Towards Understanding the Helation between Psychological

Perceptions and the Physical Synthesis of Sound

Part 1: Perceptions

Hichael P. Zeleznik
Computer Husic Seminar Final Prodect
Derartnent of Computer Science
Universite of Utah

March 1982
Abstract

When science must deal with the huvman obhserver as
ultimate ‘guality determiner” r it is often difficult to
find &2 suitable isomorrhism between the human rercepiions
and the rparticular laws by which the scientist wishes to
live. MWithout thisr measurement znd hence wunderstanding
is geverely limited., Such 2 problem currently exists in
the field of susic swnthesisr where suditory rercertions
and mathematical methods of sound deneration have not wet
found & common ground. This rarer in mulitirle rarts:
will exerlore this rroblemy Tirst discussipd wvarious
psycholodicasl asprects of sound and music rercertions then
rresentind scome methods wused Lo sunthesize sounds from
existing musical instruments, One attemrt &t bridding
the arparent dap will be discussed, Fart 1 deals with
the psycholosgical asrects. Part 2 will deal with current
methods of sunthesis. Part 3 will attemrt to dive
insidght into bridding the dar.

¥ PreHr;{aLla vesults . o,

Table of Contents

1"The Praoblem
2 Hhat do we hear?t

2.1 Detection of sound! was there one?
2.1.1 Some results from this tupe of exPeriment

2.1.2 What does this 3ll mean?
2.2 Dimensions of sound! What does it sound like?
2.2,1 Loudness
2-212 Fitth
2:.2.3 Timbre
2.3 Reslls subJdective imepressionsi The tuff ones

Conclusion

4 References

$



In 1982 I was quite verbose and rambling.
If you can get past that, the core content and ideas are still valid.

1 The Problem

In order to rroduce samethings, & definition of how to do it
must EHiEt: This may sound trivialy but From Just where does
such a definition come? Surelw it is bhest to come after the
srecifications of the final rproduct have been determined. From
these specificationss the reauired equirment: raw materials and

method of production canmn be determined. This is mpot earth

shakindr but it is verwy important.

If one wished to sunthesize 2 field of drassrs how would it be
done? It would certainly derend on the intended use of the
field,  If it were to be a football fields the drass had better
be durable and the base provide dood footindg for spikes f{and
srobably be dreen)y thoudh it need not be edible and rFrobably
should not drow. Ifs howaver: the Tield was for drazind caltles
it had bebter better be edible and should rrovide for rerlacing
itselt? {once ate)r but it need not bhe too durable and Tootind is
not an issue. The Point is that in order to suenthesize
somethinds the imPnrhant geuzlities of the end rroduect (outrut?
must be determined( not =all of the aualiiiesi Just the ones

important for the rarticular zprlication.

Knowind the imeportant drass aualitiesrs 8 method of rroducing it
is then determined:. The method of sunthesis has followed fram
the imeportant ogualities (the definition) of the output. Thuss

the parameters of the sunthesizind process afﬂ gquaranteed to be



closely related to the gualities of the outrut. This isomorrhism
is a result of how the problem was arprogchedr and mzkes the
gntire situstion guite nice., On the other handy if a drass

mapufacturing elant hBad been =et uPr & Frioris to produce drass

made of rlastics it would be 3 mador effort to sunthesize the
srazing Tield. The isomorphism bhetween the definition of the
outrut and the method of sunthesis has disarpeared:. The reeuired
output aquslities are incompatible with what the sunthesizer can

rroducer and this makes the entire situation ouite disconcerting.

