful.’ ' '

Demonstrations of the spectfa1 content: of various music and speech
;ounds are very important in this course. Hence one of our most useful
tools is the spectrum analyzer, preferably a real-time analyzer. ’we

“have used both a portable hardware spectrum ana]yzerfand computer simu-

lations. Slides 2 and 3 show clarinet and tfumpet spectra, kespective-
1y, from the computerisimulated spectrum analyzer (see Appendix IV.A.).
However, a portable sﬁectrum analyzer that can’be used in class is much
more versatile and is more exciting to students because they can bring
in their musical instrhments and get spectra immediately for.them.

Electromagnetically driven vibrators--both single mass and'mu1t1p1e
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mass--have proven useful for demonstrating normal modes. and resonances

.of vibrating systems. The two and three mass vibrators demonstrated

here illustrate that all parts of a system move t%gether in'the_1owest
mode, that parts of the system move in opposition to one another in
higher modes, and that the vibration frequencies are hjgher for the
modes in which the system breaks up into opposing motions.

. INusions are always of interest to students. The aural illusion
that you now hear on tape is analogous 2; the optica]‘f]lusion thet you
see in Slide 4 (see Appendix IV.B.}). In the opticdi'¥11usio you d\nays
ascend the stairs when going in one d1rection and descend the stairs
when going in the opposite d1rection In the aura] 'i1lusion, you hear
an ascending pitch when the tone sequence is presented in one order and
a descending pitcn when the tone sequence is reversed.

Another exciting demonstration is that of the pitch of a complex
tone with missing fundamental frequency: For instance, present a sine

wave of 400 Hz and then one of 600 Hz. The 600 Hz tone has a higher
pitch than the 400 Hz tone. Now present, the 400 Hz and 600 Hz tones

together and a pitch lower than either of the preceding pitches is heard.”

The periodicity or repetition rate of the combined 400 Hz and 600 Hz
tones is 200 Hz corresponding to the 1ower pitch for the combined tones.
The notion that members of the brass family are approx1mate1y scaled
versions of eéach other can be demonstrated by playing trumpet tones at
normal speed, trombone tones speeded l&a factor of two, and tuba tones
speeded by a factor of four. The resu]ting tones all sound very trum-

pet-like as you~can-hear (0ther combinatlons of speed1ng up or slowing

~

t
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t




down produce comparable results.)
An ‘interesting way to i1lustrate the significance of vocal tract
shape in speech production is to construct model vocal\ tracts and excite

them with an artificia]‘]arynx“or a party noise maker. The resulting

. synthetic vowel sounds are somewhat ungeal as you can hear, but it is
“»

quite apparent that fhe different modeled vocal tract shapes give rise
to very different sound qualities.

Another demonstration that we have found tc be both enteFEZining”
and instructive is an audio tape of degradgd §peech. The relative im-
portance of different vocal tract resonances can Je heard by speech -
synthesized with only certain ones present as illustrated on the tape.
Thé role of the fundamenéa] frequency can be assessed by changing it in
the synthetic speech._ The role of vocal tract length can be illustrated
by speech synthesized with thg formant frequencies about 20 percent
higher than normal. (This corresponds to a shortened vocal tract that’

is abbut right for female speech when compared to male speech.)

DISCUSSION SESSIONS v

<

In order to compensate for the limited dialogue in the lectures,

‘anorma1 discussion sessions are érranged so that any student can come

and discuss the questions that are pertinent to him. Several discussion
periods are made ava11ab1e each week, and are handled by the 1nstructor
or by a graduate assistant. A §¢udent is free to attend as many .or as

few of these sessibns as he wishes. The discussion sessions ind1v1dua17

ize the help for those students who find it most needfu] while at the

|
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sameltime avoiding undue repetition for the students who do not require
it. Students who have needed extra help- have reacted very favorably
toward the discussion sessions: It goes without saying'that students
appreciate_personal concern and are stimulated by a pérson-to-person
exchangg. It is very exciting for student and teacher alike to have a
f%ncept come to 1ight qfter'some effort, and some of the real satis-
factions for the students and the instructor have come from tﬁe discus-
sion sessions. Indeed, many new approaches to explaining concepts have
had their genesis in these discussions.

WALK-IN LABS ~ T y

'

In addit?bn to the demonstrations performed in the classroom, sever-
al student-performed demonstrations are made available in a walk-in

1éboratory. These have proven quite successful in terms of student

9

involvement and understanding of key concepts even thopgh they are.
optional for the student (but often with extra credit as an enticement).
Vd : :

Typical exercises that have been made available’to students are:

v

1. Mealurement of displacement ofa moving vibrator through strobe
1+ghtiqg and 'panning of a Polaroid camera.

2. Measurement of auto speed by meaﬁs of Doppler effect.

3 .

3. Measurement of noise levels in residential, business, and
: ,

industrial areas. ,/ ' \

“

4, Measurement of‘the spectra of various musical instrument tones.
5. Analysis of energy types in speech production by viewing the.

speech waveform on an oscilloscope.

12
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.A-list of all the walﬁ-ih labs presentty used is iqc]uded in Appendix V.

i 4
[ . .

EXAM%PROCEDURE-

- . »

"Grading is based on exam scores, However, each exam may.be repeated

twice if desired, With the highest score being accepted. -The student-ig
/
- not competing with other mempers of the class on the basis of a normal
/
N curve, but is striving to achieve some pre-determ1ned/ﬁeve1 ‘of prof1-

'c1ency wh1ch he has selected for h1mse1f. ,w1th some,of the threat of

the exam removed, it is useful as a teach1ng\togﬂ as we]] as a grad1ng

Xf

device. The opportun1ty'po repeat exams has received very favorqb]gv

' o . . N7
response and had resulted in many students going back and reworking -

concepts until they understand them.
}

CONCLUDING COMMENTS

S . , @
e ~ Teaching a course of this kihd is sometimes fraught with communica-

Al

tion difficulties, Physicists, musicians, speech pathologists, drama-
t;sts, etc., often use the same WOrds for different'thfngs; and they .
do not a]ways consider the same th1ngs 1mportant It is cha]lenging
to try to commun1cats across the "term1no]ogy barrier" and the "po1nt-v
of-view barrier.”

Indeed, one of the exciting aspects of teéching the course has

been the opportunity for looking at a subject from many different

vantage points. A majority of the students in the course have indi-

cated that they.gained new insights into their own major field of study.

4 '
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We feel that mahy of the siudentgkhavz added as much'to our perspec-

<

~ tives of the imp]jcatiéns Ofvacoustics,in music and speech as we might

have to theirs. S ’ =

A1l in all, we feell that the course has been sUécessfu], and the

4

experience of teaching it-has proved to be stimulating, satisfying;

and a ]ot of fun.
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- APPENDIX I - Topical Outline of the Course ) ,
Part 1. Fundamentals of Physics and Vibration ’
A. Sc1ent1f1c Method .
1. Modellng - Symbo]1c and mathematical re/)ESentat1on ' o '

2. Inductive and deductive reasonlng

~§. Hypotheses, theories, laws, and 11mjta£ions

B. The Laws of Motion
y 1. "Descripti’on of motion : ’ ‘ 5‘
‘ X ) 2. Effects of forces : ) ,
3. Application to simp]e vibrating systems

’

C. The Concept of Energy

1. Types of energy' * ~
2. Conseevation of energy
) 3. Application to vibrating systems
Part II. Characteristics of Sound Waves 0 )
. A. Models of Matter
1. Molecular interaction forces | ‘ -
2. Mechanica] wave propagation in matter
A%

B. Wave Phénomena - R o, /
1. ~Descr1pt1on of waves
2. Reflection, refraction, interference, diffraction

- | 3. Analysis and synthesis of complex waves

)

= - ‘ =
’ .
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"~ Part III.

A.

- 3. Qua]it* and specira] content

Vibrating Structuf@évin Mus%c and Spee¢h
1. Types of vibrating systems o
a. One-dimensional: strings, tubes, bars
.’b. Twp-dimensiona]: membranéé, plates
C., Three;djmensiona1: ‘Helmholtz re;onators, rooms
2. Nofma] modes, complex vib;atfons, resonance
Properties of Radiated Sound
Pressure, power, intensity .-
Directioﬁh] effects

2 N
3. Relative motion, Doppler effect
4

. Echoes, Sonar

Hearing and Environment
The Mechanics of Hear{ng ’
1. Ear canal resonance
2. ‘Middle ear ossicles -

3. Function of the cochlea

. Subjective Sensations and their Physical Bases

1. Loudness and 1nteﬁsi€y - ’

2. Pitch and frequency |

- .