In sound suypthesis the probleam of obtazinind & reasonsble
relationshir between the nutrut (the 5uund}r gualities and the
sunthecizer input parameters becomes instantly compounded since
the human obsarver is now used to define the output ouslities.
The same Problem exists in any¥ field that uses the human s
observers for examrler ;naﬂe processing. In dgenerzl: the methods
of sunthesising sound are based on some form of mathematicsr and
there dis no reason to believe that the laws of mathematics will
be veruy useful in understandinsg the rsuchologicsl behaviar of the
human beind. These laws were contrived rreciselw to describe our
daily encounters with the externals rhusieal worldi it should
therefore come &% no surerise that thew work there. Actuallus
mathematical analusiss in 211 but the simplest cases serves only
to arpproximate its behaviorr and often proorlv. So why even
entertzin the notion that this will work in wunderstandindg our

minds. For 2 book on the skills of mathematics aerrlied to



rsuchologyy see "Quantitative Methods in Pswchologu® bu D, Lewiss
1948y Iowa Cituy [91. If the sound outrut were being monitored by
a device which simeply measured sound wave amrlituder and that
were the only imrortant aualitwr then the sunthesizer outeut
could be turned up or down until the meter indicated the desired
amplitude. Eince both the analuzer and the sunpthesizer obew the
same laws of mathematicss the isomorphism exists. UWhens howevers
the thuman listener indi:atea.that the sound is too warm: or that
the ‘feelind’ is too orens which sunthesizer knob should be
chanded  to correct those auslities? Probably nones since the
"thing was never designed for those input marameters; back to the
plastic drass rlant adain! How do we relate the subJdectiver

psychologicasl sensations of sounds and musicrs to some tupe of

obJectiver rhuysical rrorerties of sound waves: so that they can

be produced.

2 What do ue hear?

Without Hoind into the anstoms and rphusiclodfy of +the auditory
system (for an excellent treatment of this subdectir see Yost
(1977) or Coren {(1978))s how does ane discuss uwhat is heard when
listeninﬁ to what is denerally adreed uron to be musical tonesT
Yesr already a definition has been assumed before the fact.
Actuallyy if the auslities about to be discussed are rresent when
listening to some auditoruy stimuluss then it shzll be considered
to be 3 musieal toned if not then it isn't. This is am over
simrlification of & nontrivial problem of definitions but dood

enoudh for nows, PBack to the pointi what do we hearrs or wmore



rreciseluyry how do we interpret and express what we hear?

In order to answer this ouestion in any meanindful waur 2n
ordanized B;Pruanh to the study of such ssucholodiecal behavieor is
reauired, Such endeavors have come wunder the heading of
pswchorhusics. Just like ehwsicss psuchorhusics attemsts to make
Fredictions on the evolution of @ system subJdected to certain
initizl Eunditiﬁni; The sustem is the brain and associated
FeTirFheralsr the initial conditions are the sensory inrut
stimulir and the evolution is the rhusiolodical reactions or the
*behavior’ of that body and brain sustems af£er the stimuli L[E1.
It should be noted that the 1laws of rhuysics were devised to
describe the rhysical world in which we lives. The laus of
psuychophusiecs must deseribe the behavior of an individual as he
interacts with that sphuysiecal world. I see no reason to believer

s rrigris that amv sinilarity should exist between these two sets

of lauws.

For a 1lond timer it was believed that = one-to-one
correspondence existed between such rsuchorhusical variables and
the phusiecally measurable 3aserects of 4Lhe stimulid it would
certainly have made thinds simrler! Loudness would relate to
sound wave amplitude and piteh ta freauened. But whs should that
be? What it the measuring devices had instesd measured some
other rarameters of the occurrence? Would loudness and pitch he

directly related to these? The nmethods of measurement are 2
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Frroduct of the phwsical occurrence and the mathematics created to
describe it. Human rercertions heed know nothingd of this
mathemntic%: 50 whe expect a relationshir? For examrles it is
gas¥ to measure the amplitude of & sidnal as a function of timesr
but it is often much easier to think in freguency space (much
more difficult to measure direcilu). Mathematical transforms
relate +the +twa spaces. Ory though we like to think in
miles-rer-dallonrs it is wmuch easier to measure this indirectly

and then convert. What we think in a3pd what we measure are

rarely the same.

Iﬁ deneral agreement among all cultures, the notions of pitchs
loudness and auality (timbre) seem to be fundamental measures of
our interrretations of tones. With minimalr pon-Frecise
definitions of theser 1listepers can readily express their
rerceprtions of tones in these terms. With a8 little thought: a
few more notions can be sddeds though it maw be ardued that these
can all be exerressed as combinstions of the above basis trirle.
These are volume (the sense ip which space is filled or the sound
seems larde): density {(the compactness or hardness of the soundls
location” and duration. Even more comelex and subdective are the
sttributes of consonance and dissonance (how two +tones ‘do
todether’ or “elash’). _Firsts we look 3t the results of some

exreriments rerformed with extremely simeple stimuli.



2+1 Detection of sound! was there one?

Some of the simplest tupes of experiments desling with human
rercertions are those looking for the minimum detectable
experience of 2 stimuli? in this case the minimum auditorwu
exrerience. Is there or isn‘t there 2 sound? Orr more precisely:

is there 3 difference from what was there before? These are

aften termed JND (Just noticeable difference) experiments.

2,1.1 Some results from this tupe of exreriment

The rphusical variable that most closely predicts out rercertion
of loudness is sound pressure levels The minimum sudible field »
that isy the minimpm sound erressure a5 megsured in free field {(as
orrosed to 2t the ezr drum - minisum 2udible pressure) reeuired
for one to Just discern that 2 sound is presentr is & function of
frenﬁen:ur the ear beind most sensitive te thosze freauencies
between 2000 Hz and S000 H=. We are sbout 100 times less
sensitive to a 100 Hz signal than to a 3000 Hz oner which 1is
roughly +the peak of sensitivituy, Within this rander the ear has
a dunamic rande of up to 150 dB (7.5 million- to-one chande 1in
sound rressure)r thousdh this is certainly well into the threshold
of rain réﬂiunl

Sound pressure is not the onlu factor involved with the minimum
audible field. The duration of the stimulus comes into rlaw., It
arpears that some sort of minimum sound enerdy is reauired in
order to rerceive 3 sound, For durations less than 250-300 msecr

the approximate relationshir between the rower (P} and durstion



{TY of a Just perceivable sound is P % T+ which is the definition

of +the enerdy of +the sound. This is somewhat frecuency
derendent. Bewond 250-500 msecs additional duration does not

increase detectability C11].

Alsos by increasind the number of freauencies rFresented
togethers the likelihood of hearind the sound is increased. For
freauencies near to each otherr it is as iT the enerdies sum {(ed.
two simultanrous tonesr each beingd half of the reauired intensity
to be hesrd aloner will be detected). For freeuencies far
removed from each others this does not hold, There is a tuere of
eritical bandwidth of freouencies: bevond which adding tones does
not ipcrease detectabilityy Just a5 with the 250-500 msec
duration limit above. This bandwidth wvaried with frecuencudr

increasindg at the higher ones C[S53.

Additionallyy minimum 2udible field thresholds for tuwo ear
stinulation are about half that for one ear stimulationr and the
two stimuli need not even occur simultaneousls. IT the tones are
rresented serarately to esach earr with the +total combined
durgtinn’IEEE than about 200 msecry detection will occur with each
tone roudghlw half the level repuired for one ear detection. Two
ear stimulstion also incresses the subJdective imrression of
loudness in addition to simrlw lowerind the threshold of
detectability. This mavy indicate that the summation of

information hareens in a somewhzt central redion of the brainr as



the szeparate inforaation doees nob meet until late in the Reursl

Frethways L[31.

Another area of interest lies in the shility of some tones to
mask others:» the whole rrocess beind rather selective.
Eengrallu: inereasindg the maskingd tane level necessitates an
increase in the tardet tone level to maintain detection of the
tardet, The most strondly masked tones have frecuencies very
close to the maskind tone. Lower tones mash higher ones better
than the reverser thoudgh the effect diminishes as the freauency
separation increasses. Some exrlanstions for this have been based
on the physics of the earr but this can not explain the maskins
effects of different tones to the serarate ears. In this cases
the -masker intensity needs to be increased and the effects seem
more summetric with resrect to freouencs. One seempingdly
anomalous result was obtained when white noise was epresented to
both ears {in rhase) with a3 tardet tone to only one. The tardet
was much more detectable than with neoise and target oply

rrecsented o ome ear CS1.