Other Aspec;; of Sound Perceptiow . '
Masking and critical bandwidth

Binaural hearing effects ‘_ ) //{ '
Combination tones, non-]inei;;iies,é} the, ear

Miséing fundaméntal, periodicity of waveforms - Y




Part 1IV.
A.

The Ear as a Determiner of Harmony | (/ _

1. Musical consonance

+
- 4

2. Musical dissenance, role of beats

3. Musical scales .,;> . .

. Hearing Impairments, Hazards, Annoyances

-

1. -Effects of aging and disease

2. Intense Sounds, exposure time

3. Annoyances, hazards, governmental regulation
Listening Environments

1. Reverberation time -

2. Sound patterns in’ auditoriums

3. Noise control , -
4. ‘

(E]ectronic sound feinforcement

Acoustics of Musical fnstruments

Stringed Instruments: excitation, vibration modeé..spectra _

of bbwed; struck, and plucked §trings. |

Wind Instruments: excitation, vibration modes, spectra of
woodwinds, brasses, organ pipes

Percussivé Inétkuments: excitation, vibration patterns,
spectra of bars, membranes, plates

Electronic Instruments

1. Electronic computer as a research tool

2. Music synthesizers | |

3. Tone mpdifiers, artificial reverberation

ol ] L] )
4. Electronic music instruments

P
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E. Recording and Reproduction of Music

» L 4

1. Recording environment, microphone p]%cement'

System fidelity
v : -~
Listening environhent, speaker -placement
(

2.
\
a 3.

Part V. Aéoustics of Speech

! <:i , A. Mechanics of Speech Production

1. ' Vocal cords, periodic excigg}jbn

2. Constrictions, turbulence _ | .
.. Role of Vocal Tract

A. Formants, vocal tract resonances

2; Effect of vocal tract shape : .
{/‘“ C. Distinguishing Characteristics of Speech
. 1. Steady, transitory sounds
2. «Phonemesihqd their spectral characteristics

3. < Speech spectrograms | ‘

X | .
D. Prasodic Fgatures

B .// ‘ 1, Intonation,‘fqndaﬁental freqqency variation
» ,2. ‘Stress, {ntensity, duration
¢ 3. LIone languages
| 4. Emofipnql‘staté of talker
E. ﬂﬁefec;s in Speec% Production and Perception '
3 _ 1. ﬁC]eft lip or pq]ate
'; 2. Damaged vocal cofids
= 3. Peafness,-féédback sy;tems
19; Séhsory aids

18
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»  F. Speech Degradat165‘~m ‘
1. Additive noise, peak clipping
2. Bandwidth limitations

. 3; Intelligibility testing

G. Future Prospects

“ 1. Machine recognition of speech

v

2. Maching synthesis of speech

3. Computers as research teols

19 .
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.- APPENDIX II - Texts and Reference Bdoks _ . - '
- Required : C . v
_ Backus; d., The Acoustical Foundationswof Music, (W. W. Norton
‘ ( % Co., New York, 1969). - STTIRE o
Denes, P. B., and Pinson, E; N., The Speech bhain: Iﬁg Physics
and Biology of Spoken Language, (Doubleday, New York, 1973).
~ Recommended
///, Benade, A. H., Horfs, Strings & Harmony, (Doubleday, New York, B
1960, oy
¢ Suép]ementany , '
Culver, C. A., Musical Acoustics, 4th Edition (McGraw-Hi]],»New Q&

~ York, 1956).

Fletcher, H., Speech and Hearing in CommUnicat1on, (D.'Van Nostrand,

"New York, 1953).

2

Miller, G. A., Language and Communication, (McGraw-Hi11, New York,

]95]). ' . ’ < [ ~» ‘

Olson, H. F.,fMusic,’Physics, and Engjneering,'(Do!gr, New York,"
1 1967). z | . '

Roederer, J. G., Introduction to the Physics and Psychophysics of

Music, (Springer-Verlag, New York, 1973). e

- . +
Seashore, C. E., Psychology of Music, (Dover, New York, 1967).

£ Stevens,@. S., and Warshofsky, F., Sound and Hearing, Life Scieno&

Series - (Time, Inc.’, New York, 1965).

2()
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¢ . '
Van Berge'ijk, W. A., Pierce, J.a'ﬁ., and David, E. E., Waves and
the Ear, (Doubleday, New York, 1960). »
Winckel, F., Music, Sound, and Sensation, (Dover,_ New York, 1967). ’
o
3
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APPENDIX III - Some Useful Films

*Ears and Hearing, Encyclopedia Brittanica Educational Films, 1969.

*Function A;Nthe Normal Larynx, Inst1tute for Laryngotogy and Voice

D{sorders, Inc.,. 1956 .

Sound EnergyJ and Hearing, Encyc]opedﬁa Brittanica Educational F1Ims,
1957, '

Sound Waves and their Sources, Encyclopedia Brittanica Educational \.

~ Films, 1950.

The Speech Chain, (obtained from Jocal Telephone Company office; pro-

duced by Bell Telephone Labs, and modeled after the book by
Denes and Pinson). '

Your Voice, Encyclopedia Brittanica Educhtional Films, 1947.

~

* These are especially good.
. ~ <
Ealing Single-Concept 8-mm Film Loops

80-218 Tacoma Narrows Bridge Collapse L L &
80-231 ' Straight Wave Reflection from Straight Barriers
80-233 Reflection of Waves from Concave Barfiers 'd,‘f

80-234 Refraction of Waves . i
80-2371 Doppler Effect '
80-240 Interference of Waves X
80-252 Velocity in Circular and Simple Harmonic Motion
80-255 Velocity and Acceleration jn Simple Harmonic Métion

80-266 Soap Film Oscillations
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80-267
80-278
80-3858
80-3866

~A 80-3874
80-3890
80-3924
8023932

3

Coupled Oscillators
Simple Harmonic Metion

Supe}posjtion

Standing Waves on a String

Standing ‘Waves in a*Gas
Vibrations of a Rubber Hose

Vibrations of a Drum

Vibrations of a Metal Plate
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APPENDIX IV B
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A. Spectra of Musical Ihstrqment'Tones
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B. Optical ITlusion Analogous to "Pitehup"il
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APPENDIX V - Walk-In Laboratories

Unit I - Fundamentals of Physics and Vibration
. Measurement of Displacement of a Moving Vibrator
Transducers;PMichphone. Oscilloscope, Loudspeaker, Function Gener-
ator : . . | .
Simple Vibrators and Forced Vibration

Compound Vibrators and Forced Vibration .

Unit II - Characteristics of Sound Waves
’Measurement of Frequency, Wavelength, and Velocity
Doppler Effect .
Interference of Sine Waves--Beats
Complex Waves--Analysis
Complex Waves--Synthesis
Intensity Level Variation with Distance and Direction

Standing Waves in Strings

L]

Unit III - Hearing and Environment
Qualitative Meéhanica] Behavior of Inner Ear
omparison of Subjective and Objective Measures for Hearing
Missing Fundamental and Perceived Pitch
. Beat Frequency and Perceived Roughness
Sound Attenuation Through Barriers
Absorption, Sound Level, and Reverberation Time in Rooms

» .

Noise Levels in Residential, Business, and Industrial Areas

Persongj Audiogram
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_Unit IV - Acoustics of Musical Instruments

“ //} Spectra of String Tones
Spectfa of w1nﬁ Instruments

Measurement of Attack Times

N i

Normal Modes-of Brass Instruments

o

-~ Sound Velocity Variation with Temperature
Spectra of‘Percussive Instruments -

Subtractive Tone Synthesis

Unit V - Acoustics of Speech
Analysis of Energy Types in Speech .
Spectra of Speech Sounds
Construction of a Model Vocal Tract
Speech Spectrograms

Feedback in Speech

( Prosodic Features of Speech
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