In discussing our ability to discriminate between two stimulir
a8 ratio called the Weber fraction (W) is often utilized. This is
simrly the ratio of the amount of chande Just recuired to be
perceived (d5)s to the standard stimulus from whieh +the chande
occurred (S)s W=4d5 /&5, For sound intensitu diseriminations

the Heber fraction is 3 function of both freauency Bnd fntensitwr
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thoudgh it is relatively constant over a wide rande of

intensities. He are most sensitive o chandes in the
mid=-freauency range (2000 - 5000 Hz)s beind sensitive enough to

reliably detect & 20¥ chande over the broad rande of freauencies

and intensities where most of our everwdaw hearind takes rlace

C11i1 C33.

. As far freguency discriminstion based on JHD experimentss it is
seen that the Weber fraction is nearl¥ constant (.01 - .005) for
freauencies above 1000 Hzr and is more consistent at higher
sensation levels (eg. 3 &0 dB signal maintains a Weber fraction
below .01 for 211 frecuencies above 250 Hzs while 2 10 dB signal
m2intains this only sbove 500 Hz). For examrler at 3 freavency
of 400 Hzr & chande of 2 Hz can be detected. Below 200 - 300 Hz»
this fraction increases quite rapidlyr rising to 04 - 07 in the

&0 = 100 H= rande C113.

2+1+2 What does this 211 mean?

It should be obvious that even with simele experiments
sresenting sindle tones im abseolutelw controlled environments:
the ﬁatg' are not always easy +to interrret for an individual
exreriment. Attempting to tie it 2ll todether is even more
frustrating. Certzinlyr in the context in which the exreriment
was carried out, the dstz is auite mesnindfuls but %ruiﬁs to

extrarolate into other environments is a2 risky prorosition.

Far those familisr with elzssieasal z0d auantum phdsiesy this



10

should be abviouws. At the turn of the centuruwr classicel rhusics
was & relatively concise set of mathematicsl theories which did =
reasonable Job at epredicting most of the +then encountered
rhysical rhenomena. The attemprt to extend those theories to  the
atomie level resulted iq an entirely pew sciencer auantum
physics. Classical phusics rin the ends is nothing more than 2
special ecase of euantum rhysics. Just 35 guantum phusics insists
thet the measurement rrocess perturbs the sustemr so do our
experiments perturb both the psucholodical state of the observer
and the rhusical state of the sounds How often have wou listened
to coherent white noise through both ears with 2 pure sine wave
into one? And: Just as attempting te extend eclassieal shusics
into the rezlm of the »atom cerved to demonstirate its
inaderuaciesr so may attemptingd to extend +the results of such
simple experiments to the rezlm of real music. I do not intend

to underrlay these resultsr or to minimize the imrortance of such

exrRTimentss onlye to caution.

An examrle of 3 similar problem in the imade erocessing field
is aepparent in the recently comrleted work of H+ Ravindra at the
University of Utah {Computer Science Derartment)r dealind with
the human visual system. He has succeeded in buwilding 3
mathematiecal model of the visual suystem that eorrectly reredicts
JHD results for human observers of solid shaded eircular obJecis
in the center of a rectangular uniform field ({(hlack and white

onlz): How this data relates to ans more complex imade structure
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iz unknownr and is rprobsbly anocother doctoral thesis in itself.

2,2 Dimensions of sound! What does it sound like?

Discernind whether there was or wasn’t 2 sound is all well and
doodr but the real euestion is what notions did that sound evoke.
This proves to be 2 much more difficult area to exelores mainlu
{m¥ orinion) because we are not sure how to formulate the
auestions. Don’t misunderstand; I have no answers! How observe
sﬁmﬂ results of exreriments attemsrting to auantify or even Just
catedorize the responses which dezl with loudnessr ritchr timbres

volumery density and deneral subJdective imrressions of sound and

musie.

2+2+1 Loudness

Dur imrressions af loudness are npot directly related te
stimulus intensits. Decibels are not a measure of loudness. It
has been shouwn that loudness (L) varies @s a function of sidnal
intensity (1) in dBy as L = a3Ik¥e r where a is & constant, The
exronent e actuzlly derends on the sepecific stimuli and the test
conditionsy but one texut eites 3 value of e = 273 [5]. BEecause
of the freauency derendence of loudness: both due to our oun
freauenct derendent thresholds zs well as to other psuecholodical
factorsy sepecial wunits have been adorted {rhons and sones) Lo

divide loudness levels into eaual inecrements accordindg to the

hearind mechanism C113.

Besides the freauency derendence of loudnessy tonal duration
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also has an effect similar to that in the minimal asudible field
exreriments. Shorter tones {(below about 200 mseec) reauire larder
intensities to be rerceived a5 loud a5 @ londer tone. Howeverr a
TEVETSH Eff;Et glsn existss in that the londger & continuous tone
is presentedr the less loud it will seem. This is termed
suditory adartations a2nd should not be confused with =2 similar
shenomenon called auditory fatigues where the denerzl epresense of
all sounds tends to reduce the overzll sensitivity of the hearing
Frocess for extended reriods after the exposure. This is whw the
clock radio or car radico often seems so loud in the morning.
Another influentizl factor is the comrlexity of the stimulus,.
Listeners =sked to mateh the loudness of 3 rure tone with 2
complex tone have shown that: for complexits exceedind some lower
bandwidth limitrs arPrarent loudness increases with incressing
comelexity bandwidth though +the overall enerdus is the same.
Since this is the normal settindg for music listeping (f{ie.
non=-pure tones)y it is difficult to say what the pure tone tests

indicaste in 3 Fpracticzl sense.

In the search for a sindle wunderluing ehusiolodical wvariable
that may be responsible for the concept of loudness {one that is
somehow affected bw all af the rhusieal ones abovelrs it has been
suddested that loudness is solelw determined by the totzl amount
of neursl activity rer unit time in some arez of the brain.

Thoudh this mse be the casesr it is not entirely surrorted by the

evidence CS51.
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2:2.2 Pitch

One of the more deceivind notions of auality is ritch.

Originally thought +o be related directle to the waveform

freauencys and then to the lovest freauency sresent
(fundamental)s it is now known thatr derending on the make-ur of
the waver perceived piteh eca2n be eauivalent to that of a3 pure
tone whose freauency is far below any freauvency rFresent in  the
waveform. It is as thousgh the freauency has been
sub-sunthesized. Alsar Just as Treeuency affected arrarent
loudnesss intensity affects siteh. The higher the intensitus the
hidher the perceived ritch:, Tone durations as it has in nearly
Evefs exrerimentr affects ritch alsor the eritical duration asfain
in the 250 mseec rande. Below this timers incressingd the tonal
duration dimeroves the abilits to differentiate different ritched
tones. The minimum lendth of ane tone to be rerceived as having
a pitech {as oprosed to being a2 clieck) is about 10 msecr thoudh
louer freauency tones reauire that on the order of 10 ecuecles
reach the ear before pitch is rerceived. For a 50 Hz toner this

ig 20 msEc.

One fundamental difference between hearing and seeins lies in
the ability of the hearind mechanism tn aprarently serarate &
waveform into its Fourier comronents in ecerta2in situations:
a2llowind ws to perceive them separatelyr as was investidated by
Helnhul?z in the mid 1800°s, If two different tones are sounded

simultaneouslysr the listener can distinguish the two: even thoush
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the waveform is the surerrosition of them. In the eue this is
not the case (ed. red and dreen light ravs todether 3re ‘seen’ as
vellow):. Some reorlere can distinduish upr to & or 7 serarate

harmonics. This is known a8s Dhm's Acoustical Lauw.

In shorts pitch percertion is one of the more elusive asrects
of our hearind mechanisms Huch research is beind doner but much

controverse still exists.,

2:2:,3 Timbre

Timbres in @ broad sense (it is not well defined) can mean 211
of the tonal suzlities that characterize & pParticular musical
sound} a broad definition indeed! Though many attemrts at
definind this elusive term have been mounteds there is no formal
aﬁreément on the meaning of this term in relation to the auditory
rhenomenon whiech should be included in its defimition C[81. It
appears to ber howeverr that cuality most closelw related to the
harmonic rcontent of a toner thoudh many other factors come into
Plag. In 1843r Helmholtz {in one publication)r summarized
various ‘ferlindgs’ as related to the harmonic content of & tone.
For Exaqﬁlﬂ: the fundamentzl alone was termed “‘soft’s tlhe
fundamental rlus TFirst harmonic was ‘mellow’i the fundamentzl
rlus hidgher harmonies was ‘sharep’} averpouwering harmonics with 2
less intense fundamentzl was 'hollow’F dominatind odd harmonics

wats "naszl’y and so on CS5].

Tiwbre rercertion is not a well understood subJdect in the field
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af auditory percertions due to its vast complexituy L[&]. Little
research has been directed towards it. Such sound waves as rure
tones: pulse trainsrs and smell sets of sine waves have received
more attention as theu are easier to charascterize =and rroduces
and simrle enough to 3llow ressonasble interpretations of the
listeners resronses. Even of the 1little research devoted to
timbrer wmuch of it has restricted the analusis to th#t of
steady- state periodic waveformss thereby nedlecting the temporal

variatione oceurring in 211 natural phenomena {normal liszteninmg

environments): This was clearly the case with Helmholtz.

Manu prsuchological studies on wverbal rerresentation of
attributes of tiebre have found three to be commoni brightness:
fullneses and roughness. Brigdhtness 15 associated with the
freguency of the midroint of the enerdy distribution. Fullness
iz= some function of +the relztive presence of odd or even
harmonics. Roudhness i< associated with the rFresense of
consecutive hidgher harmoniecs zbowve the &th and is a2 function of
the locztion of these harmoniecs (3 corresrondence to dissonance).
It is also accerted that the attack and deeaw of +the toner and
more imfortantley of the individual harmonics (since each may be

different temporallylr are essentisl for recaodnition of

instrument sounds.

I peen onlwy serve to indicate the vast scope of this concert in

this parer. It should be 3t least obvious that it is not a
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trivizl na'l';ter. For 2 much more detailed and interesting studu

of musiecal timbrer refer to Grew (19752,

2.3 Really subJective impressions! The tuff ones

Until this Foints we have only dezlt with dross sbstractions of
the real world of sound and music. BSurpose one wished to write
the sound track for & movie scene consisting of a3 panoramic view
of outer srace with far off stars and dHalaxies. One would
probably choose a full orchestra with larde booming drums over &
bando and picecolo. Subdectivelys sone sounds evoke a feelina of
‘vastness”’ . - Some sounds are more ‘expansive’ or sepace fillinsa
than others. This attribute is termed volume. Density is a3 much
lese tandible concerts indicatingd the relative tightnesss
concentration or hardness of 2 tone. It seems to orerate as the
invEEsﬂ of velumer with higher ritched or higher intensity sounds

arprestTing denser.

#is can be seens the eprecise definitions of sound atiributes
have diven way to imprecise deperalities. Teo earrs this furthers
imadine the voices for 8 ecartoon skit with 3n ogre and a captured
Frincess:' Without much doubtr the cdre’s voice would be low in

ritch and slow sroken. The Princess would probably seeak fast

and high. I+ surelwy may be ardued that these are conditioned
responsesr but that is not the issue, The issue is how +to
auantify and understand the TESPONSE. In fact: these

characteristice meanings of lowsslow and highsSfast tones are

readily observable in many animslsy where the tupe of sound
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{characterized bw ite predominant freecuency and tonal durations)
emitted can be related to the animals meanind. Based on data
from monkeuysr for exampler this can be traced from & soueaks
characteristic of a defeatedr exhausted animalr to a roars
characteristic of a nnnfid&qt: threateningd snimal [35]. In

another exampler observe that the hisher freauency notes occur

hidgher ur on the stave.

Thoudgh the erevious examples a3av not seem relevant to music
s¥nthesisr many auestions of the same ture can be very important.
Consider the work done by Bose in the earls 70°s [3] [41. In an
attemprt to determine the important oualities of rerroduced sound
{(rartly locking for the cause of ‘shrillness’ in musiedr much
Progress was mades. As it wesr ‘shrillness’ was not rredictable
from any of the normally measured parsmeters of sound. It
derended on the characteristics of the listening environment (the
field reverberancel. The proof of the result is evident to
angone who has listened to & rpair of Bose sreahkers. The rarers
referenced provide & very nice discussion of sound reproduction

issues.

As a parting comments consider how to define and measure the
subJdective wmadinitude that represents the subJdJective madgnitude

that rerresents the urde to bring & diven melody to its tonic

completion.
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3 Conclusion

In a rresentation of this lengthy it is difficult to rresent a
thoroudh uﬂFrviEu of the work done so far in the arez of
understandindg auditory rercertions I have tried to discuss the
generally accertedr kevy itemsr somewhat common to much of the
literature. We are certainly 2 long w2y from understanding the
Frocess in 3 was that is conratible with most current methods a+
sunthesis. #An overview of these methods will be sresented in the
second rart of this articles It is hored that at some timer 3
more common framework can be constructed: in which the landuade
of rercertions can be more easilu related to the lansgusde of the

phusical seunthesis technicues emrloved a2t that +Ltime. Idaallus

the sunthesis +technigues would derive Ffrom the rercertual

analusis.



iz
REFERENCES

Ci11 Havne Bateman.
Introduction ko Comeuiler Husic.

Wilew-Intersciences 1980,

L2 FPauul C. Boomslitery W. Creel.
Reeparch Fotentials in Auditory Characteristics of Violin

Tone

1949,
77th Coanvention — Acousticsl Saecietw of Americat Symrosium.

on Wiolin Acousticsr April 11 19587,

L33 Aamar B. Boser T. Stockham Jr.
Sound Recording and Rerroduction - Part Nne! Devicess
Heasurements r and Perception.
Igchboolody Bewiew (19-25r June: 1973,

C41 Amar G. Boser T. Stockhzm Jr.
Sound Recording and Reproductieon = Fart Twoi: Sratizl and

Temporal Dimensions.
Iechnolody Bewiew 125-33r JuluelAugusts 1793.

C51] Stanlev Coren.
Sens=tion and Berceeition.

- Academic Pressy 1979.

Caa John He Greu.
8o Exeloratioon of Husiczl Iimbre.
Techniczsl Rerort STAN-M-2r Stanford Upniversitur Derartment

of Musice Februarer 1975.

C?71] Rielhard C. Heuser.
The Delav Planer ObJective Analuwsis of SubJective

Prorerties: Part I.
Journzsl of the Audio Endipeeriod Societu 21{(F)14F0-701s

Hovemberrs 1973,

LBl Juan 6. Roederer.
Introduction to the Bhuysics aond Bsuchoebusics of Husics

Srrinder=-Yarladr 1973,

[ 5, 5. Stevens.
Handbook of Exeperimental Esucholodyg.
John Hilew % Sonssr 19465,

C10] Fritz Winckel.
Musicr: Souod aod Seopsation - a2 moderco exeosition.

Dover Publicationsrs 1767, i i

C11] William A« Yost.
Eundameptals of Hearind.
Holtr Rimnehart and Yinstons 1977.



